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Abstract

Background: Patients with cancer and their families often experience significant distress and deterioration in their quality of
life. Psychosocial interventions were used to address patients’ and families’psychosocial needs. Digital technology is increasingly
being used to deliver psychosocial interventions to patients with cancer and their families.

Objective: A systematic review and meta-analysis were conducted to review the characteristics and effectiveness of digital
health interventions on psychosocial outcomes in adult patients with cancer and their family members.

Methods: Databases (PubMed, Cochrane Library, Web of Science, Embase, CINAHL, PsycINFO, ProQuest Dissertations and
Theses Global, and ClinicalTrials.gov) were searched for randomized controlled trials (RCTs) or quasi-experimental studies that
tested the effects of a digital intervention on psychosocial outcomes. The Joanna Briggs Institute’s critical appraisal checklists
for RCTs and quasi-experimental studies were used to assess quality. Standardized mean differences (ie, Hedges g) were calculated
to compare intervention effectiveness. Subgroup analysis was planned to examine the effect of delivery mode, duration of the
intervention, type of control, and dosage on outcomes using a random-effects modeling approach.

Results: A total of 65 studies involving 10,361 patients (mean 159, SD 166; range 9-803 patients per study) and 1045 caregivers
or partners (mean 16, SD 54; range 9-244 caregivers or partners per study) were included in the systematic review. Of these, 32
studies were included in a meta-analysis of the effects of digital health interventions on quality of life, anxiety, depression, distress,
and self-efficacy. Overall, the RCT studies’ general quality was mixed (applicable scores: mean 0.61, SD 0.12; range 0.38-0.91).
Quasi-experimental studies were generally of moderate to high quality (applicable scores: mean 0.75, SD 0.08; range 0.63-0.89).
Psychoeducation and cognitive-behavioral strategies were commonly used. More than half (n=38, 59%) did not identify a
conceptual or theoretical framework. Most interventions were delivered through the internet (n=40, 62%). The median number
of intervention sessions was 6 (range 1-56). The frequency of the intervention was highly variable, with self-paced (n=26, 40%)
being the most common. The median duration was 8 weeks. The meta-analysis results showed that digital psychosocial interventions

were effective in improving patients’ quality of life with a small effect size (Hedges g=0.05, 95% CI –0.01 to 0.10; I2=42.7%;
P=.01). The interventions effectively reduced anxiety and depression symptoms in patients, as shown by moderate effect sizes

on Hospital Anxiety and Depression Scale total scores (Hedges g=–0.72, 95% CI –1.89 to 0.46; I2=97.6%; P<.001).

Conclusions: This study demonstrated the effectiveness of digital health interventions on quality of life, anxiety, and depression
in patients. Future research with a clear description of the methodology to enhance the ability to perform meta-analysis is needed.
Moreover, this study provides preliminary evidence to support the integration of existing digital health psychosocial interventions
in clinical practice.

Trial Registration: PROSPERO CRD42020189698; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=189698
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cancer; anxiety; decision-making; depression; digital health; distress; family; mental health; mortality; psychosocial intervention;
quality of life

Introduction

Cancer is often associated with psychological distress in patients
and their family members. Emerging evidence shows that
psychological distress contributes to cancer mortality [1,2].
Given that over 2 million new cancer cases are expected to be
diagnosed in 2024 in the United States, psychosocial distress
is a significant public health problem [3]. Psychosocial distress
can be triggered by many challenges, such as decision-making
regarding treatment, self-care challenges due to side effects
from cancer treatment, maintaining work-life balance, and
financial burden. A large body of research documents the
negative influence of a cancer diagnosis and treatment on a
patient’s experience, including depression, anxiety, and
decreased quality of life [4,5]. Cancer not only affects the patient
but also imposes changes on the family [6]. Family members,
who often assume caregiving roles to complement the roles of
the health care team, often experience deteriorating quality of
life and significant psychological distress [7,8]. For many years,
researchers have examined psychosocial interventions
addressing patients’and family members’needs to help maintain
psychosocial well-being and quality of life during the cancer
experience [9-12].

Increasingly, studies have used digital technology to deliver
psychosocial interventions. In this report, we refer to digital
health intervention as the use of digital, mobile, and wireless
technologies to deliver an intervention. Digital health
interventions have gained popularity due to their geographic
accessibility, self-paced nature, user-friendly design, up-to-date
information provision, and time-sensitive interaction with health
care providers [13,14]. Further, digital interventions have
significant potential for reaching people, mainly in rural areas
or people with limited mobility [15]. There are various delivery
modes for digital interventions, such as smartphone apps,
websites, the internet, and virtual reality. There are also
drawbacks, including concerns related to security and privacy
and inaccessibility for people without smart device ownership.
Psychosocial interventions may incorporate various components,
such as communication skills training, cognitive behavioral
therapy, patient education, peer support, and problem-solving
training [16].

Despite the plethora of individual research studies, a synthesis
of digital psychosocial interventions for patients with cancer
and their families is needed to provide a summary of existing
evidence regarding the effects of interventions and provide
directions for future research and clinical practice. A range of
systematic reviews have examined digital health psychosocial
interventions for patients with cancer [17-22] and their family
members [23,24]. However, these reviews have limitations. For
example, some reviews primarily focused on a specific
population, such as individuals with breast [17] or prostate
cancer [19,20]; a particular delivery mode, such as

internet-based [17,23,24]; or a specific psychosocial outcome,
such as quality of life or psychological distress [21,22]. In
addition, Slev et al [25] synthesized evidence from systematic
reviews of interventions delivered through computers or the
internet for patients with cancer and their caregivers; however,
the authors failed to quantify the effectiveness of interventions
across studies using advanced statistical techniques, such as a
meta-analysis. To date, no studies have used meta-analytical
strategies to quantify the impact of digital health interventions
on psychosocial outcomes in patients with cancer and family
members. To fill these gaps, we conducted a systematic review
and meta-analysis to comprehensively review the characteristics
and effectiveness of digital psychosocial interventions on
psychosocial outcomes across different available delivery modes
in adult patients with cancer and their family members.

The specific aims were to answer the following questions:

1. What are the characteristics of digital psychosocial
interventions for adult patients and families living with
cancer? (ie, intervention component, theoretical or
conceptual framework, tailored or standardized, mode of
delivery, prescribed dosage, duration of the intervention,
and actual dosage)?

2. What is the efficacy of interventions on psychosocial
outcomes for adult individuals diagnosed with cancer and
their family members and associated factors (ie, delivery
mode, control condition, and dosage, including the number
of sessions, frequency, and duration)?

Methods

The review followed the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) checklist [26].

Study Identification
The medical librarian (DR) and first author (YZ) worked
together to identify search terms to build a comprehensive search
strategy (Multimedia Appendix 1). Using controlled vocabulary
and keywords when available, the search strategy was executed
in the following databases: PubMed, Cochrane Library, Web
of Science, Embase, CINAHL, PsycINFO, ProQuest
Dissertations and Theses Global, and ClinicalTrials.gov. The
results were limited to the English language and those published
from each resource’s inception until March 2019, when the
search was completed. An initial limited search of PubMed and
CINAHL was undertaken, followed by an analysis of the text
words in the abstract and the index terms used to describe the
article. Relevancy was determined by the first author (YZ) and
medical librarian (DR). A second search was undertaken across
all included databases using all identified keywords and index
terms.
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Study Selection
The inclusion criteria were studies that (1) included adult
patients (≥18 years of age with any cancer diagnosis) or their
adult family members (eg, partner, caregiver, adult children,
parent, or relative); (2) tested a digital health psychosocial
intervention, which was defined as any nonpharmacological
therapeutic intervention that addressed the psychological, social,
personal, or relational adjustment needs associated with cancer
through a digital health mechanism (eg, application and
website); (3) measured at least 1 psychosocial outcome; and (4)
used an experimental (randomized controlled trial [RCT]) or a
quasi-experimental design. Studies were excluded if they
enrolled pediatric patients with cancer; were review articles,
letters to the editor, editorial reports, case reports, or
commentaries; were published as abstracts only; and were not
published in English. For meta-analysis, we excluded articles
that did not provide data or when only a single study included
the outcome measure.

After removing duplicates, the first author (YZ) read all titles
and abstracts to identify articles based on inclusion and
exclusion criteria. The full texts of all included articles were
then screened independently by 2 reviewers (master’s-level or
above), and final decisions were made based on consensus.
Finally, articles identified in the search were imported to
Endnote X8 (Clarivate Analytics).

Data Extraction and Management
A Microsoft Excel (Microsoft Corporation) spreadsheet was
used to record information [27], including the description of
the interventions (eg, theory basis, mode of delivery, content,
actual dosage, planned dosage, standardized, or tailored), study
sample (eg, age, sex, education, race, ethnicity, and cancer
diagnosis), study characteristics (eg, design, randomization
method, and control condition), intervention outcome variables
and measurements, follow-ups, and quantitative data (ie, mean,
SD, and sample size). Dosage was described as the number of
intervention sessions, frequency, and duration of access to
intervention. A standardized intervention was defined as all
participants receiving the same intervention, while a tailored
intervention involved customization of the intervention based
on individual characteristics or needs [28]. We defined the
prescribed dosage as the intended treatment dose, including the
number of intervention sessions, frequency, and total length
according to the study protocol. A codebook was created for
data extraction, and the team’s decisions were tracked and
recorded. All authors extracted data from 3 articles to pilot-test
the spreadsheet. The research team discussed any ambiguity,
resolved differences in interpretation, and modified the data
extraction spreadsheet. Subsequently, each article underwent
independent data extraction by YZ and another author (6 trained
reviewers). The research team met throughout the study period
every other week to resolve any discrepancies. A total of 15
original study authors were contacted to request missing
information (eg, mean, SD, and sample size), and no additional
data were received.

Assessment of Methodological Quality
The reviewers assessed the included studies for methodological
rigor using standardized critical appraisal instruments from the
13-item Joanna Briggs Institute (JBI) Critical Appraisal
Checklist for RCT and the 9-item JBI Critical Appraisal
Checklist for quasi-experimental studies [29]. Reviewers
answered each risk of bias item as “yes” (score=1), “no”
(score=0), “unclear” (score=0), or “not applicable.” Possible
composite scores ranged from 0 to 9 for quasi-experimental
studies and 0-13 for RCTs, with higher scores indicating less
risk of bias and better study quality. The applicable score (range
0-1) was calculated by dividing the composite score by the
maximum score possible after subtracting any “not applicable”
responses [30]. All studies were double-coded, and any
disagreements were resolved through discussion with the
research team [26].

Data Synthesis and Meta-Analysis

Data Synthesis
Data synthesis was completed on all articles that met the
inclusion criteria. Only primary study results were included if
multiple articles were published from the same intervention
study. Simple descriptive statistics (ie, mean, SD, frequency,
and percentage) were used to summarize study characteristics
(eg, study design and participant characteristics) and key features
of interventions (ie, theory, mode of delivery, number of
sessions, frequency, and total length). Intervention content was
grouped and narratively summarized according to the description
of the intervention components.

Meta-Analytical Procedure
An a priori decision was made to only include studies in the
meta-analysis if at least 2 studies used the same instrument to
assess the same psychosocial outcome [31]. Standardized mean
differences (ie, Hedges g) were calculated to compare
intervention effectiveness across studies that used different
scales or measurements. Mean differences between the scores
before the intervention and the follow-up assessment after the
intervention were calculated for pre-post interventions.
Similarly, for the RCT studies, the results from follow-up in
each study were selected and analyzed using difference scores
from before and after the intervention for both intervention and
control groups, with the pooled SDs. We computed the overall
effect size across different time points for studies with multiple
follow-ups. By doing so, we captured the time-varying effect
on intervention effectiveness [31]. The overall effect (including
all information across all time points) and time-varying effects,
including the interim effect (during the intervention period),
immediate effect (after the intervention), short-term effect
(follow-up ≤8 weeks after completion of the intervention), and
long-term effect (follow-up >8 weeks after completion of the
intervention), were calculated. A cutoff of 8 weeks was chosen
because it was the median length of the follow-up period across
the included studies.

To assess study heterogeneity, the I² statistic was examined.
The I² statistic quantifies the proportion of total variance across
studies caused by a fundamental difference between trials rather
than chance. An I² statistic of <25% indicates low heterogeneity,
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between 25% and 75% indicates moderate heterogeneity, and
>75% indicates high heterogeneity [32]. Lower heterogeneity
is better. Funnel plots (ie, to visually assess the asymmetry) and
Egger test (ie, to test the asymmetry statistically) assessed
publication bias [33]. In funnel plots, if points are distributed
equally between positive and negative effects, bias is lacking;
variability is expected to be greater near the bottom of the chart
among smaller sample size studies. For the analysis of data from
studies with more than 1 digital psychosocial intervention group,
we compared each digital psychosocial intervention group to
the control group separately. Additionally, subgroup analysis
was planned based on the review’s focus on examining the effect
of delivery mode, type of control condition, and dosage on
outcomes. Furthermore, we performed sensitivity analyses by
including and excluding studies with extreme weights in the
analyses. We used the DerSimonial-Laird random-effects model
to weight and pool the individual estimates to capture variance
across different studies, as all included studies were conducted
in heterogeneous populations across various settings [34]. We
performed all statistical and meta-analyses using STATA
(version 17; StataCorp LLC).

Results

Search Results
After removing duplicates, a total of 2108 studies were
identified. Figure 1 shows a flow diagram of studies identified,
screened, included, and excluded from this systematic review
and meta-analysis. After screening titles and abstracts and
applying inclusion and exclusion criteria, a total of 70 records
with 65 unique studies (for multiple manuscripts published from
the same intervention study, only primary manuscripts were
included) were included in the systematic review [35-99] and
32 studies [35,36,38,40,41,43,44,47,50,53-55,57,64,66,68-72,
74,77,80,82,83,86,88,91,93,95,96,99] with available data were
included in the meta-analysis. A total of 33 studies were
excluded from the meta-analysis because either data were
unavailable to calculate the effect size (n=14)
[42,46,51,62,73,76,78,79,81,84,87,89,94,98] or no other study
used the same measure (n=19) [37,39,45,48,49,52,
56,58-61,63,65,67,75,85,90,92,97].

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.

Study Characteristics

Overview
Of the 65 studies, 48 (74%) were RCTs [35-37,
39-50,52-57,59-65,72,73,76-82,85,89-91,93-99], and 17 (26%)
were quasi-experimental [38,51,58,66-71,74,75,83,84,86-88,92].

More than half (n=37, 58%) of the studies were conducted in
the United States [36-40,44,48-50,54,56-61,63,
65,67-69,71,72,74,77,79,80,83-85,87-90,94,97,98], and the rest
were from the Netherlands (n=9, 14%)
[35,41,43,47,64,70,91,92,96], Australia (n=5, 8%)
[45,66,75,86,95], and other countries (eg, Denmark and Ireland).
In total, 10,361 patients (mean 159, SD 166; range 9-803
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patients per study) were included: 7098 female patients and
3263 male patients; 1045 caregivers or partners were enrolled
(mean 16, SD 54; range 9-244 caregivers or partners per study),
including 781 female individuals and 264 male individuals. The
average age of patients ranged from 39.9 to 72 years, and the
average age of caregivers or partners ranged from 51.5 to 58.8
years. In the 33 studies that provided information about race
and ethnicity, most patients (n=3495, 90%) and family members
(n=259, 97%) were described as “White” or “Caucasian.” The
cancer diagnoses varied across studies, with the most prevalent
being breast cancer (n=24, 37%) [35,37,38,42,
44,52,54,58,60,61,64-66,70-72,74,76,80,82,84,91,93,95], mixed
cancer diagnosis (n=19, 29%) [36,40,45,
47,50,51,53,57,62,69,75,77,78,81,83,94,96,97,99], and prostate
cancer (n=7, 11%) [39,48,56,67,85,88,98]. The attrition rate
ranged from 0% to 76%, with a median of 16.8% (mean 20.4%,
SD 13.7%). The recruitment rate ranged from 4.4% to 94.2%,
with a median of 59.5% (mean 56%, SD 24.6%). Detailed
information about the study and sample characteristics from the
included studies is provided in Table S1 in Multimedia
Appendix 2 [35-99].

Control Condition
Of the 48 RCTs, 29 (60%) studies included a usual care control
group [35,36,39,41-44,46,47,52,54,55,62,64,65,73,76-80,82,
85,91,93-96,99], and 19 (40%) included an active control
[37,40,45,48-50,53,56,57,59-61,63,72,81,89,90,97,98]. Among
the 17 quasi-experimental studies, 11 (65%) did not have a
control group [38,51,67-71,74,86-88], and 6 (35%) studies
included a usual care control group [58,66,75,83,84,92].

Outcome Assessment
A total of 21 studies had 1 follow-up assessment
[22,38,45,47,48,50,51,57,68-70,72,74,76-78,88-90,98,99], 23
had 2 follow-up assessments [35,39,44,46,52-55,
63-65,67,71,75,79,83,84,86,87,92,93,95,97], 11 had 3 follow-up
assessments [37,40-43,60-62,66,80,91], and 7 had 4 or more
follow-up assessments [49,56,58,59,73,81,85]. The timing of
follow-up assessments varied, ranging from immediately to 6
months after the intervention. The commonly reported outcomes
and relevant measures are reported below in Aim 2: Effects on
Patients’ and Family Members’ Psychosocial Outcomes.

Quality Assessment (Risk of Bias)
The quality assessment scores of the included studies are
summarized in Table S1 in Multimedia Appendix 2. Overall,
the RCT studies’ general quality was mixed, with applicable
scores ranging from 0.38 to 0.91 (mean 0.61, SD 0.12).
Quasi-experimental studies were generally of moderate to high
quality, with applicable scores ranging from 0.63 to 0.89 (mean
0.75, SD 0.08) on the JBI Critical Appraisal Checklist for
quasi-experimental studies. The publication year and applicable
appraisal score were not significantly correlated in RCTs
(r=0.12; P=.40) and quasi-experimental studies (r=–0.04;
P=.88).

Aim 1: Intervention Characteristics

Overview
There was large heterogeneity in intervention components,
theoretical or conceptual framework, type of intervention (ie,
tailored or standardized), mode of delivery, prescribed dosage
(ie, number of sessions, frequency, and length), and received
dosage (Table S2 in Multimedia Appendix 2).

Intervention Components
A total of 37 (57%) out of 65 studies included a single
intervention component [36,38-40,44,45,47,51,52,55-57,63-66,
68,69,71-77,79,80,82-84,86,87,90,91,93,94,98], 13 (20%)
studies included 2 intervention components
[35,41,43,46,48,50,62,67,78,85,88,95,96], and 15 (23%) studies
included 3-5 intervention components [37,42,
49,53,54,58-61,70,81,89,92,97,99]. The most common
intervention components were information and resources, or
psychoeducation (n=29, 45%) [35,37,39-43,46,48,49,
52-56,58-61,70,81,82,87-90,92,95,97], and cognitive-behavioral
strategies (n=20, 31%) [44,45,47,50,54,57,63,64,
67,68,71,74,75,80,85-87,89,91,98].

Theoretical or Conceptual Framework
More than half (n=38, 59%) of the included studies did not
identify a conceptual or theoretical framework
[37,41,42,45-47,51,52,54,55,57-63,66,69,71,73,75,76,78-81,85-90,92,93,95,97,98].

Standardized or Tailored Intervention
Of the 65 studies, 26 (40%) included both standardized and
tailored interventions [37,39,42,43,46,47,49,53,55,
59-61,64,68,70,73-75,77-79,81,85,89,92,94], 28 (43%) studies
included only standardized interventions [36,38,
41,44,50,51,54,56-58,63,65-67,69,71,72,76,80,82-84,87,88,91,93,95,98],
and 11 (17%) studies had only tailored interventions
[35,40,45,48,52,62,86,90,96,97,99].

Modes of Delivery
The majority of studies conducted interventions through an
internet website (n=40, 62%) [35-37,39-50,
53,55,59-62,64,67,68,70,72,75,77,81,82,85,88-91,93,95-99] or
smart device app (n=8) [43,52,56,57,63,69,80,87]. A total of 7
(11%) studies conducted interventions through virtual reality
[51,66,73,76,78,83,84], 3 (5%) studies through telehealth
[54,74,79], and 2 (3%) studies through a computer program
[38,65]. Electronic health information systems [92], interaction
portals [58], and videoconferences [86] were each used in 1
study. Overall, 2 studies used multimodal interventions delivered
through the combination of either telephone and videoconference
[94] or internet and telephone [61].

Dosage
The dosage prescribed and received were highly variable. The
number of intervention sessions ranged from 1 to 56, with a
median of 6. A total of 27 (42%) studies did not specify the
prescribed dose; 19 (29%) only stated the number of days
participants had access to the intervention
[35,36,42,49,56,59-62,67,70,80,81,85,87,89,92,95,99] and 8
(12%) did not provide information on the prescribed dosage
[37,39,40,52,55,58,72,73]. Frequency was highly variable, with
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self-paced (n=26, 40%) as the most common
[35,36,42,45,49,50,56,59-63,67,70,80,81,85,87-90,92,95-97,99],
meaning no specific intervention frequency was defined and
the intervention content was available throughout the study
period. The other common frequencies of intervention sessions
were weekly (n=17, 26%) [38,41,44,45,47,53,54,64,
68,71,74,75,77,86,91,94,98] and 1-time intervention sessions
(n=8, 12%) [48,65,66,76,78,82-84]. The median length of the
intervention was 8 weeks, with the length ranging from 1 hour
(ie, use of the intervention on an iPad for an hour) to 24 months.
Received dosage was defined as the uptake of the intervention
by the participants. A total of 18 (28%) studies did not report
the received dosage [36,37,39,48,52,56,58,65,69,75,
76,78,79,82,85,86,93,94]. Various information was reported,
including attendance rate, number of times participants used
the app, frequency with which participants logged into the
website, number of website pages reviewed, skill practice time,
and intervention session completion rate. Most of the
interventions (n=43, 66%) were self-delivered without an

interventionist, with self-paced being most common
[35-37,39,40,42,44,45,48-53,55,57-60,62,63,67,69-73,
75,76,78,80-84,87,88,91-93,95,96,99].

Aim 2: Effects on Patients’ and Family Members’
Psychosocial Outcomes

Patients’ Outcomes

Overview

A meta-analysis was conducted on 32 studies. Overall, 5
outcomes were examined. A summary of the interventions’
overall effect sizes; time-varying effect sizes for quality of life,
anxiety, depression, distress, and self-efficacy; and heterogeneity
statistics for each outcome is displayed in Table 1. The forest
plots for overall effect sizes and time-varying effects are
displayed in Multimedia Appendix 3. The funnel plots for
overall effect sizes and time-varying effects are displayed in
Multimedia Appendix 4.
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Table 1. Summary of the meta-analysis.

Effect at different time pointsPopulation, outcome, measure, and value

MediumShortInterimImmediateOveralla

Patient

QOLb

FACT-Bc

————e0.13 (–0.05 to
0.31)

Pooled ESd, Hedges g (95% CI)

————62.3I 2

————10.61 (4)Heterogeneity, χ2 (df)

————.03P value

FACT-Gf

————–0.04 (–0.17 to
0.09)

Pooled ES, Hedges g (95% CI)

————0I 2

————1.91 (4)Heterogeneity, χ2 (df)

————.43P value

QLQ-30g

————0.05 (–0.04 to
0.14)

Pooled ES, Hedges g (95% CI)

————58.4I 2

————19.95 (6)Heterogeneity, χ2 (df)

————.03P value

SF36h

————0.03 (–0.10 to
0.15)

Pooled ES, Hedges g (95% CI)

————14.4I 2

————8.41 (8)Heterogeneity, χ2 (df)

————.31P value

Overall

0.18 (0 to 0.35)2.25 (0.36 to
4.14)

–0.16 (–0.39 to
0.06)

0.95 (–1.99 to
3.89)

0.05 (–0.01 to
0.10)

Pooled ES, Hedges g (95% CI)

18.3987010042.7I 2

7.35 (6)203.50 (4)3.34 (1)93227.62 (19)48.12 (20)Heterogeneity, χ2 (df)

.29<.001.07<.001.01P value

Anxiety and depression

HADSi total score

0.14 (–0.09 to
0.38)

–0.22 (–0.54 to
0.10)

—–0.04 (–0.23 to
0.16)

–0.72 (–1.89 to
0.46)

Pooled ES, Hedges g (95% CI)

00—097.6I 2

0.51 (1)0.19 (1)—3.71 (4)165.82 (14)Heterogeneity, χ2 (df)

.47.66—.45<.001P value

Depression
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Effect at different time pointsPopulation, outcome, measure, and value

MediumShortInterimImmediateOveralla

HADS-depression

————–0.13 (–0.23 to
–0.02)

Pooled ES, Hedges g (95% CI)

————0I 2

————4.17 (7)Heterogeneity, χ2 (df)

————.73P value

CESDj

————0.10 (–0.10 to
0.30)

Pooled ES, Hedges g (95% CI)

————0I 2

————0.99 (4)Heterogeneity, χ2 (df)

————.91P value

PHQ9k

————–0.05 (–0.17 to
0.08)

Pooled ES, Hedges g (95% CI)

————0I 2

————0.78 (1)Heterogeneity, χ2 (df)

————.38P value

Multiple scales

————0.32 (–0.35 to
0.99)

Pooled ES, Hedges g (95% CI)

————95I 2

————19.86 (1)Heterogeneity, χ2 (df)

————<.001P value

Overall

——-0.04 (–0.22,
0.14)

0.06 (–0.10, 0.22)0.03 (–0.10 to
0.16)

Pooled ES, Hedges g (95% CI)

——29.869.460.9I 2

——4.27 (1)58.85 (16)40.77 (16)Heterogeneity, χ2 (df)

——0.23<.001<.001P value

Anxiety

HADS-anxiety

————0.32 (–0.20 to
0.84)

Pooled ES, Hedges g (95% CI)

————94.3I 2

————123.33 (7)Heterogeneity, χ2 (df)

————<.001P value

SATIl

————–0.19 (–0.41 to
0.04)

Pooled ES, Hedges g (95% CI)

————26.8I 2
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Effect at different time pointsPopulation, outcome, measure, and value

MediumShortInterimImmediateOveralla

————5.46 (4)Heterogeneity, χ2 (df)

————.24P value

Overall

—–0.13 (–0.43 to
0.17)

–0.04 (–0.19 to
0.12)

–0.10 (–0.19 to 0)0.12 (–0.19 to
0.43)

Pooled ES, Hedges g (95% CI)

—10.535.16.790.2I 2

—1.12 (1)6.16 (4)13.94 (13)132.99 (13)Heterogeneity, χ2 (df)

—.29.19.38<.001P value

Distress

DTm

———0.51 (0.10 to
0.92)

0.98 (–0.18 to
2.14)

Pooled ES, Hedges g (95% CI)

———54.298.5I 2

———4.37 (2)332.71 (2)Heterogeneity, χ2 (df)

———.11<.001P value

Self-efficacy

CBIn

———2.56 (–1.22 to
6.35)

–1.41 (–4.02 to
1.20)

Pooled ES, Hedges g (95% CI)

———98.299I 2

———55.43 (1)1.06 (1)Heterogeneity, χ2 (df)

———<.001.29P value

Family member

Depression

HADS-depression

————–0.25 (–0.72 to
0.21)

Pooled ES, Hedges g (95% CI)

————0I 2

————0.41 (1)Heterogeneity, χ2 (df)

————.52P value

Anxiety

HADS-anxiety

————–0.23 (–0.70 to
0.23)

Pooled ES, Hedges g (95% CI)

————0I 2

————0.65 (1)Heterogeneity, χ2 (df)
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Effect at different time pointsPopulation, outcome, measure, and value

MediumShortInterimImmediateOveralla

————.42P value

aThe overall effect accounts for time-varying effect across different time points.
bQOL: quality of life.
cFACT-B: Functional Assessment of Cancer Therapy–Breast.
dES: effect size.
eNot applicable.
fFACT-G: Functional Assessment of Cancer Therapy–General.
gQLQ-30: Quality of Life Questionnaire, 30 items.
hSF36: Short Form Survey 36-item.
iHADS: Hospital Anxiety and Depression Scale.
jCESD: Center for Epidemiologic Studies Depression Scale.
kPHQ9: Patient Health Questionnaire-9.
lSATI: State-Trait Anxiety Inventory.
mDT: Distress Thermometer.
nCBI: Coping Behaviors Inventory.

Quality of Life

Quality of life was measured by the Functional Assessment of
Cancer Therapy–Breast [44,54,80,93,95], Functional Assessment
of Cancer Therapy–General [38,53,57,86,88], European
Organization for Research and Treatment of Cancer Quality of
Life Questionnaire, 30-items [35,40,43,74,91,96,99], and
36-item Short Form Survey [41,54,64,70,71]. Overall, a total
of 21 studies with 1847 participants in the intervention groups
showed an increase in quality of life, with a mean difference
between groups of Hedges g=0.05 (95% CI –0.01 to 0.10). The
impact of heterogeneity within the studies was significant

(I2=42.7%; P=.01). With respect to publication bias, the funnel
plot displayed a greater number of studies toward the top of the
mean (Egger test, P<.001). The time-varying effects were as
follows: Hedges g=–0.16 (95% CI –0.39 to 0.06) for the interim
effect; Hedges g=0.95 (95% CI –1.99 to 3.89) for the immediate
effect; Hedges g=2.25 (95% CI 0.36-4.14) for the short-term
effect; and Hedges g=0.18 (95% CI 0-0.35) for the long-term

effect. The statistical heterogeneity among studies was I2=70%

(P=.07) for the interim effect; I2=100% (P<.001) for the

immediate effect; I2=98% (P<.001) for the short-term effect;

and I2=18.3% (P=.29) for the long-term effect.

Anxiety and Depression

Hospital Anxiety and Depression Scale (HADS) total scores
(without subscale scores reported) were reported in 5 studies
with 338 participants in the intervention groups
[43,47,64,86,91]. Overall, participants receiving interventions
reported decreased anxiety and depression with a standardized
mean difference of Hedges g=–0.72 (95% CI –1.89 to 0.46).

The heterogeneity within the studies was significant (I2=97.6%;
P<.001). The funnel plot was found to be asymmetric, and Egger
test was found to be not statistically significant (P=.77). The
time-varying effects were as follows: Hedges g=–0.04 (95% CI
–0.23 to 0.16) for the immediate effect; Hedges g=–0.22 (95%
CI –0.54 to 0.10) for the short-term effect; and Hedges g=0.14
(95% CI –0.09 to 0.38) for the medium-term effect. The

statistical heterogeneity among studies was I2=0% across all
time-varying effects.

Depression

Depression was assessed by the HADS-depression subscale
[50,69,74,86,95,96,99], Center for Epidemiologic Studies
Depression Scale [41,68,71,77], Patient Health Questionnaire-9
(PHQ-9) [40,53], and a combination of the PHQ-9 and
HADS-anxiety [43,57] in 1509 participants in the intervention
groups. Overall, interventions were not more effective than
control conditions for reducing depression (Hedges g=0.03,
95% CI –0.10 to 0.16), with a high heterogeneity of 60.9%
(P<.001). With respect to publication bias, the funnel plot
displayed a greater number of studies toward the top of the mean
(Egger test, P=.25). The time-varying effects were as follows:
Hedges g=0.06 (95% CI –0.10 to 0.22) for the immediate effect
and Hedges g=–0.04 (95% CI –0.22 to 0.14) for the interim

effect. The statistical heterogeneity among studies was I2=69.4%

for the immediate effect and I2=29.8% for the interim effect.

Anxiety

Anxiety was assessed by the HADS-anxiety subscale
[57,64,69,74,86,95,96,99], State-Trait Anxiety Inventory (STAI)
[66,71,72,82,83], and a combination of the STAI and
HADS-anxiety [43] in 1075 participants in the intervention
groups. Overall, interventions were not more effective than
control conditions for reducing anxiety (Hedges g=0.12, 95%
CI –0.19 to 0.43), with high heterogeneity of 90.2% (P<.001).
The funnel plot displayed a greater number of studies toward
the top of the mean (Egger test, P=.46). The interim effect was
Hedges g=–0.04 (95% CI –0.19 to 0.12), and the immediate
effect was Hedges g=–0.10 (95% CI –0.19 to 0), and the
short-term effect was Hedges g=–0.13 (95% CI –0.43 to 0.17).

The statistical heterogeneity among studies was I2=35.1% for

the interim effect, I2=6.7% for the immediate effect, and

I2=10.5% for the short-term effect.
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Distress

Psychological distress was assessed in 182 participants in the
intervention groups using the distress thermometer [35,69,91].
Overall, participants in the intervention groups showed no
reduction in distress, with a mean difference between groups
of Hedges g=0.98 (95% CI –0.18 to 2.14). The impact of

heterogeneity within the studies was significant (I2=98.5%;
P<.001). Regarding publication bias, the funnel plot displayed
a symmetric distribution around the mean effect (Egger test,
P=.46). The immediate effect was Hedges g=0.51 (95% CI

0.10-0.92), with statistical heterogeneity I2=54.2%.

Self-Efficacy

Self-efficacy was measured by the Coping Behaviors Inventory
in 174 participants in the intervention groups [44,55]. Overall,
participants in the intervention groups did not report
improvement in self-efficacy, with a standardized mean

difference of Hedges g=–1.41 (95% CI –4.02 to 1.20). However,
the impact of heterogeneity within studies was significant

(I2=99%; P<.001). Regarding the publication bias, the funnel
plot displayed a symmetric distribution around the mean effect
(Egger test, P=.22). The immediate effect was Hedges g=2.56

(95% CI –1.22 to 6.35) with high heterogeneity (I2=98.2%;
P<.001).

Subgroup Analyses
Given the heterogeneity of reporting on dosage information and
limited data, the subgroup analysis of dosage on intervention
effect was not conducted. Table 2 includes the results of the
subgroup analysis on the effect on quality of life, depression
and anxiety, and distress. Overall, the associations between
delivery mode and control condition with patient outcomes were
not statistically significant (P>.05).

Table 2. Subgroup analyses on the effect of delivery mode (internet vs noninternet) and control condition (usual care vs active control) on patient
outcomes.

P valueSEEffect size, Hedges g (95% CI)Outcome and moderators

Quality of life (27 studies)

.450.050.04 (–0.06 to 0.14)Delivery mode

.780.04–0.01 (–0.99 to 0.06)Control condition

HADSa total (6 studies)

.500.240.16 (–0.30 to 0.62)Delivery mode

N/AN/AN/AbControl condition

Depression (21 studies)

.310.100.10 (–0.09 to 0.29)Delivery mode

.550.07–0.04 (–0.17 to 0.09)Control condition

Anxiety (15 studies)

.790.040.01 (–0.07 to 0.09)Delivery mode

.670.14–0.06 (–0.34 to 0.22)Control condition

Distress (8 studies)

N/AN/AN/ADelivery mode

.860.15–0.03 (–0.34 to 0.28)Control condition

aHADS: Hospital Anxiety and Depression Scale.
bN/A: not applicable.

Family Members’ Outcomes
The forest plots for overall effect sizes are displayed in
Multimedia Appendix 5. The funnel plots for overall effect sizes
are displayed in Multimedia Appendix 6. For family members’
data, we pooled 2 studies [36,69] on anxiety and depression for
the meta-analysis with 68 participants in the intervention groups.
Due to the small sample size, no time-varying effect or subgroup
analysis was calculated. The overall effect on anxiety was
Hedges g=–0.23 (95% CI –0.70 to 0.23), with heterogeneity of

I2=0% (P=.42). The overall effect on depression was Hedges

g=–0.25 (95% CI –0.72 to 0.21), with heterogeneity of I2=0%
(P=.52). Regarding publication bias, the funnel plot displayed

asymmetrical scattered points with statistical significance (Egger
test, P<.001).

Discussion

Overview
This systematic review and meta-analysis of 65 unique digital
psychosocial intervention studies for patients with cancer and
their family members provides strong evidence that psychosocial
interventions delivered through digital health significantly
improve psychosocial outcomes. There were 3 major findings.
First, this review included a large group of participants with
various cancer diagnoses; however, underrepresented
populations affected by cancer were not included, and the results
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predominantly focused on White patients. Second, we found
that various intervention modes and components were used.
There is a lack of specificity with respect to the description of
interventions or theoretical basis for interventions, which may
hinder future replication or refinement of the interventions and
understanding of underlying mechanisms. Third, despite high
heterogeneity across studies, the available data suggest that
digital psychosocial interventions effectively improve some
psychosocial outcomes, including patients’ quality of life,
anxiety, and depression.

Principal Findings
First, the majority of participants in the included studies were
White and female, which does not reflect the broader patient
population with cancer, including non-White ethno-racial groups
(ie, African American or Black, American Indian and Alaska
Native, Asian, Native Hawaiian or other Pacific Islander, and
Hispanic or Latino populations). It is well documented in the
literature that the impact of cancer on psychological distress
and quality of life is worse for racial and ethnic minority groups
[100-102]. Therefore, future trials should include more
participants from underrepresented groups to reduce health care
disparities and improve generalizability in diverse populations
[103]. Family members and caregivers were rarely included in
the studies reviewed. However, there is ample evidence that
family members and caregivers experience significant caregiver
burden, worsening quality of life, and difficulty with
psychological adjustment, therefore needing support [104,105].
Previous systematic reviews suggest that interventions targeting
problem-solving and communication skills may ease the burden
related to patient care and improve caregivers’ quality of life
[106]. Many reviews focus on the evaluation of nondigital
interventions targeting the psychosocial experience in family
members and caregivers, including several reviews of caregiver
interventions [9,107-109]. Therefore, with growing technology
usage, more digital interventions are needed to address family
members’ or caregivers’ needs.

Few RCTs met all quality criteria, including blinding, analysis
by treatment assignment, and standardized outcome assessment
[110]. While concealing assignments from participants and
those delivering interventions is not always possible, single
blinding of assessors should occur in well-designed research.
Few studies used power calculations for sample size, making
it difficult to determine whether sample sizes were adequate
[111]. Generally, results from group sizes <20 are questionable.
There are several effective strategies known to increase the
retention rate, such as adding monetary incentives and using an
open trial design [112,113]. The critical appraisal also depends
on comprehensive reporting of study details, which were limited
in the identified studies. Although attempts have been made to
improve reporting using the CONSORT (Consolidated Standards
of Reporting Trials) statement for RCTs and the Transparent
Reporting of Evaluations with Nonrandomized Designs
(TREND) statement for nonrandomized intervention studies in
the early 2000s [114,115], we did not see improvement in
appraisal scores over time. The main limitations of the results
include underpowered and methodologically weaker studies.
These highlight the need for improved methodologies in future
research, as the overall methodological quality was moderate.

Second, this study identified various intervention modes and
components, which is consistent with a previous systematic
review of psychosocial interventions for patients with advanced
cancer, which identified similar intervention components,
including psychoeducation and CBT-based intervention, as 2
of the most common [11]. However, more than half of the
included studies did not use theoretical or conceptual
frameworks to guide the development of intervention
components or selection of outcomes. The lack of a theoretical
framework leads to a lack of clarity about the mechanisms
through which intervention components impact psychosocial
outcomes [116]. In future research, theories or conceptual
frameworks need to be incorporated to help us better understand
the mechanisms that explain the changes in psychosocial
outcomes when using digital health interventions.

In addition, the prescribed dosage information (ie, the number
of sessions, duration, and frequency) was inconsistently
reported, making it difficult to estimate an efficacious
intervention dose. Most of the interventions were self-paced,
without the involvement of an interventionist, which gives the
patient autonomy to choose which intervention component or
module they would like to focus on and how much time to
allocate. However, there is a lack of information on intervention
uptake, which may have influenced the effectiveness of
interventions. Approaches that tackle barriers to adherence at
various levels (eg, individual, family, clinician, agency, and
environment) and improve engagement should be implemented
[117]. For example, a scoping review about engagement
strategies in digital interventions for mental health promotion
recommended personalized feedback, e-coaching to guide
content and individual progress, social platforms and interaction
with peers, content gamification, reminders, and ease of use
[118].

Third, we found some significant improvement in the patient’s
quality of life. Some studies with a smaller number of
participants or with a focus on internet-based interventions
reported an improvement, but the results from these studies
were not consistent [21,119]. This meta-analysis, including 21
studies, revealed a small effect size for overall effectiveness of
digital health interventions in improving patients’quality of life
(Hedges g=0.05, 95% CI –0.01 to 0.10), with time-varying
effects shown as promising. Another meta-analysis that pooled
16 studies demonstrated a larger positive effect of mHealth
interventions on the quality of life of patients with cancer
(standardized mean difference 0.28, 95% CI 0.03-0.53) [21].
Another meta-analysis that included 6 internet-based
psychoeducational interventions for patients with cancer showed
no significant improvement in quality of life (mean difference
1.10, 95% CI –4.42 to 6.63) [119]. Importantly, our analyses
found the largest improvements in quality of life occurred from
post intervention to 8 weeks (Hedges g=2.25, 95% CI
0.36-4.14). The effect of psychosocial interventions decreased
after 8 weeks of follow-up, suggesting that interventions may
need booster sessions or tailoring to time-sensitive needs in
order to maintain effectiveness in the long term. This result was
limited by substantial inconsistency across studies in all
evaluation periods except the medium-term effect [32]. In
addition, given the heterogeneity of follow-up periods in selected
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studies, the time-varying effect was only tested with a small
number of studies, not in the 21 studies we used to calculate
the overall effect.

This meta-analysis was able to demonstrate the effectiveness
of digital health interventions on both anxiety and depression
(measured by HADS: Hedges g=–0.72, 95% CI –1.89 to 0.46).
Our finding was partially consistent with the other
meta-analyses. One study showed that internet-based
psychoeducational interventions had a significant effect on
decreasing depression (standardized mean difference −0.58,
95% CI −1.12 to −0.03), but found no evidence for effects on
distress (standardized mean difference −1.03, 95% CI −2.63 to
0.57) [119]. However, there was considerable heterogeneity in
measurements among the studies included in the review by
Wang et al [119]; it is difficult to determine how meaningful it
is to make direct comparisons between the studies included in
this meta-analysis and past reports. Possible ways to address
this problem could be using similar outcome measures and a
standardized study report.

Our meta-analysis demonstrated that the interventions were
effective in reducing anxiety and depression in family
caregivers. However, the effect size was small, perhaps due to
the limited number of studies. This is partially consistent with
findings from another meta-analysis, which found depressive
symptoms decreased from baseline to post intervention (Hedges
g=–0.44, 95% CI –1.03 to 0.15) [120], while anxiety remained
relatively stable when comparing intervention to control either
at postintervention (Hedges g=0.12, 95% CI –0.16 to 0.44) or
during follow-up (Hedges g=–0.08, 95% CI –0.34 to 0.19).

Strengths and Limitations
This review’s strength lies in its rigorous design, sophisticated
data synthesis, and enduring empirical contributions. We
acknowledge that our literature search was conducted 4 years
before manuscript submission. The findings and contributions
from our research remain pertinent and enduring. This is

because, as digital psychosocial interventions continue to evolve,
the core intervention content and outcomes have remained
relatively consistent over the past 4 years. It would be valuable
to conduct a reassessment of the evolving body of evidence
concerning digital psychosocial interventions that have emerged
since the onset of the COVID-19 pandemic. Moreover, this
study was conducted in line with best practices by double-coding
and following the PRISMA guidelines. The meta-analysis,
including subgroup analysis, was conducted using appropriate
methods for combining studies across various follow-up periods.
Although we did an extensive search at the start of this review,
we may have missed some critical studies, unreported, or
unfinished studies. If all data were available, the meta-analysis
could have reduced the chances of inflated type-1 error for both
observed and unobserved effects that were available for
assessment [121]. There was not enough data to perform post
hoc analyses to examine the effect of factors such as intervention
components and length of intervention on outcomes due to
insufficient data.

Conclusions
Patients with cancer and their family members need high-quality
psychosocial interventions throughout the cancer trajectory.
Digital technologies provide a platform to deliver
evidence-based psychosocial interventions from a distance,
without the heightened risk of contracting viruses, especially
for patients with cancer whose immune systems are
compromised. This study comprehensively synthesized the
effects of digital psychosocial interventions for people affected
by cancer. Our findings suggest that digital health interventions
are effective for adult patients with cancer and their family
members. Further research development in this area needs to
include large, high-quality studies with a clear description of
the methodology, theoretical foundations, and standardized
tools to permit inclusion in meta-analyses to inform the
effectiveness of interventions for a better understanding of the
mechanisms.
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Abstract

Background: People with cancer frequently experience severe and distressing symptoms associated with cancer and its treatments.
Predicting symptoms in patients with cancer continues to be a significant challenge for both clinicians and researchers. The rapid
evolution of machine learning (ML) highlights the need for a current systematic review to improve cancer symptom prediction.

Objective: This systematic review aims to synthesize the literature that has used ML algorithms to predict the development of
cancer symptoms and to identify the predictors of these symptoms. This is essential for integrating new developments and
identifying gaps in existing literature.

Methods: We conducted this systematic review in accordance with the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) checklist. We conducted a systematic search of CINAHL, Embase, and PubMed for English records
published from 1984 to August 11, 2023, using the following search terms: cancer, neoplasm, specific symptoms, neural networks,
machine learning, specific algorithm names, and deep learning. All records that met the eligibility criteria were individually
reviewed by 2 coauthors, and key findings were extracted and synthesized. We focused on studies using ML algorithms to predict
cancer symptoms, excluding nonhuman research, technical reports, reviews, book chapters, conference proceedings, and inaccessible
full texts.

Results: A total of 42 studies were included, the majority of which were published after 2017. Most studies were conducted in
North America (18/42, 43%) and Asia (16/42, 38%). The sample sizes in most studies (27/42, 64%) typically ranged from 100
to 1000 participants. The most prevalent category of algorithms was supervised ML, accounting for 39 (93%) of the 42 studies.
Each of the methods—deep learning, ensemble classifiers, and unsupervised ML—constituted 3 (3%) of the 42 studies. The ML
algorithms with the best performance were logistic regression (9/42, 17%), random forest (7/42, 13%), artificial neural networks
(5/42, 9%), and decision trees (5/42, 9%). The most commonly included primary cancer sites were the head and neck (9/42, 22%)
and breast (8/42, 19%), with 17 (41%) of the 42 studies not specifying the site. The most frequently studied symptoms were
xerostomia (9/42, 14%), depression (8/42, 13%), pain (8/42, 13%), and fatigue (6/42, 10%). The significant predictors were age,
gender, treatment type, treatment number, cancer site, cancer stage, chemotherapy, radiotherapy, chronic diseases, comorbidities,
physical factors, and psychological factors.

Conclusions: This review outlines the algorithms used for predicting symptoms in individuals with cancer. Given the diversity
of symptoms people with cancer experience, analytic approaches that can handle complex and nonlinear relationships are critical.
This knowledge can pave the way for crafting algorithms tailored to a specific symptom. In addition, to improve prediction
precision, future research should compare cutting-edge ML strategies such as deep learning and ensemble methods with traditional
statistical models.
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Introduction

Background
Cancer poses considerable physical and psychological
challenges for those diagnosed with the disease. The Global
Cancer Observatory estimated that there were 19.3 million new
cancer cases and 43.8 million individuals living with cancer
within 5 years of diagnosis globally in 2020 [1]. Symptoms
such as fatigue, pain, nausea, vomiting, depression, and anxiety
often persist beyond treatment [2-5], detrimentally affecting
individuals’ quality of life [6]. Moreover, people with cancer
frequently grapple with multiple intertwined symptoms [7],
intensifying their distress [8]. Unmanaged cancer symptoms
can lead to increased health care use, including emergency
department visits and unscheduled hospitalizations to address
these symptoms; a decline in the quality of life [9]; and even a
reduced life expectancy. Providing precision symptom
management tailored to the individual at the right moment has
the potential to significantly improve outcomes, which is crucial
for both people with cancer and their health care providers.
Accurately predicting and addressing these symptoms is
fundamental to providing such precision in symptom
management.

Artificial intelligence, incorporating machine learning (ML)
and deep learning (DL) models, excels in handling complex,
high-dimensional, and noisy data. It has demonstrated
effectiveness in disease diagnosis, predicting disease recurrence,
enhancing quality of life, and symptom management [10-16].
There is a growing interest in ML in the emerging field of
predictive analytics for cancer symptoms. ML contributes to
the development of robust clinical decision systems, enhancing
overall health care delivery [17]. ML algorithms can be broadly
categorized into supervised learning, unsupervised learning,
semisupervised learning, and reinforcement learning. DL, a
subset of ML, addresses complex tasks such as speech
recognition, image identification, and natural language
processing [18].

Objectives
This study seeks to offer a comprehensive and systematic review
of the literature on the application of ML algorithms in
predicting symptoms for people with cancer. Conducting this
review of a rapidly expanding body of literature is imperative
to understand the current state of the science for ML models in
symptom prediction for cancer and to guide future research.
This research aims to provide a comprehensive understanding
of the current state of research; identify areas for improvement;
and understand the limitations and gaps in the current literature,
such as a lack of specific focus on ML models for patients with
cancer. By comparing model performances across diverse
symptom prediction tasks, we can identify the best practices,
highlight areas for improvement, and offer informed

recommendations that will propel the field of predictive
analytics in cancer symptom research forward.

Methods

Search Strategy and Data Sources
This study was conducted in accordance with the PRISMA
(Preferred Reporting Items for Systematic Review and
Meta-Analyses) protocol [19] and involved a comprehensive
database search spanning from 1984 to August 11, 2023,
including the PubMed, Embase, CINAHL, and Google Scholar
databases. The search terms encompassed cancer, neoplasm,
signs and symptoms, neural networks, machine learning, and
specific algorithm names. In our study, we used Boolean
expressions, using specific combinations of keywords and
phrases, acknowledging the variability in terminology across
studies. Search results were compiled using EndNote 20
(Clarivate Analytics). The detailed search strategy, which uses
Boolean expressions, and the PRISMA checklist can be found
in Multimedia Appendices 1 and 2.

Inclusion and Exclusion Criteria
To identify relevant research focusing on the application of ML
methods in predicting cancer symptoms, we applied the
following inclusion criteria: (1) papers published in English,
(2) studies that used ML algorithms, and (3) research specifically
aimed at predicting cancer symptoms. The exclusion criteria
were as follows: (1) nonhuman studies, (2) technical reports,
(3) review papers, (4) book chapters or series, (5) conference
proceedings, and (6) studies for which full texts were
unavailable. Two authors, NZ and NY, independently screened
and cross-checked the candidate records. During the screening
process, conducted using EndNote 20, any disagreements were
resolved by consulting a third reviewer (SGW). The screening
process involved an initial review of titles and abstracts,
followed by a full-text examination to determine the study’s
eligibility for inclusion in the review.

Data Extraction and Analysis
In our study, we implemented a systematic, multistep process
for data synthesis. Initially, relevant studies were identified and
selected based on the predefined inclusion and exclusion criteria.
Two independent researchers, NZ and NY, extracted data from
42 selected studies. They worked independently to mitigate bias
and enhance the accuracy of the data extraction process. In cases
of discrepancies, these were resolved through discussion or
consultation with a third reviewer, SGW. The extracted data
were aggregated, involving the collation of study characteristics
such as research location, sample size, study design, types of
ML algorithms, validation metrics, identified significant
predictors, cancer types, and the specific symptoms focused on.
This comprehensive approach enabled us to reduce the bias and
increase the reliability of our findings. For the analysis, we used
both quantitative and qualitative methods. Quantitative data,
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such as frequencies and percentages, were compiled and
analyzed using Python. This included the creation of insightful
plots and heat maps to identify patterns and trends, illustrating
relationships among variables and highlighting key findings in
an easily digestible format. Qualitative aspects, such as
algorithm implementation or study design, were explored
through narrative synthesis. This allowed for a deeper
understanding of the context and nuances in the application of
ML algorithms for cancer symptom prediction.

We conducted a cross-analysis to compare findings from
different studies, assessing the effectiveness of various ML
algorithms across different cancer types and symptoms and
identifying common predictors of success and the challenges
faced. Finally, we interpreted the findings in the context of the
existing literature. We discussed how our results align with or
differ from previous studies and what new insights our synthesis
brings to the field of ML in cancer symptom prediction.

Results

Overall Results
A search across the 3 databases produced 1788 papers. After
removing 289 duplicates, we screened the records for titles and
abstracts, excluding another 1352 irrelevant records. However,
1 study was not retrieved. We reviewed the full text of the
remaining 146 records, omitting 105 due to the absence of ML
application in predicting cancer symptoms (69/146, 47.3%),
not being a research article (34/146, 23.3%), and not being an
English article (1/146, 1%). In the second phase, we intend to
include Google Scholar in our research methodology to capture
an additional 113 articles not found in our main databases,
although 1 study was not retrieved. We reviewed the full text
of the remaining 99 records, ultimately excluding all of them
for reasons such as the lack of ML applications in cancer
symptom prediction (89/99, 90%) and not being a research
articles (10/99, 10%). Eventually, 42 studies met the inclusion
criteria, as depicted in Figure 1.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart. ML: machine learning.

Of the 42 studies, 42 (100%) is listed in PubMed, Embase covers
37 (88%) studies, and CINAHL includes 18 (43%) studies. The
distribution and overlap of these research articles across the
databases are illustrated in Multimedia Appendix 3.

The data extracted from these studies, which include the
reference number, research location, year, data type, cancer site,
symptoms, significant predictors, ML algorithms, and validation
methods, are detailed in Table 1 and in Multimedia Appendix
4.
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Table 1. Details of the included studies (n=42).

Validation meth-
ods

AlgorithmsSignificant predictorsCancer
symptoms

PopulationData type;
number of
data

Country,
year

Study

RandomLRa,b, RFc, GB-

DTd, and XGBe

Postmenopausal status, ur-
ban medical insurance, histo-
ry of at least 1one operation,

PainPeople with
breast cancer

Clinical da-
ta; 1152

China, 2023Sun et al
[20]

underwent general anesthe-
sia with fentanyl and
sevoflurane, and received
axillary lymph node dissec-
tion.

RandomLR and ANNfCancer course, anxiety, and
age

Cognitive
impairment

People with ad-
vanced cancer

Clinical da-
ta; 494

China, 2023Xinran et al
[21]

10-fold CVgXGBAge, education, care frag-
mentation, polypharmacy,
and zip code–level poverty

DepressionSurvivors of
cancer with os-
teoarthritis

Clinical da-
ta; 1152

United
States, 2023

Shaikh et al
[22]

RandomENh, RF, LASSOi,
LR (filtered/unfil-

13 individual Li-Fraumeni
syndrome items

Morning fa-
tigue

People with
cancer receiv-
ing chemothera-
py

Clinical da-
ta; 1217

United
States, 2023

Kober et al
[23]

tered), RPARj, and

SVMk

5-fold CVLR, RF, NBl, and
XGB

Pain score, Eastern Coopera-
tive Oncology Group score,
platelet distribution width,

FatiguePeople with
cancer

Clinical da-
ta; 565

China, 2023Du et al [24]

and continuous erythro-
poiesis receptor activator

10-fold CVSVM, RF, MPn,
LR, and Ad-

aBoosto

N/AmPainPeople with
cancer

Clinical da-
ta; 21

Italy, 2022Moscato et
al [25]

5-fold CVLR, RF, light

GBMp, SVM, and
ensemble

N/ASocial dis-
tress, spiritu-
al pain, pain,
dyspnea,

People with
cancer

Clinical da-
ta; 808

Japan, 2022Masukawa et
al [26]

nausea, and
insomnia

10-fold CVSVM and CNNrWeight preradiotherapy, in-
duction chemotherapy, sex,

XerostomiaPeople with
oropharyngeal

CTq image
data; 61

Italy, 2022Fanizzi et al
[27]

platinum-based chemothera-cancer receiv-
py, current chemotherapy,ing radiothera-

py alcohol history, age at diag-
nosis, smoking history,
surgery, clinical tumor, and
clinical node

8-fold CVL2 penalized LR
and XGB

General fatigue, physical fa-
tigue, and cognitive fatigue

InsomniaPeople with
breast cancer

Clinical da-
ta; 284

Japan, 2022Ueno et al
[28]

3-fold CVLR, DTs, and ANNEarlier history of adverse
drug reaction, comorbidity,

Nausea-vom-
iting, fa-

People with
cancer receiv-

Clinical da-
ta; 935

Korea, 2022On et al [29]

cancer site and type oftigue-anorex-ing chemothera-
py chemotherapy, demograph-

ics, and antineoplastic thera-
py–related features

ia, diarrhea,
hypersensi-
tivity, stom-
atitis, hand-
foot syn-
drome, pe-
ripheral neu-
ropathy, and
constipation

JMIR Cancer 2024 | vol. 10 | e52322 | p.27https://cancer.jmir.org/2024/1/e52322
(page number not for citation purposes)

Zeinali et alJMIR CANCER

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Validation meth-
ods

AlgorithmsSignificant predictorsCancer
symptoms

PopulationData type;
number of
data

Country,
year

Study

External validationRF, DT and XGBHypertension, age, total ra-
diotherapy dose, dose at
50% of the left parotid vol-
ume, mean dose to right
parotid gland, mean dose to
oral cavity, and course of
induction chemotherapy

XerostomiaPeople with
cancer receiv-
ing radiothera-
py

Clinical data
and CT im-
age data;
365

China, 2022Li et al [30]

5-fold CVDTThe baseline Delirium Rat-
ing Scale-R98 severity score
(cutoff of 15), hypoxia, and
dehydration

DeliriumPeople with ad-
vanced cancer
receiving phar-
macological in-
terventions

Clinical da-
ta; 668

Japan, 2022Kurisu et al
[31]

RandomLR and ANNAge ≥60 years, length of
stay ≥14 days, surgery histo-
ry, combined chemotherapy,
myelosuppression, diabetes,
and hormone application

Lung infec-
tion

People with
lung cancer re-
ceiving
chemotherapy

Clinical da-
ta; 80

China, 2022Guo et al
[32]

LOOCVtRF and XGBConnectedness, receive sup-
port, frequency and duration
use of mobile app, and
physical pain

Depressed
mood and
anxiety

People with
breast cancer

Clinical da-
ta; 40

United
States, 2022

Baglione et
al [33]

NestedSVM, KNNv, NB,
and RF

N/AXerostomiaPeople with

HNCu receiving
radiotherapy

Clinical data
and CT im-
age data;
155

United
States, 2022

Chao et al
[34]

LOOCVRFAge, numeric rating scale,
and biological effective dose
10

PainPeople with
cancer receiv-
ing radiothera-
py

Clinical data
and CT im-
age data; 69

Japan, 2021Wak-
abayashi et
al [35]

RandomRF, LR, and SVMAge, BMI, colostomy, treat-
ment complications, cancer-
related anemia, depression,
diabetes, Quality of Life
Questionnaire Core 30
score, exercise, hypercholes-
terolemia, diet, marital sta-
tus, education level, and
pathological stage

Cognitive
impairment

People with col-
orectal cancer
after
chemotherapy

Clinical da-
ta; 386

China, 2021Zhou et al
[36]

RandomANNLung cancer, late-stage can-
cer, existing chronic condi-
tions such as osteoarthritis,
mood disorder, hyperten-
sion, diabetes, and coronary
disease

Pain, depres-
sion, and
well-being

Specific cancer
site or treatment
not mentioned

Clinical da-
ta; 46,104

Canada,
2021

Xuyi et al
[37]

RandomLR, ANN, CARTwAge, higher degree of educa-
tion, lower personal monthly
income, advanced cancer,
hypoproteinemia, preopera-
tive anxiety or depression,
and limited social support

Postopera-
tive fatigue

People with
gastrointestinal
tumors after
surgery

Clinical da-
ta; 598

China, 2021Xu et al [38]

10-fold CVANN, LR, C5.0,
RF, SVM, CART

N/ALymphede-
ma

People with
breast cancer

Clinical da-
ta; 533

China, 2021Wei et al
[39]

RandomSVM, KNN, and
RF; Gaussian NB

and MLPx; and

ARIMAy and

LSTMz

N/APain, taste,
and general
activity

People with
HNC

Clinical da-
ta; 823

United
States, 2021

Wang et al
[40]
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Validation meth-
ods

AlgorithmsSignificant predictorsCancer
symptoms

PopulationData type;
number of
data

Country,
year

Study

5-fold CVFine tree, medium
tree, coarse tree,
linear-discrimi-
nant, quadratic dis-
criminant, LR,
Gaussian NB, ker-
nel NB, linear
SVM, quadratic
SVM, cubic SVM,
Fine Gaussian
SVM, Medium
Gaussian SVM,
Coarse Gaussian
SVM, Fine KNN,
Medium KNN,
Coarse KNN, Co-
sine KNN, Cubic
KNN, Weighted
KNN, boosted
trees, bagged trees,
subspace discrimi-
nant, subspace
KNN, and random
undersampling
boosted trees

N/ADepressionSpecific cancer
site or treatment
not mentioned

Clinical data
and CT im-
age data;
138

United
States, 2021

Wang et al
[41]

10-fold CVNB, LR, ANN,

SVRaa, and DT

Smoking, alcohol status,
sex, age, and BMI

Nausea-vom-
iting

People with
cancer receiv-
ing chemothera-
py

Clinical da-
ta; 6124

United
States, 2021

Mosa et al
[17]

3-fold CV and
LOOCV

LR, KNN, SVM,

RF, GBab, XGB,
and LightGBM

Physical activity bouts,
sleep, heart rate, and loca-
tion

Diarrhea, fa-
tigue, and
pain

People with
pancreatic can-
cer after surgery

Clinical da-
ta; 44

United
States, 2021

Low et al
[42]

5-fold CVRF, SVM, and GBA set of psychological traits
(optimism, perceived ability
to cope with trauma, re-
silience as a trait, and ability
to understand the illness)
and subjective perceptions
of personal functionality
(physical, social, and cogni-
tive)

DepressionPeople with
breast cancer

Clinical da-
ta; 609

Greece,
2021

Kourou et al
[43]

10-fold CVRF, LR (filtered or
unfiltered), RPAR,
and SVM

Morning fatigue, lower
evening energy, and sleep
disturbance

Evening fa-
tigue

People with
cancer receiv-
ing chemothera-
py

Clinical da-
ta; 1217

United
States, 2021

Kober et al
[44]

RandomSVM, RF, and
LASSO+LR

Education level, sex, age,
marital status, medical insur-
ance, per capita monthly
household income, patholog-
ical stage, Suicide Severity
Rating Scale, Pittsburgh
Sleep Quality Index, and
Quality of Life Question-
naire Core 30

DepressionPeople with
non-Hodgkin
lymphoma re-
ceiving
chemotherapy

Clinical da-
ta; 238

China, 2021Hu et al [45]

10-fold CVOLSac, RRad, LAS-

SO, ENRae, RF,
and XGB

Fatigue or weakness, insom-
nia, and pain appeared

AnxietyPeople with
cancer seen in
primary care

Clinical da-
ta; 496

Germany,
2021

Haun et al
[46]
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Validation meth-
ods

AlgorithmsSignificant predictorsCancer
symptoms

PopulationData type;
number of
data

Country,
year

Study

Nested CVSVM, DNNaf, and
ensemble classifier

Joint Gross tumor volume
L1+L2+L3 radiomics, Gross
tumor volume, and esopha-
gus L3 dosiomic

Weight lossPeople with
lung cancer af-
ter intensity-
modulated radia-
tion therapy

Clinical data
and CT Im-
ages data;
388

United
States, 2020

Lee et al
[47]

10-fold CVLSah, RR, ENR,
RF, GB, and ANN

Anxiety, type of surgery,
and acute pain

NPajPeople with
breast cancer
after surgery

Clinical da-
ta; 204

Canada,
2020

Juwara et al
[48]

RandomLR and 3D-RC-

NNai
Feature map visualizationXerostomiaPeople with

HNC receiving
radiotherapy

Clinical data
and CT im-
age data;
784

United
States, 2019

Men et al
[49]

10-fold CVRR, LASSO, and
RF

The patient has human papil-
lomavirus, completed
chemotherapy, their baseline
xerostomia grade, tumor
site, N stage, and use of
feeding tube

XerostomiaPeople with
HNC

Clinical data
and CT im-
ages data;
427

United
States, 2019

Jiang et al
[50]

10-fold CVGeneralized linear
model

N/AXerostomiaPeople with
HNC

CT images
data; 266

United
States, 2019

Sheikh et al
[51]

10-fold CV and
bootstrap

SVR (linear, poly-
nomial, and radial
Sigma) and n-

CCAaj

Age, gender, cancer site, the
number of prior cancer
treatment, and initial diagno-
sis

Sleep distur-
bance, anxi-
ety, and de-
pression

People with
cancer receiv-
ing chemothera-
py

Clinical da-
ta; 799

United
States, 2019

Papachristou
et al [52]

RandomDT and LRHead and neck tumor loca-
tion and total radiation dose
of ≥70 Gray, and without
postsurgery

Weight lossPeople with
cancer receiv-
ing radiothera-
py

Clinical da-
ta; 375

China, 2018Zhang et al
[53]

10-fold CVMultivariable LR,
Lasso and elastic
net regularized
generalized linear
models, and SVM

N/AOdynopha-
gia (painful
swallowing)

People with
lung cancer re-
ceiving radio-
therapy

Clinical and
CT image;
131

Den-
mark;2018

Olling et al
[54]

Single and nested
CV

LRL1ak, LRL2al,

LR-ENam, KNN,

SVM, ETan, and

GTBao

The parotid gland volume,
the spread of the contralater-
al dose-volume histogram,
and the parotid gland eccen-
tricity, and sex

XerostomiaPeople with
HNC after radio-
therapy

Clinical and
CT image;
153

Ger-
many;2018

Gabryś et al
[55]

RandomUnsupervised

MLap
Age, chronic pain of any
type, number of previous
operations, BMI, preopera-
tive pain in the area to be
operated on, smoking and
psychological factors

PainPeople with
breast cancer
after surgery

Clinical da-
ta; 1000

Ger-
many;2018

Lötsch et al
[56]

10-fold CVDecision stump,
Hoeffding, C4.5,
NB, AdaBoost,
bootstrap aggregat-
ing, and LR

10 of the 490 radiomic fea-
tures selected as the associat-
ed features with significant
sensorineural hearing loss
status

Hearing lossPeople with
HNC receiving
chemotherapy

Clinical and
CT image;
47

Iran;2018Abdollahi et
al [57]

External validationLRN/AXerostomiaPeople with
HNC

Clinical data
and CT im-
age; 68

United
States;2018

van Dijk et
al [58]

RandomELMaq, ANN, and
Fuzzy Genetic Al-
gorithm

N/ADepressionPeople with
breast cancer

Clinical da-
ta; 84

Serbia;2017Cvetković
[59]
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Validation meth-
ods

AlgorithmsSignificant predictorsCancer
symptoms

PopulationData type;
number of
data

Country,
year

Study

10-fold CVLRN/AXerostomiaPeople with
HNC

CT image
features; 249

United
States;2017

van Dijk et
al [60]

aLR: logistic regression.
bItalic text in this column indicates the best results used in the study.
cRF: random forest.
dGBDT: gradient boosting decision tree.
eXGB: extreme gradient boosting.
fANN: artificial neural network.
gCV: cross-validation.
hEN: elastic net.
iLASSO: Least absolute shrinkage and selection operator.
jRPAR: recursive partitioning and regression trees.
kSVM: support vector machine.
lNB: Naïve bayes.
mN/A: not applicable.
nMP: multiple perceptron.
oAdaBoost: Adaptive boosting.
pGBM: light gradient boosting machine.
qCT: computed tomography.
rCNN: convolutional neural network.
sDT: decision tree.
tLOOCV: leave-one-out-cross-validation.
uHNC: head and neck cancer.
vKNN: k-nearest neighbor.
wCART: classification and regression tree.
xMLP: multilayer perceptron.
yARIMA: autoregressive integrated moving average.
zLSTM: long short-term memory neural network.
aaSVR: support vector regression.
abGB: gradient boosting.
acOLS: ordinary least square.
adRR: ridge regression.
aeENR: elastic net regression.
afDNN: deep neural network.
agNP: neuropathic pain.
ahLS: least squares.
ai3D-RCNN: 3D region-based convolutional neural network.
ajn-CCA: nonlinear canonical correlation analysis.
akLRL1: L1 penalized logistic regression.
alLRL2: L2 penalized logistic regression.
amLR-EN: logistic regression-elastic net.
anET: extra tree.
aoGTB: gradient tree boosting.
apML: machine learning.
aqELM: extreme linear machine.

A total of 2 individual researchers (NZ and NY) separately
extracted data from each study, working independently of each
other. This approach is used to reduce bias and increase the
accuracy of the data extraction process. If discrepancies arise
between the 2 independent authors, they are usually resolved
through discussion or by consulting a third reviewer (SGW).

Primary Database Information
The studies selected were published between 2017 and 2023
and were conducted in North America (18/42, 43%), Asia
(16/42, 38%), and Europe (8/42, 19%). Methods of data
collection varied, with studies originating from individual
centers (23/42, 55%) and multiple centers (19/42, 45%). The
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average sample size was 1686, and the studies varied in sample
size: <100 participants (8/42, 19%), between 100 and 1000
participants (27/42, 64%), and >1000 participants (7/42, 17%).
Most studies relied on clinical data (28/42, 67%), although some
integrated clinical data with computed tomography (CT) images
(14/42, 33%). The study designs were diverse, including
retrospective (18/42, 43%), cross-sectional (15/42, 38%),
prospective (5/42, 12%), and longitudinal (4/42, 10%)
approaches.

Cancer Primary Sites and Predicted Symptoms
Various primary cancer sites were studied, with head and neck
cancers being the most prevalent (9/42, 21%). Breast cancer
was the focus of 19% (8/42) of the studies, and lung cancer was
studied in 17% (3/42) of the cases. The included studies included
participants undergoing a range of treatments, including
chemotherapy (9/42, 21%), radiotherapy (9/42, 21%), surgery
(4/42, 10%), and investigations of posttreatment survivors (2/42,
5%). Of the 42 included studies, 10 unique symptoms were
reported as outcome variables in the predictions. Those included
were xerostomia (9/42, 14%) [27,30,34,49-51,55,58,60],
depression (8/42, 13%) [22,33,37,41,43,45,52,59], pain (8/42,
13%) [20,25,26,35,37,40,42,56], fatigue (6/42, 10%)
[23,24,29,38,42,44], anxiety (3/42, 5%) [33,46,52], sleep
disturbance or insomnia (3/42, 5%) [26,28,52], nausea or
vomiting (3/42, 5%) [17,26,29], weight loss (2/42, 3%) [47,53],
cognitive impairment (2/42, 3%) [21,36], and diarrhea (2/42,
3%) [29,42].

One study reported multiple symptoms, including
hypersensitivity [29], stomatitis [29], hand-foot syndrome [29],
peripheral neuropathy [29], and constipation [29]. Another study
delved into taste and general activity [40]. Individual studies
were dedicated to each of the following symptoms: delirium
[31], lung infection [32], lymphedema [39], well-being [37],

odynophagia [54], social distress [26], spiritual pain [26],
dyspnea [26], and hearing loss [57]. The distribution of these
symptoms is depicted in Multimedia Appendix 5.

Significant Candidate Predictors of Symptoms
Numerous predictors were frequently used for predicting
symptoms, which can be grouped into demographic features
and clinical characteristics.

Demographic Features
The demographic features include age, sex, BMI, income,
medical insurance, education, marital status, and zip code–level
poverty.

Clinical Characteristics
The clinical characteristics include smoking and alcohol use,
initial diagnosis, presence of cancer, stage of cancer, cancer
course, tumor site, type and number of prior treatments,
chemotherapy type, and radiotherapy dose and volume. Health
conditions such as comorbidity, diabetes, hypertension,
osteoarthritis, and coronary disease also play a significant role.
In addition, psychological factors such as depression and
anxiety, fatigue, sleep disturbance, and pain are considered.
Other influential predictors encompass care fragmentation,
polypharmacy, hormone levels, physical activity, diet, heart
rate, and social support factors.

In our comprehensive analysis of 42 studies, all the detailed
findings on common cancer symptoms are compiled in Figure
2. We provide a detailed analysis of the predictors for the 4
most frequently reported cancer symptoms identified in this
study: xerostomia, pain, depression, and fatigue. In a detailed
analysis of 42 studies, various predictors for 4 common cancer
symptoms—xerostomia, pain, depression, and fatigue—have
been identified, each with its distinct set of influencing factors.
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Figure 2. Significant predictors of individual symptoms.

For xerostomia, age, gender, chemotherapy type, radiotherapy
dose and volume, cancer stage, tumor site, and hypertension
are crucial predictors. In the case of pain, factors such as age,
BMI, smoking and alcohol habits, cancer site and stage, tumor
site, diabetes, hypertension, osteoarthritis, coronary disease,
physical activity, psychological factors, sleep disorders, and
existing pain conditions emerge as significant. Significant
predictors for depression include age; gender; education; cancer
site and stage; economic factors such as insurance, income, and
poverty level; marital status; initial diagnosis impact;
comorbidities (diabetes, hypertension, osteoarthritis, and
coronary disease); pain; social support; care fragmentation;
polypharmacy; and various scale scores. Finally, for fatigue,
the key predictors are existing fatigue and low energy, cancer
site, sleep disturbances, age, income, education, chemotherapy
type, tumor site, comorbidities, hypercholesterolemia, heart
rate, hypoproteinemia, physical and psychological factors, pain,
adverse drug reaction history, limited social support, Eastern
Cooperative Oncology Group score, platelet distribution width,
and erythropoiesis.

When examining the commonalities across these predictors for
xerostomia, pain, depression, and fatigue, several factors stand
out as particularly influential across multiple symptoms: age;
gender; cancer site and stage; treatment-related factors such as
the type of chemotherapy and radiotherapy; comorbidities such
as diabetes, hypertension, and coronary disease; physical and
psychological factors; and socioeconomic factors such as income
and education level, demonstrating the impact of cancer
treatments on symptom development. These common predictors
underscore the complex, multifactorial nature of symptom

manifestation in patients with cancer, necessitating a
comprehensive approach to their management and care.

ML Algorithms and Validation Metrics
Of the 42 studies analyzed, 7 (17%) used a single ML algorithm,
whereas 35 (83%) used multiple algorithms. The most effective
models, in terms of performance, were logistic regression (LR;
9/42, 17%), random forest (7/42, 13%), artificial neural networks
(5/42, 9%), decision trees (DTs; 5/42, 9%), and extreme gradient
boosting (3/42, 6%). For validation methods, 10-fold
cross-validation was the most used (14/42, 31%), followed by
5-fold cross-validation (5/42, 11%), 3-fold cross-validation
(2/42, 4%), and 8-fold cross-validation (1/42, 2%). The primary
evaluation metric across these studies was the area under the
curve, which was adopted in 24% (26/42) of the studies. A
visual representation of the leading ML models along with the
validation and evaluation metrics used in the study presents in
Multimedia Appendix 6.

Discussion

Principal Findings
In this review, we present the first systematic analysis of ML
applications for predicting the development of cancer symptoms.
We explore the most frequently studied cancer sites and delve
into the intricacies of ML procedures. Breast, head or neck, and
lung cancers are the most frequently studied sites in current
research, with xerostomia, depression, pain, and fatigue being
the most prominent symptoms. The application of various ML
techniques is on the rise, with data acquisition and preprocessing
being pivotal for successful ML models. While a range of
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algorithms, from traditional methods such as LR and DT to
advanced ones such as DL, are used, there is a growing emphasis
on data quality, external validation, and a standardized approach
to model evaluation. The future of ML in cancer symptom
prediction looks promising, with a need for collaborative efforts
among oncologists, data scientists, and patient groups, combined
with more comprehensive research on lesser-studied cancer
sites and standardized methodologies.

Regarding the cancer sites covered in the studies, breast, head
or neck, and lung cancers emerged as the most frequently
researched primary cancer sites. The range of symptoms and
side effects that patients experienced varied from one study to
another. Some symptoms depended on the specific cancer site
and the treatments patients received. For example, xerostomia,
which can either arise from the tumor itself or manifest as a
treatment side effect, has a significant impact on patients’dental
health and compromises antimicrobial functions [61]. However,
most symptoms were not directly attributed to a particular cancer
site or treatment.

Our review revealed a notable emphasis on predicting
xerostomia in 14% (9/42) of the studies, despite head and neck
cancers being less prevalent. The notable emphasis on predicting
xerostomia in ML research, despite the lower prevalence of
head and neck cancers, is likely due to advancements in
integrating ML with CT imaging. CT imaging is a pivotal tool
in the diagnosis and treatment planning of head and neck
cancers. The integration of ML with CT imaging has opened
new possibilities for more accurately predicting side effects
such as xerostomia. ML techniques, when applied to CT images,
can potentially identify patterns and indicators that are not easily
discernible by human observers. This capability can lead to
earlier and more precise predictions of xerostomia, thereby
enabling better preventive measures and treatment planning to
mitigate this side effect. Therefore, the focus on xerostomia in
ML research, in the context of head and neck cancers, is likely
driven by the opportunities presented by combining ML with
advanced imaging techniques.

Depression, a widespread emotional challenge for people with
cancer [62,63], was the focus of prediction in many studies
(8/24, 13%). Similarly, pain, a recurrent concern for palliative
care patients [64] and survivors of cancer [65,66], was the
subject of prediction in >13% (8/24) of the studies. Fatigue,
prevalent across all age groups with cancer [67,68], was
highlighted in 6 (10%) of the 42 studies reviewed.

In terms of the ML approaches used in the studies, a plethora
of techniques were used to construct these predictive models,
spanning all phases of the ML process, from data collection and
preprocessing to feature and algorithm selection, model training,
testing, and evaluation. The process of data acquisition is pivotal
for the development of ML models, thereby emphasizing the
importance of an adequate sample size. Upon reviewing 42
studies, we discerned that the most frequent sample sizes for
ML applications ranged between 100 and 1000 samples. More
advanced ML techniques necessitate larger data sets to bolster
robustness and mitigate the risk of overfitting. Alarmingly,
certain studies in our review used ML with comparably smaller
data sets, introducing the risk of model overfitting and potential

biases in the subsequent performance metrics [69]. Challenges
tied to sample size might impede the creation of sturdy and
trustworthy ML models [70]. Data preprocessing is
indispensable to yield clean and interpretable data, which is a
cornerstone for proficient ML models. Data cleaning approaches
encompass addressing missing values, tackling data noise, and
data normalization. Within health care data sets, noisy or absent
data are frequently a by-product of inaccuracies in manual
entries or instrument recordings made by medical personnel or
ancillary staff [71]. However, most of the reviewed studies
lacked comprehensive descriptions of their data cleaning
methodologies or strategies for handling noisy data and
normalization, constrained by word or page limits in
publications.

Given the crucial importance of data quality in developing ML
models, it is essential for researchers to focus equally on
effective data preparation and choosing suitable algorithms.
Future endeavors would benefit from exhaustive procedural
documentation made available on public platforms such as
GitHub. In a research context, GitHub can be used for sharing
and collaborating on various aspects of a research project,
including but not limited to code. It allows researchers to
maintain version control of their scripts, data analysis
procedures, and even documentation. This feature is particularly
beneficial for replicating studies and verifying results, as it
provides a transparent view of the methodologies and analyses
used.

Overloading an ML model with excessive features can
undermine its ability to differentiate between pertinent data and
superfluous noise, leading to the challenge often referred to as
the “curse of dimensionality.” The goal of feature engineering
is to mitigate model complexity, expedite the training process,
reduce the data’s dimensionality, and avert overfitting [72]. By
streamlining the model with a curated set of predictors, it
becomes more accessible and transparent, emphasizing the
importance of feature selection during data preparation. Our
review pinpointed the most frequently used significant predictors
in cancer symptom prediction. The efficacy of prediction models
is heavily influenced by the number and interplay of the relevant
predictors. Factors such as age, gender, type and number of
previous treatments, cancer location, cancer stage, chemotherapy
type, dosage and volume of radiotherapy; chronic conditions
such as diabetes and hypertension; concurrent diseases; and
symptoms including depression, anxiety, fatigue, pain, and sleep
disturbances have consistently featured as determinants in
numerous predictive frameworks. Our review of cancer
symptom prediction underscored age as a pivotal factor,
associated with predominant symptoms such as depression,
pain, xerostomia, and fatigue. While numerous elements, from
gender to type of treatment and cancer stage, influence the
predictive models, it is the prominence of age that consistently
emerges as a cornerstone predictor. As we delve deeper into
this field, even with the introduction of newer determinants and
correlations, the centrality of age in these frameworks remains
indisputable.

Regarding algorithm selection, traditional methods often struggle
with handling high-dimensional data and processing extensive
information. To tackle these challenges, researchers have
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increasingly shifted toward innovative ML algorithms that are
renowned for their robust predictive power and strong
generalization capacities. These sophisticated algorithms excel
at delving deep into data and discerning intricate
interrelationships among variables. To navigate the multifaceted
landscape of modeling challenges, it is advantageous for
researchers to leverage a diverse array of ML algorithms. Most
studies used multiple predictive models, with techniques such
as LR, RF, ANN, and DT consistently delivering stellar results.
The introduction of advanced ML techniques, such as DL and
ensemble classifiers, provides promising opportunities to elevate
prediction accuracy in future research.

After their design, the ML models undergo training and testing
on different data sets. However, these models can grapple with
issues such as overfitting and underfitting. Overfitting occurs
when a model becomes overly complex, which leads to
increased variance and reduced clarity. In contrast, underfitting
results from an oversimplified model, causing it to overlook
key data patterns and diminish its predictive capacity. Therefore,
the ideal learning model should strike a balance between the
optimal variance and justifiable bias. To mitigate these issues,
the common strategy is to divide the data set into training and
testing subsets, followed by internal or external validation.
While most studies in our review used internal validation, only
1 study reported external validation [58], which was
demonstrated on a small cohort of 25 patients with head and
neck cancer. Although its performance is typically lower than
evaluations using the original data sets, external validation
remains crucial for gauging ML models [72]. It is a crucial step
in ensuring that the model’s performance is not just limited to
the conditions and data it was originally trained on but also
applicable and reliable in broader, real-world clinical settings.
This approach serves to verify the model’s efficacy and
generalizability across different patient populations and settings.

Understanding and interpreting ML models continue to pose
challenges. Determining the variables that significantly impact
symptom prediction can be elusive due to the intricate prediction
processes. Many studies gauge the performance of ML models
using metrics that examine their ability to distinguish between
2 classes. From our systematic review of 42 studies, the area
under the curve emerged as the predominant metric for the
prediction models. Other metrics included accuracy, sensitivity,
specificity, positive predictive value, root mean square error,
and negative predictive value. These metrics provide a holistic
view of a model’s efficacy, facilitating its refinement and
enabling more precise predictions. However, the diverse
emphasis on distinct metrics in numerous studies underscores
the need for a uniform approach to evaluating ML models in
cancer symptom prediction.

As interest grows in using ML for predicting cancer symptoms,
there are several areas that merit deeper investigation. A crucial
area is broadening the range of studied cancer sites and more
comprehensively correlating symptoms with various treatment
methods. To fully understand symptom prediction, it is essential
that future studies delve into lesser-explored or infrequently
studied cancer sites. Furthermore, the methodologies used for
data preprocessing and cleaning should be documented more

thoroughly, focusing on best practices to ensure data integrity.
As data are foundational to ML models, transparent and detailed
preprocessing can improve the reliability and repeatability of
these models. Although our analysis highlighted common
predictors for symptom forecasting, examining potentially
underrepresented or emerging indicators could refine these
models further. On the algorithmic front, exploring hybrid ML
methods that merge the strengths of multiple algorithms might
be particularly beneficial for cancer symptom prediction.
Standardizing evaluation metrics across studies would also
provide clarity and facilitate a more accurate comparison of
various ML techniques. To genuinely progress, collaborations
among oncologists, data scientists, and patient advocacy groups
are vital to ensure that the developed models are technically
robust and clinically pertinent. With these insights, ML stands
poised to transform cancer care, creating treatment plans based
on patient-focused and accurate symptom prediction models.

Limitations
This review is not without its limitations. Although we
established clear inclusion and exclusion criteria, potential biases
in the studies we analyzed could inherently limit our review.
We might have missed or excluded relevant studies due to
inadequate information or the absence of keywords in their titles
or abstracts. Many of the studies we reviewed did not specify
the cancer site, potentially limiting the accuracy and applicability
of our findings to specific cancer types. The broad range of
predictors used across the studies also made it difficult to draw
definitive conclusions about the most influential factors in
predicting cancer symptoms using ML algorithms. As such,
readers should interpret these results cautiously, given this
variability.

Conclusions
ML offers an intriguing potential for predicting cancer
symptoms, thereby preemptively mitigating the associated
challenges. Predicting the symptoms that people with cancer
might experience and determining their onset throughout their
treatment journey is a pivotal clinical issue that can enhance
patients’ quality of life. Notably, all studies in our review were
published after 2017, highlighting the nascent nature of this
research area. Our investigation primarily sought to outline the
ML methodologies harnessed for symptom prediction in people
with cancer. While ML techniques hold an edge over traditional
statistical approaches by virtue of their prowess in analyzing
vast data sets and gauging the efficacy of diverse prediction
models, certain impediments such as a limited pool of
symptoms; suboptimal data preparation; challenges in feature
engineering; and complexities in ML algorithm design,
validation, and evaluation can constrain the broad applicability
of these predictive models. Future research should pivot toward
amplifying the efficacy of ML strategies. This enhancement
can be achieved by harnessing expansive, high-caliber data sets;
tapping into innovative technologies for data refinement; and
sculpting refined models. Harnessing ML can potentially free
health care practitioners—including doctors, nurses, and clinic
personnel—to accentuate the human touch in managing cancer
symptoms.
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Abstract

Cancer prevalence data for Black Americans is monolithic and fails to consider the diverse cultures and backgrounds within that
community. For instance, African immigrants constitute a meaningful proportion of the foreign-born Black immigrants in the
United States (42%), but the prevalence of cancer in the African immigrant community itself is unknown. Therefore, without
accurate cancer prevalence data, it is impossible to identify trends and other key factors that are needed to support the health of
African immigrants and their children. Moreover, it is impossible to understand how the culture and language of subgroups
influence their cancer-related health behavior. While research in this area is limited, the existing literature articulates the need
for culturally responsive and culturally tailored cancer education for African immigrants and their adolescent children, which is
what we advocate for in this viewpoint paper. Existing projects demonstrate the feasibility of culturally responsive programming
for adults; however, few projects include or focus on adolescents or children born to African immigrants. To best meet the needs
of this understudied community, researchers must use culturally competent interventions alongside familiar, usable media. For
adolescents, technology is ubiquitous thus, the creation of a culturally tailored digital intervention has immense potential to
improve cancer awareness and prevention for youth and their community. More research is needed to address many of the existing
research gaps and develop a rich understanding of the unique experience of cancer among African immigrant families that can
be used to inform intervention development. Through this viewpoint, we review the current state of cancer-related research among
African immigrant families in the United States. In this paper, we acknowledge the current knowledge gaps and issues surrounding
measurement and then discuss the factors relevant to designing an educational intervention targeted at African immigrants and
the role of African immigrant youth.

(JMIR Cancer 2024;10:e53956)   doi:10.2196/53956
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Introduction

Cancer has a profound impact on the experience of health for
many in the United States that only continues to grow. Research
has demonstrated the escalating rates of early-onset cancer
diagnosis among women and the alarming decreasing rates for
men and Black people; most commonly in breast, thyroid, and
colorectal cancer [1]. Early diagnosis and prompt treatment of
cancer are critical to improved public health. The decreasing
rate of early cancer detection and response is introducing a
significant health inequity among Black people in the United
States. African-born immigrants and their children comprise a
meaningful portion of the US population. The paper aims to
describe the existing research gaps and experiences of cancer
among African immigrant families and highlight the need to
design and tailor cancer education for African immigrant
families.

There was a surge in the African immigrant population between
1970 and 2015 [2]. This migration pattern has continued, with
the African immigrant population growing from 881,000 in
2000 to 2.0 million in 2019, comprising 42% of the US
foreign-born Black population. African immigrants have tended
to settle in 4 main cities in the United States: Washington DC,
New York City, Minneapolis or St Paul, and Atlanta [3]. Prior
research has established that most African immigrants come
from Western (35.7%) and Eastern Africa (29.6%) [4]: from
Nigeria (13.7%), Ethiopia (10.8%), Ghana (7.8%), and Kenya
(5.5%) [5]. Therefore, Nigeria and Ethiopia constitute the top
birthplaces of African immigrants in the United States.

In 2011, one of the first peer-reviewed papers on African
immigrant health was published. It highlighted the growing
population of African immigrants in the United States and the
need to study their health care needs and practices since chronic
diseases, including cancer, were poorly understood [3]. There
is a growing research interest in African immigrant health,
especially by researchers who are first- and second-generation
African immigrants themselves, especially in light of the myriad
of factors that impact African immigrants’ health, and that of
their families, including the trauma of immigration, conflicting
cultural contexts between African family dynamics and those
common in the United States, diet and lifestyles, culture,
religion, and spirituality. These constructs make up the richness
of immigrants’ lives and continue to impact their health
behaviors, health care experiences, and decision-making about
their health practices after they move to the United States.
Therefore, attention must be given to these factors. These factors
also influence how African immigrants interact with and
navigate the health care system, making it essential to
understand how these factors can negatively impact health care
system involvement.

The number of health-related areas influenced by immigration
only grows as their length of stay in the United States increases

[6]. Given the unique health experiences of African immigrants,
the need to better understand the cancer-related health of African
immigrants is imperative. The United States has begun to
address disparities in immigrant health, such as affordances of
health care following the implementation of the Affordable Care
Act or state-level legislation allowing immigrants (especially
the young, pregnant persons, and older people) to be eligible
for state Medicare. States that have expanded care for immigrant
children have seen reductions in no-insurance rates and rates
of families forgoing medical care [7]. However, there is a current
dearth of initiatives directly designed for African immigrants.
With a deeper understanding of cancer in the African immigrant
community, we can create novel, innovative, and culturally
specific educational tools to support African immigrant families
and improve current and future African immigrant community
cancer health.

Discerning Cancer Prevalence Among
African Immigrants

Overview
Uncovering cancer prevalence and awareness among African
immigrants is challenging. Racial and ethnic minority groups
are underrepresented in health research overall, contributing to
persistent health disparities in the United States [8]. Cancer
death rates among Black people continue to increase and so
does the risk of developing cancers [9]. In the past few decades,
there have been focused efforts to conduct research and draft
policies to address health disparities within immigrant
communities. However, there is a discernable lack of research
on African immigrants’ (and their children’s) health related to
cancer prevention and awareness in the United States. The
challenge is due to limited resources allocated to minority issues
and a lack of effort to distinguish the population as different
and unique from other minority populations [10,11].

Issues With Measurement
Most research on immigrant health in the United States has
focused on Latinos and Asian Americans [12-15]. Similarly,
most cancer-related research in the United States has used race,
and Hispanic or Latino ethnic affinity, regardless of the differing
histories of migration, as the basis of categorizing research
participants. Therefore, there is limited knowledge about African
immigrant health in the United States, especially on cancer
awareness, cancer care, and overall health outcomes. Accurate
prevalence of cancer among African immigrants is unknown,
available literature mostly focuses on databases that have
combined data for African-born immigrants and US-born Black
people. This makes it difficult to identify African immigrants
and to provide accurate evidence of the extent and impact of
cancer within their communities [16]. This practice facilitates
a monolithic view of people with African heritage; therefore,
it discourages granularity of analysis and limits health services’
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researchers’ability to address African immigrant-specific health
challenges and examine related research questions.

Some researchers have started to address the overgeneralization
of categorizing all African immigrants as “Black” by focusing
on their country of origin or time since immigration or
assimilation or acculturation [17,18]. Assimilation allows
immigrants to integrate into the social, linguistic, and cultural
fabric of the host society. However, acculturation experience
differs across immigrant groups. The Hispanics, specifically
Mexican Americans, constitute an immigrant group in the United
States with a robust acculturation. Safran Williams in his
classification of diasporas describes Mexican American as “not
true diaspora” [19]. This is because of their immigration history
with the United States [19]. Further, Spanish is the dominant
language of the Mexicans and is also the most popular foreign
language in the United States. As a result, acculturation for
Mexican immigrants is steady and impacts the strength of
research and health interventions for this immigrant group
[20-22]. Contrarily, the cultural and linguistic significance of
African immigrant identities do not share the same history and
recognition both in the United States social milieu and in the
US health care system especially those relating to cancer
education and research. African immigrants have an existing
cultural identification from their homeland and their languages
do not have the same recognition as that of Hispanic Americans.
Nonetheless, the effort to acculturate among African immigrants
accounts for the experiences such as changes in diet, modified
language practices, and using the health care services for access
to information, treatment, and care. The acculturation process
is also layered with the African immigrants’ spirituality and
how it influences their reception of health care treatment.
Careful attention to the cultural practices of African immigrants
and their relevance to health intervention will largely impact
the outcomes in cancer awareness and education.

The issue of having a monolithic “Black” category affects the
extraction of research data on African immigrants [16]. Some
progress is being made in this area. For instance, 1 study
promoted awareness and accessibility to screening for chronic
diseases among African immigrants living in Georgia [17].
Other research has discussed African immigrants’ health and
allostatic load score as it relates to cardiovascular, metabolic,
and immune systems [18]. Finally, a scoping review identified
additional socio-ecological challenges faced including the lack
of culturally competent health care, distrust of the health care
system, challenges navigating the US health system, and the
burdensome cost of care [16].

What We Do Know About African
Immigrants and Cancer

Accurate prevalence rates of cancer in African immigrants in
the United States are lacking. Evidence suggests high cancer
prevalence in their countries of origin, especially breast and
cervical cancer for women and prostate cancer for men [23-25].
More research is needed to understand the prevalence of cancer
within immigrant families and how their immigration may
influence cancer prevalence.

The experiences and needs of African immigrants are unique
[17,26-32]. Sociocultural factors underlie the experience of
cancer in the African immigrant community. The stigma of
being diagnosed with cancer, lack of cancer awareness, limited
or no screening (especially among African immigrant women),
and limited familiarity with prevention strategies and treatment
technologies available may be contributing to the high
prevalence of cancer [24,30]. These factors lead to late-stage
diagnoses because of a lack of access to health care, lower
education levels, and cultural and religious beliefs regarding
cancer [33,34]. Studies also found that African-born women
have limited knowledge and exposure to breast cancer screening
information before their arrival in the United States [30,34,35],
which can impact their preventative and cancer screening
behaviors. Existing research has also explored cancer mortality
among adults across different Black ethnic groups—African,
African American, and Caribbean—showing some mortality
and prevalence differences between these groups [36].

Further, 1 study has found that income, among other factors,
plays a significant role in the population’s understanding of
colorectal cancer [37]. With a focus on breast and cervical
cancer screening, other studies examined the knowledge and
perspectives of African immigrants [38,39]. Their findings
underscore significant factors impacting the decision to seek
preventative screening measures among African immigrants,
including fatalism, lack of cancer knowledge, stigma, length of
stay in the United States, provider gender, and privacy concerns
[40-43]. Another study examined prostate cancer risk
experiences among West African men and shed light on the
modifiable risk factors implicated in prostate cancer mortality
and morbidity [44]. A study of cervical cancer awareness among
African immigrant women in Iowa City highlighted factors such
as fear, languages spoken, and education as barriers to
preventative treatment [45]. Considering the available research
and prevalent factors that limit cancer prevention knowledge
and behavior it is imperative to develop culturally, and
linguistically appropriate cancer education programs aimed at
increasing awareness and screening of cancer. In summary,
while research has begun to address differences in African
immigrant health, the differences are many which will require
further study and consensus.

Lack of Cancer Awareness Among Youth
and African Immigrants

In 2008, it was estimated that the 82% of the US population
increase between 2005 and 2050 would be attributed to
immigrants and their descendants [26]. Despite an increase of
African immigrants’ offspring in the United States, little is
known about these second-generation individuals born and
raised in the United States (with at least 1 foreign-born parent),
regarding their health beliefs, perceptions, and practices. This
is understandable as little is known about their parents regarding
these factors. A study that explored beliefs and lifestyle
behaviors relating to healthy living and diet among middle-aged
adults in the immigrant population indicated that little is known
about the beliefs, perceptions, and practices of diet and exercise
among young African immigrants [46]. Young adults of African

JMIR Cancer 2024 | vol. 10 | e53956 | p.43https://cancer.jmir.org/2024/1/e53956
(page number not for citation purposes)

Abraham et alJMIR CANCER

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


immigrant descent are part of the future, and attention needs to
be paid to their well-being.

It is unknown if children of African immigrants are being
educated about cancer by their parents, their communities, their
health care providers, or in schools. Cancer is often termed as
a taboo subject in most African homes and communities. This
is further compounded by other barriers such as access to care,
quality of care, communication gaps, lack of education, lack of
affordable health care, lack of transportation, socioeconomic
status, shame and stigma, and cultural and religious beliefs [47].
Nonetheless, some children of African immigrants become
aware of cancer when close family members or friends are
diagnosed. With limited cancer awareness and the vulnerability
of African immigrants regarding cancer, youth, and their parents
must be educated using culturally competent, tailored, and
responsive family-oriented cancer education initiatives that
build on the strengths of these immigrant cultures as well as
address the barriers to cancer prevention behaviors.

Although the limited research reviewed above examines cancer
among Black immigrant men and women, there is no substantial
body of research that addresses cancer education and awareness
among first and second-generation African immigrant
adolescents in the United States. A lack of knowledge about
youth immigrants and second-generation African immigrants
can put this population at a disadvantage as compared to their
peers. Cancer awareness among African immigrants and youth
studies, including older and younger Somali women, use age
as a factor for examining standardized prevalence of
cardiovascular disease risk factors among both African
immigrants and African Americans [47,48]. Although age is an
important factor to consider, this work does not focus on youth.
Another study, rather than age, used the year of residence in the
United States to examine self-reported health problems among
African immigrant adults [49].

While several studies have begun to address cancer research
among the African population broadly, the significant paucity
of research that focuses on the youth of African immigrant
families in the United States leaves a critical gap in cancer
awareness and prevalence research. To our knowledge, no
studies have sought to examine or address cancer awareness
among the youth of African immigrant families, nor
interventions for cancer awareness and education. The youth
of African immigrant families in the United States constitute
an important population that is instrumental in creating
awareness about the prevalence of cancer within their
community. To access the youth groups of African immigrant
descent in the United States, it is expedient to identify cultural
and age-relevant educational tools for creating awareness about
the prevalence of cancer disease.

Existing Studies on the Promotion of
Cancer Awareness and Education Among
African Immigrants

Overview
There is evidence of studies that promote cancer health
education among African immigrants and other minority groups

using various culturally tailored approaches and technologies.
The success of a community-academic partnership model at
community faith-based centers is effective for immigrant women
in learning about breast cancer [50]. Moreover, health education
programs in community-based settings have indicated strong
potential. Further, 2 studies involving interpreters and culturally
targeted communication, showed increased breast cancer
knowledge and an improvement in screening for breast cancer
for immigrant and multicultural women [51,52].

Study findings have demonstrated the importance of culturally
tailored educational tools and different approaches to reduce
cancer-related disparities. These studies provide strong evidence
supporting the use of culturally relevant educational materials,
patient navigation programs, peer-to-peer education, education
programs, videos, and cofacilitated health promotion forums in
promoting preventative and cancer screening behaviors
[33,53-62]. Together these projects shed light on some of the
few, yet variable opportunities for successful
community-engaged research with African immigrant families.

Furthermore, some studies have demonstrated the potential of
technology in promoting cancer awareness and education among
African immigrants. Mobile devices, tablets, and computers
have been used to address common cultural and linguistic
barriers to cancer screening. Mobile health initiatives, culturally
tailored messaging, language support, mobile apps, short
message services, and text messages have all proven effective
in impacting cancer screening behaviors [18,63-65]. Some of
these initiatives could be adapted into family-based programs
where young African immigrants could learn in familiar spaces
using ubiquitous and widely acceptable technologies such as
serious games.

Global Health Perspectives and Solutions for
Culturally Competent Care Among African
Immigrants
Health care approaches for immigrant populations require
adaptation and cultural competence to serve diverse communities
effectively. Parallel analysis of the US health care models with
those of other nations like Canada and Australia offers a
framework to evaluate and refine strategies to address health
disparities among African immigrants. Canada and Australia
have made strides in fostering inclusive health strategies that
can inform US health care practices, particularly in providing
culturally competent care to African immigrants.

For example, in Canada, health care delivery to immigrant
populations acknowledges the necessity of cultural competence.
Canada’s universal health care system actively integrates
culturally tailored interventions. The Canadian government has
pushed for strategies that involve community engagement and
representation in health decision-making, enhancing the cultural
appropriateness of health care services [66]. Using community
health workers who share the same cultural background as
immigrants has been a breakthrough, acting as a bridge between
health care providers and immigrant communities [67]. These
community health workers facilitate communication,
understanding, and trust—essential elements in promoting the
health and well-being of immigrant populations [68].
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Further, Australia’s approach to immigrant health pivots on
inclusivity and health equity to deliver services that are
respectful of and responsive to diverse patients’ health beliefs,
practices, and needs [69]. A notable instance is the Victorian
Immigrant and Refugee Women’s Coalition’s efforts, which
engage women directly to educate about health issues, including
cancer awareness [70]. Australian health policies aim to address
the language barriers and the diverse cultural contexts that can
influence health care usage and outcomes. In contrast, the United
States continues to grapple with creating a standardized
approach for culturally competent care throughout its health
care system.

While there are pockets of exemplary practices, such as using
patient navigators in cancer care to assist patients from minority
backgrounds, there is not a universal health care mandate
specifically aimed at immigrant health [67]. Instead, the United
States relies on a patchwork of local initiatives and federal
guidelines, such as those by the Office of Minority Health which
established the National Standards for Culturally and
Linguistically Appropriate Services in health and health care
[71]. In conclusion, both the Canadian and Australian models
underscore the importance of cultural competence and systemic
support in improving immigrant health outcomes. They
demonstrate that effective immigrant health strategies require
the integration of culturally informed practices across all stages
of health care—from preventive education to treatment. This
implies adopting multifaceted approaches that can cater to the
unique cultural, linguistic, and religious elements that define
African immigrant communities.

Youth: the Bridge for Culturally Tailored
Cancer Education

Given their positionality, first through second-generation African
immigrant youth are at a unique nexus from which they can
bridge health gaps related to cancer that arise from their heritage
and sociocultural contexts. Cultural tailoring acknowledges the
broad culture but identifies specific strategies for reaching
specific individuals. These groups of individuals have insights
into the linguistic and cultural practices of their families as well
as those of the society they live in. Due to their positionality,
the youth are motivated to embrace language awareness, which
emphasizes the interrelatedness of language, culture, and social
structures [72]. The interrelatedness of cultural meanings and
linguistic signs allows for the tailoring of educational content
that addresses distinctive groups. The adolescents of African
immigrant families are a product of the diverse linguistic and
cultural interactions that occur through transnational migration
and globalization.

To engage with youth and form a robust bridge between
coexisting sociocultural systems to improve African immigrant
community health, research should focus on methods that are
familiar and usable for adolescents. A ubiquitous facet of
adolescent life is technology. There is increasing interest in
serious games (ie, games that serve an educational or
developmental purpose aside from pure entertainment) as a
learning medium. Although innovative interventions including
serious games are becoming popular, they are not traditionally

designed and tailored to meet the cultural and health needs of
minoritized populations such as African immigrant families.
Systemic reviews of serious games indicate limitations that need
to be addressed [73-76]. It will be beneficial for health services’
researchers to use a participatory design approach when
designing cancer education and intervention tools for African
immigrant families. Such a collaborative approach will allow
African immigrant families to partner in the co-design of
technologies such as serious games and facilitate the creation
of a culturally competent and responsive learning medium.
Youth from African immigrant families typically have a hybrid
of identities which necessitate the use of education technologies
such as serious games in ways that speak to their lived
experiences and families’ cultural heritage and realities.
Therefore, there is a need to tailor educational resources using
technology platforms that would engage the linguistic and
sociocultural realities of the African immigrant population.
Interventions to improve cancer outcomes in African
immigrants, especially among youth, are necessary.

Youth and community members from other minority populations
in the Northwest Arctic region of Alaska participated in
community-based participatory action research honoring
indigenous ways, creating a Sharing Circle used to understand
community priorities and develop culturally relevant cancer
education that could be incorporated into school curriculum. It
is an opportunity for youth involvement in culturally relevant
health promotion efforts to address health disparities in cancer
[77].

Culturally Tailored Education for African
Immigrant Youth

Overview
Developing educational resources for African immigrant youth
brings into focus the question of curricular content and
pedagogical approaches that fit this group. The connection of
educational content with cultural identities is espoused in the
framework of culturally relevant pedagogy (CRP) [78]. CRP
encompasses multiple concepts related to students’ academic
achievements and social inequalities, but its central tenet is the
interconnection of theories and cultures in manners that will
“empower students intellectually, socially, emotionally, and
politically by using cultural referents to impart knowledge,
skills, and attitudes [79].” African immigrants and people of
historically marginalized cultures are unique and deserving of
an educational approach that is aligned with their needs. It offers
liberatory education which inspires the learners to become social
commentators, advocates, and critical consumers of knowledge
while empowering control over one’s health. The use of such
an approach will be beneficial in disseminating and promoting
cancer education in the community.

The pedagogical approaches to achieving culturally tailored
education may derive from CRP and adopt effective strategies
that will merge critical consciousness and cultural connections
in the learning content. CRP proposes three components that
must be integrated to achieve learning: (1) a focus on youth
learning and academic success, (2) developing youth’s cultural
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competence to assist them in developing positive ethnic and
social identities, and (3) supporting youth’s critical
consciousness or their ability to recognize and critique societal
inequalities.

Researchers have described examples of targeted and tailored
strategies, techniques, and procedures for successful intervention
with a variety of populations [80]. These researchers identified
linguistic, community-engaged, and sociocultural strategies as
important to reaching a particular community. Building on this
knowledge, we identify four approaches that a cancer education
intervention that the youth of African immigrant heritage can
draw on, namely: (1) linguistic and cultural markers, (2) belief
system and religious affiliation, (3) hybrid nationality, and (4)
age-related learning preferences. With a deeper understanding
of how these factors, concerning cancer health, shape the
identities, beliefs, and behaviors of African immigrant youth in
the United States, we may be able to create culturally competent
educational tools for cancer awareness and prevention.

Linguistic and Cultural Markers
African immigrants, having come from different countries with
diverse colonial histories, have distinct languages. The native
languages of African immigrants play an important part in their
identity. The youth of African immigrants assimilate the
language and cultures of the host society while leveraging their
cultural and linguistic heritage for optimum survival, a process
that yields linguistic and cultural hybridity.

The complexity that underlies the African immigrants’ linguistic
and cultural identities in the United States should inform
approaches to developing culturally competent education for
youth and their families to improve overall health outcomes. It
is expedient to target cancer-awareness information by
incorporating aspects of the home languages of African
immigrants—especially Western and Eastern Africa [5]. For
example, the Swahili language would be accessible to immigrant
families of East African origin, and Pidgin English for families
with West African heritage. Appropriate learning mediums for
cancer awareness for African immigrant youth should intersect
with the linguistic and cultural practices of the African
immigrant population.

Belief System and Religious Affiliation
In a 2021 report, the Pew Research Center stated that African
immigrants in the United States are more religious than other
Black Americans, even though Black Americans are more
religious than Americans of other races [81]. Further broken
down into specific practices, the report noted that African
immigrants value attending religious services weekly, more
than other Black Americans: “around half of the African
immigrants living in the United States (54%) say they attend
religious services at least weekly, compared with about 3-in-10
United States-born (32%) and Caribbean-born (30%) Black
adults.”

Similar to language, culture, and national consciousness, the
belief systems and religiosity of African immigrants will have
a major imprint on their young children. Health information
tailored specifically to religiosity will not only be responsive
to African immigrants’ cultural perspectives, but it may also

improve engagement with pedagogical materials. Moreover,
studies are scarce on the intersection of African immigrants’
religious practices and responses to health care education about
cancer, thereby illustrating another gap in research that may
ultimately improve the approach to cancer education among
distinctive ethnic and racial groups. Additionally, there is a
shortage of research on the religious practices of African
immigrants, highlighting another research gap that could
ultimately enhance approaches to cancer education among
distinct ethnic and racial groups.

Hybrid Nationality and Afropolitanism
African immigrants in the United States, have diverse origins
from one of the 54 nations of Africa, many of which are
multiethnic. These diverse ethnic identities house unique cultural
and linguistic features within and outside the individual nation’s
borders. While African immigrants actively engage with the
dominant Western traditions of the society they reside in, they
also maintain their cultural customs. As a result, youth from
African immigrant families often exhibit hybrid language use,
blending the host language with elements of African culture,
including specific exclamation and colloquial forms rooted in
African cultural beliefs. This linguistic and cultural hybridity
is significant in addressing the existing gap in cancer awareness
research among African immigrant families and fosters a sense
of community within the African immigrant population in the
United States.

The concept of Afropolitanism defines Africans as an integral
part of the global community rather than separate from it. This
concept refers to the empowerment associated with a blended,
polyethnic, and cosmopolitan identity [80]. Afropolitanism
iterates Africans’ awareness of their origins and the
consciousness of the cultural ambiguities that occur because of
their integration into the host society. This understanding
impacts African immigrants’ response to cancer education and
approaches to accessing health care for cancer treatment. Their
cultural and spiritual beliefs are still very much prominent in
their perspective on cancer disease. This consciousness could,
however, be tapped into for possible changes and adaptations
among this immigrant group. The summary of the African
immigrants’ complex experience is iterated in the term,
“Afropolitan.” Afropolitan describes an individual whose
identities are deeply rooted in their diverse, transcultural
experiences, reflecting youth linguistic and cultural practices
within African immigrant families [68,69]. African immigrants’
hybrid language and cultural identities necessitate the
development of health educational tools and technologies that
integrate African cultural perspectives and engage these youth
in learning and retaining health information in a culturally
responsive manner.

Age-Related Learning Preferences
Consideration for age-appropriateness in technology is not
unique to African immigrant youth; however, the connection
of this factor to digital literacy, access, and equity makes it
critical to examine further and worthy of discussion. A report
by the Migration Policy Institute on immigrant learning with
digital technology has identified uneven access to digital
resources for youth aged between 15 and 17 years who are either
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immigrants themselves or have at least one immigrant parent
[82]. Research suggests that factors like work, language, and
familial influence affect how immigrant youth use technology
for learning [83]. Given the versatility of the adolescent age
group with technology, they have increased access to vital
information on health issues and diseases that are prevalent
within their community. More important is their access to their
heritage culture as well as the culture of their residing society.
As a result, youth play a vital role as intermediaries, connecting
with their families to promote cancer awareness within their
communities.

Further Research Needed

Overview
A robust foundation of data and associated knowledge
surrounding cancer in the communities of African immigrants
is needed to truly understand the impact of cancer on this group
and appropriate approaches to intervention to reduce cancer risk
and improve cancer treatment. Several priorities are highlighted
throughout this paper and an overview is presented in Textbox
1.

Textbox 1. Summary of key main areas for future research.

Priorities for future cancer prevention and control research focused on African immigrant populations

• Disaggregate study populations according to country or region of origin to improve cultural tailoring and knowledge.

• Develop family-oriented educational initiatives including programs for children.

• Use community-engaged approaches including partnerships with faith-based organizations.

• Leverage emerging technology for recruiting study participants and delivering educational messages while accounting for barriers to access.

• Align cancer awareness information with language and cultural markers specific to the population.

• Consider the global African community and hybrid African and American cultural practices.

• Incorporate relevant religious and spiritual beliefs and practices to enhance cancer education effectiveness.

• Consider youth and adolescents as intermediaries for increasing cancer awareness among family members.

• Explore the potential for interagency collaboration (Centers for Disease Control and Prevention, Centers for Medicare & Medicaid Services,
Health Resources and Services Administration, and National Institutes of Health) to address cancer-related health challenges for African immigrant
families.

To achieve the goal of increasing cancer awareness among
African immigrant families, 1 strategy involves creating a
culturally tailored serious game. Serious games offer
opportunities to build upon the research base of effective
approaches to reduce the cancer burden by focusing on youth
and leveraging technology. Research is crucial that examines
the language use of youth from African immigrants in the United
States. Previous research has already categorized most African
immigrants living in the United States into Western (35.71%)
and Eastern Africa (29.61%) groups, which could serve as a
basis for examining youth cancer awareness within each group
[5]. Open-ended ethnographic interviews could be used to
identify the nuanced cultural and linguistic practices of the youth
of African immigrant families. The heterogeneity of Africa’s
cultural identities could result in a new monolithic idea of Black
subgroups in the United States, the importance of beginning
this inquiry cannot be delayed. Detailed demographic
questionnaires and open response forms can allow for flexibility
in how studies aggregate and allow for new divisions and
aggregations of African immigrants. However, it is noted that
immigration by African countries is unequal with many African
immigrants arriving from Western and Eastern African countries
[5].

Additionally, recruitment strategies are particularly important
in the success of this line of research and will need to be
evaluated. As immigrant populations are “Hard-to Reach,” using
innovative ways to reach a target population is also important
[84]. During the COVID-19 pandemic, online recruitment using
Facebook (Meta), Instagram (Meta Platforms), and WhatsApp

(WhatsApp LLC) was an effective recruitment strategy
especially because it built on existing communication and
information-sharing norms within the African immigrant
community. Further research should use and evaluate multiple
recruitment streams.

Findings from such research endeavors will have a meaningful
impact on the strategies for developing culturally tailored
educational content such as a serious game, to create awareness
about cancer among African immigrant families in the United
States. A culturally adapted serious game has immense potential
to be instrumental in improving awareness and cancer prevention
strategies in African immigrant families.

Conclusion
The importance of culturally tailored cancer education for
African immigrants is underscored by uncertainty. Issues
surrounding the measurement of cancer prevalence in African
immigrant populations exacerbate the uncertainty of how cancer
affects the African immigrant population in the United States.
The existing, yet limited research on the topic suggests that
African immigrants, especially adolescents, have unique
experiences that lie at the nexus of their traditional culture and
the complex novelty of the US health care system for
immigrants. Research demonstrates the impact of cultural beliefs
(such as fatalism and stigmatization of cancer diagnoses among
African cultures) and lack of knowledge about cancer and cancer
screening compounds to affect access to screening and care for
African immigrants. Further research specifically targeting
African immigrants and their youth can not only disentangle
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the unique struggles of African immigrants but also allow for
the tailoring of education to provide maximal impact to
vulnerable populations.

While recognizing our lack of knowledge and the uncertainty
around the experience of cancer in the United States for African
immigrants and advocating that increased research is the needed
foundation for alleviating health disparities, more difficult work
is ahead. It is integral for health scientists, health care providers,
African culture scholars, and communities of African

immigrants to come together for sustained research activity.
These transdisciplinary associations will aid in the collection
of data specific to African immigrants, but also the community
engagement needed to co-design a culturally sensitive
educational intervention. This will be no small task and require
the dedicated work of many experts alongside and within the
African immigrant community to forge long-term relationships
that can facilitate recruitment, retention, and meaningful
knowledge generation for the African immigrant community
in the context of cancer experience.

 

Acknowledgments
Generative artificial intelligence technology was not used in the development or editing of this paper.

Authors' Contributions
OA conceptualized the original idea for this paper, led the gathering of data and team expertise, and contributed to drafting and
leading the revising of the final paper. All coauthors contributed to the literature review and drafting of this paper.

Conflicts of Interest
None declared.

References
1. Koh B, Tan DJH, Ng CH, Fu CE, Lim WH, Zeng RW, et al. Patterns in cancer incidence among people younger than 50

years in the US, 2010 to 2019. JAMA Netw Open 2023;6(8):e2328171 [FREE Full text] [doi:
10.1001/jamanetworkopen.2023.28171] [Medline: 37585204]

2. Anderson M. African immigrant population in U.S. steadily climbs. Pew Research Center. 2023. URL: http://www.
pewresearch.org/fact-tank/2017/02/14/african-immigrant-population-in-u-s-steadily-climbs [accessed 2023-10-16]

3. Venters H, Gany F. African immigrant health. J Immigr Minor Health 2011;13(2):333-344 [FREE Full text] [doi:
10.1007/s10903-009-9243-x] [Medline: 19347581]

4. Hurtado-de-Mendoza A, Song M, Kigen O, Jennings Y, Nwabukwu I, Sheppard VB. Addressing cancer control needs of
African-born immigrants in the US: a systematic literature review. Prev Med 2014;67:89-99 [FREE Full text] [doi:
10.1016/j.ypmed.2014.07.006] [Medline: 25034729]

5. Zong J, Batalova J. Sub-Saharan African immigrants in the United States. migrationpolicy.org. 2014. URL: https://www.
migrationpolicy.org/article/sub-saharan-african-immigrants-united-states-2013 [accessed 2024-02-14]

6. Alarcon FJ. The migrant crisis and access to health care. Dela J Public Health 2022;8(4):20-25 [FREE Full text] [doi:
10.32481/djph.2022.10.006] [Medline: 36340943]

7. Rosenberg J, Shabanova V, McCollum S, Sharifi M. Insurance and health care outcomes in regions where undocumented
children are medicaid-eligible. Pediatrics 2022;150(3):e2022057034 [FREE Full text] [doi: 10.1542/peds.2022-057034]
[Medline: 36004541]

8. Turner BE, Steinberg JR, Weeks BT, Rodriguez F, Cullen MR. Race/ethnicity reporting and representation in US clinical
trials: a cohort study. Lancet Reg Health Am 2022;11:100252 [FREE Full text] [doi: 10.1016/j.lana.2022.100252] [Medline:
35875251]

9. Cancer disparities. National Cancer Institute. 2019. URL: https://www.cancer.gov/about-cancer/understanding/disparities
[accessed 2024-02-14]

10. Edberg M, Cleary S, Vyas A. A trajectory model for understanding and assessing health disparities in immigrant/refugee
communities. J Immigr Minor Health 2011;13(3):576-584 [FREE Full text] [doi: 10.1007/s10903-010-9337-5] [Medline:
20306225]

11. Refki D, Ahmed R, Altarriba J. Understanding and eliminating minority health disparities in a 21st-century pandemic: a
white paper collection. Closing the health disparity gap in U.S. immigrant communities in the Era of COVID-19: a narrative
review. Scholars Archive. 2021. URL: https://scholarsarchive.library.albany.edu/covid_mhd_nys_white_papers/12 [accessed
2024-02-14]

12. Philbin MM, Flake M, Hatzenbuehler ML, Hirsch JS. State-level immigration and immigrant-focused policies as drivers
of Latino health disparities in the United States. Soc Sci Med 2018;199:29-38 [FREE Full text] [doi:
10.1016/j.socscimed.2017.04.007] [Medline: 28410759]

13. Markides KS, Rote S. The healthy immigrant effect and aging in the United States and other Western Countries. Gerontologist
2019;59(2):205-214 [FREE Full text] [doi: 10.1093/geront/gny136] [Medline: 30383212]

JMIR Cancer 2024 | vol. 10 | e53956 | p.48https://cancer.jmir.org/2024/1/e53956
(page number not for citation purposes)

Abraham et alJMIR CANCER

XSL•FO
RenderX

https://europepmc.org/abstract/MED/37585204
http://dx.doi.org/10.1001/jamanetworkopen.2023.28171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37585204&dopt=Abstract
http://www.pewresearch.org/fact-tank/2017/02/14/african-immigrant-population-in-u-s-steadily-climbs
http://www.pewresearch.org/fact-tank/2017/02/14/african-immigrant-population-in-u-s-steadily-climbs
https://link.springer.com/article/10.1007/s10903-009-9243-x
http://dx.doi.org/10.1007/s10903-009-9243-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19347581&dopt=Abstract
https://europepmc.org/abstract/MED/25034729
http://dx.doi.org/10.1016/j.ypmed.2014.07.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25034729&dopt=Abstract
https://www.migrationpolicy.org/article/sub-saharan-african-immigrants-united-states-2013
https://www.migrationpolicy.org/article/sub-saharan-african-immigrants-united-states-2013
https://europepmc.org/abstract/MED/36340943
http://dx.doi.org/10.32481/djph.2022.10.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36340943&dopt=Abstract
https://europepmc.org/abstract/MED/36004541
http://dx.doi.org/10.1542/peds.2022-057034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36004541&dopt=Abstract
https://europepmc.org/abstract/MED/35875251
http://dx.doi.org/10.1016/j.lana.2022.100252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35875251&dopt=Abstract
https://www.cancer.gov/about-cancer/understanding/disparities
https://link.springer.com/article/10.1007/s10903-010-9337-5
http://dx.doi.org/10.1007/s10903-010-9337-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20306225&dopt=Abstract
https://scholarsarchive.library.albany.edu/covid_mhd_nys_white_papers/12
https://europepmc.org/abstract/MED/28410759
http://dx.doi.org/10.1016/j.socscimed.2017.04.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28410759&dopt=Abstract
https://academic.oup.com/gerontologist/article/59/2/205/5151354?login=false
http://dx.doi.org/10.1093/geront/gny136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30383212&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


14. George S, Duran N, Norris K. A systematic review of barriers and facilitators to minority research participation among
African Americans, Latinos, Asian Americans, and Pacific Islanders. Am J Public Health 2014;104(2):e16-e31 [FREE Full
text] [doi: 10.2105/AJPH.2013.301706] [Medline: 24328648]

15. Lee HY, Lee MH, Gao Z, Sadak K. Development and evaluation of culturally and linguistically tailored mobile app to
promote breast cancer screening. J Clin Med 2018;7(8):181 [FREE Full text] [doi: 10.3390/jcm7080181] [Medline:
30042291]

16. Omenka OI, Watson DP, Hendrie HC. Understanding the healthcare experiences and needs of African immigrants in the
United States: a scoping review. BMC Public Health 2020;20(1):27 [FREE Full text] [doi: 10.1186/s12889-019-8127-9]
[Medline: 31914960]

17. Adekeye OA, Adesuyi BF, Takon JG. Barriers to healthcare among African immigrants in Georgia, USA. J Immigr Minor
Health 2018;20(1):188-193 [FREE Full text] [doi: 10.1007/s10903-017-0549-9] [Medline: 28213691]

18. Hormenu T, Shoup EM, Osei-Tutu NH, Hobabagabo AF, DuBose CW, Mabundo LS, et al. Stress measured by allostatic
load varies by reason for immigration, age at immigration, and number of children: the Africans in America study. Int J
Environ Res Public Health 2020;17(12):4533 [FREE Full text] [doi: 10.3390/ijerph17124533] [Medline: 32599711]

19. Safran W. Diasporas in modern societies: myths of homeland and return. Diaspora J Transnatl Stud 1991;1(1):83-99 [FREE
Full text] [doi: 10.1353/dsp.1991.0004]

20. Furgurson KF, Sandberg JC, Hsu FC, Mora DC, Quandt SA, Arcury TA. Cancer knowledge among Mexican immigrant
farmworkers in North Carolina. J Immigr Minor Health 2019;21(3):515-521 [FREE Full text] [doi:
10.1007/s10903-018-0771-0] [Medline: 29948650]

21. Yepes-Rios M, Reimann JOF, Talavera AC, de Esparza AR, Talavera GA. Colorectal cancer screening among Mexican
Americans at a community clinic. Am J Prev Med 2006;30(3):204-210 [FREE Full text] [doi: 10.1016/j.amepre.2005.11.002]
[Medline: 16476635]

22. Ramirez AG, Aparicio-Ting FE, de Majors SSM, Miller AR. Interest, awareness, and perceptions of genetic testing among
hispanic family members of breast cancer survivors. Ethn Dis 2006;16(2):398-403. [Medline: 17682241]

23. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: GLOBOCAN estimates
of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin 2018;68(6):394-424 [FREE Full
text] [doi: 10.3322/caac.21492] [Medline: 30207593]

24. Cancer. World Health Organization. 2022. URL: https://www.who.int/news-room/fact-sheets/detail/cancer [accessed
2024-02-14]

25. Fapohunda A, Fakolade A, Omiye J, Afolaranmi O, Arowojolu O, Oyebamiji T, et al. Cancer presentation patterns in Lagos,
Nigeria: experience from a private cancer center. J Public Health Afr 2020;11(2):1138 [FREE Full text] [doi:
10.4081/jphia.2020.1138] [Medline: 33623651]

26. Turk MT, Fapohunda A, Zoucha R. Using photovoice to explore Nigerian immigrants' eating and physical activity in the
United States. J Nurs Scholarsh 2015;47(1):16-24 [FREE Full text] [doi: 10.1111/jnu.12105] [Medline: 25182119]

27. Blanas DA, Nichols K, Bekele M, Lugg A, Kerani RP, Horowitz CR. HIV/AIDS among African-born residents in the
United States. J Immigr Minor Health 2013;15(4):718-724 [FREE Full text] [doi: 10.1007/s10903-012-9691-6] [Medline:
22821074]

28. Singh GK, Siahpush M, Hiatt RA, Timsina LR. Dramatic increases in obesity and overweight prevalence and body mass
index among ethnic-immigrant and social class groups in the United States, 1976-2008. J Community Health
2011;36(1):94-110 [FREE Full text] [doi: 10.1007/s10900-010-9287-9] [Medline: 20549318]

29. Barrington DS, Baquero MC, Borrell LN, Crawford ND. Racial/ethnic disparities in obesity among US-born and foreign-born
adults by sex and education. Obesity (Silver Spring) 2010;18(2):422-424 [FREE Full text] [doi: 10.1038/oby.2009.212]
[Medline: 19590501]

30. Barr DA. Health Disparities in the United States Social Class, Race, Ethnicity, and Health. Baltimore: Johns Hopkins
University Press; 2014.

31. Commodore-Mensah Y, Himmelfarb CD, Agyemang C, Sumner AE. Cardiometabolic health in African immigrants to the
United States: a call to re-examine research on African-descent populations. Ethn Dis 2015;25(3):373-380 [FREE Full text]
[doi: 10.18865/ed.25.3.373] [Medline: 26675140]

32. Sheppard VB, Christopher J, Nwabukwu I. Breaking the silence barrier: opportunities to address breast cancer in African-born
women. J Natl Med Assoc 2010;102(6):461-468 [FREE Full text] [doi: 10.1016/s0027-9684(15)30553-8] [Medline:
20575210]

33. Noone AM, Howlader N, Krapcho M, Miller D, Brest A, Yu M, et al, editors. SEER incidence, US mortality, SEER relative
survival, all races. In: SEER Cancer Statistics Review (CSR) 1975-2015. Bethesda, MD: National Cancer Institute; 2018.

34. Ndukwe EG, Williams KP, Sheppard V. Knowledge and perspectives of breast and cervical cancer screening among female
African immigrants in the Washington D.C. metropolitan area. J Cancer Educ 2013;28(4):748-754 [FREE Full text] [doi:
10.1007/s13187-013-0521-x] [Medline: 23900622]

35. Odeneye EO. Abstract B18: breast health promotion among African immigrant women: intervention recommendations.
Cancer Prev Res 2013;6(11_Supplement):B18 [FREE Full text] [doi: 10.1158/1940-6215.prev-13-b18]

JMIR Cancer 2024 | vol. 10 | e53956 | p.49https://cancer.jmir.org/2024/1/e53956
(page number not for citation purposes)

Abraham et alJMIR CANCER

XSL•FO
RenderX

https://ajph.aphapublications.org/doi/full/10.2105/AJPH.2013.301706
https://ajph.aphapublications.org/doi/full/10.2105/AJPH.2013.301706
http://dx.doi.org/10.2105/AJPH.2013.301706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24328648&dopt=Abstract
https://www.mdpi.com/resolver?pii=jcm7080181
http://dx.doi.org/10.3390/jcm7080181
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30042291&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-019-8127-9
http://dx.doi.org/10.1186/s12889-019-8127-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31914960&dopt=Abstract
https://link.springer.com/article/10.1007/s10903-017-0549-9
http://dx.doi.org/10.1007/s10903-017-0549-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28213691&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph17124533
http://dx.doi.org/10.3390/ijerph17124533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32599711&dopt=Abstract
https://muse.jhu.edu/article/443574
https://muse.jhu.edu/article/443574
http://dx.doi.org/10.1353/dsp.1991.0004
https://europepmc.org/abstract/MED/29948650
http://dx.doi.org/10.1007/s10903-018-0771-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29948650&dopt=Abstract
https://www.ajpmonline.org/article/S0749-3797(05)00448-4/abstract
http://dx.doi.org/10.1016/j.amepre.2005.11.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16476635&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17682241&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.3322/caac.21492
https://onlinelibrary.wiley.com/doi/10.3322/caac.21492
http://dx.doi.org/10.3322/caac.21492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30207593&dopt=Abstract
https://www.who.int/news-room/fact-sheets/detail/cancer
https://europepmc.org/abstract/MED/33623651
http://dx.doi.org/10.4081/jphia.2020.1138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33623651&dopt=Abstract
https://sigmapubs.onlinelibrary.wiley.com/doi/10.1111/jnu.12105
http://dx.doi.org/10.1111/jnu.12105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25182119&dopt=Abstract
https://europepmc.org/abstract/MED/22821074
http://dx.doi.org/10.1007/s10903-012-9691-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22821074&dopt=Abstract
https://europepmc.org/abstract/MED/20549318
http://dx.doi.org/10.1007/s10900-010-9287-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20549318&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1038/oby.2009.212
http://dx.doi.org/10.1038/oby.2009.212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19590501&dopt=Abstract
https://europepmc.org/abstract/MED/26675140
http://dx.doi.org/10.18865/ed.25.3.373
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26675140&dopt=Abstract
https://www.sciencedirect.com/science/article/abs/pii/S0027968415305538?via%3Dihub
http://dx.doi.org/10.1016/s0027-9684(15)30553-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20575210&dopt=Abstract
https://europepmc.org/abstract/MED/23900622
http://dx.doi.org/10.1007/s13187-013-0521-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23900622&dopt=Abstract
https://doi.org/10.1158/1940-6215.prev-13-b18
http://dx.doi.org/10.1158/1940-6215.prev-13-b18
http://www.w3.org/Style/XSL
http://www.renderx.com/


36. Pinheiro PS, Medina H, Callahan KE, Kwon D, Ragin C, Sherman R, et al. Cancer mortality among US blacks: variability
between African Americans, Afro-Caribbeans, and Africans. Cancer Epidemiol 2020;66:101709 [FREE Full text] [doi:
10.1016/j.canep.2020.101709] [Medline: 32240959]

37. Peprah YA, Kim KE, Lam H. Abstract B90: researching the perception of risk about colorectal cancer among African
immigrants in the Chicago metropolitan area: a preliminary study. Cancer Epidemiol Biomarkers Prev
2014;23(11_Supplement):B90 [FREE Full text] [doi: 10.1158/1538-7755.disp13-b90]

38. Jones A, Loffelman C, Richards-Waritay O. Utilizing community strengths and innovation to implement community-based
models of care. Social Innovations Journal. 2017. URL: https://tinyurl.com/28342fmm [accessed 2023-10-16]

39. Cudjoe J, Turkson-Ocran RA, Ezeigwe AK, Commodore-Mensah Y, Nkimbeng M, Han HR. Recruiting African immigrant
women for community-based cancer prevention studies: lessons learned from the AfroPap study. J Community Health
2019;44(5):1019-1026 [FREE Full text] [doi: 10.1007/s10900-019-00677-y] [Medline: 31102117]

40. Adegboyega A, Wiggins AT, Obielodan O, Dignan M, Schoenberg N. Beliefs associated with cancer screening behaviors
among African Americans and Sub-Saharan African immigrant adults: a cross-sectional study. BMC Public Health
2022;22(1):2219 [FREE Full text] [doi: 10.1186/s12889-022-14591-x] [Medline: 36447190]

41. Adegboyega A, Aleshire M, Linares AM. Examining cervical cancer screening utilization among African immigrant women:
a literature review. Int J Womens Health Wellness 2017;3(1):3:046 [FREE Full text] [doi: 10.23937/2474-1353/1510046]

42. Harcourt N, Ghebre RG, Whembolua GL, Zhang Y, Osman SW, Okuyemi KS. Factors associated with breast and cervical
cancer screening behavior among African immigrant women in Minnesota. J Immigr Minor Health 2014;16(3):450-456
[FREE Full text] [doi: 10.1007/s10903-012-9766-4] [Medline: 23334709]

43. Kaninjing ET, Dagne G, Atawodi SE, Alabi A. Modifiable risk factors implicated in prostate cancer mortality and morbidity
among West African Men. Cancer Health Disparities 2019;4:e1-e13 [FREE Full text]

44. Adekunle TE, Ahmed M, Afifi R. A qualitative study to understand cervical cancer awareness and prevention among
African Immigrant Women (AIW) in Iowa City, Iowa. Int J Women's Health Wellness 2021;7(1):117 [FREE Full text]
[doi: 10.23937/2474-1353/1510117]

45. Passel JS, Cohn D. Immigration to play lead role in future US growth: US population projections: 2005–2050. Pew Research
Center. 2008. URL: https://www.pewresearch.org/social-trends/2008/02/11/us-population-projections-2005-2050/ [accessed
2024-02-14]

46. Amuta-Jimenez AO, Smith GPA, Brown KK. Patterns and correlates of cervical cancer prevention among black immigrant
and African American Women in the USA: the role of ethnicity and culture. J Cancer Educ 2022;37(3):798-805 [FREE
Full text] [doi: 10.1007/s13187-020-01884-1] [Medline: 32990933]

47. Raymond NC, Osman W, O'Brien JM, Ali N, Kia F, Mohamed F, et al. Culturally informed views on cancer screening: a
qualitative research study of the differences between older and younger Somali immigrant women. BMC Public Health
2014;14:1188 [FREE Full text] [doi: 10.1186/1471-2458-14-1188] [Medline: 25410824]

48. Turkson-Ocran RAN, Nmezi NA, Botchway MO, Szanton SL, Golden SH, Cooper LA, et al. Comparison of cardiovascular
disease risk factors among African immigrants and African Americans: an analysis of the 2010 to 2016 national health
interview surveys. J Am Heart Assoc 2020;9(5):e013220 [FREE Full text] [doi: 10.1161/JAHA.119.013220] [Medline:
32070204]

49. Nwankwo EM, Wallace SP. Duration of United States residence and self-reported health among African-born immigrant
adults. J Immigr Minor Health 2021;23(4):773-783 [FREE Full text] [doi: 10.1007/s10903-020-01073-8] [Medline:
32845410]

50. Kamaraju S, Olson J, DeNomie M, Visotcky A, Banerjee A, Asan O, et al. Community breast health education for immigrants
and refugees: lessons learned in outreach efforts to reduce cancer disparities. J Cancer Educ 2019;34(6):1092-1096 [FREE
Full text] [doi: 10.1007/s13187-018-1412-y] [Medline: 30091014]

51. Gondek M, Shogan M, Saad-Harfouche FG, Rodriguez EM, Erwin DO, Griswold K, et al. Engaging immigrant and refugee
women in breast health education. J Cancer Educ 2015;30(3):593-598 [FREE Full text] [doi: 10.1007/s13187-014-0751-6]
[Medline: 25385693]

52. Fung J, Vang S, Margolies LR, Li A, Blondeau-Lecomte E, Li A, et al. Developing a culturally and linguistically targeted
breast cancer educational program for a multicultural population. J Cancer Educ 2021;36(2):395-400 [FREE Full text] [doi:
10.1007/s13187-019-01643-x] [Medline: 31713105]

53. Rodriguez-Torres SA, McCarthy AM, He W, Ashburner JM, Percac-Lima S. Long-term impact of a culturally tailored
patient navigation program on disparities in breast cancer screening in refugee women after the program's end. Health
Equity 2019;3(1):205-210 [FREE Full text] [doi: 10.1089/heq.2018.0104] [Medline: 31106287]

54. Haynes D, Hughes K, Haas M, Richards GL, Robinson B. Breast cancer champions: a peer-to-peer education and mobile
mammography program improving breast cancer screening rates for women of African heritage. Cancer Causes Control
2023;34(7):625-633 [FREE Full text] [doi: 10.1007/s10552-023-01704-z] [Medline: 37133574]

55. Kamaraju S, Merrill J, Wu J, Jeames S, Conroy M, Min H, et al. Patient navigation based care-delivery to reduce inequities
in cancer care among immigrants and refugees: a commentary on the successes and the unmet needs. Int J Cancer Care
Deliv 2022;2(1):1-9 [FREE Full text] [doi: 10.53876/001c.33154]

JMIR Cancer 2024 | vol. 10 | e53956 | p.50https://cancer.jmir.org/2024/1/e53956
(page number not for citation purposes)

Abraham et alJMIR CANCER

XSL•FO
RenderX

https://europepmc.org/abstract/MED/32240959
http://dx.doi.org/10.1016/j.canep.2020.101709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32240959&dopt=Abstract
https://doi.org/10.1158/1538-7755.disp13-b90
http://dx.doi.org/10.1158/1538-7755.disp13-b90
https://tinyurl.com/28342fmm
https://europepmc.org/abstract/MED/31102117
http://dx.doi.org/10.1007/s10900-019-00677-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31102117&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-022-14591-x
http://dx.doi.org/10.1186/s12889-022-14591-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36447190&dopt=Abstract
https://clinmedjournals.org/articles/ijwhw/international-journal-of-womens-health-and-wellness-ijwhw-3-046.php?jid=ijwhw
http://dx.doi.org/10.23937/2474-1353/1510046
https://europepmc.org/abstract/MED/23334709
http://dx.doi.org/10.1007/s10903-012-9766-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23334709&dopt=Abstract
https://companyofscientists.com/index.php/chd/article/view/108
https://iro.uiowa.edu/esploro/outputs/journalArticle/A-Qualitative-Study-to-Understand-Cervical/9984215112402771?institution=01IOWA_INST
http://dx.doi.org/10.23937/2474-1353/1510117
https://www.pewresearch.org/social-trends/2008/02/11/us-population-projections-2005-2050/
https://link.springer.com/article/10.1007/s13187-020-01884-1
https://link.springer.com/article/10.1007/s13187-020-01884-1
http://dx.doi.org/10.1007/s13187-020-01884-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32990933&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-14-1188
http://dx.doi.org/10.1186/1471-2458-14-1188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25410824&dopt=Abstract
https://www.ahajournals.org/doi/10.1161/JAHA.119.013220?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1161/JAHA.119.013220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32070204&dopt=Abstract
https://europepmc.org/abstract/MED/32845410
http://dx.doi.org/10.1007/s10903-020-01073-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32845410&dopt=Abstract
https://link.springer.com/article/10.1007/s13187-018-1412-y
https://link.springer.com/article/10.1007/s13187-018-1412-y
http://dx.doi.org/10.1007/s13187-018-1412-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30091014&dopt=Abstract
https://europepmc.org/abstract/MED/25385693
http://dx.doi.org/10.1007/s13187-014-0751-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25385693&dopt=Abstract
https://europepmc.org/abstract/MED/31713105
http://dx.doi.org/10.1007/s13187-019-01643-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31713105&dopt=Abstract
https://europepmc.org/abstract/MED/31106287
http://dx.doi.org/10.1089/heq.2018.0104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31106287&dopt=Abstract
https://europepmc.org/abstract/MED/37133574
http://dx.doi.org/10.1007/s10552-023-01704-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37133574&dopt=Abstract
https://journal.binayfoundation.org/article/33154-patient-navigation-based-care-delivery-to-reduce-inequities-in-cancer-care-among-immigrants-and-refugees-a-commentary-on-the-successes-and-the-unmet
http://dx.doi.org/10.53876/001c.33154
http://www.w3.org/Style/XSL
http://www.renderx.com/


56. Percac-Lima S, Ashburner JM, Bond B, Oo SA, Atlas SJ. Decreasing disparities in breast cancer screening in refugee
women using culturally tailored patient navigation. J Gen Intern Med 2013;28(11):1463-1468 [FREE Full text] [doi:
10.1007/s11606-013-2491-4] [Medline: 23686510]

57. Brevik TB, Laake P, Bjørkly S. Effect of culturally tailored education on attendance at mammography and the papanicolaou
test. Health Serv Res 2020;55(3):457-468 [FREE Full text] [doi: 10.1111/1475-6773.13271] [Medline: 31994187]

58. Power R, Ussher JM, Hawkey A, Missiakos O, Perz J, Ogunsiji O, et al. Co-designed, culturally tailored cervical screening
education with migrant and refugee women in Australia: a feasibility study. BMC Womens Health 2022;22(1):353 [FREE
Full text] [doi: 10.1186/s12905-022-01936-2] [Medline: 35987620]

59. Nakajima M, Haji A, Mohamud S, Ahmed O, Hodges JS, Pratt R. A culturally adapted colorectal cancer education video
for the Somali community in Minnesota: a pilot investigation. Am J Health Promot 2022;36(3):514-517. [doi:
10.1177/08901171211057690] [Medline: 34889127]

60. Adegboyega A. Cervical cancer prevention for Black adults. ClinicalTrials.gov. 2023. URL: https://clinicaltrials.gov/study/
NCT04927494?cond=NCT04927494&rank=1 [accessed 2023-09-02]

61. Sly J. Increasing African immigrant women's participation in Breast Cancer Screening (AIBCS). ClinicalTrials.gov. 2023.
URL: https://classic.clinicaltrials.gov/ct2/show/NCT04450264 [accessed 2023-09-02]

62. De Jesus M, Ramachandra S, De Silva A, Liu S, Dubnansky E, Iyawe K, et al. A mobile health breast cancer educational
and screening intervention tailored for low-income, uninsured Latina immigrants. Womens Health Rep (New Rochelle)
2021;2(1):325-336 [FREE Full text] [doi: 10.1089/whr.2020.0112] [Medline: 34476415]

63. Nayyar S, Chakole S, Taksande AB, Prasad R, Munjewar PK, Wanjari MB. From awareness to action: a review of efforts
to reduce disparities in breast cancer screening. Cureus 2023;15(6):e40674 [FREE Full text] [doi: 10.7759/cureus.40674]

64. Tarver WL, Haggstrom DA. The use of cancer-specific patient-centered technologies among underserved populations in
the United States: systematic review. J Med Internet Res 2019;21(4):e10256 [FREE Full text] [doi: 10.2196/10256] [Medline:
31012855]

65. Simich L. Health literacy and immigrant populations. Public Health Agency of Canada and Metroplis Canada. 2009. URL:
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=ebce08b55090a75c701e73b91e51505a9d9f4899 [accessed
2024-02-14]

66. Lane G, Vatanparast H. Adjusting the Canadian healthcare system to meet newcomer needs. Int J Environ Res Public Health
2022;19(7):3752 [FREE Full text] [doi: 10.3390/ijerph19073752] [Medline: 35409441]

67. Javanparast S, Windle A, Freeman T, Baum F. Community health worker programs to improve healthcare access and
equity: are they only relevant to low- and middle-income countries? Int J Health Policy Manag 2018;7(10):943-954 [FREE
Full text] [doi: 10.15171/ijhpm.2018.53] [Medline: 30316247]

68. Shafiei T, Small R, McLachlan H. Women's views and experiences of maternity care: a study of immigrant Afghan women
in Melbourne, Australia. Midwifery 2012;28(2):198-203. [doi: 10.1016/j.midw.2011.02.008] [Medline: 21458892]

69. Freeman HP. Patient navigation: a community based strategy to reduce cancer disparities. J Urban Health 2006;83(2):139-141
[FREE Full text] [doi: 10.1007/s11524-006-9030-0] [Medline: 16736361]

70. Office of Minority Health. National standards for Culturally and Linguistically Appropriate Services (CLAS) in health and
health care. U.S. Department of Health and Human Services. 2013. URL: https://www.nj.gov/health/ommh/documents/
clas_standards.pdf [accessed 2024-02-14]

71. Fairclough N. Critical Language Awareness. London: Routledge; 2014.
72. Tori AA, Tori R, de Lourdes dos Santos Nunes F. Serious game design in health education: a systematic review. IEEE

Trans Learning Technol 2022;15(6):827-846. [doi: 10.1109/tlt.2022.3200583]
73. Ling C, Seetharaman S, Mirza L. Roles of serious game in diabetes patient education. Simul Gaming 2022;53(5):513-537.

[doi: 10.1177/10468781221120686]
74. Quail N, Holmes K, Linn A, Rea P, Livingstone D, Boyle JG. Serious digital games using virtual patients and digital

chalk-talk videos: a novel approach to teaching acute diabetes care in the undergraduate medical curriculum. 2018 Presented
at: Diabetes UK Professional Conference 2018; March 14-16, 2018; London, UK p. 14-16. [doi: 10.1111/dme.33_13571]

75. Theng YL, Lee JWY, Patinadan PV, Foo SSB. The use of videogames, gamification, and virtual environments in the
self-management of diabetes: a systematic review of evidence. Games Health J 2015;4(5):352-361. [doi:
10.1089/g4h.2014.0114] [Medline: 26287926]

76. Ladson-Billings G. Toward a theory of culturally relevant pedagogy. Am Educ Res J 1995;32(3):465-491. [doi:
10.3102/00028312032003465]

77. Cueva K, Schmidt J, Cueva M. Learning together: sharing circles in rural Alaska on cancer education priorities for youth.
J Cancer Educ 2021;36(6):1147-1154 [FREE Full text] [doi: 10.1007/s13187-021-02074-3] [Medline: 34313960]

78. Kreuter MW, Lukwago SN, Bucholtz RDDC, Clark EM, Sanders-Thompson V. Achieving cultural appropriateness in
health promotion programs: targeted and tailored approaches. Health Educ Behav 2003;30(2):133-146. [doi:
10.1177/1090198102251021] [Medline: 12693519]

79. Mohamed B, Cox K, Diamant J, Gecewicz C. Faith among Black Americans. Pew Research Center. 2021. URL: https:/
/www.pewresearch.org/religion/2021/02/16/faith-among-black-americans/ [accessed 2024-02-14]

JMIR Cancer 2024 | vol. 10 | e53956 | p.51https://cancer.jmir.org/2024/1/e53956
(page number not for citation purposes)

Abraham et alJMIR CANCER

XSL•FO
RenderX

https://europepmc.org/abstract/MED/23686510
http://dx.doi.org/10.1007/s11606-013-2491-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23686510&dopt=Abstract
https://europepmc.org/abstract/MED/31994187
http://dx.doi.org/10.1111/1475-6773.13271
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31994187&dopt=Abstract
https://bmcwomenshealth.biomedcentral.com/articles/10.1186/s12905-022-01936-2
https://bmcwomenshealth.biomedcentral.com/articles/10.1186/s12905-022-01936-2
http://dx.doi.org/10.1186/s12905-022-01936-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35987620&dopt=Abstract
http://dx.doi.org/10.1177/08901171211057690
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34889127&dopt=Abstract
https://clinicaltrials.gov/study/NCT04927494?cond=NCT04927494&rank=1
https://clinicaltrials.gov/study/NCT04927494?cond=NCT04927494&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT04450264
https://europepmc.org/abstract/MED/34476415
http://dx.doi.org/10.1089/whr.2020.0112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34476415&dopt=Abstract
https://doi.org/10.7759/cureus.40674
http://dx.doi.org/10.7759/cureus.40674
https://www.jmir.org/2019/4/e10256/
http://dx.doi.org/10.2196/10256
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31012855&dopt=Abstract
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=ebce08b55090a75c701e73b91e51505a9d9f4899
https://www.mdpi.com/resolver?pii=ijerph19073752
http://dx.doi.org/10.3390/ijerph19073752
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35409441&dopt=Abstract
https://europepmc.org/abstract/MED/30316247
https://europepmc.org/abstract/MED/30316247
http://dx.doi.org/10.15171/ijhpm.2018.53
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30316247&dopt=Abstract
http://dx.doi.org/10.1016/j.midw.2011.02.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21458892&dopt=Abstract
https://europepmc.org/abstract/MED/16736361
http://dx.doi.org/10.1007/s11524-006-9030-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16736361&dopt=Abstract
https://www.nj.gov/health/ommh/documents/clas_standards.pdf
https://www.nj.gov/health/ommh/documents/clas_standards.pdf
http://dx.doi.org/10.1109/tlt.2022.3200583
http://dx.doi.org/10.1177/10468781221120686
http://dx.doi.org/10.1111/dme.33_13571
http://dx.doi.org/10.1089/g4h.2014.0114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26287926&dopt=Abstract
http://dx.doi.org/10.3102/00028312032003465
https://europepmc.org/abstract/MED/34313960
http://dx.doi.org/10.1007/s13187-021-02074-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34313960&dopt=Abstract
http://dx.doi.org/10.1177/1090198102251021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12693519&dopt=Abstract
https://www.pewresearch.org/religion/2021/02/16/faith-among-black-americans/
https://www.pewresearch.org/religion/2021/02/16/faith-among-black-americans/
http://www.w3.org/Style/XSL
http://www.renderx.com/


80. Mbembe A, Balakrishnan S. Pan-African legacies, Afropolitan futures. Transition 2016(120):28-37. [doi:
10.2979/transition.120.1.04]

81. Selasi T. Bye-bye barbar. Callaloo 2013;36(3):528-530. [doi: 10.1353/cal.2013.0163]
82. Workie J, Farwell L, Fleischer R, Workie E. Four strategies to improve community services for unaccompanied children

in the United States. Migration Policy Institute. 2022. URL: https://www.migrationpolicy.org/research/
strategies-community-services-unaccompanied-children [accessed 2024-02-14]

83. Carhill-Poza A, Williams TP. Learning “anytime, anywhere”? The imperfect alignment of immigrant students‘ experiences
and school-based technologies in an Urban US High School. Comp Educ Rev 2020;64(3):428-450. [doi: 10.1086/709430]

84. Chenane JL, Hammond Q. Using social media to recruit participants for scholarly research: lessons from African female
immigrants in the United States. J Crim Justice Educ 2022;33(4):509-525. [doi: 10.1080/10511253.2021.1991411]

Abbreviations
CRP: culturally relevant pedagogy

Edited by T de Azevedo Cardoso; submitted 25.10.23; peer-reviewed by A Weinberg, L Zhu; comments to author 05.12.23; revised
version received 23.01.24; accepted 12.02.24; published 06.03.24.

Please cite as:
Abraham O, Agoke A, Sanuth K, Fapohunda A, Ogunsanya M, Piper M, Trentham-Dietz A
Need for Culturally Competent and Responsive Cancer Education for African Immigrant Families and Youth Living in the United
States
JMIR Cancer 2024;10:e53956
URL: https://cancer.jmir.org/2024/1/e53956 
doi:10.2196/53956
PMID:38447129

©Olufunmilola Abraham, Adeola Agoke, Kazeem Sanuth, Abimbola Fapohunda, Motolani Ogunsanya, Megan Piper, Amy
Trentham-Dietz. Originally published in JMIR Cancer (https://cancer.jmir.org), 06.03.2024. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Cancer,
is properly cited. The complete bibliographic information, a link to the original publication on https://cancer.jmir.org/, as well as
this copyright and license information must be included.

JMIR Cancer 2024 | vol. 10 | e53956 | p.52https://cancer.jmir.org/2024/1/e53956
(page number not for citation purposes)

Abraham et alJMIR CANCER

XSL•FO
RenderX

http://dx.doi.org/10.2979/transition.120.1.04
http://dx.doi.org/10.1353/cal.2013.0163
https://www.migrationpolicy.org/research/strategies-community-services-unaccompanied-children
https://www.migrationpolicy.org/research/strategies-community-services-unaccompanied-children
http://dx.doi.org/10.1086/709430
http://dx.doi.org/10.1080/10511253.2021.1991411
https://cancer.jmir.org/2024/1/e53956
http://dx.doi.org/10.2196/53956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38447129&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Viewpoint

An Introduction to the OutSMART Cancer Serious Game: Current
and Future Directions

Olufunmilola Abraham1, BPharm, MS, PhD; Tyler J McCarthy1, BA
Social and Administrative Sciences Division, School of Pharmacy, University of Wisconsin-Madison, Madison, WI, United States

Corresponding Author:
Olufunmilola Abraham, BPharm, MS, PhD
Social and Administrative Sciences Division
School of Pharmacy
University of Wisconsin-Madison
Rm 2515 Rennebohm Hall
777 Highland Ave
Madison, WI, 53705
United States
Phone: 1 6082634498
Fax: 1 6082625262
Email: olufunmilola.abraham@wisc.edu

Abstract

Given that cancer is a challenging disease that plagues millions of individuals of all age groups and socioeconomic statuses
globally, developmentally appropriate education is often lacking for young people, particularly adolescents. Increasing cancer
awareness and prevention education among adolescents using innovative strategies, such as game-based learning, is critical in
reducing the burden of this disease. Adolescents are understudied in the field of cancer prevention and control, yet vulnerable as
they tackle creating life-long health behavior patterns. Targeting cancer prevention education for adolescents has the potential to
support long-term healthy behavior and reduce their risk of cancer. This paper provides an overview of the Collaborative Research
on MEdication use and family health (CRoME) Lab’s novel game-based cancer prevention education tool. OutSMART Cancer
is an innovative, novel educational intervention in the form of a serious game. Serious games are educational tools that seek to
impart knowledge and improve behaviors in their players. This game covers information related to breast cancer, colon cancer,
and lung cancer. This viewpoint is a summary of the developmental process for the OutSMART Cancer game. We describe in
detail the work preceding initial game development, the current version of the game, future directions for the game, and its
educational potential. The long-term goal of OutSMART Cancer is to improve cancer awareness and knowledge regarding
prevention behaviors in adolescents and support a lifetime of health and wellness.

(JMIR Cancer 2024;10:e56168)   doi:10.2196/56168

KEYWORDS

serious game; cancer; health education; adolescents; health behavior; United States; young people; adolescent; teenager; teenagers;
cancer prevention; education; cancer risk; tool; OutSMART Cancer; innovative; game development; cancer awareness; prevention;
wellness

Introduction

The ubiquity of cancer in the United States denotes both the
immense burden of the disease and the countless individuals
devoted to spreading awareness. Although preventative and
treatment-based measures have improved outcomes and reduced
cancer deaths, the incidence of some of the most common
cancers is on the rise [1]. Some studies have suggested that
people in the United States lack the necessary knowledge and
awareness of cancer, particularly those of lower socioeconomic
status [2,3]. Similar results have been indicated in adolescents

in the United Kingdom and the United States [4-7]. Thus, despite
the prevalence of cancer awareness, there is still a salient and
critical need to encourage cancer awareness and knowledge
from a young age so that individuals can better understand the
basic biological etiology of this disease and support life-long
prevention behaviors.

For educational interventions to be successful, especially those
involving complex and emotionally charged chronic conditions,
they must be tailored to the intended audience. The
Collaborative Research on MEdication use and family health
(CRoME) Lab has a history of engaging with and educating
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adolescents and parents on health topics, such as cancer
prevention, medication safety, and vaping prevention [8]. The
CRoME Lab has co-designed serious games for adolescents
and parents around prescription opioid medication safety [9].
Serious games are games designed with the characteristic
purpose of imparting knowledge to the player, rather than merely
providing a recreational experience [10]. In this viewpoint, we
detail the work leading to the development of a cancer education
serious game named OutSMART Cancer, the current state of
the game, and future directions.

Early Work With Youth Stakeholders

In 2020, our team began research in Wisconsin with middle and
high schools, holding focus groups with 327 students and
conducting a further survey with 235 students [11-13]. In one
study, the CRoME Lab held 25 focus groups with 188 middle
and high school students between the ages of 12 and 18 years
[11]. Through exploring adolescent perceptions, we found that
many adolescents were interested in learning about cancer,
specifically, cancer prevention. Middle and high school students
in this study recounted familiarity with basic cancer biology
but indicated unfamiliarity with how to assess cancer risk and
what behaviors they can institute to prevent cancer.

One survey study examined adolescent’s knowledge and
attitudes toward cancer as well as the acceptability of a
game-based learning approach for cancer education in homes,
health care settings, and schools [12]. The survey responses
reiterated the findings from the initial previous focus groups.
Although most students expressed basic cancer knowledge, only
66% knew that individuals have some level of control over their
cancer risk. Moreover, only 37.3% reported knowing how to
lower their cancer risk, while 50% suggested they try to make
healthy choices to reduce their risk. Study findings provided
further evidence for the need to educate youth on cancer and
its prevention. Most adolescents (82%) reported that they would
accept the use of a game to help them learn about cancer.

These initial studies with adolescents informed the CRoME
Lab’s design of the OutSMART Cancer gameplay book, which
was further assessed through focus groups with adolescents.
This gameplay book showed adolescents the initial
conceptualization of OutSMART Cancer informed by the Cancer
Clear and Simple Curriculum [14]. A total of 18 focus groups,
comprising 139 adolescents, provided in-depth feedback on the
playbook [13]. Adolescents indicated that they preferred a
serious game over educational modalities, such as websites and
videos. Our cumulative research to date has shown that a serious
game that focuses on cancer knowledge and prevention and is
tailored to the preferences of adolescents could be integral in
improving adolescent cancer prevention behavior.

In 2023, OutSMART began early evaluation by adolescents
and parents. This demonstration is currently unavailable to the
public, as it is evaluated among key stakeholders—adolescents
and parents. Informed consent has been collected from

participants in each study related to the development and testing
of this game. Findings from this study will result in an adapted
version of the game, which will be used to evaluate efficacy
and implementation.

The OutSMART Cancer Game

OutSMART is a web-based, computer videogame that presents
3 familiar, cancer-related scenarios in a narrative, choice-based
format (Figures 1-5) [15]. It is built upon the Unity WebGL
game engine and is currently optimized for browser gameplay
on laptops and computers [16]. Within this game, players
interact with the environment through a first-person perspective,
taking the role of an adolescent. Players are faced with 3
scenarios that cover information related to breast, colon, and
lung cancers. In each scene, players progress by clicking on
pop-up bubbles, giving the player choices that move the
storyline along. Players progress from one scene to the next
once they have completed that scene’s storyline. After
completion of a scene, players are taken to a map to choose the
next available scene.

In the first scene, the player heads downstairs for a day at school
to see their mother on the couch. After asking why she had not
left for work, the mother tells the player that she is experiencing
a painful lump in her breast alongside fatigue and will be going
to her doctor that day. As the player offers to attend the
appointment with her, the scene switches to the car ride to the
doctor’s office. During this ride, the mother shares her family
history of breast cancer and her anxiety. Later, in the doctor’s
office, the player and their mother learn that the lump is
cancerous. This level espouses key information, such as early
warning signs of breast cancer, screening tools, basic cancer
biology, and cancer stages.

In the second scene, the player brings mail inside for their father
and discovers a letter from his doctor’s clinic encouraging him
to schedule a colonoscopy. During this scene, the player tells
their father about the letter and encourages him to schedule an
appointment. However, at first, their father is apprehensive and
talks of anxiety after his previous colonoscopy, which had
uncovered polyps. After some conversation with their father,
his attitude changes, and he decides to schedule a visit. This
scene introduces colon cancer and screening strategies; it also
introduces the player to the types of emotions that can act as
barriers to screening.

In the final scene, the player goes to school and learns about
cancer in a simulated classroom environment. Following class,
their friend introduces them to a new person, who, when left
alone with the player offers them a vape (electronic cigarette).
Although peer pressure is evident, the player must refuse,
articulating their own reasoning why they are choosing to protect
their own health. This scene introduces players to the power of
personal choice and how everyday choices can influence cancer
risk.
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Figure 1. OutSMART Cancer gameplay.

Figure 2. Screenshot of mom lying ill on the couch.

Figure 3. Screenshot of the doctor’s office scene.

Figure 4. Colon cancer scene with father.
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Figure 5. Peer offering vape to the player.

The Future of the OutSMART Cancer
Game

Although preliminary evaluation and targeted adaptation of this
game are ongoing, a simultaneous endeavor has begun to create
a more adapted cancer-education game. This adaptation of
OutSMART Cancer will emphasize the need for cancer
awareness and targeted education among Black Americans and
African immigrant youth and parents (OutSMART Cancer:
Africana). The creation of OutSMART Cancer: Africana is
responsive to the need for culturally competent cancer education
for youth and African immigrant families living in the United
States using culturally familiar language and imagery. Black

Americans and African immigrants experience cancer and health
care uniquely, requiring a tailored educational approach [17].

The initial intention is to widely disseminate this serious game
through clinical settings, such as community pharmacies,
primary care offices, and cancer clinics, as well as community
settings, such as schools and community health organizations.
Researchers aim for this intervention to be taken up by
adolescents and their families across the United States. We
expect that this game will eventually be publicly available on
the internet for play on computers and mobile devices. The
long-term goal of the OutSMART Cancer games is to facilitate
family communication about cancer prevention, associated
healthy behaviors, early detection, and cancer screening.
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Abstract

Background: Frequent sensor-assisted monitoring of changes in swallowing function may help improve detection of
radiation-associated dysphagia before it becomes permanent. While our group has prototyped an epidermal strain/surface
electromyography sensor that can detect minute changes in swallowing muscle movement, it is unknown whether patients with
head and neck cancer would be willing to wear such a device at home after radiation for several months.

Objective: We iteratively assessed patients’ design preferences and perceived barriers to long-term use of the prototype sensor.

Methods: In study 1 (questionnaire only), survivors of pharyngeal cancer who were 3-5 years post treatment and part of a larger
prospective study were asked their design preferences for a hypothetical throat sensor and rated their willingness to use the sensor
at home during the first year after radiation. In studies 2 and 3 (iterative user testing), patients with and survivors of head and
neck cancer attending visits at MD Anderson’s Head and Neck Cancer Center were recruited for two rounds of on-throat testing
with prototype sensors while completing a series of swallowing tasks. Afterward, participants were asked about their willingness
to use the sensor during the first year post radiation. In study 2, patients also rated the sensor’s ease of use and comfort, whereas
in study 3, preferences were elicited regarding haptic feedback.

Results: The majority of respondents in study 1 (116/138, 84%) were willing to wear the sensor 9 months after radiation, and
participant willingness rates were similar in studies 2 (10/14, 71.4%) and 3 (12/14, 85.7%). The most prevalent reasons for
participants’ unwillingness to wear the sensor were 9 months being excessive, unwanted increase in responsibility, and feeling
self-conscious. Across all three studies, the sensor’s ability to detect developing dysphagia increased willingness the most compared
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to its appearance and ability to increase adherence to preventive speech pathology exercises. Direct haptic signaling was also
rated highly, especially to indicate correct sensor placement and swallowing exercise performance.

Conclusions: Patients and survivors were receptive to the idea of wearing a personalized risk sensor for an extended period
during the first year after radiation, although this may have been limited to well-educated non-Hispanic participants. A significant
minority of patients expressed concern with various aspects of the sensor’s burden and its appearance.

Trial Registration: ClinicalTrials.gov NCT03010150; https://clinicaltrials.gov/study/NCT03010150

(JMIR Cancer 2024;10:e47359)   doi:10.2196/47359

KEYWORDS

user-centered design; patients with head and neck cancer; dysphagia throat sensor

Introduction

Background
In 2021, approximately 32,000 Americans developed laryngeal
or pharyngeal cancer, which has a 5-year survival rate of 61%
for all stages combined [1]. Management of these cancers often
includes high-dose intensity-modulated radiation therapy
(IMRT) designed to spare pharyngeal muscles and reduce the
incidence of radiation-associated dysphagia (swallowing
difficulty) [2]. Still, a range of studies have reported that roughly
60% of patients receiving IMRT developed long-term
swallowing problems within 2 years after radiation had ended,
ranging in intensity from inability to swallow solid food without
compensatory strategies to being completely feeding tube
dependent [3-10].

As with most chronic conditions, early detection and intensive
swallowing therapies are key to preventing long-term dysphagia
[11-26], especially if patients are adherent to swallowing therapy
instructions [27]. However, noninvasive screening procedures
for early detection of radiation-associated fibrosis do not yet
exist in the United States. Instead, gold standard modified
barium swallow (MBS) and fiberoptic endoscopic evaluation
of swallowing tests are typically ordered after the patient begins
to complain of difficulties with swallowing [12]. Furthermore,
preventive swallowing therapies are not always prescribed prior
to the development of radiation-associated dysphagia [28-30].
Unfortunately, once radiation-associated dysphagia is clinically
detected, there is little hope of fully restoring normal function
[11,31,32].

To detect radiation-associated dysphagia before it becomes
permanent, it is necessary to monitor changes in swallowing
function much more frequently than is currently possible in the
clinical setting. Subclinical change in swallowing activity or
risk for dysphagia could be assessed during standard cancer
surveillance visits, but increasing the periodicity of these visits
would increase patient burden by requiring more frequent travel
to the medical center for swallowing imaging and tests. Frequent
at-home monitoring with wearable sensors between scheduled
surveillance visits could address this gap in monitoring,
especially if the sensors were designed to support
decision-making regarding initiation of intensive speech
language therapies [33]. To this end, researchers have developed
myriad devices that can be worn on the skin and measure a
range of mechanical, optical, biochemical, electrical, or acoustic
signals with high fidelity [34-39].

However, sensor performance alone is not sufficient for
improving health outcomes as patient engagement is also
important [40]. Within the specific context of preventing
dysphagia in survivors of head and neck cancer, repeated
at-home monitoring over a period of months if not years is
necessary to demonstrate a clinical advantage over current
treatment paradigms. Unfortunately, most mobile technologies
fail to engage patients over sustained durations, with most
mobile health (mHealth) interventions for chronic disease
reporting steep declines in use, some as high as 95% within the
first few weeks, depending on the technology and context
[41-43]. The most frequently cited reasons for discontinued use
are decreased interest in the technology after its novelty abates,
perceived lack of usefulness relative to burden, poor
implementation of user experience, and frustration with technical
issues [44-47].

To counter these barriers, it is widely agreed that user-centered
testing be conducted in a sustained and iterative fashion during
the design and development of new health technology.
User-centered testing assesses the human technology interface
by evaluating how well the technology incorporates into end
users’ daily routines, habits, and capabilities, known loosely as
user acceptability [40,48]. Beyond acceptability, technologies
should be designed to maximize their potential to effect changes
in patients’ attitudes and health behaviors. Oinas-Kukkonen
and Harjumaa’s [49] persuasive system design model describes
four categories of persuasive design principles that optimize
the likelihood of health behavior change: task support
(personalized design features that make it easier for users to
achieve their goals), social support (leveraging interpersonal
learning, eg, via online community forums), dialogue support
(providing feedback to the user in a manner that helps the user
move toward their goal, eg, with praise and rewards), and system
credibility (the perceived clinical expertise embedded within
the sensor output) [49]. Relatively few mHealth interventions
conduct user-centered testing during technology development,
which may be one reason for diminishing patient engagement
and eventual abandonment [50-53]. In the US market, the user
abandonment rate of fitness trackers is 50% within 6-12 months
[44,54]. Patient abandonment rates are higher for those 70 years
and older; one study found that 43% of their sample had
abandoned their sleep and activity trackers within the first 2
weeks of use [55].

A recent review of 51 mHealth intervention studies targeting
chronic diabetes, cardiovascular, or pulmonary diseases noted
that diminished patient engagement was prevalent and posed a
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significant threat to effective use of the technology. Accordingly,
nonsignificant effects on clinical markers outweighed significant
findings two-to-one [42]. Therefore, our study explicitly
addressed the design of a wearable sensor with the future
intended use of home-based assessment for 9 months, starting
with the third month after radiation to the 12th month. All design
preferences and opinions were solicited within the context of
sustaining engagement with the sensor for 9 months during the
first year since repeated measurements over time would be
needed to detect patterns of developing dysphagia in
posttreatment patients.

Goal of This Study
We assessed patient needs and preferred characteristics
regarding the design of a wearable sensor to deliver personalized
risk of dysphagia. Specifically, we assessed perceived barriers
to wearing the sensor for 9 months, starting from the third month
after the end of radiation treatment (to allow for healing from
radiation skin burn) until the 12th month post treatment, and
the impact of proposed design features on willingness to wear
the sensor. In the first of three iterative user-centered tests, we
surveyed a large cohort of survivors of head and neck cancer
who were 4-5 years past radiation treatment to assess the
perceived need for the sensor and desired design features for
future prototypes. In study 2, we assessed user acceptability for
a wired prototype sensor within a small sample of long-term
survivors, oversampled for radiation-associated dysphagia.
Finally, in the third user test, we tested a revised prototype on
a sample of patients with head and neck cancer undergoing
active treatment to get a better sense of competing priorities
during a fraught time in their lives. The revised prototype
included more elastic and comfortable materials for the strain
sensor and custom-made dry electromyography (EMG) sensors,
as opposed to commercial sensors. During the third test, we
repeated our questions about user acceptability and willingness
to wear the sensor for 9 months, as well as new questions about
bidirectional feedback in the form of haptic (vibration) signaling.

Methods

Study 1

Design and Eligibility
Survivors of head and neck cancer who were still alive and who
were already enrolled in a psychosocial parent study were asked

to answer a questionnaire about a hypothetical throat sensor.
Men and women were eligible for the parent study if they had
received radiation with curative intent for oropharyngeal (stage
II-IVb), laryngeal (II-IVb), hypopharyngeal (I-IVb), or
nasopharyngeal cancer (I-IVb), or an unknown primary cancer
with cervical metastases; were at least 2 years post treatment;
were 18 years or older; and spoke English. Men and women
were excluded if they had treatment for previous head and neck
cancer; a history of previous head and neck surgery (previous
biopsy, tonsillectomy, or tracheotomy were allowed); other
cancer diagnoses, except nonmelanoma skin cancer; or a history
of current oropharyngeal dysphagia unrelated to cancer diagnosis
(eg, dysphagia due to underlying neurogenic disorder).

Recruitment and Data Collection Procedures
For the psychosocial parent study, all eligible patients were
approached for recruitment at the radiation clinic’s radiation
education class after being identified at the weekly
multidisciplinary tumor board conference. The accrual rate for
entry into the original parent study was 77%; demographic and
disease information was collected at baseline. Those patients
who were already enrolled in the psychosocial parent study and
still alive (n=234) were contacted by phone to determine if they
would answer optional questions about a hypothetical sensor
to be worn on the throat. Patients who did not return calls after
5 attempts or did not have working phone numbers were not
approached further for enrollment into study 1. After obtaining
informed consent, participants completed the optional
questionnaire administered either by REDCap, telephone, or
mail at a single time point [56]. For mailed questionnaires, a
research staff’s phone number was provided if the patient had
any questions about the questionnaire.

Measures
Demographic information regarding age, race/ethnicity,
employment, income, and marital status were obtained by
questionnaire. Disease stage was abstracted from the medical
record. Participants then completed a questionnaire. The first
page of the questionnaire showed a photograph of the proposed
sensor (Figure 1A) and a diagram of the sensor’s placement on
the neck (Figure 1B), a brief description of the sensor’s purpose,
and the proposed timeline of wearing the sensor every weekend
from the third month post radiation to the 12th month post
radiation for a total of 9 months.
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Figure 1. Appearance of the hypothetical and actual sensor prototypes. (A) Study 1 respondents were shown a photograph of the proposed sensor and
(B) its proposed location on the neck. (C) Study 2’s graphene strain sensor prototype, supported on 13-µm-thick polyimide tape (the contact surface is
silicone) and placed on the submental region probing muscle contraction. (D) Study 3’s soft polymer strain sensor, now placed under the laryngeal
prominence to capture movement during swallowing.

Main Outcome: Willingness to Wear the Sensor
For studies 1-3, the study questionnaire asked whether the
patient would have been willing to wear the sensor for 9 months
during the first year after radiation, starting in month 3 post
treatment. This time point was asked about since it would give
sufficient time for the skin on their neck to have healed from
radiation skin burn. Participants were then asked whether they
would have been willing to wear the sensor for the entire 9
months, every other week, or every weekend during the 9-month
period, and then a series of branched logic true-false questions
about reasons for willingness versus unwillingness to wear the
sensor. Next, using a 3-point Likert scale response format, all
participants rated whether changes in the sensor design (either
unobtrusive appearance or the ability to receive feedback about
risk for dysphagia) would change the individual’s willingness
or unwillingness to wear the sensor every weekend for 9 months.
Additional comments or suggestions were also solicited as free
text.

Study 2

Design and Eligibility
A second sample of survivors of head and neck cancer who
were 2 to 10 years post radiation and attending surveillance
visits at MD Anderson gave informed consent and enrolled into

the study during a 1-week period; testing was constrained to a
1-week period in which visiting graduate engineering students
from the University of California San Diego traveled to MD
Anderson for on-patient equipment testing. The eligibility
criteria for study 2 were the same as for study 1; however, we
oversampled for patients with a Dynamic Imaging Grade of
Swallowing Toxicity score >0, indicating radiation-associated
dysphagia that had been verified with MBS [57]. The
oversampling was done to gauge the accuracy of the prototype
sensor in distinguishing between dysphagic survivors and
survivors without dysphagia [58]. For every dysphagic
participant, we recruited a nondysphagic patient matched for
age and sex. For patients who declined participation, deidentified
disease information, demographics, and reason for refusal were
noted in the study record.

Procedure and Assessment
A wired prototype graphene strain sensor coupled with a wired
surface EMG sensor was placed on the patient to obtain muscle
movement measurements during a series of swallowing tasks
of various bolus textures, as described previously (Figure 1C)
[58]. Immediately after the on-throat sensor test, patients were
asked to answer six questions about the sensor’s discomfort,
ease of use, and associated embarrassment using a 5-point Likert
scale ranging from strongly disagree to strongly agree. Patients
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were again asked whether they would be willing to wear the
sensor for 9 months (but now for once a month on the weekends)
with branching questions asking for reasons for willingness
versus unwillingness. Patients were again asked to rate the
impact of sensor unobtrusiveness and predictive dysphagic
feedback on willingness to wear the sensor for extended periods.
Finally, demographic information regarding age, race, and
marital status were abstracted from the medical record. All
testing sessions were conducted at the Head and Neck Cancer
Center at MD Anderson.

Study 3

Design and Eligibility
Similar eligibility, consent, and testing procedures were used
in study 3. However, eligible patients were more likely to be
approached during active treatment for throat cancer, whereas
studies 1 and 2 recruited long-term survivors. Study 3’s sensor
(Figure 1D) was revised to have better skin conformation and
comfort; standard surface EMG electrodes were now replaced
with flexible custom dry electrodes, whereas the strain sensor
was supported on a silicon substrate [59].

Assessment Procedures
After completion of the on-throat sensor test, patients were also
asked the same questions used in study 1 regarding willingness
to wear the sensor for 9 months and whether changes in the
sensor’s appearance and feedback capability would change their
minds about their willingness to wear the sensor. In addition,
participants were interviewed regarding the helpfulness of future
capability of the sensor itself to give immediate haptic feedback
in three different scenarios: to indicate correct placement of the
sensor, to indicate correct performance of a particular
swallowing exercise, and to indicate quality of swallowing
during at-home testing of various bolus textures. Their answers
were transcribed, categorized, and coded into three categories
(0: not helpful; 1: helpful under certain conditions; 2: helpful).

Analysis
Descriptive statistics (eg, proportions, means, ranges, and SDs)
were computed for the process evaluation and participant
satisfaction data, together with 95% CIs. To assess the external
validity of the study, demographic and disease information was
compared between respondents and nonrespondents in study 1
(Table 1) and between participants and refusers in studies 2 and
3 (data not shown; available data for participants in studies 2
and 3 is shown in Table 2). All questionnaire responses were
analyzed with SPSS (version 26; IBM Corp).
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Table 1. Demographic/disease comparisons between willing and unwilling participants (study 1).

Survivors who completed the questionnairePotentially eligible survivors (from parent study)Characteristic

P valueUnwillingWilling to
wear for 9
mo

Total
(n=138)

P valueRespondentNonrespondent
(did not partici-
pate)

Total
(N=234)

.15.28What is your age? (years)

116 (84.1)22 (15.9)138138 (58.9)96 (41.0)234Participants, n (%)

58.5 (10.1)55.2 (9.4)58 (10.1)58 (10.1)56.6 (9.8)57.4 (10.0)Mean (SD)

59 (18-83)56.5 (35-75)59 (18-83)59 (18-83)56 (30-79)58 (18-83)Median (min-max)

.59.003What is your ethnic background? n (%)

6 (5.2)0 (0.0)6 (4.4)6 (4.4)15 (16.0)21 (9.1)Hispanic or Latino

109 (94.8)22 (100.0)131 (95.6)131 (95.6)79 (84.0)210 (90.9)Not Hispanic or Latino

.53.23Race, n (%)

3 (2.6)1 (4.5)4 (2.9)4 (2.9)6 (6.4)10 (4.3)African American

0 (0.0)0 (0.0)0 (0.0)0 (0.0)1 (1.1)1 (0.4)American Indian or Alaska
Native

4 (3.5)1 (4.5)5 (3.6)5 (3.64)1 (1.1)6 (2.6)Asian

1 (0.9)0 (0.0)1 (0.7)1 (0.7)0 (0.0)1 (0.4)Native Hawaiian or Pacific
Islander

107 (93.0)20 (90.9)127 (92.7)127 (92.7)86 (91.5)213 (92.2)Non-Hispanic White

.26.02Education, n (%)

51 (44.7)7 (31.8)58 (42.6)58 (42.6)54 (58.1)112 (48.9)Some college and lower

63 (55.3)15 (68.2)78 (57.4)78 (57.4)39 (41.9)117 (51.1)Bachelor’s degree or higher

.18.60Employment status, n (%)

71 (62.3)17 (77.3)88 (64.7)88 (64.7)57 (61.3)145 (63.3)Full-time/part-time

43 (37.7)5 (22.7)48 (35.3)48 (35.3)36 (38.7)84 (36.7)Not employed

>.99.50Marital status, n (%)

21 (18.6)4 (18.2)25 (18.5)25 (18.5)21 (22.1)46 (20.0)Single living alone/married
but living apart/separated/di-
vorced/widow

92 (81.4)18 (81.8)110 (81.5)110 (81.5)74 (77.9)184 (80.0)Single but living with signif-
icant other/married living
with spouse

.54.07Occupation, n (%)

76 (76.0)16 (88.9)92 (78.0)92 (78.0)51 (63.0)143 (71.9)Professional/managerial

18 (18.0)2 (11.1)20 (16.9)20 (16.9)24 (29.6)44 (22.1)Retail/service/labor

6 (6.0)0 (0.0)6 (5.1)6 (5.1)6 (7.4)12 (6.0)Student/unemployed

.22.007What is your income before taxes? (US $), n (%)

14 (13.6)0 (0.0)14 (11.5)14 (11.5)24 (30.4)38 (18.9)<30,000

16 (15.5)2 (10.5)18 (14.8)18 (14.8)13 (16.5)31 (15.4)30,000-50,000

17 (16.5)2 (10.5)19 (15.6)19 (15.6)9 (11.4)28 (13.9)50,000-75,000

56 (54.4)15 (78.9)71 (58.2)71 (58.2)33 (41.8)104 (51.7)>75,000

.70.24Stage of disease, n (%)

42 (36.2)7 (31.8)49 (35.5)49 (35.5)27 (28.1)76 (32.5)Stages I or II

74 (63.8)15 (68.2)89 (64.5)89 (64.5)69 (71.9)158 (67.5)Stages III or IV
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Table 2. Demographic/disease comparisons between willing and unwilling participants (studies 2 and 3).

Study 3Study 2Characteristic

P valueUnwilling
(n=2)

Willing to
wear for 9 mo
(n=12)

Total sample
(n=14)

P valueUnwilling
(n=4)

Willing to
wear for 9 mo
(n=10)

Total sample
(n=14)

.3370.5 (16.3)61.0 (11.9)62.4 (12.3).8362.8 (11.0)61.2 (12.3)61.6 (11.5)Age (years), mean (SD)

.57.55Race, n (%)

0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)African American

0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)American Indian or Alaskan
Native

0 (0)2 (17)2 (14)0 (0)0 (0)0 (0)Asian

0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)Native Hawaiian or Pacific
Islander

2 (100)10 (83)12 (86)4 (100)9 (90)13 (92.9)Non-Hispanic White

0 (0)0 (0)0 (0)0 (0)1 (10)1 (7.1)More than one race

.70.85What is your ethnic background? n (%)

0 (0)1 (8)1 (7)1 (25)2 (20)3 (21.4)Hispanic or Latino

2 (100)11 (92)13 (93)3 (75)8 (80)11 (78.6)Not Hispanic or Latino

.87.52Occupation, n (%)

1 (50)6 (50)7 (50)0 (0)2 (20)2 (14)Managerial/professional

1 (50)5 (42)6 (43)3 (75)6 (60)9 (64)Retail, service, operator

0 (0)1 (8)1 (7)1 (25)2 (20)3 (21)Student or unemployed

.01.37Marital status, n (%)

0 (0)12 (100)12 (86)4 (100)8 (80)12 (86)Married/living with signifi-
cant other

1 (50)1 (50)2 (14)0 (0)2 (20)2 (14)Single/divorced/widowed/sep-
arated

.2714Dysphagic status, n (%)

>.991 (50)6 (50)7 (50)>.992 (50)5 (50)7 (50)Dysphagic (DIGESTa>0)

N/A1 (50)6 (50)7 (50)N/Ab2 (50)5 (50)7 (50)Not dysphagic (DIGEST=0)

.70.14Disease stage, n (%)

0 (0)1 (8)1 (7)1 (25)0 (0)1 (8)I-II

2 (100)11 (92)13 (93)3 (75)9 (90)12 (92)III-IV

aDIGEST: Dynamic Imaging Grade of Swallowing Toxicity.
bN/A: not applicable.

Ethical Considerations
All study materials and procedures were approved by the
institutional review board at MD Anderson Cancer Center’s
institutional review board (protocol 2016-0597). All enrolled
participants signed informed consent forms before testing began.
All study data were deidentified, and no compensation was
provided for participation.

Results

Overview
Prior to patient user testing, our study incorporated design input
from multiple disciplines, including behavioral scientists, speech

pathologists, radiation oncologists, and engineers. Initially, our
primary concerns were to develop a wearable device that would
not injure skin sensitized by radiation and have an
uncomplicated application and removal procedure. Various
invasive sensors, such as those worn inside the mouth, were
dropped from consideration after it was realized that patients
would possibly need to use the device during radiation and later
at home during the first year post treatment. During study 1, we
gathered patient reactions to a photograph of a sensor (Figure
1), whereas in studies 2 and 3, prototype versions were tested
on survivors and patients in the clinic (Figure 1). The racial
breakdown of the overall study sample (N=234) was
non-Hispanic White (n=213, 92.2%), African American (n=10,
4.3%), Asian American (n=6, 2.6%), American Indian/Alaska
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Native (n=1, 0.4%), and Native Hawaiian/Pacific Islander (n=1,
0.4%).

Study 1
Research staff contacted 234 eligible participants to complete
study 1’s questionnaire, either via REDCap or by mail; 138
(59%) participants completed the questionnaire (Figure 2).
Participants in study 1 were primarily non-Hispanic White and

married, and their mean age was 57.4 (SD 10) years (Table 1).
Median time since end of radiation treatment was 4 years and
26 days (Table 1). Analyses of responders versus nonresponders
showed that responders were more likely to be non-Hispanic,
have a bachelor’s degree, and have higher annual income;
differences in race, age, and disease stage were not significantly
different (Table 1).

Figure 2. Recruitment CONSORT (Consolidated Standards of Reporting Trials) for study 1 (n=138).

Survivor Preferences for Wearable Throat Sensor
Of the 138 respondents, 115 (83.3%) agreed that they would
have been willing to wear the sensor for 9 months during the
first year after radiation. However, patients were not willing to
wear the sensor during the workweek due to fear of coworkers
or strangers asking about the sensor. Instead, they were willing
to wear the sensor on weekends, but only for one weekend a
month as opposed to every weekend. When presented with
several potential reasons explaining their willingness to wear
the sensor, nearly all participants cited altruism, whereas 88%
(92/105) cited interest in the sensor technology and 77% (75/97)

thought that the sensor would help them adhere to their
preventive swallowing exercises (Table 3). For example, several
patients commented that the personalized feedback from the
sensor would provide additional motivation to adhere to their
preventive swallowing exercises:

It would push me to do my exercises diligently...

It would get me on the ball and do my exercises more
often...

It would give me the information I can use to fight
back the scar tissue problem. And see the importance
of my neck exercises.
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Table 3. Studies 1-3: Number of patients endorsing reasons for willingness/unwillingness to wear the sensor every weekend for 9 months.

Would not wear sensor, n (%)Would wear sensor, n (%)Reasons for willingness/unwillingness to wear the sensor for 9 monthsa

FalseTrueFalseTrue

Study 1 (n=138)b

——c13 (12.4)92 (87.6)The technology of the patch sounds interesting.

——22 (22.7)75 (77.3)Wearing the patch would have reminded me to do my swallowing exercises.

——1 (0.9)108 (99.1)I wanted to help with MD Anderson’s research.

11 (50)11 (50)——My skin was still sensitive during that time.

8 (36.4)14 (63.6)——I wouldn’t want to put on and take off the patch every weekend.

3 (13.6)19 (86.4)——I wouldn’t want to wear the patch for 9 months.

9 (42.9)12 (57.1)——I would feel uncomfortable if people noticed the patch and ask me questions or
wanted to talk about it.

18 (94.7)1 (5.3)——I was being asked to participate in too many studies.

9 (45.0)11 (55.0)——It would have added to my daily responsibilities.

14 (70)6 (30.0)——It would have been a reminder of my cancer treatment.

14 (71.4)6 (28.6)——I would not be able to see my data from the patch.

Study 2 (n=14)d

——2 (20)8 (80)The technology of the patch sounds interesting.

——0 (0)10 (100)Wearing the patch would have reminded me to do my swallowing exercises.

——0 (0)10 (100)I wanted to help with MD Anderson’s research.

3 (75)1 (25)——My skin was still sensitive during that time.

2 (50)2 (50)——I wouldn’t want to put on and take off the patch every weekend.

0 (0)4 (100)——I wouldn’t want to wear the patch for 9 months.

2 (50)2 (50)——I would feel uncomfortable if people noticed the patch and ask me questions or
wanted to talk about it.

4 (100)0 (0)——I was being asked to participate in too many studies.

1 (25)3 (75)——It would have added to my daily responsibilities.

3 (75)1 (25)——It would have been a reminder of my cancer treatment.

4 (100)0 (0)——I would not be able to see my data from the patch.

Study 3 (n=14)e

——0 (0)12 (100)The technology of the patch sounds interesting.

——0 (0)12 (100)Wearing the patch would have reminded me to do my swallowing exercises.

——0 (0)12 (100)I wanted to help with MD Anderson’s research.

2 (100)0 (0)——My skin was still sensitive during that time.

2 (100)0 (0)——I wouldn’t want to put on and take off the patch every weekend.

1 (50)1 (50)——I wouldn’t want to wear the patch for 9 months.

1 (50)1 (50)——I would feel uncomfortable if people noticed the patch and ask me questions or
wanted to talk about it.

2 (100)0 (0)——I was being asked to participate in too many studies.

0 (0)2 (100)——It would have added to my daily responsibilities.

2 (100)0 (0)——It would have been a reminder of my cancer treatment.

2 (100)0 (0)——I would not be able to see my data from the patch.

aParticipants were asked the following question “Which of the following reasons would motivate you to wear the sensor every weekend for 9 months
after radiation?”
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bIn study 1, 155 (83.5%) participants indicated that they would wear the sensor, while 23 (16.5%) participants indicated that they would not wear it.
cNot applicable.
dIn study 2, 10 (71.4%) participants indicated that they would wear the sensor, while 4 (28.5%) participants indicated that they would not wear it.
eIn study 3, 12 (85.7%) participants indicated that they would wear the sensor, while 2 (14.3%) participants indicated that they would not wear it.

Others valued the additional information that the sensor would
provide:

I would be curious to know what is going on with my
body...

I would have liked to have known what was happening
to my throat...

It’s my neck! Why wouldn’t I want to know?

Among the 22 participants who indicated that they would have
been unwilling to wear the sensor, nearly 90% (24/28, 85.7%)
of all unwilling participants cited the lengthy duration of having
to wear the sensor and 57% (16/28) disliked the idea of having
to wear the sensor every weekend. The photograph of the
proposed sensor had large black letters embedded within the
sensor (Figure 1) to contain its wiring; over half of the unwilling

participants objected to the sensor being noticeable enough that
others would want to ask questions about its purpose. Just under
one-third of unwilling participants disliked the idea of being
reminded of their cancer treatment during the first year after
radiation (Table 3). Participants who were unwilling to wear
the sensor for 9 months did not have any significant
demographic or clinical differences compared to participants
who expressed willingness to wear the sensor. When asked
whether changing the sensor’s appearance to that of a Band-Aid
would impact willingness, 29% (4/14) of all study 1 participants
agreed that this would increase their willingness, whereas 71%
(10/14) stated that unobtrusive appearance would not affect
their willingness (mean 2.45, SD 0.87; Figure 3):

Cosmetics is the least of my worries when I am going
through treatment and fighting for my life.

Figure 3. Studies 1 to 3: design feature impact on willingness to use the sensor for 9 months. *Only the participants in study 2 (n=14) were asked this
question.

When asked about the sensor’s proposed function of delivering
individual risk for dysphagia, the majority of the sample (21/28,
75%) agreed that this feature would increase their willingness
(mean 1.5, SD 0.88; Figure 3). Notably, half of the free-text
comments indicated that had they been able to measure muscle
fibrosis earlier, they would have been more diligent about
performing their prescribed swallowing exercises. Some simply
wrote that they wanted the sensor to be available so that future
patients would understand that the risk of dysphagia was high:

I would like to see this in ACTION NOW

Study 2
Within a 1-week period, a convenience sample of 20 potentially
eligible survivors of oropharyngeal cancer who were
nonmetastatic and able to speak English were approached at
their surveillance visit for enrollment into the study. To test the

sensor’s performance in distinguishing between normal and
dysphagic swallowing patterns, survivors who had developed
severe dysphagia as a result of their radiation were oversampled
for study 2. Potentially eligible survivors were first identified
in the electronic medical record; approached during a
surveillance visit; and if consented, scheduled with the engineers
for the sensor testing session in a clinic exam room. Three
patients refused to participate, citing fatigue or disinterest; all
were White, 2 were male, and 1 was female, and their age ranged
from 63 to 74 years. Two of the patients were dysphagic and
the third was nondysphagic. All three had been diagnosed with
late-stage oropharynx cancer (data not shown). A total of 17
(85%) patients agreed, but 1 patient subsequently dropped out
due to receiving news of cancer recurrence (Figure 4). Another
2 participants experienced scheduling conflicts; informed
consent was obtained from the remaining 14 participants.
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Consistent with this cancer type’s demographic profile, the
average age of the sample was 61 years, with 12 male
participants and 2 female participants. Three participants were
Hispanic or Latino and 3 were of non-White race (Table 2).
Specific cancer diagnoses included cancer of the oropharynx

(9/14, 64%), larynx (3/14, 21%), and nasopharynx (1/14, 7%),
and unknown primary cancers (1/14, 7%). The average time
since completion of radiation treatment was 47.9 months, and
half of the sample had received a diagnosis of
radiation-associated dysphagia (Table 2).

Figure 4. Recruitment flowchart for study 2 (n=14).

After wearing the sensor, 10 of the 14 (71%) patients indicated
that they would have been willing to wear the sensor for 9
months of the first year post radiation. The most prevalent
reasons for willingness were wanting to help future patients
detect developing dysphagia and wanting to help MD Anderson
research (Table 3). Of the 4 (29%) patients who did not think
they would have been willing to wear the sensor, the most
popular reason for unwillingness was study burden, specifically,

that 9 months was too long of a testing period and the increased
responsibilities associated with the sensor. Using a 5-point
Likert response scale, patient ratings of discomfort (mean 1.21,
SD 0.42), embarrassment (mean 1.14, SD 0.36), and difficulty
in application and removal (mean 1.5, SD 0.52) were minimal
(Table 4). Therefore, these questions were not repeated in the
next phase of user testing.

Table 4. Study 2’s mean patient ratings for sensor discomfort, embarrassment, and difficulty of application (n=14), and study 3’s mean patient ratings
of helpfulness for haptic signaling (n=14).

RangeaPatient ratings,
mean (SD)

Study 2 (n=14)

1.0-5.01.21 (0.426)The sensor was uncomfortable to wear.

1.0-5.01.5 (0.519)The sensor would be difficult for me to use at home.

1.0-5.03.79 (0.893)I thought the experiment was fun.

1.0-5.01.14 (0.363)The testing session was embarrassing.

1.0-5.03.27 (1.51)I am good about doing my swallowing exercises every day.

1.0-5.04.46 (1.13)I believe it is important for me to do as many of my swallowing exercises as possible.

Study 3 (n=14)

0-2.01.85 (0.376)Would it help for the sensor itself to vibrate when you put it in the right spot on your throat?

0-2.02.00 (0.000)Do you think it would be helpful to have the sensor vibrate once you did your swallowing exercise correctly?

0-2.01.46 (0.877)Do you think that having the sensor process your swallowing data and give you feedback about the quality of
your swallowing would help?

aFor study 2, the scale ranged from 1 (strongly disagree) to 5 (strongly agree). For study 3, the scale ranged from 0 (no) to 2 (yes).
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Study 3
As with study 2, a convenience sample of 14 participants were
recruited within a 1-week period to assess user preferences to
the updated sensor prototype. As in the previous two studies,
the majority of patients were diagnosed with oropharyngeal
cancer (11/14, 79%). Unlike the previous two studies, 11 of the
14 (78.6%) were undergoing radiation at the time of testing;
the remaining 2 participants were 1-5 year survivors (data not
shown). The long-term dysphagic status was not yet known for
patients on active treatment. A total of 17 participants were
eligible and approached to participate in the sensor study. Two

patients refused, both being White and male: 1 patient was aged
76 years and had been diagnosed with late-stage oropharyngeal
cancer 2 years prior and the other was aged 23 years and was
in the third week of radiation for late-stage oropharynx cancer
(data not shown). A total of 15 (83%) patients agreed to
participate and gave informed consent. One participant
developed an acute illness episode the following day and was,
therefore, unable to complete the sensor test, leaving 14
participants who completed user testing (Figure 5). Study 3’s
sample was primarily male (12/14, 86%) and non-Hispanic
White (12/14, 86%) with an average age of 62 years (Table 2).

Figure 5. Recruitment flowchart for study 3 (n=14).

As with the previous studies, the majority of patients (12/14,
86%) indicated willingness to wear the sensor for 9 months
during the first year post radiation. Wanting to help future
patients detect developing dysphagia and wanting to help MD
Anderson research were the most prevalent reasons for
willingness to wear the sensor (Table 3). As in study 2, the most
oft-cited reasons for unwillingness were that of study burden
(lengthy testing period and increase in daily responsibilities;
Table 3). Patients’ opinions regarding the helpfulness of haptic
feedback were obtained for 13 of the 14 participants. All 13
participants thought it would be helpful for the sensor to vibrate
when placed in the correct spot on the neck (mean 1.85, SD
0.38) as well as when swallowing exercises were performed
correctly (mean 2.0, SD 0.00; Table 4). A total of 11 (85%)
participants felt it would be helpful for the sensor to give haptic
feedback of swallow quality during at-home testing (mean 1.5,
SD 0.88; Table 4).

Discussion

Principal Findings
To our knowledge, this is the first study to assess evaluations
from patients with head and neck cancer of a wearable throat
sensor in clinical settings with separate cohorts at varying time
points along their treatment trajectory. Across all studies, the
overall willingness to wear the sensor for 9 months during the
first year after radiation was high and the perceived need was
rated highly. However, study 1’s results should be interpreted
with caution since the participation rate was 59%, with
non-Hispanic and higher income/education patients more likely
to complete the questionnaire. While study 2 and 3 used
convenience samples for user testing, accrual rates were high

(88%), even for those undergoing active treatment at the time
of approach.

Direct comparison of our results with other works is not possible
since the vast majority of published data regarding wearable
devices equipped with mechanical, optical, biochemical,
electrical, or acoustic sensors are pilot studies conducted with
graduate students in a laboratory under highly controlled
conditions [60-64]. While it did not test actual user engagement
over repeated time points, it did gather patients’ opinions about
the likelihood that they would wear the sensor for a period of
several months. This question was asked in study 1 for patients
who were only exposed to a photo of the proposed sensor,
whereas patients and survivors in study 2 were asked this
question after wearing the actual sensor while swallowing
boluses of varying textures in a controlled setting. When
searching for comparable studies that address extended user
engagement with health technologies, the extant literature is
limited to nonsensor research with mobile websites or apps [65]
and to real-world studies of fitness tracker abandonment rates
in healthy adults; these studies tend to describe a steep decline
in user engagement over time. It is possible that our high rates
of expressed willingness to wear the sensor for 9 months is due
to the perceived usefulness of this device for this highly
specialized problem.

Since the majority of participants (137/166, 83%) expressed
willingness to wear the sensor for 9 months, data from those
participants who were unwilling provided valuable insight into
the potential barriers to its long-term use. Across all three
studies, nearly 86% (24/28) of the unwilling participants
perceived the 9-month testing period as too long. The
second-most prevalent reason, that the sensor’s appearance
would provoke unwanted attention, was endorsed by 56%
(15/27) of the unwilling participants. The third-most frequent
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reason was an unwanted increase in daily responsibilities (16/26,
62%). This was also borne out by spontaneous comments in
study 3, when nearly all 14 patients communicated a preference
for a more streamlined one-step application process, rather than
the separate applications for the strain sensor and surface EMG
electrodes. On the other hand, several of the unwilling
participants were much more willing to wear the sensor for 9
months if the sensor could provide individual dysphagic risk
feedback and were made more unobtrusive in appearance
(Figure 3). These findings are consistent with other mHealth
reports citing multiple aspects of participant burden [48] and
social implications of the technology’s appearance [66] as being
relevant constructs to user engagement.

Bidirectional Communication
Our data confirmed two other persuasive design principles: the
desire for bidirectional communication (dialog support) with a
team of clinical experts (system credibility). In all three studies,
a large proportion of patients endorsed the rationale for the
sensor (study 1: 115/138, 83.5%; study 2: 10/14, 71.4%; study
3: 12/14, 85.7%; ie, that sensor data be processed and sent back
with contextual explanations of their risk of dysphagia
development). Furthermore, of the three proposed persuasive
design features, feedback about dysphagia risk had the greatest
impact in increasing willingness among all participants (Table
4). These findings point to the importance of fostering a sense
of connectedness and reassurance between the user and the
technology so that patients’association between their own health
behaviors and subsequent health outcomes can be continually
reinforced [42]. Future plans for implementation include data
visualization of near-time individualized risk for dysphagia in
the form of an app that can be linked with the throat sensor.
When asked about direct haptic communication with the sensor
itself, patients in study 3 rated haptics as helpful, especially
when unsure about correct placement on the throat and whether
preventive exercises were being done correctly (Table 4). One
patient commented that he was never really sure if he was
performing the exercises correctly at home and was “just
winging it.”

Sensor and Adherence to Exercises
The majority of participants (97/119, 82%) agreed that the
sensor would serve as a reminder for them to do their speech
pathology swallowing exercises. While the main goal of the

sensor is to provide earlier detection of radiation-associated
dysphagia, reminding patients to complete their swallowing
exercises at home to counteract the development of dysphagia
could be an additional benefit to this developing technology.
Since personalized risk information is generally not sufficient
in itself to increase exercise adherence per se [67], further
user-centered testing would be needed to assess preferred modes
of sensor feedback (eg, within an app or coupled with virtual
coaching) [68].

Limitations
Our study was conducted solely with survivors and patients
attending clinical visits at MD Anderson, which generally
requires high-quality insurance for access. Generalizability of
our results are further limited by examining the demographic
patterns among respondents versus nonrespondents in study 1.
A total of 38% (21/55) of the eligible survivors did not complete
the questionnaire despite repeated contact by the study team;
nonresponders were significantly more likely to be Hispanic
(P=.003), without a bachelor’s degree (P=.02), and of lower
annual household income compared to respondents (P=.007).
This is consistent with Rising et al’s [69] recent analysis of
National Cancer Institute’s 2018 Health Information National
Trends (HINTS) population survey data showing that nonusers
of personal mHealth technologies were more likely to be older
than 65 years and have lower incomes. Given the challenge of
sustaining patient engagement in mHealth technology, future
research should target these patients who fit within the above
demographic profiles. Finally, the sample sizes for study 2’s
and 3’s on-patient testing were constrained by the need to
complete all testing within 1-week periods, as the sensors were
applied/tested by visiting engineers and not MD Anderson
research staff. It is conceivable that larger sample sizes might
have produced a wider variation in response to the sensor’s
features and perceived usefulness.

Conclusion
Large proportions of non-Hispanic well-educated patients with
high-quality insurance and above-average incomes were
receptive to the idea of wearing a personalized risk sensor for
an extended period during the first year after radiation. User
ratings of discomfort and difficulty were minimal; however, a
significant minority of patients expressed concern with various
aspects of the sensor’s burden and its appearance.
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Abstract

Background: Medication nonadherence negatively impacts the health outcomes of people with cancer as well as health care
costs. Digital technologies present opportunities to address this health issue. However, there is limited evidence on how to develop
digital interventions that meet the needs of people with cancer, are perceived as useful, and are potentially effective in improving
medication adherence.

Objective: The objective of this study was to co-design, develop, and preliminarily evaluate an innovative mobile health solution
called Safety and Adherence to Medication and Self-Care Advice in Oncology (SAMSON) to improve medication adherence
among people with cancer.

Methods: Using the 4 cycles and 6 processes of design science research methodology, we co-designed and developed a medication
adherence solution for people with cancer. First, we conducted a literature review on medication adherence in cancer and a
systematic review of current interventions to address this issue. Behavioral science research was used to conceptualize the design
features of SAMSON. Second, we conducted 2 design phases: prototype design and final feature design. Last, we conducted a
mixed methods study on patients with hematological cancer over 6 weeks to evaluate the mobile solution.
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Results: The developed mobile solution, consisting of a mobile app, a web portal, and a cloud-based database, includes 5
modules: medication reminder and acknowledgment, symptom assessment and management, reinforcement, patient profile, and
reporting. The quantitative study (n=30) showed that SAMSON was easy to use (21/27, 78%). The app was engaging (18/27,
67%), informative, increased user interactions, and well organized (19/27, 70%). Most of the participants (21/27, 78%) commented
that SAMSON’s activities could help to improve their adherence to cancer treatments, and more than half of them (17/27, 63%)
would recommend the app to their peers. The qualitative study (n=25) revealed that SAMSON was perceived as helpful in terms
of reminding, supporting, and informing patients. Possible barriers to using SAMSON include the app glitches and users’ technical
inexperience. Further needs to refine the solution were also identified. Technical improvements and design enhancements will
be incorporated into the subsequent iteration.

Conclusions: This study demonstrates the successful application of behavioral science research and design science research
methodology to design and develop a mobile solution for patients with cancer to be more adherent. The study also highlights the
importance of applying rigorous methodologies in developing effective and patient-centered digital intervention solutions.

(JMIR Cancer 2024;10:e46979)   doi:10.2196/46979

KEYWORDS

cancer; behavioral science; design science research; digital; medication adherence; mobile solution; Safety and Adherence to
Medication and Self-Care Advice in Oncology; SAMSON; mobile phone

Introduction

Background
Optimal adherence to medication is increasingly one of the top
priorities in oncology care [1-3]. Medication adherence (MA)
is “the extent to which patients take their medication as
recommended by their health care provider” [4]. Despite this
importance, the MA rate is very low: only 14% for some cancer
regimens [3,5,6]. Poor MA negatively impacts the health
outcomes of the patient [3,7-9] and increases pressure on health
services and health care fiscal restraints [9,10].

MA is a complex and multifaceted phenomenon that can be
influenced by 5 interacting dimensions: socioeconomic and
health system factors as well as condition-, therapy-, and
patient-related factors [11]. Patient-related factors are the most
important [12] because adherence interventions may potentially
make the most impact on these factors without necessarily
having systemic solutions [11]. Multicomponent interventions
that involve collective adherence strategies and are tailored to
patients are likely more effective than single-strategy
interventions in addressing these factors and improving
adherence to oral anticancer medicines [13]. Technology can
help to deliver multicomponent interventions more effectively
and efficiently [13-15] without requiring too many extra
resources, which are already scarce, from the health system
[16].

With the rapidly evolving nature and increased uptake of
information and communications technologies in the last 20
years [14,17], mobile phone–based interventions have been
widely used to address the problem of medication nonadherence,
specifically in cancer [18,19]. Literature reviews showed the
potential of using technologies such as mobile solutions in
promoting MA by providing patients rapid, continuous, and
easy access to educational resources and symptom or side effect
self-management strategies as well as facilitating direct
patient-provider communication [11,15,17]. However, there is
very limited evidence on how to develop mobile solutions that

meet the needs of people with cancer, are perceived as useful,
and are potentially effective in improving MA [1,13,19,20].

Research Context
In our previous research, we developed REMIND, which is a
mobile health system to increase adherence to oral medication
in people with chronic myeloid leukemia (CML) [21]. It
comprises daily SMS text messages to provide drug reminders
and symptom self-care advice, as well as nurse telephone
consultations to promote adherence [21]. The development of
REMIND was guided by the framework for the development
of complex interventions [22]. To understand patients’
experiences of CML and identify their possible facilitators and
barriers to adherence, a prior qualitative study was conducted
[23]. To increase the acceptability of the intervention,
stakeholders (eg, consumers and oncology professionals), were
involved in reviewing iterative REMIND revisions and resource
manuals [21]. The intervention content and delivery mechanisms
were based on theories and available evidence [21].

Findings from the REMIND pilot study [21] showed that most
patients reported episodes of nonadherence during the study
period. Some reasons for their nonadherence were intentional
[24], such as to reduce dose-dependent side effects. Some
patients reported unintentional nonadherence [25] due to
forgetfulness and miscommunication with health care providers
[23]. Health care professionals (HCPs) had challenges in
accurately assessing patients’ adherence status and identifying
causes of nonadherence [23]. Users found REMIND generally
acceptable to use and appreciated its benefits in establishing
medication routines, resolution of symptom uncertainty,
increased awareness of self-care, and informed decision-making
[21].

REMIND had limitations. First, using a design framework
specifically for digital interventions is crucial; yet, this was
missing in the REMIND system’s development. Second,
although stakeholder involvement was reported in the
intervention’s development process, a genuine co-design
process, defined as “meaningful end-user engagement in
research design and includes instances of engagement that occur

JMIR Cancer 2024 | vol. 10 | e46979 | p.76https://cancer.jmir.org/2024/1/e46979
(page number not for citation purposes)

Dang et alJMIR CANCER

XSL•FO
RenderX

http://dx.doi.org/10.2196/46979
http://www.w3.org/Style/XSL
http://www.renderx.com/


across all stages of the research process and range in intensity
from relatively passive to highly active and involved” [26], was
not adopted. Third and last, patients reported some functional
errors and expressed their need for an advanced iteration with
improved functionality and presentation as well as a more
user-friendly application [21].

Given the importance of the medication nonadherence problem
that has not been well addressed and the gap in literature on
how to develop acceptable, useful, and potentially effective
digital interventions to solve the problem, as well as the need
to resolve the identified limitations of REMIND, we combined
design science research methodology (DSRM) and co-design
to develop its new version, named Safety and Adherence to
Medication and Self-Care Advice in Oncology (SAMSON)
mobile health solution.

DSRM Cycles and Stages
Over the last couple of decades, design science research (DSR)
[27] has been one of the main paradigms characterizing most
information system research that aims to design and implement
innovative technologies [28,29] through 3 design cycles: rigor,
design, and relevance [30]. In 2007, Peffers et al [31] presented
6 process stages of the DSRM: problem identification and
motivation, definition of the objective of the solution, design
and development, demonstration, evaluation, and

communication. Later, Drechsler and Hevner [32] extended the
original DSRM with a fourth cycle (change and impact) to
capture the dynamic nature of information system artifact design
for volatile environments. Furthermore, the DSRM has been
used in different health care contexts [29,33,34], demonstrating
its importance in developing patient-centered digital health
solutions. We adapted these 4-cycle and 6-process DSRM
models to direct the steps required for the design and
development of the SAMSON mobile health solution
(hereinafter SAMSON) to improve MA in cancer. We present
SAMSON and describe in detail the process of applying DSRM
to design and develop it to answer the research question “How
can DSRM be applied to enhance the initial mobile health
system to provide a better user experience to improve MA to
oral anticancer agents in adults with cancer?” Our study aimed
to co-design, develop, and preliminarily evaluate SAMSON.

Methods

Overview
In this section, we explain how the 4 cycles and 6 processes of
DSRM were adapted to design and develop SAMSON. Figure
1 presents the 4 DSRM cycles used to design and develop
SAMSON. Table 1 illustrates how the 6-process DSRM models
were applied in this study.

Figure 1. The adapted 4-cycle design science research methodology of the Safety and Adherence to Medication and Self-Care Advice in Oncology
(SAMSON) mobile health solution. DSR: design science research; KB: knowledge base.

JMIR Cancer 2024 | vol. 10 | e46979 | p.77https://cancer.jmir.org/2024/1/e46979
(page number not for citation purposes)

Dang et alJMIR CANCER

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Adapted 6-process design science research methodology (DSRM) applied to design and develop the Safety and Adherence to Medication and
Self-Care Advice in Oncology (SAMSON) mobile health solution.

ApproachesInteraction of DSRM cycles and stagesDSRM stages

Cycle 1: change and impact impacts on stage 1Stage 1: problem identification and
motivation

• Review literature on MAa problems in cancer
• Review literature on current MA interventions

and their effect
• Identify problems in the current design
• Define a set of requirements in the new design

Cycle 1: change and impact and cycle 2: relevance
impact on stage 2

Stage 2: definition of the objective of
the solution

• Review literature on BSRb

• Adapt BSR principles in design

Cycle 2: relevance, cycle 3: design, and cycle 4: rigor
impact on stage 3

Stage 3: design and development • Conceptualize design requirements and features

Cycle 4: rigor impact on stage 4Stage 4: demonstration • Test the design and acquire feedback from the
design’s users

Cycle 4: rigor impact on stage 5

Stage 5 impact on cycle 3: design and cycle 4: rigor

Stage 5: evaluation • Evaluate the acceptability, usability, and potential
effect of the intervention

Stage 6 impact on cycle 3: designStage 6: communication • Report and publish the evaluation results

aMA: medication adherence.
bBSR: behavioral science research.

DSRM Cycles
The change and impact cycle [32] ensures that SAMSON
(internal environment) would fit for purpose in the context of
the Australian health care system, cancer care, digital health,
and patient environments (external environment). The internal
environment here includes the designed mobile solution and
the users (patients and oncology clinicians). This was defined
through the process of problem identification and motivation
(DSRM stage 1).

The relevance cycle links the key identified requirements of the
users, including the users’ needs from REMIND’s pilot test,
and the problems that they are facing in their environments.
This was done through a range of discussions with SAMSON’s
stakeholders and was demonstrated in DSRM stage 2 (definition
of the objective of the solution) and impacted to stage 3 (design
and development).

The co-design cycle (phase 1 and 2) consists of smaller cycles
or phases (interacting iterative processes), including constructing
the artifact, evaluating it, and using evaluation feedback to
further refine it until a satisfactory design is achieved [27]. This
cycle is the center of the research project because it is directed

by the relevance cycle and the rigor cycle [33]. However, this
is not a 1-way process because the results of the co-design cycle
will then become a part of the relevance cycle. This cycle was
performed in DSRM stage 3.

The rigor cycle links design science activities and grounded
knowledge bases, such as the scientific theories, experience,
and expertise that inform the DSRM project [33]. The scientific
theories applied in this study include the health belief model
(HBM) [35], self-determination theory (SDT) [36], and
behavioral learning perspective (BLP) [11]. The impact of these
knowledge bases on the SAMSON was demonstrated in DSRM
stages 3 (design and development), 4 (demonstration), and 5
(evaluation). In parallel, the design and use of the SAMSON
provide new knowledge (eg, the effect of this solution in terms
of promoting adherence among people with cancer) to the
external environment (Australian health care and cancer care
context) in which the mobile solution is embedded. This process
was rigorously validated in stage 5.

DSRM Processes
The SAMSON design comprises two phases: (1) prototype
design and development and (2) final feature design and
development (Figure 2).
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Figure 2. Design and development phases of the Safety and Adherence to Medication and Self-Care Advice in Oncology (SAMSON) mobile solution.

Phase 1: Prototype Design and Development
The first phase (prototype design and development) started by
defining a specific research problem (stage 1). The research
problem focuses on MA problems in cancer, barriers to MA,
and current MA interventions and their effects. To establish
problem awareness, a literature review on MA in cancer and a
systematic review of current MA interventions in cancer were
conducted by THD and the research team (ARMF, NW, PPJ,
and PS) to define MA barriers and facilitators as well as the
characteristics of effective MA interventions [13]. Besides,
feedback from HCPs and patients regarding REMIND was
examined thoroughly by THD and PS to define necessary
changes in the next iteration (SAMSON). Guided by the problem
awareness, behavioral science research (BSR) was used by THD
and PS to conceptualize preliminary design requirements (stage
2). Subsequently, the design requirements were translated into
design features for the SAMSON prototype (SAMSON version
1), with ARMF leveraging the available features of the
REMIND system in consultation with HD and the research team
(stage 3). A test was then conducted on a convenient community
sample to investigate whether the prototype works, examine its
features, and propose more design requirements that may be
helpful for patients (stages 4 and 5). Purposive and snowball
sampling [37] were used to recruit participants to test SAMSON
version 1. The convenient community sample included project
team members, HCPs, and people in the community.

Phase 2: Final Feature Design and Development
Feedback from the testing of SAMSON version 1 initiated the
second phase (final feature design and development; stage 3).
In this phase, the problems detected in phase 1 were fixed. On
the basis of feedback from participants in the SAMSON version
1 testing, THD and the research team returned to the literature
and consulted the BSR to address the participants’ suggestions

and develop the final designed features in SAMSON version 2.
A preliminary evaluation of SAMSON version 2 was conducted
among people with cancer (stages 4 and 5). Details of the
preliminary evaluation study (hereinafter SAMSON evaluation)
are presented in the following subsections. The results of the
design and development of the SAMSON will be presented in
publications (stage 6).

SAMSON Evaluation Methods

Study Design and Setting
This is a study with an explanatory sequential mixed methods
design: a quantitative survey was conducted first, followed by
qualitative interviews [38]. The quantitative study was
conducted using a purpose-built questionnaire. The qualitative
component consisted of in-depth interviews with a subset of
patient participants. The mixed methods study design was
applied to use the qualitative interviews to explore and make
sense of the quantitative findings [38].

Participants
Purposive sampling [39] was used to select outpatient patients
from the hematology department at Peter MacCallum Cancer
Centre in Melbourne, Victoria, Australia. To be eligible,
participants were required to be adults (aged ≥18 years); have
an established diagnosis of chronic lymphocytic leukemia, CML,
essential thrombocythemia, malignant neoplasm, myelofibrosis,
myeloproliferative neoplasms, or polycythemia rubra vera; be
taking or commencing an oral anticancer medication; and have
smartphone and internet access. Before participating in the
study, the study staff helped participants to install the SAMSON
app on their mobile phone and briefed them on how to use it.
They also received the SAMSON app user manual with detailed
information, including app introduction, features, how to install
and navigate, and common issues and how to solve them.
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Intervention
The SAMSON has two elements: (1) a smartphone-based app
to remotely prompt MA, monitor the patient’s side effects, and
provide self-care advice; and (2) a web-based application to
program the patient’s daily drug reminders and side effect
surveys, and provide relevant drug information. In this
evaluation study, patients were asked to trial the SAMSON
smartphone app (the first element). The SAMSON web page
(the second element) was used to populate daily drug reminders,
weekly side effect surveys, and relevant patient information.
Data collected on patients’ self-reported MA and side effects
were uploaded and archived on the SAMSON web page.

Measures
Patients used the SAMSON app for at least 6 weeks.
Subsequently, they were asked to complete the questionnaire
via a Qualtrics (Qualtrics International Inc) link [40] that they
received in an email from a researcher. The purpose-built
questionnaire was adapted from the Evaluation Tool for Mobile
and Web-Based eHealth Interventions (Enlight) [41]. The items
in the questionnaire were language adapted for respondents
without a background in IT and health. Next, face validity
testing [42] was applied to achieve a consensus on the adapted
Enlight questions. Finally, usability testing following the
think-aloud protocol [43] was conducted on 2 consumers to
finalize the questionnaire for use.

The questionnaire assesses the quality of the SAMSON app on
6 main constructs or dimensions: usability, visual design, user
engagement, content, therapeutic persuasiveness, and general
evaluation. Each dimension had between 3 and 6 items, for a
total of 25 items. The stem of the item was presented as a
statement (eg, “Overall, I found the mobile app was easy to
use”), and the response scale was a 5-point Likert scale
(1=strongly disagree, 2=disagree, 3=neither, 4=agree, and
5=strongly agree; Multimedia Appendix 1).

Qualitative Interview
All interviews were conducted either face-to-face or via
web-based videoconference platform (Zoom; Zoom Video
Communications, Inc) by THD, using a semistructured interview
guide [39] (Multimedia Appendix 2). Each interview lasted
between 45 and 90 minutes and was audio recorded.

Data Analysis

Quantitative Data

Descriptive statistics were used to analyze the quantitative data.
SPSS (version 28.0; IBM Corp) [44] was used.

Qualitative Data

Each interview was transcribed verbatim [39]. NVivo 12
qualitative data management software (Lumivero) [45,46] was
used. Qualitative data were analyzed thematically using a
comparative, iterative, and predominantly inductive process,
informed by grounded theory [47,48]. Thematic analysis has
been used widely in information system research for different
purposes, such as to understand phenomena related to
information systems [49] or to evaluate the effectiveness of IT
artifacts [50]. A qualitative interrating process was also

conducted [51]. First, THD completed coding all interview
records. Next, CO reviewed all interviews as well as THD’s
codes and agreed or disagreed with each code and also suggested
additional codes. Subsequently, both researchers discussed the
codes until they reached agreement. Codes were then collated
into subcategories (labels for comparable code groups),
categories (labels for comparable subcategory groups), and
themes (labels for comparable category groups). THD led
category and thematic development, which was followed by a
review of the categories and themes by CO. All disagreements
were also discussed, and adjustments were made until consensus
was reached. Both authors reviewed the data to ensure that the
themes worked in relation to the entire data set and to generate
a thematic map of the analysis. The researchers’ interrating
process helped to strengthen the credibility and trustworthiness
of this study [52,53].

Ethical Considerations
The SAMSON evaluation was approved by the human research
ethics committees of Peter MacCallum Cancer Centre
(HREC/74134/PMCC) and Swinburne University of Technology
(20215811-8152). Written consent was obtained from all
participants. Throughout the comprehensive consent process,
participants were informed that their participation in this
research was voluntary and that they were free to withdraw at
any stage if they wished to do so. In addition, they were
informed that their data would be deidentified for analysis and
publication. Participants did not receive any compensation from
the research team.

Results

The results are presented in the sequence of DSRM stages as
shown in Figure 2: review literature, review and adapt BSR,
co-design and test SAMSON version 1 (design cycle 1), develop
SAMSON version 2, and SAMSON evaluation (design cycle
2).

Review Literature
The literature review of most recent research on MA in cancer
showed that the problem of medication nonadherence in cancer
is still persistent [5,15]. The results of the systematic review of
intervention solutions to enhance adherence to oral anticancer
medicines in adults [13] were in line with those of earlier
reviews of the same topic [54,55]: multidimensional
interventions that use collective strategies (educational,
reminder, cognitive, behavioral, and affective) to promote
adherence were potentially more effective than single-strategy
interventions. This could be explained because MA is a complex
and multifaceted phenomenon determined by 5
dimensions—socioeconomic and health system factors as well
as condition-, therapy-, and patient-related factors—that require
different strategies to address [11,13]. The review also suggested
that a combination of cognitive and behavioral theories may
better explain the diverse barriers and facilitators to MA and
provide stronger direction to formulate interventions [13].

Review and Adapt BSR
Guided by the problem awareness from the literature review
and REMIND studies, we conducted a review of BSR to select
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cognitive and behavioral theories that can potentially address
MA barriers and promote MA facilitators via the SAMSON.
The HBM [35], SDT [36], and BLP [11] were chosen to govern
the design requirements of the SAMSON mobile solution [56].
According to the HBM, people will take health actions (eg,
adherence) if they have 4 basic conditional beliefs or perceptions
regarding the disease, the effect of the disease on people’s lives,
the action to respond to the disease, and the conviction that the
benefit of action will outweigh the barriers [57]. According to
the SDT, motivation (intrinsic and extrinsic) is crucial to

successful behavior change [36]. The behavioral theory
emphasizes the role of positive and negative reinforcements in
controlling people’s behaviors that are immediately relevant to
adherence [11].

Co-Design and Test SAMSON Version 1
Using knowledge gained from the literature and core theories,
as well as users’ feedback on REMIND’s limitations,
preliminary design requirements were conceptualized. The
outcome of such conceptualization is presented in Figure 3.

Figure 3. Conceptualization of Safety and Adherence to Medication and Self-Care Advice in Oncology (SAMSON) design requirements using
wireframes.

During the SAMSON design stage, we focused on the following
target behaviors: knowledge, reinforcement, intentions, emotion,
social influences, beliefs about capabilities, behavioral
regulation, memory, and attention. These behaviors were
originated from key barriers to MA, considered most feasible
to influence, and expected to contribute most to the improvement
of adherence. On the basis of behavioral analysis of these
behaviors, potential behavior change techniques (BCTs) from
the HBM, SDT, and BLP as well as intervention functions were

selected for the SAMSON app; for example, the prompts or
cues to action technique from the HBM [58] was applied for
the medication reminder feature. Problem-solving and
self-monitoring techniques from the HBM and SDT [36] were
applied for the symptoms assessment and management module
of the app. The feedback on behavior technique from the BLP
[11] was applied for the reinforcements module. Textbox 1
shows the conceptual model picturing this process using BSR,
including the selection of final BCTs and the app’s features.
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Textbox 1. Conceptualizing Safety and Adherence to Medication and Self-Care Advice in Oncology (SAMSON) design requirements and features
using behavioral science research.

Requirements and features

1. Medication adherence barriers

• Drugs’ side effects

• Lack of medication knowledge

• Lack of motivation

• Lack of health care professional (HCP) support to manage side effects

• Poor patient-HCP communication

• Lack of self-efficacy

• Forgetfulness

2. What needs to change

• Knowledge

• Reinforcement

• Intentions

• Emotion

• Social influences

• Beliefs about capabilities

• Behavioral regulation

• Memory and attention

3. Behavior change techniques from the theories

• Information about side effects and medicines

• Feedback on behavior

• Social support

• Problem-solving

• Self-monitoring behavior

• Prompts

• Habit formation

4. App features

• Side effects section

• Medication information section

• HCPs’ contacts

• HCP connections

• Side effects self-management section

• Drug reminders

• Reinforcements

The aforementioned step is followed by a translation into design
features for prototype implementation. The features were
designed to provide a solution within 1 IT artifact, which is
called the SAMSON mobile solution, including a mobile app,
a web portal, and a cloud-based database for storing

patient-specific information. The mobile app is available for
patients to use, while the web portal is available for both patients
and their care team. The SAMSON included 5 different modules
with some key requirements (Textbox 2).
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Textbox 2. The 5 different modules of the Safety and Adherence to Medication and Self-Care Advice in Oncology (SAMSON).

Medication reminder and acknowledgment

• The app should support and display multiple medications and send a reminder per medication. The reminder can address the medication adherence
(MA) barrier of forgetfulness. Patients need to tap each reminder for an acknowledgment.

Symptom assessment and self-care management

• A list of available side effects and symptoms and self-care management in the mobile app is displayed for the medication that the patient is taking.
Patients should be able to complete a symptom assessment survey through the app that will be distributed to patients using app reminders. They
should be able to view information on how to manage their symptoms (if minor) and when they need to contact health care professionals (HCPs).
This provides patients with medication knowledge as well as support in side effects self-management, both of which are important enablers of
MA.

Reinforcement

• The app sends a positive reinforcement to the patient at a specific time each week based on the MA profile for that week. Positive reinforcement
can help motivate patients’ adherence.

Patient profile

• Patients can use the app to view their profile information, such as their basic personal and clinical information, emergency contact and care team
contact details, and medication information (both general and important). This information can address the MA barriers of lacking or
misunderstanding medication information and poor patient-HCP communication.

Reporting

• Analytical reports of patients’ adherence status and their symptoms are available on the web portal for HCPs and patients in real-time. HCPs
should be able to use these data in monitoring patients and providing them in-time and tailored support to manage side effects as well as to
overcome MA barriers.

Test SAMSON Version 1
SAMSON version 1 was tested by 21 participants from a
convenient community sample, which included project team
members, HCPs, and people in the community. We sought
participants’ feedback on issues regarding the expected features
and functionalities of the prototype and its visual design.
Overall, participants reported some functional errors, such as
misdelivered medication reminders and data entry failures in
some fields both in the smartphone app and on the web page.
They also asked for new visual design requirements to meet
users’ needs (details are presented in Multimedia Appendix 3).

Develop SAMSON Version 2

Overview
In phase 2, consumers’ feedback from design cycle 1 was
reviewed by the project team. We grouped them based on the

artifact’s functions and priority in terms of improvement
(Multimedia Appendix 3). The main improvements in SAMSON
version 2 are described in terms of priority in the following
subsections.

Priority 1: Fix Functional Errors
All functional errors were fixed in this stage, including
misdelivered medication reminders, app log-in–related issues,
slow responsiveness to load app content, editing errors of
medication schedules on the website, and functional errors
related to data saving and data sorting on the website.

Priority 2: Enhance Existing Features and Functions
Textbox 3 presents feature and function enhancements in
SAMSON version 2 in comparison to version 1.

JMIR Cancer 2024 | vol. 10 | e46979 | p.83https://cancer.jmir.org/2024/1/e46979
(page number not for citation purposes)

Dang et alJMIR CANCER

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Textbox 3. Enhanced features and functions in Safety and Adherence to Medication and Self-Care Advice in Oncology (SAMSON) version 2 in
comparison to version 1.

Version 1

1. The medication reminders had no expiry time

2. Medications did not have color attributes

3. Patients could not view their data on the website

4. Patients could not export side effects surveys from the website to their data folder

Version 2

1. Setting up an expiry time (6 hours) for the reminders

2. Adding color attributes for medications on the website

3. Enabling patients to log in to the website to view their own adherence performance, symptom reports, and completed side effects surveys

4. Enabling patients to export the side effects surveys from the website to Excel (Microsoft Corp) spreadsheets

Priority 3: Create New Functions
The need expressed by consumers for new functions was
discussed by the project team and conceptualized to guide the
development of new selected design features in the new iteration
of SAMSON. The literature, BSR theories, and BCTs were
revisited when necessary to address new suggested requirements.
Some selected new functions of SAMSON version 2 in
comparison to version 1 are described in Multimedia Appendix
4.

SAMSON Evaluation

Overview
In the SAMSON evaluation, 30 (81%) of the 37 patients who
were approached agreed to participate in the study and used
SAMSON. None of them withdrew from the study. After 6

weeks, of the 30 participants, 27 (90%) completed the
questionnaire, and 25 (83%) participated in the interview
(Multimedia Appendix 5). Data retrieved from the SAMSON
web page showed that 100% (1890/1890) of the drug reminders
were sent on time, and all participants responded to the
reminders and viewed the reinforcement messages. Most of the
participants (23/30, 77%) reported side effects during the study
period.

Participant demographics are described in Table 2. The mean
age of the patient participants was 57.6 (SD 12.5) years. Most
of the participants (20/27, 74%) were male individuals. The
average time that participants had received treatments before
the start of the study was 7.2 (SD 6.7) years. Approximately
two-thirds of the participants (17/27, 63%) lived in the
metropolitan areas of Melbourne. The proportions of participants
using iPhones and Android mobile phones were equal.
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Table 2. Participant demographics and clinical characteristics.

ValuesCharacteristics

57.6 (12.5)Age (years), mean (SD)

Sex (n=27), n (%)

20 (74)Male

7 (26)Female

Country of birth (n=27), n (%)

14 (52)Australia

1 (4)Croatia

3 (11)India

1 (4)New Zealand

1 (4)Pakistan

2 (7)United Kingdom

5 (19)Not provided or missing

English as first language (n=27), n (%)

25 (93)Yes

2 (7)Not provided or missing

Education (highest level completed; n=27), n (%)

1 (4)No formal schooling or incomplete schooling

9 (33)Primary school

3 (11)Secondary or high school

6 (22)Vocational

7 (26)University

1 (4)Postgraduate diploma or master’s degree or PhD

Employment status (n=27), n (%)

8 (30)Working full-time

5 (19)Working part-time

2 (7)Casual

2 (7)Sick leave (permanent)

1 (4)Unemployed

9 (33)Retired

Residence (n=27), n (%)

17 (63)Metropolitan

10 (37)Rural

7.2 (6.7)Time since diagnosis (years), mean (SD)

Diagnosis (n=30), n (%)

15 (50)Chronic lymphocytic leukemia

12 (40)Chronic myeloid leukemia

1 (3)Essential thrombocythemia

1 (3)Myeloproliferative neoplasms

1 (3)Polycythemia rubra vera

Mobile phone operating system (n=30), n (%)

15 (50)Android

15 (50)iOS
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Quantitative Survey
Participants’ responses to the Enlight questionnaire are presented
in Multimedia Appendix 6. Enlight aims to examine individual
quality constructs or dimensions, which means it is a suite of
scales rather than 1 quality measure; therefore, we did not
present the overall scale of the questionnaire.

Usability assesses the ease of learning how to use an app and
the ease of using it properly. Overall, of the 27 participants, 21
(78%) rated the app as easy to use; only 1 (4%) participant rated
it as difficult.

Visual design assesses the look and feel of an app. Participants
mentioned that the app is attractive (14/27, 52%); well organized
(19/27, 70%); and has appropriate font size, buttons, and menus
(23/27, 85%). Some of them expressed a need for the app to be
redesigned to increase its appeal (3/27, 11%) and encourage
engagement (5/27, 19%).

User engagement assesses the extent to which an app’s design
attracts people to use it. In general, participants were interested
in using the app (18/27, 67%) because it was presented in an
interesting way (19/27, 70%), different features were used to
increase users’ interactions (19/27, 70%), automated features
to respond to the survey were easy to use (21/27, 78%), and the
app’s features were personalized to users (23/27, 85%).
However, of the 27 participants, 2 (7%) were not interested in
using the app at all.

In terms of the content, more than two-thirds of the participants
(19/27, 70%) were satisfied with the amount of information and
the way it was presented in the app. Nevertheless, 7% (2/27) of
the patients thought that information about the app’s purpose
was missing. Patients also reported that information about drugs

and side effects was presented with gaps, overexplanation, or
irrelevance (5/27, 19%).

Therapeutic persuasiveness assesses the extent to which an app
is designed to encourage a patient’s MA. High proportions of
participants agreed that the app provided activities to improve
their adherence (21/27, 78%) and appropriate ongoing feedback
(19/27, 70%). However, approximately one-fifth of the
participants (6/27, 22%) did not think that completing activities
on the app would help them to be more adherent to treatments.
Patients thought that the app did not fully disclose information
on how it can help them to be more adherent (7/27, 26%) and
what they need to do for this (8/27, 30%).

Overall, 18 (67%) of the 27 participants thought that the app
was valuable in assisting MA via improving their confidence
in complying to treatments (11/27, 41%) and motivating them
to do so (15/27, 56%). More than half of the participants (17/27,
63%) would recommend the SAMSON app to other people with
cancer.

Qualitative Interview

Overview

Three common themes were generated from the interview data:
(1) SAMSON is a generally helpful app that can remind,
support, and inform; (2) possible barriers encompass app glitches
and users’ technical inexperience; and (3) users desire
customization, health care connections, and content refinement
of SAMSON (Figure 4). A full presentation of themes,
categories, and subcategories is presented in Multimedia
Appendix 7. Further clarification of the themes is provided in
the following subsections.
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Figure 4. Qualitative interviews: themes, categories, and subcategories mapping. SAMSON: Safety and Adherence to Medication and Self-Care Advice
in Oncology.

SAMSON Is a Generally Helpful App That Can Remind,
Support, and Inform

Participants valued the SAMSON app’s features (eg, medication
reminders and side effects information) because they are reliable,
both in terms of content and functioning. As patients had to take
>1 drug, different drug schedules and a busy life made it easy
to forget taking pills on time. However, with the use of
SAMSON, patients were reminded to take their medication on
time:

[U]sually the reminder comes very close to the time...I
do like that. [P6]

[T]he medication reminder is very prompt, and I have
been, you know, taking my medication regularly,
absolutely, I never missed out. [P11]

Although patients had access to different sources of information
about the drug and its side effects, they found it easy to obtain
the appropriate information that they needed in SAMSON:

[W]hen you go into the individual drugs and you’ve
got the side effects, information is much easier to
access from the app than it is if you go online. Or if
you go into the drug information sheet, which is just,
you know, overwhelming, it’s difficult. Particularly
for somebody without a medical or paramedical
background. But I thought the content was really well
done. So you know I could find what I needed to
know...it was a very good summary. [P13]

A participant and their carer trusted the app’s information
because it was based on reputable research:

[O]n the Samson app, you can go through and
actually know you can trust what’s in there...you guys
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and [Swinburne University of Technology] have done
the research. [P1 and carer]

Patients could also benefit from information about drugs and
side effects in the app. It supported them in managing unpleasant
symptoms as consequences of cancer treatments that can be
discouraging:

The side effects part of the screen was helpful to me
in in a simple fashion...support for people that are
trying to manage their side effects. I thought it was
good...excellent. [P14]

SAMSON could also encourage MA maintenance via
reinforcement messages:

I liked the way it encouraged. You know, I was like,
you know, try better this week, you know, do better.
[P1]

It is encouraging the patient to always use the app
and to take the medicine on time. [P12]

Overall, most of the participants thought that SAMSON is a
helpful digital solution to promote MA:

It does its job, so it’s good...It’s a very neat app in
this in the sense there’s no extra stuff. It’s just exactly
just what it needs to do. That’s all, so yeah, it’s pretty
good. [P7]

However, some of the participants mentioned that they did not
need the app to comply with the treatment because they either
had a well-established drug-taking routine for many years or
had another medication reminder strategy:

I’ve got a container with my medications in, as soon
as I get them, I write the dates on there, I know
exactly, I don’t need my phone, I don’t need an app,
I don’t need anything to remind me, I know, it’s a
routine that I’ve done for too long...I’ve been on it
over 14 years, so for me it’s a daily thing. [P24]

Nonetheless, these participants still praised the app as helpful
for other patients, especially for those who are new to the
treatment and like to use technology:

I can see when someone’s first-time treatment it’d be
very very useful. [P9]

A newer person coming into their treatment, or a
younger person that’s a bit more tech savvy, would
probably prefer to use technology as a reminder. And
you know that would be very handy. [P10]

Possible Barriers Encompass App Glitches and Users’
Technical Inexperience

Despite the benefits that SAMSON can bring to patients, it has
some functional errors and drawbacks. These could annoy
patients and make the app less effective:

I’ve got an Android [mobile phone] and I had to
refresh the page many, many, many times. [P14]

The notification does come up, but it sits in the
background on your phone, so it comes up separate
from the app, as a notification. But it just sort of sits
in the background. [P30]

Besides, as in the case of other advanced technologies, the use
of SAMSON could be challenging for some people, especially
older adults and people who are not technology savvy. A
participant reflected on how others might view the app:

I think an app like that for my father who’s in his 80s,
I couldn’t see it being used, he’d see it as a nuisance.
[P9]

Users’ Desires Related to SAMSON Include Content and
Feature Refinement, Customization, and Connections to
Carers and HCPs

Patients expressed their desire for refinements in the new version
of SAMSON to make it more appealing and capable of serving
diverse needs of different users:

Maybe you can increase the size or to magnify for
people. [P31]

[P]ossibly people might find something that gives
them their compliance, or you know a color changes,
[signifying] you're on track, no you’re not. That may
help them. [P7]

New features were also suggested to improve SAMSON’s
effectiveness for both patients and their clinicians in disease
management:

It might be handy on the app somewhere for the
person using it to be able to make a note and say, put
dates in “I’ve been in hospital” or “I’ve had broken,
been in a car accident” or “I’ve got some bruising
as a result of a fall” or something. [P10]

You probably need to have areas where people can
actually add things to it, other than just keep going
click click click and then get nothing at the end...it
doesn’t really help...a section where you can add
additions to it, even say a basic of when there’s a
section on gastro and vomiting...did it affect you for
a percentage...and then you may be able to assist from
that side. [P24]

App modifications were also advised to improve patients’
proactiveness in treatment management:

It makes you feel more like you’re in control and that
you can I think you’re more likely to use an app if
you can customize it to meet your own needs. And,
whereas you know if I wanted to change it, and then
I had to get in touch with someone to do that. Yeah,
it’s just a bit disempowering. [P27]

Furthermore, patients emphasized new features to assist carer
engagement with the app, which would support their MA, and
communication with their HCPs when needing additional
support:

Some patients, they don’t have this ability to manage
their own medications, even when they have the app,
and they need carer or family member to be also
involved in the app. [P12]

There were times in the past that I might’ve had a
side effect, or something had happened, and
sometimes it was very hard to contact the nurse that’s
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linked in with my hematologist. So to have something
like that [2-way SMS feature] on the app would be
good because you could get almost feedback a lot
quicker. [P10]

Discussion

Overview
This research study co-designs, develops, and evaluates an
innovative mobile health solution to improve MA in cancer.
Preliminary results demonstrate the successful application of
BSR and DSRM to enhance the initial mobile health system
and provide a better user experience. The study contributes to
theory and practice in many ways.

Theoretical Contributions
Our study contributes to DSRM theory in 4 different ways. First,
we expanded the scope of DSRM by applying it to the design
and development of a mobile health solution for MA. Given
the current challenges in public health and clinical fields, the
potential of using DSRM to improve the effectiveness and
efficiencies of health care innovations is enormous [33]. DSRM
has been used to design new artifacts in different health care
application areas [29,34] (eg, medical devices), but none of
them target MA in cancer [13,33]. Hence, this study sheds new
light on how DSRM can be applied in this area.

Second, we addressed the knowledge gap on how BSR and
DSRM can be integrated to develop engaging and effective
behavior change digital health solutions. There is a strong view
that design science and behavioral science are 2 distinct research
paradigms [27]. Design science is related to the creation of new
artifacts, while behavioral science studies behavior in relation
to IT use [59]. While behavioral science could be seen as a
reactive and retrospective process to explain what already exists,
design science is more proactive in its way in terms of creating
technological solutions for the future [59]. Nevertheless, these
2 seemingly divergent research paradigms have some
similarities. They both emphasize the importance of
understanding the health problem before designing a solution
and aim to ensure that the designed solutions can effectively
engage users [60]. Engagement with mobile health interventions
is a precondition for their effectiveness [61]. Behavior change
theory and BCTs can assist macroengagement with the behavior
changes the mobile health intervention aims to support (eg,
MA) [62], while design science approaches, such as
user-centered design, is more likely to facilitate
microengagement with the mobile health interface (eg, logging
in to the app) [60,63]. Therefore, integrating best practices from
BSR and DSRM can bring more mutual benefits to design
engaging behavior change interventions [60]. Research also
showed that digital interventions developed using behavior
change theory and BCTs are more likely to be effective than
those without [60,62]. However, little is known about how these
2 approaches can be blended throughout the design process of
artifacts to ensure that microengagement and macroengagement
needs will be met [60]. Here, our study provided more
understanding about how this integration can be done.

Third, an explanatory sequential mixed methods design [38]
was applied in the evaluation stage of the SAMSON’s DSRM.
This type of design is helpful for us to know why the user rated
the solution’s quality as low or high for each criterion and gain
further understanding on how we can improve the SAMSON
in its next version. Because of the assumption that technical
knowledge is needed to complete the questionnaire, we adapted
Enlight for a lay audience. Unlike some other assessment tools,
Enlight includes some quality constructs associated with
intervention outcomes, such as persuasive design, behavior
change, or therapeutic alliance [41], which is specifically
necessary for a mobile solution, such as SAMSON, to change
patients’ behavior toward medical treatments. This tool has
been validated for assessing eHealth interventions regardless
of delivery mediums and clinical aims [41]. In our study, it was
language adapted but requires further validation for a community
sample. Measures for evaluating the quality of a designed
artifact are often difficult to define and are controversial [33].
Therefore, applying a mixed methods design with an
appropriate, reliable, and valid assessment tool in the evaluation
of digital interventions (eg, in the case of SAMSON) could be
one of the effective ways to address this challenge.

Fourth, we effectively involved stakeholders, including real
users, early and throughout the co-design and evaluation
processes. We formed a project steering committee that included
experts in allied health, app development, computer sciences,
digital health, oncology, and psychology, as well as consumer
representatives. They were involved very early in the co-design
process to guide the review of behavior change literature and
the selection of targeted change in nonadherence behavior. The
committee was also involved in reviewing problem identification
and design motivation, adapting BSR principles, and
conceptualizing design requirements for SAMSON. After
development, SAMSON was thoroughly tested by reasonable
numbers of users (21 consumers tested version 1, and 30 patients
tested version 2). Their feedback in the testing was then used
to construct new requirements or refine the next version of
SAMSON. By recognizing users as experts of their own
experience, the proper co-design process can address pitfalls in
the design and development of mobile health solutions that
might limit adoption and effective use in practice [64-66] by
facilitating necessary collaborations of diverse stakeholders
[67,68] and leveraging expert insights and best practices [69,70].

Our study also contributes to the literature of interventions to
promote MA in cancer. Systematic reviews of MA interventions
in adults with cancer showed that there was limited use or poorly
reported use of theory [71] and frameworks [20] in the design
and development of digital interventions [13]. A high number
of MA digital interventions have been proposed, but many of
them have low user acceptance [72], and their effectiveness in
clinical oncology practice is poorly supported [17,20]. Perhaps
poor design is 1 reason for these issues [33]. To the best of our
knowledge, SAMSON is one of the very first mobile health
solutions to improve MA in cancer that applied rigorous DSRM
in the design and development process. The use of DSRM
provided various improvements in identifying and addressing
requirements as well as evaluating this digital solution.
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SAMSON was perceived as acceptable, usable, and useful by
end users.

Implications for Practice and Future Research
Broadly, our study’s findings have implications for behavioral
science and design science researchers, MA intervention
developers, and oncology care providers. These findings provide
additional evidence on the use of DSRM in health innovations.
They can be used to develop principles for guiding DSRM
adaptation and BSR integration in the design and development
of mobile health solutions in general as well as those targeting
MA. The findings of this work provide insights for oncology
care providers to use, while encouraging the use of digital
solutions to promote MA and drive health care outcomes.
Technologies can enhance measures to improve MA, such as
patient education as well as side effect monitoring and reporting,
and facilitate effective communication between patients and
their care team.

Our respondents indicated their acceptance of the mobile
solution and valued its usability and usefulness in supporting
their adherence to medication. They also reported some
functional errors and the need for some further improvements
in the design and features of SAMSON. We will use these
findings to refine SAMSON and evaluate its acceptability,
usability, and effectiveness in a future randomized controlled
trial. On the basis of the feedback of participants, in the trial’s

protocol, we will include assessments to help identify those
who would benefit from the SAMSON.

Limitations
This study has limitations. Participants enrolled in the SAMSON
preliminary evaluation are from the Peter MacCallum Cancer
Centre hematology department, and most of them used only 1
oral anticancer regimen. As Peter MacCallum Cancer Centre is
one of the leading oncology hospitals in Australia, in the
interview, patients acknowledged that the care service that they
received was of high quality. Many were provided medication
education before starting treatments and at ongoing follow-up
appointments. As a result, their perceptions of MA solutions
may not represent those of patients who use multiple anticancer
medicines and receive care from low-resource oncology settings.
Future research can extend the evaluation of SAMSON to
patients with other types of cancer at different levels of oncology
care institutions.

Conclusions
By following the systematic DSRM approach, a patient-centered
mobile health solution was developed to meet the needs and
preferences of people with cancer and thus highly likely to be
used by end users. This extensive report of the intervention
development process provides transparent guidance on how to
develop patient-centered digital mobile health solutions that
will have a high likelihood of uptake.
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Abstract

Background: Telehealth has emerged as a popular channel for providing outpatient services in many countries. However, the
majority of telehealth systems focus on operational functions and offer only a sectional patient journey at most. Experiences with
incorporating longitudinal real-world medical record data into telehealth are valuable but have not been widely shared. The
feasibility and usability of such a telehealth platform, with comprehensive, real-world data via a live feed, for cancer patient care
are yet to be studied.
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Objective: The primary purpose of this study is to understand the feasibility and usability of cancer patient care using a telehealth
platform with longitudinal, real-world data via a live feed as a supplement to hospital electronic medical record systems specifically
from physician’s perspective.

Methods: A telehealth platform was constructed and launched for both physicians and patients. Real-world data were collected
and curated using a comprehensive data model. Physician activities on the platform were recorded as system logs and analyzed.
In February 2023, a survey was conducted among the platform’s registered physicians to assess the specific areas of patient care
and to quantify their before and after experiences, including the number of patients managed, time spent, dropout rate, visit rate,
and follow-up data. Descriptive and inferential statistical analyses were performed on the data sets.

Results: Over a period of 15 months, 16,035 unique users (13,888 patients, 1539 friends and family members, and 174 physician
groups with 608 individuals) registered on the platform. More than 382,000 messages including text, reminders, and pictures
were generated by physicians when communicating with patients. The survey was completed by 78 group leaders (45% of the
174 physician groups). Of the participants, 84% (65.6/78; SD 8.7) reported a positive experience, with efficient communication,
remote supervision, quicker response to questions, adverse event prevention, more complete follow-up data, patient risk reduction,
cross-organization collaboration, and a reduction in in-person visits. The majority of the participants (59/78, 76% to 76/78, 97.4%)
estimated improvements in time spent, number of patients managed, the drop-off rate, and access to medical history, with the
average ranging from 57% to 105%. When compared with prior platforms, responses from physicians indicated better experiences
in terms of time spent, the drop-off rate, and medical history, while the number of patients managed did not significantly change.

Conclusions: This study suggests that a telehealth platform, equipped with comprehensive, real-world data via a live feed, is
feasible and effective for cancer patient care. It enhances inpatient management by improving time efficiencies, reducing drop-off
rates, and providing easy access to medical history. Moreover, it fosters a positive experience in physician-patient interactions.

(JMIR Cancer 2024;10:e45331)   doi:10.2196/45331

KEYWORDS

telehealth; real-world data; patient engagement; lung carcinoma; patient-reported outcomes

Introduction

According to the GLOBOCAN 2020 report, the cancer mortality
rate is higher in China than that in developed countries [1]. Lung
cancer remains the most common and deadliest type of cancer,
with an estimated 0.82 million new cases and 0.72 million deaths
in 2020 in China [1]. In contrast to the rapidly declining
mortality rate for lung cancer in high-income countries between
2000 and 2012 [2], the trend in the lung cancer mortality rate
was stable in China from 2000 to 2016 [3]. Despite favorable
survival outcome data for Chinese patients in international
randomized clinical trials, these data do not reflect the real-world
situation for the general population. The less-than-optimal
progress in cancer control, especially in terms of the mortality
rate, may be attributed to health care disparities between
different regions, particularly urban and rural areas [4,5].
Clinical trial data from inadequately represented cancer patient
populations could be complemented with real-world evidence
to better inform health care practice and policy decisions [6].

The rapid development and adoption of new treatment regimens
have made posttreatment care a critical factor in extending the
cancer survival rate and improving patients’ quality of life [7].
Concurrently, telehealth has quickly become a major care
delivery mechanism in recent years, a trend accelerated by the
COVID-19 pandemic. One ongoing effort to sustain and scale
digital health involves enabling data sharing and integration
across different health systems [8]. Consequently, most
telehealth systems today rely on point-in-time medical records
that do not contain historical records nor data from other
institutes. To overcome this data barrier, the platform
implemented in this study has the capability to acquire medical
records directly from patients.

Though there are perceivable benefits to having comprehensive
medical records for telehealth, enabling comprehensive and
longitudinal data for each patient involves tremendous effort.
Such data are also critical for deriving conclusive real-world
evidence [9]. Data acquisition must be inclusive, especially of
vital signs related to the patient’s daily health status throughout
the entire treatment period, in addition to diagnosis and
treatment information [10]. Although this is currently achievable
with the adoption of wearables and mobile devices, there are
still tremendous challenges in longitudinally compiling patients’
journeys as there are no unified nationwide platforms that can
consolidate all relevant data from all health care institutions in
China [11,12]. The ever-increasing mobility of patients across
the country has exacerbated the issue of data segmentation.
Presumably, due to the recent improvement in annual income
per household and the deployment of interstate health care
systems, many patients opt for top-tier hospitals regardless of
the travel distance from their home. It is quite common for one
patient to receive treatment from different hospitals at various
stages, while the hospital systems remain disconnected. The
lack of longitudinal data from such fragmented health services
may also contribute to subpar care and survival outcomes
[13,14].

The distinct feature of telehealth, in which this study is
interested, is its use as an adjunct to traditional physical visits
and face-to-face consultations, particularly for posttreatment
care and continuity of care from a physician’s perspective. Much
of the research on telehealth usage has been focused on patients
as the user population. Williams and Shang [15] examined
telehealth use among a low-income, minority population in the
United States and found the use of telehealth varies based on
race, employment status, identified gender, education level, and
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age. Acoba et al [16] studied racial disparities in cancer patients
during telehealth visits and confirmed that satisfaction with the
visit is different between races. Turner et al [17] evaluated the
experiences of health care providers and professionals during
the COVID-19 pandemic and concluded the need for
implementation strategies and necessary policies. Specifically
for cancer patients, teledermatology has emerged as a popular
mechanism [18]. In a cross-sectional study, Lama et al [19]
found that more than one-half of cancer survivors use the
internet or telehealth to access providers.

One of the specific aspects being assessed is follow-up, a unique
challenge for cancer care in China, primarily due to the
substantial patient-to-physician ratio [20]. Follow-ups using
patient-reported outcomes (PROs) can improve the overall
survival rate due to early relapse detection and better
performance status at relapse. A study published in 2017 found
that patients who reported their symptoms via an online tool
survived 7 months longer than those who received usual care
through regular screenings [21]. A previous meta-analysis of
21 studies also demonstrated that the reporting of PROs,
including quality of life and disease symptoms, were
significantly associated with tumor response to anticancer
therapies such as chemotherapy, targeted therapy, and
radiotherapy [22].

The platform used in this study, named WeDoc, is cloud-based
and currently focuses on lung cancer. It consists of a mobile
app for physicians, a WeChat mini-program for patients, and a
cloud-based data and analytical component serving as the back
end. The platform contains comprehensive, longitudinal medical
records sourced from all relevant hospitals and supplemented
with third-party test results, PROs, follow-up data, and more.
The underlying data model is highly customizable to individual
physicians’ needs and contains curated fields commonly used
for cancer clinical research.

Methods

Overview
A cloud-based telehealth platform was built and launched for
licensed oncologists and their patients. Patient medical records
were collected and curated into a proprietary lung cancer data
model. Physician and patient activities are recorded on the
platform. A survey containing qualitative and quantitative
questions was conducted 20 months after launch. Descriptive
statistics and regression analysis were conducted on the survey
data.

Analysis was conducted on 2 sets of data: activities recorded
on the platform and results from a usage survey. Both sets of
data were gathered from the perspective of physicians, as the

goal in the first stage of this platform is to function as an
assistant for physicians.

Platform Implementation and Recording of User
Activity
The back end of the platform features a data processing pipeline;
data and process management interfaces; and cloud repositories
for raw, curated, and research data. Original data are
deidentified, masking all personal details. These data are then
abstracted and reviewed by trained personnel, and the abstracted
data are consolidated, checked for quality, and committed to
the real-world data repository.

Patients are invited to the platform by their oncologists and can
form a user group with family members or friends. Oncologists
can invite physicians and caregivers to create a treatment group,
facilitating remote collaboration and simplifying hospital
transfers. Patient reminders, assessments, and symptom feedback
are gathered, and any potential adverse events are escalated to
the primary oncologist.

The system’s data model incorporates the schema of electronic
medical records, patient outcome reports, and periodic
progression assessments by physicians, with a primary focus
on lung cancer data. Data abstraction and data quality assurance
involve both manual processes and regularly executed
algorithms.

Survey Design and Questionnaire
The platform records the number of registered users and their
activities. In March 2023, about 20 months after launch, an
online usage survey was carried out using a WeChat survey
mini-program. The program was pushed to all registered users
as a study advertisement. The survey consisted of both
qualitative and quantitative questions. Instead of individual
physicians, each treatment group leader was asked to compile
the group’s experience and provide responses. This approach
was taken because the group leader dictates the use of the
platform, and each group member may only utilize a subset of
its functions.

The survey questions were designed to evaluate physicians’
patient care experiences using the platform. This includes basic
functions and follow-up, their estimation of promptness in
answering patient questions, patient risk reduction,
cross-organization collaboration, and handling out-of-town
patients. Quantitative questions asked for the number of both
outpatients and inpatients managed, reduction in the number of
physical visits, patient drop-off rates, and time spent collecting
medical history during each visit. All identifiable information
about participants was removed, and each individual was
assigned a unique participant ID. 
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Table 1. Survey question categories, descriptions, and answer options.

Answer optionsQuestion category and description

Patient care functions

Single-choice selection of binary options (agree or disagree) for each
statement as a checkbox selection

A1: (Efficient communication) The platform serves as a communication
channel for physicians to provide online notification of important matters.

Single-choice selection of binary options (agree or disagree) for each
statement as a checkbox selection

A2: (Remote supervision) The platform enables physicians to provide
continuous supervision and remote interaction.

Single-choice selection of binary options (agree or disagree) for each
statement as a checkbox selection

A3: (Medical history retrieval) The platform offers patients’ medical his-
tory and communication records for physicians to review.

Single-choice selection of binary options (agree or disagree) for each
statement as a checkbox selection

A4: (Patient administrative processes) The platform helps hospital appoint-
ment scheduling for both outpatient and inpatient procedures.

Single-choice selection of binary options (agree or disagree) for each
statement as a checkbox selection

A5: (Response to patient question on time) The platform enables physicians
to promptly answer patients’ questions without in-person visits.

Single-choice selection of binary options (agree or disagree) for each
statement as a checkbox selection

A6: (Adverse event prevention) The platform enables physicians to timely
capture potential adverse reactions from patient feedback.

Follow-up

Single-choice selection of binary options (agree or disagree) for each
statement as a checkbox selection

B1: (Treatment status availability) Before: It was hard to acquire patient
status. After: Patient status is easy to gather from the platform.

Single-choice selection of binary options (agree or disagree) for each
statement as a checkbox selection

B2: (Survival status availability) Before: It was hard to acquire survival
status. After: Survival status is provided on the platform.

Single-choice selection of binary options (agree or disagree) for each
statement as a checkbox selection

B3: (Data comprehensiveness) Before: Records were incomplete. After:
Multidimensional, comprehensive data are available on the platform.

Single-choice selection of binary options (agree or disagree) for each
statement as a checkbox selection

B4: No differences between before and after using the platform.

Response promptness

Single-choice selection of 3 options (yes, no, or unknown) for each
question as a radio button selection

C: With the platform, are you able to respond to patient inquiries quicker
than before?

Patient risk reduction

Single-choice selection of 3 options (yes, no, or unknown) for each
question as a radio button selection

D: After using the platform, do you feel that your patients have a lower
risk of adverse reactions?

Cross-organization collaboration

Single-choice selection of 3 options (yes, no, or unknown) for each
question as a radio button selection

E: Have you established collaborations across different departments, hos-
pitals, or even regions through the platform?

Management of remote patients

Single-choice selection of 3 options (yes, no, or unknown) for each
question as a radio button selection

F: Is managing out-of-town patients more convenient for you by using the
platform?

More patients managed per unit time

Single-choice selection of 5 quantitative ranges: 10%-20%, 20%-50%,
50%-100%, >100%, 0%

G: With the platform, how many more patients can you manage within
the same amount of time?

In-person visits saved

Single-choice selection of 5 quantitative ranges: 1-3, 4-6, 7-10, >11,
0

H: After using the platform, what is your estimation of the average number
of in-person visits reduced per patient per year?

Prior telehealth experience

Single-choice selection of yes or noI: Before using WeDoc, did you use any other telehealth platforms for
patient management?

Patient management specifics

How many minutes per day do you spend managing patients?

Quantitative values entered by participantsJ1: Before

Quantitative values entered by participantsJ2: After

What is the total number of patients you manage?
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Answer optionsQuestion category and description

Quantitative values entered by participantsK1: Before

Quantitative values entered by participantsK2: After

Outpatient management

How many outpatient visits in total do your lung cancer patients have per month?

Quantitative values entered by participantsL1: Before

Quantitative values entered by participantsL2: After

What percentage of your lung cancer patients are likely to miss their outpatient visits each month?

Quantitative values entered by participantsM1: Before

Quantitative values entered by participantsM2: After

Inpatient management

How many lung cancer patients do you see for inpatient treatment per month?

Quantitative values entered by participantsN1: Before

Quantitative values entered by participantsN2: After

What percentage of your inpatients discontinue their treatment each month?

Quantitative values entered by participantsO1: Before

Quantitative values entered by participantsO2 – After

Medical history collection

How many minutes do you spend collecting the medical history in each patient visit?

Quantitative values entered by participantsP1: Before

Quantitative values entered by participantsP2: After

Statistical Analysis
Descriptive statistics and regression analysis were conducted
using the Python program. For descriptive analysis, we
calculated the means, medians, standard deviations, and ranges.
For quantitative questions regarding usage before and after, we
used the Shapiro-Wilk test to assess the normal distribution of
the data. Subsequently, we used the Wilcoxon rank sum test to
evaluate the significance of the data sets. We used G*Power
[23] to analyze the difference between 2 dependent means
(matched pairs), setting the alpha at .05, beta at .2, and dz at
0.5. Assuming a medium-level difference between the before
and after groups, a sample size of 27 was considered sufficient
for the tests.

Ethical Considerations
This study was reviewed and approved by Yinchuan Ningfei
Internet Hospital (approval number HLWYJ-2022-016).
Participants were not compensated for their participation.

Results

Activities Recorded on the Platform
Over a period of 15 months, 608 physicians from 153 hospitals
registered on the platform. The hospitals were from 21 of the
34 total provinces in China. Of the physicians, 92.8% (142/153)
were from hospitals rated as Grade III, Level A, which is the
highest rating according to the latest statistics [24] (Table 2).
From a departmental perspective, 46.3% (125/270) of the
physicians were from the oncology department, 41.9% (113/270)
were from the department of respiratory and critical care
medicine, and 11.9% (32/270) were from other departments.
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Table 2. Physician and patient profiles registered in the system, including the numbers of hospitals, departments, physicians, treatment groups, and
patients.

ResultsCharacteristics

Hospitals (n=153), n (%)

142 (92.8)Grade III, Level A

11 (7.2)Others

Departments (n=270), n (%)

125 (46.3)Oncology

113 (41.9)Respiratory and critical care medicine

32 (11.9)Others

Physicians (n=608), n (%)

174 (28.6)Treatment group leader

211Treatment groups, n

15,427Patients and family members, n 

Patients (n=13,888), n (%)

7826 (56.3)Nonresident patients

One of the platform’s features for physicians is creating
treatment groups by including other physicians. Among the 608
physicians, 174 have one or more groups. There are a total of
211 groups, with most physicians managing between 1 and 3
groups. A patient may be part of multiple groups, depending
on the group’s purpose and treatment stage. For instance, a
patient undergoing inpatient chemotherapy might initially be
in a group with a radiologist in the hospital but later transferred
to a follow-up group consisting only of the lead oncologist and
the follow-up assistant. Table 2 describes the profiles of
physicians and treatment groups.

In addition to physicians and caregivers, there are 15,427
patients and family members on the platform. Within that user
group, 9.98% (1539/15,427) are family members or friends.

Table 3 demonstrates the message types and quantities of
physician-patient communication from the system activity logs.
More than 382,000 messages including text messages,
reminders, and pictures were recorded during the study period.
Text was the most commonly used message type. Pictures and
voice messages were used significantly less often than text
messages. Reminders, patient education materials, team
messages, and scaled assessments were usually initiated by
physicians for different purposes.

Table 3. Activity log of the message types and quantities between physician-patient communication.

Message count, nTypical usageMessage type

222,012Chats between patients and physiciansText

66,985Appointments and preparation items for appointmentsReminder

32,548Pictures in chat with patientsPicture

27,538General patient education through formats such as articles, videos, and URLsPatient education

19,779Messages between physicians within the same groupTeam message

8005Patient self-assessment of various aspectsScaled assessment

5884Voice messages for patientsVoice

Survey Questionnaire Responses

Participant Characteristics
A total of 78 group leaders participated in the survey,
representing 44.8% (78/174) of the treatment groups. All the

groups were associated with Group III, Level A hospitals.
Participant characteristics including city locations, gender
distribution, departments, age groups, and prior experience with
telehealth platforms are summarized in Table 4.
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Table 4. Profiles of participants in the survey questionnaire (N=78).

Results, n (%)Characteristics

City location

33 (42)Beijing, Shanghai, or Guangzhou

45 (58)Others

Gender

36 (46)Female

42 (54)Male

Departments 

46 (59)Oncology

26 (33)Respiratory

6 (8)Others

Age group (years)

4 (5)20-30

15 (19)30-40

33 (42)40-50

24 (31)50-60

2 (3)>60

Prior telehealth usage

25 (32)No

53 (68)Yes

Qualitative Question Results
For questions A1 to F, which included the topics of
communication efficiency, remote supervision, question
response times, adverse event prevention, follow-up data
completeness, patient risk reduction, cross-organization
collaboration, and remote patient management, participants
provided qualitative answers to each question. The results are
shown in Table 5. A positive answer indicates agreement with
the statement or yes to the question. A negative answer indicates

disagreement with the statement or no to the question. Most of
the questions received positive answers except for the topic of
cross-organization collaboration, which had nearly neutral
feedback: 54% positive versus 46% negative. The questions of
treatment status availability (B1), survival status availability
(B2), and data comprehensiveness (B3) contain both before and
after statements. A negative answer may indicate that the
participant only disagrees with part of the statement. Therefore,
the final results of these questions indicated less favorable
evaluations of the WeDoc tool.
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Table 5. Results of the qualitative survey questions (N=78).

Survey results, n (%)Question description

A1: Efficient communication

76 (97)Positive

2 (3)Negative

A2: Remote supervision

73 (94)Positive

5 (6)Negative

A3: Medical history retrieval

69 (89)Positive

9 (12)Negative

A4: Patient administrative processes

58 (74)Positive

20 (26)Negative

A5: Respond to patient questions on time

69 (89)Positive

9 (12)Negative

A6: Adverse event prevention

67 (86)Positive

11 (14)Negative

B1: Treatment status availability

68 (87)Positive

10 (13)Negative

B2: Survival status availability

58 (74)Positive

20 (26)Negative

B3: Data comprehensiveness

68 (87)Positive

10 (13)Negative

B4: No difference

8 (10)Positive

70 (90)Negative

C: Response promptness

70 (90)Positive

8 (10)Negative

D: Patient risk reduction

70 (90)Positive

8 (10)Negative

E: Cross-organization collaboration

42 (54)Positive

36 (46)Negative

F: Management of remote patients

78 (100)Positive

0Negative
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Survey results, n (%)Question description

I: Prior telehealth experience

53 (68)Positive

25 (32)Negative

G: Additional patients managed per unit time

6 (8)0%

20 (26)10%-20%

28 (36)20%-50%

7 (9)50%-100%

17 (22)>100%

H: In-person visits saved per year

6 (8)0

12 (15)1-3

30 (39)4-6

21 (27)7-10

9 (12)>11

On the question of the number of patients managed using the
tool, 36% (28/78) of the participants estimated that they were
able to see 20%-50% more patients with the same amount of
time spent. However, 6 of the participants estimated a 0%
increase. Similarly, on the question regarding the number of
in-person patient visits reduced, 39% (30/78) estimated 4 to 6
visits saved per year, and 6 respondents did not see a reduction.

Among the 78 participants, 53 (68%) had prior telehealth usage
experience, while it was the first time using a telehealth tool
for the rest of the group. We divided the participants into 2
groups, with and without telehealth usage experience, for some
of the additional analyses.

Quantitative Question Results
For questions J to P, participants were asked to provide
quantitative values for their experiences both before and after
using the tool. Table 6 summarizes the values for each question.
The “Unknown” category indicates null values in the survey,
and these responses were omitted in the analysis. The highest
number of unknown answers we received was for the question
about the number of patients managed before using the tool.
We used G*Power analysis for the remaining nonnull
before-and-after pairs to ensure that there was a sufficient
sample for analysis. With an assumption of medium differences
between the before and after groups, at least 27 samples had to
be present in the group.
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Table 6. Results for the quantitative survey questions (N=78).

Valid responsesUnknown re-
sponses, n
(%)

Question description

P value for the before-after comparisonaMean improve-
ment, %

Mean (SD)MedianMinimum-
maximum

<.001Time spent managing patients (minutes)

N/Ab50.5 (45.1)3010-18018 (23)J1: Before

8825.5 (22.7)203-12010 (13)J2: After

.01Number of patients managed

N/A105.7 (177.4)400-80020 (26)K1: Before

63324.3 (428.8)1001-160613 (17)K2: After

.66Monthly number of outpatient lung cancer patients

N/A221.8 (352.2)850-20008 (10)L1: Before

—c237.1 (369.6)800-20008 (10)L2: After

<.001Outpatient drop-off rate (%)

N/A26.8 (21.1)250-8011 (14)M1: Before

10513.1 (11.4)100-5011 (14)M2: After

.59Monthly number of lung cancer inpatients

N/A110.1 (93.5)600-3502 (3)N1: Before

—116.2 (94.8)700-3502 (3)N2: After

<.001Inpatient drop-off rate (%)

N/A14.9 (12.1)100-505 (6)O1: Before

629.2 (16.2)50-1005 (6)O2: After

<.001Time collecting medical history (minutes)

N/A14.0 (28.8)102-1805 (6)P1: Before

578.8 (19.2)31-1203 (4)P2: After

aAssessed using Wilcoxon tests.
bN/A: not applicable.
cNo improvement.

To better understand the differences between the before and
after results, we used the Shapiro algorithm to test whether the
values fell within a normal distribution. For normally distributed
data series, a t test can be used to compare the pairs. Otherwise,
the Wilcoxon test is a more suitable method. Since the P values
of the Shapiro test were all <.001, which is much lower than
the common hypothesis threshold of .05, we concluded that
none of the pairs were normally distributed. Therefore,
Wilcoxon tests were performed on the before-and-after pair
data (Table 6). The Wilcoxon results suggest that there were 2
questions that were not significantly different between before
and after the platform: the monthly number of outpatients
admitted and the monthly number of inpatients admitted. This
result is quite explainable, as the telehealth tool itself is not
aimed at recruiting new patients; therefore, the monthly numbers

of patients remained nearly the same. For the topics that had
significant changes, we calculated the improvements based on
the mean values collected in the survey, which are also shown
in Table 6.

Although the survey was not specifically designed to compare
the group with prior telehealth platform experience with the
group without prior experience, we discovered that 68% (53/78)
of the participants had used telehealth tools before. In order to
understand the experience by group, we carried out a Wilcoxon
test to compare the responses before and after (Table 7). The
numbers of monthly admitted outpatient and inpatient lung
cancer patients still did not change significantly. However, there
was also no significant change in the number of patients
managed, suggesting that physicians may not manage more
patients using WeDoc than with other telehealth platforms.
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Table 7. Results for the quantitative survey questions for those who had prior telehealth platform experience (n=53).

Valid responsesUnknown re-
sponses, n
(%)

Question description

P value for the before-after compari-

sona
Mean improve-
ment, %

Mean (SD)MedianMinimum-
maximum

<.001Time spent managing patients (minutes)

N/Ab50.7 (46.8)3010-1805 (9)J1: Before

7728.6 (25.2)203-1205 (9)J2: After

.06Number of patients managed

N/A125.8 (199.5)401-80011 (21)K1: Before

—c322.3 (403.4)1001-12006 (11)K2: After

.75Monthly number of outpatient lung cancer patients

N/A214.7 (388.9)600-20004 (8)L1: Before

—225.6 (407.9)600-20004 (8)L2: After

<.001Outpatient drop-off rate (%)

N/A28.2 (22.7)300-807 (13)M1: Before

10213.9 (12.1)100-507 (13)M2: After

.65Monthly number of lung cancer inpatients

N/A109.6 (100.0)600-3500N1: Before

—113.8 (98.4)600-3500N2: After

<.001Inpatient drop-off rate (%)

N/A14.7 (13.3)100-503 (6)O1: Before

1595.7 (4.1)50-123 (6)O2: After

<.001Time collecting medical history (minutes)

N/A15.3 (34.1)82-1803 (6)P1: Before

639.3 (22.8)31-1203 (6)P2: After

aAssessed using Wilcoxon tests.
bN/A: not applicable.
cNo improvement.

Discussion

Principal Findings

Specific Feedback About the Platform
Results from activity logs and survey responses demonstrate
the feasibility of cancer patient care using telehealth with a
live-transmitted real-world database. Specifically, 84% (65.6/78,
SD 8.7) of participants responded positively to questions A1
through F. The lowest scores were for patient administrative
processes and survival status. Patient administrative processes
in China are complex and not the primary focus of this platform,
while obtaining updated survival status during follow-up is
clearly an area for improvement. Another area that did not stand
out was cross-organization collaboration, presumably due to
the deployment of other specialized platforms such as
Multidisciplinary Team, which is popular in China. Of the
participants, 92% believed that they could manage more patients
with the same amount of time, and an equal number of

physicians agreed that the platform saves at least one or more
instances of in-person visits.

Our analysis of the before and after experiences of the same
population showed that 5 of the 7 categories were significantly
different after use of the platform, as determined using the
Wilcoxon signed rank test. The 2 categories that were not
significantly different were the monthly numbers of outpatient
and inpatient admissions. These 2 factors are unaffected by the
use of any patient management tool; thus, they are indeed
irrelevant to our telehealth platform.

Perceptions of Those With Prior Telehealth Usage
Given that 68% of the participants had prior experience with
telehealth platforms, analyzing this population alone yielded
similar results, except that the number of patients managed did
not meet our significance value assumption of .05. This implies
that, although managing more patients is a benefit of telehealth
platforms, it may not be unique to ours. The strengths of a
telehealth platform with real-world data are manifested in the
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categories of time efficiency, drop-off rates, and access to
patients’ medical histories.

Remote Patient Management
The adoption of remote patient management was evident in the
patient profiles, which showed that more than one-half of
patients, about 56.3%, were nonresidents; 941 patients had
transferred from one hospital to another, and almost 1500
patients had prior diagnoses or treatments from hospitals other
than their current hospital. Taking hospitals in Shanghai as an
example, the platform showed that about 35% of patients were
from cities other than Shanghai. Although more than one-half
of the patients were from adjacent provinces such as Jiangsu
and Zhejiang, some travel thousands of miles from places like
Heilongjiang, Sichuan, and Liaoning. Because of the unbalanced
health care situation in China, it is quite common for patients
to be diagnosed in one hospital and receive treatments at another.
Despite significant improvements over the past few decades,
the best oncologists and medical facilities are still heavily
concentrated in top cities.

Text as the Dominant Message Type
The activity log indicated that text was the most commonly
used message type to communicate with patients. The use of
pictures and voices messages was significantly lower than that
of text. Reminders were also quite popular, followed by
educational materials. The preliminary analysis did not reveal
significant differences in usage patterns among physicians, so
we did not present usage data by physician profile.

Security and Privacy
With the adoption of the Personal Information Protection Law
(PIPL) [25] in China on November 01, 2021, all systems
handling data from Chinese citizens must be compliant with
the law. This law is widely seen as China’s equivalent of the
EU General Data Protection Regulation (GDPR) [26]. The
system in question acts as both a data handler and data
processor. It controls the scope of data usage based on the level
of consent obtained from users, making user consent a
mandatory prerequisite for successful user registration. By
separating raw data and identifiers from curated, deidentified

data, the system ensures the proper implementation of data
protection policies.

From an operational perspective, privacy protection remains
one of the most significant challenges in building such a
platform. The challenge is less technical, as there are rich sets
of mechanisms available, such as data anonymization,
encryption, access control, and audit. The main challenge comes
from the perceptions and cooperation of patients. Ideally,
patients and their relatives should also have access to real-world
data, enabling them to participate in treatment decisions. Apart
from patient perceptions, potential malpractice concerns also
hinder data sharing, preventing people from gaining strategic
insights. Health care policymakers and scientific researchers
need to collaborate with data analysts to promote a proper data
sharing process.

Limitations
Although this study is based on a live system with real-world
data and experiences, the findings remain preliminary. At
present, the platform only provides services to the lung cancer
population, and the results of this study are derived from
physicians from a subset of the treatment paradigm. Although
the user base of the platform encompasses both physicians and
patients, future research involving a broader population,
including more physicians and direct patient experiences, may
yield new, insightful findings. It would also be interesting to
expand to other diseases. Given the large quantity of chat
messages accumulated on the platform, a detailed examination
of these messages paired with language processing models
would be a fascinating next step.

Conclusion
This study demonstrates the feasibility of using telehealth for
patient management. As the focus of cancer treatment shifts
toward patient care, telehealth in the form of mobile apps,
web-based interfaces, or other formats will play an increasingly
critical role in enabling physicians to maintain close contact
with patients, regardless of physical location. We advocate for
the integration of telehealth with comprehensive real-world
medical record data, so that such a platform can provide patient
management capabilities. This could eventually lead to improved
quality of life and survival rates of cancer patients.
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Abstract

Background: Many supportive cancer care (SCC) services were teledelivered during COVID-19, but what facilitates patients’
intentions to use teledelivered SCC is unknown.

Objective: The study aimed to use the unified theory of acceptance and use of technology to investigate the factors associated
with the intentions of breast cancer survivors (BCS) in Hong Kong to use various types of teledelivered SCC (including psychosocial
care, medical consultation, complementary care, peer support groups). Favorable telehealth-related perceptions (higher performance
expectancy, lower effort expectancy, more facilitating conditions, positive social influences), less technological anxiety, and
greater fear of COVID-19 were hypothesized to be associated with higher intentions to use teledelivered SCC. Moreover, the
associations between telehealth-related perceptions and intentions to use teledelivered SCC were hypothesized to be moderated
by education level, such that associations between telehealth-related perceptions and intentions to use teledelivered SCC would
be stronger among those with a higher education level.

Methods: A sample of 209 (209/287, 72.8% completion rate) women diagnosed with breast cancer since the start of the
COVID-19 outbreak in Hong Kong (ie, January 2020) were recruited from the Hong Kong Breast Cancer Registry to complete
a cross-sectional survey between June 2022 and December 2022. Participants’ intentions to use various types of teledelivered
SCC (dependent variables), telehealth-related perceptions (independent variables), and sociodemographic variables (eg, education,
as a moderator variable) were measured using self-reported, validated measures.

Results: Hierarchical regression analysis results showed that greater confidence using telehealth, performance expectancy
(believing telehealth helps with daily tasks), social influence (important others encouraging telehealth use), and facilitating
conditions (having resources for telehealth use) were associated with higher intentions to use teledelivered SCC (range: β=0.16,
P=.03 to β=0.34, P<.001). Moreover, 2-way interactions emerged between education level and 2 of the telehealth perception
variables. Education level moderated the associations between (1) performance expectancy and intention to use teledelivered
complementary care (β=0.34, P=.04) and (2) facilitating conditions and intention to use teledelivered peer support groups (β=0.36,
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P=.03). The positive associations between those telehealth perceptions and intentions were only significant among those with a
higher education level.

Conclusions: The findings of this study implied that enhancing BCS’ skills at using telehealth, BCS’ and their important others’
perceived benefits of telehealth, and providing assistance for telehealth use could increase BCS’ intentions to use teledelivered
SCC. For intentions to use specific types of SCC, addressing relevant factors (performance expectancy, facilitating conditions)
might be particularly beneficial for those with a higher education level.

(JMIR Cancer 2024;10:e51072)   doi:10.2196/51072

KEYWORDS

telehealth; tele-delivered supportive cancer care; breast cancer; COVID-19; technology acceptance; UTAUT

Introduction

Potential Impacts of COVID-19 on Breast Cancer Care
The COVID-19 pandemic has been an international public health
emergency, posing severe threats to lives and health care
systems worldwide. In Hong Kong, the implementation of
different preventive measures (eg, regulations for social
distancing, reprioritization of hospital services) affected the
lives of not only the general population but also individuals
with chronic diseases. Being one of the most commonly
diagnosed cancers in Hong Kong, breast cancer diagnosis and
treatment delays occurred during the COVID-19 pandemic [1].
For example, the number of pathologic specimens for the 4 most
common cancer regions in Hong Kong (including breast cancer)
received by public laboratories and public hospitals for cancer
diagnostic services reduced by 15.5% overall in 2020, compared
with the prior 3-year average [2]. Another study suggested that
breast cancer patients in Hong Kong needed to wait 3 weeks
longer for their first specialist consultation during the COVID-19
crisis than before the pandemic [3].

After completion of active treatments, many breast cancer
survivors (BCS) still need supportive cancer care (SCC) and
rehabilitation services to help with different cancer-related life
aspects [4]. In the Netherlands, one-third of 1051 surveyed BCS
reported difficulties contacting their general practitioner due to
COVID-19 [5]. The COVID-19–related lockdowns in the United
States and Germany also disrupted patients’ referrals to cancer
survivorship programs [6,7]. To reduce the impact of COVID-19
on cancer care, alternative modes of SCC delivery are therefore
important.

Acceptability of Telehealth for Cancer Patients
Research suggests that COVID-19 might have catalyzed new
models of health care (eg, telehealth) [4]. Telehealth is the use
of technology to deliver health care, health information, or
health education at a distance [8]. Telehealth technologies
(including telephone, videoconferencing, and internet-based
intervention) can bring services into the patient’s home and help
them cope with their illness without the need to be physically
present at a hospital or clinic [8]. A recent qualitative study in
Australia reported that patients with hematological cancer
considered telehealth an acceptable alternative during the
pandemic [9]. However, some patients encountered difficulties
using teledelivered cancer care services due to a lack of
knowledge and skills, plus some preferred to see the doctor
visually through a video call over other teledelivered options

[9]. Another survey explored the prospect of using telemedicine
for follow-up among Australian BCS and found that 70% of
respondents had suitable devices to access telehealth but only
15% accepted the postoperation teleconsultation with their
surgeon [10]. Given that relevant research is limited in the Hong
Kong context, this study examined the level of acceptability of
telehealth for BCS to access SCC and its associated factors amid
the COVID-19 pandemic.

Telehealth-Related Perceptions as Determinants of
Patients’ Intentions to Use Telehealth for SCC
Different theoretical models have been applied to explore
intentions to use telehealth among general healthy populations
and patient populations outside the COVID-19 context [11].
Among the models, the unified theory of acceptance and use of
technology (UTAUT) is one of the most influential theories to
understand people’s acceptance of different types of information
technologies including telehealth [11]. According to the
UTAUT, performance expectancy (whether the individuals
believe using the system would provide benefits), effort
expectancy (whether the system is easy to use), social influence
(perception of important others’ opinions about using the
system), facilitating conditions (organizational and technical
infrastructure supporting the use of the system), and technology
anxiety (users’ negative emotional states related to learning to
use technology [eg, nervousness, fear]) are the important
determinants of people’s intentions to use technology [12].
Compared with other traditional behavioral theories (eg, Theory
of Planned Behavior, Health Belief Model), the UTAUT seems
to have stronger explanatory power for understanding people’s
intentions to use telehealth [11].

The model has been applied to people’s use of telehealth in
different disease contexts. For example, higher performance
expectancy, lower effort expectancy, more favorable social
influences, less technology anxiety, and more facilitating factors
have been associated with intention to use telehealth among
Chinese populations (eg, older individuals in the community,
individuals with chronic diseases) [13,14]. Performance
expectancy and social influence were associated with higher
intention to use telehealth service and treatment among patients
with diabetes in Korea [15]. Similarly, among patients with type
2 diabetes in South Africa [16], lower performance expectancy,
lower effort expectancy, less social influence, and fewer
facilitating conditions explained the generally lower intention
to use telehealth services. To the best of our knowledge, research
on examining cancer survivors’ intentions to use teledelivered

JMIR Cancer 2024 | vol. 10 | e51072 | p.111https://cancer.jmir.org/2024/1/e51072
(page number not for citation purposes)

Yeung et alJMIR CANCER

XSL•FO
RenderX

http://dx.doi.org/10.2196/51072
http://www.w3.org/Style/XSL
http://www.renderx.com/


SCC during the COVID-19 pandemic was limited. Therefore,
this study aimed to examine how telehealth-related perceptions
were associated with intentions to use telehealth for SCC among
BCS in Hong Kong during the COVID-19 pandemic.

Individual Characteristics and Fear of COVID-19 as
Potential Determinants of Intentions to Use Telehealth
for Supportive Cancer Services Among BCS
In addition to telehealth-related perceptions, patients’
sociodemographic characteristics might also contribute to the
acceptability of telehealth [11]. Factors like age, education,
possession of smart device(s), the nature of the consultation
(routine follow-up versus urgent need for physical examination),
and experience with using technology could contribute to the
acceptability of telehealth for cancer survivors [17]. Specific to
the pandemic situation, recent studies found that fear of
COVID-19 transmission was associated with higher intentions
to use contact tracing apps among the general population in
Germany [18] and telehealth services among cancer patients in
the United States [19]. Expecting the same phenomenon to apply
to BCS in Hong Kong, we aimed to examine the roles of
patients’ individual characteristics (eg, sociodemographic and
clinical factors, fear of COVID-19) and prior experience with
using technology in intentions to use telehealth for SCC.

Moderating Role of Education Level
Despite the wide use of the UTUAT to explain people’s
intentions to use technology, whether the contribution of the
variables in the theory differs based on people’s
sociodemographic and individual characteristics has not been
extensively examined. Prior studies have generally regarded
sociodemographic variables as covariates for intentions or
behavior, which fails to unpack the complex ways in which
such characteristics might interact with beliefs to determine

behavioral intention and actual behaviors (eg, [20-22]).
Education level has been suggested as a potential moderator
between perceptions about behaviors and intentions to engage
in online behaviors. For example, studies measured the intention
of individuals to use e-banking based on the UTAUT model in
the United Kingdom and Jordon and found that education level
had a positive moderating effect on performance expectancy,
facilitating conditions [23], and effort expectancy [24]. Another
study in Indonesia also found that education level moderated
the relationship between effort expectancy and intention to use
e-money services [25]. Similar research on the intentions of
BCS to use telehealth amid the COVID-19 pandemic was
limited. Specifically, the role of education as a moderator
between telehealth perceptions and BCS’ intentions to use
teledelivered SCC were investigated in this study.

Purpose of the Study
This study aimed to examine how telehealth-related perceptions
contribute to the intention to use telehealth for cancer care
among BCS in Hong Kong during the COVID-19 pandemic
(Figure 1). We hypothesized that favorable telehealth-related
perceptions (higher performance expectancy, lower effort
expectancy, more facilitating conditions, positive social
influences), less technological anxiety, and greater fear of
COVID-19 would be associated with higher intention to use
telehealth for SCC. We also hypothesized that the associations
between telehealth-related perceptions and intentions to use
teledelivered SCC would be moderated by education level, such
that associations between telehealth-related perceptions (higher
performance expectancy, lower effort expectancy, more
facilitating conditions, positive social influences, less
technological anxiety) and intention to use teledelivered SCC
would be stronger among those with a higher education level.

Figure 1. Conceptual model of the study.

Methods

Participants and Procedure
A cross-sectional study was conducted. BCS were eligible to
participate if they (1) were older than 18 years, (2) had a
confirmed diagnosis of Stage 0-III breast cancer since the

outbreak of COVID-19 in Hong Kong (January 2020), (3) were
receiving active treatment (eg, radiotherapy, chemotherapy),
(4) could read Chinese to answer questionnaires and
communicate in Cantonese, and (5) were able to provide
meaningful informed consent. BCS were excluded if they had
(1) a history of any psychiatric disorder, (2) metastatic brain
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disease, (3) any other type of cancer, or (4) recurrent breast
cancer.

Prospective participants were recruited from the Hong Kong
Breast Cancer Registry (HKBCR). The HKBCR has been the
most comprehensive, representative local data collection and
monitoring system for BCS in Hong Kong [26]. Upon approval,
BCS who fulfilled the inclusion criteria based on the data in the
HKBCR were invited to participate in the study through
telephone calls. Of the 943 BCS contacted, 409 were not
reachable, 23 were not eligible, and 227 were not interested in
the study. With initial verbal consent via phone, those who were
eligible and interested in the study (N=287) were asked to
complete the cross-sectional survey. Participants received a
cover letter explaining the study details, consent form, packet
of questionnaires, stamped return envelope, thank you/reminder
letter, and replacement packet via mail. After consent,
participants completed the survey in the home setting. Telephone
calls were used to remind individuals who had not returned the
questionnaires. The study was conducted between June 2022
and December 2022 (amid the fifth wave of the COVID-19
pandemic in Hong Kong) [27]. A total of 209 completed surveys
were returned (out of 287 sent), yielding a completion rate of
72.8%.

Ethical Considerations
Ethics approvals were sought from the Joint Chinese University
of Hong Kong - New Territories East Cluster Clinical Research
Ethics Committee (CREC Ref. 2021.286) and Hong Kong Breast
Cancer Foundation. We obtained informed consent before
participation in the survey. Upon completion of the survey,
participants received supermarket vouchers (worth HK$100;
approximately US $12.80) to compensate them for their time.
We guaranteed that the identity of the participants would not
be revealed.

Sample Size Planning
The dependent variable was the intention to use teledelivered
SCC services. Based on prior studies on the acceptability of
telehealth among Chinese populations [28,29], we expected a

small to medium overall effect size (f2=0.10) in the association
between telehealth-related perceptions and intentions to use
telehealth services in the hierarchical regression analysis. To
achieve a statistical power of .80 at α=.05, a minimum of 201
participants were needed (G*Power 3.1.2). The sample size
(N=209) achieved via the recruitment strategy was expected to
allow the detection of the expected effect size with sufficient
statistical power.

Measures
A written, closed-ended, anonymous, self-administered
questionnaire was used in the study. To ensure that the
questionnaire was readily comprehensible, a pilot test was
conducted among 10 BCS who were eligible for the study. The
study questionnaire was finalized based on feedback from the
pilot test participants.

Intention to Use Telehealth for Future Supportive
Cancer Services
Participants’ intentions to use telehealth for future supportive
cancer services was measured using a SCC service utilization
scale [30] that was modified according to the local health care
context. The checklist covered different categories of services,
including psychological support (6 items; α=.91), medical
consultation (5 items; α=.86), integrated or complementary care
(6 items; α=.87), and peer support (2 items; α=.83). On a 4-point
scale (1, no intention or not applicable; 2, low intention; 3,
moderate intention; 4, high intention), participants were asked
to indicate their intention to use telehealth for each SCC service
(eg, “I intend to use telehealth for ‘psycho-oncology
counseling.’”). The scale has been shown to be reliable and
valid among Western cancer survivors [30].

Perceptions About Telehealth for SCC Services
We used 4 subscales (performance expectancy [3 items], effort
expectancy [4 items], social influence [3 items], and facilitating
conditions [3 items]) to measure participants’ perceived
usefulness, perceived ease, social influence, and facilitating
conditions, respectively, for using telehealth in cancer care [31].
Sample items include “Using telehealth for cancer care is
beneficial to my health.” (α=.83; performance expectancy), “It
is easy for me to become skillful at using telehealth for cancer
care service.” (α=.87; effort expectancy), ”People whose
opinions that I value (eg, my doctors) think I should use
telehealth for cancer care services.” (α=.86; social influence),
and ”I have the resources necessary to use telehealth for cancer
care services.”(α=.90; facilitating conditions). On a 5-point
scale (1, strongly disagree; 5, strongly agree), higher mean item
scores from the scales indicate higher levels of the corresponding
constructs. The Chinese versions of these scales were shown to
be reliable and valid among Chinese adults [32].

Technology Anxiety
A 3-item scale was adapted to measure participants’ technology
anxiety while using telehealth services [14]. On a 5-point scale
(1, strongly disagree; 5, strongly agree), a higher mean item
score indicates a higher level of technology anxiety (eg, “I feel
nervous about using telehealth.” α=.91). The Chinese version
of the scale was shown to be reliable and valid among Chinese
adults [14].

Fear of COVID-19
The Chinese version of the 7-item Fear of COVID-19 scale was
adapted to measure participants’ fear of COVID-19 [33]. On a
5-point scale (1, strongly disagree; 5, strongly agree), a higher
mean item score indicates a higher level of COVID-19 fear (eg,
“It makes me uncomfortable to think about COVID-19.” α=.88).
The scale has been shown to be reliable and valid in the Chinese
population [34].

Clinical and Sociodemographic Characteristics
Participants self-reported their (1) sociodemographic
characteristics (eg, age, education level, employment status,
marital status), (2) treatment-related variables (eg, surgeries
undergone, treatments receiving or undergone, time since last
treatment), (3) daily living variables (eg, access to the internet,
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use of electronic or mobile devices), and (4) breast
cancer-related variables (eg, stage at diagnosis, time since
diagnosis).

Cancer Care Experiences During COVID-19
Participants were asked if they had participated in any telehealth
online consultation sessions for SCC (including psychological
support services, medical support services, integrated and
complementary support services, spiritual support services,
other support services; no=0, yes=1).

Statistical Analysis
Descriptive and bivariate Pearson correlation analyses were
conducted. Hierarchical regression analyses were also conducted
to examine factors associated with intentions to use telehealth
for supportive cancer services. The sequence of entering
independent variables followed suggestions from prior studies
that examined factors associated with people’s health or health
behavior outcomes and the interaction effects among those
factors (eg, [35,36]). The process usually involves entering
important sociodemographic and individual experience variables
in the first block (as a statistical control for confounding
variables), variables representing major theoretical constructs
in the next block(s), and the interaction terms between the
proposed moderating variable and the independent variables of
interest in the last block. In our study, fear of COVID-19 and
the sociodemographic and clinical variables that had significant
bivariate correlations with the dependent variables were entered
in block 1 of the regression model. Telehealth-related
perceptions (ie, performance expectancy, effort expectancy,
social influence, facilitating conditions, technology anxiety)

were entered into block 2 of the regression model. In the last
block, 5 interaction terms between telehealth-related perceptions
and education level were entered into the model. To compute
the interaction terms, the mean-centered scores of telehealth
perceptions and education level (binary: college level versus
below college level) were multiplied. All continuous
independent variables were centered prior to the analyses. For
statistically significant interactions, simple slopes analyses [37]
were conducted to examine how the main effects of telehealth
perceptions on intentions to use teledelivered SCC varied at
different education levels. Those with P≤.05 in the final
regression model were considered statistically significant. These
analyses were performed using SPSS version 26.0.

Results

Participant Characteristics
Among the 209 participants, 82 (39.2%) were 50 years or
younger, 63 (30.1%) were 51 years to 60 years old, and 62
(29.7%) were at least 61 years old. In addition, of the 209
participants, 91 (43.5%) had a tertiary education, 72 (34.4%)
worked full-time, 99 (47.4%) reported a religious affiliation,
and 53 (25.4%) had a comorbid chronic illness. Regarding
cancer-related characteristics, 10 (4.8%), 60 (28.7%), 86
(41.1%), and 53 (25.4%) of the 209 participants reported being
diagnosed with Stage 0, Stage I, Stage II, and Stage III breast
cancer, respectively, and 194 (94.3%) had undergone breast
cancer surgery. The average time since diagnosis was 16.6 (SD
8.00) months. Regarding internet access, 204 of the 209
participants (97.6%) had a mobile phone with internet access
(Table 1).
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Table 1. Demographic characteristics of the participants (N=209).

ResultsCharacteristics

Age (years), n (%)

82 (39.2)≤50

63 (30.1)51-60

62 (29.7)≥61

2 (1)Refused to answer

209 (100)Gender (female), n (%)

Cancer stage, n (%)

10 (4.8)Stage 0

60 (28.7)Stage 1

86 (41.1)Stage 2

53 (25.4)Stage 3

16.6 (8.0)Time since diagnosis (months), mean (SD)

197 (94.3)Breast cancer surgery, n (%)

Type of breast cancer surgery, n (%)

103 (49.3)Lumpectomy

126 (60.3)Axillary dissection

97 (46.4)Mastectomy

25 (12)Breast reconstruction

Treatment, n (%)

152 (72.7)Chemotherapy

159 (76.1)Radiotherapy

60 (28.7)Targeted therapy

8 (3.8)Immunotherapy

53 (25.4)Comorbid chronic illness (yes), n (%)

Educational level, n (%)

15 (7.2)Primary education

102 (48.8)Secondary education

91 (43.5)Tertiary and higher

1 (0.5)Refused to answer

Marital status, n (%)

33 (15.9)Single

153 (73.6)Married

22 (10.6)Divorced or widowed

Monthly household income (HK$), n (%)

46 (22)≥10,000

42 (20.5)10,001-30,000

43 (20.6)30,001-50,000

35 (16.7)>50,000

42 (20.1)Refused to answer

99 (47.4)Had a religious affiliation, n (%)

Employment status, n (%)

72 (34.4)Full-time
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ResultsCharacteristics

20 (9.6)Part-time

114 (54.5)Retired, housewife, unemployed, or other

3 (1.4)Refused to answer

204 (97.6)Had a mobile phone with internet access, n (%)

170 (81.8)Had an electronic device with internet access, n (%)

Intentions to Use Teledelivered SCC Services
Participants’ intentions to use different types of teledelivered
SCC services are presented in Table 2. Almost all the
teledelivered SCC services listed were accepted by most of the

participants. The most accepted teledelivered SCC services in
different categories were psychooncology counseling (140/209,
67%), nutrition consultation (165/209, 78.9%), movement and
exercise activities (146/209, 69.9%), and patient support groups
(131/209, 62.6%).

Table 2. Acceptability of teledelivered supportive cancer care services among breast cancer patients (N=209).

Reporting moderate or high intention to
use, n (%)

Teledelivered supportive cancer care services

Psychosocial care

117 (56)Psychotherapy

119 (56.9)Psychological counseling and support

140 (67)Psychooncology counseling

133 (63.6)Therapist-led group

113 (54)Cancer prevention and adaption offers for patients and healthy family members

71 (34)Family counseling

Medical consultation

130 (62.2)Cancer helpline

132 (63.1)Special medical consultation

128 (61.2)To get a second opinion about treatment options

129 (61.7)Palliative care consultation

126 (60.3)Expert consultation

165 (78.9)Nutrition consultation

139 (66.5)Complementary and alternative medicine (including traditional Chinese medicine) consultation

Complementary care

146 (69.9)Movement and exercise activities (eg, yoga, qigong, exercises for pain relief)

105 (50.2)Creative therapeutic offers (music and art therapy)

121(57.9)Relaxation, breathing, meditation exercise group sessions

103 (49.2)Mindfulness exercises

108 (51.7)Massage exercises

Peer support groups

95 (45.5)Internet forum with peers

131 (62.6)Patient support group

Correlations Between Major Variables and Intention
to Use Telehealth
The correlation analysis results showed that the participants
with a higher education level, prior telehealth experience, and
more confidence using technology devices were more likely to
report a higher intention to use telehealth (Table 3). Older age
was associated with lower intentions to use 3 different types of

teledelivered oncology services. Higher levels of performance
expectancy, effort expectancy, facilitating conditions, and social
influence were associated with higher intentions to use
teledelivered oncology services. A higher level of technology
anxiety was negatively correlated with intentions to use
teledelivered oncology services. Contrary to the hypotheses,
fear of COVID-19 was not associated with intentions to use
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teledelivered oncology services (Table 3). Other demographic
characteristics (eg, marital status, P=.82; cancer stage, P=.83;

time since diagnosis, P=.18; income, P=.10) were not correlated
with the intention to use telehealth (data not tabulated).

Table 3. Correlations among major independent variables and intentions to use teledelivered supportive cancer care services (N=209).

Intention to use
teledelivered peer
support groups

Intention to use teledeliv-
ered complementary can-
cer care

Intention to use teledeliv-
ered medical consulta-
tions

Intention to use psy-
chosocial teledelivered
supportive care

Independent variables

1. Agea

–0.28–0.10–0.17–0.20r

<.001.16.02.005P value

2. Educationb

0.320.240.160.22r

<.001<.001.02.001P value

3. Prior telehealth usec

0.320.220.240.29r

<.001.001.001<.001P value

4. Confidence using technological devices

0.300.310.340.34r

<.001<.001<.001<.001P value

5. Fear of COVID-19

0.03–0.050.010.05r

.65.47.92.47P value

6. Performance expectancy

0.400.360.390.45r

<.001<.001<.001<.001P value

7. Effort expectancy

0.320.290.320.37r

<.001<.001<.001<.001P value

8. Facilitating conditions

0.430.300.340.41r

<.001<.001<.001<.001P value

9. Social influence

0.220.260.320.30r

.001<.001<.001<.001P value

10. Technology anxiety

–0.22–0.14–0.18–0.18r

<.001.04.01.009P value

a≤55 years (0); >55 years (1).
bHigh school or less (0); at least college (1).
cNo (0); Yes (1).

Hierarchical Regression Analysis
Given that the independent variables were moderately correlated,
the independent variables were checked for multicollinearity in
the regression analysis. None of the variables had a variance
inflation factor ≥5, which indicated the absence of
multicollinearity problems.

In block 1, the background variables explained 16.4%, 14.9%,
13.4%, and 20.2% of the variance in the intentions to use
teledelivered psychosocial care, medical consultation,
complementary care, and peer support groups, respectively.
Specifically, a higher education level was associated with higher
intentions to use teledelivered complementary care and peer
support groups, and greater confidence with using technological
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devices was associated with higher intentions to use all 4 types
of teledelivered SCC services. Prior telehealth use was

associated with greater intentions to use teledelivered medical
consultation and peer support groups (Tables 4 and 5).
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Table 4. Hierarchical regression analyses to explain intentions to use telehealth services (N=209).

Intentions to use teledelivered supportive cancer careSteps

Medical consultationbPsychosocial carea

P valueΔR2P valueβP valueΔR2P valueβ

<.0010.149<.0010.164Step 1: Background variables

.83–0.03.67–0.06Agec

.460.11.060.27Educationd

.010.38.080.27Prior telehealth usee

<.0010.29<.0010.28Confidence using technological devices

.460.05.080.12Fear of COVID-19

<.0010.126<.0010.159Step 2: Telehealth-related perceptions

.92–0.02.89–0.02Agec

.910.02.390.12Educationd

.020.34.190.19Prior telehealth usee

<.0010.23.010.20Confidence using technological devices

.86–0.01.350.06Fear of COVID-19

<.0010.26<.0010.34Performance expectancy

.44–0.08.47–0.07Effort expectancy

.190.12.020.20Facilitating conditions

.030.16.300.08Social influence

.410.06.280.08Technology anxiety

.900.006.580.013Step 3: Interaction terms

.96–0.01.81–0.03Agec

.770.04.360.13Educationd

.030.32.250.17Prior telehealth usee

.010.22.010.20Confidence using technological devices

.990.00.300.07Fear of COVID-19

.030.24.010.30Performance expectancy

.68–0.05.56–0.07Effort expectancy

.140.17.090.19Facilitating conditions

.090.17.350.09Social influence

.640.05.73–0.03Technology anxiety

.620.08.670.07Performance expectancy × education

.79–0.05.900.02Effort expectancy × education

.44–0.14.850.03Facilitating conditions × education

.83–0.03.82–0.03Social influence × education

.890.02.070.26Technology anxiety × education

aTotal R2: 0.336.
bTotal R2: 0.281.
c≤55 years (0); >55 years (1).
dHigh school or less (0); at least college (1).
eNo (0); Yes (1).
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Table 5. Hierarchical regression analyses to explain intentions to use telehealth services (N=209).

Intentions to use tele-delivered supportive cancer careStep

Peer support groupsbComplementary carea

P valueΔR2P valueβP valueΔR2P valueβ

<.0010.202<.0010.134Step 1: Background variables

.08–0.26.260.17Agec

.0020.45.010.36Educationd

.010.38.190.21Prior telehealth usee

.030.16<.0010.27Confidence using technological devices

.120.10.870.01Fear of COVID-19

<.0010.122<.0010.096Step 2: Telehealth-related perceptions

.17–0.19.230.18Agec

.020.32.050.28Educationd

.040.30.260.17Prior telehealth usee

.280.08.010.23Confidence using technological devices

.220.08.50–0.05Fear of COVID-19

<.0010.30.0020.25Performance expectancy

.08–0.17.64–0.05Effort expectancy

.0020.26.440.07Facilitating conditions

.700.03.090.13Social influence

.77–0.02.410.06Technology anxiety

.130.029.160.031Step 3: Interaction terms

.13–0.21.170.20Agec

.020.32.020.34Educationd

.030.31.400.13Prior telehealth usee

.380.07.010.22Confidence using technological devices

.240.08.79–0.02Fear of COVID-19

.020.25.300.12Performance expectancy

.67–0.05.10–0.00Effort expectancy

.320.11.170.17Facilitating conditions

.620.05.140.15Social influence

.23–0.11.940.01Technology anxiety

.770.05.040.34Performance expectancy × education

.13–0.29.63–0.10Effort expectancy × education

.030.36.13–0.27Facilitating conditions × education

.920.01.56–0.09Social influence × education

.120s.22560.09Technology anxiety × education

aTotal R2: 0.261.
bTotal R2: 0.353.
c≤55 years (0); >55 years (1).
dHigh school or less (0); at least college (1).
eNo (0); Yes (1).

JMIR Cancer 2024 | vol. 10 | e51072 | p.120https://cancer.jmir.org/2024/1/e51072
(page number not for citation purposes)

Yeung et alJMIR CANCER

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


In block 2, telehealth-related perceptions explained an additional
15.9%, 12.6%, 9.6%, and 12.2% of the variance in intentions
to use teledelivered psychosocial care, medical consultation,
complementary care, and peer support groups, respectively.
Specifically, performance expectancy was associated with
intentions to use all 4 types of teledelivered SCC services
(Tables 4 and 5). More facilitating conditions were associated
with higher intentions to use teledelivered psychosocial care
and peer support groups. Greater social influence was associated
with higher intentions to use teledelivered medical consultation
(β=0.16, P=.03; Tables 4 and 5).

In block 3, 5 interaction terms between education level and
telehealth-related perceptions were entered; 2 significant
interactions emerged. Specifically, there was an interaction
between education level and performance expectancy when

explaining the intention to use teledelivered complementary
care (β=0.34, P=.04). In addition, there was an interaction
between education level and facilitating conditions when
explaining the intention to use teledelivered peer support groups
(β=0.36, P=.03). Simple slopes analysis results indicated that
the association between performance expectancy and intention
to use teledelivered complementary care was only significant
among those with a higher education level (β=0.46, P<.001)
but not among those with a lower education level (β=0.12,
P=.30; Figure 2). Similarly, the association between social
influence and intention to use teledelivered peer support groups
was only significant among those with a higher education level
(β=0.48, P<.001) but not among those with a lower education
level (β=0.11, P=.32; Figure 3). Overall, the models explained
26.1% to 35.3% of the variance in the intentions to use different
types of teledelivered SCC services (Tables 4 and 5).

Figure 2. Relationship between performance expectancy and intention to use teledelivered complementary care by education level.
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Figure 3. Relationship between facilitating conditions and intention to use teledelivered peer support groups.

Discussion

Principal Findings
This study examined how sociodemographic and clinical factors
and telehealth-related perceptions contributed to the intentions
to use telehealth for SCC among BCS in Hong Kong during the
COVID-19 pandemic. It is noteworthy that most of the
participants reported moderate-to-high intentions to use different
types of teledelivered SCC services. The most accepted
teledelivered SCC services in different categories were
psychooncology counseling (67%), nutrition consultation
(78.9%), movement and exercise activities (69.9%), and patient
support groups (62.6%). We found that greater confidence in
telehealth use, performance expectancy (believing telehealth
helps with daily tasks), social influence (important others
encouraging telehealth use), and facilitating conditions (having
resources for telehealth use) were associated with higher
intentions to use teledelivered SCC. Our findings were
comparable to those of a study in Singapore amid the COVID-19
pandemic [38] that showed that general acceptance of
telemedicine by patients with cancer was around 60%.
Perceptions that telemedicine could improve health care access
and the availability of necessary resources for telemedicine were
associated with higher acceptance among those patients [38].

Sociodemographic Factors, Fear of COVID-19, and
Intention to Use Teledelivered SCC
In our regression analyses, education level, prior telehealth use,
and confidence using technological devices were associated
with the use of telehealth services. Our findings were consistent

with findings from patient populations in Western countries
supporting that people with mobile device access, who were
confident using technological devices, and with prior telehealth
experience were more likely to use teledelivered SCC [38-40].
The facilitating roles of those variables seem to be culturally
and geographically universal. To increase patients’ intentions
to use teledelivered SCC, it might be important to provide
education and training on how to use technology and telehealth
services, which could help increase confidence with using these
tools and make it easier for patients to access care.

Consistent with a population-based study in the United States
during the COVID-19 pandemic [41], household income was
not a significant contributor to intentions to use teledelivered
SCC in our study. However, the findings should be interpreted
with caution, as a high proportion of participants (20.1%)
refused to report their household income. Household income
has been associated with other important sociodemographic
factors (eg, education, ownership of mobile devices, internet
access) that were associated with cancer survivors’ intentions
to adopt telehealth before and during the COVID-19 pandemic
[42,43]. Given that 97.6% of our participants possessed a mobile
phone with internet access, the unique contribution of household
income on intention to use telehealth might become less
apparent.

Despite a significant bivariate correlation between age and
intention to use teledelivered SCC, age did not emerge as a
significant contributor in the regression analyses beyond the
influence of other potential contributors. These findings imply
that other individual characteristics (eg, confidence using
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technological devices) played a stronger role in the intentions
of BCS to use teledelivered SCC. Moreover, it is important to
note that Hong Kong has a very high internet coverage rate at
the household level (96.1%) and a very high smartphone
ownership rate (99.8% and 90.7% among individuals aged 45-64
years or ≥65 years, respectively) [44], which could influence
the acceptability of and perceptions toward telehealth services.
The generalizability of our findings to other countries with
different internet use patterns should also be interpreted with
caution [45].

Fear of COVID-19 did not emerge as a significant contributor
to the intention to use teledelivered SCC services in our sample,
which was contrary to the findings of prior studies in the United
States [19] and Germany [46]. However, our findings seem to
be in line with those of An and colleagues [47] who showed
that anxiety about COVID-19 was not associated with telehealth
acceptance among individuals with chronic disease in South
Korea. A potential reason for the discrepancies in the findings
could be related to the focus of the measurements. The Fear of
COVID-19 scale used in this study primarily measures
participants’ affective responses and anxiety symptoms toward
cues related to COVID-19, but it might not capture individuals’
perceptions of the threat of contracting COVID-19 at different
occasions (eg, hospital and clinic settings, crowded places).
Such concerns have been reflected in studies among BCS [48].
Future studies might elucidate how patients’specific COVID-19
worries and concerns contribute to their intentions to use
telehealth services.

Telehealth-Related Perceptions and Intentions to Use
Teledelivered SCC
In the correlation analyses, all the measured telehealth-related
perceptions were significantly correlated with the intentions to
use SCC. However, in the regression analyses, the relative
importance of the perception variables on intentions to use SCC
was apparent. Specifically, only performance expectancy was
associated with the intention of using all types of the measured
teledelivered SCC. Similar findings have also been reported
regarding the prediction of the acceptance of cancer patients in
the Netherlands to use a virtual assistant in health care settings
[49] and the acceptance of using a digital cardiac rehabilitation
tool among patients with ischemic heart disease in Germany
[50]. The findings imply that highlighting the benefits of
teledelivered SCC on daily life for BCS tends to increase their
intentions to use such services.

On the other hand, social influence was associated with the
intention to use teledelivered medical consultation. In the
Chinese culture, coping with cancer is largely a family issue,
such that opinions of family members are important in patients’
treatment decision-making [51]. Given that it might also be
easier for family members who do not live together to participate
in medical consultations, family members might tend to
welcome the option to have such consultations teledelivered.
That might be the reason why social influence had a relatively
strong contribution to the intention of BCS to use teledelivered
medical consultations (but not other SCC services).

Furthermore, facilitating conditions were associated with the
intention to use psychosocial care services and peer support

groups (but not other types of SCC). It is noteworthy that
psychological care and peer support group services are not
commonly utilized among local BCS [25]. The dynamics in
psychological counseling and peer support groups involve more
disclosure of personal challenges and distress, which might be
incongruent with the cultural preference of not bringing up
negative emotions to maintain social harmony [33]. It might be
possible for local BCS to believe that they need a certain level
of knowledge and informational resources (facilitating
conditions) to understand what to expect in teledelivered
psychosocial care and peer support groups before enrolling in
those services.

Although our findings suggested that effort expectancy and
technology anxiety contributed less significantly to intentions
to use teledelivered SCC, it is still noteworthy that facilitators
and barriers are likely to differ across different cultural contexts
and by types of telemedicine service [52]. Future research should
investigate how those factors jointly contribute to the
acceptability of teledelivered SCC services for BCS.

Telehealth Perceptions and Intentions to Use
Teledelivered SCC: Education Level as a Moderator
We found that education level moderated the interaction between
(1) between performance expectancy and intention to use
teledelivered complementary care and (2) facilitating conditions
and intention to use teledelivered peer support groups. From
the perspective of the UTAUT model, performance expectancy
(ie, degree to which the individual believes that using the
technology will help them better cope with daily life or be more
effective) was found to be associated with higher intentions to
use teledelivered complementary care (including creative
therapies, relaxation, and mindfulness exercises) only among
those with a higher education level. It is also noteworthy that
similar patterns of findings were also apparent in other aspects
of technology use. Education level moderated the positive
associations between technology use perceptions (performance
expectancy, facilitating conditions) and people’s intentions to
use mobile banking services in Jordan [23].

Our findings suggested that just highlighting performance
expectancy might not be sufficient to significantly increase
intentions to use teledelivered complementary care among those
with a lower education level. A basic understanding of those
complementary care options might be important. Given that
those with higher levels of education may be more likely to
have better awareness of the potential benefits of those
complementary therapies for oncology care [53], the facilitating
role of performance expectancy in the intention of BCS to use
teledelivered complementary care could be strengthened by a
higher education level.

Similarly, we found that facilitating conditions were associated
with higher intentions to use teledelivered peer support groups
only among those with a higher education level. Facilitating
conditions refer to people’s perceptions about whether the
necessary resources and support are available to use the
technology effectively. It is important to note that peer support
groups generally involve mutual interactions and sharing with
other cancer survivors, which could also be subject to challenges
such as confrontation involving others’ suffering, divergent
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information needs, conflicts in group dynamics, and challenges
with sustainability [54]. Individuals with higher levels of
education may be more comfortable using teledelivered services
to interact with other patients with similar (stressful) experiences
plus have more resources to deal with the potentially negative
experiences in the support group context (eg, worsened health
of peers in the group, appraising information about their illness,
and therapy options shared in the support groups). These reasons
might explain why the facilitating role of facilitating conditions
in the intention of BCS to use teledelivered peer support group
was only apparent among those with a higher education level.

Limitations
This study was subject to several limitations. First, this study
used a cross-sectional design, which might not highlight the
causal relationship among the variables. Cancer survivors’
expectations and motivations for teledelivered cancer care may
also change over time. Future studies could use longitudinal
designs to better understand the temporal relationships among
the variables and their future use of teledelivered care services.
Second, to allow more systematic recruitment of recently
diagnosed BCS (since the COVID-19 outbreak in Hong Kong),
we recruited BCS through local cancer registries. Even though
the HKBCR is the most comprehensive registry for BCS in
Hong Kong, it is noteworthy that not everyone in the total BCS
population was covered due to the HKBCR’s voluntary
enrollment system. Based on the Hong Kong Cancer Registry
data [55] and HKBCR [56] for individuals with BCS aged 18
years to 70 years, the age group distributions were as follows:
40% (<50 years), 33% (50-59 years), 27% (60-70 years).
Similarly, in our sample, the age group distributions were as
follows: 39.2% (<50 years), 30.1% (51-60 years), and 29.7%
(≥61 years). Our sample was highly comparable in terms of the
age distribution of the local BCS. However, the generalizability
of the findings to BCS in other regions or countries with
different health care systems and to survivors of other cancer
types might be limited. Third, the studied variables only
explained a moderate proportion of variance in the intentions
of BCS to use teledelivered SCC. Other factors might be at play.
Research has found that other telehealth-related perceptions
(eg, privacy concerns), the specific characteristics of different
teledelivered services (eg, expected durations and schedules of
the services, the necessity to use cameras for the services, group-
and individual-based delivery), and contextual factors (eg,
severity of the pandemic situation, availability of specific types

of teledelivered care services) could be important determinants
for those intentions [18,57]. Consideration of those variables
might further improve the explanatory power of the regression
model.

Implications
The COVID-19 pandemic impacted cancer service utilization
among cancer patients worldwide. Telehealth can be a new
service model for SCC services, especially after the experience
of the COVID-19 pandemic. The use of telehealth for SCC not
only provides flexibility for services in hospitals and cancer
clinics but also potentially improves cancer survivors’
well-being. Recent reviews and trials have found that
teledelivered interventions facilitate positive physical and
psychological health impacts on cancer survivors [58-60].
Therefore, identifying the potential determinants for people’s
intentions to use telehealth for SCC could facilitate the proposal
of novel service models.

This was one of the first attempts to examine how
telehealth-related perceptions, sociodemographic and clinical
characteristics, and cancer care service utilization experiences
during COVID-19 contributed to the intention of BCS to use
telehealth for SCC during the COVID-19 pandemic in Hong
Kong. It is essential for health care providers to be
knowledgeable about specific factors facilitating the intention
to use telehealth, so that patients’ needs and cancer care
preferences can be met, especially for the response to a potential
pandemic of an emerging infectious disease in the future.

Researchers have started to advocate for a patient-centered
approach to address patients’ facilitators and barriers to using
telehealth. By fitting telehealth into the overall patient journey
and treatment plan and applying inclusive design principles,
the needs of the most vulnerable populations who may not be
engaging with telehealth owing to their age, education level,
socioeconomic status, technology skills, and experiences could
be better addressed [40]. Our findings imply that enhancing
BCS’ skills for using telehealth, improving BCS’ and their
important others’perceived benefits of telehealth, and providing
assistance for telehealth use could increase BCS’ intentions to
use teledelivered SCC. For intentions to use specific types of
SCC (eg, complementary care and peer support groups),
addressing relevant factors (performance expectancy, facilitating
conditions) might be particularly beneficial for those with a
higher education level.
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Abstract

Background: Social support is essential to promoting optimal health outcomes for women with breast cancer. However, an
estimated 12% of women with breast cancer simultaneously experience intimate partner violence (IPV; physical, psychological,
or sexual abuse by an intimate partner). Women who experience IPV during breast cancer may lack traditional social support,
and thus seek out alternative sources of support. Online community forums, such as Reddit, can provide accessible social
connections within breast cancer–specific communities. However, it is largely unknown how women with breast cancer use
Reddit to describe and seek support for experiences of IPV.

Objective: This study aims to explore how patients with breast cancer describe toxic relationships with their partners and
immediate family members on Reddit.

Methods: This exploratory, cross-sectional, topic-modeling study analyzed textual data from 96 users in the r/breastcancer
subreddit in February 2023. The meaning extraction method, inclusive of principal component analysis, was used to identify
underlying components. Components were subjected to sentiment analysis and summative content analysis with emergent
categorical development to articulate themes.

Results: Seven themes emerged related to toxic relationships: (1) contextualizing storytelling with lymph nodes, (2) toxic
behavior and venting emotions, (3) abandonment and abuse following diagnosis, (4) toxic relationships and social-related fears,
(5) inner strength and navigating breast cancer over time, (6) assessing social relationships and interactions, and (7) community
advice and support. Toxic relationships were commonly characterized by isolation, abandonment, and emotional abuse, which
had profound emotional consequences for patients. Reddit facilitated anonymous venting about toxic relationships that helped
patients cope with intense feelings and stress. Exchanging advice and support about navigating toxic relationships during breast
cancer were core functions of the r/breastcancer community.

Conclusions: Findings emphasized the value of Reddit as a source of social support for patients with breast cancer experiencing
toxic relationships. Clinicians who understand that many patients with breast cancer experience toxic relationships and considerable
psychological sequelae are better prepared to support their patients’ holistic well-being. Further investigation of Reddit as a
possible resource for advice, information, and support has the potential to help inform clinical practice and subsequently, patient
health outcomes.

(JMIR Cancer 2024;10:e48860)   doi:10.2196/48860

KEYWORDS

breast cancer; intimate partner violence; meaning extraction method; Reddit; sentiment analysis; social media; social support;
toxic relationships; topic modelling
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Introduction

Breast cancer has a way of making existing cracks
in relationships even wider. Just like water will fill a
crack in the road, freeze, and create a larger gap,
breast cancer tends to permeate all parts of our lives
and distance us from people with whom we have
troubled relationships. [Original poster #85]

Projected rates of breast cancer in Canada have remained
consistent over the past 5 years, with estimates that
approximately 1 in 8 women will develop breast cancer in their
lifetime and breast cancer will account for 25% of all new cancer
cases [1-3]. Women’s experiences of breast cancer are
influenced by the social determinants of health, particularly
their social environment [4,5]. Among patients with breast
cancer, strong social relationships have been found to act as a
buffer to stress [6] and help to improve treatment effectiveness,
psychological functioning, coping, survival, and quality of life,
as well as prevent cancer recurrence [7-9]. Conversely, weak
or nonexistent social relationships have been broadly linked to
long-term psychological distress [10] and an increased risk of
breast cancer progression, recurrence, and mortality [11,12].
However, there is a need for research that explores connections
between social relationships and breast cancer outcomes among
diverse populations and social contexts.

Intimate partners (eg, spouses and significant others) and
immediate family members (eg, parents and siblings) are
perceived as the most important social supports for patients
with breast cancer [13,14], as they provide essential
social-emotional, tangible, affection, and positive social
interaction support [15]. For example, partners commonly serve
as the primary caregivers of patients with cancer [16]. However,
not all social relationships are supportive [17]. Patients who
experience intimate partner violence (IPV) may face a lack of
support due to the abusive behaviors of their partner [18]. IPV,
understood as physical, psychological, or sexual abuse within
the context of coercive control by an intimate partner [19],
concurrently affects an estimated 12.5% of patients with breast
cancer [20]—and this is likely to be an underestimation given
underreporting of IPV [21]. Similarly, patients may be
negatively affected by an unsupportive (but not necessarily
abusive) partner [22], as well as abusive or unsupportive family
members [23,24]. Aside from the patients themselves, immediate
female family members are often most affected by a breast
cancer diagnosis; unsupportive reactions often include being in
denial about the diagnosis and abandoning the patient [25].

Toxic relationships are characterized by conflict, competition,
undermining, disrespect, and a lack of cohesiveness [26]. Toxic
relationships encompass unsupportive and abusive dynamics
in both romantic (eg, a partner) and platonic (eg, a family
member) contexts and are associated with emotional distress
[26], which imparts numerous downstream mental and physical
health consequences [27]. To compensate for unmet support
needs, patients with breast cancer may expand their social
networks via the internet, including social media [28]. Online
forums are a popular means of accessing information and
support related to breast cancer awareness, literacy, and

treatment [29-33]. The use of online breast cancer forums grew
exponentially between 2006 and 2010, growing from an
estimated 282,000 new posts per year to over 1,270,000 new
posts per year [34] and continues to increase over a decade later
[35,36]. Despite data availability and the potential for knowledge
advancement [33], research on patient social media use,
particularly in the context of toxic relationships, is
underexplored.

Reddit, the world’s third most popular social media platform,
is an online forum dedicated to community-building, news
dissemination, and discussion facilitation [37]. The Reddit
platform consists of topic-specific subreddits (ie, forums), where
all content is user-generated. Users subscribe to subreddits that
interest them to see more related content. Users can post content,
as well as comment and vote on others’ content. To join Reddit,
users create a username and password—no identifiable
information is required. Reddit’s capacity for anonymous
participation and long-form, conversational content makes the
platform a rich source of self-reported textual data [38]. The
Reddit platform includes breast cancer–specific spaces that offer
access to psychosocial support (eg, r/breastcancer), presenting
a unique and valuable opportunity to explore how patients with
breast cancer navigate toxic relationships after diagnosis.
Previous research has provided preliminary insights into how
patients with breast cancer use Reddit [39], but there is a notable
gap in the literature regarding how patients with breast cancer
describe toxic relationships and their psychosocial impacts on
Reddit. Studying social media data has the potential to generate
significant advances in knowledge [33], which can inform
improvements to psychosocial support for patients with breast
cancer experiencing toxic relationships and enhance care
providers’ ability to promote patient well-being. Accordingly,
this study sought to explore how people with breast cancer
describe toxic relationships with their partners and immediate
family members on Reddit.

Methods

Design
This exploratory, cross-sectional, topic-modeling study was
conducted from December 2022 to February 2023 and aimed
to explore how patients with breast cancer describe toxic
relationships with their partners and immediate family members
on Reddit. As of February 2023, the public r/breastcancer
subreddit, established in 2011, included 13,900 subscribers and
self-identified as a support and information group for people
who have been diagnosed with breast cancer and their caregivers
and loved ones. While Reddit generally attracts young White
men of high socioeconomic status [38], demographics vary by
subreddit and r/breastcancer is hypothesized to be largely
composed of women [40].

Ethical Considerations
This study was deemed exempt from oversight by the author’s
institutional ethics review board because all data were gathered
from the public domain (per Article 2.2 of the Tri-Council Policy
Statement on Ethical Conduct for Research Involving Humans).
The subreddit at the center of this study was public at the time
of data collection and writing, meaning that any person could
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access its content at any time. It was therefore determined that
r/breastcancer users had no expectation of privacy, negating the
need for oversight by an ethics review board.

Data Collection
This subreddit was scraped for textual data from posts and
comments using the Python Reddit application programming
interface wrapper. No date limits were imposed. An iterative
approach to keyword-based searching extracted posts (n=187)
related to toxic relationships with partners and immediate family

members. Two keyword strings were combined to scrape data:
String 1 included words associated with a toxic relationship (eg,
narcissist, boundaries, abuse, violence, assault, unsupportive,
cheater, affair, divorce, toxic, abandon, and manipulate) and
string 2 included words that identified people of interest in the
immediate family of the user (eg, abuser, spouse, partner,
marriage, significant other, parent, and sibling). To be scraped,
posts were required to include a minimum of 1 keyword from
both string 1 and string 2 (see Textbox 1).

Textbox 1. Keywords included in the final iteration of the search strategy.

String 1

narcissist; boundaries; abuse; abusive; abusing; abused; violent; violence; assault; assaulting; assaulted; harass; harassed; harassing; lie; lied; neglect;
unsupportive; not supportive; not supporting; no support; cheater; cheated; cheating; affair; divorce; divorcing; break up; breaking up; broke up; toxic;
abandoned; manipulate; manipulated; emotionally unavailable; disown; alone; selfish; strained

String 2

abuser; husband; wife; partner; hubby; marriage; girlfriend; boyfriend; gf; bf; SO; significant other; spouse; mom; mother; mum; dad; father; parent;
parents; sibling; sis; sister; brother

The scraped posts were then screened for eligibility by one of
the authors (CAD), such that posts were ineligible if they
addressed anyone other than a partner or immediate family
member, were of an administrative nature posted by a moderator,
were posted by a user who did not have breast cancer, aimed to
exclusively seek or share medical information, or described
toxic relationships outside of the context of breast cancer. After
screening, 36 posts were eligible for inclusion. Eligible posts

were scraped for comments (n=601), of which 98 were relevant
(as determined by CAD using the eligibility criteria described
above used to filter posts). Textual data were compiled into
packets, where 1 packet represented the total relevant
contributions (ie, posts and comments) from a single user, with
an average of 260 words per packet. The final data corpus
included 96 unique users with 36 posts and 98 comments (see
Figure 1).

Figure 1. Final data corpus diagram.

Reddit users have no expectation of privacy in public subreddits
and have agreed to the platform’s end user license agreement;
all Reddit user content is subject to use by third parties at any
time [41]. However, recommended ethical practices aim to
protect participant privacy by censoring usernames and avoiding

direct quotes through exclusion or paraphrasing to prevent
reverse-searching [38,42]. Accordingly, within this study, users
were assigned an original poster (OP) number, and reported
quotes were reworded to convey their original meaning and
style but protect the OP’s identity. For example (fictitious), “My
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mom has never bothered checking on me” could become “My
mother doesn’t ever ask how I’m doing.”

Analysis

Multistaged Approach
A 2021 systematic analysis by Proferes et al [39] identified that
computational-driven textual analysis (which includes topic

modeling) was the primary means of knowledge generation
using Reddit data. However, the authors also identified that
such analyses are enhanced by the addition of qualitative and
mixed methods analyses that account for contextual details [39].
Accordingly, the data corpus was subjected to a 3-stage, mixed
methods analysis that used (1) the meaning extraction method
(MEM), (2) qualitative sentiment analysis, and (3) summative
content analysis (Figure 2).

Figure 2. The 3 stages of analysis. PC: principal component.

Stage 1: Meaning Extraction Method
The MEM is a form of topic modeling useful for social media
data exploration [43] and for generating large sample sizes of
participants that are traditionally difficult to recruit [38]. Within
other breast cancer–related research using Reddit data, the MEM
has been described as a cost-effective means of identifying
common themes described by patients [39]. The results of this
method have been found to be similar in content and utility to
those of traditional research methods in this domain (focus
groups) [39].

The MEM identifies word clusters that co-occur in a data corpus,
providing an efficient means of extracting meaningful patterns
in language within high volumes of natural language data
[38,43]. The Meaning Extraction Helper developed by Boyd
[44] was used to analyze the textual packet data corpus, inclusive
of the removal of common closed and open class words (<7.5%)
and content word retention (≥5%), producing a binary output
of each retained content word per OP (eg, 0=absent and
1=present). Boyd [45] also developed an open-access script for
the R open-access statistical software (R Foundation for
Statistical Computing), which was adapted for a principal
component analysis (using a varimax rotation [43]). This
produced a 9-component model that was considered acceptable

(K2=3357.40, df=304, P<2.2e–16, and KMO=0.538 [43]). Using
a scree plot analysis, components 1 to 7 were retained. The 7

retained components explained 84.16% of the variance—a high
proportion for a natural language application [43]. A high
loading threshold of 0.50 was imposed on the content words
within each component to promote thematic clarity and reduce
cross-loading. The final components with refined content words
were considered sufficiently strong (≥3 content words per
component [46]).

Stage 2: Qualitative Sentiment Analysis
Qualitative sentiment analysis aims to assess the affective
valence of components and their content words [47]. Modern
qualitative sentiment analysis (ie, internet-based) is an
increasingly popular and effective method of interpreting
user-generated social media content [48]. Using the syuzhet R
package [49] and Afinn sentiment lexicon of –5 (negative
sentiment) to 5 (positive sentiment [50]), a total model and 7
component-specific sentiment scores were computed based on
content words. The content word tchp was changed to
combination drug cancer therapy for the algorithm because it
cannot assess acronyms.

Stage 3: Summative Content Analysis
Summative content analysis with emergent categorical
development was used to articulate patterns and themes within
the textual data packets for each of the 7 refined components
[51]. Component categories (referred to as themes) were
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inductively developed to describe their overall message,
inclusive of the use of sentiment scores to contextualize
positioning. The 6-step approach to trustworthy thematic
analysis by Nowell et al [52], rooted in the trustworthiness
theory of Lincoln and Guba [53,54] was adopted.

Summary of Analysis
Quantitative topic modeling (with MEM) was combined with
qualitative sentiment and content analysis to produce a
comprehensive analytical framework capable of providing an
overall interpretive assessment of the data corpus. The
r/breastcancer subreddit includes thousands of textual data
sources, requiring the combination of complex methods to
efficiently target and isolate meaningful, manageable patterns
from the large volume of natural language data [38,43]. The
MEM is a computational method specifically developed to
facilitate efficient filtering of large textual data sets, however,
a second stage of qualitative or mixed methods–based analysis
is recommended to facilitate deeper exploration and
interpretation in context [39]. Accordingly, sentiment analysis
was applied within MEM-generated principal components to
facilitate the assessment and incorporation of considerations of
user’s emotions and situational contexts. Following MEM and
sentiment analysis, content analysis was used to deeply explore
principal components through the lens of their socioemotional
contexts to enrich interpretation and understanding. In sum, this
combined mixed methods framework aimed to produce holistic,
contextualized insights from MEM-generated categories, which
is well-suited to complex, dynamic social media data.

Results

Overview of Themes
Seven distinct but related themes emerged from descriptions of
toxic relationships by patients with breast cancer on Reddit,
presented in order of explained variance proportion (highest to
lowest) as follows: (1) contextualizing storytelling with lymph
nodes, (2) toxic behavior and venting emotions, (3)
abandonment and abuse following diagnosis, (4) toxic
relationships and social-related fears, (5) inner strength and
navigating breast cancer over time, (6) assessing social
relationships and interactions, and (7) community advice and
support. The overall corpus sentiment score was –4, indicative
of very negative sentiment. Theme-specific sentiment scores

( ) reflect the average valence of retained content words within
each component.

Theme 1: Contextualizing Storytelling With Lymph
Nodes

I’ll have to get my lymph nodes removed next, among
other things. Treatment is lonely and miserable. [OP
2]

The first theme was classified as neutral ( =0.00) and included
lymph, node, and pick as key content words. Lymph nodes
functioned as context indicators in users’ stories about toxic
relationships to highlight their temporality within cancer
treatment. For example, one user was undergoing chemotherapy
while navigating a toxic relationship with their mother. This

OP prefaced their post by sharing, “After a lot of treatment, my
cancer went from grade 3 to grade 1. My lymph nodes shrunk
as well” (OP 66).

They then went on to disclose unsupportive behavior from their
mother, stating, “My mom doesn’t think I’m capable of making
my own decisions–but I am. I’ve picked excellent physicians
and made it to all of my appointments” (OP 66).

Theme 2: Toxic Behavior and Venting Emotions
I’m going to vent because I think it’s better to write
than to cry... [OP 65]

The second theme was classified as neutral ( =0.00) and
described toxic relationships that the user experienced a strong
emotional reaction to, which prompted them to vent their
emotions on Reddit. Key content words included boundary,
effort, vent, upset, and stress. Users reported a variety of toxic
behaviors, such as boundary violations and disrespectful or
abusive actions. Venting was commonly used to cope with
powerful negative emotions associated with toxic relationships.

Users felt unsupported when their partners or families reacted
to their diagnosis by becoming detached or distressed to the
extent of relying on the patient for support. To illustrate, one
user expressed disappointment in their father’s silence after
diagnosis, stating, “My dad isn’t there for me. I guess I shouldn’t
be surprised, he’s always been like this” (OP 45).

Other users were frustrated with bearing the emotional burden
for others regarding their cancer. For example, one OP resented
their husband for expecting them to manage his emotions,
sharing, “I did my best to explain that I needed him to be my
rock. He got upset... he wanted us to be mutually supportive.
But he doesn’t have cancer.... I do!” (OP 62).

Some OPs described being disrespected and emotionally abused
following their diagnosis. For instance, one OP shared that their
partner told them, “Lately, you aren’t sexually desirable to me
without your natural breasts. I miss them and how they felt...
probably even more than you do” (OP 65).

Similarly, another OP disclosed experiencing emotional and
verbal abuse from their partner both before and after their breast
cancer diagnosis. This OP shared feeling extremely upset that
just 2 weeks after their diagnosis, their partner asked them,
“How long are you going to pull the breast cancer card?” (OP
85).

Toxic relationships described within this theme were strongly
associated with venting, that is, posting negative, emotionally
charged content. For example, an OP trying to cope with being
isolated by their family prefaced their story by writing, “Heads
up that this is a massive, sad vent post. Sorry but I feel like I
need to shout into the void” (OP 34).

Theme 3: Abandonment and Abuse Following
Diagnosis

Anyone else dealing with an emotionally abusive
spouse before and during cancer? I’m trying to get
away and he’s being awful. [OP 40]
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Theme 3 was classified as slightly negative ( =–1.00) and
captured how patients in toxic relationships were abandoned or
emotionally abused by their partners following their diagnosis.
Key content words included devastate, experience, and abuse.
Patients who navigated abandonment or abuse concurrently
with a breast cancer diagnosis reported feeling emotionally
devastated.

Abandonment was especially common after disclosing a breast
cancer diagnosis. For example, one OP shared that their husband
abandoned them on the way home from their diagnosis
appointment, stating, “He said he won’t look after the kids and
plans on leaving” (OP 9). Other users were abandoned as
treatment began. Many users who shared stories of abandonment
described emotional whiplash, characterized by a sudden,
unexpected transition from feeling secure in their relationship
to feeling betrayed following abandonment. As illustrated by
one user, “He made me feel cared for, loved, and safe... until I
said I was considering a mastectomy. Then he shut me out” (OP
12).

The emotional impacts of betrayal were devastating. An OP
whose long-term partner unexpectedly broke their promise to
stick by them during treatment shared, “I am completely
devastated. I am infuriated. He and my body betrayed me. I am
so furious” (OP 86).

Of partners who stayed following a diagnosis, many subjected
the patient to emotional abuse. One OP was told that they
deserved their cancer, recounting, “He used my cancer against
me by saying I got it because I’m weak and that’s just natural
selection at work. He told me not to bother with treatment and
to just let nature run its course” (OP 76).

Other experiences involved infidelity, threats of child
abandonment, accusations of faking symptoms, and coercion
in treatment choices. Emotional abuse was repeatedly described
as devastating. For example, an OP whose spouse had been
emotionally abusive for years posted, “What can I do to stop
feeling devastated that my husband feels I should be punished
all the time?” (OP 40).

Theme 4: Toxic Relationships and Social-Related Fears
Do any of you also feel like the emotional
consequences of breast cancer are almost worse to
deal with than the physical? [OP 66]

The fourth theme was classified as slightly negative ( =–0.75)
and focused on social-related fears associated with breast cancer.
Key content words included biopsy, tchp, and scare. Patients’
fear stemmed from anticipating or experiencing a negative
reaction to their breast cancer by a toxic family member or
partner. For example, an OP who disclosed a toxic family shared
dreading their reaction to their cancer, expressing, “The fear of
how my family will react to my breast cancer diagnosis is nearly
as overwhelming as the actual diagnosis” (OP 81).

Other users felt scared because they had already experienced
an unsupportive reaction by a toxic family member or partner
to their cancer. For example, one OP felt scared and hopeless
after being gaslit by their partner about their diagnosis, sharing,
“He was trying to tell me that my breast cancer was all in my

head, despite having seen my biopsy results and meeting with
multiple members of my medical team” (OP 3). Similarly, an
OP whose family neglected to support them after learning of
their diagnosis expressed, “My family doesn’t care about me
or my breast cancer. It makes me feel scared and alone” (OP
34).

Theme 5: Inner Strength and Navigating Breast
Cancer Over Time

I thought to myself that if my cancer ever came back,
I’d rather deal with it alone than with a person like
that. [OP 32]

Theme 5 was classified as slightly positive ( =1.00) and
highlighted how breast cancer was disruptive to the lives of
patients. Key content words included future, matter, and
strength. Users described how health and social adversity
influenced their inner strength. Toxic relationships that emerged
after diagnosis were especially trying for patients. For instance,
one OP expected their partner’s support as they began cancer
treatment (as their partner had promised). However, the OP’s
partner abruptly took back their commitment, leaving the OP
to navigate cancer alone: “They sent me a message the next day
and said they don’t want anything to do with me” (OP 12).

Inner strength emerged as a dynamic construct that was both
challenged by experiencing a breast cancer diagnosis and toxic
relationships and enhanced by surviving these adverse
experiences. Many users believed that surviving breast cancer
concurrently with exposure to toxic relationships was a
testament to their inner strength. For example, one OP attributed
their inner strength to recovering from breast cancer while
navigating a lack of empathy and support from their spouse.
This OP stated, “I feel 100% confident that I am a strong,
intelligent woman who can face almost anything” (OP 64),
while sharing that they had received a new cancer diagnosis.
Inner strength also enabled users to regain a sense of control
over how they were going to navigate living with a breast cancer
diagnosis. For example, an OP who was abandoned by their
partner after being diagnosed stated, “I finally felt strong enough
to delete his contact information because I couldn’t stop myself
from calling him–it was the best choice I could have made” (OP
47).

Theme 6: Assessing Social Relationships and
Interactions

I am immensely grateful for you all for helping me
navigate a chaotic and frustrating moment. [OP 85]

The sixth theme was classified as marginally positive ( =0.20)
and described how OPs assessed their social relationships and
interactions. Key content words included conversation, response,
listen, regret, and grateful. Users assessed the quality of social
support from family based on whether they felt judged, subjected
to toxic positivity, or made to listen to unsolicited advice. For
example, an OP with an emotionally unsupportive family shared,
“I think a lot of family think it’s helpful when they shove
positivity down our throats. What we really need is support and
someone to listen without trying to solve all our problems” (OP
82).
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For some users, responses to breast cancer unveiled toxic
relationships that they regretted having to face. For example,
an OP with unsupportive parents shared, “I regret that my breast
cancer forced me to confront that my parents never have and
still don’t support me how I need them to” (OP 4). However,
OPs who discovered both toxic and supportive relationships
during cancer expressed gratitude for the sources of support
they did have. As one OP stated, “Sometimes I get jealous of
people whose parents love and support them, but then I
remember the rest of my friends and family who showed up for
me when I needed them, and I’m grateful” (OP 32). The
subreddit community was repeatedly praised by users because
it was such a valuable source of support. For instance, one OP
shared, “I am endlessly grateful for the knowledge and resilience
of this community” (OP 53).

Theme 7: Community Advice and Support
I know what it feels like to be abandoned. I could tell
you all the red flags in a man’s behavior... but just
trust me–it’s better to be alone. You dodged a
MASSIVE bullet. A person who lacks compassion
about your breast cancer is NOT a good life partner.
Please message me if you need someone to vent to. I
really do understand...and you’ve got this. [OP 89]

The seventh theme was classified as marginally negative

( =–0.17) and characterized a core function of r/breastcancer:
providing advice and support. Key content words included
money, quit, and follow. The subreddit facilitated advice
regarding various topics, especially related to navigating
financial matters and treatment options in the context of a toxic
relationship.

Numerous users offered money-related advice to OPs facing
difficult financial situations because of toxic relationships.
Situations included financial coercion, exploitation, and
manipulation following cancer disclosure and managing finances
during separation from a toxic partner. For instance, one OP
was abandoned by their partner during a joint real estate
purchase. A community member with self-professed real estate
expertise strongly advised the OP against continuing with the
investment, writing, “I’m begging you... please do NOT sign
anything else! Lose your money... that’s not important... please
do not continue with this purchase” (OP 89).

Members also counseled OPs about postmastectomy
reconstruction by offering advice on how to reduce social
pressure and prioritize personal preferences. For example, one
OP shared how they resisted their partner’s pressure to follow
reconstruction, stating, “I made him look at photos of
reconstruction to show him that it’s not a free boob job and can
be ugly. He changed his tune real quick” (OP 39).

Members who were ultimately pressured into reconstruction
strongly encouraged OPs to follow their instincts. For example,
one member who was coerced into reconstruction by their
husband advised, “I constantly wish I went flat instead. If I had
to do it again I would listen to my gut and go flat” (OP 8).

Similarly, it was common to share advice about treatment
adherence. Many OPs struggling with a lack of support
expressed wanting to quit treatment. While members empathized

with users and understood their feelings, they ultimately
encouraged continuing. For example, one OP shared, “I’m just
sick of this. I’m pretty sure I’m done with it all” (OP 34).

The community offered empathy, such as, “When I was in the
middle of your treatment, I was frustrated too and tried to quit
every week” (OP 7), as well as advice, for example, “Don’t stop
treatment without a good reason. It’s a gift in spite of tough side
effects because it keeps us alive” (OP 48).

Discussion

Principal Results
This study explored the use of the r/breastcancer subreddit by
patients to describe toxic relationships with their partners and
immediate family members. Themes highlighted patients’ lived
experiences of toxic relationships, emotional impacts, and
support from the subreddit community. A key finding was that
many people with breast cancer sought out the r/breastcancer
subreddit to share their experiences of toxic relationships, often
including descriptions of abandonment, isolation, and emotional
abuse within this context. Further, this study presented
compelling evidence that toxic relationships impart profound
emotional consequences for patients and that some patients cope
with these strong emotions through online venting. This work
also emphasized the value of online communities like Reddit
as alternative, complementary sources of support for patients
experiencing toxic relationships.

Comparison With Prior Work

Abandonment and Betrayal as Common Experiences
These findings suggest that abandonment is a common
experience for patients with breast cancer following diagnosis.
Prior research has lacked consensus regarding the risk of
abandonment among patients with breast cancer after diagnosis
[55,56]. Generally, however, women are more likely to be
abandoned by a partner after being diagnosed with a serious
medical illness [57]. Further, distancing is the most prevalent
unsupportive response experienced by a patient following their
breast cancer diagnosis [23]. Fears and feelings of abandonment
following diagnosis are also well-documented within breast
cancer research [58-60]. Given this understanding, and
considering that Reddit data can be regarded as an authentic
representation of user experiences [61], it is reasonable to
conclude that these findings are suggestive of an increased risk
of abandonment for patients with breast cancer.

A novel finding was the occurrence of emotional whiplash,
where a patient was initially promised support by their partner
but was later abandoned unexpectedly. The emotional transition
from security to betrayal was repeatedly reported as devastating.
There is limited research describing betrayal in the context of
abandonment and breast cancer, but it is known that feelings of
betrayal in this context can reduce the desire for future
relationships [62]. Broadly, the loss, disruption, and deterioration
of social ties are some of the most stressful experiences a patient
with cancer can face [6], which makes abandonment a serious
risk factor for reduced mental health [63]. Comprehensive cancer
care entails stress-reducing psychosocial interventions [63], but
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a limited understanding of the psychological effects of betrayal
hinders clinicians’ ability to optimally manage
abandonment-related stress.

Anonymous Venting Enables Disclosure of Toxic
Relationships
The central role of venting within the r/breastcancer community
highlighted the unique socioemotional needs of patients with
breast cancer in the context of toxic relationships. Toxic
relationships impart emotional consequences that can be difficult
to navigate and cope with [26]. Venting is a disinhibitory,
emotion-focused strategy for coping with stress [64,65]. Venting
can be considered a form of expressive writing, that is, writing
that describes a deeply personal experience [66], which is
well-evidenced to facilitate coping with psychological distress
[67]. Online venting was consistently described as cathartic
among patients in this study, aligning with prior evidence of
patients with breast cancer seeking support in online
communities during periods of stress [68] and perceiving
reduced stress after they vent online [69]. Further, patients with
breast cancer who self-manage their emotions by narrating their
experiences are known to experience strong psychological
benefits [70].

It might be expected that the stigma attached to breast cancer
and toxic relationships would hinder disclosure [58,71],
however, seeking out group-oriented support is reportedly most
common for diseases considered stigmatizing [72]. The latter
position is consistent with this study, as venting posts often
included stigmatized thoughts and feelings (eg, wanting to ‘give
in’ to cancer or discussing abuse without wanting to leave the
relationship). Further, it appeared that Reddit’s capacity for
anonymity created a sense of safety that made patients
comfortable disclosing information considered stigmatizing,
which is consistent with existing evidence [73]. Overall, patients
appeared to perceive anonymous venting via Reddit as an
effective, safe strategy for coping with stress from toxic
relationships. Interventions that aim to promote coping among
this patient population would likely benefit from integrating
anonymity to encourage uninhibited self-expression.

Advice About Navigating Toxic Relationships
Validating the feelings of other users, as well as soliciting and
providing advice regarding toxic relationships, were core
activities within r/breastcancer. It was previously known that
participation in online forums contributes to the practical,
informative, and emotional empowerment of patients with breast
cancer [74]. However, this study uniquely identified that
community members on Reddit often urged OPs to leave or go
against the wishes of their abusive partner. While
well-intentioned, this advice may not always be safe or practical.
Leaving an abusive partner can be the most dangerous time in
the relationship due to an increased risk of retaliation [75].
Similarly, acting in a manner that might antagonize an abuser
can initiate or escalate relationship discord and consequently
increase the risk of violence [76]. Furthermore, patients who
depend on an abusive partner (eg, for caregiving, access to
health insurance, and transportation to appointments [77]) may
be unable to leave or risk the relationship by acting defiantly
[78]. Resultantly, relationship advice received on Reddit by

patients with abusive partners may have been incompatible with
their reality or suboptimal in promoting their safety.

This indicates a knowledge gap concerning safety planning
within r/breastcancer; safety planning can be understood as the
development of strategies to reduce the risk of abuse and
enhance support [79]. Safety planning is a proven, widely
endorsed health promotion intervention that is effective both
within an abusive relationship and after leaving [80,81].
Considering the prevalence of abuse among patients with breast
cancer [20] and that many seek support in online forums such
as Reddit [39], it could be useful to raise awareness of safety
planning within r/breastcancer as a health promotion strategy.
Further, considering the importance attributed to inner strength
by patients in this study, building awareness of strengths-based
approaches to safety planning [82] could be particularly useful.
For example, community moderators could pin
relationship-related resources (eg, hotlines and informative
websites) as the top comment under posts about challenging,
potentially toxic relationships. However, a needs assessment
would be best suited to developing an IPV-related intervention
considered acceptable and effective within r/breastcancer.

Clinical Implications
Psycho-oncology care teams play a critical role in optimizing
health outcomes for patients with breast cancer, yet the
emotional well-being of patients with cancer is often
underreported and underexplored [83]. Patient-reported social
media data offers real-time insights into patient experiences and
needs which can be beneficial for informing clinical practice
[33,83].

Clinicians who understand that many of their patients with breast
cancer are negatively affected by toxic relationships are better
prepared to support their emotional well-being. Acquiring
knowledge about practices and resources that foster coping and
inner strength, including venting and safety planning, can
contribute to improved patient outcomes.

Some clinicians may be unfamiliar with the advantages of online
forums for patients, but recognizing the potential benefits could
enhance care [84]. Recommending Reddit as a possible source
of advice, information, and support could be a valuable addition
to clinical practice for patients navigating breast cancer and
toxic relationships. However, because digital literacy is often
overlooked in breast cancer care [85], clinicians who
concurrently promote digital literacy can empower their patients
to access online communities and ultimately, improve their
health outcomes.

Limitations
There are limitations to this work. First, the analysis was
conducted by a single researcher, which may have introduced
bias in data interpretation. The analysis also relied heavily on
automated methods that may have been inadequate in fully
capturing nuance or interpreting context cues in textual data.
Second, these data are self-reported, which may have resulted
in biased perspectives. While users in this sample self-identified
as patients with breast cancer, it was not possible to validate
this. These data may have inadvertently included content from
online robots or people without breast cancer, and thus may not
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accurately reflect the experiences of the target population.
Additionally, these data were scraped from a single social media
platform and may not be representative of the experiences of
patients who use other social media platforms, do not use Reddit
to discuss their personal lives, or lack access to an
internet-enabled device. No demographic information was
available to further contextualize findings. It is important to
note that these results only relate to experiences of emotional
abuse, as physical and sexual abuse were not represented in the
data. Furthermore, all participants could write in English, were
digitally literate, and had access to the internet, meaning that
the findings may not represent the experiences of patients who
are nonanglophone or lack technological access or literacy.
Caution should be used when applying these findings to other
patients with breast cancer.

Conclusions
This study identified that toxic relationships described by
patients with breast cancer on Reddit were common and
characterized by abandonment, abuse, and unsupportive
behaviors. Patients often experienced profound emotional
reactions to this form of social stress and anonymous venting
on Reddit was described as an effective coping mechanism.
Some patients described breast cancer and toxic relationships
as adverse experiences that ultimately enhanced their inner
strength. Overall, the r/breastcancer community appeared to be
a means of exchanging advice, information, and support for
patients experiencing toxic relationships. Clinicians who
understand that their patients may be negatively affected by
toxic relationships are better prepared to support their holistic
well-being. Further investigation of Reddit as a possible source
of advice, information, and support has the potential to help
inform clinical practice and subsequently, improve patient health
outcomes.
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Abstract

Background: Adolescents and young adults (AYAs) diagnosed with cancer experience physical, cognitive, and psychosocial
effects from cancer treatment that can negatively affect their ability to remain engaged in education or work through cancer
treatment and in the long term. Disengagement from education or work can have lasting implications for AYAs’ financial
independence, psychosocial well-being, and quality of life. Australian AYAs with cancer lack access to adequate specialist support
for their education and work needs and report a preference for web-based support that they can access from anywhere, in their
own time. However, it remains unclear what web-based resources exist that are tailored to support AYAs with cancer in reaching
their educational or work goals.
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Objective: This study aimed to determine what web-based resources exist for Australian AYAs with cancer to (1) support return
to education or work and (2) identify the degree to which existing resources are age-specific, cancer-specific, culturally inclusive,
and evidence-based; are co-designed with AYAs; use age-appropriate language; and are easy to find.

Methods: We conducted an environmental scan by searching Google with English search terms in August 2022 to identify
information resources about employment and education for AYAs ever diagnosed with cancer. Data extraction was conducted
in Microsoft Excel, and the following were assessed: understandability and actionability (using the Patient Education and Materials
Tool), readability (using the Sydney Health Literacy Laboratory Health Literacy Editor), and whether the resource was easy to
locate, evidence-based, co-designed with AYAs, and culturally inclusive of Aboriginal and Torres Strait Islander peoples. The
latter was assessed using 7 criteria previously developed by members of the research team.

Results: We identified 24 web-based resources, comprising 22 written text resources and 12 video resources. Most resources
(21/24, 88%) were published by nongovernmental organizations in Australia, Canada, the United States, and the United Kingdom.
A total of 7 resources focused on education, 8 focused on work, and 9 focused on both education and work. The evaluation of
resources demonstrated poor understandability and actionability. Resources were rarely evidence-based or co-designed by AYAs,
difficult to locate on the internet, and largely not inclusive of Aboriginal and Torres Strait Islander populations.

Conclusions: Although web-based resources for AYAs with cancer are often available through the websites of hospitals or
nongovernmental organizations, this environmental scan suggests they would benefit from more evidence-based and actionable
resources that are available in multiple formats (eg, text and audio-visual) and tailored to be age-appropriate and culturally
inclusive.

(JMIR Cancer 2024;10:e47944)   doi:10.2196/47944

KEYWORDS

adolescent; cancer; education; employment; information needs; oncology; online information; quality of life; resource; return to
work; school; study; supportive resources; treatment; young adult

Introduction

A diagnosis of cancer in adolescence and the young adult years
can lead to significant and long-lasting disruptions to key
developmental milestones [1-3]. Adolescents and young adults
(AYAs) with cancer are at risk of poor long-term medical and
psychosocial outcomes due to delays in diagnosis and lagging
improvements in survival rates compared with those diagnosed
as children or adults [1]. Symptoms and late effects from cancer
treatment can negatively impact AYAs’ education and work
engagement [4-7]. A weakened immune system, nausea, fatigue,
neuropathy, poor cognitive functioning, poor social well-being,
and mental health challenges such as depression and social
anxiety are just some of the physical symptoms and late effects
AYAs must contend with [3-9]. Challenges with education and
work engagement may also drive distressing symptoms such
as poor social well-being and depression [3,9,10].

Poorer outcomes are exacerbated by the limited age-appropriate
services targeting their unique needs [11]. During adolescence
and the young adult years, broadly defined as the ages of 15-39
years, young people are expected to participate in and complete
education and training, obtain employment, and achieve
financial independence, all while navigating social and intimate
relationships to develop and evolve their identity [12]. A cancer
diagnosis and treatment during adolescence and the young adult
years can interrupt or delay these developmental tasks [12].

Extended absences and difficulties engaging with education or
work are common for survivors of AYA cancer and can have
a lifelong negative impact on AYAs’ educational and work
goals, quality of life, and psychosocial and financial well-being
[2]. survivors of AYA cancer miss significantly more days of
school than their peers [11]. AYAs may miss 40-60 days of

school within the first year following their diagnosis [13], and
Australian data suggest nearly 50% of survivors of AYA cancer
have not fully returned to education or work up to 24 months
post diagnosis [14]. Nearly 40% of AYAs report their
employment goals were negatively affected by cancer [15], and
survivors of AYA cancer are more likely than peers without a
history of cancer to report an increased number of missed
workdays as a result of illness or disability (11.9% of survivors
vs 6.7% of controls) [16]. survivors of AYA cancer are also
more likely than peers without a history of cancer to report
employment disability (being unable to carry out employment
or work requirements at all or needing to do so with disability
provisions; 34.1% of survivors vs 23.9% of controls) [16].
However, qualitative studies suggest that survivors of AYA
cancer experience trouble navigating public support, education,
and employment systems, which puts them at a disadvantage
by contributing to increased financial hardship, fear, and
uncertainty around their education and employment situations.
Financial hardship in itself serves as a barrier to AYAs achieving
their education goals by making it difficult for AYAs to afford
education, particularly at a university level, or to keep up with
repayment of education-related debts [17].

In contrast, AYAs who are able to remain more engaged with
their education or work report decreased psychological distress
[18] and improved social well-being [1,19]. Yet, few
interventions supporting AYAs to remain engaged with
education or work have been systematically evaluated [2]. The
only such service evaluated in Australia is an educational and
vocational counseling service based in a major cancer center in
Victoria, Australia, which provides in-depth, tailored support
through trained advisors to AYAs diagnosed with cancer
between the ages of 15 and 25 years [20]. To date, 209 AYAs
have received support through this program. By completion,
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73% of AYAs were able to engage in education or vocation or
were receiving support through an external source [20]. Access
to such personalized programs may be limited due to cancer
centers’ resources and AYAs’distance to their treatment centers
[21,22]. Individualized consultation requires synchronous
engagement, usually during school or work hours, which may
further prevent uptake for AYAs who have some level of
participation in education or work [23].

The average Australian AYA spends approximately 14 hours
per week on the internet, and survivors of AYA cancer are
highly engaged with social media as well as web-based cancer
resources [24,25]. Many Australians with cancer living in rural
or remote locations rely on web-based resources to navigate the
impacts of a cancer diagnosis and its treatment on their
education or career [26,27]. Given this reliance on web-based
information, it is critical to consider the extent to which
web-based information resources are equitably accessible by
Australian AYAs. Previous studies and reviews have defined
equity of access to web-based information as the provision of
web-based information that is easy to find, provided in a range
of formats (eg, text, video, and audio), understandable or
readable for individuals with varying abilities and health literacy
levels, and culturally and linguistically inclusive [28-30]. The
importance of equitable access to health information for
Australians is paramount, considering how many people live
in rural locations and the cultural and linguistic diversity of the
country. Approximately 3.2% of the population identify as
Aboriginal and Torres Strait Islander peoples, 30% were born
overseas, and 21% of families speak a language other than
English at home [31].

Ensuring equitable access to web-based information resources
requires consultation with target populations (ie, co-design of
information resources with a culturally and linguistically diverse
group of AYAs diagnosed with cancer), as well as a focus on
providing information that is evidence-based. However, no
previous research has assessed what web-based information
resources exist to support Australian survivors of AYA cancer
in their engagement with education or work, and to what extent
resources are equitably accessible. Therefore, this study aimed
to determine the following: (1) What web-based resources exist
for engaging with education or work after a cancer diagnosis
that AYAs with cancer are likely to encounter when conducting
a Google search? and (2) Of the identified resources, to what
degree are they understandable, actionable, readable, easy to
locate, evidence-based, co-designed with survivors of AYA
cancer, and culturally inclusive?

Methods

Overview
Web-based resources for AYAs with cancer are typically
provided through hospitals and nongovernmental organizations
(NGOs) rather than through academic journals or research
databases. Therefore, we chose to conduct an environmental
scan rather than a systematic review, using a standard search
engine rather than academic databases. Environmental scans
have demonstrated usability in identifying health information
resources across a range of health disciplines [32,33]. While
there is no consensus regarding optimal methods for conducting
an environmental scan of health information resources,
environmental scans take a higher-level approach than
systematic reviews or qualitative evaluation studies to identify
available resources, tabulate yes or no responses to whether
web-based resources possess certain qualities, and determine
the basic usability of resource content [33,34]. We opted to
follow similar methods used by Ruble et al [32] in their 2019
publication assessing web-based resources to support children
returning to school during or after cancer treatment and methods
used by Schiffman et al [35] in their 2006 study on internet use
among survivors of AYA cancer. In keeping with these previous
studies, 2 researchers led the search and data extraction, and we
used validated measures of understandability, actionability, and
readability to conduct a basic assessment of available resources.
We also tabulated whether resources were easy to locate,
evidence-based, developed through co-design with AYAs, and
culturally inclusive of Indigenous populations. We conducted
structured searches through Google and extracted data in
Microsoft Excel (Microsoft Corporation).

Consumer Involvement
Consumer involvement in the design of this study was central
to our methods. Chief investigators included the researcher and
clinician chief investigators in addition to 2 survivors of AYA
cancer (authors CES and NS) and 1 parent of a survivor (author
JO). Together, the chief investigator team met in November
2021, March 2022, and May 2022, to develop the environmental
scan protocol, including search terms and methods.

Searches
We searched Google Australia with English search terms
between August 8 and 19, 2022 (Textbox 1). No limits were
applied to the country, as we wanted to replicate the way
survivors of AYA cancer currently access information to support
their return to education or work.
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Textbox 1. Environmental scan search terms as per both themes.

Adolescents and young adults with or surviving cancer

• AYA cancer

• Teen cancer

• Adolescent cancer

• Young adult cancer

Returning to study or work

• Study

• School

• Education

• University

• College

• Work

• Employment

• Career

Search terms were created by combining search words from 2
themes. The first theme designated the target population of
AYAs with or surviving cancer, and the second designated
information and resource content related to “returning to study
or work.” Using the words listed in Textbox 1, CES and GD
independently conducted 24 unique searches combining the 2
groups of search terms with “AND” (eg, “adolescent cancer
AND school”). Before and between each new search, the
browser cache was reset. All searches were conducted from
Sydney, New South Wales, Australia. However, to identify
whether there may be any difference in search results based on
location in Australia, GD also conducted 6 of the 24 searches
using a virtual private network and changed the search location
to Perth, Western Australia, which is located on the opposite
side of Australia from Sydney.

Resource Selection
Typically, a Google search will present 10 results per page,
meaning 50 results would be presented across 5 pages. Although
the average internet user will only click on results appearing in
the first 10 Google search results [36], we opted to maximize,

the identification of relevant results by reviewing the first 50
results for eligibility (CES and GD) [37]. Eligible websites,
documents, videos, and audio-visual resources were those that
provided text-based information, video, or audio-visual
information in English and were directed primarily toward
AYAs returning to study (any level) or work after a cancer
diagnosis. Websites, documents, and videos or audio-visual
resources targeting parents or family members of AYAs were
excluded. Academic papers, media stories, and blogs were also
excluded.

Data Extraction
An Excel spreadsheet was developed to include drop-down
menus to record key data (Table 1). Data extraction fields were
partially based on a previous review of web-based resources
conducted by Ruble et al [32] in 2020.

CES and GD independently conducted data extraction and
recorded the addresses of websites meeting eligibility criteria
in separate Excel spreadsheets, reconciled their searches, and
removed duplicates.
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Table 1. Data extraction fields and response options.

Response optionField

AYAa-specific or otherTarget audience

Education (inclusive of secondary or tertiary) or employmentSetting

Source creator • Nongovernmental organization
• Cooperative group or professional organization
• Health care institution
• State or federal government organizations
• Media publications

Country nameCountry of origin

Publicly available, subscription, or user profileAccess to website

Information, advertising, support, or interventionPurpose of website

DateDate of last review of information

Diagnosis name, resource designed for AYAs with chronic illness more broadly but includes cancer,
or no cancer type specified

Cancer type

Written descriptive text, video or YouTube, images, stories or vignettes, quotes from consumers, or
other

Media used to convey information

Checklists, letter templates, strategies, access to career or education counseling, support group or
network, or other

Support, tools, or information provided by the
resource

Yes or noEvidence-based

Yes, no, or unclear: describes consultation with survivors but not methods for this consultationCo-designed

aAYA: adolescent and young adult.

Assessment of Resources and Data Synthesis

Was the Resource Understandable and Actionable?
For both text and audio-visual resources, we used the Patient
Education Materials Assessment Tool (PEMAT) [38] to assess
the understandability and actionability of the resources.
Understandability refers to whether the meaning is
comprehensible, taking multiple elements into account, such as
word complexity and the layout or structure of the information
[38]. Actionability refers to whether or not a resource provides
content in a way that consumers can easily determine what they
need to act on or do based on the content presented [38].
PEMAT for written materials consists of 17 items assessing
understandability and 17 items assessing actionability, all of
which are scored as agree, disagree, or unsure [38]. The PEMAT
for audio-visual materials includes 13 items assessing
understandability and 4 assessing actionability. The PEMAT
generates percentage scores (0%-100%) which is the proportion
of the responses assessed as having been met (agree). Scores
of 100% indicate optimal understandability or actionability;
scores of 70% indicate adequate understandability or
actionability [38,39]. The PEMAT has been used previously in
a review of information resources for students with cancer [32]
and an evaluation of other web-based information for many
illnesses, including cancer [37]. The PEMAT demonstrates
good reliability and ease of use, with interrater reliability scores
of 0.92 for understandability and 0.93 for actionability, and
92% of raters agreeing on its ease of use [40].

Was the Resource Readable?
We also assessed the readability (reading level) of text resources
using the Sydney Health Literacy Laboratory (SHeLL) Health
Literacy Editor. Optimal readability on the SHeLL Editor is
indicated by a score of 8 or below, equating to a grade 8 reading
level [41,42]. Generally, health information designed for the
general population or patients is recommended to be readable
at a grade 8 level or lower [43]. The SHeLL Editor enables the
pasting of exact text from a resource into its reading level
calculator to provide a specific reading level for text.

How Easy Was It to Locate the Resource?
The ease of locating the resource was assessed by determining
whether a resource appeared within the first 10 search results
on the first page of results on Google. This is based on evidence
suggesting the average internet user will only click on results
appearing in the first 10 Google search results [36].

Was the Resource Evidence-Based?
Resources were evaluated as being evidence-based according
to whether or not supporting evidence was cited and accurately
represented to support the information they provided, or if they
indicated in any background content whether research was
involved in the development of the resource content.

Was the Resource Developed Through Co-Design With
Survivors of AYA Cancer?
Co-design refers to methods used to engage, consult, and work
in collaboration with young people to develop research
questions, resource content, or interventions [44]. We assessed
whether resources were co-designed with survivors of AYA
cancer based on whether or not they described using a co-design
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method to develop the information they provide. We note as
“unclear” any resources indicating content was developed in
consultation with AYAs with cancer, but the exact co-design
methods used or extent of engagement with AYAs is not clearly
described.

Was the Resource Culturally Inclusive?
To our knowledge, no tool exists to assess the cultural inclusivity
of international web-based health resources. Therefore, to
measure the cultural inclusivity of the resources we identified,
we used 7 criteria that were codeveloped by 3 Aboriginal and
Torres Strait Islander researchers (including AG) and 2
non-Aboriginal and Torres Strait Islander researchers (including
AD) [45]. All researchers involved in the development of these
criteria have a strong track record in Indigenous health research
[45-51]. Due to the criteria being designed solely for the
evaluation of the cultural inclusivity of resources for Aboriginal
and Torres Strait Islander peoples in Australia, we only evaluate
the cultural inclusivity of resources created by and for
Australians [45].

The criteria for cultural inclusivity were as follows [45]: (1)
Does the resource include any visual aids (photos, animations,
infographics, or charts) that depict or contain information about
Aboriginal and Torres Strait Islander peoples? (2) Does the
resource include any information or data about Aboriginal and
Torres Strait Islander peoples? (3) Does the resource include
any Aboriginal and Torres Strait Islander design or artwork?
(4) Does the resource provide any evidence of leadership,
involvement, or governance by peoples, communities, or
organizations that identify as or represent populations that are
Aboriginal and Torres Strait Islander? (5) Is the resource
available in any Aboriginal and Torres Strait Islander languages?
(6) Is any of the language used strengths-based and respectful
to Aboriginal and Torres Strait Islander peoples? and (7) Does
the resource include a contact (phone number, email, or website)

for any culturally relevant or personalized support and
information for Aboriginal and Torres Strait Islander peoples?

AG, a Pakana woman from Lutruwita (Tasmania), reviewed all
resources to determine their relevancy to Aboriginal and Torres
Strait Islander peoples. As this tool is not validated, there is no
clear minimum number of criteria that should be achieved to
determine the cultural competency of a resource. As such, we
report the number of criteria that were met descriptively and
describe the strengths and shortfalls of the resources.

Results

Research Question 1: What Web-Based Resources
Exist for Engaging With Education or Work After a
Cancer Diagnosis, That AYAs With Cancer Are Likely
to Encounter When Conducting a Google Search?
A total of 24 AYA-specific resources met eligibility criteria
and were included (Table 2). Most were published by NGOs
(n=19, 79%). All resources focused on information provision
rather than advertising, support, or intervention, with content
shared through text information, text and video stories from
other AYAs with cancer, contact details for support
organizations, or lists of strategies to navigate education and
work challenges. A total of 8 resources were from the United
States [52-59], 8 from Australia [60-67], 6 from the United
Kingdom [68-73], and 2 from Canada [74,75]. A total of 7
resources focused on education, 8 on work, and 9 on both. There
was no difference in search results between searches conducted
in Sydney and Perth.

Most resources did not target specific cancer types or stages of
the cancer trajectory, although 4 were developed for people
diagnosed with blood cancer [59,66,69,74]. There was little
consistency in the topics covered across resources, with only a
few common topics covered (Table 3).

Table 2. Cultural inclusivity of resources identified through the environmental scan [45].

Resources meeting each criterion, nCriteria

0Does the resource include any visual aids (photos, animations, infographics, or charts) that depict or
contain information about Aboriginal or Torres Strait Islander peoples?

0Does the resource include any information or data about Aboriginal or Torres Strait Islander peoples?

4Does the resource include any Aboriginal or Torres Strait Islander designs or artwork?

0Does the resource provide any evidence of leadership, involvement, or governance by people, commu-
nities, or organizations that identify as or represent populations that are Aboriginal or Torres Strait Is-
lander?

0Is the resource available in Aboriginal or Torres Strait Islander languages?

6Is any of the language used strengths-based and respectful to Aboriginal and Torres Strait Islander peoples?

2Does the resource include a contact (phone number, email, or website) for any culturally relevant or
personalized support and information for Aboriginal and Torres Strait Islander peoples?
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Table 3. Common information and strategies covered in resources.

Resource explored topic in relation to
education, work, or both

Topic covered

BothDisability rights and accessing accommodations or provisions (n=16) [52-55,58,61-63,65-67,71,72,74]

BothTelling people or talking about your cancer (n=13) [52-55,60-63,65-67,70-72]

BothApplying for jobs or changing careers (n=11) [52,61,64,66,67,69,71-75]

BothManaging physical or cognitive impacts of cancer treatment (n=7) [54,57,65-67,71,75]

Research Question 2a: Were Resources
Understandable?
Understandability of all text and resources was very good, with
all but 1 resource [68] scoring 80% or more on the PEMAT
(Table S1 in Multimedia Appendix 1 [52-75]).

Research Question 2b: Were Resources Actionable?
Actionability varied greatly across resources, ranging from
40%-100% on the PEMAT (Table S1 in Multimedia Appendix
1 [52-75]). Less actionable text resources tended to be those
focused on broad information and strategies, such as tips on
how to tell your employer about your diagnosis and the
suggestion to seek counseling support through a university
campus student services center, rather than advice on when and
how AYAs can take specific steps to address their concerns. In
general, video resources were the least actionable in that most
involved AYA survivors telling their own personal stories
related to education and work challenges after a cancer
diagnosis, rather than providing advice or strategies to other
AYAs.

Research Question 2c: Were Text Resources Also
Readable?
Readability for all 23 text resources was very poor, with reading
levels ranging between grades 8.5 and 16.0 (mean 12, SD 1.97),
indicating that, on average, the included resources require
completion of a high school degree to comprehend. No resources
were assessed to be the optimal reading level of grade 8 or lower
(Table S1 in Multimedia Appendix 1 [52-75]).

Research Question 2d: Were Resources Easy to
Locate?
Resources were difficult to locate, with 22 out of 24 (90%)
relevant resources appearing on the second or third page of the
Google search results (Table S1 in Multimedia Appendix 1
[52-75]). Results of the Google search prioritized resources
related to younger children diagnosed with cancer and their
engagement with school, as well as older adults returning to
work. AYA-specific resources were scattered in between these
less relevant results, as well as other, less relevant results, such
as academic journal publications, links to hospital-based cancer
services, and information about specific types of cancer.

Research Question 2e: Were Resources
Evidence-Based?
No resources cited any research-based evidence to support the
information provided (Table S1 in Multimedia Appendix 1
[52-75]). Most resources did not describe how the content was
developed. Where any description was provided, resources

tended to be developed through consultation with expert
informants, such as career counselors, oncologists,
hematologists, and social workers.

Research Question 2f: Were Resources Co-Designed?
No resources specifically discussed co-design methods used to
develop resource content in collaboration with AYAs.

Research Question 2g: Were Resources Culturally
Inclusive?
The number of cultural inclusivity criteria each resource
addressed is summarized in Table S1 in Multimedia Appendix
1 [52-75]. The number of resources meeting specific criteria in
the cultural inclusivity checklist is summarized in Table 2.
Generally, cultural inclusivity of Aboriginal and Torres Strait
Islander peoples was very poor, with only 2 out of 7 inclusivity
criteria met by 1 or more resources: inclusion of Aboriginal or
Torres Strait Islander cultural design or artwork and an
acknowledgment on the web page recognizing Aboriginal and
Torres Strait Islander peoples (minimally reflecting the use of
strengths-based language that is respectful of Aboriginal and
Torres Strait Islander peoples).

In reviewing all resources, both Australian and
internationally-designed, we noticed several further equity,
access, diversity, and representative issues with resources that
were not initially part of our aims, that are important to
highlight. Pictures and videos presented in resources almost
exclusively portrayed heterosexual relationships, women were
more commonly represented in pictures than men, and women
were more commonly shown to be young, White, and of thinner
build. Settings also showed middle-class, suburban, or urban
areas rather than lower-socioeconomic, rural, or remote settings.
Most resources also primarily assumed internet access and
support from family or friends were available to AYAs. Lastly,
language was not gender neutral and tended to assume
heterosexual, 2-parent families.

Discussion

Overview
This environmental scan aimed to (1) determine what web-based
resources exist to support survivors of AYA cancer in their
engagement with education or work and (2) assess the
understandability, readability, actionability, and cultural
inclusivity of resources, as well as how easy resources were to
locate, whether they provide evidence-based information, and
whether they were co-designed with survivors of AYA cancer.
We found few high-quality resources on the topic of returning
to education or working for AYAs with cancer in Australia.
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Although the understandability of most resources was high, the
readability of text-based resources was poor, with most text
resources requiring reading levels at the university education
level or higher. This discrepancy may be due to the
understandability criteria being quite broad (eg, text “material
uses common, everyday language” or “material ‘chunks’
information into short sections”) and not directly providing
criteria against which age-appropriate understandability could
be assessed. For example, a resource might include everyday
language for a young adult in small sections, but sentence
structures or legal terminology related to education or work
rights may be more complicated, thus affecting readability. Our
findings on poor readability of resources are consistent with
literature indicating most AYAs with cancer who access
web-based resources report the resources require high health
literacy and present information that is difficult to understand,
critically evaluate, and act on [76,77].

We also found most web-based resources limited in their modes
of information provision, primarily using text to provide lists
of information and strategies. Few resources involved
audio-visual content that may be preferable for the AYA
population [35]. Where audio-visual content was provided, it
was often focused on individual stories and experiences rather
than the provision of guidance to AYAs and actionable strategies
to navigate the return to education or work after cancer.

It is therefore unsurprising that the actionability of resources
was moderate, with resources scoring 60%-100% on
actionability. The focus on broad information and strategies in
most of the resources reviewed may feel overwhelming to
AYAs, given that it can be difficult for a young person to review
a long list of suggestions and determine what they should act
on given their individual health status, needs, and education or
work goals [25]. Previous studies have provided evidence that
Australian survivors of AYA cancer report low confidence in
their ability to assess the reliability and validity of health-related
information [77]. From a developmental standpoint, adolescents
may not have fully developed their critical thinking skills yet
[77]. This underscores the importance of providing information
to AYAs that is both understandable and actionable.

It is also important to note that no resources cited an evidence
base (ie, peer-reviewed scientific literature) for their information
or recommendations, nor did any resource specify co-design of
any content with survivors of AYA cancer. Instead, most
resources assumed a certain level of understanding and
self-motivation to act on the provided information or strategies.
Most resources were also difficult to locate, appearing on
multiple pages in a Google search. However, reliance on
evidence-based information and co-design of resources with
AYA survivors are widely acknowledged as critical to ensuring
that information content and delivery methods are optimized
for the specific needs of this age group [78-81].

Lastly, few resources met more than 1 criterion for cultural
inclusivity. The lack of culturally inclusive resources for
Aboriginal and Torres Strait Islander peoples may exacerbate
existing health inequalities in people with cancer [82]. While
there is no research, to our knowledge, describing specific
concerns related to return to work or education for Aboriginal

and Torres Strait Islander AYAs with cancer, financial distress
is a common area of unmet need for Aboriginal and Torres Strait
Islander adults with cancer in Queensland [83]. Considering
the employment and educational disparities that are known
within this population broadly [84,85], it stands to reason that
Aboriginal and Torres Strait Islander AYAs with cancer may
be in particular need of information to support their educational
and employment endeavors. However, resources were generally
not inclusive of Aboriginal and Torres Strait Islander peoples.
In turn, the literature suggests that such limited inclusivity in
health information can lead to feelings of isolation, feeling
misunderstood by health services, and reduced self-efficacy in
patients to follow medical advice [86]. There is an urgent need
to address this gap in resources available to Australian AYAs
through co-designing and testing the impact of resources with
Aboriginal and Torres Strait Islander survivors of AYA cancer.

Comparison to Previous Work
While some NGOs and health care institutions provide lists of
web-based resources for AYAs with cancer on their website,
no previous research has specifically collated and evaluated
web-based resources to support AYAs’ return to education or
work after cancer. This environmental scan is the first to
evaluate the age appropriateness, accessibility, understandability,
and cultural inclusivity of web-based resources specifically
targeting the education and work needs of AYAs with cancer
in Australia.

Limitations
There were some limitations worth noting. The search strategies
used were constructed to mirror typical searches AYAs might
conduct with a select set of keywords. However, these strategies
may not capture all modes of searches AYAs might conduct,
such as asking questions in the Google search or using other
terms not featured, and we did not include results such as blogs
or social media posts from which AYAs may also seek
information. We only conducted searches in English and did
not find or include resources published in other languages that
may be relevant. Furthermore, there are some limitations
associated with assessing the cultural inclusivity of international
resources using a tool designed specifically for Australia.
However, it is important to note that, to our knowledge, no
international tools exist to assess the cultural inclusivity of
web-based health information resources, and we, therefore,
opted to use the Australian tool and focus specifically on
assessing the cultural inclusivity of resources for Aboriginal
and Torres Strait Islander Australians. We also aimed to
optimize the reach of our searches by using 24 unique search
term combinations, as well as by conducting the searches from
both Sydney (where the investigators are located) and Perth
(through a virtual private network). Finally, given that AYAs
use web-based resources and information, an important next
step will be understanding what AYAs themselves think about
available web-based resources in terms of appropriateness or
usefulness, which was beyond the scope of the current
environmental scan conducted here.
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Conclusions
AYAs diagnosed with cancer frequently turn to the internet to
seek information related to their diagnosis, treatment, and
psychosocial needs [24,25,76,87]. Information accessed on the
internet can play a major role in AYAs’ decisions to seek care
or support to address their specific needs and concerns
[24,25,76,87]. Findings from this environmental scan suggest
AYAs diagnosed with cancer in Australia would benefit from
more tailored, evidence-based, and culturally inclusive

web-based resources that are easy to locate, are provided in
multiple formats (eg, text as well as audio-visual), are presented
at the reading level of someone in year 8 or below and are easy
to act on. While some resources describe their development as
being done in consultation with survivors of AYA cancer, it is
unclear to what extent a co-design approach was taken. A
co-design approach would be beneficial to at least ensure the
understandability, readability, actionability, and cultural
inclusivity of any future resources developed.
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Abstract

Background: Make It Training is an e–mental health intervention designed for individuals with cancer that aims to reduce
psychological distress and improve disease-related coping and quality of life.

Objective: This study evaluated the experienced usefulness and usability of the web-based Make It Training intervention using
a qualitative approach.

Methods: In this study, semistructured interviews were conducted with participants at different cancer stages and with different
cancer entities. All participants had previously taken part in the Reduct trial, a randomized controlled trial that assessed the
efficacy of the Make It Training intervention. The data were coded deductively by 2 independent researchers and analyzed
iteratively using thematic codebook analysis.

Results: Analysis of experienced usefulness resulted in 4 themes (developing coping strategies to reduce psychological distress,
improvement in quality of life, Make It Training vs traditional psychotherapy, and integration into daily life) with 11 subthemes.
Analysis of experienced usability resulted in 3 themes (efficiency and accessibility, user-friendliness, and recommendations to
design the Make It Training intervention to be more appealing) with 6 subthemes. Make It Training was evaluated as a user-friendly
intervention helpful for developing functional coping strategies to reduce psychological distress and improve quality of life. The
consensus regarding Make It Training was that it was described as a daily companion that integrates well into daily life and that
it has the potential to be routinely implemented within oncological health care either as a stand-alone intervention or in addition
to psychotherapy.

Conclusions: e–Mental health interventions such as Make It Training can target both the prevention of mental health issues
and health promotion. Moreover, they offer a cost-efficient and low-threshold option to receive psycho-oncological support.
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Introduction

Background
Cancer is one of the leading causes of death worldwide, and its
prevalence is constantly increasing [1]. Worldwide, 19.3 million
new cases of cancer were diagnosed in 2020 [2]. By 2024, a
total of 27.5 million new cases of cancer are expected each year
[2]. Receiving a cancer diagnosis and undergoing cancer
treatment are associated with a high psychological burden [3,4].
Approximately every second individual diagnosed with cancer
experiences high psychological distress, and one-third of all
individuals across different cancer stages and types meet the
criteria for at least one mental health disorder [5-7].

Due to the high psychological burden associated with cancer,
a significant number of individuals seek psycho-oncological
support [8-10]. Previous research has proven the efficacy of
psycho-oncological treatment on different outcomes such as
distress, fatigue, depression, anxiety, and quality of life [11-16].
However, receiving proper psycho-oncological support is
difficult due to various barriers within the health care system
[10,17,18]. These include geographic barriers, the stigma of
seeking mental health services, financial constraints, continuity
of health care, and the limited availability of mental health
professionals [19-21]. Thus, efforts are required to expand
access to mental health support for patients with cancer [4,8].

eHealth interventions offer a cost-efficient approach to overcome
barriers in psycho-oncological care [16,22,23]. Most of these
eHealth interventions consist of (web) applications that are
based on psychotherapeutic approaches such as cognitive
behavioral therapy (CBT) [24-28]. Existing research has
demonstrated the efficacy of psychological eHealth interventions
for individuals with cancer on outcomes such as distress,
depression, anxiety, fatigue, and quality of life [16,25-27].

Most of the studies evaluating psycho-oncological eHealth
interventions have proven their efficacy by adapting a
quantitative research approach [16,25-27], wherein statistical
analyses are conducted to investigate the pre- and
postintervention scores of standardized questionnaires to assess
statistically significant differences [29]. Although this approach
is considered the gold standard for efficacy research, it does
have some limitations [30]. These limitations include missing
information on individual experiences, as well as missing
in-depth information on the mechanisms behind the change that
led to the statistical significance displayed in the data [31]. The
inclusion of qualitative research offers an in-depth understanding
of these mechanisms [32-34]. Considering research findings
from both qualitative and quantitative approaches allows for a
more holistic understanding of not only whether an intervention
works but also how and why [35,36]. Thus, it offers in-depth
knowledge of change mechanisms and the possibility of
optimizing existing interventions. Moreover, assessment of
eHealth interventions using a mixed methods approach is

associated with increased adaptation to patients’ needs and
demands compared to solely using quantitative assessments
[37-39].

This paper reports qualitative analyses conducted as part of the
Reduct trial (German Clinical Trial Register DRKS00025213)
[40]. The Reduct trial is a multicenter randomized controlled
trial to assess the efficacy of the web-based Make It Training
intervention (mindfulness and skill-based distress reduction
training in oncology). To date, it is one of the largest efficacy
trials in the field of psycho-oncology. Make It Training is a
self-guided (web-based) application aimed at reducing distress
in individuals with cancer [40,41]. It is based on CBT,
acceptance and commitment therapy (ACT), and
mindfulness-based stress reduction (MBSR). Over 4 months,
individuals are supported by Make It Training through skill
training, psychoeducation, interactive exercises, mindfulness,
and psychotherapeutic techniques. Make It Training aims to
reduce psychological distress, improve disease-related coping,
and improve quality of life. It was developed to bridge the gap
in the lack of psycho-oncological support in the health care
system that currently exists in certain regions. The papers by
Bäuerle et al [40] and Heinen et al [41] outline the study and
intervention protocols, respectively.

Study Objectives
Taking on a qualitative stance, this study examined the
experienced usefulness and usability of Make It Training from
patients’ perspectives. The aim of this study was to obtain a
more holistic view and enrich the understanding of individuals’
experiences concerning Make It Training beyond the boundaries
of quantitative data [35,36]. When referring to the experience
of usefulness, this study took on a psychotherapeutic perspective
and referred to the patients’ general evaluation of Make It
Training, changes experienced while completing the
intervention, attribution of these changes, specific aspects of
the intervention that they found particularly useful or hindering,
and recommendation to other individuals with cancer. On the
basis of the study by Gould and Lewis [42] and the Health IT
Usability Evaluation Model [43], the term usability comprises
the patients’ experienced user-friendliness, efficiency,
accessibility, and practicability of the intervention.

Methods

Study Design and Procedure
This study was based on the guidelines of Levitt et al [44] and
the COREQ (Consolidated Criteria for Reporting Qualitative
Research) guidelines [45]. It consisted of one-on-one
semistructured interviews. The interviews were conducted by
a trained female interviewer who was experienced with
qualitative research. To avoid any potential bias, the interviewer
was not part of the core research team of the Reduct trial. There
was no previous relationship established between the interviewer
and the participants before the study began. Moreover, the
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participants did not have personal knowledge of the researcher.
In total, 33% (2/6) of the participants completed the interviews
in person, and 67% (4/6) did so digitally. Apart from the
interviewer and the interviewee, there was no other person
present during the interviews. All participants were interviewed
once. To focus on the dialogue between the interviewee and the
interviewer, no field notes were taken during the interviews.
No transcripts were returned to the participants for comments
or corrections. The COREQ checklist can be found in
Multimedia Appendix 1 [45].

Recruitment
The participants of 1 study center that completed the Make It
Training intervention within the Reduct trial [40] between May
2022 and September 2022 were contacted via email and
telephone and invited to participate in this study. Purposive
sampling (ie, completion of Make It Training) was carried out
to obtain information-rich participants as well as in-depth
experiences with Make It Training [34,46,47]. Recruitment took
place in an early phase of the Reduct trial, so 11 participants
were eligible to be contacted in total. Of these 11 participants,
5 (45%) either did not respond or could not participate for
personal reasons. The final sample consisted of 6 participants.
On the basis of Crouch and McKenzie [48], a small sample size
was selected to put emphasis on the relationship between the
researcher and the participant, as well as to explore the patients’
lived experiences with Make It Training in depth.

For the inclusion, exclusion, and completion criteria (eg, current
cancer diagnosis, command of the German language, internet
connection, age of >18 years, and no psychotherapy during the
intervention period) of the Reduct trial, we refer to the study
protocol by Bäuerle et al [40]. This study was based on the
inclusion and exclusion criteria of the Reduct trial.

Ethical Considerations
This study was approved by the Ethics Committee of the
Medical Faculty of the University of Duisburg-Essen
(22-10,902-BO). All interviews were conducted on the premises
of the university and audiotaped with the interviewees’consent.

The data were pseudonymized. The data protection–compliant
audio files and identifying information were stored in a
password-protected database. After providing written informed
consent, the participants were interviewed. The participants had
the option to be interviewed either in person at the clinic or
digitally through a data protection–compliant software for
clinicians [49]. There was no compensation or any form of
reimbursement.

Semistructured Interview
The interview questions were divided into 9 segments. The first
segment focused on explaining the study background and
gathering sociodemographic information. In the second to ninth
segments, interviewees were asked about the following: general
experience with Make It Training, changes that they noticed
since completing the intervention, attribution of these changes,
content of the intervention that they perceived as particularly
helpful or not helpful, content that was perceived as missing,
the motivation to participate in the intervention, usability, and
recommendation of the intervention to other individuals with
cancer.

The interview questions were developed based on the Client
Change Interview (CCI) [50] and the Health IT Usability
Evaluation Scale (Health ITUES) [51]. The CCI was chosen as
it is an established interview within psychotherapy research to
assess self-perceived changes and attribution of changes related
to psychotherapy [50]. In addition, it helps to identify perceived
helpful or unhelpful components of psychotherapeutic
interventions [50].

The Health ITUES is a questionnaire used to evaluate the
usability of eHealth technologies among people with chronic
diseases [52]. It was chosen as it is a validated assessment
instrument to evaluate the feasibility and usability of eHealth
interventions.

The full version of the semistructured interview is provided in
Table S1 in Multimedia Appendix 2 [50,51].

In addition, self-generated questions were included (Textbox
1).

Textbox 1. Self-generated questions of the semistructured interview.

• How did you perceive the operation and user-friendliness of the Make It Training?

• How did you perceive the additional service in the form of reminder emails and contacts in the event of technical difficulties?

Data Analysis
The data were analyzed using thematic codebook analysis
[53,54]. Thematic analysis was chosen due to its wide
application across paradigms [54-56]. An overall deductive
approach was chosen because it is an established approach to
evaluate user experiences with digital interventions [57].
Moreover, it is helpful in organizing and categorizing
meaningful data in conjunction with the existing literature
[34,35,54]. The data were coded partly deductively by 2
independent researchers in 2 rounds of analysis. As the research
team was interested in the participants’ in-depth lived
experiences with Make It Training rather than general thematic

cohesion over the sample, a bottom-up inductive analysis was
conducted first, which was then captured in the deductive
structure in the second round of analysis.

The analyses were conducted iteratively; that is, they were
carried out in a cyclical manner to refine and deepen the
understanding of the data through the following steps:

1. Each coder open coded the first 2 transcripts, and individual
memos were written.

2. The codes were compared and revised through multiple
iterative rounds among the research team to obtain different
perspectives. Both coders met to compare their findings,
particularly regarding the codes; discuss discrepancies to
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ensure consensus on the application of finalized codes and,
if applicable, add new codes; and develop a codebook.

3. Both coders agreed that saturation had been attained in the
first 2 open-coded transcripts.

4. The finalized codes were divided into categories and themes
[56] and tested on the 4 remaining transcripts.

Chronemics (such as hesitation or silence) were taken into
account as nonverbal information in the analysis. Overall, there
was a high level of agreement (approximately 70%) between
the researchers during the evaluation process, and discrepancies
were critically discussed during meetings with the research team
to reach a consensus. For publishing purposes, all interview
quotes were translated from German into English, and the
analysis process was reviewed by the research team. All
interviews were transcribed using the f4x transcription software
and then analyzed using the MAXQDA computer program
(VERBI GmbH) [58]. On the basis of the decision to include a
small sample size, the research team defined saturation
according to Legard et al [59], meaning that saturation was
assessed based on whether there was a consensus among the
participants regarding the general evaluation of Make It Training
and whether the research team felt that they had reached an
understanding of the participants’ lived experiences with Make
It Training.

Quality Control
All researchers involved had a background in clinical
psychology, psycho-oncology, psychosomatic medicine, and
psychotherapy with different research experiences (full-time

professors, assistant professors, postdoctoral researchers, PhD
candidates, and graduate students).

On the basis of Creswell and Miller [60], validity guidelines
were followed to ensure the validity of this study. These
included triangulation by searching for convergence among
diverse sources of information (eg, the lens of the researcher
and systematic paradigm) to form themes or categories in a
study [60]. Finally, validation procedures included seeking
assistance through peer debriefing, which was realized by
involving an auditor. The auditor was a senior qualitative
researcher with extensive experience in clinical psychology and
efficacy research but without familiarity with the Reduct trial
and the Make It Training intervention. They audited the first
round of findings by reading written findings, questioning the
researchers on their procedures, and challenging interpretations
and thematic structure. Subsequently, the researchers conducted
another iterative round of analysis to synthesize and sensitize
the data and fine-tune the findings accordingly. To establish
credibility, we ensured to provide a thick and rich description
of the setting, participants, and themes of the qualitative study
[61].

Results

Overview
A total of 6 (mean 34 min, SD 7 min 56 s; range 20-45 min)
one-on-one interviews were conducted. The demographic
characteristics of the participants are presented in Table 1.
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Table 1. Sociodemographic and diagnosis-related characteristics of the participants (N=6).

Participants, n (%)Characteristics

Gendera

4 (67)Identified as a woman

2 (33)Identified as a man

Age range (y)a

4 (67)49-56

2 (33)57-66

Cancer typeb

1 (17)Breast cancer

1 (17)Lymphatic; blood-forming tissue

2 (33)Skin cancer

1 (17)Colon cancer

1 (17)Musculoskeletal tumors

Year of initial cancer diagnosisb

1 (17)2010

1 (17)2018

1 (17)2019

2 (33)2020

1 (17)2022

Recurrenceb

5 (83)Yes

1 (17)No

Metastasisb

3 (50)Yes

3 (50)No

aSociodemographic characteristic.
bMedical characteristic and etiopathology.

Theme Classification

Overview
The previously selected categories were divided into 7 themes
that were used to focus the qualitative analyses. The themes
were used deductively to select excerpts in the interviews that
appeared relevant to these themes. Within the selections per
theme, excerpts were coded using line-by-line coding and
grouped to form information-rich subthemes. All themes and
subthemes are reported in the following sections using

representative quotes. Further information on the theme
classification can be found in Figure 1, whereas Table S2 in
Multimedia Appendix 2 summarizes all representative quotes.

The consensus regarding the Make It Training intervention was
that it was described as a “daily companion” that integrates well
into daily life and that it has the potential to be routinely
implemented within oncological health care either as an
intervention itself or in addition to psychotherapy (Table S2 in
Multimedia Appendix 2, quote 1).
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Figure 1. Themes and subthemes from the codebook analysis. Graphic display of the overarching categories, themes, and subthemes that emerged
during the data analysis process. The term daily companion refers to the term that was commonly used by the participants to describe the Make It
Training intervention. QoL: quality of life.

Category 1: Experienced Usefulness

Theme 1: Developing Coping Strategies to Reduce
Psychological Distress

Overview Theme 1

This theme is centered on the development of functional coping
strategies that participants described as a change related to Make
It Training. All participants reported that Make It Training
helped them develop a repertoire of coping strategies, which
was helpful in reducing psychological distress.

For example, the improvement in emotion regulation was
described as such a strategy (Table S2 in Multimedia Appendix
2, quote 2). Another commonly described coping strategy was
redefining the relationship with cancer (Table S2 in Multimedia
Appendix 2, quote 3).

Subtheme 1.1: Mindfulness Exercises

The increased practice of mindful behavior stood out as a
described coping strategy, and it was attributed to the
mindfulness exercises provided in Make It Training. The
participants strongly embraced the variety of mindfulness
exercises provided in the intervention. Interviewee 6 would
have preferred even more exercises within Make It Training
(Table S2 in Multimedia Appendix 2, quote 4).

The mindful breathing exercises were most commonly described
as helpful. They were perceived as a new coping skill that could
be integrated into daily life for stress management and tension
reduction. One of the participants also positively noted the
long-term advantages of breathing exercises (Table S2 in
Multimedia Appendix 2, quote 5). This statement illustrates the
advantages of mindful breathing exercises as part of the coping

repertoire. Moreover, it demonstrates the practical application
of the techniques in daily life as well as the interviewees’
subjective perception of improvement.

Subtheme 1.2: Initiating Introspection

Most participants reported that Make It Training helped initiate
introspection, which was described as supportive in dealing
with difficult situations. It was further described as developing
the skill to observe and interpret one’s own thinking patterns,
emotions, and behavior and not just be overwhelmed by them
(Table S2 in Multimedia Appendix 2, quotes 6 and 7). Moreover,
being able to observe one’s inner world (ie, introspection) can
help shift attention to positive aspects in difficult phases (Table
S2 in Multimedia Appendix 2, quote 8).

Subtheme 1.3: Psychoeducation Increased Understanding of
Psychological Distress Associated With Cancer and
Communication About the Illness

Many participants experienced the psychoeducational
components within the intervention as helpful because they led
to a better understanding of cancer and its associated
psychological distress and somatic restrictions. The participants
reported that they were able to learn not only about personal
circumstances but also how to communicate better and more
effectively approach family members. In this regard, the expert
videos provided, where health care professionals reported on
each topic, were perceived as useful (Table S2 in Multimedia
Appendix 2, quote 9).

Theme 2: Improvement in Quality of Life

Overview Theme 2

All participants reported that Make It Training helped increase
their quality of life. This was described as redefining
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perspectives on life circumstances and cancer. Moreover,
health-related behavior change, increase in resilience, and
enhanced practice of mindful behavior were described as
positively contributing to quality of life (Table S2 in Multimedia
Appendix 2, quote 10).

Subtheme 2.1: Cognitive Restructuring and Changing
Perspective on Life With Cancer

Participants reported that Make It Training helped modulate
existing thinking patterns. This was commonly described as
changing perspectives on life with cancer, as well as on the
cancer diagnosis itself (Table S2 in Multimedia Appendix 2,
quote 11). Another participant described a redefined relationship
with pain (Table S2 in Multimedia Appendix 2, quote 12).

Subtheme 2.2: Building Resilience

Participants reported that Make It Training helped them become
more resilient, which was described as developing the ability
to better deal with unpleasant situations such as chemotherapy
(Table S2 in Multimedia Appendix 2, quote 13).

Subtheme 2.3: Initiating a More Relaxed State in Daily Life

The participants described that the intervention was helpful to
experience a more relaxed state in daily life, which positively
contributed to their quality of life (Table S2 in Multimedia
Appendix 2, quotes 14 and 15).

Theme 3: Make It Training Versus Traditional
Psychotherapy

Overview Theme 3

While evaluating the Make It Training intervention, some
participants drew a comparison between Make It Training and
traditional psychotherapy. In total, 33% (2/6) of the participants
had previous psychotherapeutic experience. Even though Make
It Training was perceived as a helpful and easily accessible
format to receive psycho-oncological support, 83% (5/6) of the
patients reported that it did not replace traditional psychotherapy
(Table S2 in Multimedia Appendix 2, quote 16). In contrast,
one participant reported preferring Make It Training to
traditional face-to-face psychotherapy (Table S2 in Multimedia
Appendix 2, quote 17).

Subtheme 3.1: Recommendation to Other Patients

All participants had been diagnosed with different cancer entities
and stages (Table 1). Overall, all reported recommending Make
It Training to others as they were convinced that other
individuals with cancer could benefit from the intervention as
well. Some of them suggested that a psycho-oncological eHealth
intervention such as Make It Training should be offered as a
routine intervention within oncological health care.

Multiple participants argued that particularly individuals with
a first-time cancer diagnosis would substantially benefit from
the intervention. One participant hypothesized that providing
individuals with a first-time diagnosis of cancer with an eHealth
application such as Make It Training would help them process
and better deal with the cancer diagnosis (Table S2 in
Multimedia Appendix 2, quotes 18 and 19).

Subtheme 3.2: Communication With Therapist and Request
for Blended Therapy Format

Make It Training is a purely self-guided eHealth intervention.
Some participants wished for more communication with a
therapist. In this context, they stressed the importance of a
patient-therapist interaction. Some participants reported that
Make It Training might be even more beneficial with additional
therapist guidance. In this regard, additional therapist
consultations via phone or email were suggested. Moreover,
participants reported that these options would offer the
opportunity to better voice challenges, misunderstandings, and
questions. A total of 50% (3/6) of the participants expressed a
preference for a blended format (ie, a combination of Make It
Training with traditional face-to-face psychotherapy; Table S2
in Multimedia Appendix 2, quote 20).

Theme 4: Integration Into Daily Life

Overview Theme 4

The intervention was described as a “daily companion”
(interviewee 4) or “a wonderful companion for everyday life”
(interviewee 2) that could help a lot of individuals with cancer.
Make It Training provided participants with a variety of
psychoeducational information, psychotherapeutic exercises,
and skill training that were perceived as suitable for integration
into daily life. All participants reported that they had
incorporated the received information or skills that they found
valuable and implementable (see Table S2 in Multimedia
Appendix 2, quotes 21 and 22, for examples of how participants
integrated the skills into their daily lives).

Subtheme 4.1: Motivation

In the initial phase, all participants reported being motivated to
complete the intervention. However, there were divided opinions
regarding motivation after that initial phase. Some experienced
Make It Training to be action activating because “it was a
meaningful engagement with the disease” (interviewee 2). For
others, the motivation gradually declined.

One participant brought up an analogy from sports to describe
their motivation. They addressed the fact that, over time, they
lacked the motivation to continue through Make It Training.
However, the reminder emails helped keep the participant
motivated (Table S2 in Multimedia Appendix 2, quote 23). In
contrast, there were participants who did not need an external
motivator (Table S2 in Multimedia Appendix 2, quotes 24-26).

Subtheme 4.2: Difficulty Level of Yoga Exercises

Make It Training comprised physical exercises in the form of
yoga. There were mixed opinions on the difficulty level of these
exercises as some participants perceived them as physically
exhausting, whereas others did not. An older participant reported
that some physical exercises were too straining due to
restrictions caused by a lack of mobility because of the cancer
(Table S2 in Multimedia Appendix 2, quote 27).

Subtheme 4.3: High Curiosity When Completing the Make It
Training Intervention

Curiosity was high among all participants to see “what’s new
there?” (interviewee 1) when a new module was unlocked.
Curiosity was described as high because one had to wait a week
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to unlock a new module, which was perceived as exciting (Table
S2 in Multimedia Appendix 2, quotes 28-30). Overall,
participants seemed to support the format in which content is
unlocked incrementally as it generates curiosity.

Category 2: Usability

Theme 5: Efficiency and Accessibility of the Make It
Training Intervention

Overview Theme 5

The digital setup allowed all participants to work through the
modules independent of time and place. Because of that, Make
It Training was perceived as an efficient and easily accessible
format to receive psycho-oncological support (Table S2 in
Multimedia Appendix 2, quote 31).

Subtheme 5.1: Low-Threshold and Trustworthy Accessibility
of Psychological Support

The content provided during the intervention was perceived as
professional and trustworthy. It was reported that having access
to Make It Training was not associated with barriers that were
previously experienced by some participants when seeking
psychotherapy. This was perceived as very positive (Table S2
in Multimedia Appendix 2, quotes 32-34).

Subtheme 5.2: Retrievability of Content Independent of Time
and Place

All participants positively outlined the retrievability of the
content. This refers to the possibility to flexibly retrieve the
contents of Make It Training independent of time and place.
When a module is activated, the participants can choose when
and for how long they want to work on it, as well as on what
parts. This was perceived as useful as it offers the flexibility to
work on the modules independently of physicians’appointments,
operations, or other medical examinations. Thus, Make It
Training was considered “really timely-ideal” (interviewee 4;
Table S2 in Multimedia Appendix 2, quote 35).

Participants also reported that the retrievability of the content
helped them assess whether a skill that was learned could
actually be internalized as well, which was perceived as a benefit
(Table S2 in Multimedia Appendix 2, quotes 36 and 37).

Theme 6: User-Friendliness

Overview Theme 6

There were mixed opinions regarding the user-friendliness of
Make It Training. Overall, participants considered the
application user-friendly. One of the most common reasons why
the intervention was described as user-friendly was that it was
perceived as not requiring much guidance when using it (Table
S2 in Multimedia Appendix 2, quote 38).

One participant criticized the user-friendliness of Make It
Training because they perceived the software interface as
confusing (Table S2 in Multimedia Appendix 2, quote 39).

Subtheme 6.1: Customization of the Modules

Make It Training follows a certain chronology in the order of
the modules, which is not customizable. This was experienced
by most participants as very limiting, and they would have liked

to be able to work through the modules in their own order (Table
S2 in Multimedia Appendix 2, quote 40).

Subtheme 6.2: Software Interface

There were mixed opinions regarding the software interface of
Make It Training. Some participants perceived the layout of
Make It Training as clear and stimulating. In contrast, others
pointed out the unclear and childish presentation of the modules.
One participant also came up with an analogy to a “kids board
game” (interviewee 5). In general, the rather playful approach
was appreciated (Table S2 in Multimedia Appendix 2, quotes
41 and 42).

Subtheme 6.3: Email Reminder to Increase Adherence

There were mixed opinions regarding the reminder emails that
all participants received throughout the intervention. Most
perceived them as a helpful addition that encouraged them;
however, some of the participants perceived them as a bother
(Table S2 in Multimedia Appendix 2, quote 43).

Subtheme 6.4: Technical Aspects

Most of the participants did not report any significant technical
difficulties or perceived deficiencies. Common technical issues
included internet connection or low-resolution quality of the
videos.

Theme 7: Recommendations to Design the Make It Training
Intervention to Be More Appealing

The participants gave feedback on how to design the Make It
Training intervention to be more appealing. One module that
focused on the family members of individuals with cancer was
regarded by 33% (2/6) of the participants as lacking sensitivity.
They reported that working through this module seemed
inappropriate and upsetting for those without family members
(Table S2 in Multimedia Appendix 2, quotes 44 and 45).

As another recommendation, some participants expressed the
need to adapt the modules to the stage of cancer and the current
treatment phase (Table S2 in Multimedia Appendix 2, quote
46).

Regarding usability, participants reported minor technical issues
or design shortcomings that affected their navigation of and
interaction with the program (eg, struggle to remember their
position or progress within the program and challenges in
finding the right areas to click or interact with). Clearer
indicators or visual cues to help users track their progress and
easily identify their current location within the program’s
content or structure were suggested (Table S2 in Multimedia
Appendix 2, quotes 47-49).

Discussion

Principal Findings
This study examined the experienced usefulness and usability
of Make It Training from patients’ perspectives using a
qualitative approach, which was accomplished through thematic
analysis of interviews conducted with individuals with cancer
at different stages of severity. Analysis of their experience of
the usefulness of Make It Training resulted in 4 themes
(developing coping strategies to reduce psychological distress,
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improvement in quality of life, Make It Training vs traditional
psychotherapy, and integration into daily life) with 11
subthemes. Analysis of their experienced usability resulted in
3 themes (efficiency and accessibility, user-friendliness, and
recommendations to design the Make It Training intervention
to be more appealing) with 6 subthemes. All participants
positively evaluated Make It Training. Moreover, all participants
reported that they experienced positive changes while
completing the Make It Training intervention and attributed
these changes to the intervention itself. The overall usability of
Make It Training was experienced as positive as well, although
the experiences showed variation due to personal preferences.
Overall, the results of this study point to a high satisfaction with
Make It Training.

The themes that were discussed as perceived changes during
the Make It Training intervention are consistent with its overall
goal, which is to support individuals with cancer with
disease-related coping, improvement in quality of life, and
reduction in psychological distress [40,41]. Moreover, the
aforementioned results are in line with those of the study by
Ringwald et al [62], who assessed the acceptance of and
satisfaction with a previous version of the Make It Training
intervention in a pilot study. In this study, the acceptance and
satisfaction rates of Make It Training were high, and 87% of
the participants reported that they would recommend the
intervention to other individuals with cancer [62]. Overall, the
results from both the study by Ringwald et al [62] and our study
point to a high acceptance of and satisfaction with Make It
Training. Because of their satisfaction with Make It Training,
the participants stated that it should be implemented as a routine
intervention within health care. Previous research has shown
that there is a relationship between acceptance of eHealth
interventions and their actual use [63-67]. Acceptance is also
an important factor for adherence [68]. Thus, given the
acceptance of and satisfaction with Make It Training, it might
have potential as an eHealth intervention to be routinely
implemented in oncological health care as a medical device. In
Germany, for example, there is a more recent regulation that
eHealth interventions can be prescribed by health care
professionals.

The Make It Training was described as a low-threshold and
efficient format to receive psycho-oncological support. This
was perceived as extraordinarily helpful as some participants
had previously experienced difficulties with receiving proper
psycho-oncological support, which is known to be a common
problem in certain regions [10,17,18]. In this regard, the retrieval
of content independent of time and place was described as being
helpful with internalizing learned skills and accessing
psychological support quickly when needed. These results
further support the implementation of eHealth interventions
such as Make It Training as an integral part of oncological health
care. Digital interventions, if they are accepted among users,
can overcome barriers associated with receiving psychological
support, thereby improving mental health care and aftercare in
oncology [19-21]. As individuals with cancer show elevated
levels of distress both during and after cancer treatment, access
to (digital) mental health care within this field is of great
importance for both prevention and health promotion [4,8].

Despite mixed opinions regarding the software interface, Make
It Training was generally rated as user-friendly. The participants
most commonly argued for the usability of Make It Training
by discussing that high technological literacy was not a
requirement for completing the intervention. This finding is
consistent with those of previous research showing a link
between the use and acceptance of eHealth interventions and
users’ technological literacy [23,66,67]. Even though eHealth
interventions have the potential to improve health care and
aftercare, their implementation often fails because patients face
barriers when wanting to make use of these interventions
[23,66,67,69]. These barriers include low technological literacy,
limitations in technological access, limitations in usability, and
limited education in digital advice [69-72]. In addition, there
are demographic barriers based on differences in age,
socioeconomic status, educational level, language, and culture.
Overall, existing barriers to receiving digital interventions due
to demographic or structural differences can foster insensitivity
within health care [72-74]. Certain individuals with cancer are
at risk of being excluded from digital interventions because this
population tends to have a higher median age (>60 y) [75],
whereas the disease affects individuals with all kinds of
demographic characteristics (ie, different cultural backgrounds,
socioeconomic statuses, and educational levels). In addition,
individuals commonly experience cognitive and physical
restrictions during cancer treatment [76]. Thus, for more
inclusive health care for individuals with cancer, eHealth
interventions need to be designed as barrier free as possible (ie,
they should depend less on the user’s technological literacy as
well as on other potentially exclusive factors).

Make It Training was compared by the participants to traditional
face-to-face therapy even though it was not a specific topic in
the interviews. In this regard, Make It Training was described
as a helpful intervention, although it was noted that it could not
replace traditional psychotherapy. The participants reported the
missing therapist interaction as the main reason. In this regard,
there was a desire for more therapist interaction within the Make
It Training. In addition, a blended therapy format (ie, a
combination of the Make It Training with additional face-to-face
psychotherapy) was described as the “ideal” format to receive
psycho-oncological support. This is in line with previous
research supporting the adaptation of blended therapy
approaches in psycho-oncology as well [77]. Efficacy research
shows that purely self-guided eHealth interventions are
associated with smaller effect sizes with a lower completion
rate compared to blended therapy interventions, which can be
attributed to the missing therapist interaction [78,79]. The results
of this study, along with existing research, indicate that it is
highly important to adapt eHealth interventions to the patients’
needs [80]. Thus, it is suggested to put emphasis on therapist
interaction (ie, blended format) in psycho-oncological eHealth
interventions.

In this study, a qualitative approach was chosen as we believe
that the inclusion of qualitative analyses within efficacy research
(ie, the Reduct trial; Bäuerle et al [40]) provides more
scientifically sound and transportable results. In this regard, it
is important to look beyond surface or aggregate-level evidence
to allow for inter- and intrapersonal nuances [81]. These are
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often missed in efficacy research but are rather important for a
holistic understanding of usefulness in clinical practice [81].
Including qualitative research allows for an investigation of
these inter- and intrapersonal nuances as well as for scrutiny of
the level of experience, which is an important aspect when
evaluating health care interventions such as the Make It
Training. Another important strength of this study is the
heterogeneity of the sample (ie, all participants were diagnosed
with different cancer types and stages), which positively
contributed to the generalizability of the evaluation of the Make
It Training. In addition, this study provided the research team
with information-rich descriptions of the participants’ lived
experiences regarding the Make It Training. It was also possible
to obtain in-depth feedback on how to design the Make It
Training intervention to be more appealing from a patient’s
perspective. Practical implications derived from this study are,
from patients’perspectives, the potential of psycho-oncological
eHealth interventions such as the Make It Training to improve
oncological health care by offering a low-threshold option that
provides psychological support independent of time and place
and does not interfere with the already time-consuming
oncological treatment. However, for routine implementation,
they need to be adapted to the patients’ needs and designed to
be barrier free and should not require high technological literacy
to interact with them. Moreover, even though eHealth
interventions do offer efficient psycho-oncological support,
they do not replace traditional psychotherapy, and it is suggested
to use them as a first-step psychological support in a
stepped-care health care approach.

Limitations and Recommendations for Future
Research
This study has some limitations. Even though a qualitative
approach offers valuable insights into participants’ in-depth
experiences, there are limitations regarding qualitative research
itself, particularly concerning its generalizability and objectivity
[82]. In this study, the decision to use a small sample size might

have had a negative impact on the generalizability of the results
even though the research team made efforts to select a highly
heterogeneous sample. Moreover, a small sample size leads to
a smaller data corpus, which can negatively impact the
achievement of full thematic saturation. Other limitations
include the use of a deductive analysis approach [54] and the
risk of selection bias. Moreover, most of the research team
members have a background primarily in quantitative
methodology. Even though attempts were made to reduce this
potential bias by actively involving an expert in qualitative
research, this should still be considered a limitation. On the
basis of the results of this study, it is suggested that future
research put more emphasis on the barrier-free design of
interventions and include patients’perspectives when designing
and evaluating eHealth interventions. Moreover, it is suggested
that future research investigate blended therapy approaches (ie,
a combination of digital psycho-oncological interventions and
face-to-face psychotherapy) as this format seems to be appealing
for individuals with cancer.

Conclusions
The Make It Training was evaluated as a user-friendly
intervention that is helpful for developing functional coping
strategies to reduce psychological distress and improve quality
of life among individuals with cancer. It has the potential to be
implemented as a routine eHealth intervention in oncological
health care. Overall, the results of this study, along with the
existing literature, support the paradigm shift of including digital
mental health care in the treatment of somatic and mental health
disorders. e–Mental health interventions such as Make It
Training can target both prevention of mental health issues and
health promotion and offer a cost-efficient and low-threshold
option to receive psycho-oncological support. Moreover, they
allow for the retrieval of mental health support content
independent of time and place. However, for psycho-oncological
eHealth interventions to be actually used, they need to be
designed to be barrier free and adapted to the users’ needs.
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Abstract

Background: Breast cancer affects the lives of not only those diagnosed but also the people around them. Many of those affected
share their experiences on social media. However, these narratives may differ according to who the poster is and what their
relationship with the patient is; a patient posting about their experiences may post different content from someone whose friends
or family has breast cancer. Weibo is 1 of the most popular social media platforms in China, and breast cancer–related posts are
frequently found there.

Objective: With the goal of understanding the different experiences of those affected by breast cancer in China, we aimed to
explore how content and language used in relevant posts differ according to who the poster is and what their relationship with
the patient is and whether there are differences in emotional expression and topic content if the patient is the poster themselves
or a friend, family member, relative, or acquaintance.

Methods: We used Weibo as a resource to examine how posts differ according to the different poster-patient relationships. We
collected a total of 10,322 relevant Weibo posts. Using a 2-step analysis method, we fine-tuned 2 Chinese Robustly Optimized
Bidirectional Encoder Representations from Transformers (BERT) Pretraining Approach models on this data set with annotated
poster-patient relationships. These models were lined in sequence, first a binary classifier (no_patient or patient) and then a
multiclass classifier (post_user, family_members, friends_relatives, acquaintances, heard_relation), to classify poster-patient
relationships. Next, we used the Linguistic Inquiry and Word Count lexicon to conduct sentiment analysis from 5 emotion
categories (positive and negative emotions, anger, sadness, and anxiety), followed by topic modeling (BERTopic).

Results: Our binary model (F1-score=0.92) and multiclass model (F1-score=0.83) were largely able to classify poster-patient
relationships accurately. Subsequent sentiment analysis showed significant differences in emotion categories across all poster-patient
relationships. Notably, negative emotions and anger were higher for the “no_patient” class, but sadness and anxiety were higher
for the “family_members” class. Focusing on the top 30 topics, we also noted that topics on fears and anger toward cancer were
higher in the “no_patient” class, but topics on cancer treatment were higher in the “family_members” class.

Conclusions: Chinese users post different types of content, depending on the poster- poster-patient relationships. If the patient
is family, posts are sadder and more anxious but also contain more content on treatments. However, if no patient is detected,
posts show higher levels of anger. We think that these may stem from rants from posters, which may help with emotion regulation
and gathering social support.
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Introduction

Background
Breast cancer is 1 of the most common forms of cancer, with
an estimated 2 billion people being affected worldwide in 2020
(according to statistics released by the World Health
Organization [WHO]), and is consequently a disease familiar
to many people. It is a chronic disease with a high mortality
rate, which poses a serious threat to human life [1]. For this
reason, breast cancer is often viewed negatively, and new
diagnoses often trigger sadness, fear, and even
psychopathological comorbidities, such as depression [2]. In
recent decades, the number of new diagnoses has continued to
rise, despite important improvements in medical technologies
worldwide [1]. In China, more than 400,000 people were
diagnosed with breast cancer in 2020, with approximately
100,000 deaths (according to WHO) [1]. Behind these diagnoses
are numerous stories emerging from the experiences of patients
or the people around them who are closely intertwined [3].
Therefore, it is not unusual for one to come across discussions
on breast cancer in daily life—be it learning about the diagnosis
of a loved one or acquaintance or coming across news on a
celebrity with breast cancer or even struggling to accept the
diagnosis of a close relative. Therefore, a lot of these breast
cancer–related narratives take place on social media–lived
experiences of people who may have been diagnosed with or
who know of someone struggling with breast cancer.

Social media is indispensable in the daily life of billions
worldwide; almost everyone is a user of a social media platform
[4]. On these platforms, people can share snippets of their lives
with other people around them, which double as
autobiographical records of their life events. As a social tool,
one can smoothly interact and communicate with one’s friends
and family over the internet, be it synchronously or
asynchronously [5,6]. Such activity leaves digital traces all over
the internet, and researchers have since begun using social media
posts as resources for uncovering social phenomena [5].
Particularly in the medical field, social media analyses have
also been used to great effect, for example, in examining and
predicting the epidemiological spread of infectious diseases,
such as seasonal influenza and COVID-19 [7,8]. Recently,
researchers have also analyzed social media to learn about the
perspectives and needs of patients with certain diseases. For
example, Kamba et al [9] analyzed a Japanese social media
forum (Yahoo Japan) for posts relating to breast cancer and
found that the most frequently mentioned concerns pertain to
symptoms, screening, and lack of knowledge, to name a few
(see also Refs. [10,11]).

However, much of this research has been conducted on Western
social media platforms, such as Twitter and Reddit, which have
limited penetration in the Chinese market. Chinese internet users
have their own social media ecosystems and platforms: Sina
Weibo is 1 of the most widely used and popular social platforms

in China and has been called by some as the “Chinese version
of Twitter” [12]. Given our research interest in Chinese social
media users, we focused our paper specifically on Weibo. As
a widely used platform, the number of monthly active users
reached 511 million in 2020; Weibo is known by almost
everyone in China [13], and posts are known to reflect the
diversity of opinions and perspectives by everyday Chinese
[14]. Often, users discuss and post about all kinds of topics on
Weibo, including topics pertaining to breast cancer. With the
large number of users and the diversity of content, Weibo data
appear to be a valuable corpus for research on Chinese
perspectives from the bottom-up.

Sentiment Analysis on Social Media
To accommodate the large volume of data on the internet,
conventional methods, such as qualitative coding, may be too
time-consuming and costly. Therefore, modern sociological
researchers frequently use computational methods, such as
sentiment analysis and topic modeling, to analyze the data.
Originating from the field of natural language processing (NLP),
sentiment analysis is optimized to deal with the detection and
classification of sentiments in (a large number of) texts. By
using sentiment analysis, we can infer whether a given text has
a positive, negative, or more fine-grained emotional orientation
in a given context [15]. In studying social media, researchers
analyze the data on social media to obtain public perceptions
on a specific topic in contribution to the study and advancement
of society [16]. Some researchers have also applied sentiment
analysis to measure customers’ needs from their social media
posts, thereby obtaining unique insight to improve a brand’s
products or services [15]. Researchers have also applied
sentiment analysis on social media to predict mental health
issues, for example, Wang et al [17] used sentiment analysis to
detect users with depression on social networking services.

Regarding breast cancer, sentiment analysis may play a more
important role in exploring the patients’ psychological state,
such as their perceptions, cognitions, and emotions [18].
Through analyses of tweet sentiments, previous research has
confirmed that patients with breast cancer have different
polarities (valence) of emotional expression for topics related
to breast cancer [19]. For example, support seeking and
treatments are associated with positive sentiment, but health
care and insurance are associated with negative sentiment.
Moreover, posters may not necessarily be patients themselves
posting about their experiences or concerns but could be posting
about a loved one, a relative, or an acquaintance with breast
cancer. Accordingly, posters’ emotional expressions on social
media may not only display differences in sentiment, depending
on their specified content or aspects (eg, treatment stage or
success), but also show differences, depending on their
relationship with the patient [20] or if the posters themselves
are the patients. In this paper, we define this as the
“poster-patient relationship.” Therefore, in studying the usage
of social media for emotional expression in the context of breast
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cancer, we propose the necessity to distinguish the poster-patient
relationships for each post—whether posts originate from
patients themselves or from their friends and relatives or other
people.

The Research
Before examining emotional expressions and sentiment, we
intended to discern the relationships between poster and patient
through the post. Due to the large volume of data, we turned to
machine learning for this task. “Machine learning” is the term
used to describe both the academic discipline and the collection
of techniques that allow computers to undertake complex tasks,
and recent advances in machine learning have driven advances
in the development of NLP and artificial intelligence (AI) [21].
In NLP, the past 5 years have seen rapid advances in the
transformer-based framework, resulting in cutting-edge
pretrained language models, such as Bidirectional Encoder
Representations from Transformers (BERT) [22], Robustly
Optimized BERT Pretraining Approach (RoBERTa) [23], and
Generative Pretrained Transformer (GPT)-3 [24], which have
greatly improved the effectiveness of downstream tasks (eg,
text classification), opening up new avenues for researchers to
study society and language [25].

Our aim was to study how users on the Chinese social media
platform Weibo post about breast cancer–related topics on social
media. Although we took a hypothesis-blind, exploratory
approach to data analysis, we focused our discussion on topics
surrounding the issue of emotional expression by examining
differences in emotional expression, depending on poster-patient
relationships. In step 1, we collected data from Weibo and
determined poster-patient relationships through 2 stages of
classification: first, we identified whether a post references a
patient with breast cancer (as opposed to posts that mention
breast cancer without naming a specific patient), followed by
the poster-patient relationship classification that determined the
relationship between the mentioned patient and the author of
the post (poster). Ultimately, these 2 stages in step 1 constituted
a single classification pipeline to identify poster-patient
relationships: whether the post authors are themselves the
patients or (1) a family member (family_members); (2) a friend
or relative (friends_relatives); (3) an acquaintance
(acquaintances); (4) from a parasocial relationship, such as a
celebrity or public figure (heard_relation); or (5) no patient
mentioned (no_patient). In step 2, we used the LIWC-based
dictionary to count the word frequency for each post, with 5
emotional categories (sadness, anger, anxiety, positive, and
negative), thereby expanding our target beyond just positive
and negative sentiments. Despite the lack of discreet positive
emotion categories in the LIWC dictionary, we chose it because
it is 1 of the most widely used and accessible sentiment
dictionaries in psycholinguistic research. Next, we used topic
modeling to further examine the main topics discussed between
each class and how these topics differ across classes. This will
allow us to see how social media narratives for patients and
posters differ, while shedding light on possible implications for
emotional expression via social media.

Methods

Ethical Considerations
As all data used in this study are publicly available and no
personal identifiers were obtained, our study was exempt from
institutional ethics review. Where applicable, all posts included
in this analysis have been paraphrased so that they cannot be
traced back to the user. No identifying information (eg,
usernames, IDs, or pictures) are included in the main manuscript
or in the supplementary material.

Step 1: Poster-Patient Relationship Classification

Data Collection
Since Sina Weibo does not maintain a public application
programming interface (API), we used a previously constructed
web crawler to request publicly available Weibo posts. Our web
crawler simulates a user visiting Weibo’s official website and
searches for relevant posts (see the next paragraph for the search
procedure). Through this approach, each web search request
can obtain up to 50 posts before reinitiating a new search request
to retrieve a new set of posts. In our crawler, we were able to
set adjustable parameters to specify keywords, the publishing
date, location, and interval times between 2 search requests.

We conducted 2 searches with different queries: “breast cancer
(‘乳腺癌’)” and “sadness (‘悲伤’)”, as well as “breast cancer
(‘乳腺癌’)” and “record (‘记录’)” in Chinese, from January 1,
2018, to December 31, 2021. For both queries, the interval time
was set to 15 seconds and the location was unspecified, meaning
that we searched for posts from across China. Finally, for the
2 searches with different queries, we obtained 160,182, and
144,125 posts, respectively. For each post, we additionally
obtained the user id, username, user type, publish time, post
text, location, number of comments, likes, and reposts, which
were removed before commencement of analyses.

Next, for the data-cleaning phase, we combined the search
results of the 2 queries into a single data set. Duplicate posts
were removed through string matching, and obvious
advertisements and irrelevant posts were removed by manually
checking the data set. This was to ensure the posts were related
to narrative accounts pertaining to breast cancer. Finally, this
resulted in a cleaned data set containing relevant breast
cancer–related narratives from individual users, for a total of
10,322 posts.

Poster-Patient Relationship Classification Criteria
First, we set up 6 categories based on the relationship of the
mentioned patient and the author of the post: “post_user,” where
the authors are themselves the patients (coded as 0);
“family_members,” where the authors mention a family member
(eg, parent) as the patient (coded as 1); “friends_relatives,”
where a friend or nonimmediate relative (eg, cousins, aunt) is
the patient (coded as 2); “acquaintances,” where a colleague or
neighbor (social relationships) is the patient (coded as 3);
“heard_relation,” where the author may be posting about a
celebrity or a famous patient with cancer (coded as 4); and
“no_patient,” where breast cancer is mentioned generally
without being associated with a specific person (coded as 5).
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Data Annotation
We randomly portioned 3000 (29.1%) of the 10,322 posts for
manual annotation based on the classification criteria, with each
data point (post) assigned a label from the 6 aforementioned
categories. In the process of labeling, first we determined
whether there was a patient in the post (binary classification
task), and then we determined whether the poster-patient
relationship could be inferred and labeled according to the
prespecified classification criteria (multiclass classification
task). All data labeling was performed by 1 of the authors who
is a native Chinese speaker. See Table 1 for the annotation

proportions, and Table S1 in Multimedia Appendix 1 for
examples of annotated posts.

To verify that our annotations were objectively labeled and free
of subjective bias, we randomly selected 600 (20%) of the 3000
annotated posts, and these were reannotated in the same
procedure by another native Chinese annotator who was not
part of the research team. Across the 6 categories, the
interannotator agreement was good (Cohen κ=0.67) [26], and
the original annotations were used to train the classification
model.

Table 1. Distribution of annotated posts.

Posts, n

1089No_patient

509Heard_relation

443Family_members

356Acquaintances

338Post_user

265Friends_relatives

Data Preprocessing
In  our  s tudy,  we  chose  the  pre t ra ined
Chinese-RoBERTa-wwm-ext (Chinese RoBERTa) [27] model
as our classification model. The Chinese RoBERTa is a large
language transformer model based on the RoBERTa architecture
[23], trained on a large corpus of the in house–collected
extended data containing an encyclopedia, news articles, and
web forums, which has 5.4 billion words and is over 10 times
bigger than the Chinese Wikipedia [27], and is frequently used
for Chinese NLP tasks. To improve the accuracy of the
multiclass text classification, we decomposed the classification
task over 2 stages (see Ref. [28]): a binary classification task
to determine whether a patient was mentioned, followed by a
multiclass classifier on posts where a patient was mentioned in
order to identify the poster-patient relationship.

The pretrained language model (Chinese RoBERTa) has a
limited input character length of 512, and 522 posts in our data
set were longer than this character length limit. As such, we
used automated text summarization to condense the text length
to within 512 characters for these 522 posts using SnowNLP,
a Python library that can perform Chinese word segmentation,
part-of-speech tagging, sentiment analysis, text categorization,
pinyin conversion, traditional simplification, text keyword
extraction, text summarization, sentence segmenting, and text
similarity estimation [29]. The SnowNLP tool segments posts
by sentence and using the TextRank algorithm [30] calculates
the weight of each sentence in the post according to the extent
to which the content of the sentence represents the content of
the text. Finally, all the small units are sorted in reverse order
according to their weight scores. When implementing this tool,
by setting a number parameter, the corresponding number of
sentences is output accordingly, resulting in summarized texts.
In Multimedia Appendix 2, we included some examples of
automatic summarization.

Classifier Training
Following annotation and data preprocessing, 2 classifiers were
constructed for this study in a 2-stage process. In the first stage,
a binary classification model was trained to identify whether a
patient is mentioned. This was followed by training a multiclass
classification model to identify the poster-patient relationship
for each post where a patient was mentioned in 1 of 5 classes:
post_user, family_members, friends_relatives, acquaintances,
and heard_relation. This resulted in a total of 6 classes
corresponding to the annotations, with the inclusion of the
“no_patient” class from the earlier binary classification model.
In constructing the 2 classifiers, we specified the task of the
RoBERTa model as classification. We monitored the training
performance for each epoch through cross-entropy loss.
Fine-tuning was implemented under the Pytorch framework,
where we used the Amda Optimizer to optimize and update
model parameters for training purposes. For testing, sklearn
metrics were used to evaluate the binary classification and
multiclass classification. In addition, 2400 (80%) of the 3000
annotated posts were used to train the model, and the main
parameters for the model training were as follows: batch

size=16, learning rate=1.0 × 10–5, and training epochs=5. We
used 600 (20%) posts to test the fine-tuned model.

In the second stage, we removed the “no_patient” class from
the annotated data. In total, 1515 (50.5%) posts were used to
fine-tune the Chinese RoBERTa model. The main parameters
were similar to the binary classifier, with batch size=16, learning

rate=1.0 × 10–5, and training epochs=5. For validation, we used
396 (13.2%) posts to test the trained model.

Step 2: Examining Differences in Emotional Expression

Analysis 1: Sentiment Analysis Based on the LIWC
The LIWC program is a text analysis program that calculates
the degree of use for different categories of words across a wide

JMIR Cancer 2024 | vol. 10 | e51332 | p.173https://cancer.jmir.org/2024/1/e51332
(page number not for citation purposes)

Zhang et alJMIR CANCER

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


array of texts [31]. This tool was originally developed in
English, but researchers have since produced a Chinese version
of the LIWC dictionary based on the same criteria [32]. We
used an open source Python package to access the Chinese
LIWC dictionary. The LIWC dictionary has proved extremely
useful in a number of different disciplines and has had a large
impact on our understanding of how lexical elements related to
cognition, affect, and personal concerns can be used to better
understand human behavior [33].

In our study, we focused on the emotion categories to implement
the sentiment analysis in our corpus of Weibo posts. We used
the LIWC program and its Chinese dictionary to examine 5
emotion categories available in the Chinese LIWC dictionary:
positive emotions, negative emotions, sadness, anger, and
anxiety. The LIWC dictionary operates by counting the number
of terms in each post that corresponds to its internal dictionary
for each emotion category, and outputs a score representing the
ratio of relevant terms to all identified terms in the post. We
then conducted Kruskal-Wallis tests to determine whether
positive emotion terms, negative emotion terms, anxiety terms,
sadness terms, and anger terms significantly differed between
each poster-patient relationship class. If there was a significant
effect of the emotion category, we conducted post hoc
Dwass-Steel-Critchlow-Fligner (DSCF) pairwise comparisons
to compare differences between specific categories.

In this paper, our data are in Chinese, so we had to tokenize our
data. We used Jieba for tokenization, which is 1 of the most
popular Chinese tokenization tools in NLP [34]. To clean out
the noise, we excluded more than 2000 stop words, which were
collected from an open source Chinese dictionary of stop words.

Analysis 2: Topic Modeling
Making sense of a large unstructured corpus through qualitative
means is difficult. Therefore, we used topic modeling to better
assist us in interpreting data. Topic modeling is a widely used
approach to extract common, recurring themes from large
amounts of text data through identification and clustering of
repeated patterns in words and sentences. In this paper, we
adopted the open source BERTopic algorithm [35] to achieve
this. BERTopic leverages transformers and class-based term

frequency–inverse document frequency (c-TF-IDF) to create
dense clusters of words, allowing for easily interpretable topics,
while keeping important words in the topic descriptions [35].
Past research [36] has also found that BERTopic-based topic
modeling generally yields more theoretically interpretable results
than other forms of topic modeling (eg, latent Dirichlet
allocation or Top2Vec). As the BERTopic algorithm only
assigns 1 topic to every document (post), we were able to
compute topics per class, which allowed uniform comparison
of topic distribution for every class (poster-patient relationships),
enabling us to observe general trends: which topics are more
frequently observed in which class of poster-patient relationship.
As long texts are more suitable for modeling and there is no
limit to the length of input sentences, during the topic modeling,
we replaced the summarized sentences with the original ones.
For identified topics, we deliberated on the schema associated
with as many words in the topic as possible. Note that this
process is largely subjective, so we encourage readers to
additionally reference the words contained in each topic, rather
than relying solely on the authors’ labels.

In this paper, our data are in Chinese and because the BERTopic
model is based on the clustering of individual words to
implement topic modeling; therefore, in the process of topic
modeling, similar to the sentiment analysis, we needed to
tokenize our Chinese data. We again used Jieba for tokenization
[34]. To obtain meaningful entities from the topic models, we
excluded more than 2000 stop words, which were collected
from an open source Chinese dictionary of stop words.

Results

Step 1: Poster-Patient Relationship Classification

Binary Classifier
This model was trained to distinguish each post as either
mentioning (“patient” class) or not mentioning (“no_patient”
class) a patient. We merged the “post_user,” “family_members,”
“friends_relatives,” “acquaintances,” and “heard_relation”
classes into a superordinate “patient” class. The model achieved
a high F1-score (see Table 2).

Table 2. Binary classifier’s metrics report.

SupportF1-scoreRecallPrecisionClass

2040.900.900.90no_patient

3960.950.950.95patient

6000.920.920.92Macro average

Multiclass Classifier
Next, we constructed a multiclass classifier to focus on patient
classification: “post_user,” “family_members,”

“friends_relatives,” “acquaintances,” and “heard_relation.”
Results are reported in Table 3.
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Table 3. Multiclass classifier’s metric report.

SupportF1-scoreRecallPrecisionClass

750.710.670.76acquaintances

1020.830.830.83heard_relation

860.910.900.93famliy_members

820.890.910.86post_user

510.790.840.74friends_relatives

3960.830.830.82Macro average

Post Classification
After excluding the annotated data, we were left with 7322
(70.9%) of the 10,322 data points (posts). These posts then
underwent the 2-stage classification process. The first stage
included a binary classifier to determine whether patient
information was identifiable from the post (patient and
no_patient), and if a patient was detected, the post then passed
to the second stage. This included a multiclass classifier to
classify the relationship between the patient and the Weibo
poster. In the first stage, 4494 (61.4%) posts were classified as
having a patient and 2828 (38.6%) posts as having no patient.
Of the former, the relation classifications were as follows (Table
4): the patient was identified as a friend or relative
(friends_relatives; n=667, 14.8%), as the poster (post_user;
n=705, 15.7%), as an acquaintance (acquaintances; n=781,
17.4%), as a family member (family_members; n=961, 21.4%),

and as someone they had only heard about (heard_relation;
n=1380, 30.7%).

As Tables 1 and 4 show, the rankings of categories by the
number of relevant posts were similar regardless of whether the
data were manually labeled or predicted by our classifier. The
ranking list was no_patient > heard_relation > family_members
> acquaintances > post_user > friends_relatives. We noted that
the “no_patient” class that did not mention a specific patient
was the majority class, which accounted for one-third of the
total number of posts (n=2828, 38.6%). We think that posters
use the target words (“breast cancer”) to share some personal
thoughts, not necessarily about specific instances of breast
cancer or for a targeted patient. Alternatively, they may feel no
need to talk about the patient due to the content and style of the
post. Except for this class, the distribution of the other
poster-patient relationship classes was relatively balanced in
the data set.

Table 4. Distribution of predicted posts.

Posts, n

2828No_patient

1380Heard_relation

961Family_members

781Acquaintances

705Post_user

667Friends_relatives

Step 2: Examining Differences in Emotional
Expressions

Sentiment Analysis
For subsequent analyses, our aim was to maximize the
information we could extract from the data, so manual
annotations were combined with the machine-learned predictions
for a total of 10,322 posts. We applied the LIWC and the
matched Chinese dictionary to count the emotion-related words
for each tokenized post. We mainly focused on positive emotion,
negative emotion, sadness, anger, and anxiety categories. We
calculated the ratio of each emotion category in each post
(number of emotion words/number of all tokens). To visualize
broad emotional differences among the classified poster-patient

relationship classes, we plotted the mean scores for 6 identity
categories in each of the 5 emotion categories.

For positive emotions, the “friends_relatives” class had a
relatively higher value than the other 5 classes (Table 5). For
negative emotions, the “no_patient” class had a relatively higher
value than the other 5 classes. For angry terms, the “no_patient”
class had a significantly higher value than the other 5 classes,
which had almost the same values. For anxiety terms, the
“family_members,” “no_patient,” and “post_user” classes had
a higher value than the other 3 classes; the “heard_relation”
class had the lowest value. For sadness terms, the
“family_members,” “no_patient,” and “post_user” classes had
a relatively higher value than the other 3 classes.
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Table 5. Emotion distribution for each class in the 5 emotion categories (positive emotions, negative emotions, anger, anxiety, and sadness).

Mean ratio of each emotion category in each posta

Positive emotions

0.05567no_patient

0.05785heard_relation

0.05469family_members

0.06581acquaintances

0.05382post_user

0.07490friends_relatives

Negative emotions

0.11920no_patient

0.09202heard_relation

0.09933family_members

0.09118acquaintances

0.09759post_user

0.09386friends_relatives

Anger

0.01020no_patient

0.00490heard_relation

0.00467family_members

0.00479acquaintances

0.00469post_user

0.00489friends_relatives

Anxiety

0.00699no_patient

0.00389heard_relation

0.00674family_members

0.00465acquaintances

0.00595post_user

0.00430friends_relatives

Sadness

0.01094no_patient

0.00894heard_relation

0.01107family_members

0.00845acquaintances

0.01110post_user

0.00928friends_relatives

aNumber of emotion words/number of all tokens.

Next, we statistically examined differences in emotions across
poster-patient relationships. Kruskal-Wallis tests showed

significant effects for positive emotions (posemo: χ2
5=185.9,

P<.001), negative emotions (negemo; χ2
5=156.8, P<.001),

anxiety (anx; χ2
5=50.6, P<.001), anger (anger; χ2

5=38.2,

P<.001), and sadness (sad; χ2
5=56.8, P<.001). This suggests

that for all emotion categories, significant effects were detected
across the 6 poster-patient relationship classes. Table 6 reports
the post hoc DSCF pairwise comparisons.

Although there were a number of significant effects, here we
comment primarily on consistent patterns of results that may
be indicative of broader trends in Weibo users with respect to
the emotional language used when posting about breast cancer.
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We noticed that the “friends_relatives” class had significantly
higher positive emotions than all other poster-patient relationship
classes, and this was followed closely by the “acquaintances”

class, which had higher positive emotions than the other
remaining poster-patient relationship classes.

Table 6. Pairwise comparisons for the 5 emotion categories.

SadnessAngerAnxietyNegative emotionsPositive emotionsClass 2Class 1

P valueWP valueWP valueWP valueWP valueWa

<.001b6.42.981.05<.001b7.55.063.94<.001b–7.87family_membersacquaintances

.273.02.821.75.941.29.771.87<.001b5.67friends_relativeacquaintances

.502.47.791.81.980.910.990.64<.001b–6.75heard_relationacquaintances

.99–0.46<.001b6.38.422.65<.001b12.13<.001b–10.73no_patientacquaintances

.004b5.16.821.74.004b5.15.233.13<.001b–8.49post_useracquaintances

.27–3.01.990.86<.001b–5.90.79–1.83<.001b13.42friends_relativesfamily_mem-
bers

.01b–4.81.990.81<.001b–7.94.06–3.96.811.78heard_relationfamily_mem-
bers

<.001b–8.88<.001b5.71<.001b–6.92<.001b8.63.43–2.62no_patientfamily_mem-
bers

.99–0.87.990.86.66–2.13.99–0.61.97–1.08post_userfamily_mem-
bers

.98–1.04.99–0.21.99–0.57.89–1.54<.001b–12.65heard_relationfriends_relative

.03b–4.23.054.01.980.94<.001b9.41<.001b–16.21no_patientfriends_relative

.712.02.99–0.07.093.69.961.19<.001b–13.68post_userfriends_relative

.04b–4.14.001b5.55.722.01<.001b14.14.004b–5.15no_patientheard_relation

.143.47.990.12.005b5.02.282.98.37–2.76post_userheard_relation

<.001b6.98.03b–4.23.083.76<.001b–8.31.941.29post_userno_patient

aStandardized Wilcoxon statistic from Dwass-Steel-Critchlow-Fligner (DSCF) pairwise comparisons.
bSignificant P values.

In addition, we found that “no_patient” posts had consistently
higher negative emotions than the posts in all other
poster-patient relationship classes, but no strong and consistent
pattern of difference was observed between other poster-patient
relationship classes. This pattern was mirrored strongly in the
anger emotion category, suggesting that “no_patient” posts were
higher on anger compared to posts in the other poster-patient
relationship classes. As “negative emotions” is a broad emotion
category containing many other negative emotion words in its
dictionary, we think that strong differences observed in anger
could be driving the significant difference found in the negative
emotions category.

Furthermore, we noticed that with the exception of the
“post_user” class, the “family_members” class was generally
significantly higher in anxiety than the “acquaintances,”
“friends_relatives,” “no_patient,” and “heard_relation”
poster-patient relationship classes and higher in sadness than
the “acquaintances,” “no_patient,” and “heard_relation”
poster-patient relationship classes.

Clustered Topics
To gain an overview of why some poster-patient relationship
classes were consistently higher in some emotions than other
classes, we turned to topic modeling. Using the topics per class
function of the BERTopic model, we aimed to compare topical
relationships that mirrored some of the identified effects from
the sentiment analysis.

We initially found that 139 topics were automatically generated
from BERTopic, but this included several topics of low
significance, where post counts numbered less than 50. As we
wanted to focus on topics of greater relevance, we narrowed
our analysis to include only the top 30 (21.6%) topics by topic
prevalence across the entire data set, which was sufficient to
cover more than 6000 (58.1%) posts. In Table 7 and in Table
S2 in Multimedia Appendix 3, we list the top 30 topics with top
30 representative terms and provide a summarized theme for
each topic. These are represented by an ID, which represents
the ranked prevalence of each topic, while the topic number
represents the topic labels assigned for the initial generation.
We also visualized the distribution of (poster-patient
relationship) classes per topic, which was used to identify topics
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that were more prevalent in a particular class for the analysis. These visualizations are available in our GitHub repository [37].

Table 7. Top 30 terms of top 30 topics from topic modeling.

Top 30 representative words (translated into
English)

Top 30 representative words (Chinese)LabelTopic numberID

angry, temper, I’m angry, emotions, really生气,脾气,气死我了,情绪,真的Anger00

passed away, at home, come back, life, remem-
ber

去世,家里,回来,生活,记得Laments11

breast, breast, lump, hyperplasia, node乳腺,乳房,肿块,增生,结节,Symptoms32

doctor, patient, director, hospital, surgery医生,病人,主任,医院,手术Hospital stays43

hope, happiness, life, life, lucky希望,幸福,生活,人生,幸运Hope and prayers74

surgery, hospital, chemotherapy, hospitalization,
doctor

手术,医院,化疗,住院,医生Hospitalization65

ward, hospital, patient, fear, patient病房,医院,病人,恐惧,患者Lamenting hospitalization86

dream, dreaming, dreaming, last night, dreaming梦里,梦见,梦到,昨晚,做梦Dreams and nightmares27

a year, surgery, last year, diagnosed, hope一年,手术,去年,确诊,希望Diagnosis108

Liu Jing, heroine, hero, cheerful, Yingzi刘静,女主,男主,欢喜,英子Chinese dramas59

teacher, student, parent, classroom, lesson老师,学生,家长,班主任,上课School1310

friend, bestie, divorce, chat, numerology朋友,闺蜜,离婚,聊天,命理Friends2011

stay up, sleep, night, sleepless, sleep熬夜,睡觉,晚上,睡不着,睡着Sleep-wake cycles1812

passed away, news, sad, deceased, just去世,消息,难过,死者,刚刚Passing1213

radiotherapy, chemotherapy, end, treatment,
metastasis

放疗,化疗,结束,治疗,转移Treatment processes2614

cure, treatment, protocol, effect, patient治愈,治疗,方案,效果,患者Treatment effects3315

happy, mood, things, odds, sad开心,心情,事情,几率,难过Appeal to emotion11316

face, pressure, life, health, life面对,压力,生活,健康,人生Initiative4217

little flower, a, Chie, little red flower小花,一朵,千惠,小红花,病魔A Little Red Flower (a popular
Chinese movie released in
2020)

1118

suspicion, anxiety, revert, chest pain, examina-
tion

怀疑,焦虑症,返祖,胸痛,检查Suspicion of breast cancer4519

lung cancer, liver cancer, stomach cancer, bowel
cancer

肺癌,肝癌,胃癌,肠癌,吸烟Other cancers4820

anxiety, worry, irritable, exam, mood焦虑,担心,烦躁,考研,心情Anxiety6421

transfer, cancer, cancer cells, patient, Yan
Hongwei

转移,癌症,癌细胞,患者,闫宏微Metastasis of cancer cells1722

concern, microblogging, anti-cancer, lychee关注,微博,抗癌,荔枝,记录Weibo follows2223

microblogging, mom, trying to do, update, don't
want

微博,媽媽,努力做到,更新,不想Weibo usage2324

hair, wig, chemotherapy, bald, lose hair头发,假发,化疗,光头,掉头发Treatment side effects8525

brother-in-law, phone, yesterday, doctor, go back姐夫,电话,昨天,医生,回去Check-up2726

Nothing, prevention, hyperplasia, period, a go没事,预防,增生,例假,一去Female physiology6327

Chen Xiaoxu, Li Ming, hurt official, Lin Daiyu,
Li Ting

陈晓旭,李明,伤官,林黛玉,李婷Public figures928

chemotherapy, second, third, end, white blood
cells

化疗,第二次,第三次,结束,白细胞Treatment stages5829
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Notable Topics

Negative Emotions and Anger

The sentiment analysis suggested that the “no_patient” class
had consistently higher negative emotions and anger than all
other poster-patient relationship classes. Next, we examined
the top 30 topics to identify topics with a similar pattern, which
were topics 0, 2, 3, 18, 13, 23, 42, 45, 48, 64, and 113. These
spanned a number of overlapping themes. Topic 0, for example,
contained terms that directly expressed anger and also appeared
to carry the speculation that anger is a cause of breast cancer.
Similarly, topics 42, 64, and 113 comprised emotive posts about
being positive or hopeful in the face of breast cancer, as well
as the anxiety and stress it causes. Posts on topics 3, 48, and 63
contained physiological and medical terms, particularly
cancer-related terms, their comorbidities, and their antecedents,
and posts on topic 45 appeared to express anxiety at the poster
facing a possible cancer diagnosis. Finally, topics 2 and 18
contained posts about the user having a nightmare about breast
cancer while sleeping, and topics 13 and 20 were about cancer
in everyday life. A guiding theme for these topics is that they
seem to relate to the posters’ fears and anger toward cancer in
general.

Sadness and Anxiety

Topics 26 and 58 resembled the patterns of relationship classes
for sadness and anxiety, in that with the exception of the
“post_user” class, the “family_members” class was more
prevalent than the other poster-patient relationship classes.
These topics shared a common theme, in that they discussed
treatment options for breast cancer (eg, chemotherapy,
immunotherapy). One explanation could be that immediate
family members, as caregivers, were more concerned about
breast cancer treatment.

Error Analysis for Machine Learning Classification
Although our classifiers predicted posts well to some extent,
we noticed that some cases were mistakenly classified into other
categories, according to the metrics from Tables 3 and 6. To
explore the possible reasons behind this misclassification, we
implemented error analysis.

We found that 1 common reason for these errors was when the
patient in a post was unclear and what they said needed to be
inferred through semantic understanding. In Table S3 in
Multimedia Appendix 4, for example, in post I, the breast cancer
patient in the post was the post author (we inferred that the
patient should be the poster from reading the post), so according
to our classification definition, the true label would be
“post_user,” but the predicted label from our classifiers was
“acquaintances.” We think that this could be attributed to a
mention of a colleague at the beginning of the post and was
mistakenly classified into the “acquaintances” class instead.
We observed another reason for errors was when the patient
was clearly mentioned but there were multiple other actors
mentioned in the post as well. Such appearances can greatly
affect the classifiers’ prediction. In post II, based on our
understanding, the patient appeared to be the poster, but there
were many other family members present (eg, father, baby, son,
daughter-in-law, granddaughter, grandma). Therefore, post II

was mistakenly classified into the “family_members” class
instead of the “post_user” class.

Discussion

Principal Findings

Step 1: Poster-Patient Relationship Classification
We fine-tuned the pretrained language model Chinese RoBERTa
on our annotations on poster-patient relationships to construct
a classification model capable of identifying patients’
relationships with the posters of Weibo posts concerning breast
cancer. We subsequently used those classifiers to implement a
2-stage classification process. Both classifiers performed well,
and we were generally able to classify poster-patient
relationships with moderate-to-high accuracy. This comprised
step 1, the poster-patient relationship classification, which was
essential to our research question of examining differing Weibo
posting styles across poster-patient relationships.

Step 2: Principal Results for Sentiment Analysis and
Topic Modeling
In step 2, we used sentiment analysis to compare emotion
expressiveness across the 6 poster-patient relationship classes,
followed by topic modeling to connect topic content with the
emotional difference among identity categories in order to gain
an overall understanding. Although this offers only an
approximate attempt to interpret the findings of the sentiment
analysis, it nevertheless offers an early window into how Weibo
posts on breast cancer differ according to the relationship the
patient has with the poster. Here, we remind readers that (1)
sentiment analysis was calculated based on broad trends in
emotion categories, in that for a specific emotion category,
having a higher performance in a relationship class meant that
it had a higher frequency across all data, and (2) the distribution
of topics per class was performed using the corresponding
frequency number of each category across all data, which
effectively presented the participation for each relationship class
in each topic. In other words, among the 6 relationship classes,
the correspondence between each relationship class for each
emotion category and the correspondence between each
relationship class for each topic can only approximately connect
both results to contextualize the emotion from the topic when
the relevance is consistent. It does not, however, directly
represent the actual relationships between topics and emotion
terms, so we caution readers against overinterpreting these
results.

Anger and Negative Emotions in “no_patient” Posts
One strong result observed from the sentiment analysis was that
“no_patient” posts were consistently higher on anger and
negative emotions in general. Considering the topics that are
more closely associated with the “no_patient” posts, our
interpretation is that posts that omit explicit mentions of patients
could indicate the poster’s apprehension, anxiety, or anger
toward breast cancer. For example, this could come in the form
of a rant. Ranting on social media is a common behavior for
expressing stress and dissatisfaction with certain aspects of life.
For some users, ranting on a social media platform encourages
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social support from other users [38] and is therefore more
preferable than ranting in closed media (eg, a diary). Second,
ranting on social media has a cathartic effect on the individual
with regard to anger reduction [39]. This may thus be a
constructive outlet [40] for posters to reduce their negative
emotions when feeling particularly angry or anxious toward
breast cancer. In these types of posts, we think that the poster
may omit explicit mentions of the patient, as these posts are not
necessarily of an autobiographical nature but of an expressive
nature instead (eg, flow-of-thought writing) and may occur in
any situation in which the poster may have a reason to be angry
at cancer. For example, posters may be angry at a diagnosis (or
prospect) of cancer in themselves or their loved ones, or they
may be angry at the problems in society that arise from cancer
and associated treatments, which do not necessarily need a target
patient.

Sadness and Anxiety in “family_members” Posts
In contrast, sadness and anxiety were consistently higher in
posts where close family members (eg, parents) were the
patients. This also corresponded with more mentions of
treatment options. Past research has documented the significant
emotional burden placed on close family members as caregivers
of patients with cancer [41]. Moreover, this could be exacerbated
by cultural factors: family members are more closely linked to
the concept of the self in China, which is largely consistent with
interdependent self-construal and collectivistic cultural
orientation [42]. In Chinese society, the burden of caregiving
often falls to family members, such as adult children [43].
Moreover, (lack of) familial support has been linked to
depression and loneliness in elderly Chinese, suggesting the
importance of family ties as relational aspects of one’s
well-being (eg, interdependent happiness [44]). This may explain
the greater mentions of treatment options, and the sadness and
anxiety, in Weibo posts where the patient was identified as a
family member of the poster; the patient was considered
relationally closer and more important to their self-identity, and
the poster would also more likely be engaged in caregiving.

This could also be a unique cultural aspect of Chinese
individuals. Previous studies have shown that American
individuals (elderly) have more independent self-construal, and
familial ties, being obligatory, are often less important to the
self than friendship ties [44,45]. However, more research is
needed to examine similar posts on Western social media
platforms for proper cross-cultural examination.

Implications and Future Directions
Our research identified how emotion expression and content
change according to the poster’s relationship with the patient,
and aligns closely with past research on the stresses and risks
family caregivers face for depression and anxiety disorders [36].
This is particularly exacerbated in Chinese culture, where the
strain of caregiving is often intensified through cultural norms
surrounding filial piety [46]: this means that caregivers often
must maintain a patient and positive outlook when interacting
with their patients so as not to put an additional burden on the
patients. Moreover, discussions about cancer are often seen as
taboo in Chinese society, so caregivers cannot easily access
social support from their friends and family. However, as social

media provides an opportunity for sharing experiences and
outreach, it holds immense potential for community building
and social support, particularly for familial caregivers (see Ref.
[47]). Therefore, we think that social media opens up new
opportunities for caregivers (and patients) to seek social support,
with reduced fears of breaking social norms and facing judgment
from their community. This may even be above and beyond the
benefits of social media–based social support in comparatively
open Western societies, and we encourage further studies to
examine how Chinese internet spaces should be designed to
facilitate such social support.

Limitations
To obtain our target data set (long narratives pertaining to breast
cancer), we needed to contextualize our initial Weibo queries
with additional keywords, in this case “sadness.” Although this
enhanced the quality of our data set, it would have biased the
data toward more negative sentiments. Nevertheless, despite
the overt bias toward negative posts in our sample, significant
differences were still observed in poster-patient relationship
classes.

During our classification process, we constructed 2 classifiers
based on language models. For the binary classifier, the model
reached an F1-score of 0.9, and for the multiclass classifier, the
model reached an F1-score of 0.8 on average. Although these
values are good, there is still some room for improvement for
our classifiers. One possibility would be to use a better model
for multiclass classification.

In sentiment analysis, we implemented a LIWC-based tool based
on the lexical matching of terms for word frequency. Moreover,
since only 5 broad affective categories (positive emotions,
negative emotions, anger, anxiety, and sadness) were included
in this tool, we focused only on these in our study. We think
that with newer and more powerful sentiment analysis tools and
a larger number of affect categories, the accuracy and granularity
of sentiment analysis can be further improved for more valuable
insight from the text corpus.

For topic modeling, we used the BERTopic tool to cluster topics,
and we found that all the generated topics only had subtle
distinctions, which led to several overlaps in similar content
among topics. For a better understanding of topics, a qualitative
assessment of posts would have yielded deeper insights into the
data, but this would not have been practical, given the size of
the data set.

Conclusion
In this paper, we studied breast cancer–related narratives on the
Chinese social media platform Weibo. Using a pretrained
transformer language model (Chinese RoBERTa) as the base
model, we fine-tuned 2 models on an annotated subset of the
data to classify poster-patient relationships in those posts in a
sequential process. Ultimately, we classified all posts according
to the identified poster-patient relationships (post_user,
family_members, friends_relatives, acquaintances,
heard_relation, or, if no patient was identified, no_patient).

Next, we implemented sentiment analysis. We used the Chinese
LIWC lexicon to examine the sentiment among 6 categories,
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focusing on positive emotions, negative emotions, anger,
anxiety, and sadness. Through statistical comparisons, we found
that emotional expressions present differences among different
poster-patient relationship classes. For example, the “no_patient”
class had a significantly higher level of anger compared to other
classes.

To contextualize these results, we also conducted topic modeling
using BERTopic. This showed that posts had different topical
content according to the different poster-patient relationships.
For example, the “no_patient” class presented more anger in
the discussions, while the “family_members” class showed
more care for hospitalization and treatment. In sum, our results
indicate that patient-poster relationships show differing content
and language on Weibo.
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Abstract

Background: WeChat (Tencent) is one of the most important information sources for Chinese people. Relevantly, various
health-related data are constantly transmitted among WeChat users. WeChat public accounts (WPAs) for health are rapidly
emerging. Health-related WeChat public accounts have a significant impact on public health. Because of the rise in web-based
health-seeking behavior, the general public has grown accustomed to obtaining cancer information from WPAs. Although WPAs
make it easy for people to obtain health information, the quality of the information is questionable.

Objective: This study aims to assess the quality and suitability of cancer-related WeChat public accounts (CWPAs).

Methods: The survey was conducted from February 1 to 28, 2023. Based on the WPA monthly list provided by Qingbo Big
Data, 28 CWPAs in the WeChat communication index were selected as the survey sample. Quality assessment of the included
CWPAs was performed using the HONcode instrument. Furthermore, suitability was measured by using the Suitability Assessment
of Materials. A total of 2 researchers conducted the evaluations independently.

Results: Of the 28 CWPAs, 12 (43%) were academic and 16 (57%) were commercial. No statistical difference was found
regarding the HONcode scores between the 2 groups (P=.96). The quality of the academic and commercial CWPAs evaluated
using the HONcode instrument demonstrated mean scores of 5.58 (SD 2.02) and 5.63 (SD 2.16), respectively, corresponding to
a moderate class. All CWPAs’ compliance with the HONcode principles was unsatisfactory. A statistically significant difference
between the 2 groups was observed in the Suitability Assessment of Materials scores (P=.04). The commercial WPAs reached
an overall 55.1% (SD 5.5%) score versus the 50.2% (SD 6.4%) score reached by academic WPAs. The suitability of academic
and commercial CWPAs was considered adequate.

Conclusions: This study revealed that CWPAs are not sufficiently credible. WPA owners must endeavor to create reliable
health websites using approved tools such as the HONcode criteria. However, it is necessary to educate the public about the
evaluation tools of health websites to assess their credibility before using the provided content. In addition, improving readability
will allow the public to read and understand the content.

(JMIR Cancer 2024;10:e52156)   doi:10.2196/52156

KEYWORDS

cancer; big data; social media; health literacy; WeChat; China; public health

Introduction

According to the International Agency
for Research on Cancer (IARC), cancer is the first or second

leading cause of premature mortality in over 90 countries. China
accounts for 23.7% of global new cases and 30% of deaths. In
China, the age-standardized incidence and mortality rates of all
cancers were 201.7 per 100,000 and 130.1 per 100,000 in 2018,
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respectively [1]. In recent decades, the cancer burden in China
has increased, posing a serious threat to public health.

Moreover, with the rapid development of the internet, social
media has remarkably changed people’s lifestyles [2]. Similar
to Facebook, WeChat, released in 2011 by Tencent Inc, has
become the most widely used social networking platform in
China, reporting 1299 million users in 2022 [3]. WeChat public
accounts (WPA) are application accounts supplied by
administrators that can be used for communication and
interaction with specific groups via text, pictures, videos, and
so forth. Members can follow the WPAs of interest to receive
relevant information or messages. In early 2020, more than 1
million papers were posted daily on WeChat [4]. WeChat is
one of the most important sources of information for the Chinese
public. Pertinently, various health-related information is
continuously transmitted among WeChat users. Health-related
WeChat public accounts (HWPAs) are being rapidly developed
[5]. HWPAs have an important impact on public health status.
Although it is convenient for people to obtain health information
from WPAs, the quality of the health information is questionable
[6]. Therefore, it is important to evaluate the quality of the
HWPAs. Previous studies have explored the use of WPAs in
health education [7-9]. However, few have focused on the
quality of HWPAs. Wang et al [10] examined 93 HWPAs to
evaluate their quality and found that they were substandard
according to the Net Foundation Code of Conduct (HONcode)
conformity. Furthermore, there is still a lack of general
understanding regarding the quality of cancer-related WeChat
public accounts (CWPAs). Owing to increasing web-based
health-seeking behaviors, the public has become accustomed
to obtaining cancer information through WPAs. Therefore, this
study was conducted to evaluate the quality of CWPAs. Our
study aims to assess the quality and suitability of CWPAs.

Methods

Data Collection
The data used in this study were derived from the Qingbo Big
Data platform, the largest third-party evaluation platform for
new media in China. Qingbo Big Data Technology Co, Ltd
(Beijing, China) was established in October 2014. The company
provides big data technology services to the Chinese
government, top Chinese news media, and large multinational
enterprises [11]. The WeChat communication index (WCI),
proposed by Qingbo Big Data, is the most widely used standard
for evaluating the influence of WPAs [10]. The WCI comprises
4 primary indicators (the overall paper spread rate, average
spread rate of each paper, title spread rate, and peak spread rate),
8 secondary indicators, and a set of calculation formulas for
standardized scores [12]. A higher WCI value indicates a larger
WPA influence. We searched for new media in the cancer
category of the WPA monthly list (February 1 to 28, 2023)
provided by Qingbo Big Data. The CWPAs in the WCI were
selected as the survey sample. The exclusion criteria for CWPAs
were as follows: (1) having been completed for commercial
purposes, and (2) no papers released during the survey period.
As a result, 18 CWPAs were excluded according to the criteria.
Finally, 28 CWPAs were included in this study (Multimedia

Appendix 1). We analyzed 1503 papers released by each CWPA
on the survey dates.

Evaluation Tools
Quality assessment of the included CWPAs was performed
using the HONcode instrument. Health on the Internet is an
independent organization that provides health information
guidelines for websites based on 8 principles: authoritativeness,
complementarity, privacy, attribution, justifiability,
transparency, financial disclosure, and advertising policies [13]
(Multimedia Appendix 2). The introduction of the HONcode
in 1996 was a milestone for web-based health information, as
evidenced by the numerous references to the HONcode in the
Health Informatics literature. The HONcode has often been
used as a major indicator of content accuracy in scientific studies
[14]. As CWPAs are used to disseminate cancer-related health
knowledge to the public, these WPAs should also comply with
the HONcode principles. Thus, we believe analyzing the
credibility and reliability of the information on CWPAs using
the HONcode instrument is appropriate. We adopted a similar
HONcode scoring system to that previously published [15]. For
each CWPA, the respect or no respect to each HONcode
principle was scored as 0 (nonconformity) or 1 (conformity).
As a result, the quality of the CWPAs was classified as low
(HONcode 0-2), moderate (HONcode 3-5), or high (HONcode
6-8).

The Suitability Assessment of Materials (SAM) created by Doak
et al [16] was designed to assess educational material. Applying
the SAM can pinpoint specific deficiencies in suitability, and
if the material is still in the developmental stage, these
deficiencies can be corrected. The SAM comprises 22 criteria
in 6 categories: content, literacy demand, graphics, layout and
typography, learning stimulation and motivation, and cultural
appropriateness (Multimedia Appendix 3). Within these
categories, according to how well they meet the criteria for each
item, individual items are rated as follows: not applicable, 0
(not suitable), 1 (adequate), or 2 (superior). The sum of the
ratings obtained was divided by the total possible score and
transformed into percentages. A total of 3 levels are used to
categorize the percentage score: 70%-100%, “superior”;
40%-69%, “adequate”; and 0%-39%, “not suitable” [16]. The
SAM has been tested and validated in individuals of various
cultural backgrounds [17]. In a study by Chang et al [18], the
SAM was proven valid and reliable for evaluating the suitability
of health-education materials in Chinese. Therefore, in this
study, we used the SAM to evaluate health information released
by CWPAs. These CWPAs were classified into academic WPAs
and commercial WPAs according to a study by Valizadeh-Haghi
et al [19]. The findings of this study revealed that there was a
significant association between the website category and the
credibility of health websites.

A total of 2 researchers conducted the evaluations. These 2
raters independently evaluated CWPAs’ compliance with the
principles of the HONcode and the suitability of the papers
released by the CWPAs using the SAM scale. Any controversial
assessment results were resolved through real-time negotiations.
Cohen κ test assessed interrater reliability, with a score of 0.83
indicating almost perfect agreement [20].
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Statistical Analysis
Statistical analysis was performed using SPSS (version 26.0;
IMB Corp). Numerical variables are reported as mean (SD) or
median (IQR) values. We tested the normality of the distribution
of the numerical variables using the Shapiro-Wilk test before
proceeding with a parametric or nonparametric test. Parametric
variables were compared using the Student t test and
nonparametric continuous variables were evaluated with the
Mann-Whitney U test. Categorical variables were presented as
numbers (n) and percentages (%). Fisher exact test was used to
compare categorical variables. Statistical significance was set
at P<.05.

Ethical Considerations
According to Article 32 of the ethical review guideline of life
science and medical research, which was issued by the National
Health Commission of the People’s Republic of China on
February 18, 2023, because only publicly available data were
involved in our study, the ethical review could be exempted
[21]. All data were anonymized.

Results

Characteristics of the CWPAs
The general characteristics of the CWPAs are listed in Table 1.
Of the 28 CWPAs, 12 (43%) were academic and 16 (57%) were
commercial. A statistically significant difference between the
2 groups was observed in the SAM scores (P=.04). The
commercial WPAs reached an overall 55.1% (SD 5.5%) score
versus the 50.2% (SD 6.4%) score reached by academic WPAs.
The suitability of academic and commercial CWPAs was
considered adequate. Statistical differences were also found
regarding views (P=.04), likes (P=.03), and WCI (P=.03).
Notably, the numbers of views, likes, and WCI were higher for
commercial WPAs than for academic WPAs. Although no
statistical difference was found regarding the HONcode scores
between the 2 groups (P=.96), commercial WPAs seemed more
compliant than academic WPAs. The quality of the academic
and commercial CWPAs evaluated using the HONcode
instrument demonstrated mean scores of 5.58 (SD 2.02) and
5.63 (SD 2.16), respectively, corresponding to a moderate class.

Table 1. Analysis of cancer-related WeChat public account characteristics by ownership.

P valueCommercial CWPAsAcademic CWPAsaCharacteristics

N/Ab1181322Number of papers

.04420,237.75 (19,762-439,999.75)59,109 (1534.2-60,643.2)Number of views, median (IQR)

.031640.25 (82.75-1723)226.25 (5.25-231.5)Number of likes, median (IQR)

.03700.09 (300.20)453.57 (255.46)WCIc, mean (SD)

.965.63 (2.16)5.58 (2.02)HONcode scores, mean (SD)

.0455.1 (5.5)50.2 (6.4)SAMd scores (%), mean (SD)

aCWPA: cancer-related WeChat public account.
bN/A: not applicable.
cWCI: WeChat communication index.
dSAM: Suitability Assessment of Materials.

Health on the Net Foundation Code of Conduct
Conformity
The HONcode compliances of the 28 CWPAs according to
ownership are listed in Table 2. Except for the advertising
principle (P=.02), there were no statistical differences regarding
the other 7 principles between the academic and commercial
groups. CWPAs’compliance with the HONcode principles was
not ideal. Most academic and commercial WPAs failed to meet
the principles of transparency and financial disclosure (58% vs
62% and 58% vs 69%, respectively). One-third of academic
(4/12, 33%) and almost half of the commercial WPAs (7/16,

44%) did not respect this attribution principle. All academic
WPAs and 94% (n=15) of the commercial WPAs received a
full score on the justifiability principle. Compliance was also
uneven for authoritative and complementarity principles. A
greater proportion of academic WPAs achieved full scores in
the authoritative and complementarity principles (10/12, 83%
and 11/12, 92%, respectively), compared with commercial
WPAs (11/16, 69%). Finally, only 25% (n=3) of academic
WPAs received a full score in the advertising policy principle,
compared with commercial WPAs (12/16, 75%); that is,
three-quarters of the academic WPAs did not clearly distinguish
advertising from editorial content.
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Table 2. Evaluating HONcode scores according to ownership.

P valueProportion of commercial CWPAs with
full score (n=16), n (%)

Proportion of academic CWPAsa with full
score (n=12), n (%)

HONcode principles

.6611 (69)10 (83)Authoritative

.1911 (69)11 (92)Complementarity

N/Ab16 (100)12 (100)Privacy

.719 (56)8 (67)Attribution

.3815 (94)12 (100)Justifiability

.826 (38)5 (42)Transparency

.695 (31)5 (42)Financial disclosure

.0212 (75)3 (25)Advertising policy

aCWPA: cancer-related WeChat public account.
bN/A: not applicable.

Suitability of Papers From WPAs
Table 3 presents the analysis of the CWPAs’ readability using
the SAM. Among the 6 categories, a statistically significant
difference was found between academic and commercial WPAs
in literacy demand (P=.02). In most cases, the mean scores of
academic WPAs were lower than those of commercial WPAs,
except for the cultural appropriateness items. However, no

statistical differences were found between the 2 groups regarding
content (P=.53), graphics (P=.07), layout and typography
(P=.84), learning stimulation and motivation (P=.95), or cultural
appropriateness (P=.78). None of the CWPAs achieved a
superior score on the SAM items. The percentages of criteria
met in each of the 6 SAM categories ranged from the lowest
for learning stimulation and motivation to the highest for
content.

Table 3. Evaluating Suitability Assessment of Materials scores of papers on the cancer-related WeChat public account according to ownership.

P valueCommercial CWPAs, mean (SD)Academic CWPAsb, mean (SD)SAMa items

.535.25 (0.86)5.08 (0.51)Content (purpose is evident, content regarding behavior,
scope is limited, and summary or review included)

.025.56 (1.15)4.58 (0.79)Literacy demand (reading grade level, writing style, active
voice, vocabulary uses common words, context is given first,
and learning aids via “road signs”)

.075.63 (1.41)4.67 (1.15)Graphics (cover graphic shows purpose; type of graphics;
relevance of illustrations; list, tables, etc explained; and
captions used for graphics)

.843.88 (0.50)3.83 (0.58)Layout and typography (layout factors, typography, and
subheads used)

.951.69 (0.79)1.67 (0.98)Learning stimulation and motivation (interaction used, be-
haviors are modeled and specific, and motivation [self-effi-
cacy])

.782.19 (0.54)2.25 (0.62)Cultural appropriateness (match in logic, language, and ex-
perience; cultural image; and examples)

aSAM: Suitability Assessment of Materials.
bCWPA: cancer-related WeChat public account.

In the content category, most WPAs stated their purpose in the
titles and contained related information within the necessary
scope. However, some (8/28, 28.6%) of the WPAs contained
behavior-related context in presenting content; that is, the
content mainly included facts about cancers and not guides for
readers’ behavior or decision-making. Additionally, 14% (n=4)
of WPAs did not include a summary or review. Regarding
literacy demand, 1 WPA was classified as not suitable, 26 as
adequate, and only 1 was superior. The cover graphics for most
papers released by the WPAs were rated as superior. However,
68% (n=19) of the WPAs used illustrations inappropriately.

Moreover, one-quarter (7/28, 25%) of the papers did not include
captions that detailed the information in the tables and graphs.
The layouts of most papers received high scores; for example,
most were adequate and superior regarding typography and font
size. Lower ratings were caused by the tendency to include too
much information under the subheadings. The learning
stimulation and motivation categories had the lowest ratings.
None of the studies provided web-based learning stimulation.
The content for behavioral modeling and self-efficacy of 93%
(n=26) of the WPAs was adequate or not suitable. Most WPAs
(26/28, 93%) were rated as adequate or superior for using
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positive images and examples for the cultural appropriateness
category.

Discussion

Principal Findings
WeChat is the most popular platform for acquiring health
information. Health information acquisition via WeChat is more
convenient, timely, and cost-effective; moreover, it protects
privacy and avoids embarrassment. Furthermore, the technical
development of big data and the Internet of Things allows
individuals to access, track, and customize health information.
To a certain extent, WeChat contributes to greater freedom
regarding individual health decisions.

The public encounters problems through the internet via an
overload of information. In our study, searching for “cancer”
in the Qingbo search engine generated 46 WPAs. Worryingly,
the information presented in these WPAs is not sufficiently
credible; that is, valid and valuable information is obscured by
irrelevant and misleading information. To our knowledge, this
was the first study to evaluate the quality and readability of
WPAs concerning cancer. Our study mirrored other studies’
findings on various topics [22-24].

The HONcode instrument for health-related web resources has
been available for 20 years. A failure to comply with the
HONcode criteria indicates that users may encounter websites
that are not sufficiently reliable. These websites may contain
inaccurate, misleading, and inadequate information, which can
influence preventive actions and decision-making regarding
cancer treatment choices.

This study’s findings revealed that all CWPAs’ compliance
with the HONcode principles was unsatisfactory. Although one
could intuit that the information found in academic CWPAs
would yield the highest quality information, our study found
this was not always true. Specifically, there was no statistical
difference between academic WPAs and commercial CWPAs
regarding HONcode sum scores and most HONcode categories.
Thus, academic institutions must take substantial steps to
improve the credibility of their WPAs to comply with the HON
principles.

Compliance with the authority criterion reflects the credibility
of the information source because this principle proves that the
information provided by experts is reliable [25]. In this study,
one-quarter (7/28, 25%) of the surveyed CWPAs did not specify
the names or expertise of the authors. In a similar study
evaluating Persian language health websites on Ebola, the
authorities obtained the lowest score [22]. While the public
needs sufficient information about the author’s identity to assess
the trustworthiness of information, CWPAs must pay more
attention to this criterion to increase trustworthiness for their
readers. The complementarity aspect of web-based medical
information should be clearly stated on health websites as such
information is intended to provide support and training for
readers and should not be a substitute for direct medical advice
[19]. Nevertheless, 21.4% (n=6) of the surveyed CWPAs did
not consider this criterion, which may have led to misuse of
information. Moreover, CWPAs should describe their privacy

policies and define how they handle users’ private information
such as email addresses and content. This policy is among the
7 core issues in website usability design and is particularly
important for creating effective websites [26]. Satisfactorily,
all CWPAs assessed in this study identified their privacy
policies. According to the attribution principle, the publication
date and most recent content updates should be posted on the
website. Adherence to this principle can ensure the credibility
of health websites. This study revealed that the attribution
principle was considered in more than half (17/28, 61%) of the
CWPAs. Nevertheless, 39% (n=11) of the CWPAs did not pay
sufficient attention to this principle. The justifiability criterion
indicates that any information on a website must support claims
regarding the benefits or performance of a particular treatment,
medication, or medical device. Overall, in this study, the
adherence to the justifiable principle was good. The transparency
principle states that when additional information is required,
people must be able to connect with content editors and
communicate with webmasters. Unfortunately, based on the
present findings, this principle was only considered in 39%
(n=11) of the CWPAs. Financial disclosure and advertising
principles imply that there should be a clear distinction between
commercial and scientifically edited content presented on
CWPAs. If advertising is a source of funding for a WPA, the
financial disclosure policy for presenting such content should
be clearly stated. Moreover, failure to comply with advertising
policies indicates that individuals may be unable to distinguish
advertisement information from the main content. Access to
such WPAs may guide readers toward unreliable information
that may threaten their health. However, only 36% (n=10) of
the surveyed CWPAs considered financial disclosure principles.
More importantly, 75% (n=9) of the academic WPAs failed to
comply with the advertising policy. In contrast, only 25% (n=4)
of commercial WPAs failed to comply with this principle.

The content provided to the public must not only meet the
reliability standard but also be at the required reading level that
allows people of all educational levels to understand and process
information related to their disease and treatment options [27].
Notably, lower overall health literacy is associated with
increased complications, hospitalizations, poor understanding
of the disease, and increased health care costs [28]. This study
determined the CWPAs’ information suitability to be
“adequate.” Cultural and linguistic differences inevitably lead
to differences in people’s health-related behaviors and
understanding of web-based health information. Thus, website
owners must consider additional acculturation factors when
publishing health information. However, this creates higher
requirements for user cultural literacy [11].

Regarding scoring dimensions, most papers published by the
CWPAs had appropriate cover pictures and attractive titles that
clearly described the paper’s purpose, a good layout and
typography, and were culturally suitable. However, the
nonstandard use of charts and the lack of charts used as
illustrations were common problems. More than half of the
papers included pictures with weak relevance to the content of
the papers or even harmful overstatements and stereotypical
cultural characteristics. In addition, regarding vocabulary,
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readers had difficulty reading papers generated by professional
WPAs because they usually use more scientific terms.

The cultural appropriateness of health-education materials is
enhanced when readers view illustrations and graphics that are
easily recognizable and depict people similar to themselves and
those around them. Many factors affect health care including
cultural beliefs and practices [17]. Thus, it is important to
consider these factors when designing health education
materials.

We are particularly interested in examining the facilitation of
self-efficacy. Applying the concept of self-efficacy is an
effective means of promoting positive health behaviors and
informed decision-making. Self-efficacy theory explains and
predicts how people influence their motivation and behavior;
to enhance self-efficacy, materials must model the desired
behavior using someone similar to the intended audience [17].
Very few of the reviewed materials used appropriate methods
to enhance readers’ self-efficacy.

Based on our findings, although the suitability of health
information released by CWPAs was at a moderate level, the
overall quality of accessible information on CWPAs was
inadequate. Failure to comply with all HONcode criteria in
these CWPAs shows that while searching for WPAs, users will
encounter impressive websites, and consequently, low-quality
information that can affect their health care practices for cancer.
Reliable and readable information is essential for overcoming
the potential negative aspects of web-based health information.
Providing information in shorter sentences with simple words
and using figures or videos may help improve the public’s
understanding of cancer and cater to people with varying levels

of health literacy. This highlights the importance of
understanding the quality of CWPAs by providers and guiding
the public toward reliable sources. Finally, it is recommended
that the papers of CWPAs be subjected to some form of peer
review, similar to those used for journal paper submissions,
before the final upload. This would create a core set of
high-quality, publicly available information.

Limitations
This study has some limitations. The study was conducted
between February 1 and 28, 2023; therefore, it does not
completely and comprehensively represent other studies
conducted at different times. However, owing to the dynamic
characteristics of the web, search results vary at different times
and places. New websites are constantly being created, while
some websites are being disbanded. Second, there are many
evaluation indices for WPAs; however, horizontal comparisons
of these indices are lacking. We chose the WCI proposed by
Qingbo Big Data as the ranking basis for the influence of WPAs,
which may have resulted in selection bias. Finally, this study
was conducted only on Chinese websites. Therefore, the results
of this study may differ from those conducted in other languages.

Conclusions
This study revealed that CWPAs are not sufficiently credible.
WPA owners must endeavor to create reliable health websites
using approved tools such as the HONcode criteria. However,
it is necessary to educate the public about the evaluation tools
of health websites to assess their credibility before using the
provided content. In addition, improving readability will allow
the public to read and understand the content.
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Abstract

Background: Mobile health (mHealth) apps offer unique opportunities to support self-care and behavior change, but poor user
engagement limits their effectiveness. This is particularly true for fully automated mHealth apps without any human support.
Human support in mHealth apps is associated with better engagement but at the cost of reduced scalability.

Objective: This work aimed to (1) describe the theory-informed development of a fully automated relaxation and mindfulness
app to reduce distress in people with cancer (CanRelax app 2.0), (2) describe engagement with the app on multiple levels within
a fully automated randomized controlled trial over 10 weeks, and (3) examine whether engagement was related to user
characteristics.

Methods: The CanRelax app 2.0 was developed in iterative processes involving input from people with cancer and relevant
experts. The app includes evidence-based relaxation exercises, personalized weekly coaching sessions with a rule-based
conversational agent, 39 self-enactable behavior change techniques, a self-monitoring dashboard with gamification elements,
highly tailored reminder notifications, an educational video clip, and personalized in-app letters. For the larger study,
German-speaking adults diagnosed with cancer within the last 5 years were recruited via the web in Switzerland, Austria, and
Germany. Engagement was analyzed in a sample of 100 study participants with multiple measures on a micro level (completed
coaching sessions, relaxation exercises practiced with the app, and feedback on the app) and a macro level (relaxation exercises
practiced without the app and self-efficacy toward self-set weekly relaxation goals).

Results: In week 10, a total of 62% (62/100) of the participants were actively using the CanRelax app 2.0. No associations were
identified between engagement and level of distress at baseline, sex assigned at birth, educational attainment, or age. At the micro
level, 71.88% (3520/4897) of all relaxation exercises and 714 coaching sessions were completed in the app, and all participants
who provided feedback (52/100, 52%) expressed positive app experiences. At the macro level, 28.12% (1377/4897) of relaxation
exercises were completed without the app, and participants’ self-efficacy remained stable at a high level. At the same time,
participants raised their weekly relaxation goals, which indicates a potential relative increase in self-efficacy.

Conclusions: The CanRelax app 2.0 achieved promising engagement even though it provided no human support. Fully automated
social components might have compensated for the lack of human involvement and should be investigated further. More than
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one-quarter (1377/4897, 28.12%) of all relaxation exercises were practiced without the app, highlighting the importance of
assessing engagement on multiple levels.

(JMIR Cancer 2024;10:e52386)   doi:10.2196/52386

KEYWORDS

mobile health; mHealth; digital health; eHealth; smartphone; mobile phone; implementation; adherence; self-guided; unguided;
fully automated; conversational agent; chatbot; behavior change; tailoring; self-care; cancer; app development

Introduction

Background
Mobile health (mHealth) apps offer unique opportunities to
deliver self-care interventions and support behavior change, but
poor user engagement and retention rates pose substantial
challenges. mHealth apps are a convenient approach to facilitate
behavior change with the potential to reach large numbers of
people [1-3]. However, in the same manner that mHealth apps
provide easy access with a low barrier to start an intervention,
they also provide a low barrier to stop using an intervention,
turning a great advantage of mHealth apps into a fundamental
challenge [2]. Low engagement is problematic because mHealth
apps that support healthy behaviors can only be effective if
people take an active role, learn the necessary skills to change
their behavior, and apply the skills to everyday life, making
engagement a pivotal prerequisite to health behavior change
[4-8]. In studies using mHealth apps, poor engagement can also
confound the outcome and impact the validity of the results as
study dropouts may differ from completers [2,9]. While many
mHealth apps have significant issues with sustained engagement
[10-17], this is particularly true for fully automated mHealth
apps without any human support, also termed unguided or
self-guided mHealth apps. A high level of human support in
guided mHealth apps is typically associated with better
engagement rates but at the cost of reduced scalability [18,19].
Hence, to increase the effectiveness of behavior change
interventions and improve mHealth studies, it is critical to better
understand what makes people stay engaged with mHealth apps
[2,20-22] and especially with fully automated mHealth apps as
the latter are more likely to be disseminated widely [23].

User engagement has been conceptualized differently across
disciplines, but there is a consensus that engagement with an
mHealth app needs to be examined on different levels [7,24].
The different levels stem from the crucial distinction between
moment-to-moment engagement with the intervention at the
micro level (ie, app use and user experience) and engagement
with the broader intervention goal at the macro level (ie, target
behavior) [5,7]. The micro and macro levels are closely
interlinked, and engagement at the different levels can vary over
time [5]. For example, during the initial use phase of mHealth
apps, moment-to-moment engagement with the app may serve
as preparation for behavior change. In a later phase, when people
apply the skills they learned to everyday life, use of the app
may no longer be required for engagement with the targeted
behavior. Hence, reduced app use could be a sign of success
rather than failure [2], highlighting the importance of
comprehensively assessing engagement.

Most mHealth studies assess engagement with system use data
at the micro level but do not consider engagement measures at
the macro level. At the micro level, system use data such as the
number of log-ins or the amount and type of content used are
frequently applied as the only measure of engagement with an
mHealth app. However, although system use data undoubtedly
provide valuable information on certain aspects of microlevel
engagement, these data are not considered a valid measure of
engagement on their own [24]. Greater efforts are needed to
combine different data sources, such as pairing system use data
with self-report data or qualitative methods, to better understand
the user experience [5,6,17,24]. At the macro level, assessing
engagement remains a challenge and is often neglected in
mHealth studies. To support research in this area, recent reviews
have provided a valuable overview of available measures for
exploring engagement in the behavior change process in daily
life [5,6,24]. The listed measures to assess macrolevel
engagement include sensor data to track behavior in real-life
settings, analysis of social media patterns, and the repeated
assessment of psychological constructs that are hypothesized
to be important determinants of behavior change (eg,
self-efficacy) [24]. Changes over time in psychological
constructs such as self-efficacy could indicate engagement in
the behavior change process [24]. Given the complexity of
engagement as a construct, other measures of macrolevel
engagement might be useful depending on the specific research
context. Thus far, little research has been conducted applying
these or other measures at the macro level of engagement and
exploring their use in an mHealth behavior change setting [24].

Objectives
We examined engagement at both a micro and a macro level
with a newly developed relaxation and mindfulness app to
reduce distress in people with cancer (CanRelax app 2.0) within
a fully automated randomized controlled trial (RCT) over 10
weeks. The CanRelax app 2.0 is based on a first app version
piloted in a feasibility study [25] and now includes more
relaxation resources, a conversational agent, gamification
elements, and 39 behavior change techniques (BCTs) translated
into designed app features. The aims of this paper were to (1)
describe the theory-informed development of the CanRelax app
2.0, (2) describe engagement with the app over 10 weeks as
total app use and user feedback (micro level) and as self-efficacy
and reported relaxation practices without using the app (macro
level), and (3) examine whether engagement was related to user
characteristics.
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Methods

Study Design
The presented data originated from a larger RCT with an
additional nonrandomized third arm. The study aimed to
evaluate the effectiveness of the CanRelax app 2.0 in reducing
distress in people with cancer who experience high distress
compared with a waitlist control group. The primary end point
was distress after 10 weeks assessed using the Patient Health
Questionnaire Anxiety and Depression Scale [25]. Secondary
outcomes were well-being (5-item World Health Organization
Well-Being Index [26]), self-regulation (Multidimensional
Assessment of Interoceptive Awareness Self-Regulation
subscale [27]), and the course of distress over time (4-item
Patient Health Questionnaire [28] and Distress Thermometer
[29]; Multimedia Appendix 1 [25-31]). Eligible participants
who self-reported high distress at baseline (Distress
Thermometer score of ≥5 [29]) were randomized using 1:1 block
randomization stratified by sex; those who self-reported low
distress at baseline (Distress Thermometer score of <5 [29])
were included in a third arm as a nonrandomized intervention
group to further explore user engagement. This nonrandomized
intervention group received immediate access to the app (the
same app as the randomized intervention group); the waitlist
control group received full access to the app after 10 weeks. All
groups were allowed to continue usual care and other
interventions (including self-care interventions) as needed. As
per sample size calculation, the target sample size was 210
participants in the randomized study arms (105 per arm); the
sample size was not predefined for the nonrandomized third
arm. The study was registered a priori at the German Clinical
Trials Register (DRKS00027546; registration date: February
23, 2022). For this paper, data were taken from participants
randomly assigned to the intervention group and participants
assigned to the nonrandomized third arm. Further information
on the study design and assessments is provided in Multimedia
Appendix 1 [25-31]. The results of the RCT will be reported
elsewhere.

Inclusion Criteria
People were eligible to participate in the study if they (1) had
received a cancer diagnosis within the last 5 years regardless
of the type of cancer or stage at diagnosis, (2) were aged ≥18
years, (3) were fluent in German, (4) had a smartphone with
regular internet access, and (5) gave informed consent to
participate in the study. The exclusion criteria were suicidal
ideation and known pregnancy according to participants’
self-reports. For this study, we analyzed an exploratory sample
of the first 100 study participants who received full access to
the CanRelax app 2.0 at inclusion. This corresponds to the
sample needed to detect a meaningful difference (effect size
d=0.8) in engagement between subgroups (high, 67/100, 67%,
vs low, 33/100, 33%, distress) with a power of 0.95 (α=.05).
The study was advertised for distressed individuals with cancer.
Hence, we expected more high-distress than low-distress
participants and assumed a ratio of approximately 2:1.
Participants were excluded from the analysis if they withdrew
from the study and requested that we exclude their data. In these
cases, we included the next participant who received full access

to the app at inclusion so that we had data from 100 participants
for analysis.

Recruitment Procedure
We launched the app in July 2022 through the Apple App Store
and Google Play Store in Switzerland, Germany, and Austria.
At the same time, we established a project website to facilitate
recruitment. The website presented a summary of the study with
key information such as the eligibility criteria, pictures of the
app, and audio samples. It also included QR codes containing
web links to the CanRelax app 2.0 in both app stores. We used
social media sites (ie, Facebook, Twitter, and LinkedIn) and
more traditional approaches (eg, consultations with health care
providers, printed flyers, newsletters, and a press release by the
University Hospital Zurich) to recruit study participants.
Interested individuals could download the app free of charge
and start by completing the app onboarding process as a first
introduction to the app and the study. From the beginning, users
were explicitly informed that they were interacting with a
conversational agent, not a person. All study processes were
fully automated; screening questions, study information and
consent, enrollment, data collection, and all steps up to
completion of follow-up were managed entirely through the
CanRelax app 2.0. Participants had no contact with the research
team at any time during the study unless they contacted the
research team to ask questions before consenting or in case of
technical issues. The RCT completed recruitment successfully
in February 2023. Data collection was ongoing at the time of
writing this paper.

Intervention

Overview
The intervention was a fully automated mHealth app designed
specifically to improve distress in adults with cancer through
one type of self-care behavior (relaxation). Participants had
access to the CanRelax app 2.0 over 20 weeks (10 weeks of
intervention and 10 weeks of follow-up). On day 1, participants
selected an outcome goal from a 5-item list in the app, including
“find inner peace” (default if no choice was made), “improve
coping strategies,” “build self-confidence,” “increase joy in
life,” and “just curious.” Participants were periodically reminded
of this goal during the intervention, and it was displayed in the
dashboard of the app. During the intervention, participants could
also set weekly relaxation goals in terms of a targeted number
of relaxation exercises per week (with 1 exercise per week at
minimum and a default of 3 exercises per week irrespective of
the type of exercise). Weekly coaching sessions with a
text-based conversational agent called Lumy provided
motivational input for effective and lasting behavior change
(integration of relaxation into daily life). Participants were
encouraged to set small, realistic relaxation goals for themselves,
choose and practice any relaxation exercise at their convenience
to meet their goals, and chat with Lumy each week. The
minimum expectation for participation in this intervention was
completing at least one relaxation exercise and one coaching
session per week over the 10-week intervention period.
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Technical Implementation of the CanRelax App 2.0
The app was built using MobileCoach (version 21.9.1), an
open-source software platform for digital biomarker and health
intervention research [32,33]. Conceptually, the app implements
the Talk-and-Tools paradigm, which was applied successfully
in the domain of mHealth behavior change interventions [34].
The app offers a user interface with a conversational agent (the
talk) and a broad range of tools (Multimedia Appendix 2). Our
conversational agent Lumy is visually represented by a neutral
(nonhuman) avatar (Multimedia Appendix 3). By choosing a

nonhuman avatar, we aimed to create an inclusive experience
for all app users and followed best practices and design
principles of popular commercial mindfulness and relaxation
apps (eg, Headspace). The tools include evidence-based
relaxation exercises, a self-monitoring dashboard with metrics
on participants’ goals and progress, an educational video clip,
personalized in-app letters, frequently asked question (FAQ)
sections on the mechanisms and benefits of relaxation as well
as on creating healthy habits, and tailored reminder notifications
to support regular relaxation practice and engagement with the
app. Screenshots of the app can be found in Figures 1-3.

Figure 1. Screenshot of the CanRelax app 2.0—resource library with relaxation exercises. (1) Filter for exercise characteristics (male or female voice
with or without background music), (2) search results (can be scrolled for further exercises), (3) audio files, and (4) breathing training.
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Figure 2. Screenshot of the CanRelax app 2.0—interaction with the conversational agent Lumy (reviewing and adjusting goals). (1) Lumy: “Well
done, Robin. Now let’s talk about the goal you want to set for yourself in the coming weeks.” (2) Answer options: “Okay” or “I prefer to skip this part.”.

Figure 3. Screenshot of the CanRelax app 2.0—dashboard. (1) Intervention start date, current week, and next chat appointment with Lumy; (2) collected
points in the current and previous week and in total; and (3) personal relaxation goals (number of relaxation exercises) in the current and previous week
and outcome goal of the participant.
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Theoretical Principles and Operationalization

Overview

The CanRelax app 2.0 implements clinical practice guidelines
[35,36]; is grounded in mind-body medicine (MBM) [37,38],
the Health Action Process Approach (HAPA) [39], and
self-determination theory (SDT) [40]; and includes 39 BCTs
(Multimedia Appendix 4 [41]) translated into app features and
content. BCTs are active components of behavior change
interventions [42] that can influence users’ engagement at both
the micro and macro levels. At the micro level, BCTs such as
prompts or cues can increase user engagement with the app

itself. At the macro level, BCTs can increase engagement with
the target behavior (relaxation practice), for example, by using
goal setting or self-monitoring features [6,7]. The underlying
concept of the intervention flow and the structure of the
coaching sessions are informed by generic principles of
face-to-face coaching sessions, and we used motivational
interviewing (MI) [43,44] aspects as a communication approach.
To support the integration of relaxation into everyday routines,
we applied the complementing principles of MBM, the HAPA,
and SDT as outlined in Figure 4 and detailed in the following
sections.

Figure 4. Theoretical framework and operationalization of the CanRelax app 2.0.

Clinical Practice Guidelines

The CanRelax app 2.0 aims to identify and address distress
according to clinical practice guideline recommendations on
distress management in people with cancer [35,36] by offering
a relaxation and mindfulness intervention specifically designed
for individuals with cancer, including initial assessment and
monitoring of distress using validated tools such as the Distress
Thermometer [29].

MBM Approach

MBM is a resource-oriented approach centered on empowering
individuals and supporting healthy, sustainable behaviors
[37,38]. Relaxation and mindfulness are widely used self-care
interventions in MBM. The CanRelax app 2.0, being a
mind-body intervention, provides the opportunity to learn
different relaxation techniques along with educational material
on distress during cancer, relaxation, and creating healthy habits.

HAPA Framework

Healthy behavior change is at the core of the HAPA. The HAPA
focuses on the difficulty of behaving according to one’s
intentions and suggests to bridge this intention-behavior gap

through perceived self-efficacy, action planning, and coping
planning [39]. The CanRelax app 2.0 seeks to enhance
self-efficacy and self-management skills through self-enactable
BCTs with practical examples of use, such as problem-solving,
positive reframing, behavioral experiments, graded tasks,
prompts, and self-kindness [41]. Among automatically
preselected themes and BCTs (triggered by participants’
interaction with the app), participants can pick the components
and topics most relevant to them. The app encourages
participants to try new BCTs, determine what works for them,
and use these techniques in their daily lives to stay motivated.
Participants can also set their own relaxation goals and choose
the support they wish to receive from Lumy.

SDT Approach

SDT sees healthy behavior change as closely linked to the
satisfaction of basic psychological needs for autonomy,
competence, and relatedness [40]. The CanRelax app 2.0
supports these basic needs by offering meaningful rationales
and choices, using autonomy-supportive language,
acknowledging people’s preferences, recognizing their efforts,
and promoting a feeling of being cared for through supportive
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coaching sessions and peer support. Peer support is implemented
through personalized letters in the app from semifictional people
with cancer sharing their struggles and strategies for overcoming
obstacles. Personal preferences are acknowledged, for example,
by tailoring emojis to participants’ preferred skin tone and
providing all chat content in 3 gender options (woman; man;
and a gender-neutral option using the gender star, an asterisk
placed within German words such as in “Liebe*r Andrea”).
Participants select both the skin tone of their emoji and their
preferred gender option during the onboarding process. We also
let individuals choose their nickname and a form of address
they are comfortable with (formal or informal), showing respect
for their personal preferences in relation to language use [45].

MI Approach

MI is a person-centered communication approach that relates
to the selected behavior change theories in that it aims to create
a collaborative environment, draws on people’s own goals and
values, and supports their autonomy [43,44]. Examples
illustrating the integration of MI principles into the app are
provided in the Coaching Sessions and Tailoring section.

Relaxation Exercises
The app offers 7 different types of relaxation exercises
recommended as evidence-based interventions to reduce distress
in people with cancer [35,36,46,47]. The relaxation exercises
include guided audio recordings of a short meditation (5
minutes), walking meditation (5 minutes), mindfulness
meditation (15 minutes), guided imagery (15 minutes),
progressive muscle relaxation (15 minutes), body scan (40
minutes), and slow-paced breathing training with visual
guidance through gameful visualizations (2-5 minutes; Breeze
2 [48]). The audio files are available in male and female voices
with and without background music. The FAQ sidebar submenu
in the app provides a selection aid with more information about
the different types of relaxation exercises.

Self-Monitoring Dashboard With Gamification Elements
The CanRelax app 2.0 tracks relaxation exercises and rewards
participants with points as a gamification element. Earned points
count toward participants’ self-set weekly relaxation goals.

Participants can also earn points by practicing relaxation
exercises without the CanRelax app 2.0 (using a different app
or without using any app) provided they add this information
manually when prompted by Lumy during the coaching sessions.
A self-monitoring dashboard illustrates earned points as progress
circles. It also provides an overview of the relaxation goals and
includes other useful information such as the date and time of
the next coaching session.

Coaching Sessions and Tailoring
Lumy was developed as a friendly conversational agent that
guides participants through the intervention via a series of
rule-based, predefined, and personalized conversational turns
that simulate the back-and-forth of a real-life conversation. A
full coaching session consists of approximately 60
conversational turns (counted in pairs, with one conversational
turn consisting of one message from Lumy and one from the
participant in response). The conversational flow adapts to the
responses chosen by the participants and is enhanced through
various ways of tailoring (Textbox 1).

We adopted the structure of a typical face-to-face behavioral
coaching session to build the chat sessions in the app [51]. The
sessions start with a greeting, followed by small talk about a
neutral topic (eg, about the weather) or a “how are you?”
sequence and an introduction to the session (including a snooze
option to postpone the session). The core part includes assessing
the participants’ current state, reviewing previously discussed
topics and experiences with BCTs (if applicable), and applying
coaching techniques based on MI [43,44]. The implemented
techniques focus on building confidence for change (eg, scaling
questions, shifting focus away from obstacles and barriers,
reframing to offer new and positive interpretations, expressing
empathy, affirming, and expressing respect by asking for
permission before the conversation starts or before information
is shared). After participants have set new relaxation goals, the
sessions are summarized to reflect back the main points of the
session. An outlook serves as a bridge to the next session, and
participants are again encouraged to try out the selected BCTs
before the next session (if applicable). The sessions close with
the option to adjust the reminder settings and a farewell.
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Textbox 1. Implementation of tailoring concepts according to the extended model of tailoring [49].

Tailoring concepts and their implementation in the CanRelax app 2.0

• Feedback: Lumy gives feedback on goal setting, goal achievement, and participants’ self-efficacy toward goal achievement. When participants
reach their relaxation goals, Lumy celebrates their achievements, and when things do not go well, Lumy tries to offer support.

• Interhuman interaction: in case of urgent need, Lumy encourages interhuman interaction through built-in support to contact relevant services
that offer advice and support. Inspired by human coaches, we programmed Lumy to show great attention and commitment, listen with curiosity,
reflect, and encourage participants to overcome obstacles. When participants report a challenge they came up against in their practice, they have
the option to learn about tips and techniques (behavior change techniques [BCTs]) that can help overcome that challenge. They can choose to
skip this section or pick a topic they find interesting among 3 preselected BCTs. Selected BCTs are delivered through personalized in-app letters
from semifictional peers, which is another way of supporting interhuman interaction.

• Adaptation: the BCTs are adapted precisely to the reported challenge, and the preselected options are renewed in each coaching session to help
keep the sessions interesting.

• User targeting: the concept of user targeting attempts to give participants the impression that the conversation was designed especially for them
[49]. We incorporated this concept by identifying participants by their nicknames. We also regard participants’ chosen pronouns (formal or
informal), gender identity terms, and emojis as expressions of how participants construct their web identity in the context of the CanRelax app
2.0 [50] and match the chat conversations and the app accordingly.

• Goal setting: goal setting is a BCT that can be used to tailor an intervention and give participants a feeling of progress over time [49]. In CanRelax
2.0, participants’ own weekly relaxation goals and objectives are at the center of the intervention.

• Context awareness: the tailoring concept context awareness aims at providing relevant information considering participants’ (external) situation
[49]. We incorporated this by tailoring greeting and farewell messages to the time of day and small talk topics to the season of the year, where
applicable.

• Self-learning: CanRelax 2.0 is a self-learning app in the sense that it learns from the interactions with the participants and updates the intervention
accordingly. For example, it records the obstacles that participants report and the BCTs they select and uses this information as a bridge to future
sessions. To give continuity, the subsequent coaching sessions take up previously discussed topics and include a recap of experiences and learnings
(if any) with the new BCTs between sessions.

Iterative Development and Testing
We developed the CanRelax app 2.0 in iterative processes
involving input from people with cancer, health professionals,
and an interdisciplinary team. The CanRelax app 2.0 builds on
a basic app version, which provided relaxation exercises and a
reminder function but no other tools or a conversational agent
[52]. In version 2.0, we included new features, enhanced
functionality, and a solid theory base. During the development
process, we conducted usability testing with people with cancer
to determine whether they understood and enjoyed the app and
whether the app features met their needs. We submitted the
usability testing study synopsis to the ethics committee of
Zurich, Switzerland, and after review, they stated that the study
did not fall under the regulation of the Human Research Act of
Switzerland (ethics ID: 2020-00224). A total of 9 individuals
with cancer consented to test a prototype of the app, of whom
3 provided detailed feedback, 3 did not test the app in the given
time frame, and 3 had technical issues or privacy concerns
regarding the test environment. Originally, we planned to
conduct the usability tests in person, but due to circumstances
related to COVID-19, we had to switch to a fully web-based
approach using self-reports. In addition, we thoroughly and
repeatedly pretested the app content and features with a
multidisciplinary team. The team consisted of professionals
with expertise in software engineering, computer science,
psychology, psychotherapy, medicine, MBM, nursing, and
teaching. Most user feedback was centered on the scripted
coaching dialogues with Lumy. We clustered the comments
into two main categories and iteratively implemented (1) more
variety, in-depth responses, and tailored follow-up questions in
the conversation (eg, adjusted the wording of unsatisfactory

conversational turns, extended sets of predefined answer options,
added links to previously discussed topics, and created unique
session openings); and (2) more active choice options with
possibilities to skip parts of the conversation, the ability to select
topics of personal relevance and interest, the ability to formulate
own reminders, and a snooze feature. All improvements were
continually refined and tested over 2 years until user satisfaction
was achieved.

Assessments
We collected self-reported data (through Lumy and structured
in-app questionnaires) and objective app use data at different
time points during the 10-week study period. Only the relevant
measures considered for this analysis are described in detail in
this paper; the measures of the larger study are reported in
Multimedia Appendix 1.

Distress and Sociodemographics
At screening and baseline, we collected participants’
self-reported level of distress using a well-known and validated
instrument (Distress Thermometer [29]) and sociodemographics
such as age, educational attainment, and sex assigned at birth
using a structured in-app questionnaire. In the first chat with
Lumy, we stored the selected gender identity terms, emoji skin
tone modifiers, and preference for formal or informal pronouns
(“Du” or “Sie” for “you” in German) to personalize the chat
sessions and assessed participants’ initial motivation for
downloading the app (outcome goal; 5 forced-choice answer
options; see the Intervention section).
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Macrolevel Engagement
To answer the research questions of this paper, we combined
engagement data on different levels. Data on macrolevel
engagement were gathered in the weekly coaching sessions with
Lumy. In each session, we asked about relaxation techniques
practiced without using the CanRelax app 2.0. The exact
wording changed slightly from week to week to help keep the
conversation natural (example wording if at least one relaxation
exercise was completed in the app: “Did you practice in any
other way last week, besides using the CanRelax app?” If no
relaxation exercise was completed in the app, the wording was
as follows: “Have you practiced in a different way instead,
without the CanRelax app?” An example follow-up question if
participants answered “yes” would be the following: “In the
past seven days, how often have you practiced without using
the CanRelax app?”). We assessed reasons for practicing
relaxation exercises without the app (if applicable) once per
participant and participants’ self-efficacy toward self-set
relaxation goals biweekly using a single-item measure developed
with the recommended wording for assessing a specific health
behavior [53] (“How confident are you that you will reach your
relaxation goal next week, even if it gets difficult?”; participants
responded on a visual analog scale implemented as a horizontal
slider with values from 0 [not at all confident] to 10 [very
confident]).

Microlevel Engagement
At the micro level, we collected participants’ feedback on the
app at week 10 with single-choice questions about their favorite
feature and the features they would like to change in the app (7
forced-choice answer options in random order) and an option
to provide additional information in a free-text field. In addition,
the CanRelax app 2.0 tracked the use of different app
components (relaxation exercises in the app and coaching
sessions with Lumy) over the entire intervention period.
Relaxation exercises were considered completed when they
were played for 66% of their total run time, and weekly coaching
sessions were considered completed when the session closing
was reached. We counted the chat sessions 1 to 11 as coaching
sessions but not session 0 (onboarding) as completing this
session was a requirement for enrollment.

Adherence Definition
We used an adherence definition of at least one relaxation
exercise or one coaching session per week for 80% of the weeks
during the study period to identify participants who complied
fully with the app use suggestions.

Analyses
We conducted descriptive and exploratory data analyses to
investigate the data set and thematic analysis of free-text
comments. Descriptive statistics were used to report the baseline
characteristics of the participants, participants’ self-set goals
and self-efficacy, and quantitative in-app feedback. Data
visualization methods, supplemented by numerical measures,
were used to summarize the main characteristics of the data
collected on engagement. We tested for differences in the
number of completed relaxation exercises and coaching sessions
between prespecified subgroups (distress level at baseline, sex,

educational attainment, and age). For this purpose, we conducted
a Mann-Whitney U test (in the case of 2 groups) or a
Kruskal-Wallis test (for >2 groups) after a detailed investigation
of descriptive statistics, checking for outliers using box plots
and testing normality using a Shapiro-Wilk normality test and
Q-Q plots. Qualitative free-text feedback was analyzed
thematically using an inductive approach with the feedback
statements as a coding unit, coded into multiple categories where
applicable [54].

All analyses were conducted for the entire sample, including
those participants who never used the app after onboarding,
except for the comparison of relaxation exercises completed
using the app versus without using the app. We expected no
missing values in baseline variables as completing the
questionnaires was a prerequisite for enrollment and participants
could not skip questions. Nevertheless, 1 educational attainment
response was missing from 1 participant for unknown reasons.
Missing values related to the number of exercises or coaching
sessions were treated as 0 (no exercise or coaching session
completed). Other missing values (educational attainment,
self-efficacy, reasons for practicing without the app, and
participants’ feedback on the app) were not considered in the
analyses.

Statistical analyses and visualizations were conducted using R
language (version 4.2.2; R Foundation for Statistical Computing)
[55] through RStudio (version 2023.06.0+421; Posit, PBC) [56]
using dplyr [57] for data manipulation and summary statistics;
ggplot2 [58] for box plots and bar plots; qqplotr [59] for Q-Q
plots; DescTools [60] for median CIs; and the base R stats
package to compute the Wilcoxon, Shapiro-Wilks, and
Kruskal-Wallis tests.

Ethical Considerations
We submitted the study synopsis to the ethics committee of
Zurich, Switzerland, and after review, they stated that the study
did not fall under the regulation of the Human Research Act of
Switzerland (ethics ID: 2021-01071). The study was conducted
according to the Declaration of Helsinki, the Human Research
Act, and the Human Research Ordinance. Informed consent
was obtained via the app from each participant before
enrollment. All data were collected and stored in secure
databases and analyzed in a pseudonymized form. Participants
did not receive any compensation. Only participants in the
intervention group and the nonrandomized third arm received
immediate access to the app’s primary features (ie, the relaxation
exercises, weekly coaching sessions with Lumy, BCTs,
dashboard, reminder notifications, educational video clip, peer
support letters, and FAQs), but everyone who downloaded the
app had access to a sidebar submenu with useful links (ie, cancer
and mental health information leaflets and links to organizations
offering support and counseling) and crisis numbers in case
urgent help was needed. By using a rule-based conversational
agent, we adopted a highly transparent and safe approach
compared to artificial intelligence chatbots and had complete
control over the content and flow of the coaching sessions
[61-63].
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Results

Baseline Characteristics
The sample included 77% (77/100) of individuals assigned
female at birth and 23% (23/100) of individuals assigned male
at birth, and 70% (70/100) self-identified as women, 22%
(22/100) self-identified as men, and 8% (8/100) preferred not
to disclose their gender. Participants were aged 26 to 79 years
(mean 55.6, SD 10.7 years), and 51% (51/100) had a bachelor’s
degree or higher. The baseline mean distress level (Distress
Thermometer [29]) was 5.6 (SD 2.2), with a mean of 6.9 (SD

1.3) in the high-distress (intervention) group versus 3.1 (SD
0.9) in the low-distress (nonrandomized) group. Baseline
characteristics between participants in the high-distress
(intervention) group (67/100, 67%) and low-distress
(nonrandomized) group (33/100, 33%) were generally
comparable except that the high-distress group had fewer
participants who installed the app because they were “just
curious” (5/67, 7% vs 7/33, 21%). Overall, the most common
motivations for installing the app were to improve coping
strategies (37/100, 37%) and find inner peace (35/100, 35%;
Table 1).

Table 1. Descriptive information about the study sample (N=100).

Low-distress group (n=33)High-distress group (n=67)Total

3.1 (0.9)6.9 (1.3)5.6 (2.2)Distress levela, mean (SD)

Sex assigned at birth, n (%)

24 (73)53 (79)77 (77)Female

9 (27)14 (21)23 (23)Male

Gender, n (%)

22 (67)48 (72)70 (70)Woman

9 (27)13 (19)22 (22)Man

2 (6)6 (9)8 (8)Other

Age (years), n (%)

4 (12)8 (12)12 (12)18-44

21 (64)47 (70)68 (68)45-64

8 (24)12 (18)20 (20)>64

Educational attainment, n (%)

14 (42)34 (51)48 (48)Nontertiary

19 (58)32 (48)51 (51)Tertiary

0 (0)1 (1)1 (1)Missing

Outcome goal, n (%)

11 (33)26 (39)37 (37)Coping resources

11 (33)24 (36)35 (35)Inner peace

7 (21)5 (7)12 (12)Just curious

2 (6)8 (12)10 (10)Joy in life

2 (6)4 (6)6 (6)Self-confidence

aDistress measured using the Distress Thermometer [29] with a rating scale ranging from 0 (no distress) to 10 (extreme distress).

App Engagement
A visual description of the participants’ app use (completed
relaxation exercises and coaching sessions) is presented in
Multimedia Appendix 5 and Figures 5 and 6, supplemented by
the numerical measures in Table 2. During the 10-week study
period, 95% (95/100) of the participants used the app at least
once after onboarding. These 95 participants completed a total
of 4897 relaxation exercises (median 38, IQR 18-73.5) and 714
coaching sessions (median 9, IQR 4-11) over 10 weeks. Of the
total number of relaxation exercises, 71.88% (3520/4897) were
completed using the CanRelax app 2.0 (95/100, 95% of the
participants; median 25.5, IQR 13-55), and 28.12% (1377/4897)

were reported as completed without using the app (median 10,
IQR 3-19). Among those participants who reported having
completed relaxation exercises without using the app, 28%
(21/76) specified that they had used different relaxation
recordings, 18% (14/76) did not have their smartphones near
them, 16% (12/76) knew the exercises by heart, 4% (3/76)
preferred to relax without audio recordings, and 34% (26/76)
had other reasons for relaxing without using the CanRelax app
2.0.

The proportion of participants who completed at least one
relaxation exercise or one coaching session per week (“active
app users”) dropped from 88% (88/100) in the first week to
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62% (62/100) in week 10. A total of 64% (64/100) of the
participants complied with the app use suggestions per our
adherence definition.

Participants’ perceived self-efficacy toward self-set relaxation
goals stayed at a median of 8 (0=very low; 10=very high)
throughout the 10-week study period, whereas participants
raised their relaxation goals. The level of the self-set goals
increased from a median of 3 relaxation exercises per week in
the first half of the study period (sessions 1 and 3) to a median
of 4 exercises per week in the second half (sessions 5, 7, and
9).

App engagement did not vary across prespecified subgroups
(ie, distress level at baseline, sex, educational attainment, and
age). Mean rank comparisons showed no substantial difference
in the number of completed relaxation exercises or coaching
sessions among these subgroups (Table 2).

Of the 100 participants, 52 (52%) provided in-app feedback
after the 10-week study period (during session 11; Multimedia
Appendix 6). A total of 88% (46/52) of the respondents indicated
that they “really enjoyed” or “quite enjoyed” chatting with
Lumy, and all respondents rated the overall app experience as
“very satisfactory” (41/52, 79%) or “quite satisfactory” (11/52,
21%). The favorite app features of the respondents were
relaxation exercises (37/52, 71%) and coaching sessions (12/52,
23%). Elements of the app that respondents felt could be
improved included “nothing” (29/52, 56%), “something else”

than the answer options provided (7/52, 13%), letters from
semifictional peers (5/52, 10%), relaxation exercises (4/52, 8%),
and in-app questionnaires related to the RCT (4/52, 8%). Of the
52 completed feedback questionnaires, 41 (79%) contained
optional free-text comments from participants contextualizing
their selected favorite (41 comments) and least favorite (20
comments) app features. Respondents particularly enjoyed the
collection of relaxation exercises (12 mentions), liked the format
and voices of the exercises (11 mentions), and found that the
exercises helped them relax (8 mentions). For example, one
respondent stated that the relaxation exercises “are well
constructed, with pleasant voices and short.” However, 20%
(8/41) of the respondents would have appreciated a wider
selection of exercises to choose from. Another main topic that
emerged from the analysis was a positive experience of the
interaction with Lumy (9 mentions). The coaching sessions
were experienced as friendly, uplifting, and encouraging, as
seen in the following example:

It is a very friendly chat with a sense of humor, and
it always motivates me.

Another respondent appreciated “the conscious reflection and
looking back. The feeling of being accompanied and
encouraged.” However, 5% (2/41) of the respondents also felt
that the interaction with Lumy sounded too robotic or was not
interactive enough (1 mention each). Tables S1 and S2 in
Multimedia Appendix 7 provide an overview of all free-text
comments.

Figure 5. Comparison of completed relaxation exercises and completed coaching sessions in the high-distress group versus the low-distress group
(N=100).
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Figure 6. Comparison of completed relaxation exercises and completed coaching sessions in the high-distress group versus the low-distress group for
3 subgroups (N=100).

Table 2. Use of the CanRelax app 2.0 in the first 100 study participants with immediate access to the app, stratified by subgroup (N=100).

Completed coaching sessions over 10 weeksCompleted relaxation exercises over 10
weeks

Participants, n (%)

P valueaValues, median (IQR)P valueaValues, median (IQR)

—8 (4-11)—b34.5 (14-70.75)100 (100)Entire sample

Subgroup

Distress

.849 (4-11).2141 (15.5-77)67 (67)High

—8 (2-11)—30 (8-61)33 (33)Low

Sex assigned at birth

.649 (3-11).4740 (15-70)77 (77)Female

—7 (4.5-11)—30 (8.5-64.5)23 (23)Male

Educational attainmentc

.498 (2.75-11).2031.5 (12.75-64.75)48 (48)Nontertiary

—9 (3-11)—41 (18-78)51 (51)Tertiary

Age group (years)

.169 (3.5-10).3427 (12.5-39.5)11 (11)18-44

—8 (3-11)—34.5 (13.25-73.25)68 (68)45-64

—11 (6.75-11)—52.5 (19.25-72.25)20 (20)>64

a2-sided P values derived from the Mann-Whitney U test (distress, sex, and educational attainment) and Kruskal-Wallis test (age group).
bNot applicable.
c1 missing value.

Discussion

Principal Findings
Overall, engagement with the CanRelax app 2.0 declined over
the study period but stayed relatively high, with 62% (62/100)

of participants actively using the app in week 10. Engagement
was unrelated to participant characteristics such as level of
distress at baseline, sex assigned at birth, educational attainment,
or age. More than one-quarter (1377/4897, 28.12%) of the
relaxation exercises were completed without using the app,
supporting the need for assessing engagement on a macro level.
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Participants’ self-efficacy remained stable at a high level. At
the same time, participants raised their relaxation goals, which
indicates a potential relative increase in self-efficacy.
Participants who completed the intervention highly valued the
app. Free-text comments suggested that a wider variety of
relaxation exercises would further enhance the user experience.

Comparison With Prior Work
Engagement rates with cancer-related digital interventions tend
to be higher than in other populations, but high variability in
engagement measures and intervention components and lack
of a threshold for acceptable engagement make it difficult to
compare findings across studies. Reviews of empirical studies
using cancer-related digital interventions have reported use rates
between 70% and 100% [64,65]. These high use rates contrast
with the generally low engagement with mHealth apps reported
for individuals with other health conditions [2,10,11,13-15] and
suggest that people with cancer might be particularly inclined
to improve their health and change certain health behaviors
through mHealth apps. Stressful life events such as the diagnosis
and treatment of cancer potentially serve as catalysts for
behavior change [66,67]. Nonetheless, comparing engagement
across studies is difficult as there are no standards regarding
the assessment, reporting, and interpretation of engagement
with mHealth apps. In a recent review, every primary study
stated that their apps achieved good engagement despite large
differences in criteria used to assess engagement and a range
of reported engagement rates from 35% to 100% [16]. This
shows an urgent need for standards for assessing, reporting, and
interpreting engagement with mHealth apps [16].

Fully automated mHealth studies with no human support are
prone to low engagement rates, but there is great potential for
increasing engagement using fully automated social components,
behavior change theory, and design principles of successful
commercial apps. Most mHealth apps in research settings
provide human support, whereas popular commercial apps are
typically unguided. Human support is known to positively
influence engagement and effectiveness but drastically limits
the scalability of mHealth apps [3,18]. Despite this limitation,
most mHealth apps in research settings provide human support
at varying levels—from high support through guided
interventions (ie, involving guidance from a trained professional,
eg, through live videoconferencing or web-based workshops)
to lower levels of support through study processes (eg, screening
visits or telephone surveys conducted by the study team). In the
rare studies available on unguided cancer-related mHealth apps
with no human support [68-70], engagement rates were <50%.
One reason could be that existing researcher-developed apps
are not engaging enough and, therefore, need human support to
motivate participants [18,71]. This may be less the case for
popular commercial apps, which are typically unguided (eg,
Headspace and Calm) [18]. Thus, there is great potential for
unguided research apps to improve user engagement and the
generalizability of research findings to real-life settings if they
learn from successful commercial apps. An example of an
mHealth study with a low level of human support is the
CanRelax 1.0 feasibility study [52]. The CanRelax app 1.0 was
a fully automated mHealth app, but study processes such as
enrollment were supported by study staff. The authors classified

54% (54/100) of participants as continuous app users in week
10 [52]. In comparison, engagement with the enhanced
CanRelax app 2.0 in week 10 improved to 62% (62/100) even
though we provided no human support and used stricter
definitions of engagement. It is possible that the fully automated
social components in the CanRelax app 2.0, such as the weekly
coaching sessions with Lumy, compensated for the lack of
human support. This aligns with recent research underscoring
the potential of conversational agents to positively impact
engagement with mHealth apps [3,72-77]. We demonstrated
this potential by combining a conversational agent with a
theoretical foundation and incorporating key design principles
inspired by highly engaging commercial apps (eg, inclusive
avatar and visuals).

Existing findings on the impact of participant characteristics on
engagement are inconsistent [78]. In our analyses, engagement
was not associated with the demographics (sex assigned at birth,
educational attainment, and age) or psychological characteristics
(level of distress) of the participants. These results contradict
the findings of earlier studies that showed higher engagement
in female individuals [6,52], individuals with higher educational
attainment [6,15], younger [15] or older individuals [6], and
individuals with higher baseline distress [15,52]. In the
CanRelax app 2.0, the content and design features implemented
to increase engagement might have succeeded in reaching those
groups of people who needed a little extra encouragement and
possibly helped level out differences in engagement among
subgroups. Given the inconsistencies in the literature, identifying
participant characteristics and other factors that influence
engagement is an exciting topic for future studies.

Our findings support the feasibility and value of assessing
macrolevel engagement in mHealth behavior change
interventions. Although the conceptualization of engagement
as a multifaceted construct is widely accepted, macrolevel
engagement is rarely assessed in mHealth app studies. We
approached this gap by examining engagement on multiple
levels and showed considerable engagement with the target
behavior (ie, relaxation) beyond app use. First, nearly one-third
of all completed relaxation exercises (1377/4897, 28.12%) were
practiced without using the CanRelax app 2.0. Relaxation
techniques can be practiced in different ways depending on
one’s experiences, needs, and preferences; for example,
beginners could start with guided relaxation via audio recordings
(or in-person sessions) and later move on to more silent,
self-guided relaxation exercises. In our study, examining only
those exercises practiced using the app would have given an
incomplete and potentially misleading picture of participants’
engagement with relaxation practices. Second, median
self-efficacy remained high even as relaxation goals increased,
indicating that participants felt encouraged to tackle challenging
tasks and were engaged in the behavior change process [24].

Data on macrolevel engagement are necessary to understand
how engagement with an mHealth app changes over time and
how these engagement patterns relate to the intended health
outcomes. Baglione et al [17] found that high baseline distress
was associated with initially higher engagement that declined
over time, whereas the engagement of the group of participants
with lower baseline distress increased over the course of a
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7-week intervention, resulting in similar engagement levels in
both groups at week 7. Siebenhüner et al [79] examined the
associations between distress and adherence (ie, app use) in the
CanRelax app 1.0 and showed that a decrease in the level of
distress over time (ie, an improvement in health outcomes) was
associated with lower adherence. However, the authors did not
assess engagement with the target behavior in daily life. Without
this information, it remains unclear whether participants with
improved distress stopped using the app because they
disengaged from the intervention or no longer needed the app’s
support to continue the new behavior [5]. As lower app use
could be associated with higher engagement at the macro level,
the suggested “adherence benefit paradox” [79] might not be a
paradox after all but could even be considered the goal of a
successful mHealth app [2].

Limitations
Our study is subject to common sources of bias that can affect
the internal validity and generalizability of the findings. One
potential source of bias is the use of self-reported data. To
mitigate potential self-reporting bias, we combined self-reported
and objectively tracked data in the assessment of engagement.
Feedback was only collected from participants who completed
the coaching session with Lumy in week 11. As it is possible
that only those who enjoyed the app completed this session,
feedback might be positively biased. Another potential source
of bias is selection bias as our study focused on a group of highly
motivated participants. Initial motivation for study participation
was needed as participants had no contact with the research
team but self-downloaded the app and self-enrolled in the study
if they fulfilled the inclusion criteria. Selection bias is also
indicated by female individuals being overrepresented in our
sample. To improve the generalizability of our study, we used
broad recruitment strategies and successfully recruited
participants with lower than tertiary education. We also
abstained from using research strategies to increase motivation
and engagement (eg, compensation for study participation) that
would differ from usual real-world app use settings. Another
limitation is that we did not consider past engagement with
relaxation in our analyses. Participants could have already

established a regular relaxation practice before the study; still,
engagement with a new app is not necessarily linked to previous
experience with relaxation. A third limitation is due to technical
issues with the CanRelax app 2.0 during the study, which could
have reduced engagement. For example, we did not provide an
easy solution to transfer the CanRelax app 2.0 to a new
smartphone. Participants with new smartphones had to reach
out for technical support and usually had to wait several weeks
until they could continue to use the app where they left off. To
avoid this problem, individuals must create an account in the
future.

Clinical Implications
For a positive impact on health outcomes on a large scale,
mHealth apps need to be scalable, engaging to users, and
effective. Scalability is a great advantage of fully automated
mHealth apps, but these apps tend to suffer from low
engagement rates threatening their effectiveness. Our findings
show that successful engagement can be achieved with fully
automated mHealth apps that are highly tailored, include fully
automated social components and BCTs based on theory and
evidence, and are developed with design principles used by
popular commercial apps. These results provide a valuable
context for subsequent outcome evaluations and add to research
on optimizing fully automated digital health interventions.

Conclusions
The CanRelax app 2.0 achieved similar engagement to that of
other cancer-related mHealth apps even though we used stricter
criteria for engagement than other studies and provided no
human support. The implemented theory- and evidence-based
design principles and fully automated social components, such
as a conversational agent that simulated human support, might
have compensated for the lack of human involvement and
contributed to enhanced engagement at both a micro and a macro
level. Our findings underline that engagement is a complex and
multifaceted construct and that measures at the macro level are
particularly valuable to assess engagement not only with the
app itself but also with the larger target behavior, which is,
ultimately, the goal of an mHealth app.
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Abstract

Background: Exercise intensity (eg, target heart rate [HR]) is a fundamental component of exercise prescription to elicit health
benefits in cancer survivors. Despite the validity of chest-worn monitors, their feasibility in community and unsupervised exercise
settings may be challenging. As wearable technology continues to improve, consumer-based wearable sensors may represent an
accessible alternative to traditional monitoring, offering additional advantages.

Objective: The purpose of this study was to examine the agreement between the Polar H10 chest monitor and Fitbit Inspire HR
for HR measurement in breast cancer survivors enrolled in the intervention arm of a randomized, pilot exercise trial.

Methods: Participants included breast cancer survivors (N=14; aged 38-72 years) randomized to a 12-week aerobic exercise
program. This program consisted of three 60-minute, moderate-intensity walking sessions per week, either in small groups or
one-on-one, facilitated by a certified exercise physiologist and held at local community fitness centers. As originally designed,
the exercise prescription included 36 supervised sessions at a fitness center. However, due to the COVID-19 pandemic, the number
of supervised sessions varied depending on whether participants enrolled before or after March 2020. During each exercise
session, HR (in beats per minute) was concurrently measured via a Polar H10 chest monitor and a wrist-worn Fitbit Inspire HR
at 5 stages: pre-exercise rest; midpoint of warm-up; midpoint of exercise session; midpoint of cool-down; and postexercise
recovery. The exercise physiologist recorded the participant’s HR from each device at the midpoint of each stage. HR agreement
between the Polar H10 and Fitbit Inspire HR was assessed using Lin concordance correlation coefficient (rc) with a 95% CI. Lin
rc ranges from 0 to 1.00, with 0 indicating no concordance and 1.00 indicating perfect concordance. Relative error rates were
calculated to examine differences across exercise session stages.

Results: Data were available for 200 supervised sessions across the sample (session per participant: mean 13.33, SD 13.7). By
exercise session stage, agreement between the Polar H10 monitor and the Fitbit was highest during pre-exercise seated rest
(rc=0.76, 95% CI 0.70-0.81) and postexercise seated recovery (rc=0.89, 95% CI 0.86-0.92), followed by the midpoint of exercise
(rc=0.63, 95% CI 0.55-0.70) and cool-down (rc=0.68, 95% CI 0.60-0.74). The agreement was lowest during warm-up (rc=0.39,
95% CI 0.27-0.49). Relative error rates ranged from –3.91% to 3.09% and were greatest during warm-up (relative error rate:
mean –3.91, SD 11.92%).
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Conclusions: The Fitbit overestimated HR during peak exercise intensity, posing risks for overexercising, which may not be
safe for breast cancer survivors’ fitness levels. While the Fitbit Inspire HR may be used to estimate exercise HR, precautions are
needed when considering participant safety and data interpretation.

Trial Registration: Clinicaltrials.gov NCT03980626; https://clinicaltrials.gov/study/NCT03980626?term=NCT03980626&rank=1

(JMIR Cancer 2024;10:e51210)   doi:10.2196/51210

KEYWORDS

wearable devices; exercise prescription; validity; photoplethysmography; monitoring; wearables; devices; exercise; heart rate;
breast cancer; cancer; cancer survivor; community; chest monitor; Fitbit; recovery; safety

Introduction

Wearable sensors have gained traction in both commercial and
research sectors [1], with a projected 156 million units to be
purchased in 2024 [2]. These devices use microelectronic triaxial
accelerometers to measure steps, energy expenditure, sleep, and
time spent in different intensities of activity and
photoplethysmography above the wrist to measure heart rate
(HR). These data, along with options for goal setting, can be
used to help individuals self-monitor and increase their daily
physical activity (PA) [3]. The ease and utility of these devices
have led to their adoption in health promotion research for
continuous measurement of health behaviors and as behavior
change tools [4].

Traditional research-grade monitors are costly, lack
consumer-friendly designs, provide little opportunity for user
interaction with the device, often evaluate only 1 dimension of
daily activities (eg, HR, motion, or sleep only), and have limited,
real-time data transfer capacity [3,5,6]. In contrast,
consumer-grade monitors continuously collect and transfer data
through Bluetooth and web-based platforms to allow for data
collection across months or even years [3]. Additionally,
participant data can be easily monitored and accessed via
web-based platforms at any point during the data collection
period. The increasing number of peer-reviewed publications
and National Institutes of Health–funded grant proposals, which
include consumer-grade, wrist-worn monitors, emphasizes the
utility of these devices in research settings [1,7].

Many of these devices now measure HR, a key component of
aerobic exercise prescription. Although electrocardiogram
(ECG) is widely accepted as the gold standard for assessing HR
during exercise, chest-worn monitors also have well-documented
validity for measuring HR [8]. However, like ECG, they may
be inconvenient or prohibitive in community-based and
unsupervised exercise settings due to necessary receivers and
participant discomfort. In contrast, newer devices are
increasingly being designed for wear on the forearm or wrist.
Commercially available wearable sensors, such as the Fitbit,
represent an accessible, multifunctional alternative to HR
monitoring in exercise. Appropriate exercise intensity, often
expressed as a percentage of HR reserve, is a fundamental
dimension of exercise prescription for achieving the health
benefits of exercise [9]. For example, cancer survivors begin to
reduce fatigue symptoms with a minimum dose of aerobic
activity at 45% of their HR reserve, whereas benefits for other
symptoms (ie, anxiety, depression, and physical function) begin
at a minimum dose of 60% of their HR reserve [10]. To improve

dissemination and uptake of exercise prescriptions in clinical
or community-based settings, it is critical that survivors have
user-friendly methods to independently monitor exercise
prescription components.

There is an increasing number of exercise oncology studies that
use commercial wearable sensors to intervene in PA behaviors
and reduce cancer-related symptom burden, particularly among
breast cancer survivors, and evidence indicates that wearable
sensors are effective, feasible, and user-friendly for breast cancer
survivors in exercise interventions [11-13]. Although these
studies have helped bolster the utility of wearable sensors in
PA promotion research, they have failed to provide any detail
on intensity or HR monitoring during their respective
interventions. Many exercise interventions in cancer populations
are adopting community-based, hybrid, and unsupervised
designs [14]. Therefore, it is integral that researchers understand
the capacity, and limitations, of commercially available wearable
sensors in providing accurate measurements of HR to monitor
participants’ safety and compliance with the exercise
prescription.

In the general population, the reliability of popular,
commercially available activity and HR monitors has been
previously examined with varying agreement between
commercial products and traditional ECG monitoring [8,15-17].
Unfortunately, many of these data have been collected in
controlled settings with predetermined treadmill speeds in
young, healthy adult participants. The dearth of literature
assessing commercially available, wrist-worn HR monitors in
clinical populations during training sessions limits the utility
of these devices in less controlled environments. Therefore, the
purpose of this study was to examine the agreement between a
commercially available, wrist-worn wearable sensor (Fitbit
Inspire HR; Fitbit Inc) and a traditional chest-worn monitor
(Polar H10; Polar Electro OY) for HR measurement in breast
cancer survivors at different stages of exercise in a
community-based program. It is hypothesized that HR monitor
agreement in this study will be highest at periods of pre- and
postexercise rest and lowest during the exercise session when
participants were exercising at higher intensities.

Methods

Study Design and Participants
The Study on Physical Activity’s Relationship with Cancer and
Cognition (SPARCC) was a randomized exercise trial in which
30 women diagnosed with breast cancer were randomized to a
12-week moderate-intensity aerobic exercise program (n=15)
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or usual care (n=15). Our study includes only those women
randomized to the exercise group with valid Fitbit and Polar
HR data (n=14), as exercise HR was not collected from women
in the usual care control group.

Eligibility criteria for this study included the following: female
participants aged 21 years or older; postmenopausal at the time
of diagnosis; first, primary diagnosis of breast cancer (stage
I-IIIa); within 3-24 months of completing surgery,
chemotherapy, or radiation therapy; self-reported an average of
<60 minutes of moderate to vigorous PA per week for the
previous 6 months; having received physician’s clearance to
participate in an exercise program; and randomized to the
12-week aerobic exercise program in the SPARCC study.
Participants were recruited from a midwestern academic medical
center, a private cancer center, and the community (eg, via flyers
to community organizations, social media posts, and word of
mouth). Interested individuals were scheduled for a phone
appointment to confirm eligibility, absence of neurological
disorders, and interest in participating in the study. Eligible
women were then asked to attend an in-person or Zoom-based
orientation session to receive more information about the study,
decide if they would like to participate, sign the Institutional
Review Board (IRB)–approved informed consent, and schedule
baseline testing appointments. After baseline data collection
was complete, participants were randomized in a block design
to the 12-week aerobic exercise program or usual care.

Participants were not instructed to change physical activity
behaviors prior to beginning the exercise program.

Ethical Considerations
This study was approved by The University of Nebraska Medical
Center IRB and is registered with the National Institutes of
Health’s ClinicalTrials.gov (NCT03980626). All participants
provided written informed consent prior to participation. All
data presented herein were deidentified using study identification
numbers and stored separately from participants. identifiers.
Data were collected and managed using applications hosted by
the study institution (ie, Research Electronic Data Capture
[REDCap] or Box Enterprise) [18,19]. Participants did not
receive payment for their participation in this research but
received a Fitbit Inspire HR that was theirs to keep. All
participants were offered a 3-month membership to a local
fitness center.

Exercise Protocol
Breast cancer survivors randomized to the exercise program
engaged in small group or one-on-one, moderate-intensity
walking sessions facilitated by a certified exercise physiologist.
These sessions were held at local community fitness centers 3
times per week for 1 hour per session. All participants completed
a treadmill-based submaximal cardiopulmonary exercise test
prior to randomization to establish baseline fitness and safety
and inform individualized exercise prescriptions (Table 1).

Table 1. Exercise prescription.

Duration (minutes), rangeIntensity (% heart rate reserve), rangeIntensity (rating of perceived exertion), rangeWeek

15-2045-509-111

20-2545-509-112

25-3045-509-113

25-3050-5511-134

30-3550-5511-135

35-4550-5511-136

35-4555-6513-157

40-5055-6513-158

40-5055-6513-159

40-5065-7515-1710

45-5065-7515-1711

45-5065-7515-1712

As originally designed, all 36 exercise sessions were scheduled
to be delivered by the exercise physiologist in the supervised,
community-based setting. However, due to the COVID-19
pandemic, the exercise program was modified for some
participants to include both supervised and unsupervised
sessions. Participants who were in the middle of the intervention
in March 2020, were transitioned to unsupervised exercise with
weekly Zoom-based counseling from their trainer. Participants
enrolled after March 2020, engaged in only 4 supervised
exercise sessions held once per week in the research team’s
exercise laboratory in weeks 1-4. All sessions in weeks 7-12
were unsupervised, home-based sessions with weekly

Zoom-based exercise counseling. Across the study, 4 breast
cancer survivors completed 36 supervised sessions as originally
designed, 5 were in the middle of the intervention in March
2020, and 6 were enrolled after March 2020 and received 4
supervised sessions. Depending on the enrollment time (ie,
before or after the COVID-19 public health restrictions),
participants engaged in an average of 13.33 (SD 13.71)
supervised sessions (range: 4-36). Participants who received
the original intervention received their fitness center membership
during the study. Those enrolled during or after the onset of the
COVID-19 pandemic were offered a fitness center membership
when it was safe to do so based on local IRB and public health
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requirements. Only supervised sessions (n=200) were included
in our analysis.

The exercise program was progressive in nature such that the
volume of exercise increased across weeks from 15-20 minutes
of walking in weeks 1-2 to 40-45 minutes in weeks 8-12 and
from 40%-55% estimated HR reserve in week 1 to 65%-70%

HR reserve in weeks 9-12 (Table 1). All sessions began with a
5-minute light-intensity walking warm-up and ended with an
active cool-down including light walking and static stretches
(Figure 1). The exercise program was designed to follow
American College of Sports Medicine guidelines for exercise
in cancer survivors [10].

Figure 1. Exercise session stages for heart rate measurement.

Measures

HR Monitors
All participants received a Fitbit Inspire HR sensor to wear on
their nondominant wrist for the duration of the study and a Polar
H10 chest strap to wear during supervised exercise. The Fitbit
was chosen for this study because it is one of the most popular
wrist-worn activity trackers, represents approximately 20% of
the commercial wearable sensor market, and has sold 63 million
devices worldwide in the last decade [3]. The Fitbit Inspire HR
measures HR via optical photoplethysmography, which is
processed using proprietary algorithms. Briefly, this is done by
shining a light on the skin, assessing the reflected light, using
algorithms to determine changes in blood volume based upon
reflected light, and calculating HR based on oscillations in blood
volume [20,21]. The Polar H10 chest strap monitor was chosen
as the comparator device because it has high validity with ECG,
the gold standard for measuring exercise HR [8]. Exercise
trainers fit participants with the Polar H10 monitors, placed on
the distal sternum, at the start of each supervised exercise session
and used Polar HR readings to adjust treadmill speed and grade
to meet prescribed exercise intensity. HR was measured
concurrently using the Fitbit and Polar monitors at 5 stages of
the exercise session: pre-exercise seated rest; midpoint of the
5-minute warm-up; midpoint of the moderate-intensity exercise;
midpoint of the 5-minute cool-down; and after a 5-minute seated
recovery (Figure 1).

Demographic and Clinical Information
Participant demographics (ie, age, race, education, income,
employment status, marital status, and comorbid conditions)
were self-reported and collected via REDCap hosted by the
study institution. Clinical information on breast cancer diagnosis
and treatment were obtained via electronic medical records.
BMI was calculated from height and weight measured via the
Seca 703 scale and stadiometer (Seca Corp) by the study staff
at a baseline testing visit.

Data Analysis
HR from the Polar monitor was operationalized as the criterion
measure and used to assess absolute and relative paired
differences between monitors [8]. Agreement between HR
measurements was assessed using Lin concordance correlation
coefficient (rc) with 95% CIs. This test measures the degree to
which the paired observations fall on the identity line and
defines statistical agreement as rc≥0.85 [22]. The agreement
was also represented visually across stages using Bland-Altman
plots with upper and lower limits set using 95% CIs [23,24].
Absolute paired differences were calculated by subtracting the
Fitbit-measured HR from the Polar-measured HR at each stage
of the exercise session. Relative paired differences were
calculated as relative error rate (RER) across exercise session
stages [25,26], as follows:

RER = (Polar HR measurement – Fitbit HR
measurement) × 100/Polar HR

Negative resultant RERs are indicative of an overestimation of
HR by the Fitbit, and positive RERs are indicative of an
underestimation of HR by the Fitbit, as compared to the Polar
monitor. Data were analyzed using SPSS (version 27; IBM
Corp) and RStudio (version 1.3.1093; R Core Team).

Results

Participant Characteristics
Participants (mean age 63.1, SD 8.7 years) were White women
with a history of early-stage breast cancer; on average,
overweight; and physically inactive (Table 2). Additionally,
more than 1 quarter of participants had a history of clinically
diagnosed anxiety or depression at the time of enrollment. Breast
cancer survivors in this study were enrolled approximately 17
months after their diagnosis. Participants’ breast cancer
treatments included surgery, radiation, and chemotherapy;
however, most women in this study did not receive
chemotherapy. One participant randomized to the exercise
program did not have valid Polar data for supervised sessions
and was, therefore, excluded from the analysis (N=14).
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Table 2. Participant characteristics.

ValuesCharacteristics

Demographics

63.07 (8.66)Age (years), mean (SD)

13 (93)Non-Hispanic White, n (%)

8 (57)Bachelor’s degree, n (%)

8 (57)Income >US $40,000 per year, n (%)

8 (57)Employed full-time, n (%)

12 (86)Married, n (%)

2.38 (2.10)Comorbiditiesa, mean (SD)

0 (0)β-Blocker medication use, n (%)

1 (7)Antihypertensive medication use, n (%)

4 (29)Diagnosed with depression, n (%)

4 (29)Diagnosed with anxiety, n (%)

29.14 (4.71)BMI (kg/m2), mean (SD)

Clinical features

Cancer stage, n (%)

12 (86)I

2 (14)II

16.57 (7.97)Time since diagnosis (months), mean (SD)

3 (21)Chemotherapy, n (%)

9 (64)Radiation, n (%)

9 (64)Hormonal therapy, n (%)

13.44 (5.64)Months of hormonal therapy, mean (SD)

aComorbid conditions include diagnosed arthritis, osteoporosis, asthma, chronic obstructive pulmonary disease, angina, heart failure, previous myocardial
infarction, vascular disease, diabetes, tremors, gastrointestinal disease, visual impairment, hearing impairment, degenerative disk disease, anxiety, and
depression.

HR Monitor Agreement
Agreement between the Fitbit and Polar HR monitors was
highest during seated rest at postexercise (rc=0.89, 95% CI
0.86-0.92) and pre-exercise (rc=0.76, 95% CI 0.70-0.81). This
was followed by the midpoint of the moderate-intensity exercise
session (rc=0.63, 95% CI 0.55-0.70) and cool-down (rc=0.68,
95% CI 0.60-0.74). The warm-up was associated with the lowest

level of agreement between monitors (0.39, 95% CI 0.27-0.49).
RERs ranged from –3.91% to 3.09% and were most pronounced
during warm-up (RER: mean –3.91%, SD 11.92%). When
inaccurate, the Fitbit overestimated HR during most stages of
the exercise session (RER range: –3.91% to –0.52%), except
at the midpoint of moderate-intensity exercise, where HR was
underestimated (RER 3.09%). RERs and concordance
coefficients are provided in Table 3, and Bland-Altman plots
are provided in Figure 2.
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Table 3. Heart rate (beats per minute) monitor differences according to the stage of the exercise.

Fitbit differences from Polar H10, mean (SD)Heart rate, mean (SD)Activity

Agreement (rc)bPercent difference (RERa)Paired differenceFitbitPolar H10

0.76–1.84 (7.51)–1.34 (5.53)78.61 (8.74)78.00 (7.68)Pre-exercise rest

0.39–3.91 (11.92)–2.96 (10.27)96.26 (9.17)94.78 (7.91)Warm-up

0.633.09 (5.64)3.77 (6.98)115.15 (9.3)117.04 (8.10)Exercise

0.68–0.77 (5.74)–0.72 (5.83)104.24 (7.90)103.56 (6.68)Cool-down

0.89–0.52 (4.04)–0.38 (3.53)85.99 (7.71)85.86 (7.42)Postexercise rest

aRelative error rate.
bLin concordance correlation coefficient.

Figure 2. Bland-Altman plots. Bland-Altman plots depict the average heart rate (Polar H10 and Fitbit) by the relative difference between the two
measures for each session by stage in the exercise protocol. Points on the plots indicate individual sessions, solid lines indicate the mean difference
across the sample, and dashed lines indicate upper and lower bounds for each stage.
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Discussion

Principal Results
This study was the first to examine the agreement between the
wrist-worn Fitbit Inspire HR and chest-worn Polar H10 HR
monitors in cancer survivors and during an exercise intervention.
Major findings from this study indicate that the Fitbit monitor
did not produce statistically accurate measures of HR during
most exercise stages, especially the warm-up stage; however,
agreement during seated rest (pre- and postexercise), midpoint
of exercise, and cool-down were associated with moderate
agreement between devices. Data also suggest that the Fitbit
underestimated HR only during the primary, aerobic portion of
the exercise session (ie, the midpoint of the exercise session),
which may have serious implications for safety and compliance
monitoring in exercise programs. This study extends the current
literature on consumer-grade, wrist-worn HR monitors and
provides data to inform future studies hoping to use
consume-grade sensors to monitor safety, exercise program
compliance, and longitudinal behavioral patterns in cancer
survivors [8,25,27]. This is particularly important as exercise
interventions become less centralized and hybrid and
unsupervised approaches increase in prevalence [28-30].

Comparison With Prior Work
The wrist-worn, Fitbit Inspire HR monitor accurately measured
HR only during seated rest postexercise compared to the
chest-worn Polar H10 monitor. Although pre-exercise seated
rest, midpoint of moderate-intensity exercise, and cool-down
also exhibited high levels of agreement, they did not reach
statistical agreement as defined by Lin concordance correlation
coefficient [22]. Results from previous studies have found that
Fitbit devices are most accurate in measuring HR during
low-intensity activities where the wrist is moving in a repetitive
fashion [17]. Nevertheless, in contrast to these previous studies,
warm-up represented the period of the poorest agreement. It is
also unclear why the Fitbit accurately measured HR during post-
but not pre-exercise seated rest; however, both pre-and
postexercise seated rest reflected the highest levels of agreement
with the Polar monitor, consistent with previous findings [8,16]

Although HR was highest during the midpoint of the exercise
session and cool-down, these stages represented higher levels
of agreement when compared to the warm-up stage. This may,
in part, be due to the slower speeds at which breast cancer
survivors were walking in this study, as compared to healthy,
young, or middle-aged adults in other studies [8,16,17,31].
While previous research found that lower treadmill speeds
showed the highest agreement, overall speeds in those studies
ranged from 2 to 9 miles per hour [16,17]. In comparison, breast
cancer survivors in this study did not reach speeds greater than
3.5 miles per hour. It is possible that speeds in this study were
more similar to light-intensity walking in previous studies,
which would align more closely with the results from this study
[16,17]. This does not, however, explain the poor agreement
during the warm-up and cool-down stages.

Of note, the RER at the midpoint of the exercise session
indicates that the Fitbit monitor underestimated HR as compared
to the Polar chest strap. Previous studies have reported similar

trends in Fitbit data as compared to traditional ECG monitoring
[8,16,17,31]. One study found the Fitbit Ionic to be comparable
to other wrist-worn monitors and statistically accurate at rest
[17], while another found that the Fitbit Blaze provided the least
accurate optically measured HR [8]. In contrast to the findings
presented here, these studies also found that higher-intensity
activity led to decreased accuracy in HR measurement [8,17].
However, differences in Fitbit accuracy at peak exercise
intensity between previous studies and data presented in this
study may be due to the lower absolute intensity in this study,
as both previous studies were conducted among athletes [8,17].
Given the generally lower intensity of exercise prescribed to
cancer survivors, participants may not reach an exercise intensity
high enough for devices to decrease in accuracy during
steady-state exercise. This should, theoretically, reinforce the
utility of Fitbits in cancer survivor populations.

Despite this, underestimation of exercise HR may be problematic
in programs using Fitbit to monitor intensity during exercise in
cancer survivors for several reasons. First, participants may be
asked to increase the intensity of a session to achieve the
prescribed HR range. If the Fitbit monitor underestimates HR,
as it did in this study, participants who reach the prescribed HR
as measured by Fitbit may be exercising at an intensity higher
than that prescribed, leading to concerns regarding participant
safety—particularly if the session is unsupervised. In a previous
analysis of exercise prescription adherence in this sample, data
indicated that participants only met prescribed intensity during
supervised sessions 57.5% of the time when assessed via Fitbit
HR, as compared to 92.2% when measured via Polar. However,
adherence to the prescribed intensity via Fitbit was 83.2% during
unsupervised sessions after the onset of the COVID-19
pandemic [32]. These data, when taken together with the
findings of this study, suggest that participants may have been
exercising above their prescribed HR range during unsupervised
sessions. Although many breast cancer survivors may
comfortably exercise at higher intensities, reliance upon
consumer-grade wearable sensors only may introduce safety
concerns not previously observed in more traditional, controlled
exercise trials. Additionally, future studies that use Fitbit to
measure the dose of exercise required to effect specific outcomes
(eg, cancer-related fatigue and cognitive performance) may
underestimate the required intensity of activity to elicit an effect.
Although these devices may have utility in exercise oncology,
it is critical that researchers and practitioners are aware of
limitations that may increase the risk of adverse events or
decrease methodological rigor in quantifying compliance with
exercise prescriptions.

Limitations
Although this study is one of the first to investigate HR
agreement between the Fitbit Inspire HR and Polar H10 chest
monitor during community-based exercise in breast cancer
survivors, it is not without limitations. First, this study was
performed on a small sample of breast cancer survivors. Our
sample was primarily comprised of White, educated women
with early-stage breast cancer, which may not be representative
of the larger breast cancer population. For example, women in
this study were also not on any β-Blockers, and only 1
participant reported antihypertensive medication use. Although
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this improves the internal validity of this study due to the lack
of HR suppression, it is likely not representative of the broader
breast cancer survivor population in the United States [33].
Future studies would be strengthened by the inclusion of a
larger, more diverse sample of breast cancer survivors with
more supervised exercise sessions.

Additionally, exercise physiologists were available to help and
provide feedback on using the devices during the exercise
sessions, making it unclear to what extent user error would
influence Fitbit’s accuracy in unsupervised exercise settings.
Fitbit HR measurements in this study were also compared to
Polar chest strap monitors, rather than the gold standard ECG.
This may have introduced systematic error in evaluating
agreement. Finally, the total number of sessions observed in
this study was fewer than originally planned (ie, 200 observed
vs 540 planned) due to COVID-19 required adaptations. It is
unclear whether additional observations would have changed
or stabilized results relative to device agreement.

Conclusions
Overall, Fitbit devices with HR monitoring capabilities may be
useful for participant monitoring in exercise oncology studies.
Researchers should use caution when using these devices,
however, as they likely do not provide accurate HR
measurement during critical stages of exercise sessions. This
study showed that Fitbit monitors were only statistically accurate
during seated rest and likely underestimated HR during
steady-state exercise. As a result, Fitbit HR measurements are
likely best for estimating exercise intensity rather than
evaluating compliance with exercise prescriptions. Because of
their ease and potential utility in behavioral PA interventions,
future studies should further examine the agreement between
wrist-worn wearable sensors and a gold-standard measurement
of HR, such as ECG, in a larger, more representative sample of
breast cancer survivors. Additionally, studies should analyze
agreement by relative HR intensity to determine whether Fitbit
may be more appropriate for specific exercise prescriptions.
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Abstract

Background: Australia’s bowel cancer prevention guidelines, following a recent revision, are among the most complex in the
world. Detailed decision tables outline screening or surveillance recommendations for 230 case scenarios alongside cessation
recommendations for older patients. While these guidelines can help better allocate limited colonoscopy resources, their increasing
complexity may limit their adoption and potential benefits. Therefore, tools to support clinicians in navigating these guidelines
could be essential for national bowel cancer prevention efforts. Digital applications (DAs) represent a potentially inexpensive
and scalable solution but are yet to be tested for this purpose.

Objective: This study aims to assess whether a DA could increase clinician adherence to Australia’s new colorectal cancer
screening and surveillance guidelines and determine whether improved usability correlates with greater conformance to guidelines.

Methods: As part of a randomized controlled crossover study, we created a clinical vignette quiz to evaluate the efficacy of a
DA in comparison with the standard resource (SR) for making screening and surveillance decisions. Briefings were provided to
study participants, which were tailored to their level of familiarity with the guidelines. We measured the adherence of clinicians
according to their number of guideline-concordant responses to the scenarios in the quiz using either the DA or the SR. The
maximum score was 18, with higher scores indicating improved adherence. We also tested the DA’s usability using the System
Usability Scale.

Results: Of 117 participants, 80 were included in the final analysis. Using the SR, the adherence of participants was rated a
median (IQR) score of 10 (7.75-13) out of 18. The participants’ adherence improved by 40% (relative risk 1.4, P<.001) when
using the DA, reaching a median (IQR) score of 14 (12-17) out of 18. The DA was rated highly for usability with a median (IQR)
score of 90 (72.5-95) and ranked in the 96th percentile of systems. There was a moderate correlation between the usability of the
DA and better adherence (rs=0.4; P<.001). No differences between the adherence of specialists and nonspecialists were found,
either with the SR (10 vs 9; P=.47) or with the DA (13 vs 15; P=.24). There was no significant association between participants
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who were less adherent with the DA (n=17) and their age (P=.06), experience with decision support tools (P=.51), or academic
involvement with a university (P=.39).

Conclusions: DAs can significantly improve the adoption of complex Australian bowel cancer prevention guidelines. As
screening and surveillance guidelines become increasingly complex and personalized, these tools will be crucial to help clinicians
accurately determine the most appropriate recommendations for their patients. Additional research to understand why some
practitioners perform worse with DAs is required. Further improvements in application usability may optimize guideline concordance
further.

(JMIR Cancer 2024;10:e46625)   doi:10.2196/46625

KEYWORDS

colorectal cancer; guidelines; colorectal cancer screening; digital application; questionnaire; application; cancer prevention;
prevention; cancer; bowel cancer; surveillance; clinical vignette quiz; usability; Australia

Introduction

Australia’s National Health and Medical Research Council
(NHMRC) screening and surveillance guidelines for colorectal
cancer have become substantially more complex with their latest
revision [1,2]. This is due to a shift toward personalized
recommendations through detailed risk stratification based on
an individual’s history of polyps or a family history of cancer.
As a result, the guidelines now describe up to 230 different
screening or surveillance scenarios, requiring clinicians to
navigate through multiple tables to determine an appropriate
recommendation. While implementing these changes can
considerably improve resource use, this complexity may be a
barrier to adherence, limiting the benefits of the guidelines [3,4].
Consequently, there is a need for tools to support clinicians
using these guidelines. However, few of these tools have been
adequately evaluated.

Several approaches have previously been considered to assist
clinicians in determining appropriate bowel cancer prevention
guideline recommendations. In the United States, where the
complexity of polyp surveillance guidelines is the most similar
to those of Australia, researchers have primarily focused on
developing methods to assist clinicians in determining the
appropriate advice, with a particular emphasis on automating
the extraction of clinical information from electronic records
to determine guideline-concordant recommendations [5-7]. In
clinical practice, this resulted in a small but significant
improvement in the rate of guideline-concordant
recommendations (84.6% vs 77.4%) [7]. In Australia,
print-based educational interventions for screening and
surveillance, targeted at patients and clinicians, respectively,
have had a minimal impact on improving guideline adherence
[8,9]. By contrast, a nurse-led decision-making model has been
the most successful intervention, increasing the rate of
guideline-concordant recommendations from 83% to 97% [10].
Although successful, these options are associated with
substantial costs for setup and maintenance and are not easily
scalable beyond individual health services. Furthermore, how
they perform when applied to the recently revised Australian
guidelines is unclear.

Smartphone- or web-based digital applications (DAs) can be
developed cheaply and are readily scalable. However, there are
limited studies evaluating their effectiveness in supporting
clinician adherence to complex bowel cancer prevention

guidelines. Khan et al [11] showed that a DA was able to
improve medical students’ knowledge of US colorectal cancer
screening guidelines. However, their study was not randomized
and did not control for the improvement in scores merely due
to repeated exposure to the same clinical questions. In another
study, a DA was evaluated by 6 endoscopists assessing a total
of 58 colonoscopies [12]. As this was a small pilot study
primarily focused on assessing the attitudes of potential users
to guide the development of a new DA, it is difficult to draw
meaningful conclusions about the potential benefit of the tool
in improving guideline concordance.

In Australia, some of the DAs developed in response to the
complexity of the latest surveillance guidelines include
polyp.guide, polyp.app, and CRCwebapp [13-15]. These 3 tools
provide greater ease of use by not requiring users to work
through the risk tables manually. To the best of our knowledge,
only CRCwebapp has been validated against all 230 possible
case scenarios due to its use as a research tool in a previously
published study [3]. However, none of these have been evaluated
for their ability to improve the rate of guideline concordance
among clinicians.

We hypothesized that a DA could improve clinician adherence
to Australian screening and surveillance guidelines. To test this,
we conducted a randomized controlled crossover study to
compare the proportion of guideline-concordant decisions made
by clinicians using either the CRCwebapp DA or the standard
resource (SR).

Methods

Study Design and Setting
We enrolled practicing Australian clinicians to our online
randomized controlled crossover clinical vignette questionnaire
between July 1, 2020, and August 1, 2021. Participants were
asked to provide guideline-concordant recommendations for 2
sets of clinical vignettes using either the SR or the DA. All
participants were provided with an orientation that was tailored
according to their experience with the guidelines. The clinical
vignettes and order in which the tools were used were
randomized. A study portal was used to present the vignettes,
and this provided participants with access to both the SR and
DA. After completing questions related to the clinical vignettes
with both the SR and DA, the System Usability Scale (SUS)
questionnaire was administered.
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Inclusion Criteria
We included medical, surgical, or specialist nurse practitioners
who were actively practicing in Australia during the study
period.

Exclusion Criteria
Participants who were not actively involved in making screening
or surveillance decisions for colorectal cancer in their clinical
work were excluded.

Participant Orientation
We classified participants into 2 groups according to their
familiarity with the guidelines. The nonspecialist group
comprised primary care practitioners who had limited experience
with the terminology and structure of the published guidelines.
The specialist group comprised gastroenterologists, colorectal
surgeons, and specialist nurse practitioners who were routinely
using the current screening and surveillance guidelines in
clinical practice. The orientation program was tailored according
to the experience of each group, in order to reduce the impact
of experience on participant scores and to reduce barriers to
participation.

For nonspecialists, the necessary terminology pertaining to
screening and surveillance was defined during a web seminar.
This included degree of relationship in family history for
screening protocols and the individual risk characteristics and
classification of lesions for surveillance protocols. The seminar
also included a breakdown of every decision table in the SR
and the most efficient methods to navigate to each of these.
Participants were also introduced to the 4 main pages of the DA
and shown how to input data and where the results were
presented. In contrast, the specialist orientation did not define
the terminology, and the introductions to the SR and the DA
were presented as optional videos available before the
questionnaire.

Primary Outcome
The primary outcome was the proportion of correct screening
and surveillance recommendations issued by participants in
response to the clinical vignettes. Each vignette could receive
a maximum score of 6, resulting in each participant being graded
with a score out of 18 for each of 2 sets of 3 clinical vignettes.

Secondary Outcome
The secondary outcome was the usability of the DA. This was
assessed using each participant’s response to the SUS. A score
was determined for each participant and normalized in
accordance with previously published methods [16].

Clinical Vignette Design
Three pairs of clinical vignettes were developed for the study
(alpha and beta, gamma and theta, and delta and omega). Each
vignette described the family history, medical comorbidities,
and the number and characteristics of conventional adenomas
or sessile serrated lesions identified over the preceding 2
colonoscopies. We avoided scenarios commonly highlighted
in previous guidelines to reduce the likelihood that participants
could answer according to their recollection of these [17]. Each
pair of clinical vignettes focused participants on navigating
identical sets of tables to balance for difficulty.

For each clinical vignette, participants were asked to determine
the age and appropriate screening modality (stool testing or
colonoscopy) based on the family history presented, the first
and subsequent recommended surveillance intervals, and
whether surveillance should be continued when considering the
comorbidities of the patient if the age of the patient was >75
years at the time of the intended procedure. Each vignette
received a score out of 6. Thus, each participant could receive
a maximum score of 18 for each section.

Usability
We adapted the standard SUS questionnaire by changing the
term “system” to “application” in order to focus participants on
assessing the usability of the DA (Textbox 1). This comprised
10 standardized statements for which users were asked to
indicate their level of agreement. Numerical scores provided
by participants on a slider scale were translated into Likert
scores: 0-20=strongly disagree (1); 21-40=disagree (2);
41-60=neither agree nor disagree (3); 61-80=agree (4); and
81-100=strongly agree (5). A total SUS score was calculated
for each participant [18]. The scores were normalized to provide
a percentile ranking of the usability of the DA, as described by
Sauro and Lewis [16].

Textbox 1. System Usability Scale questionnaire adapted for the use of the digital application.

1. I think that I would like to use this application frequently.

2. I found the application unnecessarily complex.

3. I thought the application was easy to use.

4. I think that I would need the support of a technical person to be able to use this application.

5. I found that the various functions in this application were well integrated.

6. I thought there was too much inconsistency in this application.

7. I would imagine that people would learn to use this application very quickly.

8. I found the application very cumbersome to use.

9. I felt very confident using the application.

10. I needed to learn a lot of things before I could get going with this application.
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DA Design
Each NHMRC screening and surveillance recommendation was
coded into an Excel (Microsoft Corp) spreadsheet. We
eliminated redundant user data entry by determining the
minimum number of inputs necessary to calculate each
recommendation. For screening decisions, this included 4 fields
relating to the number and age of relatives with colorectal cancer
and their relation (first or second degree) to the patient. For
surveillance intervals, this included the number, type, and
characteristics of the lesions found during the initial procedure.
Subsequent surveillance intervals required 2 additional inputs:
the initial surveillance interval and the type of lesion previously
identified. An additional section, incorporating a list of potential
patient comorbidities, was used to determine stopping rules.

A graphical user interface was applied using an open-source
platform (Open as App), which would allow for the distribution
of the DA as either a web page or smartphone app. Each type
of calculation (screening, first surveillance, second surveillance,
or stopping rules) was identified by a tab on the bottom of the
screen. Sliders were used to input data on the number of lesions,
and drop-down menus were used to provide details regarding
the accompanying risk characteristics. The recommendations
for screening, surveillance interval, or cessation of surveillance
were provided at the bottom of each respective page. The
answers provided by the digital calculator were validated by
individually calculating all possible scenarios covered by the
updated guidelines before recruitment.

SR for Screening and Surveillance
The SR was the official web publication of the latest guidelines
for screening and surveillance for bowel cancer prevention in
Australia by the NHMRC [1,2]. In addition to a written
summary, it provides details regarding the development of and
evidence for each recommendation. Also included are a series
of colored risk stratification tables to guide users through
screening, initial and follow-up surveillance, and stopping rules.
For screening, 90 possible scenarios are defined according to
the number of relatives with colorectal cancer as well as how
closely they are related to the patient.

For initial surveillance colonoscopy, 37 separate scenarios are
described across 3 tables according to the various combinations
of “conventional adenomas” or “clinically significant serrated
polyps” identified. A total of 140 scenarios are similarly
characterized across an additional 9 tables to account for the
possible combinations of “conventional adenomas” and
“clinically significant serrated polyps” between 2 consecutive
procedures. Determining the correct surveillance interval can
thus require users to successfully navigate 2 consecutive tables.

Lastly, the rules for cessation of surveillance colonoscopy are
detailed in a text table that uses a modified Charlson score.
Scores are allocated according to age and the presence of
comorbidities. Depending on the combination of age and
severity of comorbid conditions, the benefit of continuing
surveillance for patients may be deemed too low to justify the
potential risks of colonoscopy.

Recruitment
Advertising flyers were created and distributed to the 3 local
Primary Health Networks, social media (Facebook: Adelaide
GP Referral Network, Medical Mums, and Mums To Be),
general practitioner education providers (GPEx and GP
Synergy), and directly to practice managers located within
metropolitan Adelaide. Additional flyers for specialists were
distributed to members of the Departments of Gastroenterology
and Hepatology and Colorectal Surgery Departments at 4 major
teaching hospitals in Adelaide, as well as to private specialist
practices. Snowball sampling was used to aid in the recruitment
of additional participants. Continuing professional development
points and a certificate of completion were awarded as an
incentive to improve recruitment.

Data Collection
The questionnaire was programmed using REDCap (Research
Electronic Data Capture; Vanderbilt University) tools hosted
at the University of Technology, Sydney, and accessed through
the Australian Access Federation [19,20]. We collected data
including each participant’s age, professional background
(general practice, medical specialist or trainee, and surgical
specialist or trainee), active affiliation with a university, and
experience with tools supporting screening and surveillance
guidelines. We scored the answers for each clinical vignette in
the order in which they were completed and collected each
participant’s responses to the SUS questionnaire regarding their
experience with the DA on a digital spreadsheet for analysis
according to a previously described methodology [15].

Randomization
Two randomly permuted schedules (primary care and specialist
groups) were created for a crossover study with 2 interventions
(DA vs SR) with equal allocation over 8 strata (combinations
1-8; Table 1). A total of 14 allocations were generated per
stratum with a total of 112 allocations. Participants were
randomized to use either the DA or SR as the first aid in a 1:1
ratio. The 2 allocation schedules were programmed into the
REDCap software using branching logic tools. The
randomization schema was generated using Microsoft Excel
(version 16.66.1; Microsoft Corp).
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Table 1. Clinical vignette combinations used for randomization.

Section 2Section 1Combination

Beta, theta, and omegaAlpha, gamma, and delta1

Beta, theta, and deltaAlpha, gamma, and omega2

Beta, gamma, and omegaAlpha, theta, and delta3

Beta, gamma, and deltaAlpha, theta, and omega4

Alpha, theta, and omegaBeta, gamma, and delta5

Alpha, theta, and deltaBeta, gamma, and omega6

Alpha, gamma, and omegaBeta, theta, and delta7

Alpha, gamma, and deltaBeta, theta, and omega8

Statistics
Previously reported rates of adherence to Australian surveillance
guidelines have ranged from 50.8% to 83% [4,10]. The impact
of a nurse-led intervention improved the rate of guideline
concordance by a factor of 1.17 relative to the non–nurse-led
group [10]. On the basis of these results, we predicted a mean
accuracy score of 60% with the SR and anticipated a 1.17
improvement in the rate of guideline concordance to 70% with
the intervention (DA). Using an expected SD of 20%, an α of
.05, and a statistical power of 0.8, the minimum necessary
sample size required was calculated at 64 participants.

Descriptive statistics were used to characterize the data. A
Kolmogorov-Smirnov test was applied to assess for normality
of the data before the statistical analysis. A related-samples
Wilcoxon signed rank test was used to compare the
performances of participants with either the SR or the DA. An
independent-samples Mann-Whitney U test was used to compare
outcomes between specialists and nonspecialists. Spearman ρ
was used to assess the relationship between usability and scores

from the DA. χ2 tests of independence were used to compare
the allocation of participants between tools and clinical
vignettes. The SPSS statistical software (version 22; IBM Corp)
was used for all analyses.

Ethical Considerations
The study protocol was reviewed and approved by the Central
Adelaide Local Health Network Human Research Ethics
Committee (CALHN Research Office reference 13438). The
background, procedures, and aims of the study were provided
to prospective participants via a digital participant information
sheet before the commencement of the survey. Participants were
informed that their consent to participate would be implied via
completion and submission of the online questionnaire. All data
collected were deidentified. No participants received financial
compensation.

Results

Participant Characteristics
In total, 117 participants initiated the questionnaire. The records
of 37 participants were excluded from the primary analysis due
to survey noncompletion. Of these, no components of the
questionnaire were attempted in 8 cases, 25 participants
completed the background survey but did not attempt the clinical
vignette section, and 4 participants aborted the clinical vignette
section before completion (Figure 1). These included 7 primary
care doctors, 20 gastroenterologists, 1 surgeon, 1 nurse
endoscopist, and 8 participants of unknown vocation. One
additional participant aborted the study after completing the
vignettes and was included in the primary analysis but not in
the evaluation of the usability scores.
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Figure 1. Study flowchart. *Included in the primary analysis but excluded from usability evaluation.

The remaining 80 participants, consisting of 43 primary care
doctors and 37 specialist doctors (35 gastroenterologists and 2
surgeons), were included in the primary analysis. They had a
median age of 38 (IQR 27-71) years. Fewer than half (35/80,
44%) held an affiliation with a university (27/37, 73% of
specialists and 8/43, 19% of primary care doctors), and almost
two-thirds (51/80, 64%) had previously used tools for screening
and surveillance decisions in colorectal cancer (32/37, 87% of

specialists and 19/43, 44% of primary care doctors; Table 2).
The study flowchart shows how participants were randomized
to 1 of 8 sequences of vignettes (Figure 1). Of the 80 included
participants, 38 (48%) were assigned to use the DA as the first
aid (Figure 2). Alpha, gamma, and delta were the first vignettes
in their respective pairs in 48% (38/80), 56% (45/80), and 51%
(41/80) of cases (Figure 2).
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Figure 2. Allocation of tools and vignettes for the first set of clinical vignettes after randomization. Pearson χ2 tests of independence were used to
assess the distribution order of tools (standard resource or digital application) and vignettes (alpha or beta, gamma or theta, and delta or omega) after
excluding participants who did not complete the study. The analysis confirmed that the differences in the final allocation of participants at each stage
after exclusions were not significant.
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Table 2. Tools to aid decisions in colorectal cancer screening and surveillance (N=80).

Primary care (n=43), n (%)Specialist (n=37), n (%)Tool

11 (26)20 (54)Wiki.cancer Guideline (NHMRCa)

3 (7)8 (22)Polyp.guide

1 (2)6 (16)Digital calculator

—b19 (51)Media in endoscopy suite

—3 (8)Polyp nurse support

—2 (5)Funding codes (Medicare)

6 (14)—The Royal Australian College of General Practitioners’
Redbook

2 (5%)1 (3)Other

aNHMRC: National Health and Medical Research Council.
bNot available.

A Kolmogorov-Smirnov test of normality indicated that the
scores of participants using the SR were normally distributed:
D(80)=0.075; P=.20, while those of the DA were not:
D(80)=0.152; P<.001. With the SR, the median (IQR) number
of guideline concordant answers was 10 (7.75-13) out of 18.
The use of the DA improved the number of correct

recommendations to a median (IQR) of 14 (12-17) out of 18
(relative risk 1.4, P<.001; Figures 3 and 4). Lower performance
with the DA compared with SR (n=17) was not associated with
previous experience with screening and surveillance decision
tools (P=.51), affiliation with a university (P=.39), or age
(P=.06).

Figure 3. Comparison of spread of clinical vignette scores with either the standard resource (SR) or the digital application (DA). The participant scores
when using the SR showed a normal distribution. A rightward shift in the distribution of the scores was observed with the use of the DA.
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Figure 4. Box and whisker plot of clinical vignette scores with either the standard resource or the digital application.

The median (IQR) SUS score for the DA was 90 (72.5-95),
which equated to a top 4 percentile ranking among tested
applications (Table 3). A moderate correlation between usability

grade and DA results was observed using Spearman ρ
correlation coefficient (rs=0.4; P<.001; n=79).

Table 3. System Usability Scale (SUS) grades and percentiles for participants using the digital application (n=79).

PercentileParticipants, n (%)SUSGrade

85-10051 (65)>78.8A

65-847 (9)72.6-78.8B

35-6411 (14)62.7-72.5C

15-346 (8)51.7-62.6D

0-154 (5)0-51.7F

Sensitivity Analysis
After excluding those who did not complete the study,
differences in the randomization of participants regarding order
of use of the tools (SR vs DA) and clinical vignettes (alpha vs
beta, gamma vs theta, and delta vs gamma) were not significant
(Figure 2). Additionally, there was no difference (P=.55)

between the median number of guideline concordant
recommendations according to whether the clinical vignettes
were posed to participants: first (12, IQR 8.75-15) or second
(13, IQR 9-16; Figure 5). Similarly, no difference was observed
between the performance of specialists and primary care doctors,
either with the SR (10 vs 9; P=.47) or with the DA (13 vs 15,
P=.24; Figures 6 and 7).
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Figure 5. Box and whisker plot of clinical vignette scores according to the order they were answered (first or second). A related-samples Wilcoxon
signed rank test was used to compare the results achieved in the first and second set of questions indicating no significant difference (P=.55). Thus,
increasing familiarity with the format of the questionnaire did not improve the scores achieved by participants.

Figure 6. Box and whisker plot of clinical vignette scores according to the vocational training of the participants (specialist or primary care) using the
standard resource (SR). An independent-samples Mann-Whitney U test was used to compare the results of specialists with primary care doctors using
the SR. There was no significant difference (P=.47) in the performance of participants based on their previous training in either specialist or primary
care.
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Figure 7. Box and whisker plot of clinical vignette scores according to the vocational training of the participants (specialist or primary care) using the
digital application (DA). An independent-samples Mann-Whitney U test was used to compare the results of specialists with primary care doctors using
the DA. There was no significant difference (P=.24) in the performance of participants based on their previous training in either specialist or primary
care.

Discussion

Principal Findings
The findings of this study showed that the adherence of
clinicians with Australia’s current screening and surveillance
guidelines in their current form is limited. This was significantly
improved when clinicians used a DA to assist their navigation
of these complex guidelines. These findings were independent
of the clinicians’ level of specialization, age, university
affiliation, or experience with the use of other decision support
tools. However, greater adherence was associated with better
DA usability ratings, highlighting the importance of this attribute
as a potential target to further bolster clinician guideline
adherence.

Australia’s screening and surveillance guidelines are among the
most complex worldwide. With the increasing trend toward
personalized health care and our growing knowledge of
colorectal cancer risk factors, guidelines are likely to continue
increasing in complexity. For clinicians, navigating these
guidelines in busy practices can be challenging. Even under the
controlled conditions of our testing environment, participants
could only provide appropriate recommendations in slightly
over half of the questions when evaluating the scenarios only
with the SR. These findings are consistent with another recent
report that assessed the concordance of surveillance
recommendations with current guidelines [4]. Because the
adherence to previous relatively more straightforward guidelines
was already known to be suboptimal, it could be anticipated
that rates of adherence may be even lower as their complexity

increases. This could undermine their potential benefits in the
care of patients and the allocation of limited colonoscopy
resources in Australia.

DAs can play an important role in supporting the implementation
of Australia’s complex bowel cancer prevention guidelines. Not
only do they improve the ability of clinicians to provide
guideline-concordant recommendations, as demonstrated by
our study, but they can be developed at a relatively low cost
and are scalable to a national level. Furthermore, they can be
updated with future revisions of the guidelines, ensuring that
clinicians can continue to make decisions that are in keeping
with the latest evidence.

Despite their clear advantages, the role of DAs in supporting
complex guideline adoption has received little attention in the
literature. To date, only 2 studies have evaluated DAs in
assisting medical personnel with the application of bowel cancer
screening and surveillance guidelines. However, these were
assessed in relation to US guidelines and are limited by their
small size and lack of a randomized controlled methodology.
To our knowledge, our study is the first to evaluate a DA using
a rigorous randomized controlled crossover design.

Participants provided discordant recommendations in 22% of
clinical decisions despite assistance from the DA. However, as
the DA used in this study had been validated across all the
possible scenarios provided by the guidelines, we considered
other factors that may have contributed to this. Our results
showed that poor performance with the DA relative to the SR
was not associated with participant age, academic experience,
or prior experience with similar tools. One area that may have
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contributed was DA usability. Although the DA scored very
well in the SUS, ranking at or above the 96th percentile of tested
systems, there was still a relatively large spread of scores
(median 90, IQR 72.5-95) and a moderate correlation between
SUS scores and participant performance. This suggests that
improvements directed at improving usability for those who
scored the DA less well could bolster the adherence rate of
clinicians with guidelines; however, the magnitude of overall
improvement may be small. Therefore, additional research to
gather the opinions of participants who found the interface
difficult to use and quantify the degree of progress achieved by
addressing these is required.

Human error is another potential factor contributing to the rate
of discordant answers. Despite simplifying the process of
determining guideline-concordant recommendations, the DA
still requires individuals to extract relevant and appropriate data
from sometimes complex patient histories. Although human
error remains an inevitable component of any interface requiring
human input, natural language processing software, which has
been used in prior US-based studies, could provide a valuable
adjunct to a mobile app [5,6]. This would retain the scalability
and portability of the DA but would require additional research,
development, and testing before it could be implemented. Such
a tool could provide a better balance of the advantages of the
tools tested thus far.

Strengths
Our study design accounted for the possibility that participants
could improve their performance in the clinical vignettes simply
due to increasing experience with the questionnaire, by
randomizing the order of use of the 2 aids (SR or DA).
Furthermore, although the clinical vignettes were designed in
pairs that were balanced for difficulty, the order in which each
pair was presented to the participant was randomized to limit
the risk of bias. The vignettes also focused on clinical scenarios
with updated and distinct recommendations within the
guidelines, requiring participants to determine the correct answer
solely through navigation of the SR or DA.

Another strength of our study was the ability to cater for
participants with varying levels of familiarity with guidelines.
Our participants included specialists, who are accustomed to
using colorectal cancer screening and surveillance guidelines
in their everyday practice, and nonspecialists, whose breadth
of clinical practice typically limits their experience with
specialty guidelines. As these differences may have impacted
participant vignette questionnaire scores, particularly those
encountered without the DA, we tailored the introductory
briefings to provide nonspecialists with additional information
in the structured seminars. When the 2 groups were compared,
no significant differences between them were observed, either
with the SR or with the DA. Although this indicated that the
potential effect of experience had been controlled for during
our study, it is not possible to say whether this resulted from
our differential approach to participant briefing, as this was not
an outcome that was measured during our study.

Additionally, we were able to control successfully for potential
confounders by randomizing both the order of the questions
and the tools used by participants during the vignettes. This was
used to address the possibility that participant scores may have
improved over time and that the clinical vignettes may not have
been completely balanced in their difficulty. Our sensitivity
analysis showed that the distribution of questions and tools
remained balanced, even after exclusion of participants, and
that increasing participant experience with the questionnaire
did not result in higher scores.

Limitations
While the vignettes intentionally challenged participants to
navigate the breadth of the decision tables, only a limited
number of scenarios are typically encountered in clinical
practice. More than 95% of patients will be classified in the
lowest risk category for screening based on family history, while
most colonoscopies in Australia will detect few or no significant
lesions [1]. Thus, participant performance in this study may not
be indicative of real-world application. However, adherence
rates to current surveillance guidelines, which have been
reported at 50.8%, closely resemble the scores obtained using
the SR in our study [4]. Clarification of the real-world efficacy
of the DA will require further studies, for example, through
prospective randomized nested case-controlled studies involving
both primary and specialist group practices.

Our study was also prone to sampling bias. Despite efforts to
circulate advertising material for the study via social media,
education providers, and hospitals, only 117 participants visited
the questionnaire website, and the recruitment rate was slow.
The diversity of our sample group was also affected, with
surgeons outnumbered by gastroenterologists in the specialist
group (2-35). Due to our specific subject matter, it is possible
that our participants held favorable views toward technology
that may not be representative of the greater community of
medical professionals. Although these challenges are not
uncommon among studies recruiting clinical personnel as
participants, the generalizability of our findings may be limited
[21].

Finally, as both resources were readily available for public
access at the time of the study, it was not possible to restrict
participants to using the tools in the prerandomized order
specified. Our intention-to-treat analysis may therefore have
underestimated the potential differences in the scores obtained
by users in the trial.

Conclusions
Australia’s bowel cancer screening and surveillance guidelines
have become increasingly complex, posing a challenge for
clinicians trying to make appropriate recommendations.
Currently, the available options to assist them are costly and
need more scalability. DAs represent an inexpensive and
scalable solution that enhances guideline concordance among
clinicians. Further development and assessment of these tools
could improve screening and surveillance outcomes and
optimize resource use in an era of increasingly complex and
personalized care.
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Abstract

Background: A substantial percentage of the US population is not up to date on guideline-recommended cancer screenings.
Identifying interventions that effectively improve screening rates would enhance the delivery of such screening. Interventions
involving health IT (HIT) show promise, but much remains unknown about how HIT is optimized to support cancer screening
in primary care.

Objective: This scoping review aims to identify (1) HIT-based interventions that effectively support guideline concordance in
breast, cervical, and colorectal cancer screening provision and follow-up in the primary care setting and (2) barriers or facilitators
to the implementation of effective HIT in this setting.
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Methods: Following scoping review guidelines, we searched MEDLINE, CINAHL Plus, Web of Science, and IEEE Xplore
databases for US-based studies from 2015 to 2021 that featured HIT targeting breast, colorectal, and cervical cancer screening
in primary care. Studies were dual screened using a review criteria checklist. Data extraction was guided by the following
implementation science frameworks: the Reach, Effectiveness, Adoption, Implementation, and Maintenance framework; the
Expert Recommendations for Implementing Change taxonomy; and implementation strategy reporting domains. It was also
guided by the Integrated Technology Implementation Model that incorporates theories of both implementation science and
technology adoption. Reporting was guided by PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews).

Results: A total of 101 studies met the inclusion criteria. Most studies (85/101, 84.2%) involved electronic health record–based
HIT interventions. The most common HIT function was clinical decision support, primarily used for panel management or at the
point of care. Most studies related to HIT targeting colorectal cancer screening (83/101, 82.2%), followed by studies related to
breast cancer screening (28/101, 27.7%), and cervical cancer screening (19/101, 18.8%). Improvements in cancer screening were
associated with HIT-based interventions in most studies (36/54, 67% of colorectal cancer–relevant studies; 9/14, 64% of breast
cancer–relevant studies; and 7/10, 70% of cervical cancer–relevant studies). Most studies (79/101, 78.2%) reported on the reach
of certain interventions, while 17.8% (18/101) of the included studies reported on the adoption or maintenance. Reported barriers
and facilitators to HIT adoption primarily related to inner context factors of primary care settings (eg, staffing and organizational
policies that support or hinder HIT adoption). Implementation strategies for HIT adoption were reported in 23.8% (24/101) of
the included studies.

Conclusions: There are substantial evidence gaps regarding the effectiveness of HIT-based interventions, especially those
targeting guideline-concordant breast and colorectal cancer screening in primary care. Even less is known about how to enhance
the adoption of technologies that have been proven effective in supporting breast, colorectal, or cervical cancer screening. Research
is needed to ensure that the potential benefits of effective HIT-based interventions equitably reach diverse primary care populations.

(JMIR Cancer 2024;10:e49002)   doi:10.2196/49002
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Introduction

Background
For common cancer types such as cervical, colorectal, and breast
cancer, routine screening provided in primary care settings can
save lives [1]. Although evidence-based national guidelines
exist for the provision of such screenings [1-4], patient receipt
of guideline-concordant cancer screening is suboptimal
nationally and varies substantially across clinical settings [5,6].
This is driven by multiple factors, including provider-level
barriers such as the challenge of staying current on changing
cancer screening guidelines [6] and the cognitive overload that
providers can face when managing the needs of patients with
complex conditions [7-11]. Patient-level barriers include lack
of knowledge of screening recommendations [6], loss to
follow-up [12], fear about screening procedures or outcomes,
and financial and logistical challenges [13].

Understanding which interventions effectively address these
challenges—and the barriers and facilitators to implementing
such interventions—is needed to enhance the delivery of
guideline-concordant cancer screening in primary care. The
Community Preventive Services Task Force summary of
evidence-based interventions for addressing barriers to
guideline-concordant cancer screening [14] identifies health IT
(HIT)–based interventions as showing particular promise
[15-17]. Prior systematic reviews found that HIT-based
interventions such as patient reminders and provider feedback
tools can be effective in supporting cancer prevention care
[15,17,18]. Such interventions can enhance provider-patient
communication about cancer screening [19-22]. These

interventions can also help care teams identify patients due for
screening with automated reminders embedded in the electronic
health record (EHR) that can appear either at the point of care
[23] and during panel or population management [24].

Yet HIT-based interventions targeting numerous health
outcomes are underused in primary care settings [23,25]. One
recent systematic review involving 55 studies showed that
clinical decision support tools were adopted in <35% of eligible
encounters [26]. The adoption of such interventions is impeded
by multilevel barriers, such as the challenges inherent to
integrating new tools into clinical workflows [27], and lack of
training in how to use such tools [28,29]. There is a need to
understand best practices for enhancing the adoption of effective
HIT-based interventions targeting cancer prevention, including
how barriers to the adoption of such interventions can best be
addressed in primary care [17,18,30,31].

Objectives
In 2020, the National Cancer Institute’s Consortium for Cancer
Implementation Science (CCIS) “Technology in Implementation
Science Action Group” identified a need for the scoping review
presented here. This review aims to describe the specific
knowledge gaps in this evidence base, that is, what is known
and unknown about the implementation of effective HIT for
cancer screening in primary care. Specifically, it aims to identify
(1) HIT-based interventions that effectively support guideline
concordance in breast, cervical, and colorectal cancer screening
provision and follow-up in the primary care setting and (2)
barriers or facilitators to the implementation of effective HIT
in this setting. To refine the scope of this review, we focused
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on common cancer screenings that are in the purview of primary
care: breast, colorectal, and cervical cancer screening. We note
that earlier systematic reviews [15,17,18] assessed the
effectiveness of HIT-based interventions at improving cancer
screening rates in primary care, but the most recent included
data up to June 2014 [15]. This review first summarizes related
evidence accrued since 2014 and then assesses current
knowledge on the adoption of such interventions. To our
knowledge, this is the first scoping review to assess the
implementation of HIT in cancer screening.

Methods

Overview
This scoping review was conducted by a multidisciplinary team
of researchers from the CCIS with expertise in implementation
science, health informatics, health services research, and cancer
control. We followed the 6-stage scoping review methodology
described by Arksey and O’Malley [32], with consideration of
later modifications to this approach made by Levac et al [33].
This review was reported in accordance with the PRISMA-ScR
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Reviews) [34].

Ethical Considerations
Ethics approval from the George Mason University Institutional
Review Board was not required for this review.

Research Questions
This scoping review was designed to answer two overarching
questions: (1) What is known about how HIT-based
interventions are used to enhance guideline concordance of
cancer screening in primary care settings? (2) What is known
about the barriers or facilitators to the implementation and
dissemination of these interventions?

Identifying Relevant Studies
With assistance from a health sciences librarian, the first author
(COJ) conducted a 3-step search process to identify relevant
US-based peer-reviewed and gray literature studies. First, the
following bibliographic databases were systematically searched:
MEDLINE, CINAHL Plus, Web of Science, and IEEE Xplore.
These databases were searched using a combination of search
strings that included relevant controlled vocabulary (eg, Medical
Subject Heading) and keywords with Boolean operators. The
search terms were selected based on a review of the existing
literature and refined based on the input of the coauthors. To
ensure that the search yielded relevant studies, variations of the
search strategy were pilot-tested by 3 authors (COJ, RG, and
RX) and refined before the final search was conducted. Our
final search strategy for bibliographic databases is provided in
Multimedia Appendix 1.

Second, this search was supplemented by a review of gray
literature (eg, study protocols, unpublished empirical trials,
dissertations, reports, and government publications) to consider
studies that might not be indexed in bibliographic databases.
This search primarily consisted of targeted website searching
of cancer, HIT, public health organizations, and funding
agencies recommended by the authors (COJ, RG, KHC). Our

final gray literature search strategy is provided in Multimedia
Appendix 2. Additional gray literature databases (CQ Press
Library, Policy File Index, Find Policy, and Harvard Kennedy
School Think Tank Search), recommended by the health
sciences librarian, were explored but did not yield useful results.
Finally, we identified relevant studies with a snowball search
technique, whereby the reference lists of sources selected for
full-text review were also examined for additional studies to
include in the final review sample.

Study Selection

Eligibility Criteria
Studies on HIT and cancer screening before January 2015 are
covered in prior publications [15,17,18]. Our search was
designed to build on that work, so it was limited to studies
published from 2015 to 2021 (the time at which we started the
review process). Studies were considered eligible for inclusion
if they (1) were US-based, reported in the English language,
and published between January 2015 and June 2021; (2) reported
on activities conducted in the primary care setting; (3) focused
on evidence-based cancer screening; (4) involved the use of
HIT to support this screening; (5) were related to specific
workflow steps involved in conducting cancer screening in
primary care (identifying patients due for screening at the point
of care or in panel management, obtaining results of past
screenings through data exchange, or providing appropriate
follow-up care); and (6) targeted screening for breast, colorectal,
or cervical cancer. A checklist of these criteria was created to
guide the selection of relevant studies and then pilot-tested in
a subsample of articles (n=60) and refined (COJ, RG, and RX)
to ensure that its criteria could be applied consistently. The
checklist was supported by a glossary of key terms to ensure
shared understanding across reviewers of potential studies. The
final checklist and glossary are provided in Multimedia
Appendices 3 and 4, respectively. All study designs were eligible
for inclusion as long as the study included some description of
how HIT was used to support breast, colorectal, and cervical
cancer screening in primary care settings. If a study was an
evidence review (eg, systematic review or narrative review),
only studies included in the final sample of the review and
published between January 2015 and June 2021 were assessed
for potential inclusion. If multiple publications described a
single intervention but described different approaches for using
HIT, all applicable studies were assessed for inclusion.

Dual Screening Review
Results of the search strategies described above were imported
and managed in Zotero [35]. The first author (COJ) removed
duplicate studies. Then, reviewers in eight 2-person teams were
assigned studies to dual screen [36] (team 1: COJ and RG; team
2: AH and HA; team 3: LD and RX; team 4: KR and JMF; team
5: KHC and EB; team 6: KAR and JC; team 7: MMK and ATR;
and team 8: MIF and DJA). Dual screening was performed in
2 steps. First, study titles and abstracts were dual screened by
each review team using the inclusion and exclusion checklist
to assess eligibility. Second, studies included for full-text dual
screening were assessed by the same review teams for final
inclusion in the scoping review. Any discrepancies that emerged
within a review team were reconciled by consensus. The first
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and senior authors (COJ and RG) provided final decisions for
any studies that could not be reconciled by a review team.

Data Charting
A data charting form was developed using Qualtrics, a
web-based survey software, to systematically extract information
from studies selected for inclusion in the review analyses. The
form was initially pilot-tested on 2 articles and refined (COJ,
RG, and HA). Next, the review teams extracted information
from their assigned studies. Extracted data elements included
study citation, publication year, publication type, study design,
study setting, sample composition by race or ethnicity, and
cancer screening focus (breast, colorectal, and cervical cancer).
Extracted characteristics of the relevant HIT tools involved in
a given study included type, users, functions, purpose
(intervention or implementation strategy supporting an
intervention), and supported cancer screening activities. Data
elements were extracted in multiple choice or free-text form,
depending on the type of data. Multiple implementation
frameworks [37-40] were used to guide data extraction. A check
of at least 50% (49/101 studies) of extracted studies suggested
that data charting quality was high and the agreement rate
between the initial reviewers and the reviewers that conducted
the quality check was >90%.

Multiple implementation frameworks [37-40] were used to
guide data extraction. Specifically, the Reach, Effectiveness,
Adoption, Implementation, and Maintenance (RE-AIM)
framework [37] guided the extraction of dissemination and
implementation outcomes: target end users (clinical staff and
patients) of HIT (Reach), HIT impact on cancer screening in
primary care (Effectiveness), the rate of HIT adoption
(Adoption), the extent to which a given HIT-based intervention
was implemented (Implementation), and the extent to which
sustainability of HIT adoption was measured (Maintenance).
Assessment of the evidence on barriers and facilitators of HIT
adoption was guided by the Integrated Technology
Implementation Model (ITIM), which includes 12 inner and
outer context concepts known to be central to the
implementation and adoption of technology in health care
settings, and is based on the Consolidated Framework for
Implementation Research, adapted to HIT-based interventions
[38]. Although technology frameworks have been used to
investigate the usability and acceptance of HIT-based

interventions [41-43], to our knowledge, the ITIM is the only
model that incorporates theories of both implementation science
and technology adoption. The Expert Recommendations for
Implementing Change (ERIC) compilation [39] guided the
categorization of discrete implementation strategies identified
in the studies. The implementation strategies reporting the
framework by Proctor et al [40] guided the extraction and
analysis of implementation strategies used to support the HIT
adoption.

Collating, Summarizing, and Reporting Results
Descriptive data were compiled and interpreted using Stata/MP
(version 15.1; StataCorp LLC) to quantify the frequencies of
extracted data in discrete fields. Free text data charted in
Qualtrics were exported to Excel (Microsoft Corp) for
qualitative content analysis [44,45]. Authors (COJ, JC, RX, and
RG) reviewed and categorized free text for HIT characteristics,
RE-AIM domains, implementation barriers, facilitators, and
core elements of implementation strategies (eg, actor and target
of action). Most analyses used an iterative process, which
involved initial coding and identification of themes (ie,
categories) by 2 reviewers, resolving discrepancies and refining
categories through team discussion, and recoding the text using
finalized categories. Multimedia Appendix 5 provides details
about these procedures.

Consultation
Authors (RG, JC, RX, HA, and AH) were consulted at each
stage of the scoping review to provide input on the search, data
abstraction, and interpretation of the results. We also consulted
with implementation science experts about the conceptual
frameworks selected for this study.

Results

Literature Search
The search yielded an initial total of 618 studies (Figure 1).
After removing duplicates, 485 titles and abstracts were assessed
for inclusion. Among these, 350 studies were excluded as not
meeting the inclusion criteria. Full-text review was conducted
on 135 records that met the inclusion criteria. A snowball search
yielded an additional 115 studies that were assessed for
eligibility. A final total of 101 studies met the inclusion criteria.
Multimedia Appendix 6 provides a complete list of these studies.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram. HIT: health IT.

Characteristics of the Included Studies
Included studies were published between January 2015 and June
2021 (Table 1). Most studies were peer-reviewed (92/101,
91.1%). Study design was mostly nonexperimental (descriptive:
18/101, 17.8% or observational: 15/101, 14.9%) in comparison
to experimental (randomized controlled trials: 29/101, 28.7%),
quasi-experimental (pre-post design: 21/101, 20.8%;

nonrandomized controlled trials: 5/101, 5%; or other
quasi-experimental studies: 3/101, 3%), and other studies
(10/101, 9.9%). Most studies covered HIT targeting colorectal
cancer screening (83/101, 82.2%), followed by breast cancer
screening (28/101, 27.7%) and cervical cancer screening
(19/101, 18.8%); these sum up >101 as some addressed more
>1 type of cancer screening.
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Table 1. Characteristics of the included studies (N=101).

Total, (N=101),
n (%)

Cervical cancer (n=19),
n (%)

Breast cancer (n=28),
n (%)

Colorectal cancer (n=83),

n (%)a
Characteristics

Publication yearb

15 (14.9)1 (5.3)4 (14.3)13 (15.7)2015

18 (17.8)3 (15.8)6 (21.4)15 (18.1)2016

21 (20.8)4 (21.1)5 (17.9)15 (18.1)2017

18 (17.8)3 (15.8)2 (7.1)16 (19.3)2018

13 (12.9)4 (21.1)5 (17.9)10 (12)2019

11 (10.9)3 (15.8)5 (17.9)9 (10.8)2020

5 (5)1 (5.3)1 (3.6)5 (6)2021

Publication type

92 (91.1)16 (84.2)26 (92.9)78 (94)Peer-reviewed article

4 (4)2 (10.5)2 (7.1)1 (1.2)Report

3 (3)——c3 (3.6)Study protocol

2 (2)1 (5.3)—1 (1.2)Other

Study design

Nonexperimental

18 (17.8)4 (21.1)5 (17.9)15 (18.1)Descriptive

15 (14.9)4 (21.1)9 (32.1)11 (13.3)Observational

Experimental

29 (28.7)5 (26.3)7 (25)24 (28.9)RCTd

Quasi-experimental

21 (20.8)2 (10.5)5 (17.9)17 (20.5)Pre-post study design

5 (5)3 (15.8)1 (3.6)3 (3.6)Non-RCT

3 (3.0)——3 (3.6)Other quasi-experimental

10 (9.9)1 (5.3)1 (3.6)10 (12)Other study designs

aPercentages were calculated based on column totals.
bPublication year represents studies published from January 2015 to June 2021.
cNot available.
dRCT: randomized controlled trial.

Characteristics of the primary care settings where the research
in the included studies was conducted are shown in Table 2.
Approximately half of the included studies (52/101, 51.5%)
reported on practice location. Most studies involving colorectal
(22/83, 27%) or breast (6/28, 21%) cancer screening were
conducted in urban areas, and most studies on cervical cancer
screening (5/19, 26%) were conducted in rural areas. Studies
on colorectal cancer screening were primarily conducted in
federally qualified health centers (20/83, 24%); most of those

on breast and cervical cancer screening were conducted in
academic-based clinics (9/28, 32% and 5/19, 26%, respectively).
More than half (59/101, 58.4%) of the included studies
(colorectal: 47/83, 57%; breast cancer: 17/28, 61%; and cervical:
8/19, 42%) reported information on racial or ethnic minoritized
participants (patients from racial or ethnic minority groups). Of
these 59 studies, 34 (58%) reported that ≤50% of study
participants were members of racial or ethnic minority
populations.
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Table 2. Primary care practice characteristics of the included studies (N=101).

Total, (N=101),
n (%)

Cervical cancer (n=19),
n (%)

Breast cancer (n=28),
n (%)

Colorectal cancer (n=83),

n (%)a
Characteristics

Practice location

26 (25.7)2 (10.5)6 (21.4)22 (26.5)Urban

15 (14.9)5 (26.3)5 (17.9)11 (13.3)Rural

11 (10.9)3 (15.8)2 (7.1)11 (13.3)Combination of urban and rural

49 (48.5)9 (47.4)15 (53.6)39 (47)Not reported

Practice type

22 (21.8)5 (26.3)9 (32.1)17 (20.5)Academic-based clinic

21 (20.8)3 (15.8)1 (3.6)20 (24.1)Federally Qualified Health Centers

21 (20.8)3 (15.8)4 (14.3)18 (21.7)Freestanding or other

12 (11.9)1 (5.3)2 (7.1)10 (12)Hospital-based clinic

25 (24.8)7 (36.8)12 (42.9)18 (21.7)Not reported

Sample percentage of racial or ethnic minority groups

34 (33.7)6 (31.6)13 (46.4)25 (30.1)≤50%

25 (24.8)2 (10.5)4 (14.3)22 (26.5)>50%

42 (41.6)11 (57.9)11 (39.3)36 (43.4)Not reported

aPercentages were calculated based on column totals.

Characteristics of the HIT Interventions
Our definitions of HIT tool types and functions and the types
of cancer screening activities they supported are provided in
Multimedia Appendix 4. Of the 101 included studies, 66 (65.3%)
reported on interventions involving 1 HIT tool and 35 (34.7%)
reported on interventions involving >1 HIT tool (Table 3). In
these studies, the HIT tool was either the intervention of focus,
one component of a multicomponent intervention that also
included non-HIT elements, or was used as an implementation
strategy to support the intervention of focus.

Most of the included studies (85/101, 84.2%) involved
EHR-based HIT tools (Table 3). Web-based (18/101, 17.8%)
and other types of HIT tools (19/101, 18.8%) were less common.
The HIT function most commonly involved in included studies
was clinical decision support (CDS) across all cancer screening
types (Table 3). CDS tools for panel management were most
common in studies involving colorectal cancer screening (50/83,

60%). CDS at the point of care was commonly used in studies
on breast (16/28, 57%) and cervical cancer screening (12/19,
63%). Other commonly studied HIT functions included risk
identification (colorectal: 13/83, 16% and cervical: 6/19, 32%),
patient decision aids (colorectal: 13/83, 16% and breast: 9/28,
32%), and tools for tracking patient adherence to recommended
care (colorectal: 27/83, 33% and cervical: 6/19, 32%).

The cancer screening activities were primarily related to
identifying patients for screening in panel management
(colorectal: 50/83, 60%; breast: 8/28, 29%; and cervical: 7/19,
37%) and at the point of care (colorectal: 39/83, 47%; breast:
15/28, 54%; and cervical: 12/19, 63%). Other commonly
supported cancer screening activities included follow-up care
for referral (colorectal: 36/83, 43%; breast: 7/28, 25%; and
cervical: 7/19, 37%) and for positive or abnormal screening
results (colorectal: 12/83, 15% and cervical: 5/19, 26%; Table
3).
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Table 3. Characteristics of the health IT (HIT) sources and functions used to promote cancer screening in primary care, as represented in the included
studies (N=101).

Total (N=101),
n (%)

Cervical cancer (n=19),
n (%)

Breast cancer (n=28),
n (%)

Colorectal cancer (n=83),

n (%)a
Characteristics

Using single or multiple HIT tools

66 (65.3)14 (73.7)22 (78.6)53 (63.9)Single HIT tools

35 (34.7)5 (26.3)6 (21.4)30 (36.1)Multiple HIT tools

HIT sources

85 (84.2)18 (94.7)20 (71.4)74 (89.2)EHRb based

18 (17.8)3 (15.8)9 (32.1)11 (13.3)Web based

19 (18.8)3 (15.8)3 (10.7)15 (18.1)Other or unclear

HIT functions

57 (56.4)9 (47.4)7 (25)50 (60.2)CDSc panel management or outreach

48 (47.5)12 (63.2)16 (57.1)41 (49.4)CDS point of care

18 (17.8)6 (31.6)5 (17.9)13 (15.7)Risk identification

18 (17.8)2 (10.5)9 (32.1)13 (15.7)Patient decision aid

12 (11.9)1 (5.3)1 (3.6)11 (13.3)Provider assessment and feedback

30 (29.7)6 (31.6)4 (14.3)27 (32.5)Tracking patient adherence

3 (3.0)——d3 (3.6)Other

Cancer screening activities supported by HIT

56 (55.4)7 (36.8)8 (28.9)50 (60.2)Panel management

45 (44.6)12 (63.2)15 (53.6)39 (47)Point of care

41 (40.6)7 (36.8)7 (25.0)36 (43.4)Follow-up (referral)

17 (16.8)5 (26.3)2 (7.1)12 (14.5)Follow-up (abnormal or positive result)

10 (9.9)4 (21.1)2 (7.1)7 (8.4)Acquire previous results

24 (23.8)5 (26.3)11 (39.3)21 (25.3)Other

aPercentages were calculated based on column totals. Some studies featured >1 HIT source, function, and cancer screening activity. As a result, these
categories are not mutually exclusive and will not necessarily sum to 100%. Refer to Multimedia Appendix 4 for definitions of the terms used in this
table.
bEHR: electronic health record.
cCDS: clinical decision support.
dNot available.

Reporting on RE-AIM Outcomes

Overview
A summary of reporting on RE-AIM outcomes is provided in
Table 4.
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Table 4. Reporting on Reach, Effectiveness, Adoption, Implementation, and Maintenance (RE-AIM) outcomes for health IT (HIT) targeting cancer
screening in primary care.

Cancer screening typeData chartedRE-AIM domains

Cervical cancerBreast cancerColorectal cancer

HighHighHighaWas the number of targeted staff or patients for HIT-based interven-
tion reported

Reach

HighModerateHighDid the HIT tools show positive results in the cancer screening in-
tervention

Effectiveness

LowModerateLowRate of HIT adoptionAdoption

LowLowModerateBarriers, facilitators, and implementation strategies used related to
HIT

Implementation

LowLowLowWas the sustainment of HIT adoption measuredMaintenance

aLow: <25% of the included studies for each cancer screening type category, moderate: 25% to 50% of the included studies for each cancer screening
type category, and high: >50% of the included studies for each cancer screening type category. Percentages were calculated with respect to the included
studies for each cancer screening type category.

Effectiveness
Of the 101 included studies, 24 (23.8%) reported on the
effectiveness of HIT targeting breast (14/28, 50% of breast
cancer–relevant studies) and cervical cancer screening (10/19,
53% of cervical cancer–relevant studies; Multimedia Appendix
7 includes a table with these results). Of the 101 included
studies, 54 (53.5%) reported the effectiveness of HIT targeting
colorectal cancer screening (54/83, 65% of colorectal
cancer–relevant studies). Among studies reporting on
effectiveness, most-reported positive outcomes (improved
screening rate) associated with the use of HIT (36/54, 67% of
colorectal cancer–relevant studies; 9/14, 64% of breast
cancer–relevant studies; and 7/10, 70% of cervical
cancer–relevant studies). This evidence mostly represented CDS
used during panel management (22/83, 27% of colorectal
cancer–relevant studies) or at the point of care (5/28, 18% of
breast cancer–relevant studies and 5/19, 26% of cervical
cancer–relevant studies; Multimedia Appendix 7).

Reach, Adoption, and Maintenance
Among the 101 included studies, 79 (78.2%) reported on the
reach of HIT-based interventions. Most of the studies focused
on reach involved HIT for colorectal cancer screening (63/83,
76% of colorectal cancer–relevant studies studies). The reach
of HIT-based interventions targeting breast cancer screening
was reported in 82% (23/28) of the breast cancer–relevant
studies and in 74% (14/19) of the studies targeting cervical
cancer screening. Overall, 15.8% (16/101) of the studies reported
on HIT adoption (colorectal: 10/83, 12%; breast: 9/28, 32%;
and cervical: 1/19, 5%), and 2% (2/101) of the studies reported
on maintenance of HIT-based interventions. Of those that
reported on adoption, there was mostly a low rate of adoption
(≤50%) across all cancer screening types (Multimedia Appendix
8 includes a table with these results).

Implementation
The proportion of studies reporting on the implementation of
the HIT ranged from 25% to 50% for those related to colorectal
cancer screening (Table 4). It was reported in <25% of the
studies related to HIT targeting breast and cervical cancer
screening. Implementation barriers, facilitators, and strategies
related to HIT adoption across all cancer screening types are
described further in the next 2 sections.

Implementation Barriers and Facilitators of HIT
Adoption
A total of 34 studies reported on barriers and 37 studies reported
on facilitators to implementing the HIT-based interventions of
focus in primary care (Table 5). The most-reported barriers and
facilitators were related to the ITIM constructs inner context
(barriers: 17/34, 50% and facilitators: 14/37, 38%), nature of
the innovation (barriers: 15/34, 44% and facilitators: 17/37,
46%), and outer context (barriers: 11/34, 32% and facilitators:
9/37, 24%). Inner context barriers included limited staff time
to use the HIT and adoption competing with other clinic
priorities. Inner context facilitators included having dedicated
staff assigned to operate and manage a given HIT tool, and
organizational policies supporting HIT adoption. Barriers related
to the nature of the innovation included inaccurate cancer
screening data reported by the HIT intervention and the burden
of HIT development and maintenance. Facilitators related to
the nature of the innovation included that HIT automation and
customization features reduced staff resources and time needed
in providing care. Outer context barriers included challenges
involved with working with an EHR vendor to activate and
update the tool and challenges with accessing screening results
conducted outside the clinics. Outer context facilitators included
Medicaid expansion including cancer screening as an
incentivized metric and the clinic being a Federally Qualified
Health Center, which necessitated responsiveness to such
metrics. A table with more examples of barriers and facilitators
is provided in Multimedia Appendix 9.
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Table 5. Reporting on the barriers and facilitators of health IT adoption aligned with the Integrated Technology Implementation Model (ITIM).

Facilitators (n=37), n (%)Barriers (n=34), n (%)aITIM constructs

1 (3)2 (6)Adoption or adopters

5 (14)6 (18)Communication

6 (16)5 (15)Economic environment

4 (11)—bFacilitators (boundary spanner)

9 (24)3 (9)Implementation

14 (38)17 (50)Inner context

2 (5)5 (15)Interfacing systems

2 (5)2 (6)Leadership

17 (46)15 (44)Nature of the innovation

9 (24)11 (32)Outer context

4 (11)9 (26)Users (adopters)

11 (30)9 (26)Workflow

aPercentages were calculated with respect to the total studies that reported barriers or facilitators. Some studies featured both barriers and facilitators
to health IT adoption for cancer screening in primary care. As a result, these categories are not mutually exclusive and will not necessarily sum to 100%.
bNot available.

Implementation Strategies to Support HIT Adoption
Implementation strategies targeting HIT adoption were reported
in 24% (24/101) of the included studies. Those reported were
mapped to 22 implementation strategies from the ERIC
compilation [39] (Multimedia Appendix 10). Of the studies
reporting implementation strategies, >50% used ≥2 strategies
and >50% reported strategies promoting HIT use for colorectal
cancer screening. Common strategies to promote HIT use among
all cancer screening types included central technical assistance,
conducting small tests of change, and educational meetings. A

table with more examples is available in Multimedia Appendix
10. Reported evidence mapped to the domains formulated by
Proctor et al [40] (Table 6) and were mostly focused on
describing implementation strategies to support HIT adoption
for colorectal cancer screening (22/83, 27% of colorectal
cancer–relevant studies) in comparison to breast (6/28, 21% of
breast cancer–relevant studies) and cervical cancer screening
(4/19, 21% of cervical cancer–relevant studies). Overall, less
than half of the included studies, for each cancer screening type,
reported evidence in accordance with each implementation
strategy domain.

Table 6. Reporting on the implementation strategies used to support health IT adoption.

Cancer screening typeData chartedImplementation strategy domains by Proctor
et al [40]

Cervical cancerBreast cancerColorectal cancer

LowLowModerateaWho delivers the strategyActor

LowLowModerateProcedures to conduct the strategyAction

LowLowLowIntent of actionTarget of action

LowLowLowWhen does the strategy happenTemporality

LowLowLowFrequency or intensityDose

LowLowLowWhat will the strategy changeImplementation outcomes affected

LowLowModeratePurpose of the strategyJustification

aLow: <25% of the included studies for each cancer screening type category, moderate: 25% to 50% of the included studies for each cancer screening
type category, and high: >50% of the included studies for each cancer screening type category.

Discussion

Principal Findings
This scoping review summarizes the state of the science about
the implementation of HIT-based interventions targeting breast,
cervical, or colorectal cancer screening in primary care. Previous

reviews identified the positive impact of HIT-based interventions
throughout the cancer care continuum, including cancer
screening [15,17,18]. This review adds to prior evidence by
bringing an implementation science perspective; this is needed
because the impact of HIT-based interventions is limited by the
extent to which such interventions are effectively integrated
into practice. This scoping review provides updated evidence
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up to 2021. This is not a systematic review; our goal was to
identify knowledge gaps. Results indicate that key knowledge
gaps related to the implementation of HIT in cancer screening
in primary care include (1) the effectiveness of HIT targeting
breast and cervical cancer screening, (2) HIT adoption in
diverse primary care settings, (3) the implementation strategies
that support the adoption of HIT, and (4) equitable reach or
adoption of HIT. Addressing these evidence gaps may be critical
to supporting the implementation of high-quality primary care
[46].

Knowledge Gap 1: Limited Evidence on the
Effectiveness of HIT Targeting Breast and Cervical
Cancer Screening
This review emphasizes the need to improve the evidence on
HIT effectiveness, especially HIT targeting breast and cervical
cancer screening uptake, in diverse primary care settings.
Effectiveness outcomes included, but were not limited to,
improvements in cancer screening initiation by the patient or
provider and patient completion of cancer screening. Although
the use of HIT-based interventions was associated with
improved screening outcomes for all 3 cancer types, there were
far fewer studies of HIT effectiveness for breast and cervical
cancer screening (a combined total of 24 studies) in comparison
to the 54 studies involving colorectal cancer screening.
Furthermore, most studies related to HIT targeting breast or
cervical cancer prevention were conducted in academic medical
centers and were not readily generalizable to other primary care
settings. This limited evidence is concerning as both are
common cancers, and evidence-based guidelines for such
screenings are not met in many patient populations.

In addition, the lack of reporting on HIT effectiveness was
especially common in studies in which HIT was part of a
multicomponent intervention [14]; thus, even if the effectiveness
of the overall intervention was reported, the impact of the HIT
element of the intervention was not clear. More research is
needed to establish the effectiveness of HIT targeting cancer
screening in diverse primary care settings, including trials of
the individual and combined effect of HIT within
multicomponent interventions. The need for an improved
understanding of the effectiveness of HIT is especially salient
given that national programs (eg, Promoting Interoperability
Program, formerly Meaningful Use) promote the use of HIT in
health care settings [47] as a means to improve health outcomes.

Knowledge Gap 2: Limited Evidence of the Reach,
Adoption, and Maintenance of Effective HIT Targeting
Cancer Screening
The limited reporting on the reach, adoption, and maintenance
of such interventions aligns with the known lack of reporting
on these implementation outcomes in analyses of other
interventions [48]; the need to improve such reporting is well
known in implementation science. When HIT adoption is not
reported, it is difficult to assess an intervention’s
population-level impact. In particular, if a limited number of
potential users adopt an intervention, even when there is good
reach and it is highly effective, population-level impacts may
be low. Where adoption was reported, its rates were generally

low (≤50%), underscoring the need for further research on
improving the uptake of effective HIT [49]. When
implementation barriers and facilitators to HIT adoption were
reported, most related to inner context, outer context, and the
nature of the innovation (including a given HIT tool’s function).
Future research should assess which combination of these
contextual factors is associated with the adoption of HIT with
varied functions when used in different workflow steps (ie,
panel management, point of care, and follow-up care). To further
understand how contextual factors impact care teams’ adoption
of HIT for cancer screening, there is also a need for more
widespread reporting on practice type, which was rarely noted
in the studies included here. Similarly, few studies reported on
the sustainment of tool adoption. This evidence gap is seen
throughout the implementation science literature [50]; improved
knowledge of how to sustain the use of effective interventions
is critical to maximizing their impact. Knowledge gap 3
describes the need for evidence on how to improve the adoption
and maintenance of HIT-based interventions targeting cancer
screening in primary care. We also posit that the lack of
evidence on such interventions’ reach is relevant to how such
interventions support equity in cancer screening, as discussed
in knowledge gap 4.

Knowledge Gap 3: Limited Evidence on
Implementation Strategies That Support the Adoption
of HIT Targeting Cancer Screening in Primary Care
A total of 24 studies (<25% of the included studies) reported
on strategies used to support the adoption of HIT-based
interventions, and few of these assessed the effectiveness of the
strategies. This is complicated by the fact that in some cases a
given HIT tool was considered the intervention or an
intervention component, and in others, it was considered an
implementation strategy for supporting the adoption of a clinical
intervention. In the implementation science literature, the
boundaries between clinical intervention and implementation
intervention and between implementation intervention and
implementation strategies are not always clear, adding
complexity to this reporting.

Research is needed on how to support the adoption of HIT-based
interventions targeting cancer screening using implementation
strategies, how to use HIT as an implementation strategy, and
what types of support strategies are used even in reports on
HIT-based interventions’ impact. Reporting must strive to
clearly differentiate between these approaches; the need for
better reporting on implementation strategies is well known
[51-53]. Although such reporting can be resource intensive,
methods are emerging to facilitate it [40,54].

Research is also needed to specify how effectively different
implementation strategies support the adoption of different
HIT-based interventions in different care settings. Known
barriers and facilitators to HIT adoption, in general, may also
be impactful for HIT targeting cancer screening. For example,
evidence indicates that barriers to HIT use include inadequate
training for care teams on using EHR functions to their full
potential [55-58]. Thus, effective implementation strategies for
HIT targeting cancer prevention may involve training.
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Knowledge Gap 4: Limited Evidence on the Reach and
Equitable Implementation of HIT for Cancer Screening
in Primary Care
The equitable reach of HIT tools for cancer screening is poorly
described. A few studies specifically focused on racial or ethnic
minority groups; many were conducted in federally qualified
health centers, which often serve racial or ethnic minority
groups. Relevant data were reported in just 58.4% (59/101) of
the studies included here. However, where such data were
reported, eligible patients reached by the HIT interventions had
a lower percentage of non-White patients than would be
expected for the populations served, suggesting inequities in
reach or underreporting. This is concerning, as racial disparities
in cancer screening persist [59-61], and previous research found
that interventions targeting breast or cervical cancer screening
are less likely to target patients considered most at risk, for
example, those in socioeconomically and racial or ethnic
minoritized groups [5]. Findings from this scoping review
underscore the need to understand potential drivers of these
inequities (eg, design flaws in algorithms used to identify
eligible patients and clinician bias in applying the HIT tool) and
solutions to mitigate these inequities. One step toward
addressing this inequity must involve improved reporting on
how HIT is used in diverse patient populations. The
well-documented need to improve reporting of race or ethnicity
in health care [62] likely exacerbates the lack of reporting on
the comparative reach of the tools included in this review among
different groups. Another step toward equitable reach of HIT
is understanding and addressing barriers to the inclusion of
racial or ethnic minoritized patients in research on HIT adoption
and impact. Future research on HIT adoption for cancer
screening should explore strategies that support documentation,
recruitment, and retention of racial or ethnic minoritized patients
[63].

Limitations
HIT-based interventions might be used to improve outcomes
at each step of the cancer control continuum, such as risk
assessment, prevention, detection, diagnosis, treatment,
survivorship, and end-of-life care [15]. This review was limited
to cancer screening. Furthermore, although breast, colorectal,
and cervical cancer are highly prevalent cancers whose detection

is in the purview of primary care, no other cancers recommended
for screening in primary care (eg, lung cancer) were included;
future research could assess whether the gaps identified in this
study are seen for a broader set of cancers. This review was
limited to US studies; therefore, the relevance of the findings
is limited to the context of HIT policies and infrastructure as
applicable to US primary care settings. Another potential
limitation is that urban or rural status was defined based on what
each study reported, and they may have used different methods
for making this characterization.

In addition, the overlapping quality of some HIT characteristic
categories (tool types and functions) made it difficult to execute
related data charting. Similarly, content analysis of HIT
functions was complicated when implementation strategies
overlapped or when studies did not specify which cancers were
targeted by the strategies. Our definition of effectiveness did
not capture screening outcomes related to each clinical workflow
(eg, an intervention using CDS for panel management showed
improvements in colorectal cancer screening but did not clarify
how improvements impacted screening initiation, completion,
or follow-up care). Finally, we followed the PRISMA-ScR
guidelines [34] to examine a broad array of literature to include
studies that are heterogeneous in design and quality [64].
Although our search strategy followed an iterative process, it
is possible that some relevant existing articles were not captured;
we sought to mitigate this using a snowball search.

Conclusions
In what is, to our knowledge, the first scoping review of the
implementation of HIT-based interventions for cancer screening
in primary care settings, we identified critical knowledge gaps.
Little is known about the effectiveness of HIT-based
interventions specifically targeting guideline-concordant breast
and cervical cancer screening. Clarity is needed on the individual
and combined effectiveness of HIT when integrated into a
multicomponent intervention targeting cancer screening. Even
less is known about how to enhance the adoption of
cancer-targeted HIT in primary care. The potential for inequities
in the reach of HIT for cancer screening remains underexplored.
Research is necessary on implementation strategies to promote
equitable access, ensuring that the potential benefits of HIT for
population health are realized across diverse patient populations.
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Abstract

Background: During the COVID-19 pandemic, Twitter (recently rebranded as “X”) was the most widely used social media
platform with over 2 million cancer-related tweets. The increasing use of social media among patients and family members,
providers, and organizations has allowed for novel methods of studying cancer communication.

Objective: This study aimed to examine pediatric cancer–related tweets to capture the experiences of patients and survivors of
cancer, their caregivers, medical providers, and other stakeholders. We assessed the public sentiment and content of tweets related
to pediatric cancer over a time period representative of the COVID-19 pandemic.

Methods: All English-language tweets related to pediatric cancer posted from December 11, 2019, to May 7, 2022, globally,
were obtained using the Twitter application programming interface. Sentiment analyses were computed based on Bing, AFINN,
and NRC lexicons. We conducted a supplemental nonlexicon-based sentiment analysis with ChatGPT (version 3.0) to validate
our findings with a random subset of 150 tweets. We conducted a qualitative content analysis to manually code the content of a
random subset of 800 tweets.

Results: A total of 161,135 unique tweets related to pediatric cancer were identified. Sentiment analyses showed that there were
more positive words than negative words. Via the Bing lexicon, the most common positive words were support, love, amazing,
heaven, and happy, and the most common negative words were grief, risk, hard, abuse, and miss. Via the NRC lexicon, most
tweets were categorized under sentiment types of positive, trust, and joy. Overall positive sentiment was consistent across lexicons
and confirmed with supplemental ChatGPT (version 3.0) analysis. Percent agreement between raters for qualitative coding was
91%, and the top 10 codes were awareness, personal experiences, research, caregiver experiences, patient experiences, policy
and the law, treatment, end of life, pharmaceuticals and drugs, and survivorship. Qualitative content analysis showed that Twitter
users commonly used the social media platform to promote public awareness of pediatric cancer and to share personal experiences
with pediatric cancer from the perspective of patients or survivors and their caregivers. Twitter was frequently used for health
knowledge dissemination of research findings and federal policies that support treatment and affordable medical care.

Conclusions: Twitter may serve as an effective means for researchers to examine pediatric cancer communication and public
sentiment around the globe. Despite the public mental health crisis during the COVID-19 pandemic, overall sentiments of pediatric
cancer–related tweets were positive. Content of pediatric cancer tweets focused on health and treatment information, social
support, and raising awareness of pediatric cancer.

(JMIR Cancer 2024;10:e52061)   doi:10.2196/52061
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Introduction

Social media platforms are widely used to exchange information
and share resources. One such platform is Twitter (recently
rebranded as “X”), a microblogging site with approximately
400 million global users. Social media platforms such as Twitter
have been used by patients with health conditions, their
caregivers, and other family members to connect with
individuals in similar situations and learn from patients,
researchers, and organizations worldwide. Patients with cancer,
survivors of cancer, and their family members commonly use
Twitter as a resource for treatment information and social
support. Twitter users consist of a variety of cancer stakeholders
including cancer centers, pharmaceutical companies, nonprofit
organizations, medical providers, patients, and patients’ family
and friends [1]. Individuals and organizations also use Twitter
and other social media platforms to increase awareness and
reach of cancer-related messages [2]. The increasing use of
social media among patients, providers, and organizations has
allowed for novel ways of studying cancer communication [3].

The global COVID-19 pandemic led to major changes in
lifestyle, social distancing, and isolation that uniquely affected
patients with cancer, caregivers, and other stakeholders. They
were negatively impacted by overly taxed health care
infrastructure and medical systems, restricted access to medical
care, and a mental health crisis. Research on cancer during the
pandemic spanned a range of topics including the global impact
of COVID-19 on cancer care management [4,5]. Cancer
survivors’ stressors during the pandemic included anxiety about
in-person appointments, fear of cancer recurrence, medical care
delays, uncertainty about future medical care, untreated
symptoms, and mental health concerns [6]. Caregivers of
patients with pediatric cancer experienced changes to their
child’s medical care, financial disruptions, and emotional stress
related to COVID-19 [7]. The COVID-19 pandemic was also
associated with an increased risk of depression and loneliness
in people living with cancer [8].

Twitter has been the most frequently used social media platform
for public health surveillance since 2006, and there were over
2 million cancer-related tweets during the pandemic [9,10].
Previous studies have examined changes in public sentiment
and the increasing use of Twitter during the pandemic [11,12].
For example, an analysis of Twitter showed that patients with
cancer expressed significant negative sentiment during the
COVID-19 pandemic [9]. Recent studies have examined the
content of cancer-related tweets for different types of cancer
diagnoses including lung, breast, and prostate cancer [13-15].
We only identified 2 studies thus far that have examined the
pediatric cancer experience on Twitter. The first was a
cross-sectional study examining the use of Twitter to discuss
childhood cancer during Childhood Cancer Awareness Month
[16]. The second used Twitter data to conduct a lexicon-based
sentiment analysis of patients with pediatric cancer using the

hashtag #ChildhoodCancer and found generally positive
sentiment scores [17].

Lexicon-based sentiment analytic approaches determine positive
and negative sentiments based on individual words [18]. Recent
behavioral health studies have used lexicon-based approaches
to analyze short text messages on social media platforms such
as Twitter [19-23]. In addition to determining the positive or
negative sentiment of words, the “NRC” lexicon assigns a
sentiment type using the following additional emotion
categories: anger, anticipation, disgust, fear, joy, sadness,
surprise, and trust [18]. Such analyses provide population-level
insights into patterns of health information sharing and
support-seeking on social media, and can inform the
dissemination of time-critical information and resources during
challenging times such as the COVID-19 pandemic.
Additionally, the launch of Open AI’s chatbot, ChatGPT,
provides a novel tool for nonlexicon-based sentiment analysis
via text-based chat inquiries. Emerging research suggests that
ChatGPT demonstrates superior performance in sentiment
analysis of free-text responses [24].

In this study, we examined cancer-related tweets for pediatric
cancer globally to capture the experiences of patients and
survivors of cancer, their caregivers, medical providers, and
other stakeholders. The objectives of our analysis using a Twitter
data set over a time period representative of the impact of the
COVID-19 pandemic were two-fold: (1) to quantitatively
analyze the public sentiment of tweets related to pediatric cancer
via lexicon-based and nonlexicon-based sentiment analytic
approaches; and (2) to qualitatively examine the topics relevant
to cancer diagnosis, treatment, and survivorship covered with
hashtags commonly associated with pediatric cancer via a
directed content analysis.

Methods

Ethical Considerations
This study did not require institutional review board approval
because we used publicly available social media data that do
not involve human subjects and do not fall within the scope of
Human Subjects Research. Seattle Children’s Hospital’s
Institutional Review Board uses the US Department of Health
and Human Services (DHHS) definition of Human Subjects
Research. Human Subjects Research under DHHS regulations
is defined as the investigator obtaining information through
intervention or interaction with living individuals; or obtaining,
using, studying, analyzing, or generating identifiable private
information. Our research is Nonhuman Subjects research
according to the Seattle Children’s HRP-101 Human Research
Protection Program Plan, P. 3, which uses the DHHS definition
of Human Subjects Research [25,26]. The publicly available
social media data reported in this paper have been anonymized
and contains no IDs, user names, or nonparaphrased tweets.
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Data Collection
In this study, we examined pediatric cancer–related
communication on Twitter encompassing a representative
timeframe ranging from before to after the COVID-19 pandemic.
We obtained a total of 182,628 publicly available global tweets
from December 11, 2019, to May 7, 2022, using the Twitter
application programming interface. An example of the query
and timeline information using “#teenagecancer” is available
in Multimedia Appendix 1. For this study, we restricted our
collection to English-only tweets. We identified a list of hashtags
commonly associated with pediatric cancer: #childhoodcancer,
#childhoodcancerawareness, #childhoodcancerday,
#internationalchildhoodcancerday, #kidsgetcancertoo,
#pediatriccancer, #pediatriconcology, #teenagecancer. These 8
keywords were selected because they were representative of
hashtags frequently used for pediatric cancer. The prepandemic
period was designated as December 2019 to February 2020.
The pandemic time period was designated as March 2020 to
June 2020. Lockdown and mandatory stay-at-home orders were
issued in 42 US states and territories across the United States
between March and May 2020 during the height of the pandemic
[27]. The postpandemic time period was designated as July
2020 to May 2022 after mandatory stay-at-home orders were
lifted in all states across the United States. Removing duplicates
resulted in a total of 161,135 tweets from 40,289 unique users.
All unique tweets were used for lexicon-based sentiment
analysis. Among the 161,135 tweets from 40,289 unique
accounts, we then randomly sampled a subset of 800 tweets and
analyzed them using a directed content approach. Of the subset
of tweets, 300 were randomly sampled and proportionately
stratified by pandemic period (prepandemic, during the
pandemic, and postpandemic).

Sentiment Analysis

Overview
“Sentiment analysis” or “opinion mining” is a natural language
processing technique used to analyze and extract insights from
text data, enabling the identification and understanding of the
sentiment, emotions, and subjective opinions expressed within
the text, which can be valuable for various applications such as
market research, customer feedback analysis, and social media
monitoring. We used lexicon-based approaches to conduct
analyses using the full data set of tweets. Nonlexicon-based
approaches can be used to evaluate whether the results may
align with lexicon-based analysis. Thus, we used ChatGPT to
conduct supplemental analyses on a randomly selected
subsample of tweets.

Lexicon-Based Approaches
All data preprocessing, cleaning, and analyses were performed
in R (version 4.2.2; R Foundation for Statistical Computing).
We used “saotd” for preprocessing and initial analyses [28].
Nonlanguage elements such as symbols, weblinks, punctuation,
emojis, and stop words, such as “the” and “of,” were removed.
Sentiment scores were first computed based on the Bing lexicon,
and we presented the most common positive and negative words

within the data set. Additional analyses were conducted using
the “syuzhet” package. We computed sentiments based on
“Bing,” “AFINN,” and “NRC” lexicons. The “Bing” lexicon
was developed by Liu [29] and categorizes 6788 English words
into positive and negative categories. The “NRC” lexicon
includes 6468 English words and classifies words as positive
or negative sentiments and includes emotional categories of
anger, anticipation, disgust, fear, joy, sadness, surprise, and
trust [30]. The “AFINN” lexicon includes 2476 English words
that were labeled with a value between –5 (negative sentiment)
and +5 (positive sentiment) [31]. We used the “get_sentiment”
function in the “syuzhet” package to calculate sentiment scores.
Final sentiment scores were generated for each of the lexicons.
All positive sentiment scores for “Bing,” “AFINN,” and “NRC”
lexicons were recoded to 1 and all negative sentiment scores
were recoded to –1. Weekly average scores were calculated to
reflect the average sentiment of tweets in a given week. We
used the “plot_ly” function in the “plotly” package to visualize
changes in weekly sentiment over time.

Supplemental Nonlexicon-Based Approach
ChatGPT (version 3.0) is a next-generation artificial
intelligence–based chatbot optimized for using natural language
processing to generate responses to user input [32]. We asked
ChatGPT (version 3.0) to analyze the overall sentiments of a
subset of 150 randomly sampled tweets, with 50 tweets each
from our pre-, during-, and postpandemic data sets. We entered,
“Can you provide the overall sentiments of the following
tweets?” into the query box. ChatGPT responded: “I'd be happy
to help you analyze the overall sentiments of the tweets you've
provided” along with its conclusions on sentiment. We analyzed
the sentiment of 50 tweets per data set which was below the
maximum size data set allowed for the free version of ChatGPT.

Qualitative Coding
We explored the background literature related to cancer and
other health conditions to identify a codebook based on directed
content analysis for our project [13,33-36]. We identified Sutton
et al [13] for lung cancer messages as the codebook that was
most relevant and related to our sample of pediatric cancer
tweets. We conducted a directed content analysis [37] using
codes and coding definitions from Sutton et al’s codebook.
Further, 2 of the authors (NL and AO) coded tweets in sets of
10 to iteratively refine and adapt the Sutton et al codebook and
definitions to correspond to pediatric cancer-related tweets. We
expanded the preliminary codebook to include the emergence
of 7 new coding categories that did not exist in the original
codebook. We also added a not enough information coding
category for tweets that were ambiguous and could not be coded.
Furthermore, 2 of the authors (NL and AO) met weekly to
discuss and address codebook discrepancies, and further refine
the codebook. The entire authorship team met to discuss
codebook development and refinement until it was stable and
finalized. The same 2 coders (NL and AO) used the final
codebook of content of tweets (adapted from Sutton et al [13];
Textbox 1) to independently double-code all 800 of the
randomly sampled tweets.
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Textbox 1. Final version of qualitative codebook of content of tweets.

Research

• Text that describes research on cancer at any point in the continuum, including study results, study in progress, conference presentations, journal
publications, research gaps, news publications describing recent findings, and researcher profiles. Any media source, for example, internet blogs,
WebMD, or consumer-focused articles apply.

Awareness

• Text that promotes awareness of cancer (eg, fundraising and prevalence), discusses potential symptoms and signs of cancer, activism, philanthropy,
inequities, books, or memoirs about the cancer experience, or makes general references to cancer.

Policy and the law

• Text about insurance, benefits, legal issues, public policy, and government funding. Code policy and the law only if the tweet does not contain
additional content that would lead you to double-code as awareness or another code.

Pharmaceuticals and drugs

• Text that mentions a generic or brand name drug or a pharmaceutical firm.

Prevention and risk information

• Text that describes cancer risk, behaviors that increase risk (eg, smoking and environmental causes), and behaviors that reduce risk or prevent
cancer (eg, healthy diet and smoking cessation).

Early detection

• Text that describes screening tests (eg, low-dose computed tomography), warning signs, early symptoms, and family history.

Diagnosis

• Text that contains information about a diagnosis, such as tests (eg, imaging, tests, and biopsy) and results (eg, malignant or benign).

Treatment

• Text that describes attempts to medically remove or alter cancer or cancer symptoms (eg, chemotherapy and surgery), discusses treatment of
symptoms, references individuals receiving treatment (eg, “fighting cancer”), or information about potential treatments.

Survivorship

• Text that describes life after cancer treatment, including remission, and long-term effects of treatment.

Mental health

• Text that describes the impact of the cancer journey on mental health, mental health treatment or resources, and mental health support.

End of life

• Text that discusses cancer-related deaths and legacy. Supportive messages, remembrances, and condolences regarding a patient who died. Parents
tweeting about their own children who died of cancer.

Personal experiences

• Text that mentions a personal experience with cancer, including messages about the self and others who have experienced cancer or are worried
about cancer. Includes publicized memoirs. If unclear identity of the tweet author (eg, patient, caregiver, and provider), only code personal
experiences.

Patient experiences

• Text from individuals with pediatric cancer diagnosis regarding self-experiences. Double-code with personal experiences.

Caregiver experiences

• Text from caregiver of pediatric cancer regarding personal experiences. Double-code with personal experiences.

Health status

• Text that describes current health status, illness progression, and related effects (eg, worries, concerns, and hope).

Social support
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• Supportive messages to a patient or caregiver in their illness journey. Encouraging messages from survivors of cancer to other survivors.

Provider experiences

• Supportive messages and appreciation for specific providers who care for patients with cancer or providers in general. Clinicians discussing their
experiences providing care. Double-code with personal experiences.

Not enough information

• Not enough information in the tweet to code content.

Interrater reliability was calculated as the percent agreement
between raters before consensus meetings. Consensus
conversations occurred weekly and we referenced the codebook
to resolve any discrepancies. The qualitative data were analyzed
using DeDoose (Sociocultural Research Consultants, LLC)
software for code frequency counts and code co-occurrences.
Data visualization of codes was represented by a word cloud
generated in DeDoose.

Research Team
Authors’ backgrounds included health services research (NL,
XZ, AO, HW, and KB), digital health research (NL, XZ, and
AO), analytics (XZ), implementation science (NL), clinical
psychology (NL, XZ, and AO), pediatric psychology (NL and
XZ), bioethics (KB), qualitative research (NL, XZ, and KB),
and psychosocial oncology research (NL, AO, HW, and KB).

Results

Sentiment Analyses
Cancer was the most commonly mentioned word, as it was
included in all hashtags that were used to collect the tweets.

Excluding “cancer,” “Bing” lexicon-based sentiment analyses
revealed that there were more positive words than negative
words in the extracted tweets (Figure 1). The “Bing” lexicon
was based on the largest lexicon among our 3 lexicons and was
able to analyze the largest number of tweets. The 5 most
commonly observed positive words in the “Bing” lexicon and
our data set were “support,” “love,” “amazing,” “heaven,” and
“happy.” The 5 most commonly observed negative words in
the “Bing” lexicon and our data set were “grief,” “risk,” “hard,”
“abuse,” and “miss.” Analyses from the “NRC” lexicon showed
that most tweets were categorized under the sentiment types of
“positive” (N=138,752), “trust” (N=101,036), and “anticipation”
(N=100,635). Figure 2A-C displays weekly sentiment scores
over a time period representative of the impact of the COVID-19
pandemic for the “Bing,” “AFINN,” and “NRC” lexicons. The
sentiment was overall positive. These findings were consistent
across lexicons. Based on responses from ChatGPT (version
3.0), the randomly selected subsamples from the pre-, during-,
and postpandemic periods demonstrated overall positive
sentiment (Textbox 2). Although ChatGPT (version 3.0) analysis
was exploratory, findings were consistent with our lexicon-based
analyses.
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Figure 1. Most common positive and negative words using the Bing lexicon.
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Figure 2. Weekly sentiment using different lexicons from December 11, 2019, to May 7, 2022, a time period representative of the impact of the
COVID-19 pandemic. (1) Pre–COVID-19 pandemic, (2) during–COVID-19 pandemic, and (3) post–COVID-19 pandemic.

Textbox 2. Overall sentiments provided by ChatGPT in supplemental analysis.

Pre–COVID-19 pandemic

• The overall sentiments in the provided texts are predominantly positive or neutral. The texts largely revolve around messages of support,
encouragement, and raising awareness for childhood cancer, which are inherently positive causes. There is an emphasis on helping and supporting
children with cancer and celebrating their milestones. Overall, the texts convey sentiments of empathy and goodwill toward individuals affected
by childhood cancer, making the overall sentiment positive and empathetic.

During–COVID-19 pandemic

• Overall, the sentiment in most of these tweets is positive or neutral, as they primarily involve raising awareness, requesting support, or expressing
gratitude for contributions to childhood cancer causes.

Post–COVID-19 pandemic

• Overall, this collection of tweets has a predominantly positive and neutral sentiment with some mixed and concerned sentiments. The positivity
in these tweets largely stems from support for childhood cancer-related causes and achievements in the field.

Qualitative Coding
Percent agreement between coders was high (91%) before
consensus meetings. Consensus meetings resolved all coding
discrepancies. The top 5 codes were awareness (N=449),
personal experiences (N=166), research (N=60), caregiver
experiences (N=54), patient experiences (N=53), policy and the

law (N=52), treatment (N=21), end of life (N=21),
pharmaceuticals and drugs (N=17), and survivorship (N=15).
Data visualization of code applications in a word cloud using
DeDoose software is presented in Multimedia Appendix 2.

Twitter users predominantly used the social media platform to
promote public awareness of pediatric cancer. In addition,
Twitter users frequently use the social media platform to share
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personal experiences with cancer. Many accounts were from
the firsthand perspectives of caregivers of patients with pediatric
cancer in active treatment, bereaved parents, and from patients
or survivors of cancer themselves. Twitter was frequently used
for health knowledge dissemination of research findings (topics
included cancer prevention and risk information, early detection,
diagnosis, treatment, and survivorship). Twitter was also
frequently used to call attention to and lobby for government
programs and federal policies that support pediatric cancer
treatment and affordable medical care. Example tweets for the
top 10 codes are presented in Textbox 3.

DeDoose software displays the frequency of co-occurring codes
using a heat map. Most frequently co-occurring codes are in
red, moderately frequent co-occurring codes are in green, and
less frequently co-occurring codes are in blue. The code
co-occurrence chart of the top 10 codes is presented in Figure
3. Overwhelmingly, awareness and personal experiences were
the most frequently cocoded (110 times). Moderately frequent
co-occurring codes were caregiver experiences and personal
experiences (cocoded 54 times), personal experiences and
patient experiences (cocoded 53 times), awareness and patient
experiences (cocoded 36 times), and awareness and caregiver
experiences (cocoded 34 times).
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Textbox 3. Example of paraphrased and deidentified tweets for Top 10 coding categories.

Awareness

• GOLD is the symbolic color for #ChildhoodCancerAwareness. Wearing GOLD to show your support for our children! From head-to-toe, we
want to see how gold you can be for Spirit Day! Tag us in your photos

• We are grateful for the impact on the #pediatriccancer world! Every donation makes a difference.

Personal experiences

• Please help get [this] story out there. #CancerSucks #ChildhoodCancerAwareness. she needs our help!!! RT and donate if you can. Thank you!
*Awareness

• FAMily Update» [Child’s name] is back in the hospital. The medical team has ordered a 24 hour [inpatient stay]. #FAM #FightingAllMonsters
#ChildhoodCancer *Caregiver Experiences; Health Status

Research

• Brain and spinal cord tumors are the 2nd most common cancers in children. In honor of #ChildhoodCancerAwareness month, here’s a look at
recent #Umich discoveries to help treat brain cancer in kids. *Awareness; Treatment

• With more than 10,000 experts worldwide and nearly 100 active clinical trials across the spectrum of childhood cancers, COG is committed to
ending #childhoodcancer as we know it. #ChildhoodCancerAwareness #ChildhoodCancerAwarenessMonth *Treatment

Caregiver experiences

• I’m involved with many amazing groups for bereaved parents (like myself) and many other #ChildhoodCancer groups. I’d love to see you join
us. *End of Life; Personal Experiences

• I am blessed to be the [caregiver] of one of the toughest kids in the world. Love you. #InternationalChildhoodCancerDay #teensvscancer *Personal
Experiences

Patient experiences

• [Child’s name] has [medical event] which landed him in the ER. Shout out your loudest prayers and coolest thoughts for [child’s name] so he
can return home #FAM #FightingAllMonsters #ChildhoodCancer *Personal Experiences; Social Support

• Agree friends get nervous of saying wrong thing so tend to say nothing I was lucky had a couple of mates there throughout. *Personal Experiences;
Social Support

• [Child’s name] finishes his radiotherapy tomorrow!! He put a smile on everyone's face with his [resilience/playfulness]! *Personal Experiences;
Health Status

Policy and the law

• Please do not allow the Creating Hope Reauthorization Act S.4010 to die on YOUR watch! It has produced 28 drugs for rare pediatric diseases,
My [child] received 1. *Pharmaceuticals & Drugs; Personal Experiences; Caregiver Experiences

• Please join Congressman Peter Welch VT-0 as a cosponsor of HR 6556 Gabriella Miller Kids First Research Act 2.0. No taxpayer funds required
to help #ChildhoodCancer & rare diseases #GMKF2

• We need non-toxic therapies developed for #ChildhoodCancer which is not the same as adults. In the last 10 years, kid’s cancers received only
4% of the budgeted govt research. Will you help? *Awareness

End of life

• This time of year can be especially difficult for those who are grieving, esp. for parents who have lost a child. This is my [personal experience].
Here is some advice to help us get through. Please RT. #ChildhoodCancer #Grief #Grieving *Mental Health; Personal Experiences; Caregiver
Experiences

• Nothing will ever be so awful as [child’s death]. I am very grateful to the NHS and @TeenageCancer for their efforts but they just couldn’t save
him. *Personal Experiences; Caregiver Experiences

• Missing [child’s name] today. Please lend some support to this petition to fund research into childhood cancers #ChildhoodCancer
#BrainTumourCharity *Awareness; Personal Experiences

Treatment

• A novel #CARTcelltherapy has shown promising early results in #children with #neuroblastoma, a rare form of ChildhoodCancer.
#CancerImmunotherapy *Pharmaceuticals & Drugs

• Clear guidance for stem cell transplant patients, those who have had abdominal radiotherapy, and those who have had total body irradiation as
part of transplant #coronavirus #COVID19 #childhoodcancer

Pharmaceuticals and drugs
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• A NFCR partner working to advance new therapies for #childhoodcancer, @OncoHeroesBio, recently announced that the @US_FDA has granted
Orphan Drug Designation and Rare Pediatric Disease Designation to one of its drugs. #Together4ACure

• Check out the article: “Leaving no child behind in the fight against cancer” A very good explanation on the current issues we face in
#ChildhoodCancer drug development, as well as recommendations to solve the current issues! @SIOPEurope

• #ACCELERATEcure (virtual) Annual Conference 2021 - REGISTRATION open next week! Looking forward to welcoming you to discover
latest developments worldwide in #ChildhoodCancer drug development! Join us *Research

Survivorship

• The list of potential side effects of #ChildhoodCancer treatments includes future fertility problems, visual loss, dental complications. With the
right testing these side effects can be guarded against #ChildhoodCancerAwarenessMonth #Pharmacogenomics *Awareness; Treatment

• Substantial progress has been made against the most common types of pediatric cancers and overall survival rates are up, but more hard work
remains so more children with cancer not only survive but thrive. #GoldTogether #ChildhoodCancer *Treatment

Figure 3. Code co-occurrence chart of top 10 coding categories generated by DeDoose.

Discussion

Principal Results
The purpose of this study was to examine the communication
content of pediatric cancer–related tweets and the public
sentiment of pediatric cancer tweets. The sentiment of tweets
on pediatric cancer was overall positive, revealing the
supportive, hopeful, and inspirational messages relayed by
patients, caregivers, and other relevant stakeholders. Our
findings were consistent with the only other study to examine
the public sentiment of pediatric cancer–related tweets [17].
Despite previous research showing predominantly negative
sentiments globally during the COVID-19 pandemic [38], our
study describes a positive sentiment of pediatric cancer–related
tweets during the COVID-19 pandemic. We found that pediatric
cancer–related tweets predominantly focused on raising
awareness about pediatric cancer and disseminating health

knowledge. We found that both patients with pediatric cancer
or survivors and their caregivers frequently used Twitter to
provide updates on their health status, for social support, and
to share messages of hope.

We only identified 2 studies thus far that have examined the
pediatric cancer experience on Twitter. The current study
expanded on the growing body of literature on social media use
in patients with cancer, and early research on pediatric
cancer-related use of Twitter. Previous research studies have
discussed the importance of including caregiver experiences in
addition to those of the patient for individual and family-based
well-being and adaptive coping [39-41]. Our findings were
consistent with previous studies that have shown that
cancer-related tweets center on health communication and social
support [36]. Similar to previous studies, there was a diverse
array of Twitter users, representing perspectives from patients,
family members, oncology providers, and health care,
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pharmaceutical, nonprofit, and other organizations [2,36,42,43].
Additional studies may use combined sentiment analysis and
qualitative approaches to better understand pediatric cancer
communication and support resources on Twitter and other
popular social media platforms. The current and future studies
can help inform the development of novel patient- and
caregiver-based social media interventions to improve health
knowledge, change health behaviors, and improve health
outcomes.

Limitations
Our study has several limitations. First, our analysis included
only tweets in the English language which limits generalizability
to populations that do not speak English as a primary language.
Second, we analyzed tweets that contained prespecified
keywords (ie, hashtags) and may have missed other pediatric
cancer–related tweets during the specified study period. Third,
we only examined social media use on Twitter which may differ
from usage on other popular social media platforms. Fourth,
we were unable to identify the account type (organization vs
individual, patient or caregiver vs researcher) and extract
sociodemographic information of users; this information may
have further informed our research findings and the conclusions
drawn. Fifth, our qualitative content analysis of Twitter only
included a random sample of tweets from the full data set which
may not be representative of all pediatric cancer–related tweets
during the specified timeframe of our analysis. Sixth, our
lexicon-based approaches have inherent limitations. Despite
using multiple sentiment lexicons in our analyses, such
approaches analyze sentiment based on individual words. We
did not expand contractions and apply stemming in our analyses
as they were not available in “saotd,” the statistical package we
used for data preprocessing. The lack of expanding contractions
and applying stemming may have reduced the number of
analyzable words and tweets. Twitter users commonly use
contractions, abbreviations, slang, and sarcasm. Thus, we
conducted supplemental analyses using ChatGPT (version 3.0),
a next-generation artificial intelligence optimized for natural
language processing, to validate our findings. Although
exploratory, these findings were consistent with lexicon-based
approaches. Research should further investigate the use of other
recent innovative nonlexicon-based approaches that analyze
entire sentences, such as embedding-based approaches or
transformer-based approaches to analyze tweets related to

pediatric cancer. Seventh, our data were global tweets but our
specified “pre-,” “during-,” and “post-” pandemic time periods
were based on United States lockdowns and timelines. We
acknowledge that pandemic timelines differ within the United
States and certainly globally. Nonetheless, we think it is
important to include all tweets regardless of geographic location
for representativeness of experiences due to the pandemic being
a global crisis.

Conclusions
Acute, ongoing, and evolving pediatric medical traumatic stress
impacts the child in the context of their family, which
emphasizes the importance of incorporating the perspectives
and experiences of caregivers and other family members [44,45].
Social media use by patients with pediatric cancer, their families,
and their medical providers has been well-described [46]. Uses
and benefits include opportunities for social support, building
collaborative networks, dissemination of health-related
information, and treatment recommendations [46]. Researchers
have increasingly turned to sentiment and content analyses of
Twitter to capture real-time experiences of patients with a range
of health conditions and other relevant stakeholders. Such
research has included analyses of tweets about various cancer
diagnoses.

Twitter, as a popular social media platform, may serve as an
effective means for researchers to examine pediatric cancer
communication and public sentiment around the world. This
study used both quantitative and qualitative methods to examine
the pediatric cancer experience on Twitter. Despite the global
mental health crisis during the COVID-19 pandemic, we found
overall positive sentiment of pediatric cancer–related tweets
over a time period representative of the COVID-19 pandemic.
The content of pediatric cancer tweets was posted by a range
of users and centered on the delivery of health and treatment
information, seeking and providing social support, and the
amplification of awareness of pediatric cancer. Twitter may
serve as a powerful platform for rapid communication with
survivors of pediatric cancer and their caregivers, and facilitate
the widespread dissemination of patient- and caregiver-targeted
behavioral health interventions to improve well-being and
quality of life. This would be well-matched to pediatric cancer
survivors’ and their caregivers’ current preferences in social
media use.

 

Acknowledgments
NL was supported by the National Cancer Institute of the National Institutes of Health (K08CA263474). The opinions herein
represent those of the authors and not necessarily the funders.

Data Availability
The publicly available data underlying this paper were accessed from Twitter. The derived data generated in this research will
be shared on reasonable request to the corresponding author.

Authors' Contributions
Conceptualization was done by NL, XZ, AO, and KB. Data were curated by NL, XZ, AO, and HW. Formal analysis was handled
by NL, XZ, and KB. Investigation was done by NL, XZ, AO, HW, and KB. Methodology was handled by NL, XZ, and KB.

JMIR Cancer 2024 | vol. 10 | e52061 | p.263https://cancer.jmir.org/2024/1/e52061
(page number not for citation purposes)

Lau et alJMIR CANCER

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Project administration and supervision were by NL. Visualization was done by XZ and HW. Writing of the original draft was by
NL and XZ. Review and editing of the writing was by NL, XZ, AO, HW, and KB.

Conflicts of Interest
XZ has received consulting payments from FirstThen Inc for work unrelated to this paper. The other authors declare no conflict
of interest.

Multimedia Appendix 1
An example of the query and timeline information using the hashtag #teenagecancer.
[DOCX File , 100 KB - cancer_v10i1e52061_app1.docx ]

Multimedia Appendix 2
Data visualization of code applications in a word cloud using DeDoose software.
[PNG File , 244 KB - cancer_v10i1e52061_app2.png ]

References
1. Khasnavis S, Rosenkrantz AB, Prabhu V. Using Twitter to assess the public response to the United States preventive

services task force guidelines on lung cancer screening with low dose chest CT. J Digit Imaging 2017;30(3):323-327. [doi:
10.1007/s10278-016-9933-6] [Medline: 28091834]

2. Murthy D, Eldredge M. Who tweets about cancer? An analysis of cancer-related tweets in the USA. Digit Health
2016;2:2055207616657670 [FREE Full text] [doi: 10.1177/2055207616657670] [Medline: 29942562]

3. Sinnenberg L, Buttenheim AM, Padrez K, Mancheno C, Ungar L, Merchant RM. Twitter as a tool for health research: a
systematic review. Am J Public Health 2017;107(1):e1-e8. [doi: 10.2105/AJPH.2016.303512] [Medline: 27854532]

4. Alhalabi O, Subbiah V. Managing cancer care during the COVID-19 pandemic and beyond. Trends Cancer 2020;6(7):533-535
[FREE Full text] [doi: 10.1016/j.trecan.2020.04.005] [Medline: 32386875]

5. Jazieh AR, Akbulut H, Curigliano G, Rogado A, Alsharm AA, Razis ED, et al. Impact of the COVID-19 pandemic on
cancer care: a global collaborative study. JCO Glob Oncol 2020;6:1428-1438 [FREE Full text] [doi: 10.1200/GO.20.00351]
[Medline: 32986516]

6. Leach CR, Kirkland EG, Masters M, Sloan K, Rees-Punia E, Patel AV, et al. Cancer survivor worries about treatment
disruption and detrimental health outcomes due to the COVID-19 pandemic. J Psychosoc Oncol 2021;39(3):347-365. [doi:
10.1080/07347332.2021.1888184] [Medline: 33624572]

7. Wimberly CE, Towry L, Caudill C, Johnston EE, Walsh KM. Impacts of COVID-19 on caregivers of childhood cancer
survivors. Pediatr Blood Cancer 2021;68(4):e28943. [doi: 10.1002/pbc.28943] [Medline: 33565259]

8. Gallagher S, Bennett KM, Roper L. Loneliness and depression in patients with cancer during COVID-19. J Psychosoc
Oncol 2021;39(3):445-451. [doi: 10.1080/07347332.2020.1853653] [Medline: 33274697]

9. Moraliyage H, De Silva D, Ranasinghe W, Adikari A, Alahakoon D, Prasad R, et al. Cancer in lockdown: impact of the
COVID-19 pandemic on patients with cancer. Oncologist 2021;26(2):e342-e344 [FREE Full text] [doi: 10.1002/onco.13604]
[Medline: 33210442]

10. Chong M, Park HW. COVID-19 in the Twitterverse, from epidemic to pandemic: information-sharing behavior and Twitter
as an information carrier. Scientometrics 2021;126(8):6479-6503 [FREE Full text] [doi: 10.1007/s11192-021-04054-2]
[Medline: 34188332]

11. Valdez D, Ten Thij M, Bathina K, Rutter LA, Bollen J. Social media insights into US mental health during the COVID-19
pandemic: longitudinal analysis of Twitter data. J Med Internet Res 2020;22(12):e21418 [FREE Full text] [doi:
10.2196/21418] [Medline: 33284783]

12. Abd-Alrazaq A, Alhuwail D, Househ M, Hamdi M, Shah Z. Top concerns of tweeters during the COVID-19 pandemic:
infoveillance study. J Med Internet Res 2020;22(4):e19016 [FREE Full text] [doi: 10.2196/19016] [Medline: 32287039]

13. Sutton J, Vos SC, Olson MK, Woods C, Cohen E, Gibson CB, et al. Lung cancer messages on Twitter: content analysis
and evaluation. J Am Coll Radiol 2018;15(1 Pt B):210-217 [FREE Full text] [doi: 10.1016/j.jacr.2017.09.043] [Medline:
29154103]

14. Thackeray R, Burton SH, Giraud-Carrier C, Rollins S, Draper CR. Using Twitter for breast cancer prevention: an analysis
of breast cancer awareness month. BMC Cancer 2013;13:508 [FREE Full text] [doi: 10.1186/1471-2407-13-508] [Medline:
24168075]

15. Johnson BS, Shepard S, Torgeson T, Johnson A, McMurray M, Vassar M. Using Google trends and Twitter for prostate
cancer awareness: a comparative analysis of prostate cancer awareness month and breast cancer awareness month. Cureus
2021;13(2):e13325 [FREE Full text] [doi: 10.7759/cureus.13325] [Medline: 33738168]

16. Nejad MY, Delghandi MS, Bali AO, Hosseinzadeh M. Using Twitter to raise the profile of childhood cancer awareness
month. Netw Model Anal Health Inform Bioinforma 2020;9(1):3. [doi: 10.1007/s13721-019-0206-4]

JMIR Cancer 2024 | vol. 10 | e52061 | p.264https://cancer.jmir.org/2024/1/e52061
(page number not for citation purposes)

Lau et alJMIR CANCER

XSL•FO
RenderX

cancer_v10i1e52061_app1.docx
cancer_v10i1e52061_app1.docx
cancer_v10i1e52061_app2.png
cancer_v10i1e52061_app2.png
http://dx.doi.org/10.1007/s10278-016-9933-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28091834&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2055207616657670
http://dx.doi.org/10.1177/2055207616657670
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29942562&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.2016.303512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27854532&dopt=Abstract
https://www.cell.com/trends/cancer/fulltext/S2405-8033(20)30135-7?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2405803320301357%3Fshowall%3Dtrue
http://dx.doi.org/10.1016/j.trecan.2020.04.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32386875&dopt=Abstract
https://ascopubs.org/doi/10.1200/GO.20.00351
http://dx.doi.org/10.1200/GO.20.00351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32986516&dopt=Abstract
http://dx.doi.org/10.1080/07347332.2021.1888184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33624572&dopt=Abstract
http://dx.doi.org/10.1002/pbc.28943
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33565259&dopt=Abstract
http://dx.doi.org/10.1080/07347332.2020.1853653
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33274697&dopt=Abstract
https://academic.oup.com/oncolo/article/26/2/e342/6445361?login=false
http://dx.doi.org/10.1002/onco.13604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33210442&dopt=Abstract
https://link.springer.com/article/10.1007/s11192-021-04054-2
http://dx.doi.org/10.1007/s11192-021-04054-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34188332&dopt=Abstract
https://www.jmir.org/2020/12/e21418/
http://dx.doi.org/10.2196/21418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33284783&dopt=Abstract
https://www.jmir.org/2020/4/e19016/
http://dx.doi.org/10.2196/19016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32287039&dopt=Abstract
https://www.jacr.org/article/S1546-1440(17)31283-8/fulltext
http://dx.doi.org/10.1016/j.jacr.2017.09.043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29154103&dopt=Abstract
https://bmccancer.biomedcentral.com/articles/10.1186/1471-2407-13-508
http://dx.doi.org/10.1186/1471-2407-13-508
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24168075&dopt=Abstract
https://www.cureus.com/articles/47045-using-google-trends-and-twitter-for-prostate-cancer-awareness-a-comparative-analysis-of-prostate-cancer-awareness-month-and-breast-cancer-awareness-month#!/
http://dx.doi.org/10.7759/cureus.13325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33738168&dopt=Abstract
http://dx.doi.org/10.1007/s13721-019-0206-4
http://www.w3.org/Style/XSL
http://www.renderx.com/


17. Robinson S, Vicha E. Twitter sentiment at the hospital and patient level as a measure of pediatric patient experience. Open
J Pediatr 2021;11(4):706-722 [FREE Full text] [doi: 10.4236/ojped.2021.114066]

18. Naldi M. A review of sentiment computation methods with R packages. arXiv Preprint posted online on January 24, 2019.
[FREE Full text] [doi: 10.1090/mbk/121/79]

19. Park A. Tweets related to motivation and physical activity for obesity-related behavior change: descriptive analysis. J Med
Internet Res 2022;24(7):e15055 [FREE Full text] [doi: 10.2196/15055] [Medline: 35857347]

20. Li G, Li B, Huang L, Hou S. Automatic construction of a depression-domain lexicon based on microblogs: text mining
study. JMIR Med Inform 2020;8(6):e17650 [FREE Full text] [doi: 10.2196/17650] [Medline: 32574151]

21. Cha J, Kim S, Park E. A lexicon-based approach to examine depression detection in social media: the case of Twitter and
university community. Humanit Soc Sci Commun 2022;9(1):325 [FREE Full text] [doi: 10.1057/s41599-022-01313-2]
[Medline: 36159708]

22. Sarsam SM, Al-Samarraie H, Alzahrani AI, Alnumay W, Smith AP. A lexicon-based approach to detecting suicide-related
messages on Twitter. Biomed Signal Process Control 2021;65:102355. [doi: 10.1016/j.bspc.2020.102355]

23. Nigam N, Yadav D. Lexicon-based approach to sentiment analysis of tweets using R language. In: Singh M, Gupta P, Tyagi
V, Flusser J, Ören T, editors. Advances in Computing and Data Sciences: Second International Conference, ICACDS 2018,
Dehradun, India, April 20-21, 2018, Revised Selected Papers, Part I. Singapore: Springer; 2018:154-164.

24. Lossio-Ventura JA, Weger R, Lee AY, Guinee EP, Chung J, Atlas L, et al. A comparison of ChatGPT and fine-tuned Open
Pre-Trained Transformers (OPT) against widely used sentiment analysis tools: sentiment analysis of COVID-19 survey
data. JMIR Ment Health 2024;11:e50150 [FREE Full text] [doi: 10.2196/50150] [Medline: 38271138]

25. Federal Guidance. Seattle Children's Hospital Research Foundation. URL: https://www.seattlechildrens.org/research/
resources/institutional-review-board/irb-resources/federal-guidance/ [accessed 2024-04-23]

26. Engagement of Institutions in Human Subjects Research (2008). U.S. Department of Health and Human Services. URL:
http://www.hhs.gov/ohrp/policy/engage08.html [accessed 2024-04-24]

27. Moreland A, Herlihy C, Tynan MA, Sunshine G, McCord RF, Hilton C, et al. Timing of state and territorial COVID-19
stay-at-home orders and changes in population movement—United States, March 1-May 31, 2020. MMWR Morb Mortal
Wkly Rep 2020;69(35):1198-1203 [FREE Full text] [doi: 10.15585/mmwr.mm6935a2] [Medline: 32881851]

28. Munson EL, Smith CM, Boehmke BC, Freels JK. Sentiment Analysis of Twitter Data (SAOTD). J Open Source Softw
2019;4(34):764. [doi: 10.21105/joss.00764]

29. Liu B. Sentiment Analysis: Mining Opinions, Sentiments, and Emotions, Second Edition. Cambridge, United Kingdom:
Cambridge University Press; 2020.

30. Mohammad SM, Kiritchenko S, Zhu X. NRC-Canada: Building the state-of-the-art in sentiment analysis of tweets. :
Association for Computational Linguistics; 2013 Presented at: Second Joint Conference on Lexical and Computational
Semantics (*SEM), Volume 2: Seventh International Workshop on Semantic Evaluation (SemEval 2013); June 14-15,
2013; Atlanta, Georgia p. 321-327.

31. Nielsen F. A new ANEW: evaluation of a word list for sentiment analysis in microblogs. arXiv Preprint posted online on
March 15, 2011. [FREE Full text]

32. ChatGPT: Optimizing language models for dialogue. OpenAI. 2022. URL: https://online-chatgpt.com/ [accessed 2024-04-20]
33. Sugawara Y, Narimatsu H, Hozawa A, Shao L, Otani K, Fukao A. Cancer patients on Twitter: a novel patient community

on social media. BMC Res Notes 2012;5:699 [FREE Full text] [doi: 10.1186/1756-0500-5-699] [Medline: 23270426]
34. Abbasi-Perez A, Alvarez-Mon MA, Donat-Vargas C, Ortega MA, Monserrat J, Perez-Gomez A, et al. Analysis of tweets

containing information related to rheumatological diseases on Twitter. Int J Environ Res Public Health 2021;18(17):9094
[FREE Full text] [doi: 10.3390/ijerph18179094] [Medline: 34501681]

35. Sinnenberg L, Mancheno C, Barg FK, Asch DA, Rivard CL, Horst-Martz E, et al. Content analysis of metaphors about
hypertension and diabetes on twitter: exploratory mixed-methods study. JMIR Diabetes 2018;3(4):e11177 [FREE Full text]
[doi: 10.2196/11177] [Medline: 30578222]

36. Sedrak MS, Salgia MM, Bergerot CD, Ashing-Giwa K, Cotta BN, Adashek JJ, et al. Examining public communication
about kidney cancer on Twitter. JCO Clin Cancer Inform 2019;3:1-6 [FREE Full text] [doi: 10.1200/CCI.18.00088] [Medline:
30860867]

37. Hsieh HF, Shannon SE. Three approaches to qualitative content analysis. Qual Health Res 2005;15(9):1277-1288. [doi:
10.1177/1049732305276687] [Medline: 16204405]

38. Lwin MO, Lu J, Sheldenkar A, Schulz PJ, Shin W, Gupta R, et al. Global sentiments surrounding the COVID-19 pandemic
on Twitter: analysis of Twitter trends. JMIR Public Health Surveill 2020;6(2):e19447 [FREE Full text] [doi: 10.2196/19447]
[Medline: 32412418]

39. Foot E, Leonhard A, Majeski J, Zahn L, Li HH, Caruso Brown AE. "The stakes could not be higher": a mixed methods
study of parental social media use in pediatric oncology. Pediatr Blood Cancer 2021;68(11):e29176. [doi: 10.1002/pbc.29176]
[Medline: 34133056]

40. LaValley SA, Gage‐Bouchard EA, Mollica M, Beaupin L. Examining social media use among parents of children with
cancer. Proc Assoc Info Sci Tech 2015;52(1):1-3 [FREE Full text] [doi: 10.1002/pra2.2015.145052010089]

JMIR Cancer 2024 | vol. 10 | e52061 | p.265https://cancer.jmir.org/2024/1/e52061
(page number not for citation purposes)

Lau et alJMIR CANCER

XSL•FO
RenderX

https://www.scirp.org/journal/paperinformation?paperid=113714
http://dx.doi.org/10.4236/ojped.2021.114066
https://arxiv.org/abs/1901.08319
http://dx.doi.org/10.1090/mbk/121/79
https://www.jmir.org/2022/7/e15055
http://dx.doi.org/10.2196/15055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35857347&dopt=Abstract
https://medinform.jmir.org/2020/6/e17650/
http://dx.doi.org/10.2196/17650
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32574151&dopt=Abstract
https://www.nature.com/articles/s41599-022-01313-2
http://dx.doi.org/10.1057/s41599-022-01313-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36159708&dopt=Abstract
http://dx.doi.org/10.1016/j.bspc.2020.102355
https://mental.jmir.org/2024/1/e50150
http://dx.doi.org/10.2196/50150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38271138&dopt=Abstract
https://www.seattlechildrens.org/research/resources/institutional-review-board/irb-resources/federal-guidance/
https://www.seattlechildrens.org/research/resources/institutional-review-board/irb-resources/federal-guidance/
http://www.hhs.gov/ohrp/policy/engage08.html
https://www.cdc.gov/mmwr/volumes/69/wr/mm6935a2.htm?s_cid=mm6935a2_w
http://dx.doi.org/10.15585/mmwr.mm6935a2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32881851&dopt=Abstract
http://dx.doi.org/10.21105/joss.00764
https://arxiv.org/abs/1103.2903
https://online-chatgpt.com/
https://bmcresnotes.biomedcentral.com/articles/10.1186/1756-0500-5-699
http://dx.doi.org/10.1186/1756-0500-5-699
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23270426&dopt=Abstract
https://www.mdpi.com/1660-4601/18/17/9094
http://dx.doi.org/10.3390/ijerph18179094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34501681&dopt=Abstract
https://diabetes.jmir.org/2018/4/e11177/
http://dx.doi.org/10.2196/11177
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30578222&dopt=Abstract
https://ascopubs.org/doi/10.1200/CCI.18.00088
http://dx.doi.org/10.1200/CCI.18.00088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30860867&dopt=Abstract
http://dx.doi.org/10.1177/1049732305276687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16204405&dopt=Abstract
https://publichealth.jmir.org/2020/2/e19447/
http://dx.doi.org/10.2196/19447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32412418&dopt=Abstract
http://dx.doi.org/10.1002/pbc.29176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34133056&dopt=Abstract
https://asistdl.onlinelibrary.wiley.com/doi/10.1002/pra2.2015.145052010089
http://dx.doi.org/10.1002/pra2.2015.145052010089
http://www.w3.org/Style/XSL
http://www.renderx.com/


41. Miller TT, Maurer SH, Felker JT. Searching for a cure on Facebook: patterns of social media use amongst caregivers of
children with brain tumors. Cancer Med 2022;11(17):3323-3331 [FREE Full text] [doi: 10.1002/cam4.4693] [Medline:
35343641]

42. Sedrak MS, Dizon DS, Anderson PF, Fisch MJ, Graham DL, Katz MS, et al. The emerging role of professional social
media use in oncology. Future Oncol 2017;13(15):1281-1285 [FREE Full text] [doi: 10.2217/fon-2017-0161] [Medline:
28589770]

43. Pemmaraju N, Thompson MA, Qazilbash M. Disease-specific hashtags and the creation of Twitter medical communities
in hematology and oncology. Semin Hematol 2017;54(4):189-192. [doi: 10.1053/j.seminhematol.2017.08.004] [Medline:
29153079]

44. Kazak AE, Kassam-Adams N, Schneider S, Zelikovsky N, Alderfer MA, Rourke M. An integrative model of pediatric
medical traumatic stress. J Pediatr Psychol 2006;31(4):343-355 [FREE Full text] [doi: 10.1093/jpepsy/jsj054] [Medline:
16093522]

45. Kazak AE, Baxt C. Families of infants and young children with cancer: a post-traumatic stress framework. Pediatr Blood
Cancer 2007;49(7 Suppl):1109-1113 [FREE Full text] [doi: 10.1002/pbc.21345] [Medline: 17943959]

46. Zadeh S, Tunick R. Social media use in pediatric oncology: tweets, blogs, and boundaries. In: Pediatric Psychosocial
Oncology: Textbook for Multidisciplinary Care. Cham, Switzerland: Springer; 2016:339-349.

Abbreviations
DHHS: Department of Health and Human Services

Edited by T de Azevedo Cardoso; submitted 21.08.23; peer-reviewed by M Zhou, S Pandey, C Zheng; comments to author 15.09.23;
revised version received 30.11.23; accepted 16.04.24; published 07.05.24.

Please cite as:
Lau N, Zhao X, O'Daffer A, Weissman H, Barton K
Pediatric Cancer Communication on Twitter: Natural Language Processing and Qualitative Content Analysis
JMIR Cancer 2024;10:e52061
URL: https://cancer.jmir.org/2024/1/e52061 
doi:10.2196/52061
PMID:38713506

©Nancy Lau, Xin Zhao, Alison O'Daffer, Hannah Weissman, Krysta Barton. Originally published in JMIR Cancer
(https://cancer.jmir.org), 07.05.2024. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in JMIR Cancer, is properly cited. The complete bibliographic information,
a link to the original publication on https://cancer.jmir.org/, as well as this copyright and license information must be included.

JMIR Cancer 2024 | vol. 10 | e52061 | p.266https://cancer.jmir.org/2024/1/e52061
(page number not for citation purposes)

Lau et alJMIR CANCER

XSL•FO
RenderX

https://onlinelibrary.wiley.com/doi/10.1002/cam4.4693
http://dx.doi.org/10.1002/cam4.4693
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35343641&dopt=Abstract
https://www.futuremedicine.com/doi/10.2217/fon-2017-0161
http://dx.doi.org/10.2217/fon-2017-0161
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28589770&dopt=Abstract
http://dx.doi.org/10.1053/j.seminhematol.2017.08.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29153079&dopt=Abstract
https://academic.oup.com/jpepsy/article/31/4/343/925275?login=false
http://dx.doi.org/10.1093/jpepsy/jsj054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16093522&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1002/pbc.21345
http://dx.doi.org/10.1002/pbc.21345
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17943959&dopt=Abstract
https://cancer.jmir.org/2024/1/e52061
http://dx.doi.org/10.2196/52061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38713506&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Digital Smoking Cessation Intervention for Cancer Survivors:
Analysis of Predictors and Moderators of Engagement and
Outcome Alongside a Randomized Controlled Trial

Rosa Andree1, MSc; Ajla Mujcic2, PhD; Wouter den Hollander1, PhD; Margriet van Laar1, PhD; Brigitte Boon3,4,5,

PhD; Rutger Engels6, PhD; Matthijs Blankers1,7, PhD
1Trimbos Institute, Netherlands Institute of Mental Health and Addiction, Utrecht, Netherlands
2PsyQ, Parnassia Groep, The Hague, Netherlands
3Siza, Center for Long-term Care for People with Disabilities, Arnhem, Netherlands
4Academy Het Dorp, Research & Advisory on Technology in Long-term Care, Arnhem, Netherlands
5Tranzo, Tilburg School of Social and Behavioral Sciences, Tilburg University, Tilburg, Netherlands
6Erasmus School of Social and Behavioural Sciences, Erasmus University Rotterdam, Rotterdam, Netherlands
7Department of Research, Arkin Mental Health Care, Amsterdam, Netherlands

Corresponding Author:
Rosa Andree, MSc
Trimbos Institute
Netherlands Institute of Mental Health and Addiction
Da Costakade 45
Utrecht, 3521 VS
Netherlands
Phone: 31 30 29 59 267
Email: randree@trimbos.nl

Abstract

Background: Recent studies have shown positive, though small, clinical effects of digital smoking cessation (SC) interventions
for cancer survivors. However, research on associations among participant characteristics, intervention engagement, and outcomes
is limited.

Objective: This study aimed to explore the predictors and moderators of engagement and outcome of MyCourse-Quit Smoking
(in Dutch: “MijnKoers-Stoppen met Roken”), a digital minimally guided intervention for cancer survivors.

Methods: A secondary analysis of data from the randomized controlled trial was performed. The number of cigarettes smoked
in the past 7 days at 6-month follow-up was the primary outcome measure. We analyzed interactions among participant
characteristics (11 variables), intervention engagement (3 variables), and outcome using robust linear (mixed) modeling.

Results: In total, 165 participants were included in this study. Female participants accessed the intervention less often than male
participants (B=–11.12; P=.004). A higher Alcohol Use Disorders Identification Test score at baseline was associated with a
significantly higher number of logins (B=1.10; P<.001) and diary registrations (B=1.29; P<.001). A higher Fagerström Test for
Nicotine Dependence score at baseline in the intervention group was associated with a significantly larger reduction in tobacco
use after 6 months (B=–9.86; P=.002). No other associations and no moderating effects were found.

Conclusions: Overall, a limited number of associations was found between participant characteristics, engagement, and outcome,
except for gender, problematic alcohol use, and nicotine dependence. Future studies are needed to shed light on how this knowledge
can be used to improve the effects of digital SC programs for cancer survivors.

Trial Registration: Netherlands Trial register NTR6011/NL5434; https://onderzoekmetmensen.nl/nl/trial/22832

(JMIR Cancer 2024;10:e46303)   doi:10.2196/46303
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smoking cessation; cancer survivors; engagement; digital intervention; eHealth; smoking; intervention; randomized controlled
trial; predictor; RCT; smoking; smoker; addict; cessation; quit; cancer; oncology
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Introduction

Background
In the past decade, digital interventions have commonly been
used to target addictive behaviors, including smoking cessation
(SC). Several systematic reviews have shown that these SC
interventions can be effective, albeit with generally small effect
sizes [1-4]. For example, the Cochrane review by Taylor et al
[4] showed that the use of web-based SC interventions resulted
in significantly higher rates of smoking abstinence compared
to nonactive control groups, 6 months after randomization (risk
ratio=1.15). Cancer survivors are a growing population who
can benefit considerably from SC. Yet, the prevalence of people
who smoke is about the same as in the general population, and
research on effective digital SC interventions for cancer
survivors is scarce [3]. Accordingly, not much is known about
active ingredients or engagement factors of SC interventions
targeting cancer survivors [5], despite engagement being an
important moderator of the effect of digital SC interventions
[6]. It is therefore important to look more closely into the
predictors and moderators of engagement and outcome among
this target group.

Although the primary effects of digital SC interventions are
moderately positive on average, there is room for improvement.
One possible explanation for the modest effects of digital SC
interventions is the generally low adherence rates. Taylor et al
[4] found that 18 out of 34 web-based SC studies had more than
50% attrition at follow-up. Analyzing whether the uptake of
specific intervention components is related to better intervention
outcomes increases the understanding of primary intervention
effects [7]. Some studies on addictive behaviors investigated
the relationship between intervention engagement and outcome
[8-10]. A study by Perski et al [8] found that participants who
completed more (varied) exercises had 64% higher odds of SC
compared to participants who almost exclusively set an SC goal.
Siemer et al [10], examining adherence to a blended SC
intervention, revealed a dose-response relationship between the
number of executed activities and smoking abstinence. Another
study by Ramos et al [9] also found that intervention
engagement, in terms of number of logins, forum visits, and
number of participation badges, was a strong predictor of
successful SC. Not all studies have shown that intervention
engagement predicts intervention effectiveness, even
contradictory effects are found. For example, Smith et al [11]
showed that engagement with particular components of a digital
SC intervention can be counterproductive when the content
does not fit the participants’ needs.

Behavior change programs targeting SC notoriously encounter
challenges when trying to reach target groups with the highest
smoking rates (eg, groups with lower socioeconomic status [12]
and groups with low literacy [13]). In addition, it could be useful
for the improvement of intervention content and implementation
to identify which characteristics predict engagement. This will
help to improve the content and design of the intervention for
the right target group [7,14]. Several studies have related digital
SC intervention use to participant characteristics [8,15-17].
These studies showed that digital SC interventions were used

longer or more frequently by older participants [8,15] and
women [16]. Participants who had lower education, smoked
more heavily, and had depressive symptoms were found to be
less engaged with the digital SC intervention [17].

There is some evidence on the effects of digital SC interventions
for cancer survivors. For example, a meta-analytic study by
Mujcic et al [3] showed that digital and nondigital
distance-based SC interventions for cancer survivors led to
significantly reduced smoking rates compared to baseline (risk
difference=0.29). However, research on the predictors and
moderators of engagement and outcome of digital SC studies
for cancer survivors is limited, while cancer survivors are a
growing and diverse population [18]. A pilot study by Bricker
et al [18] of an application on SC for cancer survivors showed
greater acceptability, use, and effectiveness when compared to
the national SC app for the general population.

This Study
In this study, we aim to investigate the predictors and moderators
of engagement and outcome of a minimally guided digital
intervention for cancer survivors called MyCourse-Quit
Smoking (in Dutch “MijnKoers-Stoppen met Roken”) in a
secondary analysis. The main effects study did not find a
differential effect on SC between intervention and control at 6
months. In both groups, around a quarter abstained from
smoking, and the number of cigarettes smoked was cut back by
half [19]. With this secondary analysis, we aim to answer the
following research questions: (1) Are participant characteristics
related to intervention engagement at 6-month follow-up? (2)
Is intervention engagement associated with tobacco use at
6-month follow-up? (3) Are participant characteristics related
to tobacco use at 6-month follow-up?

Methods

Design
For this paper, an exploratory secondary data analysis was
carried out using data from a randomized controlled trial on the
MyCourse-Quit Smoking digital intervention. The data used
for this study were collected between November 2016 and
September 2019.

Ethical Considerations
Ethics approval for the trial was acquired from an accredited
medical research and ethics committee in The Netherlands
(Toetsingscommissie Wetenschappelijk Onderzoek Rotterdam
e.o. NL55921.101.16). Participants provided digital informed
consent before inclusion in the trial [20]. Data were deidentified
before processing or analysis. Identifying data were stored
separately from research data. For each completed follow-up
assessment, they were reimbursed €25 (approximately US $30).

Procedure
A web-based screening questionnaire on the study website
determined whether people were able to participate in the study.
Eligible participants received an informed consent form via
mail and had 30 days to sign the form. In the meantime,
participants had the possibility to contact the research team or
an independent physician for more information. After signing
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the informed consent form, they were asked to fill out a baseline
questionnaire and were allocated to either the MyCourse group
or the control group. Individuals in the control group were
provided access to a noninteractive web-based informational
brochure regarding the hazards associated with smoking and
strategies for SC. The informational content encompassed both
general SC information and content tailored to the unique needs
of cancer survivors. Follow-up measurements were conducted
at 3, 6, and 12 months after randomization. The study was
conducted completely over the web, but after continued
nonresponse, participants received a reminder by telephone. A
more extensive description of the randomized controlled trial
study procedures can be found elsewhere [20].

Participants
For the study, 165 adults who were diagnosed with any form
of cancer in the past 10 years were recruited. Other eligibility
criteria included having a PC or laptop in addition to an internet
connection at home, having smoked 5 or more cigarettes per
day in the past 7 days, having the intention and ability to
participate in the 12-month study, and having the intention to
quit smoking cigarettes. People who were pregnant; had
insufficient mastery of the Dutch language; or self-reported
suicidal ideation, dementia, severe depression, severe alcohol
dependence, or acute psychosis were not eligible to participate
in the study.

MyCourse Intervention
MyCourse-Quit Smoking is a digital minimally guided
intervention that provides support for SC among cancer
survivors. The intervention is based on empirically evaluated
therapeutic approaches for SC in the general population:
cognitive behavioral therapy [21], motivational interviewing
[22], and acceptance and commitment therapy [23]. The
intervention can be accessed via PC, tablet, and smartphone.
At first login, participants receive instructions to set up a quit
plan and gain access to 13 different exercises, information about
smoking, quitting, and cancer, a web-based diary to track their
tobacco use, and a peer support platform [20]. Exercises focused
on different topics including previous experiences, high-risk
situations, self-control measures, reinforcement, relapse
prevention, and acceptance and commitment therapy. For the
complete structure of the intervention, see Figure 3 in the
protocol paper [20]. After the first login, all parts of the
intervention could be accessed, and participants were free to
choose how often and which parts of the intervention they
wanted to use. Participants were only advised to use the
intervention daily for 4 weeks.

Measures
The primary outcome measure in this study was the number of
cigarettes smoked in the past 7 days at 6-month follow-up.
Intervention engagement was measured using 3 indicators: the
number of logins into the MyCourse-Quit Smoking intervention,
the number of self-monitoring registrations of smoking urges
and smoked cigarettes, and the number of completed
intervention exercises. The following participant characteristics
were extracted from the participant records: gender, age,
educational level (higher or lower, where the minimum for the

higher educational level was an academic university or
university of applied sciences degree), and living situation (alone
or together). We specifically looked at the presence of lung
cancer and breast cancer (yes or no) among the participants in
the analyses because lung cancer has a direct relationship with
smoking and breast cancer was the most common type of cancer
in the sample. In addition, patients with cancer at other sites
were included in the analyses. Furthermore, the number of
cancer sites (1 or >1) distinguished participants who reported
that they had received multiple cancer diagnoses. The severity
of nicotine dependence was measured by the 6-item Fagerström
Test for Nicotine Dependence (FTND) [24]. Problematic alcohol
use was measured using the Alcohol Use Disorders
Identification Test (AUDIT) [25], a 10-item questionnaire on
alcohol consumption patterns and problems experienced due to
alcohol consumption. The AUDIT score was included as a
variable because research has shown that people with a high
risk of problematic alcohol use have a harder time quitting
smoking and may benefit from different types of SC treatment
[26,27]. The EQ-5D was used to measure the quality of life
[28]. Comorbid anxiety, depression, and somatic symptoms
were indicated using the Brief Symptom Inventory-18
questionnaire [29].

Statistical Analysis

Imputation of Missing Data
Missing data for primary (ie, cigarettes smoked in the past 7
days) and secondary (ie, participant characteristics) outcome
measures were multiple imputed (number of imputations=50)
based on the intention-to-treat principle using the predictive
mean matching method from the mice package in R (R
Foundation for Statistical Computing) [29]. At the 6-month
follow-up, the nonresponse rate (ie, participants who did not
complete the 6-month questionnaire) was 27.7% (23/83) in the
intervention group and 25.6% (21/82) in the control group. Data
on intervention usage were not imputed. For the analyses
containing engagement measures, participants who did not log
in once were excluded.

Regression Analyses
Data were analyzed using R [30]. Bonferroni correction was
applied in all analyses. The association between intervention
engagement and participant characteristics within the
intervention group was analyzed with a robust linear regression
using the MASS package [31]. Whether participant
characteristics and intervention engagement predicted
intervention outcome within the intervention group was analyzed
using robust linear mixed modeling (RLMM) with a random
intercept using the robustlmm package [32]. RLMM is an
effective analytical approach to account for outliers or skewed
data [32]. The moderation analyses to investigate whether the
study condition moderated the effect between participant
characteristics and outcome were performed using RLMM with
a random intercept and study condition × participant
characteristics as the interaction term. This analysis is performed
to assess whether the study condition (ie, being in the
intervention group compared to the control group) moderates
the association between participant characteristics and outcome.
Model estimates, 95% CIs, and P values are reported. All base
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case analyses followed the intention-to-treat principle and used
multiple imputed data sets. Sensitivity analyses were performed
using observed data only.

Results

Sample Characteristics
Participant characteristics are shown in Table 1. The majority
of participants were female (136/165, 82.4%), the mean age

was 54.2 (SD 11.2) years, 29.1% (48/165) were living alone,
and 41.2% (68/165) had completed higher education. On
average, participants had smoked for 34.5 (SD 12.0) years and
smoked 100 (SD 51.2) cigarettes per week. The main clinical
effects of the MyCourse intervention and the results of the
cost-effectiveness analysis can be found elsewhere [19].

Table 1. Baseline characteristics.

Total (N=165)aControl (n=82)MyCourse (n=83)aCharacteristics

Sex, n (%)

136 (82.4)66 (80.5)70 (84.3)Female

29 (17.6)16 (19.5)13 (15.7)Male

54.2 (11.2)53.3 (10.3)55.0 (12.1)Age (years), mean (SD)

Higher education, n (%)

44 (26.7)19 (23.2)25 (30.1)Yes

97 (58.8)48 (58.5)49 (59.0)No

Living situation, n (%)

48 (29.1)26 (31.7)22 (26.5)Living alone

117 (70.9)56 (68.3)61 (73.5)Living together

Smoking behavior , mean (SD)

34.5 (12)34.6 (12.2)34.4 (11.8)Years smoked

100 (51.2)98.2 (48.2)101.8 (54.3)Number of cigarettes in past 7 days

4.9 (2.4)4.9 (2.3)4.9 (2.4)FTNDb

Drinking behavior

110 (66.7)55 (67.1)55 (66.3)Drank alcohol in last month, n (%)

6.2 (11.2)5.6 (8.7)6.9 (13.1)Number of drinks in past 7 days, mean (SD)

3.6 (4.7)3.6 (4.2)3.7 (5.1)AUDITc, mean score (SD)

Cancer diagnosis, d n (%)

75 (38.5)33 (34)42 (42.9)Breast

23 (11.8)9 (9.3)14 (14.3)Lung

19 (9.7)12 (12.4)7 (7.1)Uterine

18 (9.2)8 (8.2)10 (10.2)Head and neck

10 (5.1)5 (5.2)5 (5.1)Colon

50 (25.6)30 (30.9)20 (20.4)Other (including bladder, lymphatic, melanoma, skin, kidney, prostate)

Cancer sites, n (%)

137 (83)68 (82.9)69 (83.1)1

28 (17)14 (17.1)14 (16.9)2 or 3

Participant Characteristics and Intervention
Engagement
Of all 83 participants of the intervention group, 56 people logged
into the MyCourse portal at least once and thus were included
in the analysis. When comparing the 56 people who logged in
at least once with the 27 people who did not log in once at all

baseline characteristics mentioned in Table 1, only the number
of patients with uterine cancer differed significantly between
the 2 groups (P<.05), with 5 patients with uterine cancer who
did not log in once and 2 patients with uterine cancer that logged
in at least once. In total, 82 participants in the control group
were not included in the analysis. Among the 56 MyCourse
users, the average number of logins was 21 (SD 41.0; median
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5.5, IQR 3-18.5), the average amount of self-monitoring
registrations was 31 (SD 53.9; median 5, IQR 2-22), and the
average amount of completed exercises was 6.5 (SD 5.1; median
4, IQR 2-12). As shown in Table 2, female participants showed
a significantly lower number of logins in the MyCourse-Quit
Smoking intervention than male participants (P=.004). The

relationship between sex and other indicators of intervention
engagement was nonsignificant. Furthermore, a higher AUDIT
score at baseline was associated with a significantly higher
number of logins (P<.001) and diary registrations (P<.001) but
not with the number of completed exercises (P=.05).

Table 2. The association between baseline participant characteristics and intervention engagement (N=56).

ExercisesDiary entriesLogins

P values aB (95% CI)P values aB (95% CI)P valuesaB (95% CI)

.280.08 (–0.06 to 0.22).160.40 (–0.16 to 0.96).160.25 (–0.10 to 0.60)Age (years)

Sex

ReferenceReferenceReferenceReferenceReferenceReferenceMale (n=8)

.29–2.24 (–6.43 to 1.94).06–11.85 (–24.25 to 0.54).004 b–11.12 (–18.70 to
–3.55)

Female (n=48)

Higher education

ReferenceReferenceReferenceReferenceReferenceReferenceNo (n=40)

.261.71 (–1.24 to 4.67).344.43 (–4.71 to 13.57).403.08 (–4.10 to 10.26)Yes (n=16)

Living situation

ReferenceReferenceReferenceReferenceReferenceReferenceAlone (n=11)

.81–0.43 (–3.90 to 3.04).900.72 (–10.64 to 12.08).940.32 (–7.46 to 8.11)Together (n=45)

.640.15 (–0.46 to 0.75).75–0.33 (–2.32 to 1.66).83–0.15 (–1.51 to 1.22)FTNDc

.24–4.25 (–11.37 to 2.87).44–9.43 (–33.30 to 14.44).57–4.88 (–21.59 to 11.84)EQ-5D

.24–1.30 (–3.48 to 0.87).12–5.07 (–11.46 to 1.32).15–3.57 (–8.36 to 1.23)BSI-18d

.050.25 (0.00 to 0.50)<.0011.29 (0.62 to 1.95)<.001 f1.10 (0.60 to 1.61)AUDITe

Diagnosis of lung cancer

ReferenceReferenceReferenceReferenceReferenceReferenceNo (n=47)

.491.30 (–2.36 to 4.96).62–3.01 (–15.04 to 9.02).60–2.19 (–10.48 to 6.09)Yes (n=9)

Diagnosis of breast cancer

ReferenceReferenceReferenceReferenceReferenceReferenceNo (n=25)

.241.65 (–1.07 to 4.37).145.94 (–1.87 to 13.74).253.70 (–2.59 to 9.99)Yes (n=31)

Cancer sites

ReferenceReferenceReferenceReferenceReferenceReference1 (n=47)

.730.64 (–3.04 to 4.31).58–3.88 (–17.73 to 9.98).53–2.75 (–11.29 to 5.79)2 or 3 (n=9)

aA Bonferroni correction was applied based on 11 tests resulting in an α of .0045.
bFemale participants showed a significantly lower number of logins in the MyCourse-Quit Smoking intervention than male participants.
cFTND: Fagerström Test for Nicotine Dependence.
dBSI-18: Brief Symptom Inventory-18.
eAUDIT: Alcohol Use Disorders Identification Test.
fA higher AUDIT score at baseline was associated with a significantly higher number of logins and diary registrations but not with the number of
completed exercises.

Intervention Engagement, Participant Characteristics,
and Smoking Behavior
Table 3 shows the outcomes of the analysis on the association
between intervention engagement and smoking behavior among
the 56 participants who logged in to the MyCourse portal at
least once. No significant effects were found between
intervention engagement and smoking behavior. Table 3 also

shows the association between several participant characteristics
and smoking behavior among the 83 participants of the
intervention group. The results show that a higher FTND score
at baseline is associated with a significantly greater reduction
of the 7-day sum of smoked cigarettes after 6 months in the
intervention group (P=.002). None of the other participant
characteristics or measures of engagement predicted smoking
behavior at 6 months.
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Table 3. The relationship between participant characteristics and intervention engagement with smoking behavior.

Effect on 7-day tobacco use at 6-month follow-upCharacteristics

P valuesaB (95% CI)

.390.70 (–0.89 to 2.29)Age (years) (n=83)

Sex

ReferenceReferenceMale (n=13)

.81–5.71 (–51.07 to 39.65)Female (n=70)

Higher education

ReferenceReferenceNo (n=58)

.90–2.16 (–37.12 to 32.80)Yes (n=25)

Living situation

ReferenceReferenceAlone (n=22)

.96–1.04 (–38.13 to 36.05)Together (n=61)

.002 c–9.86 (–15.95 to –3.76)FTNDb (n=83)

.6817.28 (–64.19 to 98.74)EQ-5D (n=83)

.931.25 (–27.43 to 29.94)BSI-18d (n=83)

.142.38 (–0.76 to 5.53)AUDITe (n=83)

Diagnosis of lung cancer

ReferenceReferenceNo (n=69)

.2119.84 (–10.95 to 50.62)Yes (n=14)

Diagnosis of breast cancer

ReferenceReferenceNo (n=41)

.6011.77 (–32.27 to 55.81)Yes (n=42)

Cancer sites

ReferenceReference1 (n=69)

.00953.77 (13.70 to 93.83)2 or 3 (n=14)

.56–0.13 (–0.55 to 0.30)Number of logins (n=56)

.88–0.02 (–0.35 to 0.30)Number of diary entries (n=56)

.920.19 (–3.31 to 3.69)Number of exercises (n=56)

aA Bonferroni correction was applied based on 14 tests resulting in an α of .004.
bFTND: Fagerström Test for Nicotine Dependence.
cA higher FTND score at baseline is associated with a significantly greater reduction of the 7-day sum of smoked cigarettes after 6 months in the
intervention group.
dBSI-18: Brief Symptom Inventory-18.
eAUDIT: Alcohol Use Disorders Identification Test.

Moderation Analysis
Table 4 reports the outcomes of the moderation analysis on the
interaction effect of participant characteristics and study

condition on the number of cigarettes smoked in the past 7 days
among the 165 participants at 6-month follow-up. No significant
effects were found in this analysis.
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Table 4. Moderation analysis of study condition on the relationship between participant characteristics and smoking behavior.

Participant characteristic × randomized controlled trial condition 7-day tobacco use at 6-month
follow-up (N=165)

Characteristic

P valuesaB (95% CI) 

.291.229 (–1.06 to 3.52)Age (years)

Sex

ReferenceReferenceMale (n=29)

.71–11.7 (–73.76 to 50.36)Female (n=136)

Higher education

ReferenceReferenceNo (n=121)

.34–25.21 (–77.18 to 26.76)Yes (n=44)

Living situation

ReferenceReferenceAlone (n=48)

.767.989 (–43.59 to 59.57)Together (n=117)

.41–3.624 (–12.20 to 4.95)FTNDb

.4645.117 (–75.26 to 165.49)EQ-5D

.59–12.024 (–55.66 to 31.61)BSI-18c

.124.155 (–1.04 to 9.35)AUDITd

Diagnosis of lung cancer

ReferenceReferenceNo (n=142)

.2142.98 (–24.59 to 110.55)Yes (n=23)

Diagnosis of breast cancer

ReferenceReferenceNo (n=90)

.699.25 (–36.89 to 55.39)Yes (n=75)

Cancer sites

ReferenceReference1 (n=137)

.00781.71 (22.50 to 140.91)2 or 3 (n=28)

aA Bonferroni correction was applied based on 11 tests resulting in an α of .0045.
bFTND: Fagerström Test for Nicotine Dependence.
cBSI-18: Brief Symptom Inventory-18.
dAUDIT: Alcohol Use Disorders Identification Test.

Sensitivity Analysis
The association between sex and the number of logins on the
nonimputed data did not reach significance after the Bonferroni
correction (P=.006). The association between the FTND and
7-day cigarette smoking at 6-month follow-up in the nonimputed
data did not reach significance after Bonferroni correction
(P=.10). In the moderation analysis, after Bonferroni correction
on the nonimputed data, the interaction effect of the number of
cancer sites and study condition on smoking behavior reached
significance (P=.002). For all other analyses, the results did not
change significantly. Detailed results of the sensitivity analyses
can be found in Multimedia Appendix 1.

Discussion

Principal Findings
In this study, we evaluated hypothesized predictors and
moderators of intervention engagement and smoking behavior
in MyCourse-Quit Smoking, a digital SC intervention for cancer
survivors. With regard to the relationship between participant
characteristics and intervention engagement, it was found that
female participants logged on significantly less often than male
participants. This effect should nevertheless be interpreted with
caution since the number of male participants in the sample was
low (n=8). Moreover, previous research shows that female
participants are generally more engaged in digital SC
interventions than male participants [16,33-37]. A significant
positive association between the baseline AUDIT score and
intervention engagement was found; a higher AUDIT score at
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baseline was related to a higher number of logins and diary
registrations in the MyCourse intervention. There was no effect
of the baseline AUDIT score on the number of completed
exercises. Previous studies showed that participants with a
higher risk of alcohol dependence had a harder time to quit
smoking, and therefore needed more support from the
intervention, as demonstrated in several previous studies [26,27].
Toll et al [27] showed that people who drink more heavily were
less likely to quit smoking, but problematic alcohol use was not
measured. Sells et al [26] pointed out that people with a high
risk of problematic alcohol use may need more intensive
intervention in order to quit smoking, whereas people with a
high risk of problematic alcohol use were defined with an
AUDIT score higher than 7. However, in this study, we did not
find an effect of the AUDIT score on smoking behavior.
Furthermore, participants of the MyCourse-Quit Smoking trial
had generally low AUDIT scores (mean 3.6, SD 4.7), and few
participants with a score higher than 7 (21/165).

Regarding the association between participant characteristics
and smoking behavior, we found that participants of the
MyCourse intervention who had higher nicotine dependence
scores at baseline showed a greater reduction in the number of
smoked cigarettes in the past 7 days at the 6-month follow-up.
This negative association between nicotine dependence at
baseline and tobacco use at follow-up is a reasonable finding
because it is likely that less addicted participants at baseline
already smoke fewer cigarettes than highly addicted participants,
and therefore, a smaller reduction of cigarettes at 6 months is
possible. This finding does not indicate whether heavier nicotine
dependence predicts SC, as participants can greatly reduce the
number of smoked cigarettes but not enough to completely quit
smoking. Previous research shows that, in general, less severe
nicotine dependence is associated with a higher SC rate [38,39].

The analyses on the association between intervention
engagement (ie, the number of logins, self-monitoring
registrations, and exercises) and the outcome did not yield any
significant effects. This study showed the overall prevailing
pattern of the majority of participants quitting the use of the
intervention in the first few days and a smaller group that uses
the intervention for a longer period [40]. However, other studies
on digital SC interventions have shown a dose-response
relationship between intervention engagement and outcome
[9,10,41], with higher engagement predicting greater SC rates,
although this is sometimes limited to certain engagement
measures [34] or with low quality of the evidence due to low
follow-up rates [9]. For example, Heminger et al [34] did not
find a significant association between program dose and SC,
but the use of specific intervention elements (eg, making a
pledge toward a smoke-free life and tracking saved money and
health benefits gained after quitting) was associated with SC.
For future research, it is therefore important to properly define
engagement, differentiate between indicators of engagement,

and use empirically effective intervention techniques in order
to enhance engagement [6].

The moderation analysis did not yield any significant effects.
This indicates that being in the intervention group, compared
to the control group, does not amplify the effect between any
of the participant’s characteristics and tobacco use, and hence
no specific participant characteristic renders participants more
or less likely to be successful when participating in the
MyCourse intervention.

Limitations
The initial study was 80% powered to detect a relative risk of
2.1 in SC [20], while this explored different outcome variables,
potential moderator effects herein, and made comparisons other
than between treatment arms. Hence, the initial sample size
calculation might not be applicable. Post hoc power analyses
were omitted, as these would merely reflect the already obtained
P value [42]. While the applied Bonferroni correction accounted
for multiple comparisons, it might be overly strict in our case
[43]. Furthermore, the tendency to overfit data might also be a
problem for linear mixed modeling analyses. The study had
missing data, which might have caused bias in the results. On
the other hand, as a strength of this study, multiple imputation
was applied to compensate for the missing values, and the
sensitivity analysis did not reveal any substantial differences in
the analyses without imputation. Another limitation is the sample
size of the analyses for the first research question, especially
for the subgroup analyses of sex and living situation. Since
some of the categories of these variables had small group sizes,
the outcomes of the analyses should be interpreted with caution.

Clinical Implications
The MyCourse intervention is presumably more engaging for
people who smoke and people with moderate to high alcohol
dependence. Furthermore, this study did not identify any specific
subgroups where the MyCourse-Quit Smoking intervention
might be particularly effective or ineffective.

Conclusions
This study aimed to provide more insight into predictors and
moderators of engagement and outcome for a digital SC
intervention targeting cancer survivors. Overall, a limited
number of associations was found between participant
characteristics, engagement, and smoking behavior. Female
participants accessed the intervention less often than male
participants, and participants with higher AUDIT scores
accessed the intervention more often and had more diary
registrations than participants with lower AUDIT scores. Greater
nicotine dependence at baseline was associated with a greater
reduction in number of cigarettes at 6 months. Future studies
in a larger sample and with a preregistered analysis plan are
needed to corroborate these findings and shed light on how this
knowledge can be used to improve the effects of digital SC
programs.
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Abstract

Background: Breast cancer is a widespread disease, and its incidence is rapidly increasing in the Middle East and North Africa
region. With the increasing availability of smartphone apps for various health purposes, breast cancer apps have emerged as tools
for raising awareness, providing support, and empowering women affected by this disease. These apps offer many features,
including information on breast cancer risk factors, self-examination guides, appointment reminders, and community support
groups or hotlines. Using apps raises the risk of privacy and security issues, and we hope that examining these features of the
apps will contribute to the understanding of how technology can be used to improve these apps and provide insights for future
development and improvement of breast cancer apps.

Objective: This study aims to critically review the quality, privacy, and security of breast cancer apps available to Arabic
speakers.

Methods: Similar to several recent studies, we used a systematic search for apps available in Google Play and Apple App stores
using both the web interface and the built-in native stores installed on smartphones. The search was conducted in mid-December
2022 in Arabic using the following keywords:           –                   –                 –                 –                 –             (breast cancer,
breast cancer treatment, breast cancer disease, breast cancer symptoms, breast cancer screening, and breast test). These preidentified
search terms are based on earlier work concerning the top searched breast cancer topics by Arabic speakers through Google’s
search engine. We excluded apps that did not have an Arabic interface, were developed for non-Arabic speakers, were paid,
needed a subscription, or were directed toward health care workers. The Mobile App Rating Scale was used to evaluate the quality
of the apps concerning their engagement, functionality, aesthetics, and information. A risk score was calculated for the apps to
determine their security risk factors.

Results: Only 9 apps were included, with most (6/9, 67%) being supported by advertisements and categorized as informational.
Overall, the apps had low numbers of downloads (>10 to >1000). The majority of the included apps (8/9, 89%) requested dangerous
access permissions, including access to storage, media files, and the camera. The average security score of the included apps was
3.22, while only 2 apps provided information about data security and privacy. The included apps achieved an overall average
quality score of 3.27, with individual dimension scores of 4.75 for functionality, 3.04 for information, 3.00 for aesthetics, and
2.32 for engagement.

Conclusions: The limited availability of breast cancer apps available to Arabic speakers should be a call to action and prompt
health care organizations and developers to join forces and collaboratively develop information-rich, usable, functional, engaging,
and secure apps.

(JMIR Cancer 2024;10:e48428)   doi:10.2196/48428
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Introduction

Female breast cancer is among the most commonly diagnosed
cancers worldwide, with a rate of approximately 2.3 million
new cases [1]. Over the past decade, breast cancer incidence
has been on the rise in the Middle East and North Africa
(MENA) region [2]. Breast cancer is the most frequently
diagnosed cancer (17.7%-19% of all types of cancer) in the
region [3], and it accounts for 30% of all cancer cases [4]. The
lack of cancer education and barriers to cancer screening are
seen as major health problems [5]. Education is one of the most
effective tools in the fight against female breast cancer; it can
have positive effects on women’s practices, attitudes, and
knowledge of the disease [6]. However, recent studies suggest
a lack of resources and poor awareness of breast cancer in
women in the MENA region [7]. While the digital delivery of
health education content has been on the rise through different
digital media (eg, websites and social media), the quality of
Arabic content for female breast cancer remains poor [8-10].

Smartphone proliferation, ubiquity, and affordability, as well
as the increasing availability of mobile apps, may be the
long-awaited for “digiceuticals” or digital therapeutics [11-13].
Today, the number of health apps in smartphone app stores
exceeds 325,000 [14] and will continue to rise, with estimates
of more than 200 apps being added daily to app stores [15],
covering a wide spectrum of health purposes, such as well-being,
education, and disease management, including chronic
conditions [16]. Several apps are available that can help
individuals with breast cancer manage their condition. These
apps have been used for the purposes of education [17-19], care
management [20,21], prevention [22-24], and well-being
[25,26]. These apps can be a valuable resource for individuals
with breast cancer, helping them stay informed and connected
to their care team and manage the symptoms and challenges
associated with the disease.

The use of mobile health (mHealth) apps contributes to
improving health literacy and facilitating communication
between patients and their care providers [27]. Moreover, it
improves patient well-being and helps caregivers make informed
clinical decisions [28]. In fact, the use of such apps not only
benefits patients while receiving treatment but also provides
tools such as follow-up care and self-management for breast
cancer survivors [29]. Patients’ need for self-management
techniques is crucial, as it helps them to make their lives better
by complying with the treatment needed and, as a result,
accepting the disease [30].

However, despite the high number of downloads and star ratings
of health apps, including those specifically targeting breast

cancer, several challenges remain with respect to their quality
and security. Evidence from the literature reports on the
existence of poor-quality health apps that fall short with respect
to (1) following evidence-based health guidelines and best
practices, (2) involving experts and consumers in their
development, and (3) demonstrating effectiveness based on
empirical evidence, all of which ultimately can be potentially
harmful to their users [14,31-33].

Additionally, health apps have been facing critical challenges
related to their privacy, confidentiality, and security [14,34,35],
especially given their nature of handling sensitive, personal,
and health-related data [36]. These challenges have been
magnified with the rise of cyberattacks through apps and mobile
devices [37] and further highlighted by recent regulations such
as the General Data Protection Regulation for member states
of the European Union [38]. Such a regulation assesses the
privacy score of mobile apps and identifies or measures apps’
privacy based on 14 components [39].

As the uptake of these apps increases, it becomes imperative
for users to evaluate their quality and safety [40]. Despite the
high prevalence of breast cancer among the population of the
MENA region, evidence regarding the quality, privacy, and
security of breast cancer apps available to Arabic speakers
remains poor. This study aimed to conduct a systematic
assessment of mobile breast cancer apps available for Arabic
speakers to evaluate their functionality, quality, security, and
data safety. To the best of our knowledge, no previous study
has addressed this gap.

Methods

Overview
Using a similar approach to several recent studies [41-45] and
to ensure scientific rigor, this study conducted a systematic
search and content analysis of mobile breast cancer apps
available for Arabic speakers. We searched both Google Play
and Apple App stores between December 18 and 24, 2022.

Search Strategy
Initially, we used the Arabic search terms highlighted in Table
1 to search Google Play and Apple App stores. These search
terms were selected based on earlier work that was published
concerning the top searched breast cancer topics by Arabic
speakers using Google’s search engine [8]. To ensure rigor, the
researchers searched the app stores both through (1) the web
interface and (2) natively on devices running the relevant
operating system, thus mimicking how end users will discover
such apps.
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Table 1. The terms used to search for breast cancer apps available to Arabic speakers and their English translations.

Translated termArabic term

Breast cancer           

Breast cancer screening               

Breast cancer treatment or therapy               

Breast cancer detection or screening               

Breast cancer disease               

Symptoms of breast cancer                     

Breast screening         

Eligibility
App eligibility was determined by 2 independent researchers
blinded to each other’s decisions, and the apps were initially
screened based on the app’s name, the provided screenshots,
and the app’s description. Discrepancies between researchers
were resolved through consensus. Apps were included if they

were free of charge, provided content and support for Arabic
speakers, and were designed for use by consumers or patients;
all apps were considered regardless of release or last update
dates (Textbox 1). Apps were excluded if they were paid or
were subscription-based, did not support Arabic speakers, or
were designed for use by clinicians or health care workers.

Textbox 1. Inclusion and exclusion criteria for the apps.

Inclusion criteria

• Free of charge

• Available on Google Play or Apple App store

• Designed for use by consumers or patients

• Support Arabic speakers

• Considered regardless of release or last update dates

Exclusion criteria

• Paid or subscription based

• Designed for use by clinicians or health care workers

• Does not support Arabic speakers

Data Extraction and Evaluation
Initially, all information provided by the app developers in the
app stores was extracted to evaluate the descriptive features and
the general characteristics of the included apps, which included
the platform, developer name, update date, ratings, number of
reviews, number of downloads, app category, and app
permissions, as reported by the app developers. Afterward, 2
independent researchers downloaded the apps on their
smartphones to assess the quality and privacy risks of the
included apps.

We evaluated the quality of the included apps using a
standardized form, the Mobile App Rating Scale (MARS),
focusing on the following 4 dimensions: engagement,
functionality, aesthetics, and information quality [46,47]. All
scores were compared among 2 researchers, and the average
score for each dimension was reported. To evaluate the apps’
privacy risks, we assigned scores to the permissions requested
by the apps as reported by the app developers. The scores were
informed by previous research, where the score risk is 0 for
nonthreatening, 0.5 for potentially threatening, and 1 for
threatening permissions [48]. Such permissions include access

to restricted data, such as system state and user contact
information, and restricted actions, such as connecting to a
paired device and recording audio [49]. The 2 researchers
independently carried out this evaluation and were unaware of
each other’s scores; any discrepancies were resolved through
consensus.

Results

Overview
The researchers followed the systemic steps, highlighted in
Figure 1, resulting in the inclusion of 9 apps, all of which are
Android apps found on the Google Play store.

Overall, the included apps were indicated to be appropriate for
all ages and were either in the medical, education, lifestyle,
personalization, or health and fitness categories as per Google
Play store categorization (Table 2). Our investigation suggests
that the apps were all informational in nature, mainly providing
information about breast cancer. None of the included apps had
a language option to make it available in more than 1 language.

JMIR Cancer 2024 | vol. 10 | e48428 | p.280https://cancer.jmir.org/2024/1/e48428
(page number not for citation purposes)

Alhuwail et alJMIR CANCER

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


At the time of data collection, the results show that the included
apps had low overall downloads (>10 to >1000) and more than
half (6/9, 67%) were supported by advertisements. Only 5 apps

had reviews, with an average of 10.60 reviews and an average
star rating of 4.78. Only 1 app was last updated in 2019, while
the remaining apps were updated in the past 2 years.

Figure 1. The flow diagram of the systematic search process to identify the relevant apps.

Table 2. Characteristics of the included breast cancer apps in the Google Play store.

CategorybUpdated ondRatingb,cDownloads, nAdvertisement supportedReviews, nStarsApp numbera

MedicalMay 11, 20213+>100No1051

MedicalJuly 26, 20193+>1000Yes234.92

Health and fit-
ness

April 18, 20203+>100Yes——e3

EducationNovember 3, 20203+>1000Yes64.24

MedicalMay 11, 20213+>500No855

MedicalJuly 11, 20223+50No64.86

LifestyleAugust 9, 20213+500Yes——7

PersonalizationOctober 8, 20223+10Yes——8

PersonalizationOctober 8, 20223+10Yes——9

aArbitrary number to mask app name.
bBased on Google Play store.
cContent of apps considered suitable for age group indicated per Google Play store rating.
dAt data collection.
eNot available.
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App Permissions and Controls
As described in the Google Play store, the majority of the
included apps (8/9, 89%) were requesting dangerous access
permissions, including access to storage, media files, and camera
permissions (Table 3). Additional permissions were exposed
after the researchers downloaded the apps on the testing devices.
These permissions included receiving data from the internet;
viewing network connections; having full network access;
running at start-up; controlling flashlight and vibration;
preventing the device from sleeping; reading badge notifications;
running foreground services; advertising permissions; reading
location from media; playing and installing referrer application
programming interface; and lastly, pairing with Bluetooth

devices (Table S1 in Multimedia Appendix 1). The researchers
considered all permissions and added them up to calculate the
final risk score (Table 4).

On average, the security score for the included apps is 3.22
(total points possible: 9.5). The security scores ranged between
0 and 7.5; only 2 apps had a total security score of 0. The apps
requested potentially dangerous permissions, namely full
network access, advertising ID permission, read location from
media collection, precise location (GPS and network-based),
take pictures and videos, read the contents of the USB storage,
modify or delete the contents of the USB storage, and view
Wi-Fi connections.

Table 3. Included apps’ permissions as described in the Google Play store.

Wi-Fi connec-
tion

StoragePhotos and mediaCameraLocationApp number

View Wi-Fi
connections

Modify or
delete the con-
tents of your
USB storage

Read the contents
of your USB stor-
age

Modify or delete
the contents of
your USB storage

Read the
contents of
your USB
storage

Take pic-
tures and
videos

Precise loca-
tion (GPS and
network
based)

Approximate
location (net-
work based)

1

✓2

✓✓✓✓✓✓✓✓3

4

5

✓✓✓6

✓✓7

8

9
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Table 4. The security score per app based on its permissions requested or declared.

AppWeightaPermission

987654321

1111011000.5Receive data from the internet

1111011100.5View network connections

1110011101Full network access

1111011000Run at start-up

0000001000Control flashlight

1111011000Control vibration

1111011010Prevent device from sleeping

1111010000Read badge notification

1110010000Run foreground service

1101000001Advertising ID permission

0011000001Read location from media collection

0011000000Play install referrer APIb

0011000000Pair with Bluetooth devices

0000001000.5Approximate location (network-based)

0000001001Precise location (GPS and network-based)

0001001001Take pictures and videos

0000001001Modify or delete the contents of your USB storage

0011001001Read the contents of your USB storage

0000001001Modify or delete the contents of your USB storage

0011001101View Wi-Fi connections

3356027.52.509.5Total security score per app

aThe threat weight was calculated following the guidance provided by Olmstead and Atkinson [48].
bAPI: application programming interface.

Data Safety
Only 3 apps provided information about data safety and how
the data are handled (Table S2 in Multimedia Appendix 1).
Specifically, only 2 apps reported not sharing user data with
other companies or organizations; the same apps reported that
their apps do not collect user data. On the other hand, only 1
reported sharing information such as location, health and fitness
messages, as well as photos and videos. The 3 apps that declared
information about data safety reported that the data are encrypted
in transit. Only 1 app reported that the users can request to delete
the data.

Apps’ Quality Rating
The researchers used MARS to evaluate the included apps’
quality. MARS uses 4 dimensions to assess the apps:
engagement, functionality, aesthetics, and information. The
average overall score rating of the included apps was 3.27 (Table
5). Notably, the evaluation showed that all the apps had a high
rate in the functionality dimension, where they all scored 4.75;
as for the engagement dimension, all apps had a meager score
with an average of 2.32. Considering the other 2 dimensions,
aesthetics and information, we can see that the scores vary
between apps, where some have a high score and others have
a low score, with an average of 3.00 and 3.04, respectively.
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Table 5. Mobile App Rating Scale evaluation for Arabic breast cancer apps.

OverallInformationAestheticsFunctionalityEngagementApp number

3.603.873.674.752.301

3.303.003.004.752.402

3.102.253.004.752.403

3.202.503.334.752.404

3.503.503.334.752.405

3.704.003.674.752.406

3.202.753.004.752.207

2.902.752.004.752.208

2.902.752.004.752.209

3.273.043.004.752.32Total mean score

Discussion

Principal Findings
To the best of our knowledge, this work summarizes the most
extensive collection of the currently available free-of-charge
breast cancer apps for Arabic speakers on the Google Play and
Apple App stores. Interestingly, this systematic investigation
reveals that, at the time of data collection, no breast cancer apps
were identified as available to Arabic speakers in the Apple
App store. Additionally, none of the apps at the time of data
collection provided language options, which can hinder the
possibility of translating to multiple languages. Overall, the
results of this research showed a lack of breast cancer apps
available to Arabic speakers compared to apps available in
Turkish [50] and Korean [51] for example.

The analyzed apps in this study are available for free, with the
majority of these apps (6/9, 67%) being supported by
advertisements. The apps varied in what they are able to access
and control on the devices, as shown in Table 3. A total of 44%
(4/9) apps use Wi-Fi, 33% (3/9) can access the device’s storage,
22% (2/9) have access to the device’s camera, and 11% (1/9)
are able to access the media as well as the location. Only 33%
(3/9) of the apps stated how the collected data would be used
(Table S2 in Multimedia Appendix 1), while the rest of the apps
did not specify any information.

The results of this study demonstrate that the quality of the
considered apps is highly “functional” but less “engaging”
(Table 5). The average overall score rating of the included apps
(3.27) is slightly above average, suggesting that the majority of
the apps may not be considered exceptional by consumers.
While there seem to be positive aspects to the included apps,
there is still room for improvement. Considering Arabic content
related to breast cancer, recent evidence suggests the low quality
of informational videos available on YouTube despite the high
number of views [9]. Our findings provide evidence suggesting
that nearly average-quality information content about breast
cancer is available to Arabic speakers.

A recent Spanish study tested 6 apps (2 on iOS, 5 on Android,
and 1 on both) using the MARS framework. The results of the
study showed relatively diverse scores, with an objective quality

mean score of 3.06 and a subjective quality mean score of 1.96
[52]. Another study evaluated the quality of mHealth apps for
educational purposes in Iran using the MARS framework. The
study reported a mean score of 4.01 for quality and 3.08 for
subjective quality [53]. Turkish apps were also evaluated using
the MARS framework, and the study found an average score
of 3.31 [50], which is similar to the Spanish study’s results.

Although many research papers have addressed the importance
of using mHealth apps to improve patients’ health, provide
educational materials, enhance communication between patients
and caregivers, and achieve a successful recovery, these studies
have stated that such apps are exposed to several challenges
and threats as well. For instance, middle- and high-income
households had more access to the internet on their mobile
devices compared to those with low incomes [28]. Therefore,
patients and caregivers who have no or limited access to the
internet may not be able to use the app’s features effectively,
or they might not prefer to use a mobile phone for health-related
purposes in general.

Another concern is that the process of storing and transferring
personal health data through a mobile app could be insecure
and might cause serious security and privacy issues [28,54].
Thus, mobile apps should be designed to accommodate a wide
range of possible users while considering health knowledge,
different levels of cultural needs, and linguistic requirements.
Additionally, recent research suggests that assessing the apps’
quality, safety, and usability by involving patients and health
care professionals will result in an ideal app that meets patients’
requirements and enhances the app’s overall safety as well [20].

The literature on breast cancer smartphone apps suggests that
these apps can be a valuable resource of information for
individuals with the disease [55]. These apps provide
information on treatment options, support groups, and local
resources. The apps also allow individuals to track their
symptoms, set reminders for appointments, and record their
progress throughout treatment [56]. Such features can
significantly contribute to enhancing patients’ well-being [57].
Additionally, studies have found that these apps can improve
communication with health care providers and improve
self-efficacy and quality of life [30,58]. However, it is important
to note that the quality and accuracy of the information provided
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by these apps can vary, and it is recommended to consult with
a health care professional before using any app for managing a
medical condition.

A recent study on breast health and breast cancer apps notes
that although apps appear to be competitive and useful for
patients, some major features have to be considered while
developing these apps [59]. The features include notifications,
reminders, symptoms tracking, and recording. The study also
suggests designing the apps to be user-friendly, even for
low-literacy patients, by adding an audio feature
(text-to-speech). Developing features with audio support will
not only help patients with low literacy but can also support
multiple languages.

Recommendations and Implications for Practice

Privacy and Security
We would recommend that the developers of the apps be more
transparent and state how the data will be used and that they
should not have access to unnecessary data. We recommend
that future breast cancer apps be available to Arabic speakers
to justify the need for the permissions requested while also
transparently disclosing the data safety handling measures to
the app users. Security and privacy of apps are considered major
requirements as they are accountable for sensitive patient data
such as prescriptions, treatments, etc. Thus, to come up with
robust apps that could ensure privacy and security appropriately,
more evaluation techniques, as well as security mechanisms,
should be analyzed and implemented on Arabic apps, in
particular, to assess, measure, and control the apps’ security
and privacy [60].

Quality and Engagement
Involving patients and health professionals in the app design
phase is crucial. Several studies have addressed the idea that
health applications should be developed and designed based on
the combined efforts of health professionals, related academics,
and patients [61]. To raise the quality of breast cancer apps, the
inclusion of utility features such as appointment booking for
mammograms and web-based consultations becomes necessary.
In addition, it is recommended to improve health apps’
engagement by focusing on specific components such as
personalized content, data visualization, reminders and
notifications, educational material, self-management functions,
and goal-setting features [62]. Providing users and patients with
proper communication features and a well-designed interface
leads to an ideal user experience as a result [30].

Study Strengths and Limitations
Similar to other studies, a rigorous multistep methodology
mimicking systematic reviews is used in this study to assess the
breast cancer apps that are available to Arabic speakers. Apps
were thoroughly searched through both the web interface as
well as the app stores natively on the devices, mimicking how
end users will discover such apps. While the results provide an
indication of the quality of the evaluated apps, additional
investigations are required to consider patients’ perspectives
about their views about the quality as well as the utility of such
apps. Future studies can also involve rigorous assessments with
respect to the security measures applied by breast cancer apps
available to Arabic speakers.

This study only considered the publicly available apps and may
have missed apps that are “prescribed” to patients or consumers
or those that are developed locally by health care organizations.
Another limitation, which is inherent to the search strategy used
in this work as well as similar other work [63], is the fact that
the search algorithms used by the app stores are nontransparent
and can change without the public’s knowledge, potentially
undermining the reproducibility of the outcomes. Lastly, the
current state of the results as revealed by this work is likely to
change quite rapidly since apps are regularly released, updated,
and retired.

Conclusions
The battle against breast cancer is not over yet, and breast cancer
apps can serve as valuable resources in this ongoing fight. The
results of this systematic and thorough examination of breast
cancer apps available for Arabic speakers reveal their limited
existence at the time of study. The investigations evaluated
these apps through the lenses of quality, privacy, and security,
revealing that the included apps are rated as highly “functional”
but at the same time are less “engaging.” The investigations
also reveal that some apps were accessing unnecessary data and
collecting information that was not relevant to the purpose of
the app.

Developers of breast cancer apps that cater to Arabic speakers
must focus on consumers’preferences, demographics, usability,
and the interface of their apps, as well as enhance measures and
mechanisms of privacy and security for their apps. The low
number of breast cancer apps available to Arabic speakers, as
revealed in this study, should be a call to action for many health
care organizations and developers to collaboratively develop
information-rich, usable, functional, engaging, and secure apps.
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Abstract

Background: Trastuzumab has had a major impact on the treatment of human epidermal growth factor receptor 2 (HER2)-positive
breast cancer (BC). Anti-HER2 biosimilars such as Ogivri have demonstrated safety and clinical equivalence to trastuzumab
(using Herceptin as the reference product) in clinical trials. To our knowledge, there has been no real-world report of the side
effects and quality of life (QoL) in patients treated with biosimilars using electronic patient-reported outcomes (ePROs).

Objective: The primary objective of this prospective observational study (OGIPRO study) was to compare the ePRO data
related to treatment side effects collected with the medidux app in patients with HER2-positive BC treated with the trastuzumab
biosimilar Ogivri (prospective cohort) to those obtained from historical cohorts treated with Herceptin alone or combined with
pertuzumab and/or chemotherapy (ClinicalTrials.gov NCT02004496 and NCT03578731).

Methods: Patients were treated with Ogivri alone or combined with pertuzumab and/or chemotherapy and hormone therapy in
(neo)adjuvant and palliative settings. Patients used the medidux app to dynamically record symptoms (according to the Common
Terminology Criteria for Adverse Events [CTCAE]), well-being (according to the Eastern Cooperative Oncology Group Performance
Status scale), QoL (using the EQ-5D-5L questionnaire), cognitive capabilities, and vital parameters over 6 weeks. The primary
endpoint was the mean CTCAE score. Key secondary endpoints included the mean well-being score. Data of this prospective
cohort were compared with those of the historical cohorts (n=38 patients; median age 51, range 31-78 years).

Results: Overall, 53 female patients with a median age of 54 years (range 31-87 years) were enrolled in the OGIPRO study.
The mean CTCAE score was analyzed in 50 patients with available data on symptoms, while the mean well-being score was
evaluated in 52 patients with available data. The most common symptoms reported in both cohorts included fatigue, taste disorder,
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nausea, diarrhea, dry mucosa, joint discomfort, tingling, sleep disorder, headache, and appetite loss. Most patients experienced
minimal (grade 0) or mild (grade 1) toxicities in both cohorts. The mean CTCAE score was comparable between the prospective
and historical cohorts (29.0 and 30.3, respectively; mean difference –1.27, 95% CI –7.24 to 4.70; P=.68). Similarly, no significant
difference was found for the mean well-being score between the groups treated with the trastuzumab biosimilar Ogivri and
Herceptin (74.3 and 69.8, respectively; mean difference 4.45, 95% CI –3.53 to 12.44; P=.28).

Conclusions: Treatment of patients with HER2-positive BC with the trastuzumab biosimilar Ogivri resulted in equivalent
symptoms, adverse events, and well-being as found for patients treated with Herceptin as determined by ePRO data. Hence,
integration of an ePRO system into research and clinical practice can provide reliable information when investigating the real-world
tolerability and outcomes of similar therapeutic compounds.

Trial Registration: ClinicalTrials.gov NCT05234021; https://clinicaltrials.gov/study/NCT05234021

(JMIR Cancer 2024;10:e54178)   doi:10.2196/54178

KEYWORDS

breast cancer; biosimilar; trastuzumab; electronic patient-reported outcome; ePRO; medidux; app

Introduction

Biosimilars and reference biologics play a key role in the
treatment of cancer and account for approximately 70% of the
growth in costs of drugs from 2010 to 2015 [1]. Therefore,
pricing is an important challenge for the medical society and
biosimilars offer an attractive option for a value-based care
environment with cost-saving potential [2].

Trastuzumab (Herceptin), a human epidermal growth factor
receptor 2 (HER2) antibody, has had a major impact on the
treatment of patients with HER2-positive breast cancer (BC)
worldwide, which now has indications for the treatment of small
tumors in both (neo)adjuvant and palliative settings [3,4]. This
provides a good opportunity to compare the efficacy and safety
of trastuzumab biosimilars to those of trastuzumab in clinical
trials. For several anti-HER2 biosimilars, safety and clinical
equivalence to the reference product have been demonstrated
[2,5]. In a randomized, parallel-group phase 3 equivalence study
of patients with HER2-positive metastatic BC, Rugo et al [6]
demonstrated equivalent efficacy and similar safety profiles
between the trastuzumab biosimilar Ogivri (MYL-1401O) and
trastuzumab (Herceptin) [6].

The enhanced assessment of electronic patient-reported
outcomes (ePROs) in clinical routine and cancer trials is of
growing interest [7-9]. Several studies indicate that the proactive
use of PROs can identify otherwise undetected symptoms and
improve symptom management for patients with various types
of cancer [9] as well as offer improvements in well-being and
awareness of adverse events (AEs) between outpatient visits.
Using a mobile app, especially in collaboration with the treating
physician, might improve clinical care in patients with early or
advanced disease [10-13]. In addition, the benefits of digital
patient monitoring have been demonstrated during immune and
targeted cancer therapies in terms of more efficient symptom
assessment and patient-physician communication as well as a
reduced need for telephone consultations [14].

Medidux is an interactive patient empowerment app that enables
physicians, especially oncologists, to monitor the progression
of well-being and symptoms of patients undergoing cancer
treatment. Based on the documented symptom progression, the
software notifies patients to contact the treatment team if

symptoms defined according to the Common Terminology
Criteria for Adverse Events (CTCAE) standards are outside the
acceptable range. More than 110 available symptoms and
severity classifications (according to the CTCAE), as well as
high numbers of standardized symptom reports from patients,
contribute to the collection of high-quality ePRO data for the
timely management of treatment-related AEs and toxicities and
their communication to treatment teams [11,13]. Thus, the
medidux smartphone app is helpful to stabilize daily functional
activities and leads to more frequent reporting of AEs and more
precise entries regarding symptoms [11]. The continuous
measurement of ePROs enables structured and standardized
data recording of patients’ daily health state.

An increased level of concordance (κ=0.68) for common
symptoms, including pain, fever, diarrhea, constipation, nausea,
vomiting, and stomatitis, between the patient and treating
physician was recently demonstrated for the medidux platform
[13].

However, to the best of our knowledge, no real-world
observation of side effects, tolerability, and quality of life (QoL)
has been performed using ePRO data collected from patients
treated with anti-HER2 biosimilars. Thus, the aim of this
observational study was to investigate real-word data on daily
functional activity, symptoms, and therapy side effects recorded
with the medidux smartphone app in patients undergoing Ogivri
antibody therapy. In addition, historical ePRO data of 38 patients
with HER2-positive BC treated with Herceptin from two
previous studies [7,13] were used for comparative analysis.

Methods

Study Design
OGIPRO was a noninterventional, multicenter, prospective,
observational study conducted at 5 study sites in Switzerland
over a duration of 20 months.

Patients 18 years and older with a histologically or cytologically
proven diagnosis of HER2-positive primary, locally advanced,
or metastatic BC were eligible to participate after providing
written informed consent. In addition, patients had to own a
personal iOS or Android smartphone.
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Eligible patients received anti-HER2 treatment containing the
trastuzumab biosimilar Ogivri (initial dose of 8 mg/kg body
weight [BW] intravenously, followed by 6 mg/kg BW) with or
without pertuzumab and/or chemotherapy and hormone therapy
in (neo)adjuvant and palliative settings. At the beginning of the
study, patients were provided with the medidux app and were
prompted to record their symptoms, well-being, EQ-5D-5L
questionnaires, cognitive capabilities, and vital parameters every
day. Patients underwent 3 regular study visits scheduled on days
1, 21, and 42 during their 3 weekly chemotherapeutic
interventions. All anticancer treatments used in this study were
approved drugs, and the therapy was compliant with national
treatment guidelines.

The observational period for each patient was 6 weeks. At the
end of the observational period, patients decided whether to
continue their therapy with the biosimilar Ogivri or with the
reference substance Herceptin.

After the study observational period, prospectively collected
data of patients treated with Ogivri (prospective cohort) were
compared to historical ePRO data of patients treated with
Herceptin (historical cohort) in two previous studies: a
prospective randomized controlled trial (PRO1 study;
ClinicalTrials.gov NCT02004496) of 139 patients with early
stage BC who underwent chemotherapy [7] and an observational
noninterventional trial (Consilium1 study; ClinicalTrials.gov
NCT03578731) of patients with breast, colon, prostate, or lung
cancer undergoing cancer treatment [13]. In both studies,
patients were encouraged to document data on well-being and
standardized symptoms using earlier versions of the medidux
app during the course of their therapies. More than 5000
continuously measured data entries from 38 patients overall (14
from Consilium1 and 24 from PRO1) were available for the
comparative analysis [7,13]. The historical ePRO data were
recorded in the same manner using the earlier versions of the
mobile app [11] and were therefore comparable to the
prospective ePRO data.

Ethical Considerations
This study was approved by the Swiss Institutional Review
Board (KEK-ZH: 2021-D0051) and was conducted in
accordance with the principles of the Declaration of Helsinki
(current version). The study was also registered on
ClinicalTrials.gov (NCT05234021). All patients in the
prospective and historical cohorts provided written informed
consent prior to enrollment and were informed that participation
in the study is voluntary and can be revoked at any time. All
study documents were deidentified by assigning a unique ID to
each patient. Functional data security was ensured by
identification only made possible via the patient’s ID. The data
on the patients’ devices were encapsulated in the app and the
data exchange was encrypted with the patient’s ID. There was
no compensation provided to participants.

Objectives

Primary Objective
The primary objective of the study was to evaluate ePRO data
reported in the medidux app by patients with HER2-positive
BC treated with the trastuzumab biosimilar Ogivri with respect

to their treatment side effects and to compare these data with
ePRO data obtained from a historical cohort of 38 patients
treated with Herceptin in two previous studies (NCT02004496,
NCT03578731) [7,11,13]. No difference was expected for the
CTCAE score between the two cohorts. The aims of the study
were therefore to confirm that the average CTCAE scores were
similar in both cohorts and that the recording of side effects
with the app was reliable.

Secondary Objectives
Secondary objectives included well-being in both cohorts as
well as electronically reported symptoms with respect to the
therapy regimen and demographic characteristics only in the
prospective cohort.

Mobile App
The medidux app (version 3.2) used in the study is a
patient-centered, therapy-accompanying app that supports the
structured, standardized, and dynamic documentation of
symptoms and therapy side effects. Use of this tool does not
represent an invasive intervention on the patient and
consequently did not pose any specific risks of physical injury.

Data Collection
The app has two basic components: (1) a browser-based app
for the treatment team (web app) and (2) a mobile app for cancer
patients. There was no need for 24-hour monitoring by medical
staff in connection with use of the app.

The medidux app for patients enabled recording symptoms,
vital signs, and well-being in a structured and standardized
manner. Patients were encouraged to regularly enter data on
symptoms according to the CTCAE (version 4.0), general
well-being according to the Eastern Cooperative Oncology
Group Performance Status (ECOG PS), EQ-5D-5L questionnaire
(weekly), vital signs (weight, blood glucose, blood pressure,
and pulse), and optionally a neuropsychological cognitive test
(Trail Making Test [TMT]), concomitant medications, and
private notes. Patients were asked daily about their general
well-being and symptoms using a visual analog scale. Recording
usually started on the day of therapy initiation (or the change
in therapy) and continued through an observational period of 6
weeks. The frequency of app use and data entry was logged
throughout the course of the study treatment, which served as
an indicator of patients’ active participation in the study and as
a relevant process parameter for evaluating the usability of the
app itself.

The mobile app also recommended contacting the investigator
or treatment site in case of high intensity of symptoms (ie,
treatment side effects). Furthermore, the app provided patients
with self-efficacious recommendations and tips on how to treat
and reduce treatment side effects.

Recording of AEs
AEs in the app were classified according to the CTCAE (version
4.0). For the app, grade 5 “Death related to AE” had been
removed. Instead, category 0 was added, representing no or
very mild symptoms. The 5 severity levels were translated into
a visual analog scale from 0.1 to 10, with 0.1 representing the
weakest possible symptom and 10 representing the strongest
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possible symptom. Scores 0.1-2.0 corresponded to grade 0,
scores 2.1-4.0 corresponded to grade 1, scores 4.1-6
corresponded to grade 2, scores 6.1-8 corresponded to grade 3,
and scores 8.1-10 corresponded to grade 4 AEs. When patients
selected a score between 0.1 and 10, they received a summary
and information for the selected range, which was displayed in
the app. Classification into adapted grades based on the CTCAE
resulted in the following categories: minimal symptoms (0),
mild symptoms (1), moderate symptoms (2), severe symptoms
(3), and very severe symptoms (4).

Well-Being Assessment
Self-assessment of well-being was carried out in the medidux
app with the help of a slider on a visual analog scale that allows
for the continuous selection from 0 to 100. At the same time,
short definitions appear for the standardized and structured
reporting of the gradings, which should help the patient to
correctly categorize their well-being. Selected values between
81 and 100 correspond to an ECOG PS of 0, values of 61-80
correspond to ECOG PS 1, values of 41-60 correspond to ECOG
PS 2, values of 21-40 correspond to ECOG PS 3, and values of
0-20 correspond to ECOG PS 4. As mentioned above, grade 5
“Dead” was removed for the app.

Statistical Analyses

Sample Size Calculation
The research objective was to investigate the difference between
prospective and historical cohorts regarding patient-reported
side effects, operationalized by the CTCAE score over a period
of 6 weeks. To assess the hypothesis of equal CTCAE scores
in both cohorts, the method of interval estimation was selected
using the 95% CI for the mean difference between cohorts. A
statistical analysis plan (SAP) prospectively determined the
required sample size for a prospective cohort based on the data
from the historical cohort (as available from the previous studies
NCT02004496 and NCT03578731 [7,11,13]; see the Study
Design section above for further details). First, the SD for the
CTCAE scores of the 38 patients in the historical cohort was
calculated retrospectively as 9.7 and the assumption of an equal
SD in the prospective cohort was made. Second, the sample
size for the prospective cohort was chosen to achieve a certain
minimum precision in estimating the mean difference between
cohorts (width of the 95% CI). For a range of feasible sample
sizes, the SAP reported 95% CI precisions based on the t
distribution (calculated using the R package presize [15]),
assuming an equal SD of 9.7 in both cohorts and using a pooled
variance estimate. From this range, a sample size of 60 patients
was prospectively selected in the SAP to achieve 51 evaluable
patients, given an expected dropout rate of 15%. The
corresponding 95% CI for the mean difference between the
historical and prospective cohorts was estimated to have a
precision of 8.3, which was deemed acceptable for the planned
assessment in the given study context.

Statistical Methods
All analyses of the primary and secondary endpoints (CTCAE
score, well-being score) were performed using univariate

analyses, followed by multivariate linear regression to report
(adjusted) mean differences between historical and prospective
cohorts, with the P values based on t tests and corresponding
95% CIs. All multivariate models extended the respective
univariate models in a supplementary fashion to adjust for
potential imbalances in patient age, tumor stage, and therapy
setting. These covariates were prospectively defined in the
study’s SAP; no model selection procedures were employed.
All analyses were performed using R version 4.2.0 (The R
Foundation for Statistical Computing) [16]. Two-sided P values
≤.05 were considered statistically significant.

Primary Endpoint
The primary endpoint, a CTCAE score based on the severity
grades of the 10 most relevant side effects (sensory disturbance,
diarrhea, fatigue, nausea, vomiting, headache, fever, edema of
the limbs, joint pain, and loss of appetite) after 6 weeks, was
compared between the prospective and historical cohorts. The
CTCAE score was calculated by averaging the score per patient
and symptom and then averaging the score per patient over all
symptoms. The mean difference in the CTCAE scores between
cohorts was estimated using univariate linear regression with
95% CIs. To adjust for potential differences between the two
cohorts in covariates relevant for the primary outcome, a
supplementary multivariate analysis was performed including
the additional covariates patient age, tumor stage, and therapy
setting.

Secondary Endpoint
The well-being score according to the ECOG PS was collected
continuously using a visual analog scale (range 0-100)
implemented in the medidux app and averaged across
measurements during the observational period. The analysis
protocol was analogous to that described above for the primary
endpoint.

Additional Analysis
Cognitive tests in the prospective cohort were collected
continuously throughout the observation period and descriptively
assessed by administering a modified version of the TMT. The
time (in seconds) to complete each task (execution time) was
used in the analysis.

Results

Baseline Characteristics
Overall, 53 female patients were enrolled in the OGIPRO study.
The median age was 57 (range 34-87) years in the prospective
cohort and 51 (range 31-78) years in the historical cohort. Most
patients (38.9%) had tumor stage 2 (Table 1). With regard to
the treatment setting, relatively fewer patients (22.2%) received
palliative treatment than neoadjuvant or adjuvant treatment.
More than half of the patients (59.3%) received dual anti-HER2
blockade with trastuzumab and pertuzumab (Table 1).
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Table 1. Baseline characteristics.

P valueTotal (N=91)Prospective cohort
(n=53)

Historical cohort (n=38)Parameter

.001aAge (years)

55.89 (11.924)b59.09 (12.193)51.3 (10)bMean (SD)

54 (31-87)57 (34-87)51 (31-78)Median (range)

.07cTumor stage (T), n (%)

18 (20.0)b10 (19.23)b8 (21.05)T1

35 (38.89)b16 (30.77)b19 (50.0)T2

19 (21.11)b11 (21.15)b8 (21.05)T3

18 (20.0)b15 (28.85)b3 (7.89)T4

.02cTreatment setting, n (%)

35 (38.89)b18 (34.62)b17 (44.74)Neoadjuvant

35 (38.89)b17 (32.69)b18 (47.37)Adjuvant

20 (22.22)b17 (32.69)b3 (7.89)Palliative

.01cTreatment, n (%)

11 (12.09)10 (18.87)1 (2.63)Trastuzumab

54 (59.34)33 (62.26)21 (55.26)Trastuzumab+pertuzumab

23 (25.27)10 (18.87)13 (34.21)Trastuzumab+pertuzumab+paclitaxel

3 (3.3)0 (0)3 (7.89)Ado-trastuzumab emtansine

.26cECOG PSd, n (%)

29 (32.22)b16 (30.77)b13 (34.21)0

44 (48.89)b29 (55.77)b15 (39.47)1

10 (11.11)b4 (7.69)b6 (15.79)2

5 (5.56)b3 (5.77)b2 (5.26)3

2 (2.22)b0 (0)b2 (5.26)4

aStudent t test.
bData missing for 1 participant.
cχ2 test.
dECOG PS: Eastern Cooperative Oncology Group Performance Status.

ePRO Data
In the prospective cohort, 84 of the 92 available different
symptoms were entered (average >4 symptoms/day), resulting
in a total of 9680 symptoms, whereas 54 of the 82 different
symptoms were reported in the historical cohort (average >3

symptoms/day), resulting in a total of 6904 symptom entries.
The most common symptoms reported in both groups included
fatigue, taste disorder, nausea, diarrhea, dry mucosa, joint
discomfort, tingling, sleep disorder, headache, and appetite loss
(Figure 1).
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Figure 1. Frequency of the 10 most common symptoms recorded with the app by patients treated with the trastuzumab biosimilar Ogivri (prospective
cohort) and patients treated with Herceptin (historical cohort). Absolute numbers of symptom entries are presented.

Overall, the distribution of symptom grades in the Ogivri cohort
revealed that most patients experienced minimal (grade 0) and
mild (grade 1) toxicities, followed by grade 2, grade 3, and

grade 4 toxicities (Table 2). The results for QoL (based on the
EQ-5D-5L questionnaire), which was also assessed in this study,
will be reported elsewhere.

Table 2. Distribution of symptom grades in the Ogivri prospective cohort (N=9680 symptoms reported).

Entries, n (%)App symptom score and grade

4167 (43.1)≤2 (Grade 0=minimal)

4040 (41.7)>2 to ≤4 (Grade 1=mild)

1268 (13.1)>4 to ≤6 (Grade 2=moderate)

164 (1.7)>6 to ≤8 (Grade 3=severe)

41 (0.4)>8 to ≤10 (Grade 4=very severe)

CTCAE Score
The primary endpoint was analyzed in 50 patients (3 patients
were excluded due to missing data on symptoms) treated with
Ogivri (prospective cohort) and in all 38 patients treated with
Herceptin (historical cohort). The mean CTCAE scores were

comparable between the two cohorts (Table 3) with a mean
difference of –1.27 (95% CI –7.24 to 4.70; P=.68) (Figure 2).
In the multivariate analysis, the adjusted mean CTCAE scores
also did not differ between the two cohorts (2.51, 95% CI –3.27
to 8.29) (Table S1 in Multimedia Appendix 1).
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Figure 2. CTCAE score in the prospective (Ogivri) and historical (Herceptin) cohorts. The CTCAE score (primary endpoint) was analyzed in 50
patients (3 patients were excluded due to missing data on symptoms) treated with Ogivri and in all 38 patients treated with Herceptin. CTCAE: Common
Terminology Criteria for Adverse Events.

Table 3. Descriptive statistics of treatment side effects according to Common Terminology Criteria for Adverse Events (CTCAE) scores and well-being
according to the Eastern Cooperative Oncology Group Performance Status (ECOG PS).

P valueaTotal (N=91)Prospective cohort (n=53)Historical cohort
(n=38)

Parameter

.68CTCAE scoreb

29.57 (14.088)29.02 (15.804)30.29 (11.618)Mean (SD)

29.5 (1-100)28 (1-100)32 (1-61)Median (range)

.28ECOG PSc

72.39 (19.117)74.27 (15.66)69.82 (23.006)Mean (SD)

76 (0-100)74.5 (35-100)76 (0-100)Median (range)

aReported P values correspond to mean differences between cohorts.
bMissing scores for 3 participants in the prospective cohort.
cMissing score for 1 participant in the prospective cohort.

Well-Being Score
The secondary endpoint, the well-being score, was analyzed in
52 patients (one patient was excluded due to missing data on
well-being) from the OGIPRO study and in all 38 patients from
the historical cohort. The mean well-being score did not differ
significantly between patients treated with Ogivri and those
treated with Herceptin (Table 3), with a mean difference of 4.45
(95% CI –3.53 to 12.44; P=.28). The adjusted mean well-being
scores also did not differ between the two cohorts (3.78, 95%
CI –4.64 to 12.19) (Table S2 in Multimedia Appendix 1).

Cognitive Abilities in the Prospective Cohort
A total of 767 cognitive tests were entered and the data of 37
patients (70%) who had performed at least one test were
included in the analysis (see Figure S1 in Multimedia Appendix
1). Overall, the mean execution time was 42.9 (SD 26.3) with
an absolute difference between the maximum and minimum
execution time of 197 seconds. Because of the low sample size
and limited number of cognitive tests recorded, no correlation
analysis between cognitive abilities and treatment was
performed.
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Discussion

The treatment of patients with HER2-positive BC with the
trastuzumab biosimilar Ogivri resulted in equivalent symptoms,
AEs, and well-being to those experienced under treatment with
Herceptin as determined by ePROs. Ogivri treatment in the
context of HER2-positive BC was well tolerated and no new
important safety risks were observed. The results of this study
are consistent with previously reported evidence on the safety
comparability of the trastuzumab biosimilar Ogivri to the
reference product Herceptin for the treatment of HER2-positive
BC [6,17].

The use of biosimilars in oncology could reduce health care
costs and thus expand access to drugs worldwide. The European
Medicines Agency as well as the US Food and Drug
Administration have developed guidelines requiring biosimilars
to demonstrate comparable results in relevant clinical trials to
those obtained using the original product [18]. Recent studies
have demonstrated that anti-HER2 therapy can be switched
safely to trastuzumab biosimilars and successfully implemented
in clinical practice [19].

In our study, the incidence and distribution of symptoms
associated with Ogivri were similar to those reported with
Herceptin. However, the slightly lower mean symptom score
related to Ogivri might be attributed to the higher number of
treatments in this cohort for advanced cancer stages, including
antihormone treatments and dual HER2 blockade.

To our knowledge, this study represents the first real-world
evaluation on efficacy and safety in patients treated with HER2
biosimilars using ePRO data. Use of the app in this study was
intended to help patients gain a better overview of their disease
history and improve their symptom management. Our analysis
of ePRO data demonstrated comparable CTCAE scores between
the prospective Ogivri cohort and the historical Herceptin cohort.
These findings further support the previously reported similar
safety profiles between the trastuzumab biosimilar and the
corresponding reference product [6,17] with no new safety
concerns observed.

Importantly, the well-being score based on the ECOG PS did
not differ between the two cohorts. In a pooled analysis of data
from three randomized clinical trials including patients with
HER2-positive advanced BC, PROs were identified as an
independent prognostic factor for both survival and toxicity
outcomes. In addition, patient-reported physical well-being and
clinically interpreted ECOG PS provided independent prognostic
information [20]. In our prospective Ogivri cohort, we did not
focus on the prognostic value of the ePRO with regard to clinical
outcomes, but we were able to demonstrate that an eHealth
patient empowerment app can provide reliable information on
side effects and well-being when comparing a biosimilar with
reference treatments. Hence, the use of continuous
eHealth-based symptom reporting together with biosimilars can
result in a potential economic benefit by reducing the cost of
drug treatment and hospitalization. Further detailed analyses of
randomized trials with biosimilars will help to quantify these
resources more comprehensively.

In general, the diary characteristic of apps might appear helpful
to capture and recall disease-related information such as
cognitive impairments [21]. In the OGIPRO study, patients had
the possibility to complete a TMT, which is one of the most
widely used neuropsychological tests in clinical practice; this
test is perceptive, easy to understand for patients, has a short
administration time, and has shown consistent results in multiple
clinical populations [22-24]. A study investigating the impact
of chemotherapy on cognitive functions of patients with BC
demonstrated increased cognitive impairment throughout
chemotherapy treatment, which did not recover 2 months after
chemotherapy was completed [25]. In contrast, in the OGIPRO
study, the cognitive performance of the patients receiving Ogivri
showed potential improvement throughout the study treatment.
However, due to the low number of cognitive tests recorded
during app use, the cognitive abilities were analyzed
descriptively and no association could be made with regard to
the trastuzumab biosimilar treatment. Further analyses are
needed to evaluate the electronically collected cognitive test
results in patients treated with biosimilars and corresponding
reference products.

Our study has several strengths and limitations. The limitations
of the study included the design that lacked a prospective control
group so that the study was not randomized. However, the
comparison between prospectively collected data of patients
treated with Ogivri and the historical ePRO data of patients
treated with Herceptin in two previous studies [7,13]
demonstrated no difference with regard to symptoms,
well-being, and AEs. The earlier versions of the mobile app
used in the historical cohort were developed to record symptoms
and treatment side effects continuously and according to the
CTCAE in patients with cancer, but were not designed to send
questionnaires to patients. Nevertheless, the ePRO data of the
historical cohort were recorded in the same way in the earlier
versions of the mobile app [11] and are thus comparable to those
of the prospective cohort. An exploratory analysis on cognitive
abilities was performed only in the prospective cohort as these
data were not available in the historical cohort. Further studies
that are randomized and sufficiently powered to evaluate the
real-word cognitive functions in patients with HER2-positive
BC treated with anti-HER2 biosimilars are needed.

The major strength of our proof-of-concept study is that it was
able to provide the first evidence that data collected via an
autonomous eHealth app can also be used longitudinally to
determine the similarity of a trastuzumab biosimilar to the
reference product for the treatment of HER2-positive BC.
Furthermore, our study has reached its primary endpoint,
showing a similar average CTCAE score between patients
treated with the trastuzumab biosimilar Ogivri and those treated
with the reference drug Herceptin. Our results suggest that the
use of a patient empowerment eHealth app in patients treated
with anti-HER2 biosimilars is reliable and can support therapy
management.

In conclusion, in patients with HER2-positive BC, treatments
with the trastuzumab biosimilar Ogivri and the reference drug
Herceptin resulted in equivalent symptoms, AEs, and well-being
reported by ePRO. Hence, the integration of an ePRO tool into
research and clinical practice can provide reliable information
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when investigating the real-world tolerability and safety outcomes of similar therapeutic compounds.

 

Acknowledgments
The authors thank all patients who participated in this study along with the investigators and their teams. We also thank Palleos
Healthcare for the continued support of the trial; Dr. Stefanie von Felten at University of Zurich, Epidemiology, Biostatistics and
Prevention Institute for the assistance with data analysis; and Swiss Tumor Institute, Zurich, Switzerland for the financial support
for the trial.

Data Availability
The data sets generated and/or analyzed during this study are available from the corresponding author on reasonable request.

Conflicts of Interest
AT received medical writing support from Palleos Healthcare, funding from the Swiss Tumor Institute, payment or honoraria for
presentations from Viatris, support for attending ESMO 2023 from Viatris, and is the founder and stock owner of Mobile Health
AG. YK reports stock or stock options from Viatris and is the Head of Project Management at Mobile Health AG. GAKU reports
stock or stock options from Novartis. MA reports consulting fees from Aptar. AE reports consulting fees from Daiichi-Sankyo,
Gilead, Merck, Novartis, and Seagen, and institutional financial support for clinical trials from AstraZeneca, Roche, Pfizer, and
Novartis. All other authors have declared no conflicts of interest.

Multimedia Appendix 1
Multivariate analyses of Common Terminology Criteria for Adverse Events (CTCAE) scores (Table S1) and well-being scores
(Table S2); distribution of cognitive performance scores (Figure S1).
[DOCX File , 294 KB - cancer_v10i1e54178_app1.docx ]

References
1. Green AK, Ohn JA, Bach PB. Review of current policy strategies to reduce US cancer drug costs. J Clin Oncol 2020 Feb

01;38(4):372-379 [FREE Full text] [doi: 10.1200/JCO.19.01628] [Medline: 31804856]
2. Nabhan C, Parsad S, Mato AR, Feinberg BA. Biosimilars in oncology in the United States: a review. JAMA Oncol 2018

Feb 01;4(2):241-247. [doi: 10.1001/jamaoncol.2017.2004] [Medline: 28727871]
3. Mejri N, Boussen H, Labidi S, Benna F, Afrit M, Rahal K. Relapse profile of early breast cancer according to

immunohistochemical subtypes: guidance for patient's follow up? Ther Adv Med Oncol 2015 May 15;7(3):144-152 [FREE
Full text] [doi: 10.1177/1758834015576141] [Medline: 26674096]

4. Stocker A, Hilbers M, Gauthier C, Grogg J, Kullak-Ublick GA, Seifert B, et al. HER2/CEP17 ratios and clinical outcome
in HER2-positive early breast cancer undergoing trastuzumab-containing therapy. PLoS One 2016 Jul 27;11(7):e0159176
[FREE Full text] [doi: 10.1371/journal.pone.0159176] [Medline: 27463363]

5. Cargnin S, Shin JI, Genazzani AA, Nottegar A, Terrazzino S. Comparative efficacy and safety of trastuzumab biosimilars
to the reference drug: a systematic review and meta-analysis of randomized clinical trials. Cancer Chemother Pharmacol
2020 Nov 01;86(5):577-588. [doi: 10.1007/s00280-020-04156-3] [Medline: 33005979]

6. Rugo HS, Barve A, Waller CF, Hernandez-Bronchud M, Herson J, Yuan J, Heritage Study Investigators. Effect of a proposed
trastuzumab biosimilar compared with trastuzumab on overall response rate in patients with ERBB2 (HER2)-positive
metastatic breast cancer: a randomized clinical trial. JAMA 2017 Jan 03;317(1):37-47. [doi: 10.1001/jama.2016.18305]
[Medline: 27918780]

7. Egbring M, Far E, Roos M, Dietrich M, Brauchbar M, Kullak-Ublick GA, et al. A mobile app to stabilize daily functional
activity of breast cancer patients in collaboration with the physician: a randomized controlled clinical trial. J Med Internet
Res 2016 Sep 06;18(9):e238 [FREE Full text] [doi: 10.2196/jmir.6414] [Medline: 27601354]

8. Basch E, Deal AM, Kris MG, Scher HI, Hudis CA, Sabbatini P, et al. Symptom monitoring with patient-reported outcomes
during routine cancer treatment: a randomized controlled trial. J Clin Oncol 2016 Feb 20;34(6):557-565 [FREE Full text]
[doi: 10.1200/JCO.2015.63.0830] [Medline: 26644527]

9. Basch E, Deal AM, Dueck AC, Scher HI, Kris MG, Hudis C, et al. Overall survival results of a trial assessing patient-reported
outcomes for symptom monitoring during routine cancer treatment. JAMA 2017 Jul 11;318(2):197-198 [FREE Full text]
[doi: 10.1001/jama.2017.7156] [Medline: 28586821]

10. Trojan A, Huber U, Brauchbar M, Petrausch U. Consilium smartphone app for real-world electronically captured
patient-reported outcome monitoring in cancer patients undergoing anti-PD-L1-directed treatment. Case Rep Oncol 2020
May 12;13(2):491-496. [doi: 10.1159/000507345] [Medline: 32518544]

JMIR Cancer 2024 | vol. 10 | e54178 | p.298https://cancer.jmir.org/2024/1/e54178
(page number not for citation purposes)

Trojan et alJMIR CANCER

XSL•FO
RenderX

cancer_v10i1e54178_app1.docx
cancer_v10i1e54178_app1.docx
https://europepmc.org/abstract/MED/31804856
http://dx.doi.org/10.1200/JCO.19.01628
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31804856&dopt=Abstract
http://dx.doi.org/10.1001/jamaoncol.2017.2004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28727871&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/1758834015576141?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://journals.sagepub.com/doi/10.1177/1758834015576141?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/1758834015576141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26674096&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0159176
http://dx.doi.org/10.1371/journal.pone.0159176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27463363&dopt=Abstract
http://dx.doi.org/10.1007/s00280-020-04156-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33005979&dopt=Abstract
http://dx.doi.org/10.1001/jama.2016.18305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27918780&dopt=Abstract
https://www.jmir.org/2016/9/e238/
http://dx.doi.org/10.2196/jmir.6414
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27601354&dopt=Abstract
https://europepmc.org/abstract/MED/26644527
http://dx.doi.org/10.1200/JCO.2015.63.0830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26644527&dopt=Abstract
https://europepmc.org/abstract/MED/28586821
http://dx.doi.org/10.1001/jama.2017.7156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28586821&dopt=Abstract
http://dx.doi.org/10.1159/000507345
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32518544&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


11. Trojan A, Bättig B, Mannhart M, Seifert B, Brauchbar MN, Egbring M. Effect of collaborative review of electronic
patient-reported outcomes for shared reporting in breast cancer patients: descriptive comparative study. JMIR Cancer 2021
Mar 17;7(1):e26950 [FREE Full text] [doi: 10.2196/26950] [Medline: 33729162]

12. Pircher M, Winder T, Trojan A. Response to vemurafenib in metastatic triple-negative breast cancer harbouring a BRAF
V600E mutation: a case report and electronically captured patient-reported outcome. Case Rep Oncol 2021 Mar
29;14(1):616-621. [doi: 10.1159/000513905] [Medline: 33976643]

13. Trojan A, Leuthold N, Thomssen C, Rody A, Winder T, Jakob A, et al. The effect of collaborative reviews of electronic
patient-reported outcomes on the congruence of patient- and clinician-reported toxicity in cancer patients receiving systemic
therapy: prospective, multicenter, observational clinical trial. J Med Internet Res 2021 Aug 05;23(8):e29271 [FREE Full
text] [doi: 10.2196/29271] [Medline: 34383675]

14. Schmalz O, Jacob C, Ammann J, Liss B, Iivanainen S, Kammermann M, et al. Digital monitoring and management of
patients with advanced or metastatic non-small cell lung cancer treated with cancer immunotherapy and its impact on quality
of clinical care: interview and survey study among health care professionals and patients. J Med Internet Res 2020 Dec
21;22(12):e18655 [FREE Full text] [doi: 10.2196/18655] [Medline: 33346738]

15. Haynes A, Lenz A, Stalder O, Limacher A. presize: An R-package for precision-based sample size calculation in clinical
research. J Open Source Soft 2021 Apr;6(60):3118 [FREE Full text] [doi: 10.21105/joss.03118]

16. R Foundation for Statistical Computing. URL: https://www.R-project.org/ [accessed 2024-03-08]
17. Rugo HS, Pennella EJ, Gopalakrishnan U, Hernandez-Bronchud M, Herson J, Koch HF, et al. Final overall survival analysis

of the phase 3 HERITAGE study demonstrates equivalence of trastuzumab-dkst to trastuzumab in HER2-positive metastatic
breast cancer. Breast Cancer Res Treat 2021 Jul;188(2):369-377 [FREE Full text] [doi: 10.1007/s10549-021-06197-5]
[Medline: 34125340]

18. Triantafyllidi E, Triantafillidis JK. Systematic review on the use of biosimilars of trastuzumab in HER2+ breast cancer.
Biomedicines 2022 Aug 21;10(8):2045 [FREE Full text] [doi: 10.3390/biomedicines10082045] [Medline: 36009592]

19. Hester A, Gaß P, Fasching PA, Krämer AK, Ettl J, Diessner J, et al. Trastuzumab biosimilars in the therapy of breast cancer
- "real world" experiences from four Bavarian university breast centres. Geburtshilfe Frauenheilkd 2020 Sep 02;80(9):924-931
[FREE Full text] [doi: 10.1055/a-1226-6666] [Medline: 32905322]

20. Modi N, Danell N, Perry R, Abuhelwa A, Rathod A, Badaoui S, et al. Patient-reported outcomes predict survival and
adverse events following anticancer treatment initiation in advanced HER2-positive breast cancer. ESMO Open 2022
Jun;7(3):100475 [FREE Full text] [doi: 10.1016/j.esmoop.2022.100475] [Medline: 35490579]

21. Reeve BB, McFatrich M, Pinheiro LC, Freyer DR, Basch EM, Baker JN, et al. Cognitive interview-based validation of the
patient-reported outcomes version of the common terminology criteria for adverse events in adolescents with cancer. J Pain
Symptom Manage 2017 Apr;53(4):759-766 [FREE Full text] [doi: 10.1016/j.jpainsymman.2016.11.006] [Medline: 28062347]

22. Ashendorf L, Jefferson AL, O'Connor MK, Chaisson C, Green RC, Stern RA. Trail Making Test errors in normal aging,
mild cognitive impairment, and dementia. Arch Clin Neuropsychol 2008 Mar 21;23(2):129-137 [FREE Full text] [doi:
10.1016/j.acn.2007.11.005] [Medline: 18178372]

23. Periáñez JA, Ríos-Lago M, Rodríguez-Sánchez JM, Adrover-Roig D, Sánchez-Cubillo I, Crespo-Facorro B, et al. Trail
Making Test in traumatic brain injury, schizophrenia, and normal ageing: sample comparisons and normative data. Arch
Clin Neuropsychol 2007 May;22(4):433-447. [doi: 10.1016/j.acn.2007.01.022] [Medline: 17336493]

24. Linari I, Juantorena GE, Ibáñez A, Petroni A, Kamienkowski JE. Unveiling Trail Making Test: visual and manual trajectories
indexing multiple executive processes. Sci Rep 2022 Aug 22;12(1):14265. [doi: 10.1038/s41598-022-16431-9] [Medline:
35995786]

25. Rodríguez Martín B, Fernández Rodríguez EJ, Rihuete Galve MI, Cruz Hernández JJ. Study of chemotherapy-induced
cognitive impairment in women with breast cancer. Int J Environ Res Public Health 2020 Nov 30;17(23):8896 [FREE Full
text] [doi: 10.3390/ijerph17238896] [Medline: 33265966]

Abbreviations
AE: adverse event
BC: breast cancer
BW: body weight
CTCAE: Common Terminology Criteria for Adverse Events
ECOG PS: Eastern Cooperative Oncology Group Performance Status
ePRO: electronic patient-reported outcome
HER2: human epidermal growth factor 2
QoL: quality of life
SAP: statistical analysis plan
TMT: Trail Making Test

JMIR Cancer 2024 | vol. 10 | e54178 | p.299https://cancer.jmir.org/2024/1/e54178
(page number not for citation purposes)

Trojan et alJMIR CANCER

XSL•FO
RenderX

https://cancer.jmir.org/2021/1/e26950/
http://dx.doi.org/10.2196/26950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33729162&dopt=Abstract
http://dx.doi.org/10.1159/000513905
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33976643&dopt=Abstract
https://www.jmir.org/2021/8/e29271/
https://www.jmir.org/2021/8/e29271/
http://dx.doi.org/10.2196/29271
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34383675&dopt=Abstract
https://www.jmir.org/2020/12/e18655/
http://dx.doi.org/10.2196/18655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33346738&dopt=Abstract
https://joss.theoj.org/papers/10.21105/joss.03118
http://dx.doi.org/10.21105/joss.03118
https://www.R-project.org/
https://europepmc.org/abstract/MED/34125340
http://dx.doi.org/10.1007/s10549-021-06197-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34125340&dopt=Abstract
https://www.mdpi.com/resolver?pii=biomedicines10082045
http://dx.doi.org/10.3390/biomedicines10082045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36009592&dopt=Abstract
http://www.thieme-connect.com/DOI/DOI?10.1055/a-1226-6666
http://dx.doi.org/10.1055/a-1226-6666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32905322&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2059-7029(22)00093-X
http://dx.doi.org/10.1016/j.esmoop.2022.100475
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35490579&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0885-3924(16)31216-7
http://dx.doi.org/10.1016/j.jpainsymman.2016.11.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28062347&dopt=Abstract
https://europepmc.org/abstract/MED/18178372
http://dx.doi.org/10.1016/j.acn.2007.11.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18178372&dopt=Abstract
http://dx.doi.org/10.1016/j.acn.2007.01.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17336493&dopt=Abstract
http://dx.doi.org/10.1038/s41598-022-16431-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35995786&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph17238896
https://www.mdpi.com/resolver?pii=ijerph17238896
http://dx.doi.org/10.3390/ijerph17238896
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33265966&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by T de Azevedo Cardoso; submitted 01.11.23; peer-reviewed by HC Kohlberg, E Fiorio; comments to author 18.12.23; revised
version received 22.12.23; accepted 27.02.24; published 04.04.24.

Please cite as:
Trojan A, Roth S, Atassi Z, Kiessling M, Zenhaeusern R, Kadvany Y, Schumacher J, Kullak-Ublick GA, Aapro M, Eniu A
Comparison of the Real-World Reporting of Symptoms and Well-Being for the HER2-Directed Trastuzumab Biosimilar Ogivri With
Registry Data for Herceptin in the Treatment of Breast Cancer: Prospective Observational Study (OGIPRO) of Electronic
Patient-Reported Outcomes
JMIR Cancer 2024;10:e54178
URL: https://cancer.jmir.org/2024/1/e54178 
doi:10.2196/54178
PMID:38573759

©Andreas Trojan, Sven Roth, Ziad Atassi, Michael Kiessling, Reinhard Zenhaeusern, Yannick Kadvany, Johannes Schumacher,
Gerd A Kullak-Ublick, Matti Aapro, Alexandru Eniu. Originally published in JMIR Cancer (https://cancer.jmir.org), 04.04.2024.
This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Cancer, is properly cited. The complete bibliographic information, a link to
the original publication on https://cancer.jmir.org/, as well as this copyright and license information must be included.

JMIR Cancer 2024 | vol. 10 | e54178 | p.300https://cancer.jmir.org/2024/1/e54178
(page number not for citation purposes)

Trojan et alJMIR CANCER

XSL•FO
RenderX

https://cancer.jmir.org/2024/1/e54178
http://dx.doi.org/10.2196/54178
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38573759&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Variation in Trust in Cancer Information Sources by Perceptions
of Social Media Health Mis- and Disinformation and by Race and
Ethnicity Among Adults in the United States: Cross-Sectional
Study

Jim P Stimpson1, PhD; Sungchul Park2, PhD; Sandi L Pruitt1, PhD; Alexander N Ortega3, PhD
1Peter O’Donnell Jr. School of Public Health, University of Texas Southwestern Medical Center, Dallas, TX, United States
2Department of Health Policy and Management, Korea University, Seoul, Republic of Korea
3Thompson School of Social Work and Public Health, University of Hawai i at Mānoa, Honolulu, HI, United States

Corresponding Author:
Jim P Stimpson, PhD
Peter O’Donnell Jr. School of Public Health
University of Texas Southwestern Medical Center
5323 Harry Hines Blvd
Dallas, TX, 75390
United States
Phone: 1 (214) 645 2567
Email: james.stimpson@utsouthwestern.edu

Abstract

Background: Mis- and disinformation on social media have become widespread, which can lead to a lack of trust in health
information sources and, in turn, lead to negative health outcomes. Moreover, the effect of mis- and disinformation on trust in
information sources may vary by racial and ethnic minoritized populations.

Objective: We evaluated how trust in multiple sources of cancer information varied by perceptions of health mis- and
disinformation on social media and by race and ethnicity.

Methods: Cross-sectional, nationally representative survey data from noninstitutionalized adults in the United States from the
2022 Health Information National Trends Survey 6 (HINTS 6) were analyzed (N=4137). The dependent variable measured the
level of trust in cancer information sources. The independent variables were perceptions about health mis- and disinformation
on social media and race and ethnicity. Multivariable logistic regression models were adjusted for survey weight and design, age,
birth gender, race and ethnicity, marital status, urban/rural designation, education, employment status, feelings about household
income, frequency of social media visits, and personal and family history of cancer. We also tested the interaction effect between
perceptions of social media health mis- and disinformation and participants’ self-reported race and ethnicity.

Results: Perception of “a lot of” health mis- and disinformation on social media, relative to perception of “less than a lot,” was
associated with a lower likelihood of high levels of trusting cancer information from government health agencies (odds ratio [OR]
0.60, 95% CI 0.47-0.77), family or friends (OR 0.56, 95% CI 0.44-0.71), charitable organizations (OR 0.78, 95% CI 0.63-0.96),
and religious organizations and leaders (OR 0.64, 95% CI 0.52-0.79). Among White participants, those who perceived a lot of
health mis- and disinformation on social media were less likely to have high trust in cancer information from government health
agencies (margin=61%, 95% CI 57%-66%) and family or friends (margin=49%, 95% CI 43%-55%) compared to those who
perceived less than a lot of health mis- and disinformation on social media. Among Black participants, those who perceived a lot
of health mis- and disinformation on social media were less likely to have high trust in cancer information from religious
organizations and leaders (margin=20%, 95% CI 10%-30%) compared to participants who perceived no or a little health mis-
and disinformation on social media.

Conclusions: Certain sources of cancer information may need enhanced support against the threat of mis- and disinformation,
such as government health agencies, charitable organizations, religious organizations and leaders, and family or friends. Moreover,
interventions should partner with racial and ethnically minoritized populations that are more likely to have low trust in certain
cancer information sources associated with mis- and disinformation on social media.
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Introduction

Misinformation is unintentionally providing false or inaccurate
information, while disinformation is intentionally spreading
false or inaccurate information [1-3]. A recent systematic review
found that more than 80% of adult social media users perceive
“some” or “a lot of” false or misleading health information on
social media, while nearly a fifth reported either “none” or “a
little” [4]. Both mis- and disinformation have been linked to
reductions in health-promoting behaviors. For example, people
who perceive more misinformation in the media are associated
with a lower likelihood of being vaccinated against COVID-19
and a greater likelihood of smoking more and having poorer
nutrition than people who perceive less misinformation in the
media [5-11]. According to the Comprehensive Model of
Information Seeking, misinformation may be associated with
a lack of trust in health information sources, which can, in turn,
lead to changes in health behaviors [12,13].

There is limited research on misinformation and trust, with some
mixed findings. Some cross-sectional studies have found that
higher perceptions of misinformation are associated with lower
trust in the media, while one study of multiple countries,
including the United States, did not find a relationship between
perceptions of misinformation and trust in news media [14-19].
A gap in the literature is that these studies were not drawn from
representative samples and only measured trust in media.
Furthermore, the effects of misinformation may be more
pronounced among individuals with comorbidities, particularly
cancer, that have complex clinical treatment plans and
significant economic costs [20]. For example, cancer survivors
are more likely to have a lot of trust in information from doctors
compared to persons that have not been diagnosed with cancer
[20]. Therefore, there is an evidence gap for the effects of social
media mis- and disinformation on trust in different credible
sources (eg, scientists, doctors, and government health agencies)
of cancer information.

The effect of mis- and disinformation on trust may also vary
by different population groups. In some studies, racial and ethnic
minoritized populations were found to be less likely to perceive
false or misleading health information on social media and to
trust noncredible information sources compared to non-Latino
White people [21,22]. The lack of trust may also extend to
credible sources of cancer information because, for example,
non-Latino Black and Latino people have reported lower trust
in doctors compared to non-Latino White people [20,23]. A
study of 10-year trends in trust in cancer information found that,
compared to non-Latino White participants, non-Latino Black
participants were more likely to trust cancer information from
media, government, charitable organizations, and religious
organizations. In contrast, that same study found that Latino
participants were less likely to trust cancer information from
doctors compared to non-Latino White people [24]. There may

be differences within Latino populations in trust in cancer
information. For example, Cuban Americans and Puerto Ricans
were more than twice as likely to trust information about cancer
from print media and religious organizations compared to
Mexican Americans [25]. However, a recent study found that
trust in cancer information from government health agencies
and family or friends declined among non-Latino Black
participants from 2018 to 2020 [26]. Given these mixed findings,
there is a need to examine whether the effect of mis- and
disinformation on trust in cancer information varies among
racial and ethnic minoritized populations and therefore may be
a mechanism to explain these variations and a possible target
for interventions to improve trust in cancer information, at least
from credible sources such as doctors and scientists [27].

Research Objective
The purpose of this study is to use recently released nationally
representative data to estimate the association between
perceptions of health information on social media and level of
trust in multiple sources of information about cancer. We
hypothesized that perception of a lot of health mis- and
disinformation on social media would be associated with lower
levels of trust in cancer information sources. By extension, this
study evaluated the interaction effect between race and ethnicity
of the participants, perceptions of social media health mis- and
disinformation, and trust in cancer information. We hypothesized
that the association between perceptions of a lot of mis- and
disinformation on social media and trust in cancer information
sources would vary by race and ethnicity. The results of this
research have implications for effective communication about
cancer in public health education campaigns, especially for
racial and ethnic minoritized populations.

Methods

Data
This study used cross-sectional data from the Health Information
National Trends Survey 6 (HINTS 6), which is a nationally
representative survey of civilian, noninstitutionalized adults
aged 18 years and older living in the United States. HINTS 6
provides data on adults’ knowledge of cancer risk factors,
attitudes toward cancer screening, and cancer prevention and
screening behaviors. HINTS 6 used a 2-stage probability sample
of residential addresses. Mail and online surveys were
administered to household members from March 7 to November
8, 2022, with a response rate of 28.1% [28]. The data are
publicly available and deidentified. Further details about the
survey methodology and recruitment procedures are available
from the HINTS 6 Methodology Report [28].

Given the focus of this study was perceptions of false or
misleading health information on social media, persons that
reported that they did not use social media were excluded. There
were 4710 cases with complete data for the dependent and
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independent variables. After using listwise deletion for 573
cases with missing data for the control variables, the final
analytical sample consisted of 4137 adult social media users.

Measures
Our dependent variables were measured by asking participants,
“In general, how much would you trust information about cancer
from...” Responses included the following: “a doctor,” “family
or friends,” “religious organizations and leaders,” “government
health agencies,” “charitable organizations,” and “scientists.”
The response options were dichotomized into low levels of trust
(“not at all” or “a little”) versus high levels of trust (“some” or
“a lot”).

The primary independent variable was perceptions about health
mis- and disinformation on social media, which was assessed
by the following question: “How much of the health information
that you see on social media do you think is false or
misleading?” HINTS had not measured perceptions about social
media mis- and disinformation in prior iterations of the survey.
However, this measure did not differentiate between people’s
perceptions of mis- versus disinformation. The original response
categories were “a lot,” “some,” “a little,” and “none.” We
dichotomized this as “less than a lot” (including “some,” “a
little,” and “ none”) versus “a lot.” Race and ethnicity were
self-reported by the participants in 5 categories: “non-Latino
White,” “non-Latino Black,” “Asian American,” “other,” and
“Latino.”

Demographic control variables included age (18-34, 35-49,
50-64, and ≥65 years), sex (male and female), marital status
(married or cohabiting, formerly married, and never married),
residence in a metropolitan versus nonmetropolitan county as
designated by the United States Department of Agriculture in
2013, education (high school or less, some college, and college
degree or higher), full-time employment status, and feelings
about household income (finding it very difficult on present
income, getting by on present income, and living comfortably
on present income). It should be noted that age was not collected
as a continuous variable in HINTS 6, which limited the age
categories that could be analyzed. In addition, we controlled
for frequency of visiting social media sites (never,
monthly/weekly, and daily) in the past 12 months and personal
and family (first- or second-degree biological relatives) history
of cancer.

Statistical Analysis
All analyses accounted for survey weights and design using
jackknife replicate weights for variance estimation. Statistical
significance was set at α<.05. The descriptive statistics for the
study sample were calculated as survey-weighted percentages
accompanied with the raw sample size for each variable. The
bivariate relationship between level of trust in cancer

information and perceptions of mis- and disinformation were
calculated with cell percentages and adjusted Wald P values.
Then, multivariable logistic regression models were calculated
for each dichotomous outcome. In addition to the main effect,
we also tested the interaction effect between perceptions of
health mis- and disinformation on social media and participants’
self-reported race and ethnicity. To facilitate interpretation of
the interaction effect, we calculated predicted marginal effects
from the multivariable logistic regression models.

For this study, the primary focus was perceptions of information
on social media. Therefore, we conducted a sensitivity analysis
in which we excluded 257 adults who had not visited a social
media site in the past year or reported that they did not use social
media (n=3880 were included). After excluding these
participants, the results were similar, as shown in Multimedia
Appendix 1, Table S1. In addition, we conducted a sensitivity
analysis for an ordinal measurement of the dependent variables
(“a lot,” “some,” “a little,” and “not at all”) using ordered logit
regression, and we found that the results were replicated with
this alternative measurement, as shown in Multimedia Appendix
1, Table S2. Another sensitivity analysis included participants
that did not use social media (n=4986). After including
participants that did not use social media, the results were
similar, as shown in Multimedia Appendix 1, Table S3. In
Multimedia Appendix 1, Table S4, we tested an alternative
measurement of the independent variable in which perception
of “a lot” of social media mis- and disinformation was compared
with respondents that reported “some” and “none” or “a little.”
For this sensitivity analysis, we combined “none” and “a little”
because only 108 participants chose “none” for this measure.
We replicated the main result using this alternative measurement
of the independent variable.

Ethical Considerations
The University of Texas Southwestern Medical Center
institutional review board determined that the study was exempt
from review because it used publicly available data without
personal identifiers.

Results

Table 1 provides the survey-weighted percentages for the study
variables. Most participants in the survey reported high trust in
cancer information from doctors (95%), scientists (86%), and
government health agencies (71%). About half reported high
trust in cancer information from family or friends (54%) and
charitable organizations (49%). About a quarter of participants
reported high trust in cancer information from religious
organizations and leaders (26%). When participants were asked
about perceptions of false or misleading health information on
social media, most reported “less than a lot” (63%) and 37%
reported “a lot.”
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Table 1. Unadjusted sample size and survey-weighted percentages for study variables from the 2022 Health Information National Trends Survey 6
(N=4137).

Unadjusted sample size, n (weighted %)Variables

Outcome variables

In general, how much would you trust information about cancer from a doctor?

200 (5)Low

3937 (95)High

In general, how much would you trust information about cancer from scientists?

525 (14)Low

3612 (86)High

In general, how much would you trust information about cancer from government health agencies?

1077 (29)Low

3060 (71)High

In general, how much would you trust information about cancer from family or friends?

1874 (46)Low

2263 (54)High

In general, how much would you trust information about cancer from charitable organizations?

2050 (51)Low

2087 (49)High

In general, how much would you trust information about cancer from religious organizations and leaders?

3034 (74)Low

1103 (26)High

Independent variables

How much of the health information that you see on social media do you think is false or misleading?

2643 (63)Less than a lot

1494 (37)A lot

Race and ethnicity

2381 (61)Non-Latino White

643 (11)Non-Latino Black

734 (17)Latino

230 (6)Non-Latino Asian American

149 (5)Non-Latino other

Age group (years)

771 (29)18-34

1012 (29)35-49

1222 (27)50-64

1132 (15)≥65

Birth gender

1586 (48)Male

2551 (52)Female

Marital status

2290 (57)Married/cohabiting

994 (10)Formerly married

853 (33)Never married

JMIR Cancer 2024 | vol. 10 | e54162 | p.304https://cancer.jmir.org/2024/1/e54162
(page number not for citation purposes)

Stimpson et alJMIR CANCER

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Unadjusted sample size, n (weighted %)Variables

United States Department of Agriculture 2013 rural/urban designation

512 (12)Nonmetropolitan

3625 (88)Metropolitan

Education

812 (25)High school or less

1185 (39)Some college

2140 (36)College graduate or higher

Work full time (past 30 days)

1878 (40)No

2259 (60)Yes

Feelings about household income

811 (19)Finding it very difficult on present income

1505 (36)Getting by on present income

1821 (45)Living comfortably on present income

Frequency of social media site visits

257 (6)Never

1119 (25)Monthly or weekly

2761 (70)Daily

Personal history of cancer

3593 (91)No

544 (9)Yes

Family history of cancer

1259 (35)No

2878 (65)Yes

Table 2 provides the bivariable relationship between the
outcome variables and the independent variable. There was not
a statistically significant relationship between perception of
mis- and disinformation and trust in cancer information from
doctors (P=.93) or scientists (P=.85). However, there was a
statistically significant bivariable relationship between
perception of mis- and disinformation and trust in cancer
information from government health agencies (P<.001), family
or friends (P<.001), charitable organizations (P=.007), and
religious organizations and leaders (P<.001). About a quarter
of participants (24%) that perceived a lot of mis- and
disinformation on social media had a high level of trust in
government health agencies. Nearly half of participants (47%)
that perceived less than a lot of mis- and disinformation on
social media had a high level of trust in government health

agencies. Only 17% of participants that perceived a lot of mis-
and disinformation on social media had a high level of trust in
family or friends. In contrast, 37% of participants that perceived
less than a lot of mis- and disinformation on social media had
a high level of trust in family or friends. Only 16% of
participants that perceived a lot of mis- and disinformation on
social media had a high level of trust in charitable organizations.
A third of participants (33%) that perceived less than a lot of
mis- and disinformation on social media had a high level of
trust in charitable organizations. Finally, only 7% of participants
that perceived a lot of mis- and disinformation on social media
had a high level of trust in religious organizations and leaders.
Nearly 1 in 5 participants (19%) that perceived less than a lot
of mis- and disinformation on social media had a high level of
trust in religious organizations and leaders.
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Table 2. Survey-weighted unadjusted bivariable relationship between trust in cancer information source (low vs high) and perception of health mis-
and disinformation on social media (“less than a lot” vs “a lot”) from the 2022 Health Information National Trends Survey 6 (N=4137).

P valuea
Trust in cancer information source and perception of health mis- and disinformation
on social mediaCancer information source

High trustLow trust

A lotc, %Less than a lotb, %A lotc, %Less than a lotb, %

.93356023Doctors

.85325459Scientists

<.00124471316Government health agencies

<.00117372026Family or friends

.00716332031Charitable organizations

<.0017192945Religious organizations and leaders

aP values were calculated with the adjusted Wald χ2 test.
bPerception of “less than a lot” of health mis- and disinformation on social media.
cPerception of “a lot” of health mis- and disinformation on social media.

Table 3 provides the multivariable odds ratios (ORs) and 95%
CIs calculated from logistic regression. Perception of a lot of
health mis- and disinformation on social media, relative to
perception of less than a lot, was associated with a lower
likelihood of high levels of trusting cancer information from
government health agencies (OR 0.60, 95% CI 0.47-0.77),
family or friends (OR 0.56, 95% CI 0.44-0.71), charitable

organizations (OR 0.78, 95% CI 0.63-0.96), and religious
organizations and leaders (OR 0.64, 95% CI 0.52-0.79).There
was not a statistically significant association between perception
of social media health mis- and disinformation and level of trust
in cancer information from doctors (OR 0.95, 95% CI 0.45-2.01)
or scientists (OR 0.98, 95% CI 0.72-1.33).

Table 3. Multivariable odds ratios (ORs) and 95% CIs for perceptions of social media health mis- and disinformation and trust in cancer information
sources from the 2022 Health Information National Trends Survey 6 (N=4137). Logistic regression models were adjusted for survey weight and design,
age, birth gender, marital status, urban or rural designation, race and ethnicity, education, employment status, feelings about household income, frequency
of social media visits, and personal and family history of cancer.

Trust in cancer information source among participants with the perception
that a lot of health information on social media is false or misleading,

odds ratioa (95% CI)Cancer information source

0.95 (0.45-2.01)Doctors

0.98 (0.72-1.33)Scientists

0.60 (0.47-0.77)Government health agencies

0.56 (0.44-0.71)Family or friends

0.78 (0.63-0.96)Charitable organizations

0.64 (0.52-0.79)Religious organizations and leaders

aReference: “less than a lot.”

Table 4 provides the predicted marginal effects, interpreted as
percentage points, calculated from the multivariable logistic
regression–adjusted interaction effects between perceptions of
health mis- and disinformation on social media and participants’
self-reported race and ethnicity. There was not a statistically
significant interaction effect between perception of mis- and
disinformation, race and ethnicity, and trust in cancer
information from doctors or scientists. Among White
participants, those who perceived a lot of health misinformation
and disinformation on social media were less likely to have high

trust in cancer information from government health agencies
(margin=61%, 95% CI 57%-66%) and family or friends
(margin=49%, 95% CI 43%-55%) compared to those who
perceived less than a lot of health mis- and disinformation on
social media. Among Black participants, those who perceived
a lot of health mis- and disinformation on social media were
less likely to have high trust in cancer information from religious
organizations and leaders (margin=20%, 95% CI 10%-30%)
compared to participants who perceived less than a lot of health
mis- and disinformation on social media.
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Table 4. Multivariable-adjusted percentage points for trusting cancer information by source and the interaction effect between race and ethnicity and
perceptions of health mis- and disinformation on social media from the 2022 Health Information National Trends Survey 6 (N=4137). Predicted marginal
effects were calculated from multivariable logistic regression models that were adjusted for survey weight and design, age, birth gender, marital status,
urban or rural designation, education, employment status, feelings about household income, frequency of social media visits, and personal and family
history of cancer.

Perception of false or misleading health information from cancer information source, percentage points (95% CI)Race and ethnicity

Religious organi-
zations and lead-
ers

Charitable organi-
zations

Family or friendsGovernment health
agencies

ScientistsDoctors

Non-Latino White

23 (20-26)51 (46-56)62 (57-68)74 (71-78)86 (83-90)96 (93-98)Less than a lot

19 (15-22)43 (38-49)49 (43-55)61 (57-66)85 (82-89)95 (93-97)A lot

Non-Latino Black

49 (40-57)57 (50-64)62 (53-71)75 (66-84)80 (71-88)96 (94-99)Less than a lot

20 (10-30)58 (44-73)47 (33-61)71 (60-83)86 (76-95)96 (92-101)A lot

Latino

40 (28-51)50 (42-58)48 (39-56)77 (68-85)87 (83-92)93 (89-98)Less than a lot

29 (17-40)57 (46-68)37 (28-47)72 (63-82)87 (82-95)96 (92-100)A lot

Non-Latino Asian American

26 (12-40)44 (30-58)54 (41-67)77 (58-96)90 (82-98)89 (61-117)Less than a lot

23 (4-42)34 (9-59)32 (14-50)86 (68-103)93 (80-104)99 (93-105)A lot

Non-Latino Other

33 (16-50)58 (38-77)68 (53-82)82 (72-92)89 (78-100)96 (84-107)Less than a lot

13 (2-24)28 (14-42)46 (26-67)56 (36-77)86 (70-101)85 (70-99)A lot

Discussion

Principal Findings
We found that trust in cancer information from doctors or
scientists did not vary based on perceptions of health mis- and
disinformation on social media. This suggests that people view
doctors and scientists as credible sources of cancer information.
However, we found that perception of a lot of mis- and
disinformation was associated with reduced levels of trust in
cancer information from family or friends, government health
agencies, charitable organizations, and religious organizations
and leaders. This finding supports other studies that found that
mis- and disinformation is associated with reductions in trust
in media but extends this prior literature by finding an impact
on trust in other sources of cancer information [14-19].
Moreover, this finding is consistent with the Comprehensive
Model of Information Seeking, which identifies trust as a
mechanism linking mis- and disinformation to health behaviors
[12,13].

There were notable variations in the relationship between trust
in cancer information sources, perceptions of false or misleading
health information, and race and ethnicity. For instance, we
found that Black participants who perceived a lot of health mis-
and disinformation on social media were less likely to have high
trust in cancer information from religious organizations and
leaders compared to Black participants who perceived less than
a lot of health mis- and disinformation on social media. Another

contribution of our study is that White participants who
perceived a lot of health mis- and disinformation on social media
were less likely to have high trust in cancer information from
government health agencies and family or friends compared to
White participants who perceived less than a lot of health mis-
and disinformation on social media. There have been mixed
findings on trust in cancer information sources by race and
ethnicity in the recent literature, with one study finding higher
trust among Black participants for several sources of cancer
information compared to White participants and lower trust in
doctors among Latino participants compared to White
participants [21-25]. However, another study found that trust
in cancer information from government health agencies and
family or friends declined among Black participants after the
COVID-19 pandemic [26]. Our study adds to this literature by
identifying that the effect of mis- and disinformation on trusting
information sources may vary among racial and ethnic
minoritized populations.

Limitations
We were able to replicate the findings of the study using several
different sensitivity analyses, as shown in Multimedia Appendix
1. However, the results should be interpreted within the
constraints of the cross-sectional data. First, this study cannot
be used to determine the causal relationship between perceptions
of mis- and disinformation and trust in social institutions.
Second, the 2022 wave of the HINTS survey was the first time
that the public’s perceptions of mis- and disinformation were
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measured. If this measure is collected in subsequent iterations
of HINTS, then analyses may be able to detect changes in the
association between mis- and disinformation and trust in
information sources over time. We note that perceptions of mis-
and disinformation may not be an accurate measure of objective
exposure to social media mis- and disinformation. Further, this
measure does not differentiate between people’s perceptions of
mis- versus disinformation. Another limitation is that the focus
of this study was on social media mis- and disinformation rather
than all media, such as traditional television and print, and
therefore the results should be interpreted for this specific form
of media. Finally, this study focused on trust in cancer
information, and the findings might not apply to trust in other
types of health information. By extension, levels of trust in
government information may differ between federal and state
government health agencies, which were not differentiated in
our study [29,30].

Conclusion
Certain sources of cancer information may need enhanced
support from the threat of mis- and disinformation, such as

government health agencies, charitable organizations, religious
organizations and leaders, and family or friends. Moreover,
there were notable variations in the relationship between trust
in cancer information sources (government health agencies,
family or friends, and religious organizations and leaders),
perceptions of false or misleading health information, and race
and ethnicity. One positive finding is that perceptions of mis-
and disinformation were not associated with levels of trust in
credible sources of cancer information such as doctors or
scientists overall or by race and ethnicity. In prior work,
researchers have suggested that interventions should be focused
on improving trust in science [1]. Although bolstering trust in
science or doctors is important, our findings indicate that other
sources of cancer information may be more susceptible to the
threat of mis- and disinformation. Moreover, interventions
should partner with racial and ethnically minoritized populations
that are more likely to have low trust in certain cancer
information sources associated with mis- and disinformation
on social media.
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Abstract

Background: Metachronous second primary lung cancer (MSPLC) is not that rare but is seldom studied.

Objective: We aim to compare real-world survival outcomes between different surgery strategies and radiotherapy for MSPLC.

Methods: This retrospective study analyzed data collected from patients with MSPLC between 1988 and 2012 in the Surveillance,
Epidemiology, and End Results (SEER) database. Propensity score matching (PSM) analyses and machine learning were performed
to compare variables between patients with MSPLC. Survival curves were plotted using the Kaplan-Meier method and were
compared using log-rank tests.

Results: A total of 2451 MSPLC patients were categorized into the following treatment groups: 864 (35.3%) received radiotherapy,
759 (31%) underwent surgery, 89 (3.6%) had surgery plus radiotherapy, and 739 (30.2%) had neither treatment. After PSM, 470
pairs each for radiotherapy and surgery were generated. The surgery group had significantly better survival than the radiotherapy
group (P<.001) and the untreated group (563 pairs; P<.001). Further analysis revealed that both wedge resection (85 pairs; P=.004)
and lobectomy (71 pairs; P=.002) outperformed radiotherapy in overall survival for MSPLC patients. Machine learning models
(extreme gradient boosting, random forest classifier, adaptive boosting) demonstrated high predictive performance based on area
under the curve (AUC) values. Least absolute shrinkage and selection operator (LASSO) regression analysis identified 9 significant
variables impacting cancer-specific survival, emphasizing surgery’s consistent influence across 1 year to 10 years. These variables
encompassed age at diagnosis, sex, year of diagnosis, radiotherapy of initial primary lung cancer (IPLC), primary site, histology,
surgery, chemotherapy, and radiotherapy of MPSLC. Competing risk analysis highlighted lower mortality for female MPSLC
patients (hazard ratio [HR]=0.79, 95% CI 0.71-0.87) and recent IPLC diagnoses (HR=0.79, 95% CI 0.73-0.85), while radiotherapy
for IPLC increased mortality (HR=1.31, 95% CI 1.16-1.50). Surgery alone had the lowest cancer-specific mortality (HR=0.83,
95% CI 0.81-0.85), with sublevel resection having the lowest mortality rate among the surgical approaches (HR=0.26, 95% CI
0.21-0.31). The findings provide valuable insights into the factors that influence cumulative cancer-specific mortality.

Conclusions: Surgical resections such as wedge resection and lobectomy confer better survival than radiation therapy for
MSPLC, but radiation can be a valid alternative for the treatment of MSPLC.
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Introduction

Lung cancer has become a leading cause of cancer-related deaths
worldwide [1]. With the rapid development of screening tools
and therapeutic strategies, survival outcomes of lung cancer
patients have encouragingly improved, especially for early-stage
non-small cell lung cancer (NSCLC), which has a 5-year
survival rate as high as 90% [2]. For cancer survivors, longer
survival may well lead to a higher probability of developing a
second primary cancer. In recent years, metachronous second
primary lung cancer (MSPLC) has been commonly observed
among survivors with previously treated lung cancer. Thakur
et al [3] reported that MSPLC occurred in 2.95% of patients
with initial primary lung cancer (IPLC) in the Surveillance,
Epidemiology, and End Results (SEER) database. According
to the study by Surapaneni et al [4], the risk of developing a
second lung cancer is the highest in the first year and continues
to be high at 10 years. The surveillance and management of
patients with MSPLC have become an urgent issue.

For patients with an initial, early-stage lung cancer, surgical
resection remains the most effective treatment. However, there
is still a lack of guidelines to assess tumor resectability in
patients with MSPLC. Several studies have confirmed the
feasibility of surgery for MSPLC [5-9]. Remarkably, patients
with MSPLC with previously resected lung cancer may be in
poor physical condition and have insufficient lung function
reserve, and another surgical procedure may not be appropriate.
Thus, an alternative treatment is required for patients with
inoperable MSPLC.

Radiation therapy is an effective treatment choice for patients
with MSPLC and has fewer complications and impairments.
Stereotactic body radiotherapy has recently been reported to
have similar survival outcomes as surgery in patients with
early-stage lung cancer [10,11]. Previous studies have shown
that radiotherapy is a safe and feasible treatment for MSPLC,
but whether it can compare with surgery in terms of survival
outcomes remains debated [12,13]. Therefore, in this
population-based study, the initial step involved conducting
propensity score matching (PSM) analyses to compare the
survival outcomes of patients who underwent surgical resection
with those who received radiotherapy for multiple synchronous
primary lung cancers. Furthermore, specific focus was placed
on comparing the outcomes of common surgical methods,
namely lobectomy and wedge resection, with those of
radiotherapy for patients with MSPLC. To enhance the accuracy
of the predictions, state-of-the-art machine learning (ML)
techniques were used, and multiple algorithms were used to
develop robust prediction models.

Methods

Data Source
Data for all patients diagnosed with MSPLC included in this
retrospective study were sourced from the SEER database [14],
covering approximately 30% of cancer patients in the United
States. Data pertaining to these patients were extracted from 9
cancer registries and augmented with additional treatment
information from regions including Atlanta, Connecticut,
Detroit, Hawaii, Iowa, New Mexico, San Francisco–Oakland,
Seattle–Puget Sound, and Utah. The data set's most recent
follow-up information was updated in November 2018. This
study aimed to prognosticate the outcomes for patients with
MSPLC. In adherence to the established guidelines for the
development and reporting of ML predictive models in
biomedical research [15], we meticulously maintained precision
and clarity throughout our research process.

Preparation of Data for Model Building
Patients aged ≥20 years who were diagnosed with MSPLC were
identified from the SEER database. We defined MSPLC
according to the criteria set by Martini and Melamed [16]. We
only included patients with 2 primary lung tumors with a
diagnostic interval between the tumors ≥4 years, because it is
difficult to distinguish a primary lung tumor from relapse or
metastasis when the interval is <4 years [17]. The initial
inclusion criteria were as follows: (1) primary sites of the 2
tumors were the lung and bronchus (International Classification
of Diseases for Oncology [ICD-O]-3/World Health Organization
[WHO] 2008, Third Edition), (2) the time of diagnosis for the
IPLC was from January 1988 to December 2012 (to ensure that
all enrolled patients had been followed for enough time), and
(3) age was ≥20 years. The exclusion criteria included (1) <4
years between the diagnosis of the 2 primary tumors, (2) distant
metastasis, (3) histological type of small cell lung cancer for
IPLC or MSPLC, and (4) incomplete follow-up information.

We collected the patients’ demographic features and clinical
characteristics, such as age at diagnosis, sex, race (White, Black,
other [American Indian/Alaska Native, Asian/Pacific Islander],
and unknown), location relationship of the 2 primary tumors
(ipsilateral and contralateral), diagnostic interval, year of
diagnosis, SEER cancer stage (localized and regional),
histological type (adenocarcinoma, squamous cell carcinoma,
and other NSCLC), grade, surgical procedure, chemotherapy,
and radiotherapy (beam radiation). Sublevel resection was
regarded as an extent of resection that was less than lobectomy.
For patients diagnosed with IPLC after 2004, additional clinical
information such as TNM (tumor [T], extent of spread to the
lymph nodes [N], and presence of metastasis [M]) stage (6th
edition of the American Joint Committee on Cancer TNM
system) and tumor size were available.
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Predictive Models
We used 6 classical ML algorithms, namely extreme gradient
boosting (XGB), random forest classifier (RFC), adaptive
boosting (ADB), K nearest neighbor (KNN), artificial neural
network (ANN), and gradient boosting decision tree (GBDT),
to forecast long-term cancer-specific survival (CSS). To select
the variables for modeling, the least absolute shrinkage and
selection operator (LASSO) regression technique was used. An
extensive method was used to determine the optimal
combination of variables for each algorithm. The performance
and predictive capabilities of over a dozen variables were
individually assessed using the models, measured using the area
under the receiver operating characteristic curves (AUC of
ROCs), and decision curve analysis was conducted. The most
effective variables were identified, and additional variables were
combined iteratively until the best overall results were obtained.
The selection of the optimal modeling approach for each
algorithm was determined using 5-fold cross-validation.
Furthermore, the contribution of each variable was calculated.
Additionally, age-adjusted competing risk regression analysis
was conducted using the “cmprsk” package in R to examine the
cumulative risk of cancer-specific mortality. This comprehensive
approach facilitated a thorough evaluation of the risk factors
and outcomes associated with cancer-specific mortality in
diverse patient populations.

Statistical Analyses
All statistical analyses were performed using SPSS 27.0 (IBM
Corp) and R software version 4.3.1 [18]. SEER*Stat software
version 8.4.2 was used to identify the study population from
the SEER database. A 2-tailed P value <.05 was considered
statistically significant. Continuous parameters such as patients’
age and diagnostic interval are expressed as mean (SD) and
were compared between the different treatment groups using
Mann-Whitney U tests. For categorical parameters, proportions
were compared using Pearson chi-square tests. To balance the
baseline characteristics between the different treatment groups,

PSM analyses were used. Survival curves were plotted using
the Kaplan-Meier method and compared using log-rank tests.

Ethical Considerations
The data used in this research were extracted from the publicly
accessible, anonymized SEER database. Given the nature of
the SEER database, which contains deidentified patient
information and is widely used for epidemiological and clinical
research purposes, our study fell within the category of research
that is exempt from formal ethical approval and consent
requirements. This exemption is consistent with established
institutional and local policies regarding the use of publicly
available, deidentified data for research purposes [19].

Results

Demographic Characteristics
According to our inclusion and exclusion criteria, a total of
2451 patients diagnosed with MSPLC were included in this
study. All patients’ baseline characteristics are summarized in
Table 1. There were 1137 men and 1314 women, with a mean
age of 63.5 (SD 9.2) years. White people accounted for 84.1%
(2062/2451) of the study population. The mean diagnostic
interval between the 2 primary lung tumors was 101.0 (SD 47.6)
months. The year of diagnosis of the IPLC ranged from 1988
to 2012. For IPLC, 264 (10.8%) of the 2451 patients did not
undergo any surgical procedure, while 2447 underwent surgical
resection, including 295 (295/2447, 12%) sublevel resections,
1786 (1786/2447, 72.9%) lobectomies, and 106 (106/2447,
4.3%) pneumonectomies. Additionally, 465 (465/2451, 19%)
patients received chemotherapy, and 489 (489/2451, 20%)
underwent radiation therapy for IPLC. Based on treatments for
MSPLC, patients were divided into the following 4 subgroups:
radiotherapy only (864/2451, 35.3%), surgery only (759/2451,
31%), surgery plus radiotherapy (89/2451, 3.6%), and no
treatment (739/2451, 30.2%). The median follow-up time after
MSPLC diagnosis was 18 (range: 1-273) months. For the entire
study population, the 5-year overall survival (OS) was 34.7%.
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Table 1. Demographic and clinical characteristics of 2451 patients diagnosed with second primary lung cancer.

ResultsCharacteristic

63.5 (9.2)Age (years), mean (SD)

Race, n (%)

2062 (84.1)White

240 (9.8)Black

149 (6.1)Other

Sex, n (%)

1137 (46.4)Male

1314 (53.6)Female

Relative location, n (%)

815 (33.3)Ipsilateral

1636 (66.7)Contralateral

101.0 (47.6)Diagnostic interval (months), mean (SD)

Initial primary lung cancer

Year of diagnosis, n (%)

763 (31.1)1988-1995

919 (37.5)1996-2003

769 (31.4)2004-2012

SEERa stage, n (%)

1538 (62.7)Localized

913(37.3)Regional

Histology, n (%)

1399 (57.1)ADCb

690 (28.2)SCCc

362 (14.8)Other NSCLCd

Grade, n (%)

277 (11.3)Well differentiated

844 (34.3)Moderately differentiated

792 (32.3)Poorly differentiated

115 (4.7)Undifferentiated

423 (17.3)Unknown

Surgery, n (%)

264 (10.8)No surgery

295 (12)Sublevel resection

1786 (72.9)Lobectomy

106 (4.3)Pneumonectomy

Chemotherapy, n (%)

465 (19)Yes

1986 (81)No/unknown

Radiotherapy, n (%)

489 (20)Yes

1962 (80)No/unknown
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ResultsCharacteristic

Second primary lung cancer

Surgery, n (%)

1603 (65.4)No surgery

295 (12)Wedge resection

61 (2.5)Segmentectomy

87 (3.5)Other/inseparable sublevel resection

352 (14.4)Lobectomy

53 (2.2)Pneumonectomy

Chemotherapy, n (%)

694 (28.3)Yes

1757 (71.7)No/Unknown

Radiotherapy, n (%)

953 (38.9)Yes

1498 (61.1)No/Unknown

Treatment, n (%)

964 (35.3)Only radiotherapy

759 (31.0)Only surgery

89 (3.6)Surgery + radiotherapy

739 (30.2)None

aSEER: Surveillance, Epidemiology, and End Results.
bADC: adenocarcinoma.
cSCC: squamous cell carcinoma.
dNSCLC: non-small cell lung cancer.

Radiotherapy Versus Surgery
Before PSM, the distributions of several baseline characteristics
were significantly different between the radiotherapy and
surgery groups. These included age (P<.001); sex (P=.005);
relative location of the 2 primary tumors (P<.001); diagnostic
interval (P<.001); and IPLC characteristics such as year of
diagnosis (P=.004), histology (P<.001), surgical procedure
(P<.001), radiotherapy (P=.04), and chemotherapy for MSPLC
(P<.001; Table 2). Figure 1A shows the survival outcomes
among the 4 treatment groups (P<.001). Patients who only
received radiotherapy had worse survival than those who
underwent surgical resection but better survival than the no
treatment group.

To evaluate the role of radiotherapy in terms of treatment for
MSPLC, multiple PSM analyses were performed to compare
radiotherapy with no treatment, surgery, and surgery plus
radiotherapy. After PSM (ratio: 1:1; caliper=0.01), all baseline
characteristics were matched well between the corresponding
comparison groups (Table 2 and Tables S1 and S2 in Multimedia
Appendix 1). As shown in Figure 1, the radiotherapy group had
significantly better survival outcomes than the no treatment
group (P<.001; Figure 1B) but significantly worse survival
outcomes than the surgery group (P<.001; Figure 1C). However,
radiotherapy seemed to not improve the survival outcome among
patients who received surgery for MSPLC (P=.26; Figure 1D).
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Table 2. Comparison of baseline characteristics between surgery and radiotherapy for second primary lung cancer before and after propensity score
matching (PSM).

After PSMBefore PSMCharacteristic

P valueSurgery (n=470)Radiation (n=470)P valueSurgery (n=759)Radiation (n=864)

.5562.7 (9.1)63.0 (8.8)<.00162.1 (9.0)63.9 (8.9)Age (years), mean (SD)

.75.10Race, n (%)

393 (83.6)401 (85.3)642 (84.6)737 (85.3)White

45 (9.6)39 (8.3)63 (8.3)85 (9.8)Black

32 (6.8)30 (6.4)54 (7.1)42 (4.9)Other

.95.005Sex, n (%)

203 (43.2)201 (42.8)313 (41.2)417 (48.3)Male

267 (56.8)269 (57.2)446 (58.8)447 (51.7)Female

.73<.001Relative location, n (%)

146 (31.1)152 (32.3)208 (27.4)321 (37.2)Ipsilateral

324 (68.9)318 (67.7)551 (72.6)543 (62.8)Contralateral

.56100.9 (50.5)99.1 (43.5)<.00195.8 (45.3)104.4 (48.7)Diagnostic interval (months), mean (SD)

IPLCa

.93.004Year of diagnosis

135 (28.7)135 (28.7)256 (33.7)242 (28)1988-1995

169 (36)174 (37)286 (37.7)313 (36.2)1996-2003

166 (35.3)161 (34.3)217 (28.6)309 (35.8)2004-2012

.73.499SEERb stage

306 (65.1)300 (63.8)505 (66.5)560 (64.8)Localized

164 (34.9)170 (36.2)254 (33.5)304 (35.2)Regional

.82<.001Histology

275 (58.5)275 (58.5)495 (65.2)451 (52.2)ADCc

131 (27.9)125 (26.6)173 (22.8)280 (32.4)SCCd

64 (13.6)70 (14.9)91 (12)133 (15.4)Other NSCLCe

≥.99.06Grade

52 (11.1)50 (10.6)106 (14)82 (9.5)Well differentiated

168 (35.7)167 (35.5)259 (34.1)295 (34.1)Moderately differentiated

148 (31.5)149 (31.7)231 (30.4)295 (34.1)Poorly differentiated

23 (4.9)22 (4.7)33 (4.3)42 (4.9)Undifferentiated

79 (16.8)82 (17.4)130 (17.1)150 (17.4)Unknown

.98<.001Surgery

42 (8.9)45 (9.6)47 (6.2)102 (11.8)No surgery

61 (13)59 (12.6)105 (13.8)100 (11.6)Sublevel resection

355 (75.5)353 (75.1)591 (77.9)616 (71.3)Lobectomy

12 (2.6)13 (2.8)16 (2.1)46 (5.3)Pneumonectomy

.87.77Chemotherapy

88 (18.7)91 (19.4)131 (17.3)155 (17.9)Yes

382 (81.3)379 (80.6)628 (82.7)709 (82.1)No/unknown

.93.04Radiotherapy

JMIR Cancer 2024 | vol. 10 | e53354 | p.316https://cancer.jmir.org/2024/1/e53354
(page number not for citation purposes)

Zheng et alJMIR CANCER

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


After PSMBefore PSMCharacteristic

P valueSurgery (n=470)Radiation (n=470)P valueSurgery (n=759)Radiation (n=864)

88 (18.7)86 (18.3)123 (16.2)176 (20.4)Yes

382 (81.3)384 (81.7)636 (83.8)688 (79.6)No/unknown

SPLCf

≥.99<.001Chemotherapy

87 (18.5)88 (18.7)91 (12)318 (36.8)Yes

383 (81.5)382 (81.3)668 (88)546 (63.2)No/unknown

aIPLC: initial primary lung cancer.
bSEER: Surveillance, Epidemiology, and End Results.
cADC: adenocarcinoma.
dSCC: squamous cell carcinoma.
eNSCLC: non-small cell lung cancer.
fSPLC: second primary lung cancer.

Figure 1. (a) Overall survival of 2451 patients with MSPLC between 1988 and 2012 in different treatment groups before propensity score matching
(PSM). (b) Overall survival of radio-therapy and none-treatment after PSM. (c) Overall survival of radiotherapy and surgery after PSM. (d) Overall
survival of surgery and surgery plus radiotherapy after PSM.

Radiotherapy Versus Wedge Resection or Lobectomy
To further compare survival between radiotherapy and specific
surgical procedures, patients with MSPLC diagnosed with IPLC
after 2004 were selected. Those who underwent unknown or
indefinite sublevel resection, segmentectomy (very few patients)
and pneumonectomy for MSPLC were excluded. There were
716 patients included for further analyses. The demographic
characteristics are described in Table 3. Before PSM, Figure
2A shows that patients who underwent wedge resection or

lobectomy had significantly better OS than those who received
radiotherapy, and all of them had significantly better OS than
the no treatment group. More clinical parameters such as T and
N stage for IPLC and tumor size for MSPLC were matched by
PSM, and all parameters were matched well (Tables S3-S5 in
Multimedia Appendix 1). Similarly, after PSM, both wedge
resection (P=.004; Figure 2C) and lobectomy (P=.002; Figure
2D) had significantly better OS than radiotherapy. Furthermore,
radiotherapy also had greater survival benefits than no treatment
(P<.001; Figure 2B).
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Table 3. Demographic and clinical characteristics of 716 patients diagnosed with second primary lung cancer after 2004.

ResultsCharacteristic

65.8 (9.0)Age (years), mean (SD)

Race, n (%)

608 (84.9)White

65 (9.1)Black

43 (6)Other

Sex, n (%)

310 (43.3)Male

406 (56.7)Female

Relative location, n (%)

279 (39)Ipsilateral

437 (61)Contralateral

74.2 (21.4)Interval, mean (SD)

Initial primary lung cancer

T stage, n (%)

315 (44)T1

277 (38.7)T2

35 (4.9)T3

66 (9.2)T4

23 (3.2)Unknown

N stage, n (%)

528 (73.7)N0

80 (11.2)N1

97 (13.5)N2

11 (1.5)Unknown

Histology, n (%)

406 (56.7)ADCa

206 (28.8)SCCb

104 (14.5)Other NSCLCc

Grade, n (%)

94 (13.1)Well differentiated

275 (38.4)Moderately differentiated

211 (29.5)Poorly differentiated

18 (2.5)Undifferentiated

118 (16.5)Unknown

Surgery, n (%)

131 (18.3)No surgery

106 (14.8)Sublevel resection

455 (63.5)Lobectomy

24 (3.4)Pneumonectomy

Chemotherapy, n (%)

237 (33.1)Yes
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ResultsCharacteristic

479 (66.9)No/unknown

Radiotherapy, n (%)

174 (24.3)Yes

542 (75.7)No/unknown

Second primary lung cancer

Size (cm), n (%)

385 (53.8)0-3

71 (9.9)3-5

56 (7.8)>5

204 (28.5)Unknown

Surgery, n (%)

533 (74.4)No surgery

102 (14.2)Wedge resection

81 (11.3)Lobectomy

Chemotherapy, n (%)

201 (28.1)Yes

515 (71.9)No/unknown

Radiotherapy, n (%)

309 (43.2)Yes

407 (56.8)No/unknown

Treatment, n (%)

224 (31.3)None

309 (43.2)Only radiation

102 (14.2)Only wedge

81(11.3)Only lobectomy

aADC: adenocarcinoma.
bSCC: squamous cell carcinoma.
cNSCLC: non-small cell lung cancer.
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Figure 2. Overall survival of (A) 716 patients with metachronous second primary lung cancer (MSPLC) after 2004 in different treatment groups before
propensity score matching (PSM); (B) patients who received radiotherapy or no treatment, after PSM; (C) patients who received radiotherapy or
underwent wedge resection, after PSM; (D) patients who received radiotherapy or underwent lobectomy, after PSM.

ML-Based Cancer-Specific Death Risk Prediction
Using LASSO regression, we identified 9 variables that made
significant contributions to CSS (Figure 3). These variables
encompassed age at diagnosis, sex, year of diagnosis,
radiotherapy of IPLC, primary site, histology, surgery,
chemotherapy, and radiotherapy of MPSLC. The ML models
displayed outstanding performance, as indicated by high AUC
values, highlighting the superiority of artificial intelligence in
prognostic prediction (Figure 4). The decision curve analyses
are depicted in Figure 5. Additionally, we assessed the
sensitivity and specificity of each ML model using the maximal
Youden index, which represents an optimal balance between
true positives and true negatives (Table 4). Through 5-fold
cross-validation, the XGB, RFC, and ADB models demonstrated
superior performance. In order to gain deeper insights into the

relationships between demographic characteristics and long-term
outcomes for MSPLC patients, we used these ML algorithms
to develop predictive models to assess the 1-year, 3-year, 5-year,
and 10-year risks of cumulative cancer-specific mortality based
on the aforementioned variables. Consequently, we calculated
the contribution of each variable. Notably, we identified the
variables associated with CSS at different time intervals (Figure
6). Surgery for MPSLC predominantly and substantially
influenced 1-year, 3-year, 5-year, and 10-year CSS.
Radiotherapy for MPSLC also had an impact on 1-year, 3-year,
5-year, and 10-year survival, but its effect was comparatively
less than that of surgery. The primary site and histology of
MPSLC affected 1-year, 3-year, and 5-year CSS, but it had no
impact on 10-year CSS. Additionally, radiotherapy for IPLC
had an impact on 1-year and 3-year CSS but had minimal
influence on 5-year and 10-year survival.
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Figure 3. Machine learning model using least absolute shrinkage and selection operator (LASSO) regression analysis for risk prediction of cumulative
cancer-specific mortality in patients with metachronous second primary lung cancer (MSPLC): (A) 5-fold cross-validation results and (B) model
regression coefficient profile.
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Figure 4. Receiver operating characteristic (ROC) curves for machine learning models for risk prediction of cumulative cancer-specific mortality in
patients with metachronous second primary lung cancer (MSPLC): (A) 1-year lymphoma-specific mortality; (B) 3-year lymphoma-specific mortality;
(C) 5-year lymphoma-specific mortality; (D) 10-year lymphoma-specific mortality. ADB: adaptive boosting; ANN: artificial neural network; AUC:
area under the curve; GBDT: gradient boosting decision tree; KNN: K nearest neighbor; RFC: random forest classifier; ROC: receiver operating
characteristic; XGB: extreme gradient boosting.

Figure 5. Decision curve analysis for 6 classical machine learning–based models for risk prediction of cumulative cancer-specific mortality in patients
with metachronous second primary lung cancer (MSPLC): (A) 1-year lymphoma-specific mortality; (B) 3-year lymphoma-specific mortality; (C) 5-year
lymphoma-specific mortality; (D) 10-year lymphoma-specific mortality.
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Table 4. Performance of machine learning models for risk prediction of long-term cancer-specific survival of patients with second primary lung cancer
after 2004.

AUCa (95% CI)Specificity, %Sensitivity, %Model

1-year cancer-specific survival

0.73 (0.71-0.75)60.277XGBb

0.74 (0.72-0.76)6376.7RFCc

0.75 (0.73-0.77)54.483.1ADBd

0.72 (0.70-0.74)63.670.9KNNe

0.74 (0.72-0.76)41.988.2ANNf

0.74 (0.72-0.76)3690.6GBDTg

3-year cancer-specific survival

0.77 (0.75-0.79)73.869.9XGB

0.77 (0.75-0.79)69.275.6RFC

0.76 (0.74-0.78)66.479.3ADB

0.75 (0.73-0.77)6479.6KNN

0.77 (0.75-0.79)59.983.6ANN

0.75 (0.73-0.77)57.684.4GBDT

5-year cancer-specific survival

0.78 (0.75-0.81)71.379.6XGB

0.79 (0.76-0.82)71.579.2RFC

0.79 (0.76-0.82)74.775.3ADB

0.77 (0.74-0.80)73.974.3KNN

0.80 (0.77-0.83)71.579.3ANN

0.78 (0.75-0.81)69.580.1GBDT

10-year cancer-specific survival

0.84 (0.80-0.88)74.778.8XGB

0.83 (0.79-0.87)40.778.3RFC

0.84 (0.80-0.88)8178.4ADB

0.78 (0.72-0.84)73.480.7KNN

0.85 (0.81-0.89)88.668.8ANN

0.85 (0.81-0.89)78.579.7GBDT

aAUC: area under the curve.
bXGB: extreme gradient boosting.
cRFC: random forest classifier.
dADB: adaptive boosting.
eKNN: K nearest neighbor.
fANN: artificial neural network.
gGBDT: gradient boosting decision tree.

JMIR Cancer 2024 | vol. 10 | e53354 | p.323https://cancer.jmir.org/2024/1/e53354
(page number not for citation purposes)

Zheng et alJMIR CANCER

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 6. Machine learning model for risk prediction of cumulative cancer-specific mortality in patients with metachronous second primary lung cancer
(MSPLC) showing the feature contribution (A) to survival and (B) by cancer characteristics. ADB: adaptive boosting; RFC: random forest classifier;
XGB: extreme gradient boosting.

Age-Adjusted Competing Risk Analysis
To gain further insights into the cumulative incidence associated
with each variable, we conducted competing risk analyses
(Figure 7). Female MPSLC patients had lower cumulative
cancer-specific mortality (hazard ratio [HR]=0.79, 95% CI
0.71-0.87; P<.001). Patients diagnosed with IPLC in more recent
years also had lower cumulative cancer-specific mortality:
1996-2003 (HR=0.85, 95% CI 0.76-0.96; P<.001); 2004-2012
(HR=0.79, 95% CI 0.73-0.85; P<.001). However, patients who
received radiotherapy for their IPLC had increased mortality
(HR=1.31, 95% CI 1.16-1.50; P<.001). The histology of the
second primary lung cancer played a significant role, with higher
mortality rates for squamous carcinoma than adenocarcinoma
(HR=1.28, 95% CI 1.12-1.46; P<.001). Moreover, the use of
surgery for the second primary lung cancer was associated with
lower mortality rates. This was particularly true for sublevel
resection (HR=0.37, 95% CI 0.32-0.43; P<.001), lobectomy

(HR=0.56, 95% CI 0.51-0.61; P<.001), and pneumonectomy
(HR=0.80, 95% CI 0.71-0.89; P<.001). Conversely, the use of
chemotherapy or radiotherapy for the second primary lung
cancer was associated with increased mortality rates, potentially
due to the severity of the patients' initial condition
(chemotherapy: HR=1.64, 95% CI 1.47-1.83; P<.001;
radiotherapy: HR=1.19, 95% CI 1.07-1.33; P<.001).

Therefore, we performed additional analyses for the different
treatment modalities, as shown in Figure 8. Surgery alone
(HR=0.83, 95% CI 0.81-0.85; P<.001) had the lowest
cancer-specific mortality, followed by surgery and chemotherapy
(HR=0.76, 95% CI 0.71-0.82, P<.001) and surgery and
radiotherapy (HR=0.79, 95% CI 0.71-0.88, P<.001). Among
different surgical approaches, sublevel resection alone
(HR=0.26, 95% CI 0.21-0.31, P<.001) had the lowest mortality
rate, followed by pneumonectomy alone (HR=0.72, 95% CI
0.63-0.82, P<.001) and lobectomy alone (HR=0.92, 95% CI
0.78-1.09, P<.001).
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Figure 7. Cumulative cancer-specific mortality per age-adjusted competing risk analysis in subgroup analysis by (A) age, (B) sex, (C) year of diagnosis
of the initial primary lung cancer, (D) radiotherapy of the initial primary lung cancer, (E) primary site of the second primary lung cancer, (F) histology
of the second primary lung cancer, (G) surgery for the second primary lung cancer, (H) chemotherapy of the second primary lung cancer, (I) radiotherapy
of the second primary lung cancer. HR: hazard ratio.
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Figure 8. Age-adjusted competing risk analysis to estimate the cumulative cancer-specific mortality with different treatment modalities: (A) treatment
for second primary lung cancer, (B) radiotherapy alone versus surgery alone. HR: hazard ratio.

Discussion

Principal Findings
With the rapid advancement and wide application of low-dose
computed tomography for screening of pulmonary nodules,
more patients are being diagnosed with MSPLC. Multiple
primary lung cancer (MPLC) is a special kind of lung carcinoma
that can be categorized into synchronous MPLC and
metachronous MPLC. Among these, MSPLC is the most
common form of MPLC that can be expected to receive curable
management. However, limited progress has been made so far
on accurate diagnoses, optimal medical interventions, and
prognostic outcomes. In this study, our findings suggest that
surgical resections, including wedge resection and lobectomy,
contribute to better survival rates than radiation therapy in the
context of MSPLC. However, it is important to note that
radiation therapy remains a viable and valid alternative for the
treatment of MSPLC.

Surgical resection is reportedly feasible for MSPLC and could
significantly improve the prognosis [5-9], but the role of
radiation therapy in the treatment of MSPLC remains unclear.
Considering that patients who previously underwent surgery
for IPLC may not tolerate another pulmonary resection, finding
optimal alternative treatments is important. Therefore, using
the population-based SEER database, this study used PSM
analyses and ML techniques to first compare survival outcomes

between patients who received radiotherapy or underwent
surgical resection for MSPLC.

Of all enrolled patients, most (2187/2451, 89.2%) had undergone
surgery for IPLC before (Table 1). However, 65.4% (1603/2451)
of the patients with MSPLC did not undergo surgical resection
for MSPLC, and 35.3% (864/2451) of them received radiation
therapy (Table 1). It could be inferred that a considerable
proportion of patients with MSPLC could not tolerate another
surgical resection, and radiotherapy might be the predominant
alternative treatment for them. Although surgical resection was
first recommended for patients with MSPLC, radiation therapy
is also important, especially for inoperable cancers. Given that
very few studies have focused on long-term survival outcomes
after radiotherapy versus surgery, this study may provide a more
solid indication in terms of the use of radiotherapy for patients
with MSPLC.

Previous studies reported that 5-year OS rates for patients with
MSPLC varied, ranging from 26% to 38% [20-22]; these rates
are similar to that of our study (34.7% for the entire cohort).
The 5-year survival rates were 18.0% for radiotherapy, 49.3%
for surgery, 38.8% for surgery plus radiotherapy, and 7.7% for
no treatment. Ono et al [13] reported on 19 patients who were
diagnosed with MSPLC after lung resection for IPLC and
underwent proton beam therapy. Their research showed a 3-year
survival rate of 63.2% and a 3-year local control rate of 84.2%,
which indicated the safety and feasibility of proton beam therapy
for patients with MSPLC. Miyazaki et al [23] compared survival
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outcomes among metachronous MPLC patients after stereotactic
body radiotherapy (N=26) and surgery (N=51) and found no
significant differences. The study by Taioli et al [24] included
494 cases from the SEER database and showed that OS was
better with surgery than with radiation therapy after the
treatment of MSPLC [24]. However, their inclusion criteria
were not rigorous enough; the diagnostic interval between the
2 primary lung tumors was too short (6 months), which could
fail to exclude patients with relapse or metastasis. Additionally,
the analyses were not adjusted for confounding factors, and this
might have caused significant bias. In our study, multiple PSM
analyses were performed to control for confounding effects.
The surgery group had significantly better survival than the
radiotherapy group (P<.001), and the radiotherapy group had
greater survival than the no treatment group (P<.001; Figure
1). Therefore, surgical resection should be considered first for
patients with MSPLC if their physical condition and pulmonary
function reserve permit. For those with an inoperable cancer or
who are not willing to undergo another surgery, radiation
therapy may be an alternative. Additionally, after PSM, there
was no significant difference between the surgery and surgery
plus radiotherapy groups (P=.26), which indicated that
preoperative or postoperative radiotherapy might not increase
survival benefits for patients with MSPLC.

Lobectomy remains the commonly accepted standard treatment
for resectable NSCLC. In recent years, sublobar resections have
been widely reported to be adequate in early-stage NSCLC,
resulting in less impairment and greater respiratory function
reserve [1,25,26]. However, the prognostic role of sublobar
resection among patients with MSPLC has not been clearly
clarified. Yang et al [8] identified 454 matched pairs of patients
with MSPLC receiving lobectomy or sublobar resection from
the SEER database and found that the lobectomy group had
significantly better survival than the sublobar resection group.
Lee et al [27] concluded that MSPLC had similar survival
outcomes with wedge resection and lobectomy by analyzing
625 patients with a diagnostic interval ≥6 months. There have
been few studies that have focused on survival outcomes after
radiotherapy compared with wedge resection or lobectomy.
Thus, to further verify the rigorousness of our study, patients
diagnosed after 2004 and with definite therapeutic information
(only including no treatment, radiotherapy, wedge resection,
and lobectomy) were selected to compare survival outcomes
between those undergoing radiotherapy or specific surgical
resections. Very few cases underwent segmentectomy (n=16)
or surgery plus radiotherapy (n=11) for MSPLC and were
excluded. Additionally, T and N stage (American Joint
Committee on Cancer, 6th edition) for IPLC and tumor size
were also adjusted using PSM analyses. Of the 716 patients
diagnosed after 2004, 53.8% had MSPLC with a tumor size ≤3
cm, while a limited number of patients (127/716, 17.3%; Table
2) had a tumor larger than 3 cm, though some patients’ MSPLC
tumor sizes were unknown (204/716, 28.5%). This implied that
most of the patients with MSPLC could be categorized as
“early-stage” NSCLC if their tumors were recorded as initial
lung cancer, which is a strong indication for sublobar resection
and radiation therapy. There were actually only a few patients
that underwent lobectomy for MSPLC (entire sample: 352/2451,
14.4%; diagnosed after 2004: 81/716, 11.3%). Radiotherapy

seemed to be the most common treatment for MSPLC (entire
sample: 864/2451, 35.3%; diagnosed after 2004: 309/716,
43.2%). All the aforementioned facts indicate that most patients
with MSPLC might not tolerate another surgical resection,
especially lobectomy, or be more willing to receive noninvasive
radiation therapy. Therefore, comparing survival outcomes
between radiotherapy and wedge resection or lobectomy is
highly necessary. As shown in Figure 2, the radiotherapy group
also had significantly greater OS than the no treatment group
(P<.001) but poorer OS than both the lobectomy (P=.002) and
wedge resection (P=.004) groups. When patients’ physical
condition and pulmonary function reserve permit, whether
choosing lobectomy or wedge resection, patients undergoing
surgical resection may gain greater survival benefits than those
receiving radiation therapy.

The development of long-term outcome prediction models using
ML techniques represents a significant breakthrough in the field
of MSPLC. This paper convincingly demonstrates the utility of
ML algorithms for accurately predicting cumulative
cancer-specific mortality at various time intervals. The
exceptional performance of these predictive models emphasizes
the superiority of artificial intelligence in prognostic prediction,
offering precise and reliable predictions for individual patients.
Integrating such models into routine clinical practice has the
potential to optimize treatment strategies and improve patient
outcomes in MSPLC. Furthermore, the study uses competing
risk analysis to delve into the impact of different factors on CSS
among MSPLC patients across distinct time intervals. The
findings provide valuable insights into the factors influencing
both short-term (1-year and 3-year) and long-term (5-year and
10-year) survival outcomes. This enhanced understanding of
the factors affecting patient outcomes contributes to improved
prognostic assessments and facilitates informed treatment
decision-making by clinicians.

Generally, patients with MPLC had better survival outcomes
than those with intrapulmonary metastases from IPLC after
surgery [22,28]. However, effective methods to accurately
identify MPLC patients have not existed until now. Previous
studies identified patients with MSPLC using inclusion and
exclusion criteria that lacked rigor [8,24,27]. In this study, to
avoid the potential confounding effect of metastases, we only
included patients with a diagnostic interval greater than 4 years,
which indicated a thoroughly representative group of patients
with MSPLC [16].

To the best of our knowledge, using PSM analyses and ML
techniques on the largest cohort of patients with MSPLC, this
study is the first to compare the survival outcomes after
radiotherapy with those after surgical resection for MSPLC.
Nevertheless, limitations in some aspects of the study still exist.
First, this is a retrospective study based on the study population
from the SEER database. A certain degree of data bias could
not be totally avoided. Second, there might have been an
inclination for treatment regarding the patients who received
radiotherapy, because they were usually ineligible for surgery
due to poorer physical condition and insufficient pulmonary
function reserve. Thus, though we tried to control for the
confounding effects using PSM, patient bias between different
treatment groups also existed because details on physical
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condition and lung function were unknown. Further evaluation
should be performed by prospective studies in the future. Third,
since very few patients underwent a pneumonectomy and were
thus excluded from our study, the prognostic role of
pneumonectomy for patients with MSPLC requires a large
cohort to verify. Additionally, we acknowledge the limitations
inherent in the SEER database, which lacks comprehensive
information, including details on immunotherapy and targeted
therapy and the specifics of radiotherapy such as the target
volume, treatment dose, and radiation technology. We hope that
future cohort studies will incorporate these specifics to provide

a more comprehensive understanding of the treatment landscape
for MSPLC.

Conclusions
Overall, this study indicated that surgical resections such as
wedge resection and lobectomy performed better than radiation
therapy in terms of survival of patients with MSPLC. However,
many patients with MSPLC may not tolerate surgery because
of previously treated initial lung cancer. Among the treatment
options, radiation therapy confers great survival outcomes and
can be a valid alternative for surgery. Future prospective studies
can be designed to further confirm the effectiveness of radiation
therapy for MSPLC.
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Abstract

This viewpoint paper considers the authors’ perspectives on the potential role of smartphones, wearables, and other technologies
in the diagnosis of cancer. We believe that these technologies could be valuable additions in the pursuit of early cancer diagnosis,
as they offer solutions to the timely detection of signals or symptoms and monitoring of subtle changes in behavior that may
otherwise be missed. In addition to signal detection, technologies could assist symptom interpretation and guide and facilitate
access to health care. This paper aims to provide an overview of the scientific rationale as to why these technologies could be
valuable for early cancer detection, as well as outline the next steps for research and development to drive investigation into the
potential for smartphones and wearables in this context and optimize implementation. We draw attention to potential barriers to
successful implementation, including the difficulty of the development of signals and sensors with sufficient utility and accuracy
through robust research with the target group. There are regulatory challenges; the potential for innovations to exacerbate
inequalities; and questions surrounding acceptability, uptake, and correct use by the intended target group and health care
practitioners. Finally, there is potential for unintended consequences on individuals and health care services including unnecessary
anxiety, increased symptom burden, overinvestigation, and inappropriate use of health care resources.

(JMIR Cancer 2024;10:e52577)   doi:10.2196/52577

KEYWORDS

wearables; early diagnosis; cancer; challenges; diagnosis; wearable; detect; detection; smartphone; cancer diagnosis; symptoms;
monitoring; monitor; implementation; anxiety; health care service; mobile phone

Introduction

There is growing use of smartphones, wearables, and other
technologies in health and wellness, either as consumer products
or medical devices. The National Health Service (NHS) Long
Term Plan [1] anticipates that in 10 years, people will have “the
option for their physiology to be effortlessly monitored by
wearable devices. People will be helped to stay well, to
recognize important symptoms early, and to manage their own
health, guided by digital tools.” Similarly, in 2020, the US Food
and Drug Administration (FDA) launched a Digital Health
Innovation Action Plan to encourage digital health innovation
as “digital health technologies can empower consumers to make

better-informed decisions about their own health and provide
new options for facilitating prevention, early diagnosis of
life-threatening diseases, and management of chronic conditions
outside of traditional care settings” [2]. Wearables are devices
that can be worn to detect and monitor biometric data such as
heart rate, blood oxygen saturation, sleep pattern, or temperature
while the wearer continues their normal routines. A further
category of wearables involves skin patches used to measure
biochemical signals (ie, glucose) on a continuous basis that are
increasingly being considered as a standard of care for
individuals with certain conditions (eg, diabetes) [3]. While
most wearables have been wrist-worn devices, similar
physiologic signals are now being generated from other devices
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such as rings or earbuds. Smartphones are also increasingly
being used for health and wellness; they have the advantage of
far higher use (compared with wearables), and a growing array
of different sensors are routinely embedded. Could smartphones
and wearables help detect cancer and, importantly, detect cancer
earlier in its disease course when it is more likely to be localized
and with a better prognosis? This paper provides an overview
of the scientific rationale as to why these technologies could be
valuable for early detection of cancer, the potential barriers to
successful implementation, and the next steps for research and
development.

Potential of Smartphones and Wearables
for Early Detection of Cancer

While national cancer screening programs offer the opportunity
to detect cancer or precancerous lesions in asymptomatic
individuals, routine screening currently only accounts for the
minority (<10%) of cancer diagnoses [4,5]. The predominant
route to a cancer diagnosis is symptomatic presentation to
ambulatory care. Thus, the diagnosis of cancer heavily relies
on patients’ ability to notice and attend to relevant bodily
changes and their decision to consult a health care professional
[6,7]. However, noticing relevant bodily changes is challenging

given the multiple subtle changes that may signal cancer among
the plethora of daily bodily changes; fluctuations of normal
bodily processes; self-limiting, transient symptoms; and the
presence of chronic conditions. The signal-to-noise ratio is
weak. This issue is exacerbated by individuals’ limited ability
to accurately interpret vague bodily changes, many of which
can be associated with cancer (eg, fatigue, weight loss, and
stomach upset). This is because our awareness, attention, and
interpretation are affected by expectations; emotions; beliefs;
and biological, environmental, sociodemographic, and
contextual factors [8-11]. Furthermore, symptoms may evolve
very slowly over time, making it difficult to notice subtle
changes. It is reported that the predominant risk factor for delay
in seeking help following the detection of cancer symptoms is
the “lack of interpretation by patients of the serious nature of
their symptoms” [12].

Smartphones and wearable technologies have the potential to
facilitate the detection and tracking of bodily changes that might
otherwise be dismissed or interpreted as only needing
self-medication rather than the attention of a health care
professional. There is emerging data about early, subtle signs
of cancer, and some of these may be amenable to detection by
electronic sensors and monitoring of behavior (see Table 1).

Table 1. Potential signals of cancer that can be measured using sensors in smartphones or wearables.

Examples of signals for health features that could be related to cancerSensors currently available on some smartphones or wearables

Audio signals from microphones [13] • Changes in cough and breathing difficulty (associated with lung cancer) [14]
• Changes in voice such as hoarseness (associated with head and neck cancer and

lung cancer) [14]

GPS location tracking and activity tracking [15] • Reduced activity resulting from fatigue (associated with multiple cancers) [14]

Image capture and analysis [16-18] • Anemia detected from images of the skin or eyes (associated with multiple can-
cers) [19]

• Jaundice detected from images of the skin or eyes (associated with pancreatic
cancer) [20]

• Changes in skin lesions (associated with skin cancer) [14]

Temperature measurement [21] • Rise in temperature (associated with pancreatic cancer) [22]

Body composition using image analysis and electro dermal
activity [23]

• Weight loss (associated with multiple cancers) [14]

Photoplethysmogram [24] • Anemia (associated with multiple cancers) [19]

Sensors could allow the detection of changes prior to them being
noticed or interpreted as symptoms, for example, a reduction
in activity prior to fatigue or changes in food consumption prior
to weight loss. There is recent evidence that monitoring
day-to-day purchases could detect an increase in
over-the-counter pain and indigestion medication 8 months prior
to ovarian cancer diagnosis [25]. This demonstrates how tracking
and monitoring change over time could allow insight into
emerging disease. This is particularly useful for clinicians
working in health care settings with limited time and resources
and where cancer is a relatively rare occurrence among the
burden of other diseases. In addition to the detection of signals,
smartphones and wearables could alert the user to the need for
health care consultation and provide an endorsement to seek

care. This could overcome the commonly reported barrier to
presentation (“concern about bothering the doctor”) that arises
when there is uncertainty about the need for care [26-28].

Potential Barriers to Successful
Implementation

Overview
Despite the promise of smartphones and wearables for early
detection of cancer, there are several hurdles to implementation
that require attention. Key barriers to success are outlined here,
alongside suggestions for how these may be addressed with
future research.
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Signals and Sensors With Accuracy and Utility
The use and adoption of smartphones and wearables in this
context require robust research into the selection of a signal,
the development of sensors, and the generating evidence of
accuracy and utility of those sensors in the real world. This
includes identifying physiologic (or emerging pathophysiologic)
signals that are most predictive of cancer, determining how
often these need to be collected, and elucidating what other data
would add precision to results (eg, age, risk factors, and presence
of symptoms). For technology developers, sensors are usually
designed and prioritized for a number of potential applications,
mainly targeting overall health and wellness rather than
diagnostic capabilities per se. Prioritizing these research and
development efforts for cancer detection specifically over and
above other priorities could be challenging to justify for business
development reasons. Relatedly, the original intended
commercial purpose of existing sensors may not have been
connected to cancer detection. To make headway in this field
of research, technology developers and device users will need
to be willing to provide access to data for research. General
Data Protection Regulation allows device users to share their
data with third-party organizations under the right to portability.
Developing systems to facilitate data sharing, in formats
compatible with health data, could allow the generation of new
data sets to signal cancer risk. This will prevent duplication of
effort and maximize the use of existing data for public benefit.

While initial evidence on the accuracy of a sensor to detect a
given health signal could involve case-control studies (eg,
individuals recently diagnosed with cancer and matched
controls), subsequent research would likely require large
prospective cohorts. Further, given the weak signal-to-noise
ratio, it is likely that signals from wearables or smartphones
alone might lack sensitivity or specificity. Therefore, research
that combines signals from wearables or smartphones with other
digital sources of data (eg, symptoms recorded in health records
and initial laboratory tests in primary care) will almost certainly
be needed to demonstrate sufficient accuracy and utility in target
populations. This was recently highlighted in a systematic
review [29] of artificial intelligence technologies for skin cancer
detection. Despite an abundance of digital products, the review
highlighted that there has been very little testing in
low-prevalence populations and limited data on the use of
lower-quality images (eg, taken by patients or family physicians
or using lower-quality phones), and as such, widespread
adoption into practice has been limited [30].

Innovators also need to consider (and test) whether these new
digital tools should and could detect more than 1 type of cancer
(or detect other potentially important nonmalignant diseases;
eg, cirrhosis in individuals with jaundice or depression in
individuals with weight loss). Other considerations include who
the target group is (eg, all adults or only those at higher risk of
developing cancer), at what point in time (eg, certain age), and
at what periodicity that group should begin using this technology
for the detection of cancer. Further, it is well documented that
symptom monitoring increases selective attention to the body,
resulting in increased symptom reporting [31]; thus, the
monitoring of symptoms could result in increased symptom
burden. Development and testing need to determine the extent

to which the monitoring of activity, symptoms, and other signals
changes the outputs of those measurements [32,33].

Regulatory Challenges
Given the burden involved in fulfilling regulatory approvals for
diagnostic devices, many smartphone technologies and
wearables that could potentially have value for cancer detection
will instead be introduced as products for overall health and
wellness management. As the field expands, more guidance and
standards for digital health tools are being introduced to ensure
that they are not only safe and effective but also adoptable by
the health care system [34]. For example, the recent UK National
Institute of Health and Care Excellence (NICE) evidence
standards framework [35] is intended to ensure new digital
health technologies are clinically effective and offer value to
the health care system. The framework includes standards
concerning safety, quality, acceptability, bias mitigation, data
practices, professional oversight, credibility with health
professionals, safeguarding assurances, scalability, as well as
evidence of real-world performance and use. In some countries,
consumer protection regulations also determine standards that
certain wellness features (eg, step counting and heart rate
measurement) need to fulfill, even though these are not regulated
medical devices. As specified in the CanTest framework for
early cancer detection [36], research and development will
benefit from this early specification of the criteria (eg, target
product profiles) needed for successful digital products for
cancer detection [37-39].

Ensuring Equity
A key issue of wearables and smartphone technologies is the
potential for new innovations to exacerbate inequalities in cancer
outcomes. Sociodemographic factors such as household income,
age, level of education, and gender have been found to influence
the use of mobile health (mHealth) technology [40-44] and there
is “a real risk that the increased use of digital technologies will
make care experiences and outcomes worse for some people
(or communities)” [45]. Development of wearables and
smartphone technologies for cancer detection should be
conducted with an equity lens to focus on the views and needs
of those living or working in more deprived areas and those at
risk of lower health literacy (eg, those with lower educational
level, older age, lower income, and ethnic minority groups)
[46,47], so that cultural attitudes toward the use of technology,
affordability, and access can be a focus in their development.
Inclusion and diversity within the development and testing of
sensors are vital so that products are not biased and work equally
regardless of skin color or other physiological differences [29].
Affordability is also a crucial point. Even though smartphone
use is extensive [48] in both higher- and lower-income countries,
the availability and quality of sensors differ across brands and
models of smartphones. Wearable devices have far lower
penetration in most high-income countries and lower still in
those individuals with lower socioeconomic status. If accurate
and reliable sensors are only available on high-end devices, then
the net result will be inequitable outcomes. The consideration
of a reverse innovation approach may be useful here if it is
possible, to focus testing on inexpensive, easy-to-use products
that can be rolled out at scale.
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Acceptability and Adherence
Crucial to the successful implementation of any innovation is
early insight into the user perspective, including acceptability,
uptake, and correct use by the intended target group [49-51].
Yet, this consultation is often omitted or occurs too late in
mHealth implementation, resulting in user burden; technical
issues; poor designs; and ultimately the lack of uptake,
adherence, and impact of the technology [49,52-54]. Indeed,
there is currently an absence of research on user perspectives
on wearables and smartphone technologies for the detection of
cancer. While key issues such as cost, motivation, comfort, ease
of use, trust in data use, visibility, and interpretability of data
are applicable across the spectrum of wearables and smartphone
technologies in health [40,55], there may be additional, specific
challenges for using these innovations for the detection of
cancer.

In this context, acceptability also pertains to individuals’
willingness to share their data from smartphones and wearables
with researchers, medical professionals, or private companies.
Willingness to share data from wearables was reported to be
lower than that for other commercial data [56]. Less than 15%
(n=65) of survey respondents aged 60 years and older were
willing to share wearable device data with academic research
institutions and only 40% (n=423) of those aged 18-59 years
were willing to do so. Trust in organizations and worry about
data misuse have been shown to be a key factor in people’s
willingness to share commercial data for health research [56].
Ensuring clear and transparent data use and data-sharing policies
is vital for success. There are real concerns about the misuse of
data, commercialization, and access to data by unauthorized
people [57]. While data sharing is an essential component in
the use of smartphones and wearables for cancer detection, data
protection is equally as vital.

In research studies of wearables, dropout rates can be up to 44%
[40], and nonadherence to wearing devices for the study duration
can be up to 50% [58,59]. Nonadherence is likely to be even
higher in people with preexisting comorbidities and for
technologies requiring long-term engagement, as may be needed
for cancer detection to track signals over time. Balancing the
advantages and disadvantages of continuous versus intermittent
measurements at certain intervals should be a key consideration.

It is, therefore, essential to investigate user perspectives in
parallel with the development and potential future deployment
of wearables and smartphone technologies for cancer detection.
This also includes encompassing the views of clinicians who
are involved in the ongoing surveillance and care of those with
a history of cancer and would inevitably be involved in shared
decision-making on the potential implementation of such
technologies and, crucially, the ongoing clinical management
of individuals whose sensors indicate signals of possible cancer.
In general, primary care clinicians have not typically been
deeply engaged in the implementation of other consumer-grade
or regulated medical devices; understanding from these
clinicians’ viewpoint on how they could use information from
smartphones and wearables within their clinical care pathways
is critical to any adoption [60].

Unintended Consequences on Individuals and Health
Care Services
The exciting potential of wearable technologies for cancer
detection must be considered alongside the possible negative
consequences. As seen with other new developments in cancer
detection, given the overall very low prevalence of cancer, even
tests with very high specificity will lead to a large number of
individuals with false positives. The subsequent need for
investigation and resources needed to differentiate those with
false versus true positives (ie, do have cancer) could be
considerable. For the majority of individuals, this could lead to
huge risks of overinvestigation and inappropriate use of health
care resources [61]. For cancer detection specifically, we can
anticipate a far higher potential for wearables and smartphone
technologies to generate anxiety than for other conditions (eg,
detection of sleep apnea, or detection of irregular heartbeat),
especially among those already fearful of cancer recurrence.
This is particularly relevant to the question of how “results”
should be delivered to users, what support would be needed at
that time, and whose responsibility this would be. On the other
hand, wearable use may lead to a false sense of reassurance,
leading to a lower perceived need to attend cancer screening or
respond to symptoms (eg, “my wearable says I am healthy...there
is no need to see my doctor”). This is similar to when a negative
cancer screening test result can overly reassure patients and
affect subsequent decisions to seek care [62]. These issues about
the psychological and behavioral impact of smartphone
technologies and wearables to detect cancer remain unexplored
and need focused behavioral science research.

Conclusions

For most cancers, the time from detecting a bodily change to
interpreting that change as requiring the advice of a health care
professional constitutes a substantial proportion of the time
prior to diagnosis. The detection of cancer remains one of the
most prominent priorities of many health systems, governments,
and private and public research funders [63,64], and “leaving
no stone unturned” in technologies that could potentially
improve early detection is a priority. The rapid advances in the
hardware (ie, sensors) and software embedded in smartphones
and wearables offer exciting and potentially untapped
opportunities to detect early warning signs of cancer that may
otherwise be missed. The research and development needed to
advance this field include the selection of appropriate signals
and development of effective sensors followed by robust clinical
research into accuracy in real-world settings. This relies on the
up-front specification of the target groups and their needs. Target
product profiles should be developed specifically for cancer
detection technologies, and innovators should consult these and
consider regulatory challenges early in the process of
development, to design products in line with the requirements
of individuals, clinicians, and health care systems. The potential
negative consequences of this type of technology should be
acknowledged and investigated up-front, and mitigations should
be incorporated into the design and implementation strategies.
To avoid exacerbation of inequalities in cancer outcomes,
research into the use of wearables and smartphone technologies
in cancer detection should be done with an equity lens to ensure
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that products are developed for those who have poorer health
outcomes, for whom new innovations could have the most
impact. There is a need for research to explore the patient,
public, and health care perspectives about the use of
smartphones and wearables for the early detection of cancer

while this field is in its infancy, so that these can be incorporated
into product design to optimize acceptability and adherence,
avoid unintended consequences, and maximize the chance of
their success.
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Abstract

In this 2-institution feasibility pilot, oncology fellows used and updated freely available web-based learning tools (scaffolds) in
a constructivist fashion.
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Introduction

Succinct and updated oncology fellow learning materials are
lacking. Additionally, fellow didactic learning often takes the
form of passive lectures, which is undesirable [1,2].
Constructivist learning, wherein learners construct their own
knowledge, is rare for fellows.

We piloted “scaffolds”—succinct slide sets shared across
oncology trainees—and evaluated feasibility [3,4]. Throughout
training, fellows can update the shared scaffolds in a
constructivist fashion, thereby providing updated resources for
themselves and colleagues.

Methods

Study Design
Two institutions participated—University of California, San
Francisco (UCSF), and Stanford University. From 2018 to 2019,
SB—a UCSF oncologist—designed 12 scaffolds, using Google
Slides covering the solid tumor chapters from the American
Society of Clinical Oncology’s Self-Evaluation Program
(ASCO-SEP) textbook [5]. Hematology, gynecologic oncology,
and neuro-oncology were omitted for this pilot. Scaffolds

included text and images synthesized from ASCO-SEP and
National Comprehensive Cancer Center guidelines. For brevity,
the slides instructed fellows to adhere to length limits when
making edits.

We emailed scaffold links to all first- to third-year UCSF (n=21)
and Stanford University (n=27) oncology fellows in July 2019
and July 2020. Use was optional, and fellows could access and
update the scaffolds anonymously at any time. Updates were
audited by SB.

In December 2021, to evaluate feasibility outcomes (fidelity:
degree to which the innovation was implemented as intended;
appropriateness: perceived fit of the innovation; self-efficacy:
belief in the ability to execute the innovation’s goals) [6], we
reviewed updates tracked in Google Slides and conducted 2
voluntary feedback focus groups (UCSF: facilitated by SB;
Stanford University: facilitated by MS—a Stanford University
oncology fellow) with 4 fellows each. Focus group size was
determined by responses to recruitment emails. Consent and
demographic information were obtained. Participants did not
need to use the scaffolds, as we were also exploring barriers to
use. Focus groups were recorded and professionally transcribed.
SB and MS independently reviewed the transcripts and
generated themes through iterative discussion [7].
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The scaffolds were updated in 2023 by SB (available on Google
Drive) [8].

Ethical Considerations
UCSF and Stanford University institutional review boards
granted exemption (#20-31645) and approval (#57766),
respectively. Participants received an information sheet and
verbally consented before each focus group. Transcripts omitted
personal identifiers, and interviewers never revealed participant

identities to the rest of the study team. Participants received a
US $10 electronic gift card.

Results

Fidelity
From July 2019 to December 2021, fellows made 60 updates
(Table 1), ranging from new trials to changes in management;
none were erroneous. SB made 9 edits for brevity.

Table 1. Number of updates to solid oncology scaffolds during the pilot period (July 2019 to December 2021).

Updates by auditor (N=9), nUpdates by fellows (N=60), nScaffolds

11Bladder/kidney/adrenal

017Breast

05Gastrointestinal (lower)

19Gastrointestinal (upper)

22Germ cell

01Head/neck

13Lung (nonsmall cell)

11Lung (small cell/other thoracic)

11Melanoma

06Prostate

12Salivary/thyroid

112Sarcoma

Appropriateness
Focus group participants (N=8) were women and included Asian
(n=3, 37.5%), White (n=3, 37.5%), Black (n=1, 12.5%),
mixed-race (n=2, 25%), first-year (n=5, 62.5%), second-year
(n=2, 25%), and third-year (n=1, 12.5%) fellows. Most (n=7,

87.5%) used the scaffolds. Qualitative analysis (Table 2)
revealed that fellows felt the scaffolds were accessible and
succinct learning tools, addressed the dearth of similar resources,
served as effective preparation materials for clinical work and
examinations, provided structured information for rapid reviews,
and made interactions with complex resources easier.
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Table 2. Qualitative analysis of transcripts from 2 oncology fellow focus groups (1 at the University of California, San Francisco, and 1 at Stanford
University) that evaluated a pilot of solid oncology scaffolds (July 2019 to December 2021).

Supportive quotationTheme

Advantages

“[The scaffolds were] online and quickly accessible, for example on the
shuttle on the way to work.”

Accessible, succinct resource

“There are few resources currently available for oncology fellows. [The
scaffolds] filled a niche not currently filled by other resources.”

Addressed the dearth of similar resources

“[The scaffolds] were a security blanket…helpful for clinic prep and inpatient
consults.”

Effective preparation materials for clinical work and examinations

“[The scaffolds] were helpful in that they provided frameworks…and ap-
proaches.”

Structured information for rapid reviews

“The guidelines felt less ‘foreign’ after reviewing the scaffolds…[the scaf-
folds] helped with knowledge retention from more complex resources.”

Easier subsequent use of more complex resources

Challenges

“I wasn’t sure whether my learning points were important enough to add to
the scaffold.”

Lack of fellow confidence in updating the scaffolds

“I think fellows are probably less likely to update the scaffolds if they don’t
feel responsible for them.”

Lack of fellow ownership over the scaffolds

“Clinical care is so nuanced…the scaffolds may be too broad to help with
some clinical situations.”

Too simple and broad to help with nuanced patient care

Suggestions

“Maybe make them more visually appealing by including more figures or
tables.”

Improve visual appeal

“I would make it clear that the slides are editable and that fellows should
update them.”

Clarify purpose and the fact that scaffolds can be updated

“Asking fellows to update these might be good for their learning.”Facilitate opportunities for fellows to update scaffolds

Self-Efficacy
Qualitative analysis revealed barriers to updating the
scaffolds—fellows’ lack of ownership over the scaffolds and
low confidence regarding appropriate updates.

Discussion

Principal Results
This pilot explored the feasibility of implementing constructivist
scaffolds for oncology fellows. We found evidence of fidelity
and appropriateness and delineated next steps to optimize
self-efficacy. The scaffolds [8] can be downloaded and modified
to avoid generating institution-specific scaffolds from scratch.
To promote ownership and confidence, we recommend assigning
fellows to update the scaffolds under faculty mentorship.

Despite demonstrating superior outcomes when compared to
passive lectures, constructivist learning is rarely studied at the
fellowship level [9-11]. We recommend evaluating constructivist
learning modalities, such as scaffolds, in graduate medical
education to enhance learning outcomes.

Limitations
Though the focus groups suggested that multiple fellows used
the scaffolds, Google Slides did not track how many fellows
accessed or updated them. We did not incorporate multimedia
components beyond images and tables (some needed to be
removed before publication to respect copyright), nor did we
include assessments in this pilot. We recommend that institutions
consider incorporating multimedia content and assessments into
the scaffolds. The number of focus group participants was small
and not gender-diverse. Future studies should quantitatively
evaluate usage patterns and user satisfaction to examine what
factors drive utilization.

Conclusion
We piloted a novel constructivist approach to fellow learning
and found evidence of feasibility. Oncology educators may use
and modify the scaffolds [8] to jump-start constructivist
education for fellows at their institutions. Educators in other
fields may wish to apply this model to their specialties.
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