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Abstract

Background: Chatbot isatimely topic applied in variousfields, including medicine and health care, for human-like knowledge
transfer and communi cation. Machinelearning, asubset of artificial intelligence, has been proven particularly applicablein health
care, with the ability for complex dialog management and conversational flexibility.

Objective: Thisreview article aims to report on the recent advances and current trends in chatbot technology in medicine. A
brief historical overview, along with the developmental progress and design characteristics, isfirst introduced. The focuswill be
on cancer therapy, with in-depth discussions and examples of diagnosis, treatment, monitoring, patient support, workflow
efficiency, and health promotion. In addition, this paper will explore the limitations and areas of concern, highlighting ethical,
moral, security, technical, and regulatory standards and evaluation issues to explain the hesitancy in implementation.

Methods: A search of the literature published in the past 20 years was conducted using the IEEE Xplore, PubMed, Web of
Science, Scopus, and OV 1D databases. The screening of chatbots was guided by the open-access Botlist directory for health care
components and further divided according to the following criteria: diagnosis, treatment, monitoring, support, workflow, and
health promotion.

Results. Even after addressing these issues and establishing the safety or efficacy of chatbots, human elementsin health care
will not be replaceable. Therefore, chatbots have the potential to be integrated into clinical practice by working alongside health
practitionersto reduce costs, refine workflow efficiencies, and improve patient outcomes. Other applicationsin pandemic support,
global health, and education are yet to be fully explored.

Conclusions:  Further research and interdisciplinary collaboration could advance this technology to dramatically improve the
quality of care for patients, rebalance the workload for clinicians, and revolutionize the practice of medicine.

(JMIR Cancer 2021;7(4):e27850) doi:10.2196/27850

KEYWORDS

chatbot; artificia intelligence; machine learning; health; medicine; communication; diagnosis, cancer therapy; ethics;, medical
biophysics; mobile phone
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Introduction Methods
Background This review focuses on articles from peer-reviewed journals

Artificial intelligence (Al) is at the forefront of transforming
numerous aspects of our lives by modifying the way we analyze
information and improving decision-making through problem
solving, reasoning, and learning. Machine learning (ML) is a
subset of Al that improves its performance based on the data
provided to a generic agorithm from experience rather than
defining rules in traditional approaches [1]. Advancementsin
ML have provided benefits in terms of accuracy,
decision-making, quick processing, cost-effectiveness, and
handling of complex data[2]. Chatbots, also known as chatter
robots, smart bots, conversational agents, digital assistants, or
intellectual agents, are prime examples of Al systemsthat have
evolved from ML. The Oxford dictionary defines a chatbot as
“acomputer program that can hold a conversation with aperson,
usually over the internet.” They can also be physical entities
designed to socialy interact with humans or other robots.
Predetermined responses are then generated by analyzing user
input, on text or spoken ground, and accessing relevant
knowledge[3]. Problems arise when dealing with more complex
Situations in dynamic environments and managing social
conversational practices according to specific contexts and
unigue communication strategies [4].

Given these effectual benefits, it is not surprising that chatbots
have rapidly evolved over the past 2 decades and integrated
themselves into numerous fields, such as entertainment, travel,
gaming, robotics, and security. Chatbots have been proven to
be particularly applicable in various health care components
that usually involve face-to-face interactions. With their ability
for complex dialog management and conversational flexibility,
integration of chatbot technology into clinical practice may
reduce costs, refine workflow efficiencies, and improve patient
outcomes [5]. A web-based, self-report survey examining
physicians perspectives found positive benefits of health care
chatbots in managing one's own health; for improved physical,
psychological, and behavioral outcomes; and most notably, for
administrative purposes [6]. In light of the opportunities
provided by thisrelatively new technology, potential limitations
and areas of concern may arisethat could potentially harm users.
Concerns regarding accuracy, cybersecurity, lack of empathy,
and technological maturity are reported as potential factors
associated with the delay in chatbot acceptability or integration
into health care [7].

Objectives

This narrative review paper reports on health care components
for chatbots, with a focus on cancer therapy. The rest of this
paper is organized as follows: first, we introduce the
developmental progress with a general overview of the
architecture, design concepts, and types of chatbots; the main
Results section focuses on the role that chatbots play in areas
related to oncology, such as diagnosis, treatment, monitoring,
support, workflow efficiency, and health promotion; and the
Discussion section analyzes potential limitations and concerns
for successful implementation while addressing future
applications and research topics.

https://cancer.jmir.org/2021/4/e27850

and conference proceedings. The following databases were
searched from October to December 2020 for relevant and
current studiesfrom 2000 to 2020: |EEE Xplore, PubMed, Web
of Science, Scopus, and OVID. The literature search used the
following key terms: chatbot, chatter robot, conversational
agent, artificial intelligence, and machine learning. For further
refinement, these key terms were combined with more specific
terms aligned with the focus of the paper. This included
healthcare, cancer therapy, oncology, diagnosis, treatment,
radiation therapy, and radiotherapy. The searches were not
limited by language or study design. Letters and technical
reports were excluded from the search. The full list of sources
and search strategiesis available from the authors.

The screening of chatbots was guided by a systematic review
process from the Botlist directory during the period of January
2021. This directory was chosen as it was open-access and
categorized the chatbots under many different categories (ie,
health care, communication, and entertainment) and contained
many commonly used messaging services (ie, Facebook
Messenger, Discord, Slack, Kik, and Skype). A total of 78
chatbotswereidentified for health care components and further
divided according to thefollowing criteria: diagnosis, treatment,
monitoring, support, workflow, and health promotion. It should
be noted that using the health filtersfrom aweb directory limits
the resultsto the search strategy and marketing label. Thus, the
results from equivalent studies may differ when repeated.

Results

Chatbot History and Evolution

The idea of a chatbot was first introduced in 1950 when Alan
Turing proposed the question, “Can machines think?’ [8]. The
earliest forms were designed to pass the Turing test and mimic
human conversations as much as possible. In 1966, ELIZA
(MIT Artificia Intelligence Library) wasthefirst known chatbot
developed to act as a psychotherapist, using pattern matching
and template-based responses to converse in a question-based
format [9]. Improvementswere madeto build amore human-like
and personalized entity by incorporating a personality in
PARRY (developed Kenneth Colby) that simulated a paranoid
patient [10]. One of the most well-known chatbots is ALICE,
developed in 1995 by Richard Wallace, which uses a
pattern-matching technique to retrieve exampl e sentences from
output templates and avoid inappropriate responses [11]. A
renewed interest in Al and advances in ML have led to the
growing use and availability of chatbotsin various fields [12].
SmarterChild (ActiveBuddy, Inc) [ 13] becamewidely accessible
through messenger apps, followed by more familiar web-based
assistants using voice-activated systems, such as Apple Siri,
Amazon Alexa, Google Assistant, and Microsoft Cortana. On
the basis of our analysis (Figure 1), the most popular
developments of chatbots for health care purposes are
diagnostics, patient support (ie, mental health counseling), and
health promotion. Some of these applications will be further
explored in the following section for cancer applications.
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5163 chatbots in
Botlist.co directory

95 chatbots used for
healthcare applications

Figure 1. Search and screening for health care chatbots. Chatbots using more than one platform are included.

Xuet al
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Chatbot General Architecture

Although there are avariety of techniques for the devel opment
of chatbots, the general layout isrelatively straightforward. As
a computer application that uses ML to mimic human

general chatbot architectureisillustrated in Figure 2. First, the
user makesarequest, in text or speech format, whichisreceived
and interpreted by the chatbot. From there, the processed
information could be remembered, or more details could be
requested for clarification. After the request is understood, the

conversation, the underlying concept issimilar for al typeswith
4 essential stages (input processing, input understanding,
response generation, and response selection) [14]. A simplified

requested actions are performed, and the data of interest are
retrieved from the database or external sources[15].

Figure 2. Schematic representation of general chatbot architecture.
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Chatbot Types

With the vast number of agorithms, tools, and platforms
available, understanding the different types and end purposes
of these chatbotswill assist devel opersin choosing the optimal
tools when designing them to fit the specific needs of users.
These categories are not exclusive, as chatbots may possess
multiple characteristics, making the process more variable. The
5 main types are described below [15]. Textbox 1 describes
some examples of the recommended apps for each type of
chatbot but are not limited to the ones specified.

Knowledge domain classification is based on accessible
knowledge or the data used to train the chatbot. Under this
category are the open domain for general topics and the closed
domain focusing on more specificinformation. Service-provided

Xuet al

classification is dependent on sentimental proximity to the user
and the amount of intimate interaction dependent on the task
performed. This can be further divided into interpersonal for
providing services to transmit information, intrapersonal for
companionship or personal support to humans, and interagent
to communicate with other chatbots[14]. The next classification
is based on goals with the aim of achievement, subdivided into
informative, conversational, and task based. Response generation
chatbots, further classified as rule based, retrieval based, and
generative, account for the process of analyzing inputs and
generating responses [16]. Finally, human-aided classification
incorporates human computation, which provides more
flexibility and robustness but lacks the speed to accommodate
more requests [17].

Textbox 1. Recommended health care components for the different types of chatbots.

Knowledge domain

planning or recommendation

Service provided

that requires a sense of human touch

when transferring patient information between locations

Goal based

patients with resources or remote patient monitoring

emoational support, or health promotion

Response gener ation

screening and diagnostics

Human aided

«  Opendomain: responding to more general and broader topics that can be easily searched within databases; may be the preferred chatbot type for
routine symptom screening, connecting to providers or services, or health promotion apps

«  Closed domain: responding to complex or specific questions requiring more in-depth research; may be the preferred chatbot type for treatment

« Interpersonal: used mainly to transmit information without much intimate connection with users; may be the preferred chatbot type for imaging
diagnostics or hereditary assessment where the main duty is to relay factual information to users
« Intrapersonal: tailored for companionship or support; may be the preferred chatbot type for counseling, emotional support, or health promation

« Interagent: used for communicating with other chatbots or computer systems; may be the preferred chatbot type for administration purposes

« Informative: designed to provide information from warehouse database or inventory entry; may be the preferred chatbot type for connecting

o  Conversationa: built with the purpose of conversing with users as naturally as possible; may be the preferred chatbot type for counseling,

o  Task based: only performs 1 specific task where actions are predetermined; may be the preferred chatbot type for screening and diagnostics

o Uses pattern matching when the domain is narrow and sufficient data are available to train the system; may be the preferred chatbot type for

« Incorporates human computation that increases flexibility and robustness but decreases speed; may be the preferred chatbot type for most apps
except for support or workflow efficiency, where speed is an essential factor in the delivery of care

Chatbotsin Cancer Therapy

Overview

Cancer has become a mgjor health crisis and is the second
leading cause of death in the United States [18]. The
exponentially increasing number of patients with cancer each
year may be because of a combination of carcinogens in the
environment and improved quality of care. The latter aspect
could explain why cancer is slowly becoming achronic disease
that is manageable over time [19]. Added life expectancy poses
new challenges for both patients and the health care team. For

https://cancer.jmir.org/2021/4/e27850

example, many patients now require extended at-home support
and monitoring, whereas health care workers deal with an
increased workload. Although clinicians' knowledge base in
the use of scientific evidence to guide decision-making has
expanded, there are still many other facetsto the quality of care
that has yet to catch up. Key areas of focus are safety,
effectiveness, timeliness, efficiency, equitability, and
patient-centered care [20].

Chatbots have the potential to address many of the current
concernsregarding cancer care mentioned above. Thisincludes

JMIR Cancer 2021 | vol. 7 | iss. 4 |€27850 | p.7
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the triple aim of health care that encompasses improving the
experience of care, improving the health of populations, and
reducing per capitacosts[21]. Chatbots can improve the quality
or experience of care by providing efficient, equitable, and
personalized medical services. We can think of them as
intermediaries between physicians for facilitating the history
taking of sensitive and intimate information before consultations.
They could aso be thought of as decision aids that deliver
regular feedback on disease progression and treatment reactions
to help clinicians better understand individual conditions.
Preventative measures of cancer have become a priority
worldwide, asearly detection and treatment a one have not been
effective in eiminating this disease [22]. Physica,
psychological, and behavioral improvements of underserved or
vulnerable populations may even be possible through chatbots,
as they are so readily accessible through common messaging
platforms. Health promotion use, such as lifestyle coaching,
healthy eating, and smoking cessation, has been one of the most
common chatbots according to our search. In addition, chatbots

https://cancer.jmir.org/2021/4/e27850

Xuet al

could help save a significant amount of health care costs and
resources. Newer therapeutic innovations have come with a
heavy price tag, and out-of-pocket expenses have placed a
significant strain on patients’ financial well-being [23]. With
chatbots implemented in cancer care, consultations for minor
health concerns may be avoided, which alows clinicians to
spend moretime with patients who need their attention the most.
Costs may also be reduced by delivering medical servicesmore
efficiently. For example, the workflow can be streamlined by
assisting physiciansin administrative tasks, such as scheduling
appointments, providing medical information, or locating clinics.

With the rapidly increasing applications of chatbots in health
care, this section will explore several areas of development and
innovation in cancer care. Various examples of current chatbots
provided below will illustrate their ability to tackle the triple
aim of health care. The specific use case of chatbotsin oncology
with examples of actual products and proposed designs are
outlined in Table 1.
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(page number not for citation purposes)


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

JMIR CANCER

Xuet al

Table 1. Use case for chatbots in oncology, with examples of current specific applications or proposed designs.

Use case and application, chatbot

Function

Screening and diagnosis

Imaging diagnostic
Medical Sieve[24]

Symptom screening
Quro [25]
Buoy Health [26]
Harshitha breast cancer screening [27]
Babylon [28]
Your.md [28]
Ada[28]

Hereditary assessment

ItRuns[29]

Treatment
Patient treatment recommendation

Mathew [30]

Madhu [31]

Examines radiological imagesto aid clinicians with diagnosis

Presynopsis based on symptoms and history to predict user conditions
Assists in identifying the cause of illnesses and provides medical advice
Dialog flow to give an initial analysis of breast cancer symptoms
Symptom checker

Symptom checker

Symptom checker

Gathers family history information at the population level to determine the risk of hereditary
cancer

Identifies symptoms, predicts the disease using a symptom—disease data set, and recommends
asuitable treatment

Providesalist of available treatments for various diseases and informs the user of the composi-
tion and prescribed use of the medications

Connecting patientswith providersor resources

Divya[32]

Rarhi [33]

Physician treatment planning

Watson for Oncology [34]

Monitoring
Remote patient monitoring
STREAMD [35]
Conversa[35]
Memora Health [35]
AiCure[36]
Infinity [37]

Vik [38,39]
Support

Counseling
Vivobot [40]

Emotional support
Youper [26]
Wysa[26]
Replika [26]
Unmind [26]

Engages patients regarding their symptoms to provide a personalized diagnosis and connects
with appropriate medical service

Provides a diagnosis based on symptoms, measures the seriousness, and connects with a
physician

Examines data from records and medical notes to generate an evidence-based treatment plan
for oncologists

Provides access to care instructions and educational information
Provides access to care instructions and educational information
Provides access to care instructions and educational information
Coaches patients to manage their condition and adhere to instructions

Assesses health outcomes and impact of phone-based monitoring for patients with cancer aged
>65 years

Addresses patients’ daily needs and concerns

Cognitive and behavioral intervention for positive psychology skills and promoting well-being

Daily emotional support and mental health tracking
Daily emotional support and mental health tracking
Daily emotional support and mental health tracking
Daily emotional support and mental health tracking

https://cancer.jmir.org/2021/4/e27850

RenderX

JMIR Cancer 2021 | vol. 7 | iss. 4 |€27850 | p.9
(page number not for citation purposes)


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

JMIR CANCER

Xuet al

Use case and application, chatbot Function

Shim [26]
Woebot [41]
Workflow efficiency
Administration
Sensely [42]
Careskore [42]
Mandy [43]
Patient encounter
HOLMeS [44]
Health promotion
General lifestyle coaching
SWITCHes [45]
CoachAl [46]
WeightMentor [47]
Healthy eating
Health Hero [48]
Tasteful Bot [48]
Forksy [48]
SLOWbot [49]
Smoking cessation
SMAG [50]
Bella[51]

Daily emotional support and mental health tracking
Daily emotional support and mental health tracking

Assists in monitoring appointments, manages patients' conditions, and suggests therapies
Tracks vitals and anticipates the need for hospital admissions
Assists health care staff by automating the patient intake process

Supports diagnosis, chooses the proper treatment pathway, and provides prevention check-ups

Tracks patients' progress, provides insight to physicians, and suggests suitable activities
Tracks patients' progress, provides insight to physicians, and suggests suitable activities

Provides self-help motivation for weight loss maintenance and allows for open conversation

Guides in making informed decisions around food choices to change unhealthy eating habits
Guides in making informed decisions around food choices to change unhealthy eating habits
Guides in making informed decisions around food choices to change unhealthy eating habits

Guides in making informed decisions around food choices to change unhealthy eating habits

Cogpnitive behavioral therapy
Coachesto help quit smoking

Diagnostics and Screening

An accurate diagnosis is critical for appropriate care to be
administered. Interms of cancer diagnostics, Al-based computer
vision is a function often used in chatbots that can recognize
subtle patterns from images. This would increase physicians
confidence when identifying cancer types, aseven highly trained
individuals may not always agree on the diagnosis[52]. Studies
have shown that the interpretation of medical images for the
diagnosis of tumors performs equally well or better with Al
compared with experts[53-56]. In addition, automated diagnosis
may be useful when there are not enough specialists to review
the images. This was made possible through deep learning
algorithms in combination with the increasing availability of
databases for the tasks of detection, segmentation, and
classification [57]. For example, Medical Sieve (IBM Corp) is
a chatbot that examines radiological images to aid and
communicate with cardiologists and radiologists to identify
issues quickly and reliably [24]. Similarly, InnerEye (Microsoft
Corp) is a computer-assisted image diagnostic chatbot that
recognizes cancers and diseases within the eye but does not
directly interact with the user like achatbot [42]. Even with the
rapid advancements of Al in cancer imaging, a mgjor issue is
the lack of agold standard [58].

From the patient’s perspective, various chatbots have been
designed for symptom screening and self-diagnosis. The ability
of patients to be directed to urgent referral pathways through

https://cancer.jmir.org/2021/4/e27850

early warning signs has been a promising market. Decreased
wait timesin accessing health care services have been found to
correlate with improved patient outcomes and satisfaction
[59-61]. The automated chatbot, Quro (Quro Medical, Inc),
provides presynopsis based on symptoms and history to predict
user conditions (average precision approximately 0.82) without
aform-based data entry system [25]. In addition to diagnosis,
Buoy Health (Buoy Health, Inc) assists usersin identifying the
cause of their illness and provides medical advice[26]. Another
chatbot designed by Harshitha et al [27] uses dialog flow to
provide an initial analysis of breast cancer symptoms. It has
been proven to be 95% accurate in differentiating between
normal and cancerous images. Even with promising results,
there are till potential areas for improvement. A study of 3
mobile app—based chatbot symptom checkers, Babylon (Babylon
Health, Inc), Your.md (Healthily, Inc), and Ada (Ada, Inc),
indicated that sensitivity remained low at 33% for the detection
of head and neck cancer [28]. The number of studies assessing
the development, implementation, and effectiveness are till
relatively limited compared with the diversity of chatbots
currently available. Further studies are required to establish the
efficacy acrossvarious conditions and populations. Nonethel ess,
chatbots for self-diagnosis are an effective way of advising
patients as the first point of contact if accuracy and sensitivity
requirements can be satisfied.
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Early cancer detection can lead to higher survival rates and
improved quality of life. Inherited factors are present in 5% to
10% of cancers, including breast, colorectal, prostate, and rare
tumor syndromes [62]. Family history collection is a proven
way of easily accessing the genetic disposition of developing
cancer to inform risk-stratified decision-making, clinical
decisions, and cancer prevention [63]. The web-based chatbot
[tRuns (ItRunslnMyFamily) gathersfamily history information
at the population level to determinetherisk of hereditary cancer
[29]. We have yet to find a chatbot that incorporates deep
learning to process large and complex data sets at a cellular
level. Although not able to directly converse with users,
DeepTarget [64] and deepMirGene [65] are capable of
performing miRNA and target predictionsusing expression data
with higher accuracy compared with non—deep learning models.
With the advent of phenotype—genotype predictions, chatbots
for genetic screening would greatly benefit from image
recognition. New screening biomarkers are also being
discovered at a rapid speed, so continua integration and
algorithm training arerequired. Thesefindingsalign with studies
that demonstrate that chatbots have the potential to improve
user experience and accessibility and provide accurate data
collection [66].

Treatment

Chatbots are now able to provide patients with treatment and
medication information after diagnosiswithout having to directly
contact a physician. Such a system was proposed by Mathew
et a [30] that identifiesthe symptoms, predictsthedisease using
a symptom—disease data set, and recommends a suitable
treatment. Although this may seem as an attractive option for
patients looking for afast solution, computers are still proneto
errors, and bypassing professional inspection may be an area
of concern. Chatbots may also be an effective resource for
patients who want to learn why a certain treatment is necessary.
Madhu et a [31] proposed an interactive chatbot app that
provides a list of available treatments for various diseases,
including cancer. This system aso informs the user of the
composition and prescribed use of medications to help select
the best course of action. The diagnosisand course of treatment
for cancer are complex, so a more realistic system would be a
chatbot used to connect users with appropriate specialists or
resources. A text-to-text chatbot by Divya et al [32] engages
patients regarding their medical symptoms to provide a
personalized diagnosis and connects the user with the
appropriate physician if major diseases are detected. Rarhi et
al [33] proposed asimilar design that provides adiagnosis based
on symptoms, measures the seriousness, and connects users
with aphysician if needed [33]. In general, these systems may
greatly help individualsin conducting daily check-ups, increase
awareness of their health status, and encourage users to seek
medical assistance for early intervention.

Chatbots have also been used by physicians during treatment
planning. For example, IBM’s Watson for Oncology examines
data from records and medical notes to generate an
evidence-based treatment plan for oncologists [34]. Studies
have shown that Watson for Oncology still cannot replace
experts at this moment, as quite afew cases are not consistent
with experts (approximately 73% concordant) [67,68].
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Nonetheless, this could be an effective decision-making tool
for cancer therapy to standardize treatments. Although not
specifically an oncology app, another chatbot example for
clinicians useisthe chatbot Safedrugbot (Safe In Breastfeeding)
[69]. Thisis a chat messaging service for health professionals
offering assistance with appropriate drug useinformation during
breastfeeding. Promising progress has also been made in using
Al for radiotherapy to reduce the workload of radiation staff or
identify at-risk patients by collecting outcomes before and after
treatment [70]. Anideal chatbot for health care professionals
use would be able to accurately detect diseases and provide the
proper course of recommendations, which are functions
currently limited by time and budgetary constraints. Continual
algorithm training and updates would be necessary because of
the constant improvementsin current standards of care. Further
refinements and testing for the accuracy of algorithms are
required before clinical implementation [71]. This area holds
tremendous potential, as an estimated >50% of all patientswith
cancer have used radiotherapy during the course of their
treatment.

Patient Monitoring

Chatbots have been implemented in remote patient monitoring
for postoperative care and follow-ups. The health care sector is
among the most overwhelmed by those needing continued
support outside hospital settings, as most patients newly
diagnosed with cancer are aged =65 years[72]. Theintegration
of this application would improve patients quality of life and
relieve the burden on health care providers through better disease
management, reducing the cost of visits and allowing timely
follow-ups. In terms of cancer therapy, remote monitoring can
support patients by enabling higher dose chemotherapy drug
delivery, reducing secondary hospitalizations, and providing
health benefits after surgery [73-75].

StreamMD (StreamMD, Inc), Conversa(ConversaHealth, Inc),
and Memora Health (Memora Health, Inc) are chatbots that
function on existing messaging platforms that provide patients
with immediate access to care instructions and educational
information [35]. To ensure that patients adhere to instructions,
AiCure (AiCure, Inc) usesasmartphone webcam to coach them
in managing their condition. Recently, a chatbot architecture
was proposed for patient support based on microservices to
provide personalized eHealth functionalities and data storage
[36]. Several studies have supported the application of chatbots
for patient monitoring [76]. The semiautomized messaging
chatbot Infinity (Facebook, Inc) was used to assess the health
outcomes and health care impacts of phone-based monitoring
for patients with cancer aged =65 years. After 2 years of
implementation, there was a 97% satisfactory rate, and 87%
considered monitoring useful, with the most reported benefit
being treatment management and moral support [37]. Similar
results were discovered in 2 studies using Vik (WeFight, Inc),
a text-based chatbot that responds to the daily needs and
concerns of patients and their relatives with personal insights.
A 1-year prospective study of 4737 patients with breast cancer
reported a 94% overall satisfaction rate [38]. A more in-depth
analysis of the 132,970 messages showed that users were more
likely to answer multiple-choice questions compared with
open-ended ones, chatbotsimproved treatment compliancerate
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by >20% (P=.04), and intimate or sensitive topics were openly
discussed. An areaof concern isthat retention rates drastically
decreased to 31% by the end of this study. The other study was
a phase 3, blind, noninferiority randomized controlled trial
(n=132) to assess the level of patient satisfaction with the
answers provided by chatbots versus those by physicians [39].
Using 12 frequently asked questions on breast cancer,
participants were split into 2 groups to rate the quality of
answersfrom chatbots or physicians. Among patientswith breast
cancer in treatment or remission, chatbot answers were shown
to be noninferior (P<.001), with a successrate of 69% compared
with 64% in the physician groups. Concerns regarding the
chatbot’s ability to successfully answer more complex questions
or detect differences between major and minor symptoms still
remain to be addressed.

Further refinements and large-scale implementations are till
required to determine the benefits across different populations
and sectors in health care [26]. Although overall satisfaction is
found to be relatively high, thereis still room for improvement
by taking into account user feedback tailored to the patient’'s
changing needs during recovery. In combination with wearable
technology and affordable software, chatbots have great
potential to affect patient monitoring solutions.

Patient Support

The prevalence of cancer isincreasing along with the number
of survivors of cancer, partly because of improved treatment
techniques and early detection [77]. These individuas
experience added health problems, such as infections, chronic
diseases, psychological issues, and sleep disturbances, which
often require specific needs that are not met by many
practitioners (ie, medical, psychosocial, informational, and
proactive contact) [78]. A number of these individuals require
support after hospitalization or treatment periods. Maintaining
autonomy and living in a self-sustaining way within their home
environment is especially important for older populations[79].
Implementation of chatbots may address some of these concerns,
such as reducing the burden on the health care system and
supporting independent living.

With psychiatric disorders affecting at least 35% of patients
with cancer, comprehensive cancer care now includes
psychosocial support to reduce distress and foster abetter quality
of life[80]. The first chatbot was designed for individuals with
psychological issues[9]; however, they continue to be used for
emotional support and psychiatric counseling with their ability
to express sympathy and empathy [81]. Health-based chatbots
delivered through mobile apps, such as Woebot (Woebot Health,
Inc), Youper (Youper, Inc), Wysa (Wysa, Ltd), Replika (Luka,
Inc), Unmind (Unmind, Inc), and Shim (Shim, Inc), offer daily
emotional support and mental health tracking [26]. A study
performed on Woebot, devel oped based on cognitive behavioral
therapy, showed that depressive symptoms were significantly
reduced, and participantswere more receptive than in traditional
therapies[41]. Thisagreed with the Shim results, also using the
same type of therapy, which showed that the intervention was
highly engaging, improved well-being, and reduced stress[82].
When another chatbot was developed based on the structured
associ ation technique counseling method, the user’smotivation
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was enhanced, and stress was reduced [83]. Similarly, a
graph-based chatbot has been proposed to identify the mood of
users through sentimental analysis and provide human-like
responses to comfort patients [84]. Vivobot (HopelLab, Inc)
provides cognitive and behavioral interventions to deliver
positive psychology skills and promote well-being. This
psychiatric counseling chatbot was effective in engaging users
and reducing anxiety in young adults after cancer treatment
[40]. The limitation to the abovementioned studies was that
most participants were young adults, most likely because of the
platform on which the chatbots were available. In addition,
longer follow-up periods with larger and more diverse sample
Sizes are needed for future studies. Chatbots used for
psychological support hold great potential, as individuals are
more comfortable disclosing personal information when no
judgments are formed, even if users could still discriminate
their responses from that of humans [82,85].

Workflow Efficiency

Electronic health records have improved data availability but
also increased the complexity of the clinical workflow,
contributing to ineffective treatment plans and uninformed
management [86]. A streamlined process using ML techniques
would alow clinicians to spend more time with patients by
decreasing the time spent on data entry through the ease of
documentation, exposing relevant patient information from the
chart, automatically authorizing payment, or reducing medical
errors[58]. For example, Mandy is a chatbot that assists health
care staff by automating the patient intake process [43]. Using
a combination of data-driven natural language processing with
knowledge-driven diagnostics, this chatbot interviews the
patient, understandstheir chief complaints, and submitsreports
to physicians for further analysis [43]. Similarly, Sensely
(Senselly, Inc) acts as aweb-based nurseto assist in monitoring
appointments, managing patients' conditions, and suggesting
therapies. Another chatbot that reduces the burden on clinicians
and decreases wait time is Careskore (CareShore, Inc), which
tracks vitals and anticipates the need for hospital admissions
[42]. Chatbots have aso been proposed to autonomize patient
encounters through several advanced eHealth services. In
addition to collecting data and providing bookings, Health
OnLineMedica Suggestionsor HOLMES (Wipro, Inc) interacts
with patients to support diagnosis, choose the proper treatment
pathway, and provide prevention check-ups[44]. Although the
use of chatbots in health care and cancer therapy has the
potential to enhance clinician efficiency, reimbursement codes
for practitioners are dill lacking before universa
implementation. In addition, studies will need to be conducted
to validate the effectiveness of chatbots in streamlining
workflow for different health care settings. Nonethel ess, chatbots
hold great potential to complement telemedicine by streamlining
medical administration and autonomizing patient encounters.

Health Promotion

Survivorsof cancer, particularly those who underwent treatment
during childhood, are more susceptible to adverse health risks
and medical complications. Consequently, promoting a healthy
lifestyle early onisimperative to maintain quality of life, reduce
mortality, and decrease the risk of secondary cancers [87].
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According to the analysis from the web directory, heath
promotion chatbots are the most commonly avail able; however,
most of them are only available on a single platform. Thus,
interoperability on multiple common platformsis essential for
adoption by various types of users across different age groups.
In addition, voice and image recognition should also be
considered, as most chatbots are still text based.

Healthy diets and weight control are key to successful disease
management, as obesity is a significant risk factor for chronic
conditions. Chatbots have been incorporated into health
coaching systemsto address health behavior modifications. For
example, CoachAl and Smart Wireless Interactive Health
System used chatbot technology to track patients progress,
provide insight to physicians, and suggest suitable activities
[45,46]. Another app is Weight Mentor, which provides self-help
motivation for weight loss maintenance and allows for open
conversation without being affected by emotions [47]. Health
Hero (Health Hero, Inc), Tasteful Bot (Facebook, Inc), Forksy
(Facebook, Inc), and SLOWhbot (iaso heath, Inc) guide usersto
make informed decisions on food choices to change unhealthy
eating habits[48,49]. The effectiveness of these apps cannot be
concluded, as a more rigorous analysis of the development,
evaluation, and implementation is required. Nevertheless,
chatbots are emerging as a solution for healthy lifestyle
promotion through access and human-like communication while
maintai ning anonymity.

Most would assume that survivors of cancer would be more
inclined to practice health protection behaviors with extra
guidance from health professionals;, however, the results have
been surprising. Smoking accountsfor at least 30% of all cancer
deaths; however, up to 50% of survivors continue to smoke
[88]. The benefit of using chatbots for smoking cessation across
various age groups has been highlighted in numerous studies
showing improved motivation, accessibility, and adherence to
treatment, which have led to increased smoking abstinence
[89-91]. The cognitive behavioral therapy—based chatbot SMAG,
supporting users over the Facebook social network, resulted in
a10% higher cessation rate compared with control groups[50].
Motivational interview—based chatbots have been proposed with
promising results, where asignificant number of patients showed
an increase in their confidence and readiness to quit smoking
after 1 week [92]. No studies have been found to assess the
effectiveness of chatbots for smoking cessation in terms of
ethnic, racial, geographic, or socioeconomic status differences.
Creating chatbots with prespecified answersis simple; however,
the problem becomes more complex when answers are open.
Bella, one of the most advanced text-based chatbots on the
market advertised as a coach for adults, gets stuck when
responses are not prompted [51]. Therefore, the reaction to
unexpected responses is still an areain progress. Given al the
uncertainties, chatbots hold potential for those looking to quit
smoking, as they prove to be more acceptable for users when
dealing with stigmatized health issues compared with general
practitioners[7].
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Discussion

Challenges and Limitations

Al and ML have advanced at an impressive rate and have
revealed the potential of chatbots in health care and clinica
settings. Al technology outperforms humansin terms of image
recognition, risk stratification, improved processing, and 24/7
assistance with dataand analysis. However, thereisno machine
substitute for higher-level interactions, critical thinking, and
ambiguity [93]. Chatbots create added compl exity that must be
identified, addressed, and mitigated before their universal
adoption in health care.

Hesitancy from physicians and poor adoption by patientsis a
major barrier to overcome, which could be explained by many
of the factors discussed in this section. A cross-sectional
web-based survey of 100 practicing physicians gathered the
perceptions of chatbots in health care [6]. Although a wide
variety of beneficial aspects were reported (ie, management of
health and administration), an equal number of concerns were
present. Over 70% of physicians believe that chatbots cannot
effectively carefor al the patients’ needs, cannot display human
emotion, cannot provide detailed treatment plans, and pose a
risk if patients self-diagnose or do not fully comprehend their
diagnosis. If the limitations of chatbots are better understood
and mitigated, the fears of adopting this technology in health
care may dowly subside. The Discussion section ends by
exploring the chalenges and questions for hedth care
professionals, patients, and policy makers.

Moral and Ethical Constraints

The use of chatbotsin health care presents anovel set of moral
and ethical challenges that must be addressed for the public to
fully embrace thistechnology. I ssuesto consider are privacy or
confidentiality, informed consent, and fairness. Each of these
concernsis addressed bel ow. Although efforts have been made
to address these concerns, current guidelines and policies are
still far behind the rapid technological advances [94].

Health care data are highly sensitive because of the risk of
stigmatization and discrimination if the information is
wrongfully disclosed. The ability of chatbots to ensure privacy
isespecially important, asvast amounts of personal and medical
information are often collected without users being aware,
including voice recognition and geographical tracking. The
public’slack of confidenceis not surprising, given theincreased
frequency and magnitude of high-profile security breaches and
inappropriate use of data [95]. Unlike financial data that
becomes obsolete after being stolen, medical data are
particularly valuable, asthey are not perishable. Privacy threats
may break the trust that is essentia to the therapeutic
physi cian—patient rel ationship and inhibit open communication
of relevant clinical information for proper diagnosis and
treatment [96].

Chatbots experience the BlackBox problem, whichissimilar to
many computing systems programmed using ML that aretrained
on massive data sets to produce multiple layers of connections.
Although they are capable of solving complex problems that
are unimaginable by humans, these systems remain highly
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opaque, and the resulting solutions may be unintuitive. This
means that the systems’ behavior is hard to explain by merely
looking inside, and understanding exactly how they are
programmed is nearly impossible. For both usersand devel opers,
transparency becomes an issue, as they are not able to fully
understand the solution or intervene to predictably change the
chatbot’s behavior [97]. With the novelty and complexity of
chatbots, obtaining valid informed consent where patients can
make their own health-related risk and benefit assessments
becomes problematic [98]. Without sufficient transparency,
deciding how certain decisions are made or how errors may
occur reducesthereliability of the diagnostic process. The Black
Box problem also poses a concern to patient autonomy by
potentially undermining the shared decision-making between
physicians and patients [99]. The chatbot's personalized
suggestions are based on algorithms and refined based on the
user’s past responses. Theremoval of optionsmay slowly reduce
the patient’s awareness of alternatives and interfere with free
choice[100Q].

Finally, the issue of fairness arises with algorithm bias when
data used to train and test chatbots do not accurately reflect the
peoplethey represent [101]. Asthe Al field lacks diversity, bias
at the level of the algorithm and modeling choices may be
overlooked by developers [102]. In a study using 2 cases,
differences in prediction accuracy were shown concerning
gender and insurance type for intensive care unit mortality and
psychiatric readmissions [103]. On a larger scale, this may
exacerbate barriers to headth care for minorities or
underprivileged individual s, leading to worse health outcomes.
| dentifying the source of algorithm biasiscrucia for addressing
health care dispariti es between various demographi c groups and
improving data collection.

Chancesfor Errors

Although studies have shown that Al technologies make fewer
mistakes than humans in terms of diagnosis and
decision-making, they still bear inherent risksfor medical errors
[104]. The interpretation of speech remains prone to errors
because of the complexity of background information, accuracy
of linguistic unit segmentation, variability in acoustic channels,
and linguistic ambiguity with homophones or semantic
expressions. Chatbots are unable to efficiently cope with these
errors because of the lack of common sense and the inability to
properly mode real-world knowledge [105]. Anocther factor
that contributesto errorsand inaccurate predictionsisthelarge,
noisy data sets used to train modern models because large
guantities of high-quality, representative data are often
unavailable [58]. In addition to the concern of accuracy and
validity, addressing clinical utility and effectiveness of
improving patients’ quality of lifeisjust asimportant. With the
increased use of diagnostic chatbots, therisk of overconfidence
and overtreatment may cause more harm than benefit [99]. There
is still clear potential for improved decision-making, as
diagnostic deep learning algorithmswere found to be equivalent
to health care professionals in classifying diseases in terms of
accuracy [106]. These issues presented above all raise the
question of who is legally liable for medical errors. Avoiding
responsibility becomes easier when numerous individuals are
involved at multiple stages, from development to clinical
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applications [107]. Although the law has been lagging and
litigationisstill agray area, determining legal liability becomes
increasingly pressing as chatbots become more accessible in
health care.

Regulatory Considerations

Regulatory standards have been devel oped to accommodate for
rapid modifications and ensure the safety and effectiveness of
Al technology, including chatbots. The US Food and Drug
Administration has recognized the distinctiveness of chatbots
compared with traditional medical devices by defining the
software within the medical device category and has outlined
its approach through the Digital Health Innovation Action Plan
[108]. With the growing number of Al algorithms approved by
the Food and Drug Administration, they opened public
consultations for setting performance targets, monitoring
performance, and reviewing when performance strays from
preset parameters [102]. The American Medical Association
has also adopted the Augmented Intelligence in Health Care
policy for the appropriate integration of Al into health care by
emphasizing the design approach and enhancement of human
intelligence [109]. An area of concern is that chatbots are not
covered under the Hedth Insurance Portability and
Accountability Act; therefore, users’ datamay be unknowingly
sold, traded, and marketed by companies [110]. On the other
hand, overregulation may diminish the value of chatbots and
decrease the freedom for innovators. Consequently, balancing
these opposing aspects is essential to promote benefits and
reduce harm to the health care system and society.

Future Directions

Chatbots' robustness of integrating and learning from large
clinica data sets, along with its ability to seamlessly
communicate with users, contributes to its widespread
integration in various health care components. Given the current
status and challenges of cancer care, chatbots will likely be a
key player in this field's continual improvement. More
specifically, they hold promise in addressing the triple aim of
health care by improving the quality of care, bettering the health
of populations, and reducing the burden or cost of our health
care system. Beyond cancer care, thereis an increasing number
of creative waysinwhich chatbots could be applicableto health
care. During the COVID-19 pandemic, chatbots were already
deployed to share information, suggest behavior, and offer
emotional support. They have the potentia to prevent
misinformation, detect symptoms, and lessen the mental health
burden during global pandemics [111]. At the global health
level, chatbots have emerged as a socially responsible
technology to provide equal access to quality health care and
break down the barriers between the rich and poor [112]. To
further advance medicine and knowledge, the use of chatbots
in education for learning and assessmentsis crucial for providing
objective feedback, personalized content, and cost-effective
evaluations[113]. For example, the devel opment of the Einstein
app as aweb-based physicsteacher enablesinteractivelearning
and evaluations but is till far from being perfect [114]. Given
chatbots” diverse applications in numerous aspects of health
care, further research and interdisciplinary collaboration to
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advance this technology could revolutionize the practice of
medicine.

On the basis of the discussion above, the following features are
genera directions of future suggestions for improvements in
chatbotswithin cancer carein no particular order of importance:

1 Ppatients with cancer may feel vulnerable or fear
discrimination from employers or society [115]. Security
of senditive information must be held to the highest
standards, especially when personal health information is
shared between providers and hospital systems.

2. Anincreasing number of patientsare bringing internet-based
information to consultationsthat are not critically assessed
for trustworthiness or credibility. If used correctly, the
additional health information could enhance understanding,
improve the ability to managetheir conditions, and increase
confidence during interaction with physicians [116].
Unfortunately, this is often not the case, and most patients
are not adequately informed regarding the proper screening
of information. Ways to address this challenge include
promoting awareness and devel oping patient management
guidelines. Chatbots also have the potential to become a
key player in their ability to screen for credible information.
They could help vulnerable individuals critically navigate
web-based cancer information, especially for the older or
more chronic populationsthat tend to be lesstechnologically
adept.

3. Current applications of chatbots as computerized decision
support systems for diagnosis and treatment are relatively
limited. The targeted audience for most has been for
patients' use, and few are designed to aid physicians at the
point of care. Medical Sieve and Watson for Oncology are
the only chatbots found in our search that are designed
specifically for clinicians. There are far more Al tools in
the market to help with clinical decision-making without
the ability to interact with users[117]. With the rapid data
collection from electronic health records, real-time
predictions, and linksto clinical recommendations, adding
chatbot functionalities to current decision aids will only
improve patient-centered care and streamline the workflow
for clinicians.

4. More concrete evidence of high quality and accuracy across
a broad range of conditions and populations entails more
representative training data reflecting racial biases and
developing peer-reviewed algorithms to reduce the Black
Box problem.

5. Integration into the health care system, particularly with
telemedicine, for seamless delivery from the beginning to
the end does not mean replacing in-person care but rather
complementing the health care workflow to ensure patients
receive continuity and coordination of care.

6. Reimbursement of chatbot services to physicians who
decideto implement thistechnology into their practice will
likely increase adoption rates. Organizations and health
providers will likely profit because chatbots alow for a
more efficient and reduced cost of delivery.
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7. Continual training of chatbots as new knowledge is
uncovered, such as symptom patterns or standard of care,
is needed.

8. As the Vik study found that users were more likely to
respond to multiple-choi ce questions over open-ended ones
[38], chatbot developers should move toward the choice
with higher response rates. Studies, surveys, and focus
groups should continue to be conducted to determine the
best ways to converse with users.

9. Universal adoption of various technical features, such as
training with additional languages, image recognition, voice
recognition, user feedback to improve services according
to needs, access on multiple common platforms, and
reacting to unexpected responses, need to be considered.

The ability to accurately measure performance is critical for
continuous feedback and improvement of chatbots, especially
the high standards and vulnerable individuals served in health
care. Given that the introduction of chatbots to cancer careis
relatively recent, rigorous evidence-based research is lacking.
Standardized indicators of success between users and chatbots
need to beimplemented by regul atory agencies before adoption.
Oncethe primary purposeis defined, common quality indicators
to consider are the success rate of a given action, nonresponse
rate, comprehension quality, response accuracy, retention or
adoption rates, engagement, and satisfaction level. The ultimate
goal isto assess whether chatbots positively affect and address
the 3 aims of health care. Regular quality checks are especially
critical for chatbots acting as decision aids because they can
have a major impact on patients' health outcomes.

Review Limitations

The systematic literature review and chatbot database search
includes a few limitations. The literature review and chatbot
search were all conducted by a single reviewer, which could
have potentialy introduced bias and limited findings. In
addition, our review explored abroad range of health caretopics,
and some areas could have been elaborated upon and explored
more deeply. Furthermore, only a limited number of studies
were included for each subtopic of chatbots for oncology apps
because of the scarcity of studies addressing this topic. Future
studies should consider refining the search strategy to identify
other potentialy relevant sourcesthat may have been overlooked
and assign multiple reviewsto limit individual bias.

Conclusions

Asillustrated in this review, these chatbots' potential in cancer
diagnostics and treatment, patient monitoring and support,
clinical workflow efficiency, and health promotion have yet to
befully explored. Numerousrisks and challengeswill continue
to arise that require careful navigation with the rapid
advancements in chatbots. Consequently, weighing the gains
versusthreatswith acritical eyeisimperative. Even after laying
down the proper foundations for using chatbots safely and
effectively, the human element in the practice of medicine is
irreplaceable and will always be present. Hedth care
professional s have the responsibility of understanding both the
benefits and risks associated with chatbots and, in turn,
educating their patients.
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Abstract

Cancer istheleading cause of death worldwide. Tobacco smoking, including secondhand smoking, causes cancer and isresponsible
for over 22% of global cancer deaths. The adverse impacts of secondhand smoke are more pronounced for expectant mothers,
and can deteriorate both mothers' and infants' health and well-being. Research suggests that secondhand smoke significantly
increases expectant mothers’ risk of miscarriage, cancer, and other chronic disease conditions, and exposes their unborn babies
to an increased likelihood of having life-long poor health. In China, a pregnant woman'’s family members, such as her husband,
parents, or in-laws, arethe most likely people to be smoking around her. Dueto traditional Chinese cultural practices, even though
some expectant mothers understand the harm of secondhand smoke, they may be reluctant to report their family members' smoking
behaviors. Resulting in severe underreporting, this compromises health experts' ability to understand the severity of the issue.
This paper proposes a novel approach to measure secondhand smoke exposure of pregnant women in the Chinese context. The
proposed system could act as a stepping stone that inspires creative methods to help researchers more accurately measure
secondhand smoking rates of expectant mothersin China. This, in turn, could help health experts better establish cancer control
measures for expectant mothers and decrease their cancer risk.

(JMIR Cancer 2021;7(4):€24984) doi:10.2196/24984

KEYWORDS

cancer; secondhand smoking; secondhand smoke; expectant mothers; pregnant women; Ching; transitional Chinese culture;
“doing the month”; smoking; pregnancy; women; China; culture; behavior

every three smokers across the globe is Chinese [4]. Different

Background

Cancer is the leading cause of death worldwide [1]. Tobacco
smoking, including secondhand smoking, causes cancer and is
responsible for over 22% of globa cancer deaths [2]. In 2017
alone, 62.9 million disability-adjusted life years were lost in
Chinadueto cancer [3]. With the current prevalence of smoking,
the situation is expected to worsen in the future [4]. China has
the largest population of tobacco smokers worldwide—one in

https://cancer.jmir.org/2021/4/e24984

from other human addictions (eg, opioids), tobacco smoking
not only harms smokers health but also harms the health of
individuals exposed to secondhand smoke [5].

While smoking has been declining in China (eg, among Chinese
adults aged 30-69 years, 11.0% of smokers quit in 2010
compared to 4.2% quit rates in 1996), secondhand smoking
remains a persistent public health issue that harms people’'s
health and well-being [6]. Secondhand smoking can be
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understood as nonsmokers exposure to smoke from tobacco
products dueto regular contact with smokersin close proximity
to them [7]. Individuals subjected to secondhand smoke face
unique health challenges despite not smoking cigarettes. They
are exposed to the same set of detrimental health consequences
associated with tobacco smoking, ranging from physical health
consequences (eg, an elevated risk of cancer) to pronounced
psychological health challenges[8].

Danger of Secondhand Smoke for
Expectant Mothers

Recent evidence shows that Chinese women exposed to
secondhand smoke often experience a significant decline in
cognitive functions, such as memory, that can last up to two

Suetd

years [9]. However, the situation might be worse for expectant
mothers. Women may experience various health issues during
pregnancy including venous thromboembolism, diabetes,
hypertension, and heart disease; in addition, women are at
increased risk of domestic violence when pregnant [10-12].
Additionally, for this community, exposure to toxic materials
often results in harm to both the women themselves and their
unborn babies [13-15]. In other words, exposure to harmful
substances, such as toxic secondhand smoke, harms pregnant
women at atimewhen health risksare morelikely to affect their
long-term health outcomes, in addition to causing substantial
harm to their unborn babies health [16-18]. Furthermore,
secondhand smoke and its adverse effects are associated with
an increased risk of infant mortality, including sudden infant
death syndrome[19] (Figure 1).

Figurel. A schematic representation of the increased health risks of secondhand smoking for expectant mothers and their infants.
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“Doing the Month”: A Unique Risk Factor
for Secondhand Smoke Exposure

Secondhand smoking might have an even more significant
impact on expectant Chinese women due to cultural practices.
In China, it iscommon practicefor partners, parents, or in-laws
to take care of the pregnant woman during and beyond

https://cancer.jmir.org/2021/4/e24984
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pregnancy to meet her basic needs [20]. Owing partialy to
traditional Chinese culture and social norms, immediately after
women give birth to their babies, these hel pers are al so expected
to attend to the needs and wants of women and their newborn
infants during the “ doing the month” ritual [21]. When followed
stringently, “doing the month,” a traditional Chinese cultural
practice that dates back more than 2000 years, requires women
to follow an extensive list of rules. These rules include not
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leaving the house, refraining from contacting water or wind (eg,
not washing on€e's hair, taking full-body showers, or opening
thewindow), and not consuming foodsthat havea” cold” nature,
among other things, for a full month [22]. In arecent study of
2615 Chinese women, researchers found that 60.5% of women
surveyed did not go outside during the first month after
childbirth, while 30.4% of the women only went outside once
or twice[23].

Due to the physical constraints of the “doing the month”
practice, understandably, women who follow the custom closely
often have to rely on help from family members or formal
caregivers[24]. Though “doing the month” can cause significant
discomfort, with some customs not supported by scientific
evidence, aconsiderable number of young Chinese mothers still
practicetheritua, following the customs of their ancestors[25].
It is common to receive support from husbands and senior
members of a family during pregnancy and throughout the
“doing the month” ritual [24], which can result in many family
membersliving in the same household for sometime. Although
thisarrangement can offer women substantial help, the extended
time spent in close proximity may introduce a series of risk
factors into a household [26]. Despite public smoking rates
declining due to recent antismoking public policies, one
unintended consequence is that smokers are more likely to
smoke indoors [27], which affects people who may not be able
to leave such an environment.

Deeply rooted in traditional Chinese culture is the consensus
that young adults are expected to avoid correcting the behavior
of seniors, evenif the behavior isknown to be health-damaging
[28]. This cultura norm might be more pronounced when it
comes to behaviors related to in-laws, so as to not appear
confrontational and disrespectful. Regardless, these
health-damaging behaviors, such as secondhand smoking, may
harm women and their infants [28]. Furthermore, though
women's rights are steadily improving in China, it is essential
to acknowledge that women’s overall welfare and well-being
isstill primarily overshadowed by that of men [29].

However, positive changes are occurring. A growing body of
literature suggests that there has been a change in Chinese
people's attitudes and behaviors toward complying with
traditional Chinese cultural values and social norms in recent
years. Research finds that though the influence of traditional
Chinese culture on Chinese social norms and practices (such as
collectivism) is still ongoing and tangible, its hold over young
adults is waning [30]. Furthermore, as the number of working
women increases, more women gain financial freedom, bringing
equal rights and gender equality to the forefront [31]. Overall,
accumulating evidence indicates that values that are cherished
by older Chinese generations might no longer be valued to the
same degree by their younger counterparts [32].

Measuring Smoking Around Expectant
Mothers

This cultural shift may have an impact on how pregnant women
address issues such as being exposed to harm through
secondhand smoke from their husbands and older family

https://cancer.jmir.org/2021/4/e24984
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members [33]. Due to recent cultural shifts, pregnant Chinese
women are more likely to be aware of the devastating effects
secondhand smoke can have on themselves and their unborn
babies. These shifts may eventually result in mothers persuading
their husbands or senior family members to change their
smoking behaviors, mothersmay even find away to avoid these
toxic environments filled with secondhand smoke. However,
while this social phenomenon may be occurring, it is difficult
to capture in a nonintrusive research setting [34]. Owing
partially to ingrained cultural values and social norms, pregnant
Chinese women may be reluctant to share their norm-defying
behaviorstoward their senior family memberswith researchers.

What might be possible, however, isto gauge this phenomenon
from a different yet closely related angle. To this end, we
propose a new method to gauge pregnant women's rates of
secondhand smoking. Different from traditional methods, which
ask people how often they are exposed to secondhand smoke
directly, we believe that a pregnant woman’'s exposure to
secondhand smoke may be more accurately gauged by asking
about the smoking frequency of the woman'’s family members
(ie, husbands and other relatives) when they are in close
proximity to the woman, especially during the “doing the
month” period. In other words, there might be discrepanciesin
secondhand smoking rates reported by pregnant women due to
deep-rooted cultural influences (eg, not wanting to accuse their
family members, who play a pivota role in the “doing the
month” ritual, of reckless health behaviors that might harm the
health and well-being of the expectant mothers, unborn children,
and smokers themselves).

One way to gauge potential discrepancies in secondhand
smoking rates reported by expectant mothers is by comparing
these rates with smoking rates reported by the family members
of these women. That is to say, rather than asking pregnant
women about their exposure to secondhand smoke, more
accurate information may be gleaned by directly asking family
members about smoking frequency and duration in the presence
of the pregnant woman. To further ensure that secondhand
smoking faced by expectant mothers can be captured accurately,
webelieveit isimportant to collect datafrom expectant mothers
and their family members separately (eg, survey conducted
individually, rather than as a family unit), so that the role of
social pressure in influencing survey results will be limited.

Protecting pregnant women from the harm of secondhand
smoking safeguards the health and well-being of unborn
children. Research that focuses on understanding women's
exposure to secondhand smoke and the various factors that
contributeto their experience of secondhand smoking isurgently
needed. The proposed approach istangible and realistic from a
research perspective. Understanding the relationship between
traditional Chinese cultural values and social norms, women's
awareness of secondhand smoking and their background
information (eg, education levels), and the women’s actual
exposure to secondhand smoke from their husbands and other
family members can help researchers obtain valuable insights
needed to develop intervention measures to protect this
vulnerable population [35].
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Concluding Remarks

In 2018, it is estimated that 4,285,033 new cancer cases were
diagnosed in China, among which 1,919,023 were female [3].
Mounting evidence suggests that tobacco smoking increases
the risk of many types of cancers [1]. Different from
environmental factors such as air pollution, which might be
more difficult to control and contain [36], tobacco smoking can
be curbed in a timely and cost-effective manner [37], as seen
in successful tobacco control interventions established in
countries such as the United States. Thisinsight is particularly
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secondhand smoke are more pronounced for this population,
and can harm both the mother’s and the infant’s health and
well-being [13-18]. However, to develop atailored and targeted
tobacco control plan, health experts and government officials
need to understand how much secondhand smoke expectant
mothers are exposed to. We hope that the current proposed
methods and future improved measures will lead to a better
understanding of how much secondhand smoke expectant
mothers are exposed to, as that knowledge is essential for
designing and deploying effective interventions to protect
expectant mothers and their infants from the harms of smoking
and risk of cancer.

promising for expectant mothers, as the adverse impacts of
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Abstract

Cutaneous melanoma has always been a dreaded diagnosis because of its high mortality rate and its proclivity for invasiveness
and metastasis. Historically, advanced melanoma treatment has been limited to chemotherapy and nonspecific immunotherapy
agents that display poor curative potential and high toxicity. However, during the last decade, the evolving understanding of the
mutational burden of melanoma and immune system evasion mechanisms has led to the development of targeted therapy and
specific immunotherapy agents that have transformed the landscape of advanced melanoma treatment. Despite the considerable
strides in understanding the clinical implications of these agents, there is a scarcity of randomized clinical trials that directly
compare the efficacy of the aforementioned agents; hence, there are no clear preferences among the available first-line options.
In addition, the introduction of these agents was associated with a variety of dermatologic adverse events, some of which have
shown a detrimental effect on the continuity of treatment. This holds especially truein light of the current fragmentation of care
provided by the managing health care professionals. In this study, we attempt to summarize the current understanding of first-line
treatments. In addition, the paper describes the indirect comparative evidence that aids in bridging the gap in the literature.
Furthermore, this paper shedslight on theimpact of the scarcity of dermatology specialist input in the management of dermatologic
adverse events associated with advanced melanoma treatment. It also looks into the potential avenues where dermatologic input
can bridge the gap in the care provided by oncologists, thus standardizing the care provided to patients with melanoma presenting
with dermatologic adverse events.

(IMIR Cancer 2021;7(4):€29912) doi:10.2196/29912

KEYWORDS

advanced cutaneous melanoma; first-line treatments; immunotherapy; targeted therapy; combinational therapy; dermatologic
adverse events; cutaneous side effects

melanoma. The introduction of novel agents, namely
immunotherapy and targeted therapy, has increased the median
overal survival (OS) by 10-fold, from an average of 6 months
to>5years[4,5]. Targeted therapy comprises agentsthat directly

Introduction

Melanomais amalignant transformation of the melanocytes. It
accounts for approximately 1% of all skin cancers; however, it

carries the highest mortality rate among all skin cancers[1,2].
The high mortality rate of melanoma is mainly because of its
early metastatic potential and aggressive nature [3]. Surgery
has been shown to be a successful treatment for localized
melanomas; however, advanced cases have a grim prognosis
[3]. In the last decade, medical management of advanced
melanoma has transformed the life expectancy of patients with

https://cancer.jmir.org/2021/4/€29912

inhibit mutated kinases, namely BRAF and mitogen-activated
protein kinase kinase, which have been implicated in the growth
and survival of cancerous melanocytes. However, the efficacy
of BRAF inhibitor (BRAFi) and mitogen-activated protein
kinase kinase inhibitor (MEKi) monotherapies is limited by
early resistance and an upsurge in treatment-associated skin
tumors. Consequently, acombined BRAFi plus MEKi approach
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was trialed, which resulted in superior survival rates while
minimizing the aforementioned limitations.

In addition, specific immunotherapy agents were developed
following Nobel Prize-winning discoveries that outlined the
pivotal role of certain immune downregulatory signals that
facilitate tumor growth. Hitherto, several single and combined
treatments have been approved asfirst-line therapy for advanced
melanoma.

It is worth mentioning that BRAF status testing is imperative
to the treatment choice; in general, immunotherapy is offered
to both patients with BRAF-positive and BRAF-negative
melanoma, whereas targeted therapy (BRAF and MEKI) is
only used for patientswho test positive for the BRAF mutation
[6-8].

Immunotherapy in Clinical Practice

Currently, there are 3 types of immunotherapy treatments
approved for unresectable or metastatic melanoma treatment

Abdulkarim & Motley

regardless of the BRAF status: 2 anti—programmed death 1
(PD-1) agents, namely nivolumab and pembrolizumab; asingle
anti—programmed death 1 ligand (PD-L 1) agent, atezolizumab;
and a single anti—cytotoxic T-lymphocyte-associated protein 4
(CTLAA4) agent, ipilimumab [6,7,9].

CheckMate 067, a phase 3 double-blind randomized controlled
trial (RCT), demonstrated the superiority of nivolumab with or
without i pilimumab over ipilimumab monotherapy. Because of
the study design, nivolumab plus ipilimumab combination
therapy was not directly tested against nivolumab monotherapy.
However, indirect analysis suggested that adding ipilimumab
to nivolumab monotherapy achieved higher progression-free
survival (PFS) and response rates, whereas no significant
difference was reported in OS (Table 1) [5]. Therefore, both
nivolumab-containing groups have been approved as first-line
treatments[6,7].

Table 1. Summary of the 5-year efficacy results of CheckMate 067 along with the reported dermatologic adverse events?

Study group Nivolumab plus ipilimumab Nivolumab I pilimumab
Overall survival
Value, median (months) >60 36.9 199
HRP 052° 0.63 N/A®
Progression-free survival
Value, median (months) 115 6.9 29
HR 0.42° 0.53¢ N/A
Adverse events (al grade), % 96 87 86
Adverse events (grade =3), % 59 23 28
Dermatologic adver se events
Rash (all grade), % 30 24 22
Rash (grade 23), % 3 <1 2
Pruritus (all grade), % 36 23 36
Pruritus (grade =3), % 2 <1 <1
Vitiligo (all grade), % 9 11 5
Vitiligo (grade 23), % 0 <1 0
Dry skin (all grade), % 5 5 4
Dry skin (grade 23), % 0 0 0
Maculopapular rash (al grade), % 12 5 12
Maculopapular rash (grade =3), % 2 1 <1

8Adapted from Larkin et a [5].

PHR: hazard ratio.

®Nivolumab plusipilimumab versus ipilimumab.
9INivolumab versus ipilimumab.

EN/A: not applicable.

However, the enhanced efficacy of combined immunotherapy
comes with added adverse events [5]. Therefore, the choice
between combined and single agent immunotherapy must be

https://cancer.jmir.org/2021/4/€29912

tailored to the patient’s circumstances, considering different
factors, such as the patient's hedth status (absence of
autoimmune diseases or other comorbiditiesthat might aggravate
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theimmune-rel ated adverse events) and the patient’swillingness
to tolerate the added toxicity associated with combination
therapy. Furthermore, the availability of support services that
can monitor and manage adverse events should be considered

(71

Patients with advanced melanomawererecruited in CheckMate
067 regardless of the tumor’s BRAF status; hence, nivolumab
plus ipilimumab combination therapy and nivolumab
monotherapy were approved for both BRAF-positive and
BRAF-negative melanomas. Of note, the percentage of
BRAF-positive melanomas in CheckMate 067 was 31.5%,
whichislower than the reported prevalence of BRAF mutations
among patients with melanoma (approximately 60%) [5,10].
Hence, the overall results might be a misrepresentation of the

Abdulkarim & Motley

BRAF-positive subgroup which are known to have worse
prognosis.

In KEYNOTE-006, a phase 3 open label RCT, pembrolizumab
monotherapy has been shown to improve PFS, OS, and response
rates compared with ipilimumab monotherapy (Table 2) [11].
Aswith nivolumab monotherapy, pembrolizumab monotherapy
isrecommended as afirst-line therapy if the added side effects
of combination immunotherapy cannot be tolerated [6,7]. The
tolerable adverse events profile of pembrolizumab paralleled
with its associated long-term survival rate nominates it as a
potential candidate for combined immunotherapy and combined
targeted therapy plus immunotherapy. However, there are no
published data that support its use in a combined regimen.

Table 2. Summary of the 5-year efficacy results of KEYNOTE-006 along with the reported dermatol ogic adverse events?,

Study group Pembrolizumab® I pilimumab
Overall survival

Value, median (months) 32.7 159

HRC 0.754 N/A®
Progression-free survival

Value, median (months) 84 34

HR 0579 N/A
Adverse events (all grade), % 77-82 74
Adverse events (grade =3), % 17 20
Dermatologic adver se events

Rash (all grade), % 16-17 16

Rash (grade 23), % 0 0

Pruritus (all grade), % 20 26

Pruritus (grade =23), % 0 0

8adapted from Schachter et al [12] and Robert et al [11].

bCompi led results of the 2 pembrolizumab doses studied in KEY NOTE-006.

°HR: hazard ratio.
dpembrolizumab versusi pilimumab.
EN/A: not applicable.

To date, the following are approved first-line immunotherapy
treatmentsfor unresectable or metastatic melanomairrespective
of BRAF mutation status: nivolumab plus ipilimumab
combination, nivolumab monotherapy, and pembrolizumab
monotherapy [8]. Patients with BRAF-positive advanced
melanoma are offered additional first-line treatment options,
namely combined BRAFi plus MEKi regimens, as discussed
below.

Targeted Therapy in Clinical Practice

In total, 3 BRAFi have been approved for unresectable or
metastatic melanoma, namely vemurafenib, dabrafenib, and
encorafenib. In addition, 3 MEKi, namely cobimetinib,
trametinib, and binimetinib, have been approved for use along
with the aforementioned BRAFi agents. The superiority of

https://cancer.jmir.org/2021/4/€29912

combined BRAFi plusMEKi therapy over BRAFi monotherapy
was established in the coBRIM, COMBI-d, COMBI-v, and
COLUMBUS RCTs (Tables 3-5) [13-15]. Moreover, the
addition of MEKi to BRAFi monotherapies has been shown to
mitigate the high resistance rates and high toxicities associated
with BRAFi monotherapy and overcome the limited response
rates and early resistance in MEKi monotherapies. In light of
these results, BRAFi plus MEKi combination supplanted
targeted monotherapy regimens asfirst-line systemic treatments
for advanced melanoma [16-19]. To date, there is no evidence
available from head-to-head trials that compare the 3 approved
BRAFi plusMEKIi combination regimens, namely vemurafenib
plus cobimetinib, dabrafenib plus trametinib, and encorafenib
plus binimetinib. The following section attempts to compare
theselines of treatment using indirect and comparative analyses.
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Table 3. Summary of the coBRIM efficacy results along with the reported dermatol ogic adverse events®

Abdulkarim & Motley

Study group Cobimetinib plus vemurafenib Vemurafenib
Overall survival
Value, median (months) 223 174
HR? 0.70° N/Ad
Progression-free survival
Value, median (months) 12.3 7.2
HR 0.58° N/A
Adverse events (all grade), % 99.2 98
Adverse events (grade 23), % 75.3 61.4
Dermatologic adver se events
Rash (all grade), % 725 67.5
Rash (grade =3), % 17 16.3
Photosensitivity (all grade), % 47.8 37.8
Photosensitivity (grade =3), % 45 0
Alopecia (al grade), % 16.6 305
Alopecia (grade =3), % 04 04
Hyperkeratosis (all grade), % 10.1 27.2
Hyperkeratosis (grade =3), % 04 24
Squamous cell carcinoma (all grade), % 4 12.6
Squamous cell carcinoma (grade =3), % 3.6 126
Keratoacanthoma (all grade), % 1.6 9.3
Keratoacanthoma (grade =3), % 1.2 8.5

3Adapted from Ascierto et al [13].

PHR: hazard ratio.

CCobimetinib plus vemurafenib versus vemurafenib.

dN/A: not applicable.
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Table4. Summary of the COMBI-d efficacy results along with the reported dermatol ogic adverse events®.

Study group Dabrafenib plus trametinib Dabrafenib
Overall survival

Value, median (months) 25.1 18.7

HR? 0.71° N/Ad

Progression-free survival

Value, median (months) 11.0 8.8

HR 0.67° N/A
Adverse events (all grade), % 87 90
Adverse events (grade 23), % 32 30

Dermatologic adver se events

Rash (all grade), % 24 20
Rash (grade =3), % 0 <1
Dry skin (all grade), % 9 14
Dry skin (grade =3), % 0 0
Pruritus (all grade), % 7 11
Pruritus (grade =3), % 0 0
Alopecia (al grade), % 5 26
Alopecia (grade =3), % 0 0
Hyperkeratosis (all grade), % 6 33
Hyperkeratosis (grade =3), % 0 <1
Skin papilloma (all grade), % 1 18
Skin papilloma (grade =3), % 0 0
Dermatitis acneiform (all grade), % 8 3
Dermatitis acneiform (grade =3), % 0 0
Squamous cell carcinoma (all grade), % 3 9
Squamous cell carcinoma (grade =3), % 3 9
New primary melanoma (all grade), % <1 2
New primary melanoma (grade =3), % <1 <1

8Adapted from Long et al [14].

PHR: hazard ratio.

CDabrafenib plus trametinib versus trametinib.

dN/A: not applicable.
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Table 5. Summary of the COLUMBUS efficacy results along with the reported dermatol ogic adverse events®,

Study group Encorafenib plus binimetinib Encorafenib Vemurafenib

Overall survival

Value, median (months) 33.6 235 16.9

HR? 0.61° 0.76¢ N/AE

Progression-free survival

Value, median (months) 14.9 9.6 7.3

HR 0.51¢ 0.68¢ N/A
Adverse events (all grade), % 98.4 99.5 100
Adverse events (grade =3), % 68.2 67.7 65.6

Dermatologic adver se events

Rash (all grade), % 16.1 20.8 30.1
Rash (grade =3), % 16 2.1 32
Pruritus (all grade), % 125 219 10.8
Pruritus (grade =3), % 0.5 0.5 0
Hyperkeratosis (all grade), % 15.1 40.1 29
Hyperkeratosis (grade =3), % 0.5 3.6 0
Dry skin (all grade), % 16.1 30.2 231
Dry skin (grade =3), % 0 0.5 0
Alopecia (al grade), % 14.6 56.3 37.6
Alopecia (grade =3), % 0 0 0
Palmoplantar erythrodysesthesia syndrome (all grade), % 7.3 51.6 14
Palmoplantar erythrodysesthesia syndrome (grade =3), % 0 135 11
Photosensitivity (all grade), % 36 36 253
Photosensitivity (grade =3), % 0.5 0 11
Palmoplantar keratoderma (all grade), % 9.9 26.6 17.7
Palmoplantar keratoderma (grade =3), % 0 21 11
Keratosis pilaris (all grade), % 4.7 36 253
Keratosis pilaris (grade =3), % 0.5 0 11
Papilloma (all grade), % 7 10 19
Papilloma (grade >3), % N/A N/A N/A
Squamous cell carcinomal (all grade), % 3 8 17
Squamous cell carcinomal (grade >3), % N/A N/A N/A
Basal cell carcinomal (al grade), % 2 1 2
Basal cell carcinomal (grade =3), % N/A N/A N/A

3Adapted from Ascierto et a [15] and Gogas et a [20].

PHR: hazard ratio.

CEncorafenib plus binimetinib versus vemurafenib.

9Encorafenib versus vemurafenib,

EN/A: not applicable.

MThese dermatol ogic adverse events were reported separately by Gogas et a [20] as all grade dermatol ogic adverse events with no further breakdown.
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Comparing Current Targeted Therapy
Combinations

To date, no direct studies have been conducted that would
prioritize dabrafenib plus trametinib over vemurafenib plus
cobimetinib or vice versa. coBRIM, which compared
vemurafenib plus cobimetinib and vemurafenib monotherapy,
and COM BI-v, which compared dabrafenib plustrametinib and
vemurafenib monotherapy, share some similarities in study
design features and control groups. On the basis of these
similarities, Galvan - Banqueri et a [21] conducted an indirect
comparison between the 2 combined regimens and concluded
that there were no significant differencesin OS and PFS. The
similarities in PFS and OS were also reported in a systematic
review and network meta-analysis by Garzon - Orjuela et d
[22]. However, this study highlighted disparities in safety
profiles, dabrafenib plus trametinib was found to be safer
because of the lower risk of grade 3 and grade 4 adverse events,
such as ocular adverse events (serous retinopathy) and elevated
liver enzymes.

Indirect comparisons should be interpreted cautiously, as even
similarly designed trials might exhibit some degree of
discrepancy that would discredit any conclusionsmade. In case
of coBRIM and COMBI-v, there were differences in the
inclusion criteria, study end points (PFS was the primary end
point in coBRIM and secondary in COMBI-d), and allowance
of patient crossover between study arms[13,23].

In COLUMBUS, a phase 3 open label RCT, encorafenib plus
binimetinib displayed unprecedented efficacy ratesfor aBRAFi
plus MEKi combination therapy (median OS of 33.6 months
and median PFS of 14.9 months), especially in median OS. In
comparison, dabrafenib plus trametinib treatment achieved a
median OS of 25.1 months and a median PFS of 11 months,
which was similar to the vemurafenib plus cobimetinib
combination results, yielding 22.3 and 12.3 monthsfor median
OS and PFS, respectively (Tables 3-5) [13-15].

The National Ingtitute for Health and Care Excellence (UK)
recruited Pierre Fabre, a pharmaceutical company, to compare
the clinical efficacy and cost-effectiveness of encorafenib plus
binimetinib and dabrafenib plus trametinib by evaluating the
direct and indirect evidence. Theresults showed that therewere
no significant differencesin the clinical outcomes between the
2 BRAFi plus MEKi combinations; however, encorafenib plus
binimetinib was shown to be more cost-effective. Hence, it was
recommended by the National Institute for Health and Care
Excellence for BRAF-positive advanced melanomas [24].

The study designs of COLUMBUS, coBRIM, COMBI-d, and
COMBI-v had a notable difference in patient characteristics,
which might suggest the added benefit of certain targeted
therapy combinations in select patient subcategories. Unlike
coBRIM, COMBI-d, and COMBI-v, the COLUMBUS tria
allowed the recruitment of previously treated patients, including
those who were previously treated with BRAF monotherapies
[13,25-27]. Thisshowsthat the clinical outcomeswere achieved
in a cohort that might have devel oped resistance or progressed
with previous BRAFi agents. It also enhances the externa
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validity of the results and establishes encorafenib plus
binimetinib as an effective second-line treatment for patients
who have progressed in previous systemic treatments.

Of note, the number of patients with elevated levels of lactate
dehydrogenase (a negative prognostic factor) involved in
COLUMBUS was lower than in other trials, which might
indicate that the patients enrolled had a healthier baseline.
However, apart from the disparity in lactate dehydrogenase
levels, the other prognostic factorswere comparable. In addition,
vemurafenib monotherapy was a common control group in
COLUMBUS, COMBI-v, and coBRIM and produced
comparable results, which negates any significant differences
between study participants [13,25,26].

Pharmacokinetic analysis of the available BRAFi revealed
significant differences. Delord et al [28] compared encorafenib,
dabrafenib, and vemurafenib in a preclinical setting (cell lines
and xenograft melanoma tumors) and showed that although all
3 agents were able to inhibit BRAF VV600E kinase activity at
the same concentration, encorafenib had amarkedly prolonged
half-life (>30 hours) compared with that of dabrafenib (2 hours)
and vemurafenib (0.5 hours). This translated to increased drug
availability, prolonged target suppression, and enhanced
potency. Delord et al [28] demonstrated the increased potency
of encorafenib by showing that the half-maximal inhibitory
concentration (I1Csq) was achieved with alower concentration
of encorafenib (<40 nmol/L) compared with that of dabrafenib
(<100 nmol/L) and vemurafenib (<1 umol/L) [28]. The
prolonged half-life and superior potency of encorafenib might
explain the prolonged median OS of encorafenib plus
binimetinib evident in the COLUMBUS trial. Additional
research should delineate the impact of the pharmacokinetic
profile on the onset and overall onset of resistance, a notable
limiting factor of BRAFi and MEKi [17].

The frequency of certain dermatologic adverse events varied
considerably between the monotherapy groups in the
COLUMBUS trial and across other BRAF trials, which might
point to the presence of molecular differences in same-group
agents (Tables 3-5) [13-15]. One such difference is the
variability of kinase inhibition among BRAF isotypes.
Encorafenib was shown to exhibit similar inhibition on both
mutated and wild-type BRAF isotypes, whereas both dabrafenib
and vemurafenib inhibited mutated BRAF kinase more
efficiently with minimal inhibition of wild-type BRAF kinase
[29]. The uneven inhibition leads to the hyperstimulation of
wild-type BRAF kinase manifesting clinically asthe paradoxical
rise of BRAFi-associated dermatol ogic adverse events, such as
sguamous cell carcinoma, primary melanoma, and papillomas
[29,30]. Adelmann et a [29] introduced the term paradox
indices, which estimates a therapeutic window that represents
the concentration range within which maximum inhibition of
BRAF is achieved while maintaining the lowest paradoxical
activation of the downstream kinase extracelular
signal-regulated kinase (ERK), the culprit kinase that drives
treatment-induced dermatologic adverse events in wild-type
BRAF tissues[31]. Encorafenib had the highest paradox index
(50), representing the most potent agent with the widest safety
margin, followed by those of dabrafenib (10) and vemurafenib
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(5.5) [29]. The clinical results corresponded with the reported
paradox indices, as vemurafenib-associated squamous cell
carcinomawas twice as common compared with the encorafenib
group; similar disparitieswere noted in papillomaand keratosis
pilaris (Table 5).

The unique pharmacokinetic profile of encorafenib could also
explain the disparity in the prevalence of nondermatologic
adverse events. For instance, pyrexiawas shown to be the most
common adverse event and a substantial limiting factor among
patients treated with dabrafenib plus trametinib, causing the
most treatment interruptions (30%), dose reductions (14%), and
permanent terminations (3%) [26]. COLUMBUS trial revealed
asizable decrease in pyrexiaincidence in the encorafenib plus
binimetinib group (18%) compared with that in the dabrafenib
plus trametinib group (53%) in the COMBI-v trial [20,26]. In
addition, COLUMBUS showed that vemurafenib (an agent used
in the vemurafenib plus cobimetinib combination) monotherapy
group had an approximately 2-fold increase in pyrexia (30%)
compared with the encorafenib monotherapy group (16%) [20].
Both findings suggest that encorafenib plus binimetinib is,
potentially, the safest BRAFi plus MEKi currently offered for
treatment-induced pyrexia. Given the lack of direct evidence,
detailed comparisons of other critical adverse events, especially
those that impose the greatest threat of treatment interruption,
are much needed to help navigate the available treatments. To
date, all 3 combinations have been approved as first-line
treatments for BRAF-positive advanced melanoma, especially
in rapidly deteriorating cases[6,32].

Immunotherapy Versus Targeted Therapy

To date, no evidence is available from head-to-head trials that
compare immunotherapy and targeted therapy for
BRAF-positive melanomas. Ugurel et a [33] conducted an
exploratory analysis comparing the PFS and OS of landmark
trials assessing advanced melanoma treatments. The study
included 25 prospective clinical trials from 2002 to 2017,
producing 83 Kaplan-Meier survival curves. Ugurel et al [33]
showed that there was a high concordance among the survival
curves of different agentswithin the same group of both targeted
and immunotherapy agents used asfirst-line therapies. However,
the survival data of the second or higher treatment lines showed
lower concordance. M oreover, the combined BRAFi plus MEKi
had superior PFS rates compared with those of combined
immunotherapy at 6 months (72.3% vs 63.8%). In addition, the
OS rates of combined BRAFi plus MEKi were aso higher at
12 months (76.6%) than those of the combined immunotherapy
(73.1%). However, the OS rate curves crossed over in favor of
combined immunotherapy at 24 months, yielding 62.9%
compared with 53.3% in combined BRAFi plus MEKIi [33]. It
is worth mentioning that the analysis of Ugurel et al [33] only
included trials that evaluated treatments of BRAF-positive
melanoma that were published up to January 1, 2017; hence,
the results of the aforementioned analysis did not account for
agents approved more recently, such as encorafenib plus
binimetninb.

Moreover, the 5-year update of CheckMate 067 demonstrated
the long-term survival benefit of nivolumab groups in patients
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with BRAF-positive melanoma. The combination arm reported
amedian OS of >60 months (median OS has not been reached
yet), representing the longest median OS of all the currently
avalable first-line treatments, followed by nivolumab
monotherapy, which achieved a median OS of 45.5 months
(Tables 1-5) [5]. Conversely, the 5-year combined pooled data
of COMBI-d and COMBI-v revealed that the median OS at 5
years was 25.9 months in patients with BRAF-positive
melanoma on combined dabrafenib plus trametinib treatment
[23]. Comparing the resultsfrom Checkmate 067 and COMBI-v
or COMBI-d would not present tangible evidence because of
thediscrepancy in the characteristics of study populations[5,23].

The inferior 24-month survival outcome of targeted therapy
reported in the analysisof Ugurel et al [33] and the considerable
differencein the 5-year median survival between the nivolumab
groups and the dabrafenib plus trametinib combination group
delineate the acquired resistance phenomenon associated with
targeted therapy, which became eminent approximately 6
months after treatment initiation [5,17,23].

Similarly, thelower PFS and OSrates of immunotherapy during
the first year of treatment depicted in the findings of Ugurel et
al [33] displayed the primary resistance phenomenon associated
with immunotherapy agents [34]. It is worth mentioning that
the 5-year compiled data of CheckMate 067 denote a steadily
increasing rate in complete response, regardless of the BRAF
status, which might suggest the reversibility of
immunotherapy-associated resistance [5].

Furthermore, studies have shown that BRAFi plus MEKi agents
displayed amore pronounced therapeutic effect in patientswith
high lactate dehydrogenase. Conversely, immunotherapy was
more effective in patients with normal levels of lactate
dehydrogenase [35,36].

These findings suggest the superiority of combined BRAFi plus
MEKIi asan acute treatment especially in aggressive melanomas,
while supporting the superior role of immunotherapy as a
maintenance therapy. Furthermore, these findings suggest the
benefit of sequential therapy, where treatment could beinitiated
by BRAFi plus MEKi and then maintained by immunotherapy,
thus harvesting the benefits of both lines of therapy. This
approach is corroborated by the 5-year analysis of the pooled
data of COMBI-d and COMBI-v trials, which showed that a
complete response was observed in patients who were treated
with immunotherapy following dabrafenib plus trametinib
therapy administered in the aforementioned trials [23]. This
regimen is currently being studied in ImmunoCobiVem
(Clinical Trials.gov NCT02902029), a clinical trial assessing
the efficacy and safety of sequential treatment with cobimetinib
plus vemurafenib followed by atezolizumab.

The European Society for Medical Oncology recommends the
use of immunotherapy in unresectable melanoma regardless of
the BRAF mutation status, as long as the immunotherapy can
be safely administered, meaning that melanoma is not
progressing very quickly and there isno imminent threat to any
function or organ [6]. The US National Comprehensive Cancer
Network recommends both immunotherapy and targeted therapy
as first-line treatments for unresectable melanoma; however,
targeted therapy is preferred for rapidly deteriorating
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BRAF-positive melanomas|[7]. Studies comparing targeted and
immunotherapy agents as first-line treatment are yet to be
published; such results will conceivably shape the guidelines
of this dynamic field.

Combined Targeted and Immunotherapy
Regimen

On July 30, 2020, the United States Food and Drug
Administration approved atezolizumab combined with
vemurafenib plus cobimetinib as first-line treatment for
unresectable melanoma. This is the first approved combined
treatment regimen that incorporates targeted therapy and
immunotherapy [9].

Atezolizumab isaPD-L1 inhibitor that has been approved as a
monotherapy to treat other solid cancers, including breast and
urothelial cancers[37,38]. Atezolizumab monotherapy hasalso
been investigated in aphase 1 trial for the treatment of advanced
melanoma. In this study, Hamid et a [39] showed that
atezolizumab achieved amedian OS of 23 months. In addition,
the median response duration exceeded 5 years, while
maintaining a tolerable safety profile. The response durability
and tolerability presented atezolizumab as a promising agent
for melanoma treatment.

However, the recent approval of atezolizumab was based on
the results of IMspirel50, a phase 3 double-blind RCT that
assessed the efficacy and safety of atezolizumab plus
vemurafenib plus cobimetinib versus vemurafenib plus
cobimetinib plus placebo. Both armswereinitially treated with
the vemurafenib plus cobimetinib combination for thefirst cycle
(a 28-day cycle), after which the intervention group was
commenced on atezolizumab, whereas the control group was
given amatched placebo. The PFS of thetriple agent group was
15.1 months, which was significantly longer than that of the
dual agent group (10.6 months) [40]. Interestingly, the PFS
curves of the 2 groups parted ways after 7 months of treatment,
at approximately the same time that the acquired resistance of
BRAFi plus MEKi becomes apparent, highlighting the added
benefit of incorporating immunotherapy with combined targeted
therapy [17,33,40]. In addition, the median duration of response
was prolonged in the triple agent arm. At the time of theinterim
analysis, the death rate of the triple agent group was 36%
compared with 43% in the control group. Accordingly, the OS
rate at 24 months was predicted to be 60% and 53% for the
triple and dual agent groups, respectively [40].

Notably, immune-mediated adverse events, which required
systemic corticosteroids, were more frequent in the triplet group.
These adverse events include dermatitis acneiform, acne,
pneumonitis, uveitis, hyperthyroidism, and raised liver enzymes.
Other dermatologic adverse events, such as photosensitivity
reactions, rash, pruritus, dry skin, and sunburn were also
reported in the triplet group [40].

The higher toxicity of the triple agent treatment was also
portrayed in KEY NOTE-022, aphase 2 double-blind RCT that
evaluated the addition of pembrolizumab to dabrafenib plus
trametinib combined therapy. The study showed that the triple
agent group had a superior median PFS of 16.0 months versus
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10.3 months in the dabrafenib plus trametinib only group.
However, the P value threshold for statistical significance
(P=.003) was not achieved for PFS (P=.04). However, thetriple
agent group had ahigher rate of patientswith complete response
(18.3%) compared with that in the dual agent group (13.3%).
Furthermore, the triple agent group displayed improved response
duration; however, it was associated with higher toxicity, leading
to more frequent treatment discontinuations [41].

In light of the added toxicity of the triple agent approach and
the lack of mature data that demonstrate the OS benefit of the
triple therapy, guidelines are yet to outline the exact role of this
regimen in treating BRAF-positive melanoma and the
implicationsit has on the currently available dual agent options
[42]. The results of other ongoing trials that evaluate the triple
agent approach, such as ImmunoCaobiVem (Clinical Trials.gov
NCT02902029) and COMBI-I (Clinical Trials.gov
NCT02967692), will aid in delineating the role of combined
immunotherapy and targeted therapy in melanoma treatment.

Treatment-associated toxicity is pivotal in shaping current and
future guidelines, particularly for adverse eventsthat have been
detrimental to treatment continuation. In  fact,
treatment-associated dermatologic adverse events have been
ranked high for both frequency and severity. Dermatologic
adverse events present in approximately 50% of patients with
advanced melanoma treated with immunotherapy. Targeted
therapy-related dermatologic adverse events occur in 90% of
the patients who are treated, rendering dermatologic adverse
events not only one of the most frequently reported adverse
events but also one of the most common reasons for treatment
interruption [32,43]. Immunotherapy-related dermatologic
adverse eventsinclude macul opapular rash, vitiligo, and pruritus
[44]. In contrast, dermatol ogic adverse events associated with
targeted therapy are not only more common but also are more
clinically relevant [32]. Targeted therapy-induced dermatologic
adverse events, which are responsible for most treatment
interruptions include proliferative cutaneous neoplasms, rash,
and photosensitivity reactions [45].

Dermatologic Adverse Events: A
Challenge in Clinical Practice

Advanced melanoma treatment-related dermatologic adverse
events are mainly managed by oncologists and dermatol ogists.
However, the former are more involved in the management of
dermatol ogic adverse events, as advanced cutaneous melanoma
casesarereferred to oncology care, with minimal care provided
by dermatologists.

Furthermore, the literature shows that there is hesitancy in
requesting dermatology input when managing dermatologic
adverse events despite the challengesthat they present in clinical
practice, including dose reduction or, more importantly,
treatment interruption or termination [46-48]. The following
are 3 studies that showcase this phenomenon and illustrate the
degree of dermatology specialist input in managing oncology
treatment-related dermatol ogic adverse events.

In a French study by Peuvrel et al [46], 67 nondermatol ogist
health care professionals who manage patients with cancer on
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targeted therapy were surveyed. Although there was consistency
in treating common, uncomplicated cases, greater disparity was
evident in managing complex cases, such as secondary skin
infection or cases associated with radiodermatitis. Moreover,
the study revealed that dermatologic consultations were
prompted mainly if dermatologic adverse events were
exacerbated or were persistent for >2 weeks. It also identified
that nondermatol ogists struggled to grade dermatol ogic adverse
events and manage those located in skin appendages, such as
nails and the scalp. Less than half of the respondents would
refer to a dermatologist if they needed help in managing
cutaneous side effects.

The disparity in management and latency in seeking specialist
input was echoed in a German study by Hassel et a [47] where
oncol ogists and dermato-oncol ogistswere provided with pictures
and medical history of a patient with an acneiform rash, a
dermatologic adverse event associated with targeted therapy
and were asked to provide information on grading and treatment
strategies. The results showed that dermato-oncologists had a
more liberal use of local antibiotics (P=.006) and isotretinoin
(P=.002). However, the data showed that dermato-oncologists
delayed targeted therapy less often because of skin toxicity
(P=.009). Despite these discrepancies, only 9% of the
oncologists referred the patient to a dermatologist [47].

Finaly, in the Unites States, Boone et al [48] surveyed 110
oncology clinicians who manage patients on targeted therapy.
Of the health practitioners surveyed, 17% reported rash in
approximately 90% of their patients: 32% had terminated
treatment because of rash, and 60% had to reduce the dose.
Degspite the high rate of rash causing considerable treatment
disruptions, only 8% of those surveyed requested dermatol ogy
consultations and fewer than half actively treated mild rashes
[48].

Although it might beinappropriate to draw generalizationsfrom
guestionnaire-based studies, the af orementioned studies provide
insight into the oncology practicein different parts of the world.
All of these studies revealed a delay in seeking dermatology
consultations despite facing challenging dermatologic adverse
events that led to treatment disruptions. However, the
questionnairesdid not account for theimpact of |ate dermatol ogy
consultations on the physical and psychological well-being of
the patients, nor did they account for the implications of any
untreated dermatol ogic adverse events, which have been shown
to be detrimental to the patients’ quality of life [49,50].

Dermatol ogic adverse events have been shown to cause notable
treatment termination and dose reduction, which might hinder
clinical resolution and lead to disease progression [45]. Late
dermatology consultations, if acquired, attempt to alleviate
clinical symptoms of severe or persistent dermatol ogic adverse
events; however, they may not reverse the negative connotations
that patients have toward the treatment regimens, which may
result in poor compliance. Moreover, late dermatology
consultationswill only allow melanomatreatment continuation
when the dermatologic adverse events are controlled and will
have alimited role in certain dermatol ogic adverse events that
persist even after treatment termination. Therefore, a more
proactive role is needed from dermatol ogists to screen for and
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manage early dermatologic adverse events to ensure maximal
clinical benefit of melanoma treatment.

Furthermore, immunotherapy landmark trials excluded patients
with autoimmune diseases, including autoimmune dermatitis;
hence, no recommendations can be made regarding patients
with ongoing autoimmune skin diseases [5,12]. However,
observational studies have not only shown an exacerbation of
autoimmune dermatitis, such as psoriasis, in patients undergoing
immunotherapy treatment but have also reported new casesin
previously healthy patients [51,52]. This aludes to the
importance of integrated dermato-oncology evaluation before
treatment commencement, especially in patients with ongoing
autoimmune dermatitis or those predisposed to develop such
diseases.

The American Academy of Dermatology recommends a
collaborative approach between dermatol ogi sts and oncol ogists
to limit treatment interruptions and improve patients' quality
of life. The academy also recommends routine dermatologic
assessments to be carried out depending on the agent used, age
of the patient, and predisposition to skin cancer, including any
previous history of skin cancer or sun damage. In the recent
American Academy of Dermatology guidelines for treating
melanoma, dermatologic assessments were specifically
recommended for 3 patient subgroups. First, patientson BRAFi
monotherapy (targeted therapy) should be assessed every 2-4
weeksfor thefirst 3 months. Second, patients on immunotherapy
should be assessed during the first month of treatment, with
additional assessments as needed. Finally, patients with
autoimmune dermatitis, such as atopic dermatitis, should be
assessed before therapy commencement for counseling and
treatment [32]. Moreover, the US National Comprehensive
Cancer Network recommendsregular dermatol ogy assessments
and referrals for patients with melanoma on targeted therapy
[7]. In the United Kingdom, dermatologic adverse events are
managed primarily by oncologists, and there are no
recommendations for routine dermatol ogic evaluations.

Closing the Gap Between Dermatologists
and Oncologists

Collaborative efforts between dermatologists and oncol ogists
should be established throughout the treatment period. Thisis
especialy true because of the rapid pace of developments in
advanced melanoma management, including the approval of
novel agents, approval of new combinations of existing agents,
and adaptation of unresectable melanomatreatmentsin adjuvant
and neoadjuvant settings. In addition, many of these agents are
widely used in other oncology disciplines. These factors
contribute to the increasing patient pool, which might benefit
from a more unanimous treatment approach.

Several clinical models have been implemented to improve the
quality of care provided to patients with cancer, presenting with
dermatologic adverse events. For instance, in North America,
cutaneous oncology clinics have been established, which are
run by trained dermatol ogists who manage dermatol ogic adverse
events. Furthermore, several European countries have adopted
dermato-oncology training programs that equip dermatol ogists
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with the means to diagnose and treat dermatologic adverse
events associated with different cancer treatments. In contrast,
the United Kingdom offers dermato-oncology services, such as
transplant skin clinicsthat provide routine skin assessmentsthat
screen and manage dermatologic adverse events. However,
these clinics are limited to certain tertiary hospitals, with no
routine dermatol ogy input provided in other hospitals [53].

Several proposed steps at the institutional level, if applied,
should contribute to improved and holistic carefor patientswith
advanced melanoma (Figure 1). First, awider range of hospitals
should implement dermato-oncology joint clinics. Second, a
multidisciplinary team approach should be incorporated

Abdulkarim & Motley

throughout the treatment period. In addition, pretreatment
dermatologic evaluations should be incorporated into the care
of patients with advanced melanoma who have ongoing
autoimmune dermatitis and those who are predisposed to
develop such diseases. Third, dermato-oncology interdisciplinary
training should be established as part of specialist training or
as an independent fellowship program, which will alow the
transfer of expertise between the 2 specialties. These efforts
will provide dermatologists and oncologists with a better
understanding of the characteristics of these agents, enabling
them to recognize and manage early signs of serious
dermatologic adverse events, thereby limiting unnecessary
treatment interruptions.

Figure 1. Proposed steps to improve the quality of care provided to patients with melanoma.
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On the departmental scale, dermatologists should formulate
easy-to-follow  management guidelines for common
dermatologic adverse events, thus creating a higher degree of
independence among oncol ogists when faced with dermatologic
adverse events. M oreover, these guidelines should highlight the
scenariosthat mandate dermatology referrals, thereby facilitating
the universality of care across hospitals.
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Conclusions

Because of the novelty of targeted therapy and immunotherapy,
there are no mature data from head-to-head trials that compare
targeted therapy and immunotherapy or delineate the role of
combined or sequential targeted and immunotherapy regimens.
Indirect data analyses suggest that combined targeted therapy
has an advantageous therapeutic effect on rapidly developing,
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prognostically poor melanomas, whereasimmunotherapy agents
show a more durable long-term melanoma growth inhibition.
Further direct comparative studies will undoubtedly offer a
better understanding of the idea treatment approach for
advanced cutaneous melanoma

Incidentally, dermatologic adverse events are among the most
frequently reported adverse events with targeted therapy and
immunotherapy. Because of the unclear role of dermatologists

Abdulkarim & Motley

in managing dermatologic adverse events in the current
guidelines, managing oncologists are faced with a plethora of
treatment-related dermatologic adverse events that have been
shown to be detrimental to treatment continuity and patients
quality of life. Hence, evidence-based guidelinesthat incorporate
dermato-oncology management are much needed to improve
the quality of care provided to patients with advanced
melanoma.
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Abstract

Background: Health-related quality of life (HRQoL ) isused to eval uate the treatment of metastatic breast cancer. In along-term
therapy setting, HRQoL can be used as an important benchmark for treatment success. With the help of digital apps, HRQoL
monitoring can be extended to more remote areas and be administered on a more frequent basis.

Objective: This study aims to evaluate 3 common HRQoL questionnaires in metastasized breast cancer intermsof TTD in a
digital, web-based setting. We further aim to examine the development of the HRQoL in different systemic treatment groupsin
each of these evaluation instruments.

Methods: A total of 192 patients with metastatic breast cancer were analyzed in this bicentric prospective online cohort study
at two German university hospitals. Patients completed questionnaires on HRQoL (EuroQol Visual Analog Scale [EQ-VAS],
EuroQol 5 Dimension 5 Level [EQ-5D-5L], European Organization for Research and Treatment of Cancer Quality of Life
Questionnaire—Core 30 item [EORTC QL Q-C30]) viaan online platform over a6-month period. Treatment schedules and medical
history were retrieved from medical records. Unadjusted Cox regression analysis on treatment-related factors was performed.
We conducted subgroup analysesin regard to TTD events between different treatments.

Results: The EQ-VAS showed ahigher rate of deterioration after 8 weeks (84/179, 46.9%) than the EQ-5D-5L (47/163, 28.8%)
and EORTC QLQ-C30 (65/176, 36.9%). Unadjusted Cox regression revealed significant connections between known metastases
in the liver (P=.03, HR 1.64, 95% CI 1.06-2.52) and pleura (P=.04, HR 0.42, 95% CIl 0.18-0.96) in the EQ-VAS. Significant
relations between EQ-VAS events and single EQ-5D-5L items and the EQ-5D-5L summary score were demonstrated. All treatment
groups significantly differed from the CDK4/6 inhibition subgroup in the EQ-VAS.

Conclusions: Compared to the EQ-5D-5L and QLQ-C30, the EQ-VAS showed a higher rate of deterioration after 8 weeks.
Significant connections to certain metastatic locations were only detected in the EQ-VAS. The EQ-VAS is capable of reflecting
the distinctive HRQoL profiles of different systemic treatments as well as the different aspects of HRQoL presented in the
EQ-5D-5L. TTD with the EQ-VASis an adegquate mean of examining longitudinal development of HRQoL among breast cancer
patients.
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Introduction

Breast cancer is the most common cancer in women, with 1in
8 women being affected throughout their lifetime[1]. Although
there has been significant progress made both in detection and
treatment, the prognosis of metastatic breast cancer remains
poor. The more severe the disease, the moreimportant palliative
treatment options become that offer an acceptabl e health-related
quality of life (HRQoL) while still providing the patient with
individually optimized and life prolonging treatments[2]. There
is a strong connection between HRQoL and factors such as
progression of disease, progression-free survival, and the
experience of adverse events during therapy [2-4]. In addition,
HRQoL measurements can help with doctor-patient
communication and can even be beneficial to the HRQoL itself
when discussing the assessments with the physician [5].
Moreover, patients with fulfilled information needs or higher
satisfaction with the received information may also display a
higher degree of HRQoL [6].

Various factors can influence a patient’s HRQoL making it a
variable that is both difficult to unify and to diversify. The
concept can mean something different to every patient, leading
to avariety of interpretative possibilities. Therefore, the concept
of HRQoL bares the difficulty of objectifying its content for
practical decision making in medical practice. Aspectsthat play
into the concept of HRQoL in modern medicine can vary from
independence, stage of disease, the amount and severity of drug
side effectsto even personal fulfillment. Asdiverse asthetopic
itself are the options of evaluating it [7]. In recent years an
emphasis has been made on patient-reported outcomes (PRO)
as ameans of collecting HRQoL data. PROs are characterized
by the fact that several validated questionnaires are used
simultaneously for HRQoL measurement in order to balance
the respective subjectivity [8].

A PRO is*ameasurement based on areport that comes directly
from the patient (ie, study subject) about the status of apatient’s
health condition without amendment or interpretation of the
patient’s response by a clinician or anyone else” [9]. They are
an effective module in assessing a patient’s well-being using
paper-based and digital data collection [10]. They are useful in
identifying patient distress and assessing new therapeutic
methods and can henceimprove care[11,12]. A previous study
also observed a benefit in overall survival for patients who
self-reported their symptomsin an online setting [13]. However,
PRO data depend on factors that may not be health-related or
influenced by individual values or other passing momentary
conditions [14]. In addition, practical aspects can influence
HRQoL data collection. An overflow of long questionnaires
can influence compliance and motivation [15,16]. Furthermore,
several studies have reported poor compliance in long-term
studies [17,18]. While the findings did not show conclusively
if compliance was dependent on the questionnaire format (visual
analog or categorical) [17], the chosen evaluative instrument

https://cancer.jmir.org/2021/4/e25776

can have an influence on people's perception and adoption of
it [7]. Theseissues play an important role when administering
studies digitally, especially to a less technicaly inclined
collective, such as older patients [19].

Therapeutic decision making, especially in palliative care, can
depend on the patient’s reporting of their HRQoL. As data
suggest that clinicians may underestimate or miss a large part
of adverse effects, thereisaneed for more clarity in physicians
evaluation of patient-reported content [20-23]. Changes and
time to deterioration (TTD) in HRQoL have previously been
used to further assessthe benefits of cancer medication [24,25],
again emphasizing the high potential of a differentiated
evaluation of HRQoL assessments in cancer research. With
metastatic breast cancer patients usualy being treated for a
longer period of time at the same care center, detecting change
in patient-reported HRQoL presents atype of measurement that
allows for long-term HRQoL screening in addition to isolated
assessments. Exploring thelongitudinal devel opment of HRQoL
with the TTD method may help uncover influential factors on
HRQoL aswell as predictive capabilities of such measurements
[26]. Theintroduction of digital monitoring systemsin the area
of HRQoL offers new possibilities in reaching out to patients
struggling with the effects of metastatic breast cancer and extend
medical care to remote areas. However, the digital application
of alongitudinal measurement system needsto be evaluated in
terms of effectiveness, acceptance and presentation. Low
compliance can be a challenge in longitudinal digital studies
[18], and aspects concerning patients expectation regarding
quality of life such asresponse shift caninfluencethe TTD [27].

This study aimed to evaluate 3 common HRQoL questionnaires
(EuroQol Visual Analog Scale [EQ-VAS], EuroQol 5
Dimension 5 Level [EQ-5D-5L], European Organization for
Research and Treatment of Cancer Quality of Life
Questionnaire-Core 30 item [EORTC QLQ-C30]) in asample
of women with metastasized breast cancer intermsof TTD in
a digital, web-based setting. We further examined the
development of the HRQoL in different systemic treatment
groups.

Methods

Study Design and Sample

The PEPPER study (Patient Engagement Pilotstudie
Mammakarzinom-individualisierte und Ressourcen-effiziente
Patient-Reported  Outcomes Erfassung durch digitale
Therapi eunterstuetzungssysteme) was conducted from December
2016 to August 2019 at two German university hospitals
(University Hospitals of Heidelberg and Tlbingen). It was
designed as a bicentric prospective cohort study collecting
longitudinal information on HRQoL , physical symptoms, and
PROs of metastatic breast cancer patientsviathe online platform
PiiA (Patient-informiert-interaktiv-Arzt, Figure 1) over a
6-month period. The assessments were scheduled weekly for
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the first 8 weeks of the cohort study and 4 times monthly for
the last 4 months (see Table 1). The digital assessment of QoL
allowed for evaluation not bound to treatment schedule and the
inclusion of patients not living in close proximity to the care
center. Participants wereidentified through a screening process
of their medical history and then approached at their next
scheduled appointment. Criteria of eligibility were =18 years
of age, a sufficient level of the German language, metastatic
breast cancer in progressive or stable state of disease undergoing
any form of systemic therapy, patients with therapy change,
active enrollment in the PRAEGNANT study (a German
metastatic breast cancer registry network), and written consent.
Exclusion criteria covered patients who were not eligible for
observation due to severe comorbidities or unavailability
according to the treating physician, patients who were not able
to handle a tablet computer or were unable to write as well as
patients who were not able to understand the nature and extent
of thetrial and the procedures required.

Brusniak et al

The patients assessed for igibility wereradiol ogically assessed
for disease progression every 3 months until death or loss to
follow-up using the Response Evaluation Criteria in Solid
Tumors[28]. The patients assessed for eligibility were divided
into 2 subgroups—patients with stable disease or partial
response and those with early progressive disease at the first
trimonthly follow-up evaluation.

Upon confirmation of participation, patients were asked to
complete the baseline visit on-site on a tablet provided by the
staff. Skilled staff was available throughout the baseline visit
in person and viaemail during the entire study period to provide
technical support. Further parts of the study were completed on
their preferred device at home. Participants of the study were
reminded of upcoming or uncompleted visits via email or
telephone. The study was conducted in German. Ethics approval
was granted by the ethical committees of the University of
Heidelberg (S-598/2016) and Tiibingen (191/2017BO2).

Figure 1. Example of an assessment section on the Patient-informiert-interaktiv-Arzt portal.
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Table 1. Implementation of questionnaires.
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Visit Baseline 1 2 3 4 5 6 7 8 9 10 1 12
Week 0 1 2 3 4 5 6 7 8 12 16 20 24
EQ-VAS? O O 0 O 0 O 0 0 0 0 O 0 O
EQ-5D-5L0 O O 0 O 0 O 0 0 0 0 O 0 O
EORTCQLQ-c30¢ U _d4d - — O — — — 0 0 0 O O

3EQ-VAS: EuroQol Visual Analog Scale.
PEQ-5D-5L: EuroQol 5 Dimension 5 Level.

®EORTC QL Q-C30: European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-Core 30 item.

dNot applicable.
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Quantitative Data Collection and Questionnaires

Sociodemographic datawas gathered at baseline viathe online
platform PiiA. In addition, treatment regiments and medical
history were retrieved by analyzing medical records of the
particular university hospital. To evaluate the QoL of the
patients, 3 assessment instruments were used in this study.

We administered 3 common HRQoL questionnaires (EQ-VAS,
EQ-5D-5L, EORTC QLQ-C30) over a 6-month period (see
Table1). A TTD event isdefined asthe declinein HRQoL score
in the respective questionnaire score by the corresponding
minimally important difference (MID) in comparison to the
baseline score.

The EQ-VAS is a global self-evaluation of the state of health
on avisua analog scaefrom 0 (worst imaginabl e state of health)
to 100 (best imaginable state of health). It thereby offersaglobal
and momentary insight into the patients' overall self-reported
well-being. The EQ-VAS can be administered as part of the
EQ-5D questionnaire [29,30]. A difference of =7 points was
the MID for deterioration detection, which has previously been
established in similar studies [24,25,31,32].

The EQ-5D-5L is a validated questionnaire consisting of 5
guestions, each with 5 options, encompassing aspects such as
mobility and self-reliance as parts of its HRQoL definition [33].
The EQ-5D-5L is a validated instrument in assessing HRQoL
in German [29,34] and has shown to be of use in detecting
changesin the state of health of breast cancer patients[35]. The
EQ-5D-5L can be summarized using a score ranking from <0
(worst possible HRQoL ) to 1 (best possible HRQoL ) [33]. A
decreasein=0.08 pointswasregarded asaMID for deterioration
asdescribed previously [24,25,31,32]. The average completion
timefor the EQ-5D-5L rangesfrom 25 to 75 seconds, whilethe
EQ-VAS can be answered in just 5 to 15 seconds.

The EORTC QL Q-C30 congtitutesamore detailed questionnaire
inregard to HRQoL andisavalid tool in measuring the HRQoL
in cancer patients [36]. Consisting of 30 items, the EORTC
QLQ-C30 encompasses 5 questions about self-reliance in
everyday situations, 23 questions about physical complaints
and their impact on HRQoL and social interactions on 4-point
Likert scales as well as two global items on the HRQoL and
state of health, each on a7-point Likert scale. The averagetime
to completion of this questionnaire is estimated to range from
150 to 450 seconds. The QLQ-C30 is summed up using a
summary score [37]. The questionnaire has previously been
found to be a valid instrument in assessing HRQoL in breast
cancer patientsviaan eHealth medium [38]. In accordance with
similar studies, a decline of =10 points was regarded as
deterioration [24,31,39-41]. The pattern, in which questionnaires
were implemented in the study, is depicted in Table 1.

Treatment Line Grouping

Data about their current treatment regime was assembled from
the participants' medical history. The variouslines of treatment
were divided into the following 4 groups: cyclin-dependent
kinase (CDK) 4/6 inhibition therapy (including any form of
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endocrine therapy in combination with a CDK4/6 inhibitor),
human epidermal growth factor receptor 2 (HER?2)-targeted
therapy (including trastuzumab, pertuzumab, trastuzumab
emtansine, and lapatinib aone or in combination with
chemotherapy), chemotherapy (intravenous or oral) alone, and
endocrine therapy alone.

Statistical Analysis

We used the programming language R (version 3.6.1, R
Foundation for Statistical Computing) for al analyses [42].
Sacioeconomic characteristics, questionnaire data, and treatment
schedules were first described descriptively using absolute and
relative frequencies, means, and standard deviations.

TTD was defined as time to the first clinically meaningful
deterioration in the respective HRQoL assessment tool and was
illustrated using Kaplan-Meier plots. Furthermore, univariable,
unadjusted Cox regression was applied to examine the influence
of state of disease and similar characteristicsonthe TTD for all
guestionnaires. Moreover, we examined the aforementioned
systemic treatment groups as to their TTD events for the
EQ-VAS and the EQ-5D-5L using unadjusted Cox regression.
Furthermore, predetermined systemic treatment groups within
each HRQoL questionnaire were compared using linear mixed
models.

Thereupon, EQ-VAS scores were compared to the different
questions of the EQ-5D-5L aswell asto the EQ-5D-5L summary
score. For the patients who experienced a TTD event in the
EQ-VAS, the difference of the values between the time of the
event and the baseline visit in the respected EQ-5D-5L item
were compared by applying the 1-sample Wil coxon signed-rank
test. Thereafter, thisdifference was compared to the differences
of patients without a TTD event using the 2-sample Wilcoxon
rank-sum test. In al analyses, P<.05 (2-tailed) was considered
indicative of statistically significant differences.

Results

Sociodemogr aphic Char acteristicsand State of Disease

A total of 192 patients with metastatic breast cancer were
analyzed in this bicentric prospective online cohort study at two
German university hospitals. During the first 8 weeks of the
study, 21.9% (42/192) of participants completed every visit
with a satisfactory completion rate of >80% showing a
considerable loss of patients during follow-up in the overall
study. However, the percentage of completed questionnaires
after 8 weeksin comparison to baseline was higher with 62.7%
(104/166) for the EQ-VAS, 73.2% (82/112) for the EQ-5D, and
62.4% (103/165) for the QLQ-C30. The number of completed
guestionnaires for each visit are included in Multimedia
Appendix 1. The sociodemographic characteristics of this
collective are shown in Table 2. The average age at study
inclusionwas 54.3 years. A total of 49.5% (95/192, 25 missing)
of patients had a high education level (university entrance
qualification or higher), and 69.8% (134/192, 25 missing)
received public health insurance.
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Table 2. Sociodemographic characteristics (n=192).

Brusniak et al

Characteristic Value
Age at study inclusion (years), mean (SD) 54.3 (10.1)
Age at primary diagnosis (years), mean (SD) 47.3 (10.0)
Education, n (%)

University entrance qudlification or higher 95 (49.5)

Lower than university entrance 72 (37.5)

Missing 25 (13.0)
Health insurance, n (%)

Public 134 (69.8)

Private 33(17.2)

Missing 25(13.0)
Marital status, n (%)

Married/in arelationship 142 (74.0)

Not married/in arelationship 23(12.0)

Missing 27 (14.1)
Children, n (%)

Yes 128 (66.7)

No 39(20.3)

Missing 25(13.0)

The mean age of initial diagnosis was 47.3 years. The average
duration between initial diagnosisand study inclusion was 66.6
months. A total of 29.7% (57/192, 57 missing) of patientswere
already in metastatic stage at initial diagnosis of breast cancer.
Further information on the metastatic situation at study
enrollment and state of disease of the primary tumor according
to TNM classifications can be seen in Table 3.

https://cancer.jmir.org/2021/4/e25776
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The median number of different treatment regiments before
inclusion was 3 (range 0-13, Q1-Q3 2-4) and on average patients
received 1 (0-10, 1-2) different chemotherapeutic treatment
lines prior to enrollment in the study. Within the first 3 months
of study participation, 46 patients (46/192, 24.0%, 11 missing)
were diagnosed with disease progression and 21 patients
(21/192, 10.9%, 10 missing) experienced achangein treatment.
The systemic treatment line patients followed throughout this
period is shownin Table 3.
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Table 3. State of disease and treatment regiments.

Characteristic Value
Difference between initial diagnosis of breast cancer and study inclusion (months), median (Q1-Q3) 66.6 (29.4-127.4)
Difference between initial diagnosis of breast cancer metastases and study inclusion (months), median (Q1-Q3) 21.5(6.8-40.1)

Characteristics of primary tumor (TNM classification), n (%)

clylpT2PTP
0 7(3.6)
1 46 (24.0)
2 60 (31.3)
3 15 (7.8)
4 7(3.6)
Other or N/A 57 (29.7)
clylpN°PT
+ 35 (18.2)
0 23 (12.0)
1 32(16.7)
2 13(6.8)
3 6(3.1)
Other or N/A 83(43.2)
MYPT
1 57 (29.7)
0 78 (40.6)
N/A 57(29.7)
Breast cancer subtype of primary tumor, n (%)
Hormone receptor positive + HER2® neu negative 101 (52.6)
HER2 neu positive 63 (32.8)
Triple negative 14 (7.3)
N/A 14(7.3)
M etastases diagnosed at study inclusion, n (%)
Brain 6(3.1)
Lymph nodes 53(27.6)
Bone 108 (56.3)
Lung 55 (28.6)
Pleura 20 (10.4)
Liver 66 (34.4)
Peritoneum 9(4.7)
Skin 10(5.2)
Other 15(7.8)
N/A 4(2.1)
Previous treatment regiments before study inclusion (Q1-Q3)
Number of treatment regiments, median 3(2-9)
Number of chemotherapeutic treatment lines, median 1(1-2)
Systemic treatment groups during study period, n (%)
https://cancer.jmir.org/2021/4/e25776 JMIR Cancer 2021 | vol. 7 | iss. 4 [e25776 | p.48
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Characteristic Value
cDK' 4/6 inhibitors +/— endocrine therapy 41(21.4)
Chemotherapy 62 (32.3)
Endocrine therapy 18 (9.4)
HER2-targeted therapy 54 (28.1)
N/A 17 (8.9)

8cly/pT: Clinical/after neoadjuvant therapy/pathologic classification of tumor extent and size.

bpT: Primary tumor.

Ccly/pN: Clinical/after neoadjuvant therapy/pathol ogic classification of regional lymph node involvement.

dM: Metastatic spread.
®HER2: human epidermal growth factor receptor 2.
fcok: cyclin-dependent kinase.

Questionnaire Data

Figure 2 shows the overall state of health at the different visits.
On average, patients reported a health status in the upper half
of the possible range in each of the questionnaires and at all

visits. Furthermore, the differences observed throughout the
6-month study period are fairly small in al questionnaires,
indicating a low degree of change in HRQoL during the study
period. The EQ-VAS consistently showed a higher variance
than the other questionnaires during the entire study period.

Figure2. Box plotsrepresenting (a) EQ-VASresultsat baselineand 12 visits, (b) EQ-5D-5L results at baseline and 12 visits, and (c) EORTC-QLQ-C30
results at baseline and 6 visits. EORTC QL Q-C30: European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-Core
30 item; EQ-5D-5L: EuroQol 5 Dimension 5 Level; EQ-VAS: EuroQol Visual Analog Scale.
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TTD With Regression Results

Therate of deterioration (number of patientswith deterioration
divided by the total humber of patients) amounted to 0.47 in
the EQ-VAS (84/179), representing the highest rate of TTD
eventsin our samplewith an average TTD of 8 weeks. We could
identify arate of deterioration of 0.29 (47/163) in the EQ-5D-5L
and 0.37 (65/176) in the QLQ-C30.

Univariate Cox regression anaysis on pathologic and
treatment-related factors showed a connection between known
metastases in the liver (P=.03) and pleura (P=.04) at the time
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of study inclusion and deterioration, as well as avague link to
the clinical diagnoses of disease progression within the first 3
months of the study in the EQ-VAS (P=.11). Ascanbeseenin
Figure 3, patients with diagnosed disease progression (hazard
ratio [HR] 1.48) showed a higher rate of TTD events in the
EQ-VAS than in case of no progression with a nonsignificant
P value (P=.11), as seen in Figure 3. For the other
guestionnaires, we could not detect alink between thereviewed
criteria and deterioration. The results of the univariate Cox
regression analysis can be found in Table 4. A univariate Cox
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regression analysiswith results adjusted for ageand progression  can be found in Multimedia Appendix 1.

Figure 3. Kaplan-Meier estimation for stable and progressive state of disease representing (a) EQ-VAS, (b) EQ-5D-5L, and (c) EORTC-QLQ-C30.
EORTC QLQ-C30: European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-Core 30 item; EQ-5D-5L: EuroQol 5
Dimension 5 Level; EQ-VAS: EuroQol Visua Analog Scale.
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Table4. Univariate Cox regression analysis.
Variable EQ-VAS? EQ-5D-5L.P EORTC QLQ-C30°
Hazard ratio (95% CI) Pvaue Hazard ratio (95% ClI) Pvalue Hazard ratio (95% CI) P value
Age 0.99 (0.97-1.02) .583 0.98 (0.95-1.01) .20 1.00 (0.98-1.03) .83
Metastasis
Brain 1.71 (0.74-3.94) 21 0.32 (0.04-2.31) .26 1.16 (0.42-3.2) .78
Lymph nodes 1.20 (0.77-1.87) 42 1.42 (0.79-2.54) .23 0.95 (0.56-1.63) .86
Bone 0.83 (0.54-1.29) 41 0.85 (0.47-1.53) .59 1.4(0.81-2.43) 22
Lung 1.09 (0.69-1.69) 71 0.73(0.39-1.37) .33 0.97 (0.57-1.65) 91
Pleura 0.42 (0.18-0.96) .04 0.43 (0.13-1.39) .16 0.90 (0.41-1.98) .79
Liver 1.64 (1.06-2.52) .03 1.67 (0.94-2.99) .08 0.87(0.51-1.47) .61
Peritoneum 0.96 (0.35-2.63) 94 0.78 (0.19-3.2) .73 1.39(0.5-3.84) .52
Skin 0.55(0.2-1.52) .25 0.82 (0.25-2.65) 74 0.41(0.1-1.7) 22
Other 0.67 (0.32-1.39) .28 0.73 (0.26-2.04) .55 1.79 (0.93-3.46) .08
Progression 1.48 (0.91-2.37) A1 1.15 (0.60-2.23) 34 1.05 (0.58-1.88) .88
Systemic group
CDKY4/g inhibitors +/—  Reference Ref Ref Ref Ref Ref
endocrine therapy
Chemotherapy 1.72 (0.77-3.85) 19 1.48(0.41-5.32) .55 0.43 (0.2-0.94) .03
Endocrine therapy 2.29(0.93-5.65) .07 0.69 (0.11-4.21) .69 0.60 (0.25-1.5) .29
HER2®-targeted therapy 1.7 (0.76-3.83) .20 1.42(0.38-5.4) .60 0.54 (0.25-1.15) A1

3EQ-VAS: EuroQol Visual Analog Scale.

bEQ-5D-5L: EuroQol 5 Dimension 5 Level.

®EORTC QL Q-C30: European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-Core 30 item.
depk: cyclin-dependent kinase.

®HER2: human epidermal growth factor receptor 2.
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Systemic Treatment Groups

We divided the patientsinto 4 groups according to the treatment
that they received during the first 3 months of the study. We
then proceeded to use Cox regression to compare the subgroups
with each other interms of the TTD. Thisrevealed adifference
between CDK4/6 inhibitor therapy and mere endocrine therapy
inthe EQ-VAS (P=.07) and between CDK4/6 inhibitor therapy
and chemotherapy in the QLQ-C30 (P=.03; see Table 4).

Using a linear mixed model, we proceeded to compare the
predetermined systemic treatment groups within each HRQoL
guestionnaire. For the EQ-VAS and EQ-5D-5L, a significant

Brusniak et al

difference between treatment groups could be detected. In the
EQ-VAS, dl treatment groups showed a significant difference
in comparison to CDK4/6 inhibitor therapy during the
examination period (see Table 5). A similar difference showed
inour analyses of these subgroups using the QL Q-C30 summary
score. An increase in the difference of EQ-VAS values in
comparison to baselineisvisiblefor patientsreceiving CDK 4/6
inhibitors. For the EQ-5D-5L, a significant difference between
patients receiving chemotherapy and HER2-targeted therapy
could be encountered. All results of the subgroup analysis can
be examined in Table 5.

Table5. Linear mixed model and post hoc analysis results for therapeutic subgroup comparison (cyclin-dependent kinase 4/6 inhibitors +/— endocrine
therapy = group 1, chemotherapy = group 2, endocrine therapy = group 3, human epidermal growth factor receptor 2-targeted therapy = group 4); scale

of the respective tool in brackets.

Group comparison EQ-VAS? (0-100)

EQ-5D-5L° (0-1)

EORTC QLQ-C30° (0-100)

Estimate P value Estimate P value Estimate P value
Overdll _d <.001 — .002 — .048
2-1 -14.41 <.001 -0.06 .03 8.91 .04
31 -12.62 <.001 -0.26 .79 174 .97
4-1 -10.58 <.001 0.01 .99 3.37 75
32 1.80 81 0.04 A7 —7.17 .23
4-2 3.83 .09 0.07 .002 554 .29
4-3 2.03 75 0.03 .58 1.63 .97

3EQ-VAS: EuroQol Visual Analog Scale.
bEQ-5D-5L: EuroQol 5 Dimension 5 Level.

®EORTC QL Q-C30: European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-Core 30 item.

INot applicable.

Event Comparison Between the EQ-VAS and the
EQ-5D-5L and Patients Without TTD Events

For each patient who showed deterioration in the EQ-VAS, a
Wilcoxon signed-rank test with continuity correction was
conducted to examine whether significant differencesin singular
guestions and the summary score of the EQ-5D-5L could be

detected. In Table 6 it can be seen that for several EQ-5D-5L
items such asignificant relation could be registered. Thereupon,
a 2-sample Wilcoxon rank-sum test was performed comparing
the deteriorating patients to the rest of the sample group to
further differentiate between significant subgroup and collective
deterioration. The results are depicted in Table 6.

Table 6. Results of the Wilcoxon signed rank test and the 2-sample Wilcoxon rank-sum test.

EQ-5D-5L2 scale Event: baseline Event: remaining time steps
Mean difference (CI) P value® Mean difference (CI) P value®

Mobility 0.28 (0.09 to 0.48) .005 0.34 (0.14 t0 0.54) .001
Selfcare 0.15 (-0.01 t0 0.31) .06 0.12 (-0.03t0 0.29) 12
Activities 0.26 (0.05t0 0.47) .02 0.29 (0.07 to 0.51) .01

Pain 0.26 (0.07 t0 0.45) .009 0.27 (0.07 t0 0.47) .008
Anxiety 0.26 (—0.04 to 0.56) .09 0.23 (-0.07 to 0.54) A3
Summary score —0.06 (-0.11t0 -0.01) .02 —0.06 (-0.11t0 -0.01) .03

3EQ-5D-5L: EuroQol 5 Dimension 5 Level.
Bwilcoxon signed-rank text.
“Wilcoxon rank-sum test.
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Discussion

Objective and Main Findings

In this study, we aimed to examine thelongitudina development
of HRQoL using the TTD method in 3 different HRQoL
guestionnaires among breast cancer patients. We also applied
Cox regression to determine possible influencing factors and
used the Wilcoxon signed-rank test and the 2-sample Wilcoxon
rank-sum test to distinguish our findings further. We then
compared common systemic treatment groupsin breast cancer
treatment to emphasize our results. Mainly, we found the
EQ-VAS showing a higher rate of deterioration than the other
guestionnaires in the same collective. Furthermore, in our
sample the EQ-VAS offered a higher variance than the other
guestionnaires, allowing for more distinction between higher
and lower outcome patients than the other instruments. A TTD
event in the EQ-VAS also shows relations to disease related
determinants as well as clear differentiation both individually
between the EQ-VA S and the EQ-5D-5L items and from patients
who did not experiencea TTD event.

TTD With Regression Results

The highest rate of deterioration using TTD method could be
detected in the EQ-VAS, avisual analog scale. The MID that
were used for deterioration detection have been previously used
in other studies[24,25,31,32,39-41]. Nonetheless, it should be
noted that the sample size for the EQ-VAS was bigger than for
the other questionnaires, especially the EQ-5D-5L. It has been
described that long questionnaires can result in lower
compliance [16]. This might be explained by the length and
timing of the other questionnaires: the other 2 instruments are
more extensive and the QLQ-C30 was only included on a
monthly basis. Implementing the QL Q-C30 on amonthly rather
than a weekly basis was an effort to ensure compliance and
motivation as this questionnaire is much longer than the other
assessments and as this analysis only constitutes a secondary
aim of this study. However, this may have resulted in patient
loss within the interval and fewer opportunities to apply the
TTD method on this questionnaire. Apart from this, due to the
small sample size and the limited HRQoL variance in all
guestionnaires, wedid not perform teststo comparethe precision
of the questionnaires among each other. Therefore, it cannot be
concluded that the EQ-VAS is advantageous in the longitudinal
investigation of HRQoL compared to the other questionnaires
examined. However, although overall completion rates
deteriorated over time as expected, the EQ-VAS showed a
higher completion rate than the EQ-5D-5L, which were both
included in the visits on a weekly basis. Hence, it can be
concluded that the EQ-VAS asasingle visual analog scalewith
decisive wording offers an easy application of HRQoL
monitoring in adigital setting.

Using univariate Cox regression anaysis on the pathol ogic and
treatment-related factors we discovered a link between
metastases in the liver (P=.03) and pleura (P=.04) at the time
of study inclusion and deterioration in HRQoL only in the
EQ-VAS. As metastases in other organs result in further
symptoms, adecrease of HRQoL in this state of diseaseisvery
plausible. Patients with progressive disease showed a tendency

https://cancer.jmir.org/2021/4/e25776
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of ashortened TTD in the EQ-VAS (HR 1.48) when compared
to the EQ-5D-5L (HR 1.15) and the QLQ-C30 (HR 1.05). This
corresponds to previous research that describes a negative
impact of disease progression on HRQoL [3]. This connection
might show possible predictive capabilities of thismethod when
using the EQ-VAS, as it may be more sensitive to disease
progression than the other questionnaires.

Event Comparison Between the EQ-VAS and
EQ-5D-5L

With the EQ-5D-5L and EORTC QLQ-C30 showing less
deterioration events in comparison to the EQ-VAS and no
significant connections to the above-described factors, we
proceeded to further investigate the significance of aTTD event
inthe EQ-VAS. To accomplish this, wefirst applied aWilcoxon
signed-rank test with continuity correction. We observed
significant changesfor patientswith an EQ-VAS event in several
EQ-5D-5L items. This indicates an internal consistency of
deterioration in HRQoL for individuals with an EQ-VASTTD
event among the several different aspects of HRQoL presented
in the EQ-5D-5L. Moreover, it offers an assurance that aspects
of the HRQoL definition of the EQ-5D-5L are reflected in the
open formulation of the EQ-VAS. Asthe analysis showed only
a vague relation to the anxiety question of the EQ-5D-5L, it
might suggest a capability of the EQ-VAS to better reflect
physical rather than mental aspects of HRQoL in breast cancer
patients. However, the EQ-VAS has previously been reported
to show a lower score in patients with anxiety and depressive
disorders in comparison to hedthy participants [43].
Nonetheless, in this sasmple a TTD event in the EQ-VAS was
more strongly reflected in physical aspects of the EQ-5D-5L.

Thereupon, we performed a 2-sample Wilcoxon rank-sum test
to contrast patients who experienced a TTD event in the
EQ-VAS with patients who experienced no TTD event by
comparing their respective differences in the EQ-5D-5L. As
these analyses were significant for most items and the overall
score, a clear distinction of patients with a TTD event to the
inconspicuous participants became apparent. These analyses
show that TTD events did not occur randomly but show that
patients with a TTD event in the EQ-VAS significantly differ
from the rest of the study population. This further supportsthe
EQ-VASasavalid screening instrument to implement TTD for
longitudinal HRQoL management.

Systemic Treatment Groups

Cox regression analyses revealed a vague statistical difference
between patients receiving CDK4/6 inhibitors and patients
undergoing endocrine therapy alone. As other studies reported
factors such as pain reduction and advantageous tumor response
for patients receiving a CDK4/6 inhibitor in addition to
endocrine therapy, our findings offer a plausible reflection of
CDK4/6 inhibitors HRQoL profile [44,45]. Furthermore, the
combination with CDK4/6 inhibitors and endocrine therapy has
shown to be beneficial in regard to progression-free survival
when compared to endocrine therapy alone, which in turn
represents an important factor in HRQoL [3,46].

From further examination of the EQ-VAS score using a linear
mixed model (Table 5), we again found that CDK 4/6 inhibition
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therapy significantly differs from the other treatment groups.
Patients receiving CDK 4/6 inhibition therapy showed an overall
positive difference to baseline in the EQ-VAS during the entire
study period, whereasthe other groups showed a steady or even
declining level of HRQoL on the questionnaire. As it has
previously been reported that patients under CDK4/6 inhibitors
have a slower rate of deterioration in HRQoL and experience
milder side effects, our findings are reinforced by previous
research [47,48]. This again supports our finding that a
longitudinal observation of HRQoL through the EQ-VAS
guestionnaire is an adequate mean of measurement for this
variable.

Further investigation of the EQ-5D-5L uncovered a significant
difference between patients under chemotherapy and patients
receiving HER2-targeted therapy. It has previously been
described that patients who receive a combination of
HER?2-targeted therapy and chemotherapy exhibit better HRQoL
than patients who only receive chemotherapy [49,50]. It has
also been reported that the addition of HER2-targeted
medication to a chemotherapy schedule can result in the
improvement of adverse effects [49]. As can be seen in
Multimedia Appendix 1, both groups showed agreater variance
in the EQ-5D-5L than the other groups. For the subgroup
undergoing HER2-targeted therapy, several extreme outliers
with a high positive difference to baseline contribute to the
distinction of this group. On the other hand, the boxplots for
the chemotherapy subgroup show a discrete tendency toward a
reduction in HRQoL on the EQ-5D-5L, which complements
previous research.

This subgroup analysis therefore consolidates the
representativeness of both our sample and our finding that
measuring the TTD can be an adequate method to observe
HRQoL, especially with the EQ-VAS.

However, not all treatment groups were of equal size and not
all of these groups showed an adequate retention rate in their
assessments. Therefore, these findings must be interpreted with
proper caution, but in the context of previous studiesin thisarea
still represent an important impulse of future research.

Limitations

Our analysis is based on a relatively small sample size. This
might result from poor compliance, length of questionnaire or
technical difficultieswhich, when present, were quickly resolved
by the staff [15,16].
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In addition, we did not account for response shift (“achangein
the meaning of one's self evaluation of atarget construct” [51])
as this was a secondary aim of this study. However, there are
studiesthat show that by not considering response shift, HRQoL
levels can lead to misinterpretation [52,53]. We also defined
TTD eventsin relation to the baseline score. When assessing
HRQoL, using the time until definitive deterioration has also
been suggested in ametastatic setting [54]. In accordance with
previousresearch in thefield of longitudinal HRQoL monitoring
and per not accounting for response shift in our analyses, we
decided to apply the TTD method using the baseline score as
reference [24,25,27,31,41,54].

Therefore, more research is needed to consolidate our findings.
Moreover, all questionnaires were administered digitally only.
However, the equivalence of electronic and paper-based PRO
measurements has previously been established [10].
Furthermore, we detected a rather high and steady level of
well-being among all questionnairesin our descriptive analysis,
which limits the variance of these findings. We only included
patients with internet access at home, as per inclusion criteria.
Hence, older patients who are not as technologically inclined
were not eligible for participation. Therefore, with an average
age of 54.3 years, our sample does not reflect the average age
of breast cancer patients [55]. Furthermore, as Heidelberg and
Tibingen reflect economically strong regions in Germany, our
sample showed a higher percentage of private health insurance
and higher education than the general public [56-58]. Asprivate
health insurance in Germany is only available if you have a
higher income, it can be concluded that our sample shows a
biasin regard to its socioeconomic profile[56]. In addition, the
order of the questionnaires remained the same throughout the
study and was not randomized.

Conclusions

In comparison to the EQ-5D-5L and QLQ-C30, the EQ-VAS
showed a higher rate of deterioration, significant connections
between deterioration and certain locations of metastases, and
a better discrimination between progressive and stable disease
(HR 1.48). In addition, known differences in HRQoL profiles
of various treatment regiments were reflected in the EQ-VAS.
We suggest that using the TTD method with the EQ-VASisan
adequate means of examining longitudinal development of
HRQoL among breast cancer patients in a digital setting and
constitutes a reasonabl e addition to breast cancer therapy.
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Abstract

Background: Cancer is a taxing chronic disease that demands substantial care, most of which is shouldered by informal
caregivers. As aresult, cancer caregivers often have to manage considerable challenges that could result in severe physical and
psychological health consequences. Technol ogy-based interventions have the potential to address many, if not al, of the obstacles
caregivers encounter while caring for patients with cancer. However, although the application of technology-based interventions
ison therise, theterm is seldom defined in research or practice. Considering that the lack of conceptual clarity of the term could
compromise the effectiveness of technology-based interventions for cancer caregivers, timely research is needed to bridge this
gap.

Objective: This study aims to clarify the meaning of technology-based interventions in the context of cancer caregiving and
provide adefinition that can be used by cancer caregivers, patients, clinicians, and researchersto facilitate evidence-based research
and practice.

Methods: The 8-step concept analysis method by Walker and Avant was used to analyze the concept of technology-based
interventions in the context of cancer caregiving. PubMed, PsycINFO, CINAHL, and Scopus were searched for studies that
examined technol ogy-based interventions for cancer caregivers.

Results: The defining attributes of technology-based interventions were recognized as being accessible, affordable, convenient,
and user-friendly. On the basis of insights gained on the defining attributes, antecedentsto, and consequences of technol ogy-based
interventions through the concept analysis process, technology-based interventions were defined as the use of technology to
design, develop, and deliver health promotion contents and strategies aimed at inducing or improving positive physical or
psychological health outcomesin cancer caregivers.

Conclusions. Thisstudy clarified the meaning of technology-based interventionsin the context of cancer caregiving and provided
aclear definition that can be used by caregivers, patients, clinicians, and researchersto facilitate evidence-based oncology practice.
A clear conceptualization of technol ogy-based interventions lays foundations for better intervention design and research outcomes,
which in turn have the potential to help health care professionals address the needs and preferences of cancer caregivers more
cost-effectively.

(JMIR Cancer 2021;7(4):€22140) doi:10.2196/22140
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Introduction

Background

Cancer does not discriminate—it is prevalent across
demographicsand geographies[1]. Cancer isal so pernicious—it
could overwhelm the physiological health and psychological
well-being of patients with cancer and cancer caregivers[2-7].
Informal caregivers, for instance, often have to shoulder a
considerable amount of care burden—depending on the disease
trgjectory of the patients, approximately 55%-95% of caregivers
shoulder mental health disorders such as distress [8-10]. In the
context of this study, the term health care professionals
describes health care personnel, including doctors, nurses, and
all other formal caregivers, whereasinformal cancer caregivers,
cancer caregivers, and caregivers are used interchangeably,
referring to informal cancer caregivers such as family and
friends, who often regularly provide awide range of assistance
to a patient with cancer. Although, overal, a variety of
interventions hold promiseto alleviate caregiver burden, ranging
from print materias and face-to-face consultations to
telephone-based assistance [11-20], technology-based
interventions are considered the most practical and promising
solution available to caregivers.

The Critical Role of Technology-Based I nterventions

The emphasis on technology-based interventions for cancer
caregivers has become particularly pronounced amid the
COVID-19 pandemic, aglobal health crisisthat has effectively
crippled many, if not al, of the traditional health care services
avalable to patients and caregivers [21-23]. During the
pandemic, many cancer caregivers have found much-needed
solace and support in technology-based health care services,
ranging from online support groups to videoconferencing with
patients or health care professionals [24-26]. It isimportant to
note that there is a growing body of research investigating the
benefits of technology-based health solutions [24-29]. For
instance, a systematic review revealed that caregivers
significantly improved their cancer knowledge and
communication outcomes after receiving technology-based
interventions [27]. Throughout the pandemic, many scholars
worried about whether the lack of personal touch might
undermine technol ogy-based interventions [28]. However, it is
worth noting that, although face-to-face interactions have
advantages, the social dynamics of these consultations could
also hinder health care outcomes. For instance, in a study that
compared the intervention efficacy of face-to-face consultations
and technology-based interventions, researchers found that,
among these 2 types of interventions, caregivers were more
likely to truthfully report their stress symptoms to a web-based
support system and have these symptoms addressed and treated
[29].

The Importance of Conceptual Clarity

Although research on technology-based interventions for
caregiversis gaining momentum, it faces many obstacles [30].
One of the most prominent hurdles that could considerably
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underminetheresearch fieldisthelack of aclear and consistent
definition of the term technology-based interventions. It is
important to note that, athough the application of
technol ogy-based interventionsison therise, thetermisseldom
defined when applied in cancer research or practice. A review
of the literature [31-34] shows that aarmingly, much of the
research on technology-based interventions for patients with
cancer failsto provide aclear definition of the term to shed light
on key questions: (1) Are technology-based interventions the
same as terms such as web-based interventions? (2) What are
the key characteristics of technology-based interventions? (3)
What constitutes a technol ogy-based intervention? The lack of
conceptual clarity of the term technology-based interventions
could substantially undermine the research field, as one of the
most espoused truismsin academiaisarguably that, particularly
in light of scientific integrity and solidarity, scholars cannot
measure what they cannot define [35-37]. As one scholar, the
prominent British physicist and mathematician Lord William
Thomson Kelvin, succinctly putit, “ What is not defined cannot
be measured. What is not measured cannot be improved. What
is not improved is always degraded” [38].

Technology-Based I nterventions and Related Terms

Overview

Before further elaborating on the urgent need for a clear
definition of the term technology-based interventions, it is
critical to shed light on why there is an urgent need to analyze
and definethe concept—similar terms (eg, digital health) applied
in the research field often harbor deep-rooted issues that could
cause confusion among scholars. Overall, a kaleidoscope of
terms, such as digital health, eHealth, and mobile health
(mHealth), has been used to describe a wide range of health
solutions available to cancer caregivers [39-43]. These terms
often refer to health solutions in the form of health services or
products that are enabled by the internet (eg, emails and
web-based appointments), multifunctional devices that are
elevated by the connectivity of the internet (eg, smartphones
such as the iPhone), or tools and services built upon other
networking opportunities (eg, Amazon devices, such as Echo
and Tile, developed on low-bandwidth networks such as the
Sidewalk framework [44] or Bluetooth technologies). On the
surface, these terms seem to describe vari ous technol ogy-based
interventions in accordance with their unique characteristics,
such as how the term mHealth can be used to refer to
smartphone-based health interventions. However, a closer
examination of these concepts reveals deep-rooted research
issues.

Too Broad, Too Narrow, and Too Many Overlapsin
Related Terms

To begin with, because of a lack of clear and consistent
definitions, these terms can mean different things to different
audiences—depending on the specific research contexts, they
can be either extremely broad or narrow given that their
meanings could vary widely as the research contexts shift (eg,
example applications [39-43]). This is particularly true as
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technol ogy-based tools or servicesbecomeincreasingly flexible
and versatile. For instance, depending on the research context,
terms such as digital health, eHealth, and mHealth can refer to
abroad spectrum of health solutions, ranging from video-based
materialson self-care or cancer care management (eg, television
programs), web- or telephone-based communication with a
wider support circle (eg, health care professionals), journaling
inany or many enabling devices, or ahybrid or multicomponent
intervention that consists of divergent forms of technol ogy-based
interventions [39-43].

At the same time, these terms can be too narrow. For instance,
mHealth is often adopted to describe smartphone-, tablet-, and
app-based health solutions [41] but not for interventions that
involve laptop computers or smartwatches, even though they
both possess similar defining functionsto those of smartphones
and tablets (eg, devices that can be easily carried and work on
the go). The same applies for terms such as digital health,
eHealth, mHealth—as researchers or caregivers definitions of
digital vary, for instance, digital health can refer to network
connectivity in one study and to characteristics of the
intervention or the delivery platform in another [45-48]. These
too broad or too narrow issues|ead to the conclusion that these
terms might be further complicated by the fact that these terms
are often not mutually exclusive [32,49,50]. For instance,
video-based interventions can be delivered viaDV D, television,
computer, smartphone, or even electronic health records [49],
which meansthat, because of alack of conceptual clarity, these
interventions can be described as any of the following: digital
health, eHealth, or mHealth interventions. Overall, in contrast
to technol ogy-based interventions, terms such asdigital health,
eHealth, and mHealth are plagued by (1) a lack of definition
and consensus regarding the scope of digital health, eHealth,
and mHealth; (2) the absence of consistency in the
interpretations of the meanings of digital, electronic, and mobile;
and (3) theflexibility and versatility of technology opportunities
that are often categorized asdigital health, eHealth, and mHealth
(eg, video-based interventions that can be delivered via mobile
devices, desktop computers, and televisions).

It isimportant to underscore that these drawbacks also apply to
terms such astechnol ogy-mediated interventions, inter net-based
interventions, and web-based interventions that have been used
in cancer research [51], in contrast to more embracing terms
such as technol ogy-based and concepts such as mediated, web,
or internet that are more flexible, versatile, and open to
interpretation. Overall, compared with terms such as digital,
electronic, and mobile, technology is a more focused and
confined description of heath solutions that incorporate
technol ogical elements. In other words, even though it also lacks
conceptual clarity, the term technol ogy-based inter ventions only
faces oneissue: thelack of aclearly defined conceptualization.
These insights combined underscore the importance of
establishing conceptual clarity for the term technol ogy-based
interventions first, before venturing into research on broader
concepts such as digital health, eHealth, and mHealth.
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Technology-Based I nterventions: The Need for
Conceptual Clarity

One of the most concerning phenomenain cancer research on
technology-based interventions is the fact that several studies
have investigated the concept without clearly defining and
delineating its conceptual parameters [52-55]. In other words,
without a clearly delineated conceptual definition of the term,
a wide range of measurements have been used for
technology-based interventions[30]. Thispracticeisextremely
worrisome and problematic. Without large-scale systematic
reviews or meta-analysis studies [56-58], it is difficult to
determine the degree of discrepancies between the true effects
of technol ogy-based interventions and what has been measured
and reported. What is clear, however, is that the lack of
definitions, compounded by the heterogeneity of the measures
adopted to gauge the barely or poorly defined concept, could
substantially undermine the reproducibility and replicability of
research on technology-based interventions [56-58], not to
mention the quality of review studies on technology-based
interventions for cancer caregivers.

The importance of reproducibility and replicability in research
cannot be overstated [35]. These 2 research criteria are
indispensable to scientific research, ranging from concept
building, evidence collection, and data analysis to the
interpretation and application of research findings [35-37]. In
essence, reproducibility and replicability are instrumental in
advancing the literature, elevating the research field, and
building the collective knowledge base of the society [35].
However, because of barely or poorly defined key research
concepts, researchers might risk missing the valuable
opportunity to (1) understand and interpret current research
findings on technology-based interventions for cancer
caregivers, (2) pinpoint effective components of the
interventions, and (3) apply these components to future
intervention studiesto further the research field [35-37]. Thus,
to bridge the research gap, this study aims to examine
technology-based interventions in the context of cancer
caregiving viathe lens of concept analysis.

Objective
The am of our study is to explore the meaning of

technology-based interventions in the context of cancer
caregiving and provide a definition.

Methods

Concept Analysis

One of the most well-accepted and widely adopted approaches
to establish conceptual clarity is concept anaysis [59-61].
Concept analysisisan important analytical tool in understanding
the nuanced conceptual and theoretical meaning of aterm [59],
which could be understood as a research process that “entails
the systematic examination of the attributes or characteristics
of agiven concept for the purpose of clarifying the meaning of
that concept” [61]. Conceptual clarity of key research variables
isindispensable to the devel opment of science and research. In
other words, concept analysis generates a structured meaning
that establishes rules and guidelines for the correct use and
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applications of the concept. In this study, the concept analysis
method was adopted to clarify the meaning of technol ogy-based
interventionsin the context of cancer caregiving and to provide
a definition that can be used by cancer caregivers, patients,
clinicians, and researchersto facilitate evidence-based research
and practice.

Technology-Based I nterventions

A review of the literature shows that technology-based
interventions for cancer caregivers can be categorized into 3
groupsin termsof the explicit aimsthey focus on thefollowing:
(1) helping the caregivers themselves, (2) helping caregivers
help the patients, and (3) helping caregivers to facilitate the
abilities of hedth care professionals to improve the
patient-provider relationship or the health outcomes of patients

Suetd

with cancer. On the surface, these 3 subgroups of
technology-based interventions for cancer caregivers seem to
have substantial divergences. However, it is important to note
that the similarities between these subgroups are more
pronounced and meaningful: (1) all of these interventions have
cancer caregivers astheir first-degree target audience, (2) these
subgroups share the same intervention mechanisms, and (3)
their overall aims arein line with one another—to improve the
abilities of caregivers, patients, and health care professionals
to better addressthe caregiving needs and preferences of patients
with cancer and in turn, patients health and quality of life. Thus,
all these subgroups of interventions were considered in this
study. A framework that can help health care professional s better
understand these interventions is shown in Figure 1.

Figure 1. A framework of subgroups of technology-based interventions with cancer caregivers as the target audience.

Technology-based interventions

Technology-based interventions

T'echnology-based interventions

+ Target audience: Cancer caregivers

« Explicit aims: Improving caregivers'
health and well-being

« Implicit aims: Improving cancer
caregiving outcomes (ie, patients’ health
and well-being)

Cancer
caregivers

Healthcare N Cancer
professionals patients

e Target audience: Cancer caregivers

= Explicit aims: Improving caregivers'

abilities to address patients' needs and

]'?I'L‘jL']'C]'IL‘C.\'

= Target andience: Cancer caregivers

Explicit aims: Improving caregivers’

abilities to help healthcare professionals

in their endeavors to address patients'
needs

Theoretical Framework

Although there are many concept analysis approaches available
in the literature, the method by Walker and Avant [59] was
adopted asthetheoretical framework in thisstudy. The decision
was based on the following considerations: (1) the method by
Walker and Avant isthe most used concept analysis framework
[60]—and adopting this method could help facilitate research
replicability in the field, (2) using a method that the audience
isfamiliar with can help the readership better focus on the gist
of the study—clarifying and defining the concept of
technology-based interventions in cancer caregiving, which in
turn could (3) help readers better understand the need for aclear
definition of technology-based interventions and the merits of
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the concept anaysis methodol ogy, and (4) the method by Walker
and Avant is more linear and structured compared with other
models [62], which can help researchers build a more
straightforward presentation of the research process and study
findings.

There are 8 stepsin the concept analysis method by Walker and
Avant [59]: (1) selecting the concepts; (2) determining the aim
of the research; (3) identifying available uses of the concepts;
(4) determining the defining attributes of the concepts; (5)
constructing a model case example; (6) creating borderline,
related, and contrary case examples; (7) presenting antecedents
and consequences; and (8) defining empirical referents. The
definitions of key concept analysis terms adopted in this study
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can be found in Textbox 1. To better illustrate the research
procedures, we also created a schematic figure to delineate the
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methodological steps we took to abtain our research findings
(Figure 2).

Textbox 1. Definitions of key terms of the concept analysis method adopted in the study.

Concept and definition

«  Defining attribute: recurring characteristics of the concept

examination

«  Antecedent: occurrence that happened before, and that directly shape, the concept
«  Consequence: occurrence that happened as aresult of, and are directly influenced by, the concept
. Model case: real-life and often paradigmatic use of concept cases that reflects the essence of the concept

« Related case: casesthat have characteristics that are similar to the concept at face value but are different from the concept at its core upon close

« Borderline case: casesthat contain most, but not al, of the key attributes of the concept
.  Contrary case: cases that represent what the concept is not (eg, have little or none of the defining attributes of the concept)

«  Empirical referent: real-world phenomena that demonstrate the concept

Figure 2. A schematic representation of the concept analysis procedures adopted in the study.

1 Selecting the concepts
2 Determining the aim of the research
3 Identifying available uses of the concepts

4 Delineating the defining attributes of the concepts

5 Constructing a model case example

6 Creating borderline, related, and contrary case examples

7 Presenting antecedents and consequences

8 Defining empirical referents

Search Strategy and Data Analysis

On the basis of the guidelines by Walker and Avant [59], a
literature synthesiswas adopted to capture avail abl e conceptual
dimensions of technology-based interventions. An extensive
and cross-disciplinary review of the literature was conducted
to capture the full breadth of technology-based interventions.
Partially because of alack of relevant literature, publications
in the fields of computer science, psychology, and behavioral
scienceswereall included in thereview. The databases PubM ed,
PsycINFO, CINAHL, and Scopus were searched between June
and July 2020. The search terms used were as follows:
(cancer/tumor) AND (caregiver/carer/family/spouse/partner)
AND (technology-based intervention OR
trial/treatment/therapy); searchtermsvaried dightly in different
databases.

Both the research objectives and search terms were devel oped
in 2 stages. The first research stage was where we accidentally
encountered the conceptualization issue associated with the
term technology-based interventions. Our initial research

https://cancer.jmir.org/2021/4/e22140

objective was to conduct a systematic review study on
technology-based interventions for cancer caregivers [24].
During this process, we found that, although thereisarich body
of research on technology-based interventions for cancer
caregivers, most of the authors fail to offer a clear
conceptualization of the term. As we delved deeper into the
issue, werealized that our team also had yet to develop aclearly
delineated definition of technology-based interventions—we
assumed that we knew what we ventured out to study. This
revelation, combined with insights gained from additional
research on the subject matter, yielded the conclusion that a
concept analysis study was needed to proceed with our original
research plan, which was contingent on an evidence-based and
clearly defined conceptualization of the term technol ogy-based
interventions. Thus, to address this research gap, we conducted
this study. To date, 3 sets of search terms have been developed
and used specifically for thisstudy: 1 for the systematic review,
1 to search for definitions, and 1 for our concept analysis.

The search terms were devel oped based on insights gained from
the literature, web-based group discussions, and brainstorming
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sessions (including al authors and the school’s academic
librarian) as well as examples set by previous literature [63].
Articles were reviewed for broad research focus (eg, research
context and design) and detailed descriptions of
technology-based interventions (eg, the role of technology in
the intervention). Key information (eg, use of technology and
intervention content) from eligible articles was extracted and

Figure 3. Data screening and analysis flowchart.
Database Search

PubMed, PsycINFO, CINAHL, and Scopus
n=10,078

Suetd

analyzed. Two principal reviewers (ZS and XL) conducted the
review. Discrepancieswere resolved via group discussions that
included all authors until a consensus was reached. Through
this process of synthesis and comparison, a clear
conceptualization of the term emerged. The details of the data
screening and analysis processes areillustrated in Figure 3.

Duplicates removed

y

Database Screening
Screening records against the eligibility criteria
n=8.054

n=2024

Records excluded (n=7,811):

Non-English
No full-text available
Offered limited or no details on

A

Data Synthesis
Review for conceptual dimensions of the concept
n=243

the concept

Research is not focusing on
cancer/oncology

The research population does not
include cancer caregiver

Records excluded (n=198):

A

Studies included in the concept analysis
n=45

Eligibility Criteria
Articles were excluded if they failed to provide conceptual

insights on technol ogy-based interventions; more specifically,
the exclusion criteria were as follows: the study was (1) not

Textbox 2. Study inclusion criteria.

» Lack of conceptual insights

written in English, (2) not peer-reviewed, (3) not focusing on
technology-based interventions (eg, papers focusing on
face-to-face strategies for cancer caregivers), and (4) not
centering on cancer caregivers. Theinclusion criteriaare listed
in Textbox 2.

Inclusion criteria

«  Participants: informal cancer caregivers
«  Language: English

«  Study type: journal articles

«  Study context: discussing technology-based interventions for cancer caregivers

« Intervention: technology-based; cancer caregivers being either the sole or one of the key target audiences
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Results

Overview

The reviewed articles consisted of titles, abstracts, and full-text
articles in English from 2010 to 2020, resulting in 10,078
records. The key articles included in the review are listed in
Multimedia Appendix 1[19,27,31-34,45,64-101]. A total of 45
articlesmet the dligibility criteria(Multimedia Appendix 1). In
addition, amanual search of thereferencelists of digiblearticles
located further articles of relevance. Drawing insights from the
literature [102-104], Google Scholar was used to reverse-trace
articles that cited papers included in the fina review as an
additional measure to ensure acomprehensive literature search
strategy. On the basis of the study results, the concept of
technology-based interventions was defined as the use of
technology to design, develop, and deliver health promotion
contents and strategies aimed at inducing or improving positive
physical or psychological health outcomesin cancer caregivers.
Inthefollowing sections, detailed information on the use of the
concept, defining attributes, relevant cases, antecedents and
consequences, as well as empirical referents is presented and
discussed.

Use of the Concept

Overdll, the available definitions of technology-based
interventions often revolve around 2 components: the use of
technology and the purpose of the intervention. Limited
emphasis placed on aspects such astheintegration of technology
into the intervention or end-user involvement in the application
of the technology complicates the research area. When
examining the effectiveness of behavioral interventions,
researchers define technol ogy-based interventions as approaches
that use “information and communication technology
applications to promote behaviora outcomes’ [105].
Researchers also discussed technology-based interventions in
terms of the technology platforms they adopted. In a study
focusing on mental health, the term technology-based
intervention is used synonymously with the concept of
inter net-based interventions[106]. The study outlinesthat both
approaches include computer-based and web-based
interventions, text messaging, interactive voice recognition,
smartphone apps, and emerging technol ogies [48].

Some definitions allow technology platforms integrated with
technology-based interventions to be more inclusive, where
platforms such as computers, web-based apps, mobile phones,
and wearable sensors are all considered possible venues for
intervention delivery [107-110]. In addition to the emphasis on
the use of technol ogy, technol ogy-based interventions are often
defined with a focus on intervention objectives and projected
outcomes. Aiming to examine the influence of an intervention
oninformal caregiversof stroke survivors, researchers describe
technology-based interventions as “some form of telepractice
that uses information and communication technologies to help
eliminate distance barriers and to help with scheduling logistics,
thus extending the scope for provision of quality healthcare”
[111]. Overdll, although promising studies are emerging in the
literature, there is a dearth of insights that could provide
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conceptual clarity to the term technol ogy-based interventions,
particularly in the cancer caregiving research field.

Defining Attributes

Defining attributes are recurring themes that mirror the heart
of concept analysis [43]. On the basis of insights gained from
theliteraturereview and datasynthesis, accessible[64,65,112],
affordable [66,112], convenient [66,67,113], and user-friendly
[40,68-71,114] were identified as the defining attributes of
technology-based  interventions.  Although  additional
characteristics were identified, these attributes were the most
frequent traits found across the interventions analyzed. One of
the key attributes of technology-based interventions was
accessibility: compared with conventional solutions,
technology-based interventions can be accessed whenever and
wherever [64,65,112]. In other words, cancer caregivers can
access technol ogy-based interventions without having to worry
about transportation or other logistical issues (eg, availability
of appointments).

The second defining attribute of technol ogy-based interventions
was affordability. In addition to resources related to
transportation, considering that many technology-based
interventions can be accessed free of cost (eg, smartphone app
[115]), caregivers often do not have to worry about financial
resources needed for them to adopt these interventions[66,112].
The ability to be accessed whenever and wherever and often
without charge subsequently makes technology-based
interventions convenient to use and access [66,67,113]. In
addition to these traits (ie, accessible, affordable, and
convenient), technology-based interventions often adopt a
user-friendly design toimprove user engagement [40,68-71,114],
such asincorporating gamifi cation mechanismsthat canimprove
the user experience of cancer caregivers while learning ways
to improve their health and well-being.

Another aspect of being user-friendly centered on the respect
technology-based interventions have for end-user input—some
interventions were developed in a co-design fashion, where
health promoation strategies were discussed and built by cancer
caregivers, health care professionals, and academic scholars
collaboratively [69]. This method is an important participatory
approach for intervention development, and it has many
advantages, the most noticeable ones centering on the ability
of the co-design to yield more optimal anticipated outcomes
and | ess unintended consequences compared with interventions
that only involve limited groups of stakeholders [116-118].
Although it is difficult to determine which of these defining
attributes is the most appealing to cancer caregivers, it is clear
that these characteristics have collectively made
technology-based interventions appealing to cancer caregivers.

Relevant Cases

Model Case and Contrary Case

To make the comparison more apparent, an example scenario
that incorporates these 2 types of cases is constructed in this
paper. The cases were devel oped according to the instructions
given by Walker and Avant [59] and insights were drawn from
the literature [119-121]. The first example relates to usual care
and is the contrary case. At the same time, resources such as
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Doctor Carer, which possess the key defining attributes of
technol ogy-based interventions by being accessible, affordable,
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convenient, and user-friendly, are the example of the model
case. Details of the example case can be found in Textbox 3.

Textbox 3. Details of the model and contrary case example.

Case example

Angieisa35-year-old Latinaliving in arural Texascity that has awell-built Hispanic community. She hasbeen worrying ever since she wasinformed
that her mother has cervical cancer. After her brother died in a factory accident, Angie became the breadwinner of her family; she works 3 jobs to
support her parents and her 2 adolescent children from a previous marriage. Though self-reliant, Angie often feels helpless, as she knows nothing
about how to take care of her mother or how to establish afunctioning new normal for her family. Angie wishes she lived outside of arural context;
traveling 200 miles to and from the closest cancer clinic has a taxing impact on her family and her career. Help and hope seem to be too far away.
Angie shared her concerns with awoman she met at the clinic. Eva, now her best friend, showed Angie free resources available via smartphone. Angie
was overwhelmed. Using her smartphone, Angie registered with almost all available cancer websites, watched hundreds of hours of YouTube tutorials
and caregiver stories, and downloaded over 2 dozen medical apps on her phone to learn more about how to be a caregiver to her mother. Angie just
downloaded an app called Doctor Carer, which can connect her with volunteer cancer doctors for free. She hopes this app can provide her with the

answers she desperately needs and bring her one step closer to feeling less overwhel med.

Borderline Case and Related Case

According to Walker and Avant [59], a borderline case could
be understood as a case with most but not all defining attributes
of the concept. In contrast, a related case has traits that are
similar but different from those inherent to the concept. The
aim of developing the following scenario, one that embodies
both a borderline case and a related case, is to compare and
contrast these 2 types of cases. In contrast to the cases mentioned
in the section Model Case and Contrary Case, the comparison
in this section will focus on the influence of the caregiver on

the patient. In this scenario, the borderline case is represented
by the communication between Kacey (the patient with cancer)
and her friend Ann (the cancer caregiver), whereas the related
case is depicted by Ann’'s use and adoption of the interactive
multimedia e-book, Compendium of Materia Medica. Details
of the borderline case and related case examples are presented
in Textbox 4. To further shed light on these 4 types of cases
and their connected functionality in explaining the concept of
technology-based interventions, a comparison of the model
case, contrary case, related case, and borderline case was
conducted and is discussed in Table 1.

Textbox 4. Details of the example borderline and related cases.

Case example

Kacey isa25-year-old aspiring actressliving in Los Angeles, California. Sheis also a patient with breast cancer; diagnosed with stage | breast cancer
aweek ago. Although the diagnosis brought chaos to Kacey’s life, her social support systems have kept her afloat. Ann, Kacey’s best friend since
high school, has been an unwavering source of support to Kacey. Whenever Kacey isin distress, Ann isthere for her, talking, videoconferencing, and
interacting on social mediawith her to help her weather through tough times. Kacey is unable to afford insurance and, therefore, is uninsured for the
moment. Disappointed by the limited resources that are available to her, Kacey was determined to find alternative health care resources she could
explore. Recently, she was mesmerized by the documentaries and books Ann shared with her. Kacey wasimpressed by what the documentaries argued,
and she has planned to stop consuming meat and adopt a vegan diet starting next week. She intends to use the rest of thisweek to design her own diet.
Kacey bought one of the e-books Ann mentioned to her, Compendium of Materia Medica, as soon as she read its description. The book has a very
detailed account of foods that have beneficial properties to the human body, along with suggestions on what to eat under various circumstances. The
book is better than an encyclopedia; it has texts, illustrations, and interactive media embedded in it to enhance the learning experience. Kacey knows
she has along fight ahead of her. But she is hopeful.
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Table 1. Comparison of the differences among the model case, contrary case, related case, and borderline case.
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Parameter Model case Contrary case Related case Borderline case
Definition Redl-lifeand often paradigmat- Case that represent what the  Casethat have characteristics Case that contain most, but
ic use of concept casesthat  concept is not—have littleor  similar to the concept at face not all, of the key attributes
reflects the essence of the none of thedefining attributes  value but different fromthe  of the concept.
concept of the concept. concept at its core upon close
examination.
Example Resources like Doctor Carer  Usual care mentioned in Ann’suseand adoption of the  The communication between

Defining attribute

Detailed rationale

mentioned in Angi€'s caregiv-
ing experience

The use of technology to de-
sign, develop, and deliver
health promotion contentsand
strategies aimed at inducing
or improving positive physi-
cal or psychological health
outcomesin cancer caregivers

Doctor Carer isan interven-
tion that possesses all the
defining attributes of technol-
ogy-based interventions.

Angi€'s caregiving experi-
ence.

In-person communicated and
delivered health promotion
contents and strategies; no
technology isinvolved.

No technology is needed for
in-person communicated inter-
ventions to occur, which
means that, although itisan
intervention nonetheless, it is
not a technol ogy-based inter-
vention.

interactive multimediae-book
Compendium of Materia
Medica.

Nontailored interventionsthat
are not designed, developed,
or delivered based on Ann’s
needs and preferences as
Kacey'sinformal cancer
caregiver

Likedll interventions, technol-
ogy-based interventions are
intentionally designed and
delivered to address the needs
and wants of caregivers. Ei-
ther the book Compendium of
Materia Medica or itsdigital-
izationisintentionally created
with caregiverslike Annin
mind.

Ann and her friend Kacey.

Not al caregiver—patient
communication is about the
caregiving experience or the
cancer continuum, enabled or
delivered viatechnology.

For Ann, communicating with
Kacey can occur either in
person or via technology-
based methods, and it may not
necessarily have animpact on
her caregiving experience.

Antecedents and Consequences

In this section, whenever antecedents and consequences are
mentioned, they refer to antecedents to technology-based
interventions and consequences of technology-based
interventions, respectively. Two types of antecedents to
technology-based interventions were identified. First,
antecedents to the need for interventions involve factors such
as cancer-related psychosocial distress [72] and lack of
couple-based interventions [65]. Second, antecedents to the
adoption of technol ogy-based interventions operate as opposed
to conventional interventions and take into consideration the

physical or geographical constraints [64] and the prevalence of
technology, such as smartphones [66]. In addition, resonating
with these antecedents, 2 types of consequences of
technol ogy-based interventionswere found. First, consequences
of the intervention stimuli as a whole addressed aspects such
asimproved quality of life [68] and reduced stress [69] among
caregivers. Second, focused on consequences of the use of
technology-based interventions rather than conventional
interventions such as positive Google Analyticsresults[69] and
intention to use the telemedicinetool inthefuture[67]. Detailed
information on the identified antecedents and consequences is
presented in Table 2.

Table 2. Antecedents to and consequences of technol ogy-based interventions.

Type

Category

Antecedents

Antecedents to the need for interventions

Antecedents to the need for technology-based interventions

Consequences

Conseguences of the intervention as awhole

Conseguences of the use of technology-based interventions

o  Cancer-related psychosocial needs|[72]
«  Lack of couple-based interventions [65]
«  Neglect of psychosocial concerns of family caregivers [87]

«  Physical constraints [64]
«  Prevalence of smartphones [66]
« Feasibility of internet- or web-based interventions [71]

« Improved quality of life [68]
o Reduced stress[91]
« Improved marital communication, confidence, and skills [85]

« Positive Google Analytics results [69]
« Intention to use the app in the future [67]
«  Bring positive effect or healthier psychosocial statesin patients[76]
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Empirical Referents

Empirical referents can be considered real-world demonstrations
of aconcept [59]. For technol ogy-based interventions, empirical
referents can be interventional medical apps developed for
caregivers. In 2017, there were an estimated 325,000 medical
apps available on smartphones, which could translate into over
3.7 billion medical app downloads among smartphone users
[122]. Of these 325,000 apps, those that are commercially
available, interventional in nature, and designed for cancer
caregivers could be considered empirical referents to
technology-based interventions.

Discussion

Principal Findings

Although technol ogy-based interventions are essential to health
care research and practice, there is a lack of definition of the
concept, particularly in the context of cancer caregiving. Inthis
paper, we set out to clarify the meaning of technology-based
interventions in the context of cancer caregiving and provide a
definition that can facilitate evidence-based oncology research
and practice. Considering that the lack of conceptual clarity of
the term could undermine the eff ectiveness of technol ogy-based
interventions in addressing the health challenges of cancer

Suetd

caregivers, timely research is needed to bridge the gap. To the
best of our knowledge, this is the first study to examine
technology-based interventions from a concept analysis
perspective. Aiming to obtain conceptual clarity for the term,
we adopted the method by Walker and Avant [59] asthe guiding
framework; carefully reviewed the literature; identified defining
attributes; and developed key case examples, antecedents, and
consequences that are indispensable to the conceptual
infrastructure of technology-based interventions.

The key defining attributes that characterize technol ogy-based
interventions are accessible, affordable, convenient, and
user-friendly. Combining the identified antecedents and
consequences, the following definition was proposed:
technology-based interventions are defined as the use of
technology to design, develop, and deliver health promotion
contents and strategies aimed at inducing or improving positive
physical or psychological health outcomesin cancer caregivers.
A detailed illustration of the interplay of the key defining
attributes that characterize the concept of technology-based
interventionsisshown in Figure4. Overal, Figure 4 underscores
that, in essence, technology-based interventions are health
promotion strategies augmented with technology platforms to
make them more effective (ie, accessible, affordable, convenient,
and user-friendly) in improving the health and well-being of
cancer caregivers.

Figure4. A schematic representation of the technology-based intervention attributes.

Health promotion strategies

Accessible

Health promotion strategies A"l | e oo

Health promotion strategies

Affordable

Convenient

Health promotion strategies

This definition and the defining attributes could be a solution
to address some of the critica issues regarding the
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conceptualization of the term, both in the current and broader
research contexts of technol ogy-based interventions[123,124],
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which compromisesthe ahility of the existing research to enrich
the literature. A growing number of papers have begun to
acknowledge and address the importance of adopting clear and
structured methodol ogical proceduresand frameworksto ensure
research reproducibility and replicability [125,126]. The absence
of a clear definition could lead to poor replicability and low
comparability of intervention studies, which in turn, limits the
applicability and generalizability of these studies and their
corresponding interventions [35]. Viewed as a mechanism to
connect current research findings and generate new insights,
systematic review research hasthe potential to further contribute
to the growth of research inquiry [56].

However, evidence suggeststhat systematic review studies often
fall victim to the lack of conceptual definitionsin the literature
[126]. Results show that 40%-89% of poorly described
interventions are not replicable, which means that they cannot
be adequately used in systematic reviews or offer substantial
contributions to the development of the research field [127].
Theavailability of aclear definition of the research topic enables
research studies to report their findings accurately and
meaningfully to facilitate further research endeavors, such as
systematic reviews and meta-analysis studies [126,127]. From
this perspective, the results of this study offer opportunities to
address key methodological issues in the literature, such as a
lack of conceptual definitions of technol ogy-based interventions
in cancer caregiving research. By offering a clear and concise
definition of technology-based interventions that clarifies the
process using systematically identified antecedents, defining
attributes, and consequences, the findings of this study can help
guide future interventions that aim to improve the well-being
and health outcomes of cancer caregivers.

The findings of this study underscore that technol ogy-based
interventions should be clearly conceptualized in terms of the
following aspects: (1) the use of technology in the intervention
(ie, as the communication platform), (2) the key components
the intervention incorporates (ie, technology as the
communication platform and health promotion strategies asthe
content), (3) the relationship between the key components (ie,
a communication platform and content symbiosis; the role of
technology is flexible, ranging from managing to supporting
the intervention content), (4) the purpose of the intervention
(ie, to produce health solutions for cancer caregivers), and (5)
the defining characteristics of technology-based interventions
(ie, accessible, affordable, convenient, and user-friendly key
traits inherent to technology and the audience-centered
communication approach). Overall, the insights provided by
this study can help researchers better understand and interpret
outcomes and technol ogy-based interventions, identify effective
intervention strategies, and apply them to future studies that
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have the potentia to further improve the health outcomes of
cancer caregivers.

Limitations

Although this study fills significant voids in the literature, it is
not without limitations. A concept analysis approach was
adopted in this study to conduct a structured and comprehensive
literature search. We conducted our literature search in the
PubMed, PsycINFO, CINAHL, and Scopus databases for
eligible articles and manually screened the articles that were
referenced or cited in these articles. Although these databases
are comprehensive, it is possible that articles were indexed
exclusively in other databases that were not included in the
analysis. We did not follow the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) procedures
[128] in presenting our data screening process. Rather, we
modeled our flowchart based on exampl e concept analyses[129]
that used a more linear and simplified data screening process.
Although our choice of data screening flowchart was justified,
we understand that this screening procedure may not meet the
expectations of some readers. In our future research endeavors,
we will adopt the PRISMA procedures to ensure detailed
screening information is presented in the manuscript. Finally,
this concept analysisonly included articles published in English.
This eligibility criterion may further limit our data pool.

Conclusions

Technol ogy-based interventions play an increasingly important
rolein addressing the health and well-being of caregiversacross
the cancer continuum. Although technol ogy-based interventions
can offer substantial benefits to patients with cancer and their
caregivers, many limitations could hinder the design,
devel opment, and deployment of theseinterventions. Theresults
of our study offer much-needed conceptual clarity on the term,
which in turn, could help build a more rigorous and robust
research environment for investigations on technol ogy-based
interventions, both in the context of cancer caregiving and
beyond. Overal, conveying a clear definition of
technology-based interventions to researchers, health care
practitioners, and cancer caregivers is a foundational step in
establishing a collaborative and coordinated effort to develop
and deploy cost-effective interventions. On the basis of the
study findings, technology-based interventions are defined as
the use of technology to design, develop, and deliver health
promotion contents and strategies aimed at inducing or
improving positive physical or psychological health outcomes
in cancer caregivers. We believe this definition serves as a key
step toward amutual ground that el evates comparability between
interventions and outcomes, whichin turn, could further advance
the research field and the knowledge base.
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Abstract

Background: With the current proliferation of clinical information technologiesinternationally, patient portals are increasingly
being adopted in health care. Research, conducted mostly in the United States, shows that oncology patients have a keen interest
in portals to gain access to and track comprehensive personal health information. In Canada, patient portals are relatively new
and research into their use and effects is currently emerging. There is a need to understand oncology patients’ experiences of
using eHealth tools and to ground these experiencesin local sociopolitical contexts of technology implementation, while seeking
to devise strategies to enhance portal benefits.

Objective: The purpose of this study was to explore the experiences of oncology patients and their family caregivers when
using electronic patient portals to support their health care needs. We focused on how Alberta’s unique, 2-portal context shapes
experiences of early portal adopters and nonadopters, in anticipation of a province-wide rollout of aclinical information system
in oncology facilities.

Methods: This qualitative descriptive study employed individual semistructured interviews and demographic surveys with 11
participants. I nterviews were audio-recorded and transcribed verbatim. Datawere analyzed thematically. The study was approved
by the University of Alberta Human Research Ethics Board.

Results: Participants currently living with nonactive cancer discussed an online patient portal as one among many tools (including
the internet, phone, videoconferencing, print-out reports) available to make sense of their diagnosis and treatment, maintain
connections with health care providers, and engage with information. In the Fall of 2020, most participants had accessto 1 of 2
of Alberta’s patient portals and identified ways in which this portal was supportive (or not) of their ongoing health care needs.
Four major themes, reflecting the participants’ broader concerns within which the portal use was occurring, were generated from
the data: (1) experiencing doubt and the desire for transparency; (2) seeking to become an informed and active member of the
health care team; (3) encountering complexity; and (4) emphasizing the importance of the patient—provider relationship.
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Conclusions: Although people diagnosed with cancer and their family caregivers considered an online patient portal asbeneficial,
they identified several areas that limit how portals support their oncology care. Providers of health care portals are invited to

recognize these limitations and work toward addressing them.

(JMIR Cancer 2021;7(4):e32609) doi:10.2196/32609

KEYWORDS

patient portal; MyChart; health information and communication technology; eHealth; personal health information; oncology;
cancer care; Canada; qualitative; context of technology implementation

Introduction

Background

Clinical information technologies and consumer eHealth tools
are becoming an essential part of health care delivery. Patients
are eager to have electronic access to their persona health
information, and expectations to manage their own health have
increased [1]. eHealth refers to the application of digital health
technologies and includes telehealth and remote monitoring,
the use of mobile devices, ePrescribing, health information
technology systems, electronic health records, and more [2].
Theuse of eHealth and theinternet hasthe potential to augment
health care services by educating and empowering patients,
making health care more equitable by extending services,
expediting access to medical information, and ensuring the
information provided is evidence based [3]. Furthermore,
eHedth is transforming the way patients and providers
communicate, establish rapport, and receive care, as virtual
medical appointments become more commonplace (amovement
catalyzed asaresult of the COVID-19 pandemic) and as patients
have immediate access to medical information.

Patient portals are secure computerized applications that give
citizens access to some of their personal health information
stored in health providers' electronic health record, viaelectronic
devices such as computers, cellphones, and tablets. Personal
health information available via portas typicaly includes
laboratory results, medications, immunizations, allergies,
diagnostic results, and medical visit notes [4]. Other portal
features include secure messaging with health care providers,
appointment self-scheduling, and requesting medication refills.
Different jurisdictions may choose to enable different portal
features and set restrictions (ie, immediate test result release
versus embargo period).

In addition to portals, digital platforms, including the internet,
enable access to health-related information and peer support
groups. The internet is often used as a primary source of
health-related information, generating concerns about
misinformation among health care providers [1]. To address
this concern, patient portals that provide hyperlinksto credible
information (eg, medication side effects, explanation of
laboratory tests) have been suggested as a preferred source of
information.

In Canada, patient portals are becoming more available, but the
actual use is challenging to estimate. In Alberta, a Canadian
province with a population of more than 4.4 million people, 2
province-wide patient portalswerelaunched in 2019: MyHealth
Records and MyAHS Connect (MAC; described later in the

https://cancer.jmir.org/2021/4/€32609

paper). Asof March 31, 2021, approximately 565,000 Albertans
had created aMyHealth Records account and more than 38,000
Albertans had access to the MyAHS Connect portal [5]. The
latter figure denotes the total number of patients who either
started using or could potentially start using MyAHS Connect
asthisportal was gradually becoming available acrossthe health
care sites these patients visited.

The patient portal use in Alberta may not necessarily be
representative of the overall populationin Canada. For example,
in 2019, the Canadian Medical Association reported that virtual
care and online patient portals were used by 1% of Canadians
[6]. Thesameyear, researchersat the University Health Network
(UHN) in Toronto, Canada, reported the annual adoption rate
of approximately 65%, with 43,000 “myUHN”" patient portal
registrations during thefirst 14 months[7]. Attemptsto reconcile
these numbers should be made with caution. On the one hand,
reports of portal adoption are often based on a nonconservative
definition of portal use, meaning activating a portal account or
logging in once. On the other hand, all sourcesfrom 2019 cited
above reflect a pre-COVID-19 pandemic situation. During the
pandemic, virtual care and portal adoption have been on the
rise.

Canadian research to demonstrate the impact of patient portals
isemerging. Similar to international studies, Canadian research
suggests that there are benefits to using portals [1]. Patients
often value portals, as this technology provides them with
detailed information about their health and stimulates and
informs conversations with their health care providers [8,9].
Furthermore, being able to schedule appointments, request
medication prescription renewals, and access medica
information allow patients to feel more involved in the
management of care [9]. Health care providers comment that
portals give patients the opportunity to actively participate in
the management of their care and that patients are better
prepared for medical appointments, asthey have additional time
to look up medical results and devel op pertinent questions [9].
Portals may also benefit health care systems, as patients might
be more willing to follow medical advice and more diligent
with refilling medication prescriptions [9].

Despite these benefits, there are barriers to portal
implementation and use. Limited health and digital literacy and
lack of computer or internet access increase health inequities
and further marginalize selected population groups [10]. Test
results may be misinterpreted by patients, generating anxiety
and increasing the demand on hedlth care professionals to
provide reassurance and clarification to their patients [11]. In
addition, health care organizations have reported concerns
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regarding limited financial resources to implement patient
portals[12].

Patient portal use is known to be the highest among patients
diagnosed with cancer. The Canadian Cancer Society [13]
predictsthat approximately 1in 2 Canadianswill be diagnosed
with cancer in their lifetime, and about 1 in 4 will die of the
disease. With the steady year-on-year increase in cancer
diagnoses, online patient portals are becoming more desirable
to augment the coordination of care for oncology patients[14].
Cancer treatment and the cancer diagnosis, in and of itself, result
in a wide range of self-management challenges, such as
monitoring side effects and scheduling numerous medical
appointments. Oncology patients have akeeninterest in portals,
as they require comprehensive health information, have blood
work doneregularly, and often are, or are expected to be, active
participants in managing their condition [14,15]. They report
that using portals allows them to feel more in control of their
situation, be better prepared for medical appointments, and
provides them with the opportunity to advocate for their needs
[16]. Yet, some oncology patientsview portalswith reservations.
For example, with the immediate release of laboratory and
imaging results via a portal, patients may discover that their
cancer has metastasized. Given the implications of living with
cancer, oncology patients are often viewing these results during
times of despair, thereby compounding feelings of fear and
uncertainty [17].

The objective of this study was to explore how patients
diagnosed with cancer use online resources for care and
treatment in the Canadian province of Alberta. Specifically, we
were interested in patients awareness and use of the novel
electronic patient portalsin Alberta’s unique, 2-portal context.

The Context and Setting of This Study

When reporting research on patient portals, it is important to
clearly outline characteristics and functions of specific portals
and describe sociopolitical and organizational contexts of portal
implementation and utilization [18]. Below we describe the
complicated context of portal implementation in Alberta,
Canada, where this study was performed.

In March 2019, Alberta’'s Ministry of Health (Alberta Health)
released a provincial patient portal called MyHealth Records
(Iater, itscomponent called My Personal Records[M PR] became
apatient portal per se) allowing al Albertans 14 years and older
to access some of their health information online, most notably
immunization records and common laboratory results [19].
MyHealth Records requires a multistep process to create an
account and authenticate (as described in detail below). All
patient information is supplied to MyHealth Records from a
provincial electronic medical record (EMR) called Netcare.
Although useful to health care providers, Netcare EMR is a
“view-only” system.

In November 2019, Alberta Hedth Services (AHS), the
province's integrated health authority, launched Wave One of
the clinical information system, Connect Care (AHS namefor
its project to implement the EPIC system), in some acute care
teaching hospitals and ambulatory clinicsin Edmonton. Connect
Careimplementation isan ongoing ambitious process consisting
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of 9waves (from 2019 to 2023), with 3 waves already launched,
aiming to achieve the one patient one record goal for the
province. Unlike clinical information systems implemented in
a single health care facility or across a few facilities, Connect
Care is envisioned to span the entire province with the
population of more than 4.4 million people and to replace
existing fragmented EM Rs. One of the future waveswill include
oncology facilities across the province. As a component of
Connect Care, AHS offers a tethered patient portal called
MyAHS Connect (MAC; known as MyChart during the pilot
stage, as described below) to enable patients registered with
AHSfacilitiesto accesstheir personal health information [20].

In preparation for Connect Care launch, from 2015 to 2019, the
AHS piloted its tethered patient portal called MyChart (EPIC)
in select Edmonton clinics. Patients who used MyChart during
the pilot stage were mostly satisfied with the portal and
described it as an easy-to-use, efficient tool that improved
accuracy of data sharing and allowed for easier communication
[8,21]. Although a sign-up process presented initial challenges
for some patients, overal, it was easy to create a MyChart
account, including obtaining proxy access. With Wave One of
Connect Carein 2019, AHS initially made an arrangement for
existing MyChart users to be “grandparented” into the new,
Connect Care—enabled patient portal. However, due to the
tensions between the 2 macro-level portal implementers, access
to the portal for these existing users was interrupted either
temporarily (they had to create a new account) or permanently
(for some parent proxies who accessed their children’'s
information). In early 2020, MyChart was renamed MyAHS
Connect and the access to this portal was streamlined with the
Government’'s MyHealth Records patient portal, which affected
the ease of enrollment for AHS patients, as described below. A
chronology of major eventsin Alberta, up to April 2019, leading
to the unique, 2-portal context in the province is presented in
Avdagovska et al [22].

Thus, at the time of our study in the Fall of 2020, Albertans
who were patients attending AHS facilities could enroll to view
their personal health information via one or both online portals
accessible through the Government of Alberta website under
the aegis of MyHealth Records: (1) a provincia citizen portal
My Personal Records (MPR) linked with a*“view-only,” legacy
EMR; and (2) the MyAHS Connect (MAC) portal tethered to
aConnect Care—enabled EMR. (Refer to Multimedia Appendix
1 for a table comparing portal features in Alberta. Portal
functionalities are categorized based on Ammenwerth et al [23]
with adaptations).

To sign up for MyHealth Records, citizens must access the
Government of Albertawebsite, register for aMyAlbertaDigital
ID (MADI), and confirm their identity by uploading an Alberta
driver'slicense or AlbertalD card. Within 10 days, onereceives
a verification code in the mail and is able to complete MADI
registration online. A person then hasto provide his/her personal
health number (each legal resident has this number to access
the Canadian publicly funded hedlth care system) to set up
accessto the My Personal Records portal. To accessthe MyAHS
Connect portal, in addition to the above steps, a patient must
be attending an AHS health care facility that has launched
Connect Care, and be offered or indicate their interest in
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becoming a portal user to the facility’s personnel, who will
provide further instructions (ie, awebsite link to enter personal
information to get access to MyAHS Connect) [24].

Of note, AHS facilities, in which Connect Care is being
implemented, include hospitals, outpatient clinics, continuing
carefacilities, cancer centers, mental health facilities, and some
community health sites across the province. By contrast, some
primary and community care sites, and family physicians are
not officialy part of AHS and additional effortswill berequired
to link these sites to Connect Care.

Asisevident from the above description, for the public, major
challengesin accessing Alberta’ s portal sinclude acomplicated
sign-up process, terminological confusion with many variants
of official and colloquially used portal names and abbreviations,
additional stepsfor proxy accessfor parentsof sick children (as
children under 14 years of age cannot have a MADI account),
and what appears as the existence of 2 parallel portals.

Apart from afew studies conducted during the MyChart pilot
stage[8,21], thereislimited understanding of the use and effects
of patient portalsin Alberta. The research question guiding this
study focused on patients diagnosed with cancer to exploretheir
experiences of using online resources to support their cancer
treatment and care, and in particular patients awareness and
use of the novel electronic patient portals in Alberta, Canada.
We sought to understand how Alberta sunique, 2-portal context
shapes experiences of early portal adopters and nonadopters, in
anticipation of aprovince-widerollout of aclinical information
system in oncology facilities.

Methods

Design

This qualitative descriptive study [25] involved in-depth
semistructured interviews with oncology patients and their
family caregivers to provide a comprehensive summary of the
phenomenon under study. Broadly, our theoretical assumptions
informing the study relate to the technology-in-practice,
sociomaterial — perspective  [26,27]. This perspective
conceptualizes technologies as active artifacts whose role and
effects can be better understood in their relation to other human
and nonhuman actors in a person’s situated redlity. The
technology-in-practice perspective helps to avoid both the
uncritically enthusiastic rhetoric of technological progress as
aways beneficiad and an equally unwarranted negative
technological determinism (eg, cold technology eliminateswarm
human touch). Rather, a researcher is guided to study how
technological objects are used or not used in everyday life in
connection with other human and nonhuman actors; what human
actors do with those objects; and what those objects do, what
effects they produce. Ethical approval for this study was
obtained from the Research Ethics Board at the University of
Alberta (Pro00098299).

Sample and Recruitment Strategy

Using convenience, purposive sampling, we recruited 11
participants who had been previously or were presently
diagnosed with cancer or their family caregivers, were residents
of Alberta, and spoke English. Our primary interest was the
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experiences of patients diagnosed with cancer. However, it is
well known that in the context of oncology care, family
involvement (eg, informal and unpaid caregiving provided
typically by close family members) can be significant. Thus,
wereasoned that dligibility criteriainclusive of family members
of people diagnosed with cancer may attract morethan 1 person
from the same family unit. For instance, a patient in an active
stage of cancer might choose to participate with the assistance
of afamily member. As described below, only 1 participant in
our sample self-identified as not diagnosed with cancer but as
a family caregiver with past experiences of caregiving, and
rather than excluding this person, we interviewed him and
clearly marked his datain the findings as provided by afamily
caregiver.

A recruitment email was sent twice, 1 month apart, to more than
100 members of the Cancer Care Alberta Patient and Family
Advisory Network. ThisNetwork isagroup of volunteers, often
retired professionals, actively interested in providing their
opinion to AHS on various health-service related topics. We
reasoned that the Network is a group of accessible informants
with direct experience with cancer, who moreover are likely to
be aware about the novel patient portals. The portals have not
been widely advertised in the province, and thus we targeted a
group that is generally more informed about health service
innovationsin Alberta. I nterested individual s contacted thelead
author (ADS) directly over email or phoneto scheduletheinitial
consent meeting. All 11 respondents who took part in the
individual consent meetings agreed to participate in the study.

Data Collection

From August to November 2020, each participant completed
an online demographic survey and took part in asemistructured
interview over the phone. We devel oped the interview guideto
be aligned with the technol ogy-in-practice perspective. That is,
rather than asking participants who self-identified asportal users
to explain how the portal ishelpful and why it isgood, we asked
abroad opening question about using (or not) online tools and
resourceswhileliving with acancer diagnosis. We further asked
participantsto describe situationsin which they used theinternet
or the portal, for example, “What happened that you needed to
use an online tool?” “What did you look for?,” “How did you
use the information?.” An interview guide was used to evoke
detailed responses from al participants[28]. Interviewsranged
from 27 to 68 minutes in length, with an average time of 48
minutes, and were audio-recorded and transcribed verbatim.
During the interviews, the interviewer (ADS) took reflective
notes to enhance credibility and trustworthiness of the study,
aspersonal beliefsand preconceived notionswere brought forth
[29]. Theinterviewer did not know and had no interaction with
the participants prior to the study.

Data Analysis and Rigor

An inductive thematic analysis was undertaken [30,31].
Transcripts were coded by the lead author. All codes and
associated quotes were compared and contrasted to identify
similaritiesand differences acrossthe data set. Codeswere then
grouped into preliminary categories and themes, and were
finalized once all codes and preliminary categories were
reviewed and discussed with 2 other members of the research
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team (VC and OP) until a consensus was achieved, ensuring
the qualitative rigor of the study [32]. Data analysis occurred
simultaneously with data collection until no new codes were
identified.

Saturation, or the point in the data collection process when
participants provide similar information [33], was reached at
diverse points for different themes. For example, by the fifth
interview all participants talked about the uncertain future they
face once diagnosed with cancer and how they searched the
internet for health-related information and how they desired
transparency when communicating with health care providers.
These ideas are expressed in what we identified as Theme 1.
By the ninth interview we had consistently heard that most
portal users were trying to gain independence by being able to
access information via a portal, using the portal to prepare for
appointments, and digliking incomplete information and poor
organization of the portal webpages. Thistoo shaped subsequent
themes.

One of thetrustworthiness criteriain qualitative research relates
to the expertise and experiences of researchers[33]. To present
a compelling account of the phenomenon under study,
researchers need to strike a balance between possessing
knowledge of the field of study (eg, to create data collection
tools, understand the context) and delineating between their
own assumptions and participants experiences. Our research
team brought rel evant expertise and self-awarenessto this study:
one of the members of the research team had received cancer
care recently, adding an important patient perspective during
team discussions. Another academic member of the research
team (OP) focuses on eHealth and porta technology
implementation, contributing expertise in this area. Authors
from Cancer Care Alberta (AHS) include a member of the
Executive Leadership Team (PJR), a scientist (LW), and an
oncologist (JCE), each of whom have interests and experience
in exploring innovations in models of cancer care.

Results

Participant Characteristics

Participantsincluded 8 females and 3 maleswithin the age range
from mid-20s to late-70s. Most participants were aged 60 and
above. Except for 1 family caregiver, al of the participants had
been diagnosed with some form of blood-borne, tissue, organ,
or lymphatic cancer. All participants reported level of education
above high school, with 6 possessing university degrees. Nearly
half of the participants had previously worked or were currently
working in health care. All participants spoke English as their
primary language, and 9 self-identified aswhite. All participants
classified themselves as proficient users of computers, who
employ internet daily for avariety of purposes such asemailing,
online banking, shopping, and health information seeking.

Seven participants were enrolled in and used a portal: 1 person
used both My Personal Records (MPR) and MyAHS Connect
(MAC); 5 used My Personal Recordsonly, asMyAHS Connect
was not launched at their health carefacilitiesyet; and 1 person
used MyChart in the past (precursor to MyAHS Connect) and
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was in the process of creating her MyHeath RecordMy
Personal Records account.

Only 2 of 7 porta users originally learned about the portals
from the public sources such as newspapers and media, whereas
the majority learned about the portals from volunteering on the
patient advisory committees for health services. Three
participants were not aware of the portal(s) prior to the study.
The only participant who did not sign up for a My Personal
Records provincial portal despite being aware about it had
frequent follow-up meetings with his oncologist where blood
work was reviewed, which seemed sufficient in terms of
accessing personal health information for this participant.

At the time of this study, all participants experienced relatively
stable health (ie, active cancer treatments were completed), and
used the portal s from a couple of times per month to once every
few months. Four participants reported having other chronic
conditions, which also motivated some of them to use a portal

regularly.

Intheinterviews, participants discussed an online patient portal
as one among many tools (including the internet, phone,
videoconferencing/telemedicine, print-out reports) availableto
make sense of cancer diagnosis, treatment, and prognosis,
maintain connection with health care providers; and interact
with theinformation. Thematic analysis of interview transcripts
generated 4 key themes reflecting the participants broader
concerns within which the portal use was situated: (1)
experiencing doubt and the desire for transparency, (2) seeking
to become an informed and active member of the health care
team, (3) encountering complexity, and (4) emphasizing the
importance of the patient—provider relationship.

Theme 1: Experiencing Doubt and the Desire for
Trangparency

Overview

Several participants described using portals and the internet to
reveal what they believed was the “hidden truth” about their
condition. Experiencing doubt and the desire for transparency
were articulated through the following subthemes. an uncertain
future and transparency of health information versuswithholding
information.

Subtheme 1A: The Uncertain Future

Many participants voiced their concerns about not knowing
what their future held. They used apatient portal and theinternet
tolook for certainty. For example, when participants were asked
what one was looking for or hoping to achieve while using the
internet, afamily caregiver replied, “My uncle | think was just
wanting to know what other people had to say, what was the
collective wisdom on this...am | gonna survive it?” Similarly,
a woman in her 20s said the following about accessing
information on social media:

There's just so many people out there like you and
sometimes it inspires a sense of hope, these people
survived, | can do it too type of thing, but other
times...it can cause some harm because if you see a
really sad story, you're like shoot, what if that
happens to me?
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Most participants found patient portals useful for accessing
personal medical information, particularly test results. The
words of a60-year-old woman who used My Personal Records
(MPR) exemplify an attitude of several participants. “ The way
I'm wired, | freeze if | don't know the information; | freeze.
Information keeps me moving forward...[thig] is the best way
to summarize how | use the portal, and how | use the internet.”
To clarify medical terminology encountered in the portal and
to search for additional information, all participants commonly
turned to the internet (eg, the Mayo Clinic and WebMD
websites). Participants preferencesvaried: some used Wikipedia
as a starting place and then triangulated information from
various sources, others sought out open access scientific
research.

However, participantsrealized that neither generic nor personal
medical information such as test result numbers in the portal
provide definitive answers or alow them to understand the
prognosis of their illness. For this, participants relied on their
health care providers and were very sensitive to what their
providers disclosed and withheld.

Subtheme 1B: Transparency of Health Information
Versus Withholding I nformation

Access to medical information via a portal addressed only a
fraction of what participants living with cancer felt was
necessary for them. Participants often equated transparency of
information with openness of their health care providers. The
majority of the participants stressed theimportance of receiving
clear and unambiguous health information. A 64-year-old
woman emphasized this notion by saying:

When you've got an oncology patient, for the most
part,...those peoplereally have to buy-in to the health
care system, they're there for a long time, not a good
time, and they want full knowledge, they want to be
able to get confirmed...what’'s the word | want...full
consent, knowl edgeable consent.

Comparably, a 68-year-old woman disclosed how she used
nonverbal cues to attain openness during a telehealth
videoconference: “When | asked him [oncologist] a question,
| could look to see if he was covering anything, you know, if
he was trying to protect me from someinformation, | could tell
that on his face” (This video call was enabled by other
technologies, not viathe portals, as My Personal Records does
not provide video visitswith health care providers). Participants
implied that honesty and full transparency are inextricably
intertwined; both are paramount to the provision of care and to
the devel opment of trustworthy patient—provider relationships.
Asa 72-year-old man stated:

We don’'t want secrecy, we want openness. The health
system is all about the patients and without the
patients you don’'t have a business....If you' ve got an
open thing of information on both sides of the
conversation, you can overcome objections so much
more honestly.

It is noteworthy that many participants wondered if their health
care provider was withholding information from them as a
means of protection. A 45-year-old woman said, “ Because you
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know, you aways think that maybe, are they [health care
providers] telling you everything? Are they hiding something?’
As a result, some participants relied on the portal and other
online sources, such as social forums and websites that provide
cancer-specific information, to uncover the “hidden truth.” A
60-year-old man used the internet to verify if the information
he was given by his doctors was true:

| was getting statistics on the type of treatment that |
was going to get and it had a successrate of well over
90% and sometimes it's the old saying, that if it
sounds too good to be true than it probably is, well |
guess | checked it [the internet] to cross reference
that and to make sure that they aretelling methetruth
about it.

Another 60-year-old participant echoed the aforementioned
concern and described how she used My Personal Records to
cross-check the information she received from her doctor:

You [the patient] do get left behind and | think what
the portal can do...is make sure I’ m asking the right
questions, like why is that high and [the doctor is]
not mentioning it?...to say | don't trust the systemis
too extreme, but | don’t trust that people don’t make
mistakes.

Most of the participants acknowledged theimportance of having
truthful information, often obtained from a combination of
sources that assisted them during decision-making processes.

Theme 2: Seeking to Become an Informed and Active
Member of the Health Care Team

Overview

Much noted benefits of patient portals were having access to
laboratory test results and amedication list. Participants wanted
to use portals to become well-informed and better prepared for
medical appointmentswith their oncologists; however, they felt
that having accessto limited information supplied viathe portal
prevented this from occurring. Although the portal allowed
participants to feel morein control of their situation, it did not
necessarily equip them to be full participants in their care
because of limited information provided in the portal. Subthemes
for this category included seeking control through independence,
accountability for managing one's health, and preparation for
medical appointments.

Subtheme 2A: Seeking Control Through | ndependence

Prior to the adoption of portals, participants received relevant
personal health information entirely through their health care
providers. Portals allowed them to access test results
independently and thereby made them feel more in control of
their situation. A 64-year-old woman who used My Personal
Records (MPR) said,

Until some of these portals were coming up, | kept a
written log, | asked for copiesof lab results, especially
when they were abnormal. And that’s not necessary
now, it's all there online, and it is fully accessible in
Alberta. [She continued] | guess it [a portal] just
gives you a sense of control which | think, when
you're a patient you often feel like you don’'t have a
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lot, so even just giving you that sense so you really

felt like you were part of the team.
Reiterating this point, another participant familiar with My
Personal Records, who in the past was afamily caregiver, spoke
hypothetically about how portals might be helpful for oncology
patients:

Portalswould help them[ family/friendswith cancer]
feel more in control of what can sometimes feel like
a situation where you don’t have any control. Cause
you know, you're always waiting for somebody else
totell youwhat’s next, and how thisis gonna go, was
your scan clear, was there something on it? You can
go and check them yourself.

Subtheme 2B: Accountability in Relation to Managing
One'sHealth

Many participants believed that being a self-advocate and taking
ownership for their own health was part of their responsibility
asapatient. An online patient portal both required and promoted
self-responsibility. A 64-year-old woman said,

One of thethings| have found dealing with long-term

residual results from cancer treatment is: if you're

not your own advocate, if you don't stay on top of it

yourself, then ...you can get lost in the shuffle. And

so, to me, there is a personal responsibility for

keeping on top of everything.
Although all 6 of the participants who accessed My Personal
Records appreciated having the ability to independently look
up their laboratory results and immunization records, many
found it particularly challenging to track their health status, as
the information provided to them within the porta was
fragmented. A 68-year-old woman said with irony in her voice:
“We want peopl e to take responsibility for their own health and
yet we are not giving them al the information.” Many
participants wanted to be able to read unredacted clinic-visit
summaries, doctor’s notes, referrals, and diagnostic results in
full detail—regardless of how harsh those details were.
However, at the time of the study, the amount of information
supplied to the My Personal Records patient portal from
Alberta's EMR was very limited.

A manin his 70s shared that one of the reasons he did not access
this portal was because of missing information (at the time of
the study in the Fall of 2020): “PSA [prostate-specific antigen]
isnot available and for prostate cancer peoplethat arein active
treatment the first thing that the patient will look at is, what's
my PSA?’ By contrast, awoman who had accessto both portals
appreciated viewing diagnostic imaging reports such as scans
and X-rays provided by MyAHS Connect (whereas they were
unavailable in My Personal Records). This participant found
that printing out her imaging report for a muscular-skeletal
injury she had been dealing with recently, and taking the report
to her physiotherapist, made communication easier for her with
her care provider. It also increased the accuracy of information
conveyed.

Many of the participants recognized inequality in thedistribution
of health information. A 68-year-old woman stressed: “If we
really think patients are part of the health care team then we
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need to give them the same information as the other members.”
Being their own advocate and having equal access to medical
information were considered essential components in terms of
managing one’s health. Yet, most of the participants felt that
My Personal Records, in its current form, was “lacking in
execution.”

Subtheme 2C: Preparation for Medical Appointments

Given the time constraints of medical appointments with
oncologists, participants really valued their appointments. For
example, a 64-year-old woman said: “[A portal] allows me to
be more knowledgeable when | go into a meeting or an
appointment because | have specific pinpoint questions, so that
I’m not wasting their [oncologists'] time.” Many participants
used the portal and other online sources asameans of preparing
for their appointments. A 74-year-old man shared his perception
of the internet's potentia: “It is all intended to help the
individual become more conscious of their situation...so that
they can be more effective in their dialogue with their
oncologist.” The portal and internet sites allowed participants
to assume a more active role during their appointments, as
having access to information prior to the meeting fostered
meaningful dialoguewiththeir oncologist. A 45-year-old woman
discussed how she used My Personal Recordsto preparefor her
appointments, “When you go see an oncologist thetimeisvery
short....So, if | goinand | already know, ok my test resultswere
good, then my set of questions are gonna be this”

By contrast, some participantsfelt that the information provided
to them via My Personal Records neither prepared them for
their appointments nor promoted conversations within the
multidisciplinary health care team. For example, a 39-year-old
woman disclosed that having access to incomplete information
did not increase her confidence going into an appointment:

It [the portal] didn’t really give me that ability to
come into the appointment ready, which is what |
would want out of this, is for me to come into
appointments more knowledgeabl e, for meto be able
to talk with my doctor more back and forth versus
him coming in with all the information.

Theme 3: Encountering Complexity

Overview

All participants encountered multiple complexities when
navigating the portal technology and when piecing together
information. Because of the difficulty of comprehending medical
jargon and unexplained informationin the My Personal Records
(MPR) portal, al 6 participants who used this portal turned to
theinternet to gather information about their medical condition.
During the interviews, it was apparent how challenging the
portal names were for participants, not to mention the fact that
there are 2 different portals housed on the same My Health
Alberta Government website. Onewoman felt exasperated trying
to make sense of all the names, official and colloquial, she
previously heard as being used (often interchangeably) to refer
to a website with patient’s health information: “my health
Alberta; my health; my health records; my personal records;
mhr; portal; my ahs connect; my ahs, mac...” And thislist does
not include a mobile app version for MyAHS Connect called
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“MyChart by Epic.” A sense of encountering complexity and
feeling lost were expressed through the following subthemes:
a counterintuitive tool and difficulties comprehending
information.

Subtheme 3A: A Counterintuitive Tool

The majority of the participants who accessed My Personal
Records discussed diverse difficulties they experienced, such
as poor organi zation of the webpage and nonintuitive navigation.
A 39-year-old woman, who reported using the portal since early
2019 when it was launched, described it as “not
patient-friendly.” She elaborated by describing the layout of
the page with medication prescriptions: “It had dates, but it
didn't really seem like they were in order or | couldn’t really
determine what the order was supposed to be, it didn’'t really
make sense.” Similar problems were reported by a 60-year-old
woman: “Occasionaly | want to check [my medications],
especially the one-off prescriptions, the onesyou have to spend
hours digging through the data to find out what you were
prescribed, like when | had a bladder infection.”

The way laboratory results were displayed in My Personal
Records garnered even stronger criticism: “It just sucks,’
mentioned a participant and then elaborated:

You can't just pick a test and then get the entire bit
of information...Like my mom is following her one
blood test every month...If shewantsto track how that
onetest isdoing, she hasto keep a written log because
otherwise she has to keep going back and searching,
and searching through all of the multiple blood tests
she gets...I think it [My Personal Records] was
designed by a computer programmer who didn’t
understand how people used their data.

Similarly, a 68-year-old woman, who used to work in health
care and self-identified as highly computer literate, described
her attempt to make sense of the laboratory results page: “You
can't just look at it and seeit on one page; that really frustrates
me. And if | recall correctly, it's organized in aweird way.”

Because of the perception of poor organization of the webpage
and its “cluttered” interface, participants described the portal
as difficult to navigate. A 68-year-old woman quoted above,
summed up her frustration: “ There's too much stuff on it and
so you have to kind of figure things out.” She continued,
“[Unlike MPR] | like nice, simple, clean...here's what I'm
looking for, click on that, ok there it is” Navigating the
complicated interface deterred a 39-year-old woman from using
My Personal Records: “1 found it pretty hard to navigate...l just
didn’'t find it helpful, near as helpful as | expected it to be or
hoped it would be, so | haven't really gone back.”

In addition, participants described the multistep sign-up process
as being somewhat “ cumbersome.” Waiting for acodeto arrive
in the email felt to some like a “drag.” Further, a 45-year-old
woman shared:

| had trouble signing in when [the portal became
available] because you were supposed to scan your
driver’slicense or something, | don’t know, something
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wasn't working so | actually had to try about three
or four times.

Although most of the participants felt that the sign-up process
was disconcerting, many appreciated, from asecurity standpoint,
how careful the Government was at protecting information. As
one person expressed, “It was worth it to go through the steps
to know it was secure”

Only 3 participants considered My Personal Records as “ easy
tonavigate” (1 of theseindividualswasa so referringto MyAHS
Connect), while others expressed the need for asimpler portal.
“The biggest thing is that they’re [portals should be] intuitive.”
Another individual said, “ They [should not] bedifficult, portals
are only as good as they’ve been created and set up and if it's
difficult to maneuver through it, it's gonna turn people off.”

Subtheme 3B: Difficulties Comprehending I nformation

All 7 participants who used a portal encountered unfamiliar
medical terminology or incomplete information and relied on
theinternet at some point to fill the gap. A 77-year-old woman,
who previously worked as a health care provider, described
having difficulty interpreting radiology reports within MyAHS
Connect: “Some of these radiology words are abit challenging
and I've got a health care background, soif | can’t figureit out,
what about the general public?” Comparably, a 39-year-old
woman said, referring to a diguncture between vaccine’ s names
commonly used in colloquia language and vaccine's scientific
names used in the portal: “I didn't know...the technical name
of the immunization...was that flu shot, was that Twinrix, was
that thethingsthat we call them, thelayman’sterms. It was...too
technical for a patient, it wasn't patient friendly.” The same
participant, who self-identified as health literate and
computer-savvy and came across asvery articul ate, nevertheless
mentioned the following about laboratory results: “I1t would be
great if | could see all of them, or if | could understand them.”

As a consequence of encountering medical jargon and
incomplete information, participants either gravitated toward
the internet to understand the information or turned away from
the portal atogether. For example, a 68-year-old woman
described asituation in which she used theinternet to understand
why a laboratory result was abnormal: “That’s when | would
go to Wikipedia [as a starting place] and | would check to see
why my GFR [glomerular filtration rate] was low.”

The main difference between the information provided within
the portal and on the internet, however, was that the portals did
not generate suspicions of falsification. As a 72-year-old man
said,

The patient portal is a reflection of what’s actually
happened to you. The internet is a morass of good
information and misinformation and it depends on
your intellect or the space you're in mentally as to
how you interpret that.

When navigating the portal, participants noted fragmented and
often perplexing information, but knew that the information
within the portal was about them.
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Theme 4: Emphasizing the Importance of the
Patient—Provider Relationship

Overview

Perhaps paradoxically, patients’ accessto their personal health
information viaportals and an increased sense of independence
have generated a greater emphasis on the vaue of
patient—provider relationships. Although many participants
voiced concerns about health care providers potentialy
withholding information as a means of protection or
“sugar-coating” (as 1 participant has put it), participants still
trusted and valued their professional advice. Whilethe findings
did not directly suggest that trust influenced patient portal use,
they did highlight the importance of in-person interactions and
having health care providers assist patients with interpreting
information from the portals and other online sources. The
subthemes for this category include trust and the essence of
in-person interactions and the need for additional information.

Subtheme 4A: Trust and the Essence of I n-person
I nteractions

Although participants appreciated having accessto their personal
health information, they did not want portals to replace the
relationship they had with their oncologist, family doctor, or a
nurse. The development of atrusting relationship between the
patient and health provider was mainly attributed to in-person
interactions. A 68-year-old woman stated, “1 wouldn’'t want it
[the portal] to replace my relationship with my physician.” She
continued, “1 feel like | need to trust them. That relationship
really matters and I’'m not somebody who prefers to use
technology for my relationships, | prefer it face-to-face.”

Participants described the importance of in-person interactions
when receiving unpleasant news. A 72-year-old man rhetorically
asked, “You should never have an internet message
saying—'you've got stomach cancer, report to your
doctor'—that should never happen; that’s ahuman touch, right?’
Comparably, afamily caregiver said, “How it [a message] gets
delivered, who you're hearing it from, how you're hearing it,
makes a big difference in how you're going to build your own
frame of reference to go forward.” She continued, “They're
[health care providers] trained, they know how to deliver news
like that and how to support people.”

Subtheme 4B: The Need for Additional I nformation

Most of the participants relied on their physician and nursesto
provide them with necessary information, or to explain its
significance, to understand and manage their medical condition.
A 45-year-old woman shared: “My neutrophils, whenever I'm
on my medication, islow. It doesn't dlarm me [when | seeitin
the portal] because | know my doctor’'s seen it so if he was
concerned about it then he would tell me” Some of the
participants did, however, recognize that their health care
providersare aso busy attending to other patients. A 60-year-old
man said, “| found the doctors | was dealing with were also
dealing with hundreds of other people.” Not having a health
care provider available to interpret information significantly
impacted the participants’ lives. A woman in her 20s who did
not have a portal account shared her reality:
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They'll [health care providers] take weeksto get back
toyou and | think running on such high anxiety levels
issimply something | can't do. It really hinders every
aspect of my life; | can’t function normally until | get
the clear you know? It's like debilitating fear.

Enlisting the help of formal supports, such as their oncologist,
helped alleviate anxiety. A family caregiver shared, “ She's got
a great family physician who will get all of her results and
interpret them for her so when she actualy talks to the
oncologist she's aready in a state of receptivity, she's more
relaxed.” Similarly, another participant described her reaction
to reading the word “metastases’ on a radiology report within
MyAHS Connect: “It made me very nervous.” She continued,
“[but] now | know to ignore that because my doctor says, no,
that’s not the case.” Participants acknowledged the importance
of attending their medical appointments; for example, 1 woman
stated, “ That’swhy we go to the specialist, totieit all together.”

Discussion

Summary of Key Findings

Theaim of this study wasto explore the experiences of oncology
patients or their family caregiverswith electronic patient portals
available in Alberta for health-related purposes. As far as we
know, thisis the first empirical study set in the unique context
of a2-portal system in Alberta, Canada, that illustrates how the
tensions between the macro-level portal policy makers[22] are
manifested in patient experiences with portal technology. At
the time of the study, the provincial Government’s webpage
with the access to MyHealth Records housed 2 portals. A
provincial portal, My Personal Records (MPR; implemented
by the Government per se), was available to adult Albertans,
and most participants in our study used it. By contrast, a
provincial health authority’s (AHS) clinical information system,
Connect Care (EPIC) and its MyAHS Connect patient portal
(MAC; known as MyChart in 2015-2019 during the pilot stage
and implemented independently from the Government), had
not been launched across Alberta’ s oncology facilities. However,
some oncology patients attending other clinicsfor concomitant
health concerns might have had access to MyAHS Connect
through those non-oncology facilities. One participant in our
study used both portals.

One concern raised frequently by the participants was the lack
of awareness of the portals in Alberta. Many pointed out that
the portals were not well advertised. In fact, 3 participants who
did not use the portals did not know they existed until enrolling
in the study. Further, the overall terminological morass with
portalk names and an  excessively  complicated
sign-up/authentication process are characteristics of the 2-portal
context in the province. This influences the public perception
and creates a barrier to portal adoption.

Our datado not permit robust comparison between the 2 portals
(eg, webpage layout, navigation, filtering of test results);
however, participants expressed frustration about the existing
layout of My Personal Records, while MyAHS Connect was
appreciated for providing access not only to laboratory tests but
also to diagnostic images.
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Findings of this study point to patients' desire for transparency.
Although portals and other digital platforms were considered
as beneficial tools in accessing health information, these tools
did not provideits userswith direct information regarding their
prognosis and future. Many of the participants used these tools
as a means of triangulating or supplementing the information
provided by their health care providers. Severa participants
wondered if their health care providers were withholding
information from them asameans of protection; therefore, they
used the portalsand theinternet to cross-check the information.
Although the majority of participantsfelt that having accessto
health information enabled them to be more knowledgeable,
prepared, and in control, some felt that having limited access
to information prevented them from becoming active participants
of their health. Moreover, many of the participants described
how personal interactions had profound effects on the
development of trusting patient—provider relationships and that
they did not want portals or any other online tools to replace
that.

Participants in our study did not regard searching for health
information or using a portal in separation from their ongoing
lives as people living with cancer. Related to the
technol ogy-in-practice perspective [26,27], we found that the
portal joins the net of relations consisting of health care
providers (especialy oncologists and nurses), information,
medical visits, diagnostic tests, prescribed drugs, family life,
etc. The usefulness of portals (or not) isweighed by their ability
to answer questions, link pieces of information, offer continuity
through displaying comprehensive information, and make
communication effortless. The organization of portal webpages
and their content produce multiple and shifting effects such as
increasing or alleviating anxiety, positioning a portal user as a
tech-savvy or an “illiterate,” and enhancing or undermining
trust in health services.

Comparison With Other Literature

Supporting our findings, Kooij et a [12] noted a significant
tension between the aims of protecting information privacy and
facilitating portal uptake among end users. In the Netherlands,
a portal sign up for patients that requires the use of the
Government-issued unique digital identifier and a multistep
authorization and verification isanotable barrier to portal uptake
and use [12].

The evidence on the implementation and uptake of patient
portals is unequivocal about the facilitating factors, such as
creating awareness about the portal, easy sign-up process,
intuitive navigation, explanation of medical terms, and the use
of lay language [18]. Yet, al these facilitators were lacking at
the time of the study.

Participants in our study emphasized the importance of the
patient—provider relationship, aparalléd finding to Alpert et al’s
[17] study from the United States. In our study, the mgjority of
the participants relied on their family doctor or oncologist to
interpret information from the portals or the internet and to try
to resolve feelings of uncertainty and distress. Similar findings
were reported by Baudendistel et a’s [34] study in Germany,
where health care providers shared their concerns of patients
developing anxiety and uncertainty during the absence of
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professionals to interpret results presented within portals.
Several participants preferred in-person interactions for
communicating about their condition. The importance of
communication in oncology is equally emphasized in several
other American studies[9,35,36].

At the time of our study, participants lived with nonactive
cancer, had infrequent diagnostic tests, and accessed the portal
occasionally. With the exception of 1 person, they did not report
situations when they viewed abnormal test resultsin real time,
before their oncologist evaluated the results and had a chance
to follow-up with them. By contrast, the research literature is
replete with examples of concerns expressed by patients and
health care providers about immediate result release. For
example, the overwhelming majority of oncologists in an
outpatient department at the Stanford Cancer Care Center felt
that patient’s online access to abnormal results had negative
consequences, but opinionswere mixed for normal results[11].
Furthermore, half of the oncologists reported that sharing online
results had worsened their communications with patients [11].
In another study, the timing of result release was identified by
oncologists and nurses in a cancer care center in New York as
particularly important for patients, as some results may indicate
the recurrence or progression of disease, generating patient
anxiety [37]. Physicians were clear about the necessity to
quickly aid patients in interpreting test results to prevent or
reduce anxiety [11].

Numerous studies suggest that el ectronic portal simprove patient
health outcomes [38,39]. Patient empowerment facilitated by
the use of portals and other onlinetoolsisarecurring themein
theliterature[3,9,38,40,41]. It issaid that the provision of health
information, especially laboratory results, allows patients to
feel more involved in the management of their care, thereby
empowering them [9,42]. Our findings complicate and add
nuance to the aforementioned literature. Similar to findings
reported in Ammenwerth et al [23], portals did not necessarily
foster feelings of empowerment. Participants spoke of the
challenges they encountered when attempting to become an
informed and active member of the health care team. While
accessto health information allowed participantsto prepare for
their medical appointments and feel in control [17,43], many
of them struggled to make sense of the fragmented information.
Moreover, many of the participants discussed the need for access
to information to self-manage in their daily life. Therefore, to
foster feelings of empowerment, other conditions should bein
place in addition to having access to one's persona health
information. It is possible that the language of empowerment
is preferred by researchers, but people living with cancer seem
to describe their experiencesin other ways.

Recommendations for Research

Contrary to some existing research, in our study, participants
who used a portal did not describe feelings of empowerment.
We wondered: do portals and other online tools actually foster
feelings of empowerment or does this notion stem from the
development of knowledge about one’s condition and
health-visit preparation skills? The interchangeable use of the
terms engagement and empower ment has further added to the
complexity of measuring this concept [42]. Future research
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might explore both engagement and empowerment and clearly
define how these terms are understood.

Further, ethnographic fieldwork is promising for understanding
why portals are used or abandoned by patients and involves
examining whether and how patients use health technology in
daily life, what practical arrangements (consisting of people
and things) they create to support living with chronic health
conditions, and how technology can support what Jeannette
Pols calls agood life for patients [44]. Talking about good life
with technology, Pols, asocial scientist, philosopher, and health
care researcher, means that the new health technology (eg, a
portal) is not inherently good. Its effects and outcomes are not
predetermined but instead are produced as the result of
interactions among various human and nonhuman elementsin
everyday life. This draws attention to particularities [45], and
to the necessity for accommodations, the ability to undertake
and undergo smal changes and adjustments from/by
technological systems, humans, health care practices, and
policies. What Pols might ask of portal implementers, policy
makers, health care organizations, and researchersinterested in
the success of eHealth tools is to—amidst the focus on health
care standardization, “generalizable outcomes,” “universal
values,” and “general trends’ [45]—make space to attend to
particularities of patients' livesto understand what arrangements
make a portal valuable versus meaningless.

A noteworthy finding of the study was that some participants
used the portal and the internet to counter the lack of
transparency perceived in health care. Future studies can explore
how trust can be developed and sustained within online
environments. Transparency is seldom discussed in health care
despite being acommon concern and potential ethical issuethat
directly impacts patient care[46]. Full disclosure of information
may promote better quality care, augment trust, and promote
better health outcomes [47].

Future research could also examine portal platforms and
compare them across Canada, as some provinces work with
different vendors and develop their own portals. Comparing
portal implementation across the country could assist with the
identification of best practices and help guide improvement
strategies to reduce costs and maximize benefits.

Once Connect Care is launched within Alberta cancer care
facilitiesand patients receive accessto MyAHS Connect (MAC),
it will be essential to understand patients’ experiences with the
2-portal terrain as well as health professionals perspectives
working within the context of oncology care. Some areas that
will need to be considered include accessto the portal (ensuring
an easier sign-up process) and ways to balance transparency
with the potential psychological impact of information that is
distressing, unclear, or can be misinterpreted. With increased
portal use and the expansion of the potential information that
can be accessed by both the patient and their familiesviaaproxy
access, further questions arise. These questions also highlight
the ease of use and the security of the data.

Recommendations for Practice

One key recommendation is to improve public avareness and
health care providers' awareness about portals and their ability
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to promote them. Further, developing an education program
(eg, video tutorials and posters) can facilitate portal uptake.
Health care providers also require portal training, as it may
allow them to assist patients who require further support with
accessing supplementary resources and navigating portals.
Education programs aiming to increase citizens digital and
health literacy may assist patients to develop confidence,
critically analyze health information, and allow them to make
informed decisions that optimize their health [48]. Health care
providers are at the forefront of patient education and might be
inthe optimal positionsto tailor education sessionsto individual
capacity [49]; however, health care providers require
organizational support and would need to co-design educational
materials with patients and family members.

Our study did not include perspectives of oncology service
providers; however, it iswell known that the collection, storage,
and analysis of patient-reported quality of life and outcome
measuresis an ongoing processin the oncology context. Patient
portals provide a convenient venue to support these
organizational goals, making it easier for patients to complete
before- and after-visit questionnaires. The success of this
undertaking depends on patient’'s uptake of the portal
technology. Our findings indicate that even highly educated
and literate individuals with computer skills might be deterred
from the difficult-to-navigate portals containing fragmented
information.

Recommendations for Policy

A patient-friendly version of the portal with asimpler interface,
and onethat is designed with an understanding of how patients
useinformation, isneeded. However, explaining the significance
of laboratory values and providing direction on what to do after
being informed about an abnormal result lie beyond the portal’s
affordances; it istherole of the clinician. Portal policies should
be devel oped with the appreciation of therole of clinicians, who
often need to mediate between the patient and the portal.

It will be interesting to observe how the Alberta Government’s
My Personal Record and the health authority’sMyAHS Connect
coevolve and how this process shapes experiences of portal
users. Another important consideration isthetiming of releasing
test results into the portals. Many oncology patients prefer
discussing the resultswith the oncol ogist first to prevent feelings
of distress. Lastly, an essential recommendation for practice
and policy is that portals cannot streamline or replace the
patient—provider relationship, as this relationship can provide
both trusting and individualized care [50].

Limitations

There are afew limitationsto this study. All participants spoke
English astheir primary language; therefore, this study did not
account for challengesthat may have been faced by individuals
who speak English asan additional language, or who are unable
to speak English. Further, our convenience sample comprised
individuals from the Alberta Patient and Family Advisory
Network for oncology. These tend to be well-educated
individuals (often former health care professionals) who
regularly use computers and the internet and are active
participants in managing their health. Lastly, our recruitment
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relied exclusively on email invitation (with 1 reminder). This
approach may have excluded individuals and groups who do
not use computers and who, by extension, will likely not be
ableto use portals.

The strength of this study was a sample comprising individuals
of diverse age, from the 20s to the late 70s. Further, patient
portalsare new to Alberta, Canada, and it isinformativeto learn
from the experiences of early adopters. The detailed description
of portal features and the context of portal implementation
provided earlier in this paper will help readersjudge the degree
of transferability of our findings. Indeed, we want to stress that
the differencesin portal featuresand design acrossjurisdictions
should be taken into consideration in research on portals.

Santos et d

Conclusion

In Canada, the objective of using eHealth is to encourage
Canadiansto live healthier by offering onlinetoolsthat securely
connect its users with valid, up-to-date health information to
augment understanding and management of personal health[2].
With the growth of cancer diagnoses today, patient portals are
becoming more desirable to strengthen the coordination of care
for oncology patients[11]. Although literature foregroundsthe
benefitsthat portals can offer patients, the findings of this study
suggest that more effort is needed to move from the portal
deployment to making it an integral tool in the lives of people
living with cancer. It is noteworthy that patient portals cannot
replace the patient—provider relationship, but rather serve asan

additional means of accessing information and assisting
oncology patients to cope with their condition.
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Abstract

Background: Therapeutic decision-making in oncology is a complex process because physicians must consider many forms
of medical data and protocols. Another challenge for physicians is to clearly communicate their decision-making process to
patients to ensure informed consent. Computer-based decision tools have the potential to play avaluable role in supporting this
process.

Objective: This systematic review aimsto investigate the extent to which computer-based decision tools have been successfully
adopted in oncology consultations to improve patient-physician joint therapeutic decision-making.

Methods: Thisreview was conducted in accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) 2020 checklist and guidelines. A literature search was conducted on February 4, 2021, across the Cochrane
Database of Systematic Reviews (from 2005 to January 28, 2021), the Cochrane Central Register of Controlled Trials (December
2020), MEDLINE (from 1946 to February 4, 2021), Embase (from 1947 to February 4, 2021), Web of Science (from 1900 to
2021), Scopus (from 1969 to 2021), and PubMed (from 1991 to 2021). We used asnowball approach to identify additional studies
by searching the referencelists of the studiesincluded for full-text review. Additional supplementary searches of relevant journals
and gray literature websites were conducted. The reviewers screened the articles eligible for review for quality and inclusion
before data extraction.

Results. There arerelatively few studies looking at the use of computer-based decision tools in oncology consultations. Of the
4431 unique articles obtained from the searches, only 10 (0.22%) satisfied the selection criteria. From the 10 selected studies, 8
computer-based decision tools were identified. Of the 10 studies, 6 (60%) were conducted in the United States. Communication
and information-sharing were improved between physicians and patients. However, physicians did not change their habitsto take
advantage of computer-assisted decision-making tools or theinformation they provide. On average, the use of these computer-based
decision tools added approximately 5 minutes to the total length of consultations. In addition, some physicians felt that the
technology increased patients’ anxiety.

Conclusions: Of the 10 selected studies, 6 (60%) demonstrated positive outcomes, 1 (10%) showed negative results, and 3
(30%) were neutral. Adoption of computer-based decision tools during oncology consultations continues to be low. This review
shows that information-sharing and communication between physicians and patients can be improved with the assistance of
technology. However, the lack of integration with electronic health records is a barrier. This review provides key requirements
for enhancing the chance of success of future computer-based decision tools. However, it does not show the effects of health care
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policies, regulations, or business administration on physicians' propensity to adopt the technology. Nevertheless, it is important
that future research address the influence of these higher-level factors as well.

Trial Registration:

PROSPERO International Prospective Register of Systematic Reviews CRD42021226087,;

https.//www.crd.york.ac.uk/prospero/display_record.php? D=CRD42021226087

(JMIR Cancer 2021;7(4):€31616) doi:10.2196/31616

KEYWORDS

oncology; cancer; computer-based; decision support; decision-making; system; tool; machine learning; artificial intelligence;

uncertainty; shared decision-making

Introduction

Background

As patients continue to play a more active role in the
management of their health, the person-centered model of care
has been promoted asastrategy to improvethe quality of health
caresystems[1]. Along with ensuring that all clinical decisions
are guided by the patient's values, the goa of the
person-centered model is to respect and respond to the
individual's preferences and needs. This motivates physicians
and patients to coordinate their activities, share information,
and reach shared therapeutic decisions [2]. Thisreview takes a
person-centered approach for the important and challenging
case of consultations involving patients with cancer. Patients
have come to expect their treating physicians to explain the
benefits, as well as the risks, of the therapies recommended to
them. Furthermore, patients prefer to be engaged in the
therapeutic decision-making process [3,4], except when they
are very ill [5,6], rather than permitting their physicians to
choose therapies for them. Patients may also want to be given
the chance to consider their options and to choose between
accepting or refusing a therapy.

Medical consultationsin oncology are a multipart process that
involves shared decision-making between the patient and the
physician. Bomhof-Roordink et a [7] have articulated this
process in their model of shared decision-making. A physician
starts the anticancer treatment recommendation process by
learning about the patient’s preferences, before or during
consultations, which they need to consider along with the
evidence of efficacy of each potential treatment option. Next,
the physician needs to engage the patient in reviewing the
potential benefits and risks of the key therapeutic choices
available. After collaboratively and carefully examining the
situation, the physician provides treatment recommendations.
However, the ultimate course of action may be chosen by the
patient alone or by the physician when the patient does not want
to decide [7].

Asthe choice of diagnostic modalities and therapies grows, the
clinical decision-making process has become extremely complex
[8]. Faced with large volumes of fragmented information,
physicians must reconstruct, identify, and consider the portion
of information that they share with their patients. In addition,
physicians need to decide how to best inform their patients and
obtain their consent [9]. Hence, physicians need clinical
information that is organized and presented in away that is easy
for themto interpret and sharein discussionswith their patients.

https://cancer.jmir.org/2021/4/€31616

Once physicians have determined what they need to share, they
need to be ableto show the relevant information to their patients
in such a way that the patient can understand the meaning of
the different benefits and risks of each therapeutic choice[5,10].
When physicians can summarize information that isrelevant to
patients diseases and their survival, explain highly uncertain
situations, and manage their interactionswith patientswell, then
patients can more easily understand their physicians
recommendations and choose their preferred therapy or care
pathway. This step establishes the foundation for informed
consent in shared therapeutic decision-making.

With the intention to support patients, aswell as physicians, in
this challenging therapeutic decision-making process,
paper-based decision tools have been developed [8]. They have
been designed to enhance patient-physician communications
and interactions. In addition to the incorporation of research
results, for example, evidence from clinical trials, paper-based
decision tools inform both physicians and patients of the risks,
benefits, and outcomes of the available therapies [6,11,12].
Furthermore, paper-based decision tools have a long tradition
in supporting clinical decision-making. They have been shown
toimprove patients’ knowledge, accuracy of perceived potential
risks, understanding of prognosis, treatment goals, and health
outcomes[8]. Moreover, in practiceswhere paper-based decision
tools are used, they are well accepted [11]. However,
paper-based decision tools can be difficult to update when new
therapiesarerapidly being devel oped and adopted. Furthermore,
increasing the use of genetic testing and the introduction of
advanced molecular medicine in routine clinical practice has
generated an expanding body of knowledge that increases the
complexity of the decision-making process [2]. Thus, it is
recommended that physicians and patients use computer-based
decision tools to improve the process outlined above [2].

Hunt et a [13] defined a computer-based decision tool as
follows: “any software designed to directly aid in clinical
decision-making in which characteristics of individual patients
are matched to a computerized knowledge base for the purpose
of generating pati ent-specific assessments or recommendations
that are then presented to clinicians for consideration.”

Research to create computer-based clinical decision tools has
along history. For example, as far back as 1973, Shortliffe et
al [14] published a paper on thistopic. Shortliffe [15] believed
that with computer-based decision tools, knowledge can be
integrated and disseminated to physicians. Similarly,
computer-based decision tools may aid in packaging relevant
clinical information and therapeutic choices for presentation to
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individual patients [16]. They may aso simplify
patient-physician communications [8]. On the basis of these
perceived benefits, several computer-based decision tools have
been developed to assist therapeutic decision-making during
oncology consultations [17].

For example, Shortliffe et al [18] developed a computer-based
decision tool to guide physicians treating patients with cancer.
Thetechnology consists of acomputer user interfacethat enables
physicians to review patients’ historical data and test results,
enter new information about patients, and query the computer
system for anticancer therapy recommendations. The
implemented computer technology was initially based on the
IF-THEN rule algorithm: for example, “IF: there is evidence of
disease extension THEN: refer the patient to lymphomaclinic’
[18]. However, more recently, computer-based decision tools
have been redevel oped for oncology consultations by applying
artificial-intelligence-based machine learning software
technologies to improve the accuracy of the recommended
anticancer therapies[16].

Yung et a

It is unclear at what level computer-based decision tools are
adopted by oncology physicians. There have been a small
number of reviews about computer-based clinical decision tools
[19-21]. Pawloski et al [21] reported patients' outcomes from
atreatment delivery viewpoint. Beauchemin et a [20] described
decision tools broadly and included nursing care delivery in
their study. In contrast, Mazo et a [19] provided an overview
of decisiontoolsfor breast cancer. However, none of thereviews
addressed physicians' propensity to adopt computer-based
decision tools during oncology consultations. The aim of this
review is to identify and categorize the factors that influence
physicians propensity to adopt computer-based decision tools
in oncology consultations by using the Clinical Adoption
Framework (CAF) [22,23].

Conceptual Model

The CAF, asshown in Figure 1, is an extension of the Benefits
Evaluation Framework (Canada Health Infoway), which was
adapted from the DelLone and McLean information system
success measurement model, as cited in the study by Lau et al
[22].

Figure 1. Clinical Adoption Framework with the micro-, meso-, and macrolevel dimensions, which could influence the successful adoption of health
information systems, and the associated conceptualized feedback |oops [22,24].

| L Liicrn_levﬂlinﬁnsio_ns_ _ |
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Conceptually, the CAF is made up of micro-, meso-, and
macrolevels. At the microlevel, the focus is on the dimension
of quality, which measures success factors such asinformation
completeness, accuracy, relevance and comprehension, system
features, performance, security, responsiveness, support services,
and leadership; user behavior, intention to use the technol ogy,
and user satisfaction; and net benefits, which refer to patient
safety, risk, effectiveness, compliance, health outcomes,
efficiency and capability, cost and savings, availability and
access to services, and patient and clinician participation [24].

The mesolevel dimensions directly influence microlevel users
propensity to adopt the technology. It addresses people’'s

https://cancer.jmir.org/2021/4/€31616

RenderX

characteristicsand their expectations, roles, and responsibilities;
technology system and organizational fit, strategy, culture,
structure or processes, information infrastructure, and return on
value, and implementation stages, project management
approaches, and technology fit with present and future
operations [24].

The macrolevel dimensions directly affect the mesolevel factors,
which in turn affect the success of adoption at the microlevel.
At the macrolevel, governance, legisations, regulations, and
policies; health care and professional practice standards; funding
and incentive payments; and trends in public expectations as
well as sociopolitical and economic climates with respect to
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technologies and the whole headth care system influence
adoption [24].

In addition, asindicated in Figure 1, there is afeedback |oop at
each level of the CAF. Theresults of each level are fed back to
higher and lower levels of the conceptual model, that is, the
outcomes of microlevel factors influence the meso- and
macrolevel factors. Similarly, mesolevel factorsinfluence higher
macrolevel and lower microlevel factors, and macrolevel factors
affect mesolevel factors[24]. Consequently, the CAF represents
a technical, social, political, and economic system that must
contend with constant internal and external forces that
dynamically affect propensity to implement and adopt
computerized information systems in health care settings.

Theresearch questions are asfollows: (1) What is the extent of
adoption of computer-based decision tools in oncology
consultations? (2) Isthere adifferencein levels of adoption by
country and period? (3) What factors may have influenced the
adoption of the technology? (4) What are the lessons learned
to improve adoption of the technology?

Methods

This systematic review was registered on PROSPERO
(CRD42021226087), the International Prospective Register of
Systematic Reviews [25].

Search Strategy and Inclusion Criteria

This study was conducted in accordance with the Cochrane
Handbook for Systematic Reviews of Interventions [26] and
followedthe PRISMA (Preferred Reporting Itemsfor Systematic
Reviews and Meta-Analyses) 2020 checklist, guidelines, and
statements [27]. In addition, with the assistance of medical
sciences librarians, the search strategy was constructed by
applying the PICOC framework [28,29]:

«  P(population): only physicianstreating patients with cancer
wereincluded. Other clinicians such as hurses, pharmacists,
or supportive care professionals were excluded.

« | (intervention): only computer-based decision tools used
to assist oncology consultationswere included. Paper-based
tools or digital tools such as websites that are used solely
and independently by patientswho seek information outside
consultations with their treating physicians were not
included.

«  C/(comparison): usual care, which means health care based
on traditional paper pamphlets, video recordings, or using
standard data collection in el ectronic health record systems.

« O (outcomes): adoption of the technology for use during
oncology consultations, that is, physicians use the
information provided by computer-based decision tools as
part of their routine medical practice to deliver oncology
care.

« C (context): assisting shared decision-making during the
selection of anticancer therapy, that is, physicians and
patients use the information provided by the technology to
collaborate and discuss the benefits and potential harms of
each treatment option before agreeing on afinal treatment
plan. In this context, use of the technology does not mean
only the physician needs to physically operate or view
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information on the computer screen. The physician may
provide access to the technology to the patient or another
care provider to assist the patient enter personal information
or understand the information provided. The physician can
then use the additional information provided by the patient
to facilitate discussions and decision-making during the
consultation.

On February 4, 2021, 1 reviewer (AY') used the OvidSP platform
(Hedlth First) to search the following databases: Cochrane
Database of Systematic Reviews (from 2005 to January 28,
2021), Cochrane Central Register of Controlled Trials
(December 2020), MEDLINE (from 1946 to February 4, 2021),
and Embase (from 1947 to February 4, 2021). In addition, on
the same day, the databases of Web of Science (from 1900 to
2021), Scopus (from 1969 to 2021), and PubMed (from 1991
to 2021) were searched. After relevant articles were selected
for inclusion in this review, the reference list and citations of
each article wereinspected for additional articles. The snowball
search was conducted using Scopus and Google Scholar. Further
searches for relevant articles were conducted by browsing the
BMC Medical Informaticsand Decision Making journal website,
along with searches of gray literature websites [30-33]. The
detailed Boolean expressions of the search strategy are provided
in Multimedia Appendix 1.

Study Selection

A single review author (AY) removed duplicates and screened
the titles and abstracts of all retrieved articles for relevance in
accordance with the criteria of the research questions. Similarly,
another 2 review authors (JK and TS) independently assessed
the eligibility of arandomly selected sample of articlesfrom a
subset of the retrieved articles to judge their eigibility for
inclusion or exclusion in the review. Disagreement among the
3 review authors was resolved through discussion.

First, guided by the evidence-based medicine pyramid [34],
articles that used a study design within the categories of
randomized controlled trias, cohort studies, case-control studies,
and case series or reports were included for review, whereas
articles that were published as conference papers or abstracts,
protocols, commentaries, editorials, letters, or opinions were
excluded because of their perceived low quality. No limitation
on language was imposed. For articles that were not published
in the English language, attempts were made to translate them
into English by using a web-based trandator [35]. Second,
studies that met the following key criteria were included: (1)
the study was conducted in an oncology consultation setting,
(2) itinvolved distinct real-world computer-based decision tool
use by oncology physicians, (3) acomputer-based decision tool
assi sted patient-physician communicationsto shareinformation
and to agree on an anticancer therapy; and (4) the elements of
the effectiveness of acomputer-based decisiontool in oncology
consultations were reported.

Data Extraction

A data extraction spreadsheet to capture study information was
developed a priori by 3 reviewers. The selected studies were
then screened by 1 review author, and relevant qualitative data
were extracted. The spreadsheet was populated in accordance
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with the requirements of the review questions. As more questions was as follows: study; study design and participant
experience was gained with data extraction, the review authors  sample size; computer-based decision tool versus comparator;
iteratively adjusted the required variables in the spreadsheet.  clinical setting context and country; primary objective; and
The final set of data variables required to answer the review  study outcomes (Table 1).

Table 1. Overview of the included studies, ordered with the most recent first (N=10).

Computer-based
Study design and participant  decisiontool ver- Clinical setting context,
Study samplesize sus comparator  country Primary objective Study outcomes?
Wyatt etd  Pre- and postsurvey patients TakeThewind Breast cancer clinic To assess Utility, ease  Patients preferred shared deci-
[36],2019 (n=290), postsurvey patients versusnocompar- (n=1), United States of use, and impact of  sion-making and written material,
(n=447) ison decision tool disliked tablet computers, and
had trouble navigating and access-
ing the tool.
Yao et a Longitudinal, prospective  In-visit decision  Breast surgery clinics To measureimpact on  Patients had more discussions
[37],2019 before-and-after study; aid versusUC (n=5), ingtitution (n=1), knowledge, prefer- regarding their treatment with
CDTP-arm patients (n=63), United States ences, and involvement  surgeons and had |ess surgery.

(Anxiety, distress, fear, quality
of life, and concerns regarding
body image were unchanged)

surgeons (n=2); UC®-arm
patients (n=57), surgeons

(=3) compared with UC.
Cuyperset  RcTY: CDT-arm hospitals ~ Prostaat versus  Prostate cancer hospitals  To understand imple-  Improved physician-patient
a [38], (n=9), UC-arm hospitals uc (n=18), academic medi- mentation and use of communication about prefer-
2019 (n=9), academic medical cal center (n=1), the CDT ences and values
center (n=1) Netherlands
Ra et a Controlled before-and-after COMBAT versus Pain management at out- To evaluateimprove-  (No changein physicians behav-
[39],2017 study; before-implementa-  paper patient cancer clinic, ment in pain manage-  ior and no improvement in pain
tion patients (n=80), after- Norway ment management)
implementation patients
(n=134)

Yao et a Prospective pre-post study; In-visit decision  Breast surgery at hospi-  To examine effectson  Higher knowledge levelsin the
[40],2017 CDT-arm patients (n=97), aid versusUC tals (n=3), United States  shared informationand CDT group thaninthe UC group

UC-arm patients (n=114) treatment choice
Milesetal Mixed-methodsrandomized Openclinical ver- Colorectal cancer outpa- To examineacceptabili- CDT was accepted and found
[41], 2017 trid; patients (n=13) sus no compari-  tient oncology depart- ty, usefulness, and areas  useful by patients but needed
son ment, United Kingdom  of improvement improved presentation of informa-
tion.

Hentonet  Usability study; patients SEER*CSCeve- Prostate and colorectal  Tounderstand patients:  CDT lacked featuresto facilitate

a [42], wi t_h prost_ate cancer (N=7), gusno compari-  cancer centers (n=4), information needsand  pati er_wt—physi cian gli scussionsand
2017 patientswith colorectal can- g United States preferences wastime consuming for dataen-
cer (n=7) try.
Morgan et Prospective study; patients Morgan versus Breast cancer center, To assess satisfaction ~ Knowledge retention was high,
a [43], (n=25) no comparison Canada and knowledgereten-  and patients were highly satis-
2015 tion fied.
Siminoff et RCT; physicians (n=58), Adjuvant! versus Breast cancer oncology  To examineimpacton  CDT added 5 minutesto total
a [44], patient-physician pairs UC pamphlet practices (n=14), United treatment decisionsand consultation time and was found
2006 (n=405) States practice more useful than a pamphlet.
Pecleeta RCT; physicians (n=56), Adjuvant! versus Breast cancer practices, To examineimpacton Fewer women with low tumor
[45],2005 CDT-arm patients (n=250), UC pamphlet academic (n=5), commu- women'sadjuvant ther- severity chose adjuvant therapy.
UC-arm patients (n=182) nity-based (n=9), United apeutic decision
States

&To represent the key outcomes of each study, the following formatting has been adopted: italic text represents positive outcomes, normal text represents
negative outcomes, and normal text within parentheses represents neutral outcomes.

bcDT: computer-based decision tool.

CUC: usua care.

9RCT: randomized controlled trial.

®SEER* CSC: Surveillance, Epidemiology, and End Results Cancer Survival Calculator.
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Risk-of-Bias Assessment

Using the Cochrane risk-of -bias tool s for randomized controlled
trials and nonrandomized studies, 1 review author assessed the
risk of bias of theincluded studies[26]. Thetool for randomized
controlled trials [46] assesses studies on each of these 6
domains; (1) randomization processes, (2) identification or
recruitment of participantsinto clusters, (3) deviationsfromthe
intended intervention, (4) missing outcome data, (5)
measurement of the outcome, and (6) selection of the reported
result. Thetool for nonrandomized studies[47] assesses studies
on each of these 7 domains: (1) dueto confounding, (2) selection
of participants into the study, (3) classification of intervention,
(4) deviations from the intended intervention, (5) missing data,
(6) measurement of outcomes, and (7) selection of the reported
result. Finally, the judgment in each domainis carried forward
to an overall risk of bias for each study. The tools highlighted
somerisk of biasin al the selected studies.

Data Synthesis

The articles included in this study reported a high diversity of
functionalities and features of computer-based decision tools.

Yung et a

Therefore, the reported outcomes of the studies were grouped
according to the dimensions of the CAF [22]. Theresultswithin
each group were subsequently assessed and combined into a
common set of factorsthat directly affect physicians' propensity
to adopt computer-based decision tools in oncology
consultations.

Results

Search Resultsand Study Characteristics

The initial searches in the aforementioned databases retrieved
6407 articles (Figure 2). Browsing searches and inspections of
reference lists and citations identified 3 additional articles. Of
the 6407 articles retrieved through database search, 1979
(30.89%) duplicateswere removed. Of the remaining total 4431
articles, 4368 (98.58%) were excluded after titles and abstracts
were screened. Next, the full-text articles were assessed for
eigibility, and of the 63 articles, 53 (84%) were excluded. A
total of 10 studies were thusincluded in this review.

Figure2. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 flowchart of the study selection process and resullts.
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When the 10 selected studiesfor review were assessed by using
the Cochrane risk-of-bias tools, they al exhibited some level
of risk of bias. Of the 10 studies, 3 (30%) were randomized
controlled trials[38,44,45], and 1 (10%) was a mixed-methods
randomized study [41] (Multimedia Appendix 2, Table S1
[38,41,44,45]). All (4/4, 100%) the randomized studiesincluded
a high risk of bias because of the practices observed when
assigning participants, adhering to the intervention, and
accounting for missing outcome data. Of the 10 studies, 6 (60%)
were nonrandomized studies (Multimedia Appendix 2, Table
S2 [36,37,39,40,42,43]). Of these 6 nonrandomized studies, 1

https://cancer.jmir.org/2021/4/€31616
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(17%) [39] included a moderate risk of bias, whereas the
remaining 5 (83%) [36,37,40,42,43] included serious risk of
bias dueto confounding [ 36,37,40], biasin selecting participants
[43], bias in accounting for missing data, and measurement of
outcomes [42].

Table 1 includes significant details gathered from the reviewed
studies. Of the 10 studies, 6 (60%) were conducted in the United
States, and 1 (10%) each was conducted in Canada, the
Netherlands, Norway, and the United Kingdom. In all, 8
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different computer-based decision tools were used across the
10 studies.

A summary of the identified computer-based decision tools
from the review is provided in Table 2. The details include the
name of the computer-based decision tool, country where each
evaluation was conducted, categories of disease that were

Yung et a

handled, types of decision that were settled, number of studies
that were conducted for each computer-based decision tool, and
bibliographical references. Of the 8 computer-based decision
tools, 4 (50%) were evaluated for breast cancer consultations;
1 (13%) each for colorectal, prostate cancer, and cancer pain;
and 1 (13%) for breast or colorectal cancer.

Table 2. Summary of 8 identified computer-based decision tools from 10 reviewed studies.

Name of computer-based Number of
decision tool Country Disease category Type of decision studies Reference
Adjuvant! United States Breast cancer Take adjuvant chemotherapy or not 2 [44,45]
In-visit decision aid United States Breast cancer Choose surgical option 2 [37,40]
Morgan Canada Breast cancer Educate patients about adjuvant systemic therapy 1 [43]
TakeThewind United States Breast cancer Choose surgical option 1 [36]
SEER*CSC? United States Breast or colorectal ~ Estimate patient prognosis 1 [42]
cancer
Openclinical United Kingdom Colorecta cancer Take adjuvant chemotherapy or not 1 [41]
COMBAT Norway Cancer pain Choose opioid dose and pain management option 1 [39]
Prostaat Netherlands Prostate cancer Choose surgical and radiotherapy or notreatment 1 [38]

8SEER* CSC: Surveillance, Epidemiology, and End Results Cancer Survival Calculator.

FactorsInfluencing Adoption of a Computer-Based
Decision Tool

Levels of Impact

The factors that influenced the adoption of computer-based
decision tools during oncology consultations were identified

https://cancer.jmir.org/2021/4/€31616

from the 10 selected studies. An initia 16 distinct influential
factors were collected from the review and mapped to the
categories of the CAF as shown in Figure 3. Afterward, these
16 factors were expanded to show their levels of impact on
adoption as shown in Multimedia Appendix 3 [36-45] and in
the following sections [22].
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Figure 3. Micro-, meso-, and macrolevel factors that influence computer-based decision tool adoption [22]. CDT: computer-based decision tool.
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At the microlevel, no system or service quality factors were
identified. However, information quality factors included
information-sharing and knowledge retention. Transfer of
information between patients and physicians was assessed by
30% (3/10) of the studies, which reported that patients retained
a high level of treatment knowledge after consultations with
physicianswho used a computer-based decision tool [37,40,43].
Of the 10 studies, 5 (50%) assessed the level of
information-sharing. Of these 5 studies, 1 (20%) found that
81.4% of the physicians considered the information provided
by the computer-based decision tool useful [44], 2 (40%)
reported that patients found the information about treatment
optionsuseful [36,41], and the remaining 2 (40%) reported that
physicians did not use the information provided by the
computer-based decision tool [39,42]. Of the remaining 5
studies, 1 (20%) reported that 65% of the patients read all
information provided about treatment comparisons, and 71%
of the patients indicated that they discussed the summary that
was provided by the computer-based decision tool in
consultation with their physicians [38]. A few physicians
believed that some patients were made more anxious by the
information, did not understand key information [44], were

https://cancer.jmir.org/2021/4/€31616
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confused by the information provided, or felt that the
information provided was conflicting [41]. In addition, some
physicians did not value or benefit from the information
provided by the computer-based decision tool [39].

Use and User Satisfaction

All 10 reviewed studies discussed use and user satisfaction. The
use factors included recommendation and acceptability of use.
Of the 10 studies, 1 (10%) [36] reported that when patientswere
introduced to the technology, 92% indicated that they liked it
and would recommend its useto other patients. The feature that
they liked the most was the presence of helpful information,
followed by ease of navigation and confidence in the treatment
plan. After consultations with physicians who used the
technology, patients experienced a positive increase in
confidence by an average of 0.8 points on a 10-point scale
compared with when the technol ogy was not used, and thiswas
statistically significant [36]. However, the study also pointed
out that some patients found navigating the technology difficult,
disliked the use of tablet computers, and preferred written or
printed material [36]. Similarly, another study (1/10, 10%)
reported that 22% of the patients preferred consultations with
paper-based decision tools [38]. In other cases, physicians
provided patientswith external accessthrough web technologies
to educate and prepare them for discussions about therapeutic
choices during consultations. | n these cases, other care providers
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such asnurseswere a so ableto help by walking patientsthrough
the information provided by the technology and helped them
increase their understanding of the benefits and risks of the
different therapies on offer. Of the 10 studies, 4 (40%) reported
that this practice was positively acceptable to both physicians
and patients, although patients reportedly found the language
of computer-based decision tools too complex [41,42,44,45].
Physicians found that their patients communicated better and
engaged more in discussions. They felt that they were able to
refinetheir understanding of their patients' preferences, whereas
patients felt that their perspectives were made clearer and
reflected more accurately [44]. Patients satisfaction with
consultations and clinic visits when computer-based decision
toolswere used was estimated to have amean satisfaction score
of 4.53 (SD 0.1) out of a maximum score of 5 [43]. However,
of the 10 studies, 3 (30%) disclosed that computer-based
decision tools did not improve therapeutic decision-making or
found no statistically significant difference between decisions
made using the technology and usual care and did not change
physicians usual behavior [37,39,40].

Net Benefitsin Terms of Care Quality, Access, and
Productivity

Of the 10 studies, 8 (80%) referred to care quality factors as net
benefits of computer-based decision tools. The studies
[36-41,44,45] measured the proportion of patientswho received
varioustypes of treatment. Siminoff et al [44] indicated that the
differencein the proportion of patients receiving various types
of therapy was statistically insignificant but stated that the
adoption of computer-based decision tools during oncology
consultations influenced 86.2% of the patients treatment
decisions. The authors also declared that 84.6% of the patients
in technology-assisted consultations accepted treatment
compared with 89.5% of the patientsin usua care. Furthermore,
Pecle et a [45] reported that only 58% of the women in
consultations with technology accepted adjuvant therapy, an
additional treatment to enhance the effectiveness of an initia
medical treatment, compared with 87% of the women in usual
care, and Yao et a [37] reported that 15.9% of the patientswith
low tumor severity in technol ogy-assi sted consultations accepted
treatment compared with 24.6% in usual care. Similarly, Miles
et al [41] reported that when technology was used in
consultations, 11 out of 12 patients declined chemotherapy.

In contrast, of the 10 studies, 3 (30%) reported that patientsin
consultations with computer-based decision tool s received more
treatmentsthan thosein usua care. Inacomputer-based decision
tool study for prostate cancer, 71% of the patients received
treatment [38]. In astudy for breast cancer treatment, 21.7% of
the patients underwent surgery compared with 15.8% in usual
care [37]. In addition, significantly more patients with high
tumor severity chose adjuvant therapy in the computer-based
decision tool group [45].

Of the 10 studies, 1 (10%) examined the effects of
technol ogy-assi sted consultations on cancer pain intensity [39].
The authors observed no significant differencein pain intensity
when technology was used compared with before its
introduction. In addition, after 3 weeks of follow-up care, the
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authors noted that there was a lack of efficacy when the
technology was used.

Of the 10 studies, 2 (20%) discussed access factors. The first
study collected information on the facilitators and barriers to
local adoption and implementation of acomputer-based decision
tool [42]. The study mentioned that the facilitators or barriers
included existing channels, processes, and provider preferences.
Usersrevealed that they did not access the technology because
of lack of incentives or infrastructure, time, information about
treatment, integration with the el ectronic health record system,
availability of the technology on their desktops, and their own
habits or preferences [42]. The second study produced a
nonprioritized list of the facilitators and barriersto access[36].
The study identified that users needed to enter their username
and password to log in, or they encountered technical issues
every timethey tried to use the technology; users had difficulty
connecting wirelessly to the internet; and users were being
provided information that they had already received on paper
or during consultation [36].

Productivity factors covered the length of consultations. Of the
10 studies, 1 (10%) measured physicians’ productivity in terms
of the effect of a computer-based decision tool on the length of
consultations [44], and it found that an average of 5 minutes
was added to the length of consultations.

Meso- and Macrolevels

Of the 10 studies, 9 (90%) identified patient demographics, 3
(30%) identified physician demographics, and 1 (10%) identified
practice characteristics as mesolevel factors. However, there
were no factorsidentified that explicitly influenced adoption at
the mesolevel. At the macrolevel, there were no hedlth care
standards; legidations; palicies; governance; funding incentives;
or societal, political, or economic factors identified that
explicitly influenced adoption.

Summary of Key Findings

The results of this review showed that of the 8 identified
computer-based decision tools, 4 (50%) were developed and
studied in the United States, as shown in Table 2
[36,37,40,42,44,45]. Next, to determine whether a study was
positive, negative, or neutral, the greater than or equal (=) 50%
rule, as cited in the study by Lau et a [22], was adopted.
Consequently, of the 10 studies, 6 (60%) reported positive
results for computer-based decision tools [37,38,41,43-45],
whereas only 1 (10%) reported negative results [42]; 3 (30%)
were neutral [36,39,40].

The CAF was extended to accommodate factorsthat influenced
physicians’ propensity to adopt computer-based decision tools
in oncology consultations. Of the 83 factors at the microlevel,
20 (24%) were identified as influential (Multimedia Appendix
3). Of these 20 factors, Textbox 1 reports 11 (55%) that were
identified as positively affecting physicians, Textbox 2 reports
7 (35%) that negatively affected physicians, and Textbox 3
reports 2 (10%) that had no effect on physicians.

The studies did not explicitly provide evidence of meso- and
macrolevel factors that influenced physicians propensity to
adopt computer-based decision tools.
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Textbox 1. The positive factors that influenced physicians’ propensity to adopt computer-based decision tools (N=11).

Factorsthat wereidentified as positively affecting physicians
« Access
«  Factor 1: treatment decisions were influenced by recommendations from physicians.
«  Factor 2: information provided by the technology was given to patients by physicians.
«  Factor 3: treatment information and the relationship with survival were included to facilitate conversation with patients.
«  Factor 4: technology helped physicians to understand patients' treatment preferences.
«  Factor 5: information provided by the technology was useful to physicians.

«  Factor 6: acopy of the information produced by the technology was used for reference during consultations.

« Information quality
«  Factor 7: physician-patient communication about preferences and values was improved.

«  Factor 8: physicians reviewed information provided by the technology with patients during consultations.

.  Satisfaction

«  Factor 9: physicians believed that patients became more engaged in discussion and understood the information.

¢ Use
«  Factor 10: physicians reported that the technology was useful for their patients.

«  Factor 11: the technology was used in routine practice in academic and community practices.

Textbox 2. The negative factors that influenced physicians’ propensity to adopt computer-based decision tools (N=7).

Factorsthat wereidentified as negatively affecting physicians

« Access
«  Factor 12: the technology did not provide al the information that the physicians wanted.
«  Factor 13: the technology was not readily available on the physicians' desktop.
«  Factor 14: the technology was not integrated with the electronic health record.

« Information quality
«  Factor 15: physicians did not take advantage of the information conveyed through the technology.

«  Factor 16: physicians were not able to share information and treatment alternatives with their patients.

«  Productivity
«  Factor 17: the technology added 5 minutes to total consultation time.

«  Satisfaction

«  Factor 18: some physicians perceived that the technology made patients somewhat more anxious.

Textbox 3. Thefactorsthat showed that the use of computer-based decision tools had no effect on physicians’ propensity to adopt the technology (N=2).

Factorsthat wereidentified as not affecting physicians
« Access

«  Factor 19: no significant change in physicians’ behavior.

«  Carequality

»  Factor 20: no significant change in prescribed drug dosage between preintervention and intervention periods.
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Discussion

Making Sense of the Adoption Success of
Computer-Based Decision Toolsin Oncology
Consultations

This review has 3 aims: (1) to understand the different levels
and periods of adoption of computer-based decision toolsduring
oncology consultations across the world, (2) to identify the
factors that influenced the adoption of the technology by
physicians, and (3) tolearn how to guidefutureimplementation
and adoption of the technology in the context of shared
therapeutic decision-making during oncology consultations
[48].

This review showed that the development and studies of
computer-based decision tools were primarily conducted in
North America and Europe in the last 16 years. Although 10
studies were specifically selected for review based on the topic
of computer-based decision tools that were used by physicians
in oncology consultations, only 60% (6/10) of the studies
addressed some aspects of the perspectives of physicians. Most
of the studies focused on patients’ views. Our findings of low
adoption of computer-based decision tools converged with
similar patternsin previous studies [49].

In all, 2 computer-based decision tools—Adjuvant! and an
in-visit decision aid—were used across 40% (4/10) of the
studies. Adjuvant! provided the strongest evidence of user
satisfaction, information-sharing, care quality, and productivity
measures. The in-visit decision aid was assessed for users
perception, knowledge retention, and treatment decision. A
summary of the 8 identified computer-based decision tools is
provided in Table 2.

By extending the CAF to computer-based decision tools in
oncology consultations, these findings suggest that of the 20
factors, thereare 11 (55%) that can facilitate physiciansto adopt
the technology and 7 (35%) that can stifle adoption, whereas 2
(10%) may have no effect on physicians’ propensity to change
and adopt the technol ogy.

Along with helping physicians to understand their patients
treatment preferences, computer-based decision tools enable
physicians to refer to information and to provide treatment
information and recommendations that are related to their
patients survival. Some physicians used the technology in
routine practice in academic and community practicesto review
information with patients during consultations. They believed
that the technology is useful for their patients because their
patients become more engaged in discussions and understood
the information. Thus, the conversation between the physician
and the patient was facilitated during consultations, and the
patient-physician communication about preferences and values
improved.

In contrast, some physicians perceived that computer-based
decision tools made patients more anxious and added 5 minutes
to their total consultation time. The study by Siminoff et al [44]
gave the impression that an additional 5 minutes was
insignificant. The effect, however, was subjective, depending
on each physician’s expectation. For a 1-hour consultation, an
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additional 5 minutes may be acceptable. However, the impact
of adding 5 minutes to a 10-minute consultation in usua care
may become objectionable. Furthermore, when the technology
doesnot provideall the information that physicianswant, is not
readily available on their desktop, or is not integrated with the
electronic health record, then physicians are not able to take
advantage of the information conveyed through the technol ogy.
Consequently, they are not able to share information and
treatment alternatives with their patients.

The findings of this review advance our understanding of the
extent to which computer-based decision tools have been
successfully adopted in oncology consultations. The evidence
suggests that there have been very few studies that address
physicians propensity to adopt computer-based decision tools
in routine oncology consultations. This review provides a
starting point and direction for further investigations to
incorporate computer-based decision tools in usual oncology
consultations. This review aso provides a guide and key
lessons—as shown in Textboxes 1, 2, and 3—for the design
and development of new computer-based decision tools. In
addition, thereview highlighted someimportant areasthat need
to be improved in future computer-based decision tools, such
as integrated access with electronic medical records (Textbox
2). Some studies have reported negative outcomes with
computer-based decision tools [50,51], whereas others have
shown benefits [52]. In our review, of the 10 selected studies,
6 (60%) were positive, with only 1 (10%) being negative,
whereas 3 (30%) were neutral. Conseguently, the impact of
computer-based decision tools on oncology consultations is
unclear. Taken together, our findings and the findings of similar
past studies[19-21,53-56] point to the need for further research
in several dimensions of the CAF to uncover the value of
computer-based decision tools in oncology practice.

Looking at Figure 3, it is obvious that the studies included in
this review have addressed only a small set of factors among
the numerous factors that could influence the adoption of
computer-based decision tools in oncology consultations.
Therefore, future studies will need to address additional
dimensions at the meso- and macrolevels to gain a better
understanding of what factorslead to successful implementation
and adoption of computer-based decision tools in oncology
consultations.

Review Limitations

This systematic literature review includes some limitations.
First, only 10 studies were included in this review because of
the dearth of studies that addressed the issues with
computer-based decision tools from the perspectives of
physicians. Second, the literature search was conducted by only
1 reviewer, which could have introduced bias and limited the
findings. Third, the selected studies for review included a high
risk of bias. Furthermore, most of the studies were conducted
at nontraditional cancer centers or at health care organizations
affiliated with academic institutions, which limit generalization.
Fourth, our review covered awide range of health information
systems' issues, which might not have been explored sufficiently
and fully explained. Future researchers should refine the search
strategy to identify additional potentially relevant studies that
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may have been missed and allocate more reviewers to search
the literature databases to minimize potential biases.

Conclusions

In this review, we investigated the extent to which
computer-based decision tools have been adopted in oncology
consultations and physicians' propensity to adopt the
technology. The results of the investigation suggest that the
adoption of computer-based decision tools in oncology
consultationsremainslow. Of our 10 reviewed studies, 6 (60%)
showed positive outcomes, whereas 1 (10%) showed negative
outcomes, and 3 (30%) were neutral. To date, improvements
have been made in communication and information-sharing
between patients and physicians. However, unavailability of
the information that physicians need, lack of access to the
technology on physicians' desktops, and lack of integration
with existing electronic health record systems are some of the
findings that stifle successful adoption. Therefore, this review
shows that, in addition to improving communications between
physicians and patients, technology is needed to streamline the
flow of information that physicians need to better inform
patients. Notwithstanding the 5 minutes that would be added to
the overal time of consultations, thisreview indicatesthat it is
possible to create leaner oncology practices by adopting
computer-based decision tools. The technology would liminate
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the need to track paper-based information, making the
decision-making process more streamlined and eliminating the
risk of missing hard-copy paperwork. Hence, in the long run,
physicians would have more time to dedicate to their patients.
As a result, patients may engage more in discussions during
consultations, may be better informed, and they may be more
apt to provide consent for treatment.

The CAF provides the capacity to make sense of complex
multidimensional factors that influence the adoption of
computer-assisted decision-making in oncology consultations.
Furthermore, it provides a starting point as well as a sense of
direction for research in the design and development of new
computer-based decision tools. Thus, thisreview provides a set
of key factors that need to be addressed to enhance the
possibility of successfully implementing and adopting
computer-based decision tools in oncology consultations.
However, athough the review shows that it is possible at the
microlevel for patients and physicians to improve their
communication by using computer-based decision tools, the
effects of meso- and macrolevel factors remain understudied.
It is therefore important to conduct additional studies in
real-world oncology consultations to understand the impact of
higher-level factors on physicians propensity to adopt
computer-based decision tools.
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Abstract

Background: Modification is an important process by which to adapt an instrument to be used for another culture. However,
it is not fully understood how best to modify an instrument to be used appropriately in another culture.

Objective: Thisstudy aimsto synthesize the modification strategies used in the cross-cultural adaptation processfor instruments
measuring health beliefs about cancer screening.

Methods: A systematic review design was used for conducting this study. Keywords including constructs about instrument
modification, health belief, and cancer screening were searched in the PubMed, Google Scholar, CINAHL, and PsycINFO
databases. Bowling's checklist was used to evaluate methodological rigor of the included articles. Results were reported using
the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) approach with a narrative method.

Results: A total of 1312 articles were initialy identified in the databases. After removing duplications and assessing titles,
abstracts, and texts of the articles, 18 studies met the inclusion criteria for the study. Based on Flaherty’s cultural egquivalence
model, strategies used in the modification processincluded rephrasing items and response optionsto achieve semantic equivalence;
changing subjects of items, changing wording of items, adding items, and deleting items to achieve content equivalence; adding
subscales and items and deleting subscales and items to achieve criterion equivalence. Solutions used to resolve disagreements
in the modification process included consultation with experts or literature search, following the majority, and consultation with
the author who devel oped the scales.

Conclusions: This study provides guidance for researchers who want to modify an instrument to be used in another culture. It
can potentially give cross-cultural researchers insight into modification strategies and a better understanding of the modification
process in cross-cultural instrument adaptation. More research could be done to help researchers better modify cross-cultural
instruments to achieve cultural equivalence.

(JMIR Cancer 2021;7(4):e28393) doi:10.2196/28393

KEYWORDS
cancer screening; health beliefs; instrument modification; strategy; systematic review

symptoms appear [3]. For more than a half century, cancer
screening has been an essential component to decrease the
burden of morbidity and mortality from cancer [4].

Introduction

Cancer is one of the leading causes of death in the world [1].

In 2018, there were 18.1 million new cases and 9.5 million A|though cancer screeni ng has proven to be an effective way

cancer-related deaths globally [1]. By 2040, the number of new
cancer casesis expected to rise to 29.5 million and the number
of cancer-related deaths is estimated to climb to 16.4 million
[1]. An effectivetool to reduce deathsfrom cancer [2], screening
helps detect cancer at the early stage and reveal cancer before

https://cancer.jmir.org/2021/4/€28393

to detect cancer at the early stage, the use of cancer screenings
isnot optimal among several populations[4]. Previousresearch
showed that the uptake of cancer screening was associated with
health belief of cancer screening [5]. Beliefs and attitudes about
cancer screening, such as mistrust of cancer screening and the

JMIR Cancer 2021 | vol. 7 | iss. 4 |€28393 | p.106
(page number not for citation purposes)


mailto:alicelf@ucla.edu
http://dx.doi.org/10.2196/28393
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR CANCER

health care system, beliefs toward the cancer screening process
or illness, and fatalistic beliefs, areimportant factorsinfluencing
the participation of high-risk populations in cancer screening
[6-10]. Among minority ethnic groups, traditional cultural
values, health beliefs about concepts of preventive health, fear
of cancer screening, belief that cancer screening is unnecessary
unlessoneisill, misconceptions concerning one’s susceptibility
to cancer, and stigmatization may also deter high-risk
populations from getting cancer screening [11].

Based on the health belief model, health belief of cancer
screening can be measured by 6 constructs, including perceived
severity and susceptibility of cancer, perceived benefits and
barriers of cancer screening, self-efficacy, and cues to action
of cancer screening [12]. Previous researchers have devel oped
several instrumentsto measure these constructs on health beliefs
of cancer screening [13,14]. One of the most widely used scales
[15] is Champion's Health Belief Model Scale, originally
developed to measure the health beliefs of US populations
toward breast cancer screening [14]. Later it wastrand ated and
modified to different language versionsto test health beliefs of
cancer screening in other countriesand cultures (eg, other groups
of people who hold similar values and beliefs about health
behaviors) [16].

Cross-cultural instrument adaptation includes 2 necessary steps,
instrument trandation and instrument modification [17].
Adapting an instrument to be used in another culture is not
merely trandating the instrument to another language. Since
cultural backgrounds vary among different population groups,
modifying the instrument to meet the cultural equivalence is
essential for ensuring the reliability and validity of trandated
instruments [18]. According to Flaherty et a [19], a 5-stage
equivalence should be met to maintain the integrity of the
translated instrument: (1) semantic equivalence ensures the
meaning of each item remains conceptually and idiomatically
the same, (2) content equivalence ensures the content of each
item in the instrument has consistent cultural relevance, (3)
technical equivalence ensures the methods of data collection
(interviews, observation, or self-report) elicit comparable data,
(4) criterion equival ence establishes the normative interpretation
of thevariable, and (5) conceptual equivalence ensuresthe same
theoretical construct is being measured in each culture.

Compared to a newly developed instrument, using various
modification methods to adapt an existing instrument to be used
inthetarget population isacost efficient and time-saving choice
[17]. Although reasons for considering modifications in the
adaptation process, including missing concepts or dimensions,
different meaning of concepts, different interpretation of terms
or phrases, different style of responding, and complex or difficult
respond options, were reported in a previous study [18], ways
to use the modification strategies to adapt the instrument to
measure health belief of cancer screening in another
population/ethnicity to achieve cultural equivalence were not
reported. Synthesizing the modification strategies used in the
cross-cultural instrument adaptation processwill provide general
guidanceto help novice researchers gain deeper insight into the
instrument modification process.

https://cancer.jmir.org/2021/4/€28393
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The purpose of this systematic review was to synthesize the
modification strategies used in the cross-cultura instrument
adaptation process measuring health belief of cancer screening
for another population/ethnicity based on Flaherty’s cultural
equivalence model [19], especialy focusing on semantic,
content, and criterion equivalence. This study will provide
guidance for researchers who want to modify an instrument to
be used in another culture. The modification strategies
synthesized in the findings of this study could be further
generalized to the modification process of other instruments.

Methods

A systematic review design was used for conducting this study.
Keywords including constructs about instrument modification,
health belief, and cancer screening were searched in the
PubMed, Google Scholar, CINAHL, and PsycINFO databases
in June 2020. Detailed keywords from each construct included
(2) instrument modification: instrument, modify, revise, adapt,
adaptation, refinement, refine; (2) health belief: perception,
attitude, belief, perspective; and (3) cancer screening: cancer,
screening, prevent, prevention. Equivalent index termswith the
same meanings were also searched. Inclusion criteria for the
articleswere (1) peer-reviewed articles, (2) reported instrument
modification process about health beliefs toward cancer
screening, and (3) published in the English language (which
could be read by the authors). The exclusion criteria were (1)
informal articles such as commentary, letter to the editor, and
conference abstract and (2) constructs from the health belief
model not included.

For identifying relevant studies, keywordswere applied to search
the full text of articlesin the databases. Titles and abstracts of
the articles were read further to exclude irrelevant studies.
Articles in the reference list of selected articles were also
searched. Inclusion and exclusion criteriawere evaluated during
the process. Information on the purpose, sample, setting,
methods, results, and discussion of the included articles was
extracted and entered into the table of evidence. Bowling's
checklist was used to evaluate methodological rigor of the
included articles[20]. The studies' aims, methods, results, and
conclusions were evaluated by assessing the 20 items in
Bowling's checklist. Results in the study were reported using
anarrative method following the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-analyses) guidelines
[21] (see Multimedia Appendix 1 for PRISMA checklist).

Results

Search Findings

A total of 1312 articleswereinitialy identified in the databases.
After removing duplications, the titles and abstracts of the
articles were assessed further, and 1293 articles were excluded
in the process. Out of the 19 remaining articles screened, 1
article was further excluded because it focused on the cultural
beliefs of cancer screening instead of health beliefs of cancer
screening. Intotal, 18 studiesmet theinclusion criteriaand were
included in the study [22-39] (Figure 1).
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Figurel. PRISMA flowchart documenting study selection process.
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Study Char acteristics

Among the 18 reviewed studies (Table 1), 5 were conducted in
Turkey [22-26], 3inlran[27-29], 2 inthe United States[30,31],
and 1 each in Mexico [32], Indonesia [33], Malta [34], South
Korea [35], Jordan [36], Maaysia [37], the city of Kaunasin
Lithuania [38], and Cyprus [39]. The publication years of the
studiesranged from 2001 to 2020. The sample size of the studies
ranged from 15 to 656. Convenience sampling [ 22,25,28,32-35]
and random sampling methods [23,27,29,36,37] were the most

https://cancer.jmir.org/2021/4/€28393
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frequently used recruitment methods. Champion’s Heslth Belief
Model Scale [14] was most commonly (17/18) adapted in the
studies. The remaining study [30] created their scale by
combining an adapted health belief scalefrom Menon et al [40]
and a severity scale by Champion [41]. All studieswere guided
by the health belief model. Sixteen studies were about health
beliefs of breast cancer screening and 2 studies were about
health beliefs of colorectal and cervical cancer screening. All
adapted instruments in the studies were proved to be valid and
reliable through the validation process.
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Table 1. Study characteristics for the included articles.

Lei & Lee

Study authors and citation Modification strategies

Gozum and Aydin [22] Rephrasing words in the items (S?)

Guvencet a [23] Adding items (C°)
Karayurt and Dramali [24]
Secginli and Nahcivan [25]
Yilmaz and Sayin [26]
Hashemian et al [27]
Kharameh et al [28]

Rephrasing words in the items (S)
Rephrasing words in the items (S)

Taymoori and Berry [29]

Rephrasing words in the items (S); deleting parts of the sentencesin the items (C)

Deleting parts of the sentences in the items (C); deleting items (C); adding items (C)

Rephrasing words in the items (S); deleting items (C)

Rephrasing words in the items (S); deleting parts of the sentences in the item (C); changing the subject of the

items (C); changing the response options (S)

Leeand Lee[30]

S
Medina-Shepherd and Kleier [31] Rephrasing words in the items (S)
Juarez-Garciaet a [32]
Dewi [33]

Marmara et a [34]
(C); adding subscales (Cr)

Leeetd [35] Rephrasing words in the items (S)
Mikhail and Petro-Nustas [36]
Parsaet a [37] Adding subscales (Cr)

Zelviene and Bogusevicius [38]

Tsangari and Petro-Nustas [39]

Rephrasing wordsin the items (S); deleting parts of the sentencesin the items (C); changing the response options

Changing the response options (S); deleting items (C); adding items (C)
Rephrasing words in the items (S); deleting subscales (Cr®); adding subscales (Cr)
Rephrasing words in the items (S); changing the subject of the items (C); deleting subscales (Cr); deleting items

Minor changes in the wording of the items (S); adding items (C)

Rephrasing words in the items (S); deleting parts of the sentencesin the items (C)

Minor changes in the wording of the items (S)

83 semantic.
bC: content.
CCR: criterion.

Data Evaluation and Extraction

The quality of the reviewed articles was evaluated by the first
author and verified by the second author using Bowling's
checklist (Table 2). Data evaluation results showed the studies
either had excellent or fair quality. All studies met 11 to 17
criteria on the checklist, although certain limitations existed
(eg, generalizability of the findingsto other populations: scales

https://cancer.jmir.org/2021/4/€28393
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trandated to one language cannot be used for another population
speaking another language).

During the data evaluation process, the first author extracted
relevant data from the reviewed articles and entered data into
the Excel (Microsoft Corp) table of evidence, summarized
correlated information into themes, and classified data into
different categories. The second author checked the data and
categoriesto ensure the findings were synthesized in areliable

way.
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Table 2. Quantitative studies critical appraisal checklist [20].

Lei & Lee

Criteria Yes No
1 Aims and objectives clearly stated 18 0
2 Hypothesis/research questions clearly specified 10 8
3 Dependent and independent variables clearly stated 3 15
4  Variables adequately operationalized 14 4
5 Design adequately described 12 6
6 Method appropriate 18 0
7 Instruments used tested for reliability and validity 18 0
8 Source of sample, inclusion/exclusion, response rates described 14 4
9 Statistical errors discussed 4 14
10 Ethical considerations described 13 5
11 Study was piloted 15 3
12 Statisticaly analysis appropriate 18 0
13  Resultsreported and clear 18 0
14  Resultsreported related to hypothesis and literature 18 0
15 Limitations reported 13 5
16  Conclusionsdo not go beyond limit of data and results 18 0
17  Findings able to be generalized 0 18
18  Implications discussed 18 0
19  Existing conflicts of interest with sponsor identified 0 18
20 Dataavailablefor scrutiny and reanalysis 0 18

M odification Strategies

According to Flaherty’s cultural equivalence model, strategies
used in the modification process were categorized by the

Table 3. Modification strategies used in the studies.

equivalence type, especially semantic, content, and criterion
equivalence (Table 3).

Equivalence type

Strategies

Semantic equivalence

Content equivalence

Criterion equivalence

« Rephrasing items
«  Rephrasing response options

Changing subjects of items
Changing wording of items
Adding items

Deleting items

o Adding subscales and items
«  Deleting subscales and items

Semantic Equivalence

Semantic equivalence requires the meaning of each item in the
adapted instrument to be similar to the meaning of the original
item [19]. When aiming to achieve this type of cultura
equivalence, rephrasing items and response options were
frequently used in the reviewed studies.

Rephrasing Items

Upon reading expert and partici pant comments about the scal es,
the authors simplified and modified some wordings of items

https://cancer.jmir.org/2021/4/€28393

during the modification phase [28,33,36,39]. This strategy was
frequently used in the reviewed studies (eg, some wordsin the
items were replaced by other words, and medical terms were
replaced by generally known terms).

To reach cultural accuracy of items, some words in the items
were replaced by other words. Following one participant’s
suggestion, in the study to adapt a Korean version of
Champion’s Health Belief Model Scale, the word “hok” was
changed into “meongwooli.” Even though both words meant
lump or mass in Korean, the authors asserted the modification
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helped the women in the study to better understand the content
of theinstrument [35]. To accurately measure Turkish women's
health belief of breast cancer screening, the word “komik”
(meaning funny) was changed into “tuhaf” (another expression
of funny), and “gizlilik” (meaning privacy) was changed into
“mahremiyet” (another expression of privacy) per expert
suggestions. This changeincreased the consistency between the
translated version and original version of the instrument [25].
Theitem “When | do breast screening examination, | feel good
about myself” was changed to “1 fedl self-satisfied” as it was
closer to the Iranian meaning than “feel good” [29].

Another strategy used to reach cross-cultural semantic
equivalence was rephrasing medical terms to generally known
terms. This strategy was used in the study conducted to measure
health beliefs of colorectal cancer screening among Korean
Americans[30]. Themedical term “fecal occult blood test” was
replaced with lay language “stool blood test,” as the medical
term might be difficult to understand for participants not
employed in a health-related field [30]. In the Turkish Health
Belief Model Scale [26], the term “lump” was trandated to
“kitle” initially and changed to “ sert yumrubeze,” alay-language
word that has a similar meaning to “kitle” and would be
understood by Turkishwomen [26]. Inthe Maltese Health Belief
Model Scale [34], “mammografija’ was changed to
“mammogram” and “nipil” was trandated to “nipple”’ because
“mammogram” and “nipple” are generally known terms with
similar meaningsto “mammografija’ and “nipil” in Maltese. A
similar strategy was used in the study conducted among Hispanic
women [31]. The authors changed the original term of breast,
“mama,” to “seno,” aword with similar meaning, since “seno”
would be most understood in al Hispanic groups.

To avoid causing misunderstanding, confusion, and anxiety,
some instrument items were changed by reversing direction of
the meaning. This strategy was used in one study conducted
with Maltesewomen [34]. Theitem“...will last for ashort time”
with reverse scoring was replaced with “...will last for along
time” Then scores on the item did not have to be reversed.
Rephrasing Response Options

Toincrease clarity and achieve semantic equivalence, wordings
of response optionsin theinstruments may need to change. This
strategy was used in 3 studies[29,30,32]. To adequately measure
Mexican women'’s health belief toward breast cancer screening,
the response options were amended to 4=yes, 3=I think so, 2=I
don't think so, and 1=no, since the origina response options
were found to be problematic for the participants [32]. Also,
instead of using the original response options (from “strongly
disagree” to “strongly agree”), the Farsi Health Belief Model
Scale used “not at all true’ to “very true” for the perceived
severity, susceptibility, benefits, and barriers subscales and
“never” to “aways’ for the health motivation subscale, since
most of the participants in the pretest phase reported problems
with the format of response options [29]. Furthermore, the
response option in the scale to measure Korean Americans
health beliefs about colorectal cancer screening, “neutral” was
changed to “so-s0” per expert advice and suggestions in the
published literature [30].

https://cancer.jmir.org/2021/4/€28393
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Content Equivalence

Content equivalence requires the content of each item in the
adapted instrument to be relevant or appropriate to each cultural
group or population under study [19]. Thistype of cross-cultural
equivalence was usually achieved by changing subjects of items,
changing wording of items, adding items, or deleting items.

Changing Subjects of Items

Thisstrategy was used to achieve content equival ence by making
the meanings of theitemsrelevant or appropriate. It could avoid
arousing fatalistic thoughts that were commonly present among
minority populations. This strategy was used in the study
conducted with Maltese women [34]. Theitem “My illness has
serious...consequences’ was replaced with “Breast cancer has
serious...consequences.” The participants were asked to report
their personal views about breast cancer instead of an illness
personally affecting them [34]. Another strategy used in the
study was using the third person pronoun instead of the first
person pronoun to avoid arousing fatalistic thought. In some
cultures, people believe that expressing an ominous event in
the first person indicates that the event will occur [29]. In the
Iranian Health Belief Model Scale[29], thefirst person pronoun
intheitem“1f | devel oped breast cancer, | would not live longer
than 5 years’ was changed to the third person pronoun: “If
someone developed breast cancer, she would not live longer
than 5 years.” Similarly, changes were also made to another 3
itemsin the perceived severity scalein this study [29].

Changing Wording of Items

To modify items measuring the sizes of breast lumps in
Champion’s Health Belief Model Scale (“1 am able to find a
breast lump which isthe size of a quarter/dime/pea’), different
items or coins familiar to the target population were used. In
the Indonesian Health Belief Model Scale, “quarter” and “dime”
were changed to “walnut” and “ hazelnut,” respectively, because
the sizes of a walnut and hazelnut are commonly known in
Indonesia[33]. To find equal sizesto “quarter, dime, and pea,”
thewordsweretranslated into “ chickpea, hazelnut, and wal nut”
in the Turkish Health Belief Model Scale [25]. To represent
dime and quarter in Iranian culture, the authors used “filbert”
and “rather greater than filbert,” since “filbert” is commonly
knownin Iran culture[29]. In addition, the authors used different
sizes of Turkish coins equalized to the sizes of the American
guarter and dime, and the sizes of the original quarter and dime
weregivenin centimetersin another study with Turkish women
[26]. Similarly, wordings about the size of apalpable lump were
also changed according to the sizes of currenciesin Kaunas[38]
and South Korea [35] in 2 other studies.

Adding Items

To increase the cultural sensitivity of the adapted instrument,
thus increasing the scal€'s content equivalence, entire items or
parts of items were added to the adapted instrument.

Adding entire items to the modified scale was a common
strategy used in the reviewed studies. In the Iranian Health
Belief Model Scale, theitem“1 am morelikely than the average
woman to get breast cancer” was added to the adapted
instrument because this item was maintained in the previous
version of Champion’s scale and also because of the specia
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features of the participantsin the study (who had afamily history
of breast cancer) [27]. Furthermore, 4 items, (I don't know
where to go for mammography; | don’t have any problem with
my breasts, | don’t need mammography; | do self-examination
of the breasts, so thereis no need for mammaography; and | don’t
have enough money for mammography) were added to the
subscale of perceived barriers per participant discussion [27].
In addition, per expert suggestions, 2 items concerning
awareness of the age and frequency at which mammograms
should be undertaken were added to the self-efficacy subscale
of the Mexican Hedth Belief Model Scale. Two items
concerning mythswere added to the barrier subscale. Two items
concerning risk factors for cancer were added to the
susceptibility subscale, and oneitem on drug use avoidance was
added to the health motivation subscale [32].

To make the meaning of the items clear and easly
understandabl e, additional words of explanation were added as
part of some items. In the study conducted with Korean
Americans, the explanation “not wanting to let other people
know that you are doing the stool blood test or handling stool
for the test” was added to the item “not having privacy would
keep you from having a stool blood test,” since privacy could
be interpreted as several different Korean words depending on
the context [30]. Also, the item, “I have other problems more
important than having a stool blood test,” was expanded to
“Having a stool blood test is not the most urgent and important
problem | have, which keeps mefrom doing it” because several
participants reported they did not understand its meaning [30].
In the Turkish Health Belief Model Scale [26], the term
“radyasyon” was explained as “radiation, x-ray/in other words
radyasyon-rontgen” because some women in the target
population would not know the word radiation since general
understanding of the word was “x-ray.” Similarly, in the same
study, “mammography” was expanded to “mammography” and
“breast x-ray” in the modified scale because many women in
Turkey do not know about early diagnostic methods for breast
cancer, especially mammography [26]. Furthermore, in the
translated Kaunas instrument, after pretesting with 10 women,
2 dternatives of the original word meaning “privacy,” solitude
and severalty, were written with the original meaning next to
theitem“1 don’'t have enough privacy to do breast examination”
[38].

Deleting Items

Deleting entire items or parts of items was a common strategy
used in the studiesto achieve content equivalence. Entire items
in the reviewed studies were removed due to redundancy,
irrelevance, or inaccuracy or alow content validity index at the
item level. In one study, theitem “1 am too old to need aroutine
mammogram” was del eted because the Iranian women (n=200)
in the study were younger (mean age 46.15 [SD 7.26] years,
range 28 to 69 years) than the participants in the original
Champion study (aged 50 years and older) [27]. Furthermore,
theitem “| don’t know how to go about getting amammogram”
was eliminated because the city was quite small [27]. Similarly,
2 items, “Breast cancer will last for along time” and “| expect
to have breast cancer for the rest of my life,” were removed in
another study because the 2 items were found to confuse the
Maltese participants and cause consistent heightened anxiety
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in responders[34]. Finaly, the item “receiving a mammogram
prior to breast screening” was deleted from a study to avoid
overlap [34].

To reach cross-cultural content equivalence, parts of sentences
in itemsfrom the original instruments were deleted. The terms
“boyfriend” and “partner” in the item “Breast cancer would
threaten arel ationship with my boyfriend, husband, or partner”
were deleted in 2 studies with Iranian women because sexual
relationship outside the marriage is forbidden by Islamic rules
and religious norm [29]. Furthermore, the word “blood” in the
item describing “ stool blood test” was deleted to emphasize that
a stool sample was needed because some Korean American
participantswrongly thought thetest required blood to be taken
[30].

Criterion Equivalence

Criterion equivalence requires the interpretation of an
instrument’srelationship to established independent criteriafor
a certain event to be the same across cultures. This type of
equivalence was usually achieved by adding subscales or items
and deleting subscales.

Adding Subscales or Items

In the Maltese Health Belief Model Scale, the authors added
subscales concerning the impact of sociodemographic and
socioeconomic factors (eg, items about education level and
income) on women’s breast screening behavior to acknowledge
the contributions of those criteria to breast cancer screening
[34]. A cues to action subscae (such as physician
recommendations and family history), often omitted from
empirical studiesusing Champion’sHealth Belief Model Scale,
was added because the authors thought cues to action were
important criteria through which to examine the health belief
of Maltese toward breast cancer screening [34]. In the Turkish
Health Belief Model Scale, 4 items (cost, fatalism, preference
for female health care professionals, and distance from the health
center) thought to be appropriate to Turkish culture were added
tothe barrier subscale[23]. Furthermore, to test Jordan women’s
fatalistic beliefs about breast cancer, theitem “If | get sick with
breast cancer, | believe this is my fate and practicing breast
screening examination will not change my fate regardless of
when the tumor is detected” was added to the barrier subscale
[36].

Deleting Subscales or Items

In the reviewed studies, some subscales in the Health Belief
Model Scaleweredeleted to increase cultural sensitivity. When
the literature search indicated that most Maltese women
perceived breast cancer to be a serious threat, the perceived
severity scale was removed from the Maltese Health Belief
Model Scale because the authors determined that perceived
severity was not a criterion for examining the health belief of
Maltese women toward breast cancer screening[34]. In addition,
the item “people who perform mammograms are rude to
women” was eliminated because participants believed that a
sense of shame prevents them from receiving mammography
instead of the issue of obscenity, and the statement lacked
compatibility with Iranian culture [27].
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Disagreement Solution Strategies

If a disagreement arose and panel members could not reach
consensus on the translated items, solution strategies included
consultation with experts, literature search, following the
majority, and consultation with the author who developed the
scales.

Consultation With Expertsor Literature Search

Thisstrategy was used in one study aiming to measure the health
belief of Korean Americanstoward colorectal cancer screening
[30]. When the primary investigator and translation committee
members encountered difficulty reaching a consensus on
tranglation, they either sought guidance from an expert or
literature published in both Korean and English to solve the
dispute [30].

Following the M ajority

This strategy was used in one study conducted with Hispanic
women. The terms used for marital status aroused a
disagreement over the comment from an expert panel member.
The expert did not believe that every Hispanic would understand
estado civil to mean marital status. However, a consensus was
reached by the majority of the panel and the term estado civil
was used in the translated instrument [31].

Consultation With the Author Who Developed the Scales

When meanings of theitemsin the original scalewere not stated
clearly, consulting with the author who developed the scales
may provide clarification. In a study conducted with Korean
Americans, some participants did not understand the meaning
of the term “privacy” in the barrier items. Hence, the primary
investigator consulted with the author who devel oped the barrier
scale. The author clarified the meaning of privacy, and theitem
was rephrased accordingly [30].

Discussion

Summary

This study synthesized the modification strategies used in the
instrument adaptation process to achieve cultural egquivalence
and provided solutions to the divergence in the instrument
modification process. The instrument that measured health
beliefs about cancer screening was used as an example in the
study. To our knowledge, this is the first study to date
investigating the modification strategies used in the adaptation
process of instruments measuring health beliefs of cancer
screening. The modification strategies to achieve cultural
equivalence summarized in this study could help researchers
gain insight into the instrument modification process.

To reach cross-cultural equivalence of the adapted instruments,
modification isan essential step. According to Medina-Shepherd
and Kleier [31], studies using cross-cultural instrumentswithout
the process of modification may have problems with validity.
To maketheinstrument culturally appropriate, researchers must
use words that are preferred and commonly used by the target
population. If appropriate attention is not given to word choice,
the instrument may be meaningless to participants from the
target population, and accurate responses might not be obtained
[42]. Therefore, changes and adaptation of the items in the
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source language may be necessary to achieve cultural
equivalence in the target language.

According to theliterature, the strategies used in the adaptation
process generally included 3 types of modifications—changing,
deleting, and adding—and 2 levels—scale level and item level,
which consisted of modification of the question statement and
response options).

First, rephrasing items or response options was a basic strategy
in instrument modification to achieve semantic equivalence
[28,33,36,39]. Following expert and participant suggestions,
changes to wording could be made on specific items and
response options. In addition, medical terms may need to be
rephrased to generally known terms to enhance understanding,
and confusing items may need to change their directions of
meaning. In the instrument modification process, clarity is an
important criterion that should be considered. If a statement in
the modified instrument is not clearly understood by the
participants or causes confusion, the wording should be further
changed or modified to reach accuracy at the item level [35].
Medical terms not well known in the lay population need to be
modified to give participants more insight into the instrument
questions [30]. Replacing the medical term with a generally
known term [34] or adding an explanation to the medical term
can assure an easier understanding. Changing the direction of
the meaning can lessen confusion caused by the statement as
well [34]. Although changing the wording of an instrument is
easily achieved, cross-cultural researchers still need to use this
strategy with careful consideration. Consultation with experts
and participants from the target population is still the most
important step to validate the modification.

Second, changing subjects of items, changing wordings, and
adding or deleting items could help the adapted instrument
achieve content equivalence with the original items. Someitem
subjects may be not appropriate in the instrument due to
fatalistic thoughts of participants, and the subjects may need to
be changed. Adding relevant items and deleting irrelevant
statements were also important strategies to reach content
equivalence. Intheliterature reviewed in this study, itemstended
to be added to increase cultural sensitivity and clarity and
deleted to decrease redundancy, irrelevance, or inaccuracy or
increase the content validity index at the item level. In the
instrument modification process, items in the original scale
suitableto theinitia cultural context may not be suitable to the
other cultural context. Selecting relevant items and deleting
irrelevant items coul d | essen confusion and make the scale more
meaningful [32]. Expanding theincomplete statement by adding
an explanation or instruction for answering the question could
help participants fully and clearly answer the question [30],
increasing the response rate for each item. However, adding or
deleting items should be carefully considered since the
modification may impact the instrument’s reliability and
validity. Pilot testing of modified instrument’s validities
(content, construct, predictive, and face validity) and reliabilities
(internal consistency and test-retest reliability and item-total
subscale correl ations) isnecessary before launching the modified
instrument into formal use.

JMIR Cancer 2021 | vol. 7 | iss. 4 [€28393 | p.113
(page number not for citation purposes)


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

JMIR CANCER

In addition, the strategies of adding and deleting subscales and
items were often used to achieve cross-cultural criterion
equivalence. Intheliterature reviewed in this study, the specific
reason for adding and deleting subscales and items was to
increase cultural sensitivity and clarity. This strategy should be
used with careful consideration. Unless supported by a
comprehensive literature review or updated theoretical
framework that reflects achanged base of theinstrument, adding
or deleting subscales and items could significantly impact the
validity of the adapted instrument.

Furthermore, disagreement solution strategies for the
modification process included consultation with experts or
literature search, following the majority, and consultation with
the author who developed the scales. Using an appropriate
solution strategy to solve a disagreement arising in the
modification process can clarify the vague meanings of items
and further increase the validity of the items. During the
modification process, it is best to have a research team with
bilingual professionals who are familiar with the cultures for
which the instrument was originally developed and to which it
will later be adapted. If it is possible, the primary investigators
for the instrument modification should be the ones who are
bilingual, bicultural, and familiar with the concepts measured
in the instrument. This could facilitate the instrument
modification process and help meet challenges that emerge
during the process.

Limitation

This systematic review has some limitations. First, we used a
narrative rather than ameta-analysis method to summarize data.
Assuch, our findings cannot be used to recommend the optimal
strategies for modifying instruments used in the cross-cultural
research. Second, wereviewed only articleswritten in English,
which may have biased the data and restricted our findings.
Limiting the review to English language articles may introduce
a language bias and lead to erroneous conclusions [43].
However, since 92.50% of scientific literature is written in
English [44], the language bias may have little impact on this
study. Third, modification strategies synthesized in this study
may not be able to reflect other factors impacting the
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modification process. Factors such as personal experience and
expertise of the researcher, trandator, or interpreter; educational
level and health literacy of the target population; and cultural
integration and assimilation levels between populations should
also be considered in the modification process.

Future Direction of Research

Instrument modification is an important part of cross-cultural
research. Adapting an instrument devel oped for another culture
to be used in the target population can save time, add value to
the original instrument, and promote science achievements to
circulate around the world. With the development of science,
factors impacting the cross-culture instrument modification
change accordingly. For example, instruments used for online
and offline cancer screening (eg, paper version, telephone
assessment) may differ in wording, which may impact the
technical equivalence of the instrument. A systematic review
of the factors that may impact the instrument modification
process in the new stage of science is necessary and can help
cross-cultural researchers gain a comprehensive understanding
of the modification process to achieve cultural equivalency. In
addition, research to update the definition of cross-cultural
equivalence and a clear gold standard checklist to evaluate
cultural equivalence for the instrument modification should be
established for cross-cultural researchers, since Flaherty's
approach was introduced several decades ago [19]. This could
help to examine the cultural equivalence of the modified
instrument to the original instrument and further increase the
modified instrument’s validity and reliability.

Conclusions

Instrument modification isanecessary processin cross-cultural
instrument adaptation. This study summarized the modification
strategies used to culturally adapt instruments measuring health
beliefs of cancer screening to achieved cross-cultural
equivalence. It can potentialy give cross-cultural researchers
more insight into the modification strategies and a better
understanding the modification process in the cross-cultural
instrument adaptation. More research needs to be done to help
researchers better modify cross-cultura instruments and develop
achecklist to achieve cross-cultural equivalence.
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Abstract

Background: Disclosure of cancer statistics (eg, survival or incidence rates) based on a representative group of patients can
help increase cancer survivors' understanding of their own diagnostic and prognostic situation, and care planning. More recently,
there has been an increasing interest in the use of cancer registry data for disclosing and communicating personalized cancer
statistics (tailored toward personal and clinical characteristics) to cancer survivors and relatives.

Objective: Theam of this study was to explore breast cancer (BCa) and prostate cancer (PCa) survivor needs and preferences
for disclosing (what) and presenting (how) personalized statistics from alarge Dutch population-based data set, the Netherlands
Cancer Registry (NCR).

Methods: To elicit survivor needs and preferences for communicating personalized NCR statistics, we created different
(non)interactive tools visualizing hypothetical scenarios and adopted a qualitative multimethod study design. We first conducted
2 focus groups (study 1; n=13) for collecting group data on BCa and PCa survivor needs and preferences, using noninteractive
sketches of what atool for communicating personalized statistics might look like. Based on these insights, we designed arevised
interactivetool, which was used to further explore the needs and preferences of another group of cancer survivors during individual
think-al oud observations and semistructured interviews (study 2; n=11). All sessionswere audio-recorded, transcribed verbatim,
analyzed using thematic (focus groups) and content analysi s (think-al oud observations), and reported in compliance with qualitative
research reporting criteria.

Results: In both studies, cancer survivors expressed the need to receive personalized statistics from a representative source,
with especially a need for survival and conditional survival rates (ie, surviva rate for those who have already survived for a
certain period). Personalized statistics adjusted toward personal and clinical factors were deemed more relevant and useful to
know than generic or average-based statistics. Participants al so needed support for correctly interpreting the personalized statistics
and putting them into perspective, for instance by adding contextual or comparative information. Furthermore, while thinking
aloud, participants experienced a mix of positive (sense of hope) and negative emations (feelings of distress) while viewing the
personalized survival data. Overall, participants preferred simplicity and conciseness, and the ability to tailor thetype of visuaization
and amount of (detailed) statistical information.

Conclusions: The majority of our sample of cancer survivors wanted to receive personalized statistics from the NCR. Given
the variation in patient needs and preferences for presenting personalized statistics, designers of similar information tools may
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consider potential tailoring strategies on multiple levels, as well as effective ways for providing supporting information to make
sure that the personalized statistics are properly understood. Thisisencouraging for cancer registries to address this unmet need,
but also for those who are developing or implementing personalized data-driven information tools for patients and relatives.

(JMIR Cancer 2021;7(4):e25659) doi:10.2196/25659
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breast cancer; cancer statistics; personalization; prostate cancer; risk communication; cancer registry; cancer; patient needs and

preferences

Introduction

Background

In cancer care, many newly diagnosed patients and survivors
prefer disclosure of cancer statistics and prognostic information
[1-4]. For instance, patients may wish to receive information
about the chances of surviving the disease (survival data),
whereas others are in need of knowing the exact number of
people who are diagnosed with the same type of cancer
(incidence data). Such cancer statistics are increasingly being
presented on the internet through various sources, such as
general cancer websites for both patients and relatives [5] and
health care professionals [6], but also in decision-support tools
such aspatient decision aids[7] or publicly available prediction
models [8]. Cancer statistics may help increase patients
understanding of their own diagnosis, prognosis, and
involvement in different stages of the shared decision-making
process (eg, option talk stage) with their clinician [9,10].
Moreover, both patients and clinicians may use cancer statistics
to start a conversation about complex health topics such as
survival or cancer recurrence, and to discussits role in making
a decision about treatment [11]. It is therefore important that
patients, relatives, and clinicians have access to representative
and reliable cancer statistics about topics that could contribute
to informed decision making and advance care planning.

However, current cancer statistics are typically generic and
population based [12-14], thereby making it hard for patients
to apply the numbersto their own individual situation [15]. For
instance, when aman of 50 yearsold isdiagnosed with prostate
cancer (PCa) and is asking about his life expectancy,
population-based statistics about survival (which will mostly
be based on substantially older men) may be of limited value.
In light of the strong movements toward personalized health
care[16], patient-centered care, and open access of “big health
data,” [17,18] there has been an increasing interest in the use
of population-based cancer registriesfor disclosing personalized
cancer statistics to survivors and relatives [19]. This allows
survivors to be provided with more specific dstatistical
information of certain health outcomes by comparing their own
characteristics (eg, age, gender, type of tumor, tumor stage)
with specific patient groups with similar characteristics. An
illustrative example of this is the American Surveillance,
Epidemiology, and End Results Cancer Survival Calculator
(SEER* CSC) [11], which draws on an extensive cancer statistics
database for communicating personalized cancer statistics
(cancer incidence, survival rates) in multiple formatsto patients
via a publicly available web-based tool. Other initiatives that
used registry data or other patient-reported data in

https://cancer.jmir.org/2021/4/e25659

patient—clinician communication are decision-support toolsfor
estimating personalized health statistics, such astreatment (side)
effects or quality of life outcomes [8,20,21]. Given these
developments, the question arises, then, what the needs and
preferences for communicating personalized cancer statistics
are among cancer survivors.

Present Study and Objectives

In this study, we focus on the disclosure of personalized cancer
statistics from the Netherlands Cancer Registry (NCR), aDutch
nationwide population-based registry maintained by the
Netherlands Comprehensive Cancer Organisation (IKNL). The
NCR recordsall new cancer diagnosesand containsinformation
about diagnosis (eg, tumor characteristics), sociodemographic
(eg, age, gender), treatment, and vital status of millions of
patients with cancer in the Netherlands since 1989 [22], and
primarily enables health care professionals, policy makers, and
others to reflect on and improve cancer care and prevention in
the Netherlands. Basic and generic NCR statistics such dataon
incidence and survival are aready being provided through
websites of patient organizations, hospitals, and online cancer
communities (all aimed at cancer survivors and their relatives),
with more detailed NCR statistics according to site, gender, age,
and region being available through the web-based tool
NKR-Cijfers[6] (aimed at health care professionals). Our main
project goal is to explore whether important NCR statistics on
incidence, survival, and conditional survival could be disclosed
viaaweb-based interactive tool, in which visitors (eg, patients
or relatives) will have the opportunity to enter certain personal
(eg, age, gender) and clinical characteristic (eg, tumor stage,
years since diagnosis), with the aim of receiving personalized
statistical information based on real-life patient datawith similar
characteristics. However, this development raises a number of
guestions. What types of personalized cancer statistics do cancer
survivors want to receive? How should these personalized
statistics be presented to patients? What potential barriers or
challenges areinvolved in communicating personalized survival
statistics to survivors via a public website? Answers to these
questions will not only be useful for the development of a
real-life web-based tool for displaying personalized statistics
from the NCR to cancer survivors, but also for research groups
outside the oncology context working on the design and
implementation of similar statistical information toolsbased on
registry or other medical datafor patients and relatives.

The purpose of this study is therefore to explore the needs and
preferences of breast cancer (BCa) and PCa survivors for
communicating personalized cancer statistics from the NCR.
Although previous research has shown that most (but not all)
patients want to receive prognostic information [1-4,23], it is
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unclear which pieces of prognostic and statistical information
patients wish to receive. Therefore, we first aim to explore
patients' need for prognostic information on adeeper level, and
more specifically by investigating what type of personalized
cancer risks, statistics, and probabilities patients need to receive
from the NCR and other data sources. Furthermore, it is much
more difficult for survivors and relatives than for health care
professionalsto trand ate group-based statisticsto their personal
situation [24,25]. For instance, someindividuals haveinherently
more difficulties than others in understanding numeric
information, even when supported with visual aids, whereas
others are experiencing emotions while processing sensitive
health datasuch as survival or mortality rates. Hence, our second
aim is to examine how patients want to receive personalized
statistics from the NCR. To achieve our aims, we designed
different (non)interactive tools to probe participant responses
on their needs and preferences.

Methods

Overview

We conducted a multimethod qualitative study among BCaand
PCa survivors (Figure 1). BCa and PCa are among the most

Figure 1. Overview of studies.
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preval ent types of cancer among men and women, respectively,
which also makesit feasible to calcul ate personalized statistics
based on a subgroup of patient data that is sizeable enough to
provide dtatistically sound and meaningful information.
Moreover, in general, the prognostic outcomes are relatively
favorable for these 2 cancer types, thereby making it a suitable
gtarting point for our initiative for disclosing personalized cancer
statistics. We first conducted 2 focus groups (study 1) for
collecting group data on needs and preferences of BCaand PCa
survivors for communicating personalized NCR data, using
noninteractive sketches of what a tool for communicating
personalized statistics might look like. Based on these insights,
wedesigned arevised interactive version of thetool, which was
used to further explore the needs and preferences of another
group of BCaand PCa survivors during individual think-aloud
observations and semistructured interviews (study 2). We
complied with the 32-item Consolidated Criteriafor Reporting
Qualitative Research (Multimedia Appendix 1) [26]. Ethical
approval was granted by the Research Ethics and Data
Management Committee of the Tilburg School of Humanities
and Digital Sciences of Tilburg University (REDC 2019-44).

Exploring cancer survivor needs and preferences for
communicating personalized cancer statistics

Study 1

Aim: gathering group data
Method: focus groups

Sample: breast and prostate
cancer survivors

Material: noninteractive sketches
of what a tool might lock like

Study 1: Focus Groups

Overview

To explore cancer survivor needs and preferences for
communicating personalized statistics from the NCR, thisfirst
study employed 2 separate focus groups (1 with BCa survivors
and 1 with PCa survivors). Focus group methodology is
particularly useful for exploring people’s perceptions, beliefs,
opinions, and attitudes about a certain topic [27].

Sampling and Recruitment

For the BCa focus group, female participants were recruited
from the Dutch Breast Cancer Patient Association
(Borstkankervereniging Nederland [BVN]); for the PCa focus
group, male participantswere identified from the Dutch Prostate
Cancer Foundation (Prostastkankerstichting [PKS]). Participants

https://cancer.jmir.org/2021/4/e25659

Using insights
—_——

Study 2

Aim: gathering individual data
Method: think-aloud observations
Sample: breast and prostate
cancer survivors

Material: interactive, clickable
tool

were included if they were diagnosed with BCa or PCain the
past (at least 1 year after diagnosis). Each eligible participant
was approached by email by one of the representatives of the
BVN or PKS. Members of our research team did not have any
prior relationship with the participants at study commencement,
and we were unaware of who from the patient organizations
were approached to participatein the focus groups. Participants
were reimbursed for their time with a€15 (US $17.4) gift card
(unannounced).

Materials

To dlicit patients needs and preferences, we designed
noninteractive sketches of what a tool for calculating
personalized statistics from the NCR might look like
(Multimedia Appendix 2). This tool consisted of 3 parts. (1)
patient data entry, (2) tumor data entry, and (3) output display.
The patient data entry part was the same for both cancer groups
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(eg, gender, year of birth), but the tumor dataentry part differed
between the 2 versions. The PCa version contained items such
as year of diagnosis, prostate-specific antigen value, Gleason
score (ie, the aggressiveness of the cancer), and tumor stage (ie,
where the cancer is present in the body). The BCa version
contained items such asyear of diagnosis, tumor stage, and—in
case tumor stage was unknown—metastases (ie, whether the
cancer has spread beyond the breast and nearby lymph nodes
to other parts of the body). The output display showed a
summary of the patient and tumor characteristics filled out by
the patient, followed by the personalized absolute incidence
rate of their year of diagnosis, the 5- and 10-year overall survival
rate, and the conditional survival rate (ie, survival rate for those
who have already survived for a certain period [28]). All
statistics were shown numerically, and the survival statistics
were also shown visually in 4 different, conventional ways (ie,
icon array, pie chart, bar chart, and line graphs). Participants
could also switch between the 4 types of visualization.

Data Collection

We used a semistructured topic guide for both focus groups to
facilitate discussion and e€licit participants needs and
preferences for the disclosure and presentation of personalized
statisticsfrom NCR data. After around of introduction, wefirst
explained the purpose of the project and the NCR to the
participants. We then asked them to what extent they were in
need of receiving the (NCR) statistics incidence, survival, and
conditional survival ratesin a personalized way, either at their
time of diagnosis or at a later moment. After this, we posed a
final question by asking what other personalized statistics they
were interested in after diagnosis and treatment. During the
second part of the discussion, we showed participants sketches
of what such atool could look like (Multimedia Appendix 2).
Participants were asked to take a critical look at each dlide and
provide comments about the tool. They were aso encouraged
to expresstheir needs and preferences regarding theinformation
presented in the data entry part and the output display of the
tool.

The PCa focus group was moderated by RV (male,
PhD-candidate, risk communication scientist), MVE (female,
health communication scientist with expertise in qualitative
research), and GG (male, PhD, with expertise in clinical data
science), and the BCa focus group by RV and MVE. The
moderators were not known to the participants. Both focus
groups lasted 90 minutes and were conducted at the IKNL in
Utrecht (The Netherlands) in November 2018 (PCafocus group)
and March 2019 (BCafocus group). Field notes were taken in
each focus group by RV.

Data Analysis

Qualitative data obtained from the focus groups were
audio-recorded (with permission of the participants), transcribed
verbatim, and analyzed thematically [29]. For this, we devel oped
a deductive coding scheme based on the study objectives,
discussion guide, and focus group content. First, 2 investigators
(RV and MVE) developed apreliminary conceptual schemaand
codebook by independently reading the focus group transcripts.
The codebook was designed to capture broad coding categories
of needs and preferences for (1) disclosing different types of

https://cancer.jmir.org/2021/4/e25659

Vromans et al

personalized statistics, and (2) presenting personalized statistics.
Then, both investigators independently coded each transcript
using MAXQDA 2020 (Verbi Software) [30], and disagreements
were resolved through discussion. Finally, both investigators
jointly generated areport from the coded transcripts by format
to identify themes. Quotes for supporting (sub)themes were
translated into English.

Study 2: Think-Aloud Observations

Overview

A think-aloud methodol ogy was used to further assessthe needs
and preferences of another group of cancer survivors for
communicating personalized statistics from the NCR. This
involved asking participants to verbalize their thoughts,
impressions, and feelings while working with a revised,
clickable, and interactive version of the tool to calculate
personalized cancer statistics [31]. These revisions were based
on input from cancer survivors participating in the focus group
(study 1). Semistructured interview techniques were used to
alow participants to elaborate on their statements and
experience with the tool, and to put them into context. The
semistructured interviews also allowed usto capture participant
preferences for a specific presentation format in case the
think-al oud observationswould not cover thisinformation [32].

Sampling and Recruitment

Eligible participants were recruited from the same 2 patient
organizations (BVN and PKYS) as the first focus groups, and
from a Dutch online cancer community (Kanker.nl [33]).
Participantswereincluded if they (1) were diagnosed with BCa
or PCain the past (at least 1 year after diagnosis), and (2) had
not participated in the focus groups before. The recruitment
procedure was identical to the focus groups, meaning that the
members of our research team did not have any prior
relationship with the participants at study commencement, and
wewere unaware of who from the patient organization or online
cancer community were approached to participate in the
think-aloud observations. Participants were reimbursed for their
time with a€15 (US $17.4) gift card (unannounced).

Materials

We designed a clickable interactive version of the tool (for
screenshots, see Multimedia Appendix 3), which alowed
participantsto manually enter patient and tumor characteristics,
to view the associated personalized statistics, and to modify the
type of visualization (ie, icon array [as a default option], pie
chart, bar chart, and line graphs) according to their preference.
Based on the input from cancer survivors during the focus
groups on the sketches of the tool, the following revisionswere
made. First, the interactive tool now started with a supporting
page, including statements such asthat the statistics may contain
good or bad news (taking emotional aspectsinto account), that
the statistics were based on prior patients (taking contextual
information into account), and that we could not provide exact
estimates for each individual patient (taking uncertainty into
account). Second, the dataentry part contained explanationsin
plain language about certain tumor characteristics (eg, Gleason
score or tumor stage). Third, the output display was kept the
same, except that we now included comparative information
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by providing both generic, population-based survival statistics
and the personalized survival statistics altogether. Fourth, and
finaly, to take the survivors preference of amount of
information into account, we created 2 tool versions: (1) ashort,
concise version and (2) a long, detailed version. The short
version only provided the raw statistics and the minimally
required explanation of the statistics on the output display, which

Vromans et al

was all presented simultaneously (Figure 2). The long version
contained more textual information and gave users the option
to expand texts when supplementary information was needed
or to see information visually (Figure 3). All screens of the
interactive tool were created using Adobe Illustrator CS6, and
the tool was developed and implemented using InVision, a
digital product design platform [34].

Figure2. Example of the output display (translated to English) in the short (concise) version of theinteractive tool, communicating afavorable survival
rate to PCa survivors. All information is presented at the same time. PCa: prostate cancer.

Results

3

On this page, you will see some prostate cancer statistics. The statistics that we show are based
on patients with the following characteristics at their diagnosis:

Gender: Male Year of diagnosis: 2016 Gleason: Lower than 7

Year of birth: 1954 PSA: Lower than 10 Stage: Stage |

Incidence statistics prostate cancer 0

In 2016, in total 11.114 men were diagnosed with prostate cancer. In 2016, 81 men were
diagnosed with prostate cancer stage 1 (PSA lower than 10 and Gleason score lower than 7)
aged 65 years.

Survival statistics prostate cancer 0

Average survival statistic: 5 years after diagnosis, about 89 percent of patients with prostate
cancer are alive (89 out of 100 men).

Personalized survival statistic: 5 years after diagnosis, about 94 percent of patients with
prostate cancer with the above characteristics are alive (94 out of 100 men).

It is important to know that your prognosis can still be better or worse than the prognosis of this
specific group of patients. Discuss your prognosis with your doctor.

5 years after diagnosis

FRRRRRRRRRRRARRRRRRRRRAE
RARAARRTARRRRARRRRARARR o § eane
FRRRRARARARRARARRARRA o § oo
RRRRRRRARRRRARRARR] 111 o 0000

Conditional survival statistics prostate cancer 0

For those patients with the above characteristics who are still alive 3 years after diagnosis, the
five-year survival rate increased from 94 percent to 97 percent (97 out of 100 men)
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Figure 3. Example of the output display in the long (detailed) version of the interactive tool, communicating a less favorable survival rate to PCa
survivors. Participants started at the left top figure (A), and could decide what type of information they wished to see (B, C). PCa: prostate cancer.
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What is the survival statistic after having survived a period of time? e

Data Collection

Each session started with an explanation of the procedure,
signing informed consent, and a questionnaire that assessed
sociodemographic information (age, gender, education, work,
marital status, and children) and disease-related information
(year of diagnosis, type of cancer). Participants were then
instructed on how to think aloud. Participants were then asked
to enter information into the tool and to view the results using
2 hypothetical case examples: (1) a patient with a favorable
5-year overall survival rate (89% for the BCa group and 94%
for the PCagroup), and (2) apatient with alessfavorable overall
5-year surviva rate (38% for participants with BCa and 47%
for participants with PCa). Participants with PCa history would
use a PCa case, and participants with BCa history would be
presented with aBCacase. The case examples contained patient
and disease-related information about 2 hypothetical patients
[11]. We informed them that this may evoke some unpleasant
memories'thoughts related to participants own cancer
(diagnostic) situation. Therefore, participantsweretold that (1)
they aways have the opportunity to withdraw their participation
whenever they want to, without any negative consequences,
and without providing any explanation; (2) the hypothetical
personalized statistics used in this study were not real. In
addition, because participants might feel anxiousabout reflecting
on their diagnostic situation, they were referred to an online
expert therapist of Kanker.nl who is specialized in dealing with
cancer-related anxiety.

One case example was performed using the short version of the
tool, and the other with the long version of the tool. The order
and combination of the tool version with the case scenario were
randomized and counterbalanced across participants. While
entering theinformation and viewing the statistics, participants
were instructed to think aloud. Prompts were used when
participants fell silent (eg, “Keep talking?’), and reassuring
sounds were made to enhance thinking aloud (eg, “ Uhuh™) [35].

After the think-aloud session, we conducted a semistructured
interview to provide participants with the opportunity to

https://cancer.jmir.org/2021/4/e25659
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elaborate on statements made during the think-aloud sessions,
and to further capture participants preferences for
communicating the statistics. For this, we used a semistructured
topic guide (Multimedia Appendix 4). At theend of the ons,
participants were debriefed and informed about the full purpose
of the study.

The think-aloud sessions and semistructured interviews were
led by 2 interviewers, RV and a research assistant (female,
research assistant in communication science with expertise in
new media design). Both interviewers were not known to the
participants. The sessions lasted between 21 and 67 minutes
(average duration 44 minutes), and were performed at either
the IKNL (in Amsterdam, Rotterdam, Utrecht, or Eindhoven)
or at the participants home. Data were collected in April and
May 2019. Field notes were taken from each session by RV.

Data Analysis

All think-aloud sessions and semistructured interviews were
audio-recorded (with permission of the participants), transcribed
verbatim, and analyzed using content analysis [36]. For this, 2
investigators (RV and MVE) developed a deductive coding
scheme based on the interview guide (M ultimedia Appendix 3)
and the themes and subthemes that emerged from the thematic
analysis of the focus group study. The same investigators then
independently coded 4 transcripts, and resolved disagreements
through discussion. Theremaining 7 transcripts were then coded
by RV. All coding activities were performed using MAX QDA
2020 (Verbi Software) [30]. Quotes for supporting the findings
were trandated into English.

Results

Patient Characteristics

Characteristics of participants in the 2 focus groups (n for the
BCa group=9 females; n for the PCa group=4 males) and 11
think-aloud sessions (n for the patients with BCa=7 females; n
for the patients with PCa=4 males) are summarized in Table 1.
In both groups, there were more BCa survivors than PCa
survivors (69% and 64%, respectively). The participantsin both
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groups were comparable in terms of sociodemographic and the distribution of year since diagnosis (P=.033), with more
disease-related characteristics (al P values >.20), except for  recently diagnosed survivorsin the think-aloud group.

Table 1. Participant characteristics for the focus groups and think-aloud sessions.

Characteristics Study 1: Focus groups (n=13) Study 2: Think-aloud observations (n=11)
Gender, n
Female 9 7
Mae 4 4
Age (years) at time of study, mean (SD) 59.8 (10.9) 57.1(10.3)
<50 3 2
50-65 6 6
>65 4 3
Education, n
Secondary education or practical education 2 4
College or applied university 6 4
University 5 3

Type of cancer, n

Breast cancer 9 7
Prostate cancer 4 4
Year since diagnosis, median 9 4
0-5 4 7
6-10 3 4
>10 6 0
Work situation, n
Work 4 5
I (insurance) 2 0
No work/retired 7 6
Marital status, n
Married/partner 10 6
No partner 3 5
Children, n
No 3 4
Yes, living with 4 2
Yes, living somewhere else 6 5

interpretation support, and (3) preference for information
presentation. Subthemes are introduced below within each of
Themes | dentified the main themes' sections.

Study 1: Focus Groups

Threethemeswereidentified from the focus group data (Figure
4): (1) the need for personalized statistics, (2) the need for
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Figure 4. Schematic representation of themes and sub-themes identified from the focus group data. NCR: Netherlands Cancer Registry.
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Theme 1: Need for Personalized Statistics

Summary

Participants reported the needs for receiving personalized
statistics from the NCR aswell as other personalized statistics,
and also on how to establish this by taking several patient and
tumor characteristics into account.

Per sonalized Statistics From the NCR

All participantsfound the (5- and 10-year) survival ratethe most
important statistic from the NCR. However, at their time of
diagnosis, participants wanted to know their personalized
survival chance based on their own situation. Participants
mentioned that a personalized survival rate seemsmore rel evant
and useful to know than the generic or average surviva rate,
and that characteristics such as tumor stage and lymph nodes
involvement could have a significant impact on survival rates.

You really want to know your personalized survival
chances for your own type of cancer. So, if you are
having a T4-stage cancer, you want to know the
survival rate for that specific situation. [PO4, aged 71
years]
For the personalized incidence rate, participantsfound thistype
of information to beimportant, especially becausethismay help
them know how many other patientslike them have this specific
disease and whether it is something rare or not. Being aware of
the high or low incidence rate could also “help patients to see
where they are in the bigger picture’ [P04]. However, there
were also participants who did not really see the added value
of this statistic, especially because they aready had been
diagnosed with cancer and cannot really change this diagnosis.

You have already been diagnosed with breast cancer.
So, what does it matter that other people also have
breast cancer? [B04, aged 55 years]

Finally, when showing personalized conditional survival rates,
participants with BCa and PCa both initially found the term
difficult to understand and rather confusing. However, after
explaining the concept in more detail and showing them what
it might look like in the tool, participants agreed that this type
of statistical information might be useful to communicate.
Participants mentioned that communicating the personalized
conditional survival statistic “can be very reassuring and
psychologically beneficial for patients’ [P3]. Another participant
said:

https://cancer.jmir.org/2021/4/e25659
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For instance, in the case of triple-negative for breast
cancer, after having survived the first three years,
your survival chance increases enormoudly! This
could be very interesting and important to
communicate [to patients]. [BO3, aged 57 years)

Other Personalized Statistics

Participants’ need for disclosing other personalized statistics
based on NCR or other data sets spanned a broad range.
Participants expressed a need for receiving information about
personalized risks of treatment outcomes, such asthelikelihood
of experiencing treatment side effects.

| would have liked to know my [ personalized] risk of

experiencing a side effect after treatment, and whether

this risk would change over time or not. [PO1, aged

72 years)
Moreover, participants reported the need for personalized
statistical information about cancer recurrence, risk of cancer
in the family, and impact on quality of life such as physical,
cognitive, and psychosocial functioning. Furthermore,
participants with BCa in particular wanted to receive statistics
on the chances of getting metastatic cancer, whereas participants
with PCa specifically expressed a need for treatments chosen
by other patients with PCa over time and performance statistics
of different hospitals.

Patient and Tumor Char acteristics

Participants had several comments on the characteristics that
patients should fill out, and simultaneously expressed their need
for extending thiswith other patient and tumor features. In both
groups, participants voiced concerns about asking for apatient’s
tumor stage, because most of the participants were unfamiliar
with the term.

Based on my education materials from 2012, | can

see that | received information about tumor grade

and HER2, but not about my tumor stage. [B04, aged

55 years|
Moreover, for the metastatic feature, patientsfound it important
to indicate whether the tumor had spread to the lymph nodes or
to other parts of the body. Participants therefore suggested
providing clear explanations of the patient and tumor
characteristics. Additional features proposed by the PCa
survivors were information about a person’s health status and
information about comorbidity. Additional features requested
by BCa survivors were tumor grade, HER? status, and specific
types of BCasuch astriple negative. Finally, both groups asked
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for a feature dealing with a person’s family history of cancer
(ie, genetics).

Theme 2: Need for I nterpretation Support

Summary

Both PCa and BCa survivors identified challenges that could
hinder the correct interpretation of the personalized cancer
statistics by future users, and expressed the following needsfor
supporting patients with this.

Contextual Information

Both groups of participants expressed their wishes to see
supplementary information that should accompany the
personalized statistics. For instance, they commented that the
current survival rates are actually better than those that were
displayed by the tool, because patients with newly diagnosed
cancer can benefit from advancesin treatment options.

It is important to mention that all statistics here are
about the past and are based on former treatment
options. You should really communicate this to
users...So the current statistics can only be more
positive. [B01, aged 50 years]
Furthermore, some BCa survivors thought that providing
comparative information such as the chance of 10-year cancer
recurrence related to the chance of getting cancer for the first
time. Similarly, the participants with PCa stated that the 5- and
10-year surviva statistics for patients with cancer should be
placed in context by comparing them with the survival rates of
people who do not have cancer.

Providing the survival rate for the norm population
would be very useful. The survival rate of the normal
population isn't that great aswell. If | see a 10-year
survival rate of 21 percent for PCa patients [with
stage 4], what does this 21 percent mean, and how
does it compare [to the normal population]? [PO3,
aged 67 years]

Statistical Numeracy

Several participants expressed their concerns about
communicating personalized statisticsto patientswith low health
or numeracy skills. They considered it important to explain that
the personalized survival rates are till average statistics, and
that supplementary information is highly needed especially for
those patients who are lacking prior knowledge in statistics.

It is important that these dtatistics are not
communicated in a scientific manner, but instead in
a way that is understandable for those who do not
have a background in statistics. [P02, aged 79 years]

Emotional Aspects

Participants emphasized the importance of taking emotional
aspects such as anxiety into account that may be evoked by
viewing information about survival rates. Especialy in the
scenario with the less favorable survival statistic, some
participants found the information shocking and uneasy to see
and offered suggestions for adding warning statements about
this.

https://cancer.jmir.org/2021/4/e25659
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| think it would be a good idea to advice people to

see this information together with someone else. |

could imagine that some people may find this

[statistical] information emotionally difficult to

interpret...Something like a disclaimer. [B05, aged

41 years|
However, other participants did not experience this, and felt
that disclosing personalized statistical information viathistool
is of utmost importance for those who need it to become well
informed, even though the statistics could be bad and provoke
negative emotions. They felt that thiswould not destroy patients
hope, but instead would create a more realistic picture.

Those people who want hope will not read this
[ personalized statistical information]. | think that if
you have the [datistical] information, it should
become available for everyone [BO1, aged 50 years]

| have searched for statistical information all night
long. Having that knowledge [ statistical information]
makes me feel calm [BO6, aged 63 years|

Theme 3: Preference for | nformation Presentation

Summary

While viewing the tool, participants reported their preferences
for presenting the personalized cancer statisticsin terms of type
of visualization, amount of information, and uncertainty around
statistics.

Type of Visualization

Regarding the different types of visualization that we used for
communicating the survival rates, amost all PCa and BCa
survivors expressed a preference for the icon arrays. However,
1 participant with PCacommented that theicon arraysincreased
levels of anxiety because “they seemed too personal” [PO3].
Overdll, participants found the option to switch between
different types of visualization valuable and helpful.

Amount of Information

In both groups, participants shared their views on whether we
should give users a conscious choice of what information they
would like to see, for instance, by giving them the option to
expand texts when supplementary information about specific
terms or statistics is preferred. Some participants argued that
this would then satisfy both users who want detailed or
supplementary information about the statistics and users who
want to see as little as possible. This was also true for showing
the visualizations by default, or providing patients the option
to decide for themselves whether they want to see the
information visually or not.

| was thinking of the graphic. Do you always want to
show thisto all patients, regardless of the type? You
could also first show them the textual information,
and then give themthe option to view theinformation
in a graphic,c and which type of graphic.
Because...what if the survival rate turns out to be
very low. Then the icon arrays can very
confrontational. [BO1, aged 50 years]
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Uncertainty Around Statistics

Not all participants were aware of the imprecision of the
statistics (ie, epistemic uncertainty), and they had conflicting
views on whether or not we should disclose and communicate
this. Some participants thought it might be too difficult and
confusing to communicate, whereas others stated it may help
patients understand that the statistics are lessreliable and could
be no more than an indication of what could happen. The
participants with BCa showed a preference for communicating
thiskind of uncertainty only when calculating survival ratesfor
small groups (eg, patients with BCa with triple-negative), or
when the statistics were relatively poor (eg, less favorable
survival rate). Asone BCa survivor put it:

Here [ sees a 5-year survival rate of 44% for a stage
4 BCa patient] you want to know the variation,
because it may give the patient hope. If you have a
poor statistic, but you see that the range is big, then
you may think that you could still be on the positive

Vromans et al

side of therange. Whereasif you have a good statistic,

then providing a range becomes less relevant. [BO3,

aged 57 years]
This concludes the findings of the focus groups. In the next
section, we will discuss the results from the think-aoud
observations, which allow us to get a better insight into what
cancer survivors might actually think and feel when confronted
with personalized cancer statistics.

Study 2: Think-Aloud Observations

Overview

Theresults of the think-aloud observations are presented bel ow,
structured around the 3 main themes that were identified from
the focus group data (need for personalized statistics, need for
interpretation support, and preference for information
presentation). Table 2 displays an overview of the main results
obtained during the think-aloud observations.

Table 2. Overview of results and statements made by participants during the think-aloud sessions (N=11).

Item

Value, n (%)

Need for personalized statistics
Mentioned that receiving personalized survival rate is valuable
Showed less interest in (personalized) incidence rate

Appreciated the conditional survival rates

Wanted more clinical characteristics and treatment history for specifying statistics even further

Need for interpretation support
Found the supporting statements hel pful and important

Would not recommend using verbal labels for interpreting statistics (eg, to tell patients they will receive “good or bad” news)
Experienced positive emotions (eg, sense of hope) while viewing the personalized statistics

Experienced negative emotions (eg, shocked) while viewing the personalized statistics

Mentioned that both favorable and unfavorable personalized statistics should be disclosed

Found comparative information confronting when their personalized statistics were below average

Appreciated comparative information when their personalized statistics were above average

Preference for information presentation
Preferred icon arrays for displaying personalized survival rates
Preferred pie charts for displaying personalized survival rates
Preferred bar charts for displaying personalized survival rates
Appreciated the function of tailoring the type of visuaization
Preferred a short and concise result page

Expressed a preference for tailoring the amount of information

Appreciated verbal descriptions of uncertainty around personalized statistics

Wanted to see confidence intervals along with the personalized statistics

9(82)
11 (100)
10 (91)
6 (55)

11 (100)
3(27)
9(82)
7(64)
11 (100)
5(45)
5 (45)

6 (55)
4(36)
1(9)
8(73)
10 (91)
5 (45)
5 (45)
2(18)

Need for Personalized Statistics

Overall, most participants (n=9) mentioned that receiving the
personalized survival rate was very vauable, of which 7
mentioned that they would use this tool after their diagnosis,
and 2 only after afew yearsafter diagnosis. Parti cipants showed
less interest in the information about cancer incidence, and 3

https://cancer.jmir.org/2021/4/e25659

were even surprised by the personalized incidence rate, because
they expected this statistic to be much higher. Similar to the
focus group study, almost all participants (n=10) greatly
appreciated the conditional survival rates, especialy when
initially being confronted with a less favorable survival rate.
As participants put it, while thinking aloud:
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W, | think this [conditional survival rate] is very
valuable... Indeed, if you have survived some years
after diagnosis, you are no longer part of the group
of patients that died, so from that moment your
chances of survival increase enormously. [B03, aged
45 years|
Yes, | get it. The survival rate increased from 47
percent to 87 percent. Well, then | amareal survivor!
87 out of 100 men, that's high, isn’t? [PO1, aged 68
years]
However, similar to the focus group, 6 participants expressed
their need for adding more clinical characteristics and treatment
history to the tool for better personalizing the statistics.

Need for Interpretation Support

All participants found the supporting statements at the start of
the tool very helpful and important, as they may help users
become better prepared for receiving and interpreting the
statistics. However, 3 participants explicitly mentioned that we
should not use labels by telling usersthat the numbersthey will
seewill be good or bad news. One participant commented, while
thinking aloud:

| do not think that you can decide for someone else
whether something is good or bad news. That is not
up to you. It is also relative. | mean, if you see this
[survival rate] you may think it's good news, but |
may think it's bad news. [B05, aged 50 years]

The same participant offered suggestions for replacing “good
or bad news’ with “favorable or less favorable than expected”
[BO5].

Participants also experienced and expressed a mix of positive
and negative emotionswhile viewing the personalized statistics.
The majority of the participants (n=9) expressed positive
emotions such as asense of hope, while viewing the conditional
survival rates (n=8), or the favorable survival rate. However, 7
participants were “shocked” or felt “uneasy” when seeing the
less favorable survival rate in comparison with the favorable
generic, population-based survival rate. Those participantswere
surprised that so few people would survive after 5 years with
these specific characteristics.

Oh god, this [less favorable personalized survival
rate] is still after five years. Well this number isvery
different from the generic statistic [generic,
population-based survival rate]. Pff, that really sucks!
[BO2, aged 60 years]

Nevertheless, participantsfound it important to disclosethe less
favorable survival rates as well to create a realistic and fair
picture. Some patients (n=5) found that emotions should be
taken into account, but at the same time commented that those
who do not want to see the personalized statistics will not visit
the tool.

| did not experience any feelings, but | am also a
rationally and realistically oriented person. | know
some women who don't want to see this kind of
information, but the question iswhether they will ook
for these statistics at all. [B03, aged 45 years]

https://cancer.jmir.org/2021/4/e25659
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Furthermore, participants had mixed views on the comparative
infformation between the personalized and generic,
population-based statistics. This view typically depended on
whether the personalized survival rate was above or below the
generic dtatistic. Some participants (n=5) found the less
favorable survival rate confronting when it was shown in
comparison with the favorable generic survival rate. However,
when participants’ personalized survival rate was higher than
the average, others (n=5) thought it was supportive:

The [generic] survival rate is 89 percent... Oh well,
that isalot. Survival rate for patientswith the above
characteristics is 94 percent. Okay, So my prognosis
is better than the average [prognosis]. Well that's
good news. [P03, aged 60 years]

This [seeing both personalized and generic survival
rate] is fine, and seems like an added value to me.
Thisway, you can see whether you are below or above
the average survival rate. [P04, aged 69 years|

Participants further expressed concerns about terminology used
in the tool. For instance, 7 participants were not familiar with
theterm “tumor stage,” but rather with alternative features such
as TNM stage or the presence of metastases or not. Participants
further recommended to avoid complex terms such as
“incidence” or “conditional survival” (Figure 2), and preferred
the tool version in which these terms were explained in plain
language (Figure 3).

Preference for | nformation Presentation

Participant preferencesfor visualizing the personalized survival
rateswere in line with those of participants in the focus group,
with the mgjority preferring icon arrays (n=6), followed by pie
(n=4) and bar charts (n=1). However, participant reactions to
the “human aspect” of the icon arrays varied, with some
appreciating the pictographs since the survival rates are about
people, while others expressed concerns that they were too
confronting. Despite this variation in preferences and
(emotional) reaction, most participants appreciated the function
of tailoring the type of visualization (n=8).

| didn't like to be confronted with this figure [icon

array], because 38 percent [ chance of survival]...Here

you should have the option to switch between figures.

When the percentage was displayed by means of a

piechart, | experienced it asless shocking than when

it is presented with pictographs. | think here you

should be able to make a choice in how you want to

seeit. [BO1, aged 54 years]
Furthermore, regarding the amount of information, most
participants preferred the short and concise result page of the
tool (n=10). Participantstypically commented that they primarily
used the tool to see statistics and survival rates as soon as
possible, and therefore expected to see numerical information
rather than large pieces of text. Almost half of the participants
expressed a preference for tailoring the amount of information
and expanding the text for certain topics (eg, complex terms,
supplementary information about the NCR) if desired (n=5).
Again, this was mostly preferred by participants who were
shocked by the less favorable surviva rates. Finaly, 5
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participants appreciated the verbal descriptions of uncertainty
around the statistics that we presented as part of the supporting
statements, and 2 parti cipants wanted to see confidenceintervals
along with the statistics.

Discussion

Principal Findings

This study aimed to explore needs and preferences of cancer
survivors for communicating personalized statistics from a
Dutch nationwide popul ation-based registry, the NCR [22]. We
developed different versions of a tool that allows patients to
enter personal and disease-related characteristicsfor determining
personalized incidence, survival, and conditional survival rates.
We applied a qualitative multimethod study approach, by
collecting group data through focus groups and individual data
via think-aloud observations combined with semistructured
interviews.

Our study suggests that the majority of our selective sample of
cancer survivors (in both the focus group study and think-aloud
sessions) have adesireto receive personalized cancer statistics.
Survivors expressed an overarching desire for especialy
receiving tailored survival rates and conditional survival rates;
they showed lessinterest in the personalized incidence rate, but
they still thought it could be useful for some patients. Overal,
the majority expressed intention to use the tool for viewing
personalized statistics, regardless of the outcome. Furthermore,
survivors wanted to receive a range of personalized statistics,
such as personalized risk information about trestment outcomes
(eg, side effects, survival, recurrence rate, or quality of life).
These results support previous findings that most (but not al)
patients want detailed and individualized information about
their prognostic situation [2-4,37,38], with especially a strong
need for personalized (conditional) survival ratesand treatment
outcomes (eg, risks of side effects, quality of life, or recurrence
rates).

When it comes to communicating personalized statistics to
patients, we found that survivors expressed a need for being
provided with supporting information that should help correctly
interpreting the statistics. For instance, in both focus groups
and think-aloud observations, cancer survivors mentioned the
importance of adding contextual information (eg, explaining
the influence of treatment on survival over time, providing
comparative information including generic, population-based
statistics), which should hel p put the personalized statisticsinto
perspective [39,40]. Next to that, survivorsin the focus groups
reported that they processed personalized survival statistics
emotionally, and were viewing the information under the
influence of emations such as feelings of distress. Indeed, this
was captured during the think-aloud observations, in which
some participantswere confronted by the lessfavorable survival
statistic compared with the favorable generic survival statistic.
Reminding or preparing patients about this was found to be
helpful, although the use of specific interpretation labels such
as “good” or “bad’ news were strongly discouraged. At the
same time, we observed that the disclosure of conditional
survival rates had a positive effect on cancer survivors sense
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of hope, whichisin linewith previouswork on the link between
hope and disclosure of prognostic information [37].

Regarding the preference of cancer survivorsfor presenting the
personalized statistical information, participants expressed an
overarching preference for simplicity and conciseness. They
found it important that the key information (survival rates) was
immediately visibleto them. Although some partici pants wished
to see more information about the details of the statistics, others
did not appreciate this. This challenge of finding a balance
between fully informing patients about the statistics while not
simultaneously overwhelming them by providing too much
information has also been found elsewhere[41,42]. Therewere
survivors who appreciated the option to tailor the amount of
information, by extending textswhen more detail waspreferred
[43], or by choosing whether or not one wants to see the visual
representation of the survival statistic. Finally, regarding the
type of visualization, most participants preferred the pictographs,
which is in line with previous research [44], athough some
found the use of pictographs inappropriate and frightening for
communicating survival rates [45]. We further found that the
option to switch between different types of visualization was
greatly appreciated by our participants, which may therefore
solve the variety in presentation preferences among cancer
survivors [46].

Strengths and Limitations

A strength of this study is that we employed multiple rigorous
qualitative methods (focus groups and think-al oud observations
combined with semistructured interviews) that complied with
reporting standards [26]. The focus groups (study 1) allowed
usto gather group data on cancer survivors' needs, preferences,
and perceptions about disclosing personalized cancer statistics,
while the think-aloud observations (study 2) reveded
spontaneous thoughts and feelings of survivors while being
confronted with personalized statistics. At the same time, the
think-al oud method has sometimes been criticized regarding its
validity and reliability [47,48], as it may be cognitively
demanding for participants to complete a task while
simultaneoudly verbalizing their thoughts, opinions, and feglings.
However, following previousresearch [32], we partially tackled
this issue by conducting semistructured interviews after the
think-al oud sessions during which participants could elaborate
on their verbal statements and experiences with the tool. Even
though we conducted all studies with cancer survivors (who
have experience with being confronted with acancer diagnosis),
we had to make use of hypothetical case examples instead of
participants’ own patient and tumor characteristics. This may
have limited the ecological validity of theresults, and may have
influenced the emotional processesthat patientsdid (or did not)
experience while interacting with the tool.

Another limitation isthat we recruited (active) cancer survivors
involved in online cancer communities or patient organizations.
It has been demonstrated that this selection of cancer survivors
may not befully representative of the general cancer population,
asthey aretypically somewhat higher educated and make more
extensive use of the internet [49]. Several studies suggest that
lower education is associated with lower eHealth use [50].
Furthermore, we did not measure participants' health literacy
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or numeracy skills, although some participants in our study
expressed their concerns about communicating statistics to
patients with low health or numeracy skills. Therefore,
supplementary information or adviceto discussthe resultswith
clinician is highly needed especially for those patients who are
lacking prior knowledge in statistics, or who may have less
education. Despite this shortcoming, our interactive tools did
comply with best practices and risk communication guidelines
for communicating statistical information to the general public
[24,51-54], and their content was developed by using a plain
language approach (eg, using everyday language, and using
logically structured and focused information) [55]. A related
limitation is that we only included BCa and PCa survivors,
which makes it challenging to generalize our results to other
oncology populations and those patients in active treatment.
However, a recent study showed that internet use and wishes
for online health information and statistics do not differ between
patientswith different cancer types[49]. Nevertheless, for future
developments and eventual release of a possible red-life
web-based NCR toadl, it isimportant to test the understanding
of thetool also among the general cancer population, preferably
with variation in terms of cancer type, educational background,
health literacy, and numeracy skills.

Implications and Future Directions

Our results contribute to the rapidly expanding field of
personalized risk communication and tailored health
communication, as they further enhance our understanding of
how and why we should make efforts in disclosing and
communicating personalized risks statistics from registry data
to patients. For instance, our data provide support for a novel
recommendation of alowing users to modify the type of
visualization in line with their preferences. Over the years,
several best practices and communication guidelines have been
developed for the delivery of risk and statistical information to
patients [24,51,52,54,56], particularly with an emphasis on
searching for a single-best strategy. However, preferences for
certain visualizations may vary between individuals [57], and
therefore tailoring the type of visua aid toward the user's
preference may be a promising additional risk communication
strategy to consider. Another novel finding of our study is that
some of the risk communication guidelines for communicating
generic, popul ation-based statistics may yield unexpected effects
when they are used for communicating risks or statistics that
are personalized. For instance, icon arrays—a recommended
type of visualization for explaining risks and statistics—were
preferred by most participants in our study (consistent with
other studies [58,59]), but they also evoked feelings of distress
as they became too personal to some patients [45]. Therefore,
systematic knowledge about how patients will perceive and
processvisual aidsthat communicate personalized risks statistics
is needed, as well as future investigations about the effects of
tailoring the type of visual aid or the amount of information on
associated risk perception and comprehension outcomes.

Furthermore, our results are encouraging for research into needs
and preferences of patients with cancer with respect to
personalized information provision and the disclosure of big
health data [11,17]. The majority of our sample expressed a
need for receiving personalized statistics on different topics
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before and after their initial treatment, ranging from survival
rates to risk information about treatment side effects. We
therefore recommend further development and implementation
of data-driven personalized decision aids and disease risk
prediction models (either based on registry, clinical, or
patient-reported outcome data) in and outside The Netherlands
[8,11,15,20,21], and support their availability to patients and
clinicians in daily routine practice and to laypersons on the
internet. At the sametime, this development comeswith several
challenges, which may explain why some (personalized) cancer
statistics are not currently available to the general public. For
instance, some additional items for personalizing survival
statistics as requested by participants are not readily available
within the Dutch registry (eg, information on genetic factors or
comorbidity). Relatedly, increasing the number of itemsin this
case may lead to smaller subgroups, which in turn may lead to
uncertain and less reliable personalized statistics. As such, the
utility of and preference for personalized statistics may differ
markedly depending on how reliable the information is, and
further exploration on these aspects is highly warranted.

The results of our study also have a number of novel practical
implicationsfor the design and implementation of personalized,
data-driven information support tools for cancer survivors
(Textbox 1). We have shown that making such tools available
to patients and the general public comeswith several challenges
such as avoiding technical language that is needed to describe
statistical or medical terms, making sure that all patients will
correctly interpret the statistical information, and not
overwhelming them with visualizations that display less
favorable survival outcomes. A key lesson from our qualitative
studies is that there does not seem to exist a single perfect
communication format for the delivery of personalized cancer
statistics. Wetherefore believe that many of theissuesidentified
with our potential NCR tool could be solved by applying a
number of different personalization techniques, such astailoring
the amount of information (eg, expanding text boxes for those
who want detailed and supplementary information) [43], or
tailoring the type of visualization in line with patient
preferences. Furthermore, as some patients may experience
difficultieswith correctly interpreting the statistical information,
several strategies could be taken into account such as the
provision of contextual information about the statistics, or
comparative information by showing average statistical
outcomes of other patients.

Finally, although it has been shown that personalized statistics
aretypically perceived as more relevant [25], and hence better
processed than generic information [60,61], our findings suggest
that tool devel opers should not underestimate the role of affect
in this process [62]. We observed that some participants
processed statistical information emotionally, and expressed to
be confronted by the less favorable survival rates. Making
web-based prediction tools publicly available to patients and
relatives thus faces the challenge of avoiding discouraging
patients with less favorable survival rates of prognosis from
having hope. Thisis especially challenging for tools that rely
on automatically generated textual explanations, for instance
produced by robot writersthat cannot easily provide contextual
information in a similar way as a doctor can do during a
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consultation [63]. However, in line with previous information
needs studies, our participants indicated that for those patients

Vromans et al

recommend tool devel opersto provide supporting or preparatory
information about the emotional aspects, and to find ways on

who really want honest prognostic information the levels of
hope will maintain, even when the news is bad [38]. We

how to tailor automatically generated sentences and explanations
on poor prognosis and treatment outcomes to patients.

Textbox 1. Recommendations for the development of tools that communicate personalized health statistics to the public.

The need for personalized statistics
Regarding the type of statistics:
«  Consider communicating personalized survival statistics together with conditional survival statistics.

«  Communicate not only statistics about personalized cancer incidence, but also about survival, conditional survival, and treatment outcomes (eg,
side effects, quality of life).

«  Consider and evaluate multiple patient (age, gender, lifestyle) and clinical (disease stage, tumor characteristics) characteristics for tailoring the
statistics.

The need for interpretation support

Regarding difficulties with interpreting personalized statistical information:

«  Provide contextual information about the statistics and use clear explanations on the intended use.

«  Consider communicating comparative information by showing statistics of the average patient in addition to the personalized statistics.

« Useplain and appropriate language and make sure that data entry characteristics are known by patients (or at least provided by their health care
providers).

Regarding emotions or feelings of distress that may arise while viewing (less favorable) statistics:

o Prepare patients for the less favorable survival statistics viareminders or warning statements.

« Avoid using evaluative labels such as “good” or “bad” survival statistics.

Preferences for information presentation
Regarding variation in preference for type of visualization:
« Incorporate multiple types of visualization for displaying the statistical information.

« Allow patients to modify the type of visualization according to their preference.

Regarding variation in preference for the amount of information:
«  Keep the amount of information short and concise.

« Allow patients to tailor the amount of information, for instance, by incorporating the option to expand text for showing detailed information.

in our study demonstrated variation in their preferences for
communicating the statistics. As aresult of these findings, our
research group is currently developing a real-life web-based
tool that communicates personalized NCR statistics, which will
be further evaluated among different stakeholders including
patients, relatives, and health care providers. Given the valuable
information generated in collaboration with cancer survivors,
we suggest that this approach and findings can be used to design
data-driven personalized information (and decision-support
tools) toolsfor patientswith cancer and other disease conditions.

Conclusions

The magjority of our sample of cancer survivors expressed a
desire for recelving personalized cancer statistics such as
specific and relevant data on survival and conditional survival.
Thisis encouraging for those who are devel oping personalized
information toolsfor patientsthat are drawing on cancer registry
data or other medical databases, especiadly in an era of
personalized health care and open access of big health data.
Presenting personalized statistics to the public remains
challenging and callsfor tailoring strategies, as cancer survivors
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