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Abstract

Background: Trastuzumab has had a major impact on the treatment of human epidermal growth factor receptor 2 (HER2)-positive
breast cancer (BC). Anti-HER2 biosimilars such as Ogivri have demonstrated safety and clinical equivalence to trastuzumab
(using Herceptin as the reference product) in clinical trials. To our knowledge, there has been no real-world report of the side
effects and quality of life (QoL) in patients treated with biosimilars using electronic patient-reported outcomes (ePROs).

Objective: The primary objective of this prospective observational study (OGIPRO study) was to compare the ePRO data
related to treatment side effects collected with the medidux app in patients with HER2-positive BC treated with the trastuzumab
biosimilar Ogivri (prospective cohort) to those obtained from historical cohorts treated with Herceptin alone or combined with
pertuzumab and/or chemotherapy (ClinicalTrials.gov NCT02004496 and NCT03578731).

Methods: Patients were treated with Ogivri alone or combined with pertuzumab and/or chemotherapy and hormone therapy in
(neo)adjuvant and palliative settings. Patients used the medidux app to dynamically record symptoms (according to the Common
Terminology Criteria for Adverse Events [CTCAE]), well-being (according to the Eastern Cooperative Oncology Group Performance
Status scale), QoL (using the EQ-5D-5L questionnaire), cognitive capabilities, and vital parameters over 6 weeks. The primary
endpoint was the mean CTCAE score. Key secondary endpoints included the mean well-being score. Data of this prospective
cohort were compared with those of the historical cohorts (n=38 patients; median age 51, range 31-78 years).

Results: Overall, 53 female patients with a median age of 54 years (range 31-87 years) were enrolled in the OGIPRO study.
The mean CTCAE score was analyzed in 50 patients with available data on symptoms, while the mean well-being score was
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evaluated in 52 patients with available data. The most common symptoms reported in both cohorts included fatigue, taste disorder,
nausea, diarrhea, dry mucosa, joint discomfort, tingling, sleep disorder, headache, and appetite loss. Most patients experienced
minimal (grade 0) or mild (grade 1) toxicities in both cohorts. The mean CTCAE score was comparable between the prospective
and historical cohorts (29.0 and 30.3, respectively; mean difference –1.27, 95% CI –7.24 to 4.70; P=.68). Similarly, no significant
difference was found for the mean well-being score between the groups treated with the trastuzumab biosimilar Ogivri and
Herceptin (74.3 and 69.8, respectively; mean difference 4.45, 95% CI –3.53 to 12.44; P=.28).

Conclusions: Treatment of patients with HER2-positive BC with the trastuzumab biosimilar Ogivri resulted in equivalent
symptoms, adverse events, and well-being as found for patients treated with Herceptin as determined by ePRO data. Hence,
integration of an ePRO system into research and clinical practice can provide reliable information when investigating the real-world
tolerability and outcomes of similar therapeutic compounds.

Trial Registration: ClinicalTrials.gov NCT05234021; https://clinicaltrials.gov/study/NCT05234021

(JMIR Cancer 2024;10:e54178) doi: 10.2196/54178
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Introduction

Biosimilars and reference biologics play a key role in the
treatment of cancer and account for approximately 70% of the
growth in costs of drugs from 2010 to 2015 [1]. Therefore,
pricing is an important challenge for the medical society and
biosimilars offer an attractive option for a value-based care
environment with cost-saving potential [2].

Trastuzumab (Herceptin), a human epidermal growth factor
receptor 2 (HER2) antibody, has had a major impact on the
treatment of patients with HER2-positive breast cancer (BC)
worldwide, which now has indications for the treatment of small
tumors in both (neo)adjuvant and palliative settings [3,4]. This
provides a good opportunity to compare the efficacy and safety
of trastuzumab biosimilars to those of trastuzumab in clinical
trials. For several anti-HER2 biosimilars, safety and clinical
equivalence to the reference product have been demonstrated
[2,5]. In a randomized, parallel-group phase 3 equivalence study
of patients with HER2-positive metastatic BC, Rugo et al [6]
demonstrated equivalent efficacy and similar safety profiles
between the trastuzumab biosimilar Ogivri (MYL-1401O) and
trastuzumab (Herceptin) [6].

The enhanced assessment of electronic patient-reported
outcomes (ePROs) in clinical routine and cancer trials is of
growing interest [7-9]. Several studies indicate that the proactive
use of PROs can identify otherwise undetected symptoms and
improve symptom management for patients with various types
of cancer [9] as well as offer improvements in well-being and
awareness of adverse events (AEs) between outpatient visits.
Using a mobile app, especially in collaboration with the treating
physician, might improve clinical care in patients with early or
advanced disease [10-13]. In addition, the benefits of digital
patient monitoring have been demonstrated during immune and
targeted cancer therapies in terms of more efficient symptom
assessment and patient-physician communication as well as a
reduced need for telephone consultations [14].

Medidux is an interactive patient empowerment app that enables
physicians, especially oncologists, to monitor the progression
of well-being and symptoms of patients undergoing cancer
treatment. Based on the documented symptom progression, the

software notifies patients to contact the treatment team if
symptoms defined according to the Common Terminology
Criteria for Adverse Events (CTCAE) standards are outside the
acceptable range. More than 110 available symptoms and
severity classifications (according to the CTCAE), as well as
high numbers of standardized symptom reports from patients,
contribute to the collection of high-quality ePRO data for the
timely management of treatment-related AEs and toxicities and
their communication to treatment teams [11,13]. Thus, the
medidux smartphone app is helpful to stabilize daily functional
activities and leads to more frequent reporting of AEs and more
precise entries regarding symptoms [11]. The continuous
measurement of ePROs enables structured and standardized
data recording of patients’ daily health state.

An increased level of concordance (κ=0.68) for common
symptoms, including pain, fever, diarrhea, constipation, nausea,
vomiting, and stomatitis, between the patient and treating
physician was recently demonstrated for the medidux platform
[13].

However, to the best of our knowledge, no real-world
observation of side effects, tolerability, and quality of life (QoL)
has been performed using ePRO data collected from patients
treated with anti-HER2 biosimilars. Thus, the aim of this
observational study was to investigate real-word data on daily
functional activity, symptoms, and therapy side effects recorded
with the medidux smartphone app in patients undergoing Ogivri
antibody therapy. In addition, historical ePRO data of 38 patients
with HER2-positive BC treated with Herceptin from two
previous studies [7,13] were used for comparative analysis.

Methods

Study Design
OGIPRO was a noninterventional, multicenter, prospective,
observational study conducted at 5 study sites in Switzerland
over a duration of 20 months.

Patients 18 years and older with a histologically or cytologically
proven diagnosis of HER2-positive primary, locally advanced,
or metastatic BC were eligible to participate after providing
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written informed consent. In addition, patients had to own a
personal iOS or Android smartphone.

Eligible patients received anti-HER2 treatment containing the
trastuzumab biosimilar Ogivri (initial dose of 8 mg/kg body
weight [BW] intravenously, followed by 6 mg/kg BW) with or
without pertuzumab and/or chemotherapy and hormone therapy
in (neo)adjuvant and palliative settings. At the beginning of the
study, patients were provided with the medidux app and were
prompted to record their symptoms, well-being, EQ-5D-5L
questionnaires, cognitive capabilities, and vital parameters every
day. Patients underwent 3 regular study visits scheduled on days
1, 21, and 42 during their 3 weekly chemotherapeutic
interventions. All anticancer treatments used in this study were
approved drugs, and the therapy was compliant with national
treatment guidelines.

The observational period for each patient was 6 weeks. At the
end of the observational period, patients decided whether to
continue their therapy with the biosimilar Ogivri or with the
reference substance Herceptin.

After the study observational period, prospectively collected
data of patients treated with Ogivri (prospective cohort) were
compared to historical ePRO data of patients treated with
Herceptin (historical cohort) in two previous studies: a
prospective randomized controlled trial (PRO1 study;
ClinicalTrials.gov NCT02004496) of 139 patients with early
stage BC who underwent chemotherapy [7] and an observational
noninterventional trial (Consilium1 study; ClinicalTrials.gov
NCT03578731) of patients with breast, colon, prostate, or lung
cancer undergoing cancer treatment [13]. In both studies,
patients were encouraged to document data on well-being and
standardized symptoms using earlier versions of the medidux
app during the course of their therapies. More than 5000
continuously measured data entries from 38 patients overall (14
from Consilium1 and 24 from PRO1) were available for the
comparative analysis [7,13]. The historical ePRO data were
recorded in the same manner using the earlier versions of the
mobile app [11] and were therefore comparable to the
prospective ePRO data.

Ethical Considerations
This study was approved by the Swiss Institutional Review
Board (KEK-ZH: 2021-D0051) and was conducted in
accordance with the principles of the Declaration of Helsinki
(current version). The study was also registered on
ClinicalTrials.gov (NCT05234021). All patients in the
prospective and historical cohorts provided written informed
consent prior to enrollment and were informed that participation
in the study is voluntary and can be revoked at any time. All
study documents were deidentified by assigning a unique ID to
each patient. Functional data security was ensured by
identification only made possible via the patient’s ID. The data
on the patients’ devices were encapsulated in the app and the
data exchange was encrypted with the patient’s ID. There was
no compensation provided to participants.

Objectives

Primary Objective
The primary objective of the study was to evaluate ePRO data
reported in the medidux app by patients with HER2-positive
BC treated with the trastuzumab biosimilar Ogivri with respect
to their treatment side effects and to compare these data with
ePRO data obtained from a historical cohort of 38 patients
treated with Herceptin in two previous studies (NCT02004496,
NCT03578731) [7,11,13]. No difference was expected for the
CTCAE score between the two cohorts. The aims of the study
were therefore to confirm that the average CTCAE scores were
similar in both cohorts and that the recording of side effects
with the app was reliable.

Secondary Objectives
Secondary objectives included well-being in both cohorts as
well as electronically reported symptoms with respect to the
therapy regimen and demographic characteristics only in the
prospective cohort.

Mobile App
The medidux app (version 3.2) used in the study is a
patient-centered, therapy-accompanying app that supports the
structured, standardized, and dynamic documentation of
symptoms and therapy side effects. Use of this tool does not
represent an invasive intervention on the patient and
consequently did not pose any specific risks of physical injury.

Data Collection
The app has two basic components: (1) a browser-based app
for the treatment team (web app) and (2) a mobile app for cancer
patients. There was no need for 24-hour monitoring by medical
staff in connection with use of the app.

The medidux app for patients enabled recording symptoms,
vital signs, and well-being in a structured and standardized
manner. Patients were encouraged to regularly enter data on
symptoms according to the CTCAE (version 4.0), general
well-being according to the Eastern Cooperative Oncology
Group Performance Status (ECOG PS), EQ-5D-5L questionnaire
(weekly), vital signs (weight, blood glucose, blood pressure,
and pulse), and optionally a neuropsychological cognitive test
(Trail Making Test [TMT]), concomitant medications, and
private notes. Patients were asked daily about their general
well-being and symptoms using a visual analog scale. Recording
usually started on the day of therapy initiation (or the change
in therapy) and continued through an observational period of 6
weeks. The frequency of app use and data entry was logged
throughout the course of the study treatment, which served as
an indicator of patients’ active participation in the study and as
a relevant process parameter for evaluating the usability of the
app itself.

The mobile app also recommended contacting the investigator
or treatment site in case of high intensity of symptoms (ie,
treatment side effects). Furthermore, the app provided patients
with self-efficacious recommendations and tips on how to treat
and reduce treatment side effects.
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Recording of AEs
AEs in the app were classified according to the CTCAE (version
4.0). For the app, grade 5 “Death related to AE” had been
removed. Instead, category 0 was added, representing no or
very mild symptoms. The 5 severity levels were translated into
a visual analog scale from 0.1 to 10, with 0.1 representing the
weakest possible symptom and 10 representing the strongest
possible symptom. Scores 0.1-2.0 corresponded to grade 0,
scores 2.1-4.0 corresponded to grade 1, scores 4.1-6
corresponded to grade 2, scores 6.1-8 corresponded to grade 3,
and scores 8.1-10 corresponded to grade 4 AEs. When patients
selected a score between 0.1 and 10, they received a summary
and information for the selected range, which was displayed in
the app. Classification into adapted grades based on the CTCAE
resulted in the following categories: minimal symptoms (0),
mild symptoms (1), moderate symptoms (2), severe symptoms
(3), and very severe symptoms (4).

Well-Being Assessment
Self-assessment of well-being was carried out in the medidux
app with the help of a slider on a visual analog scale that allows
for the continuous selection from 0 to 100. At the same time,
short definitions appear for the standardized and structured
reporting of the gradings, which should help the patient to
correctly categorize their well-being. Selected values between
81 and 100 correspond to an ECOG PS of 0, values of 61-80
correspond to ECOG PS 1, values of 41-60 correspond to ECOG
PS 2, values of 21-40 correspond to ECOG PS 3, and values of
0-20 correspond to ECOG PS 4. As mentioned above, grade 5
“Dead” was removed for the app.

Statistical Analyses

Sample Size Calculation
The research objective was to investigate the difference between
prospective and historical cohorts regarding patient-reported
side effects, operationalized by the CTCAE score over a period
of 6 weeks. To assess the hypothesis of equal CTCAE scores
in both cohorts, the method of interval estimation was selected
using the 95% CI for the mean difference between cohorts. A
statistical analysis plan (SAP) prospectively determined the
required sample size for a prospective cohort based on the data
from the historical cohort (as available from the previous studies
NCT02004496 and NCT03578731 [7,11,13]; see the Study
Design section above for further details). First, the SD for the
CTCAE scores of the 38 patients in the historical cohort was
calculated retrospectively as 9.7 and the assumption of an equal
SD in the prospective cohort was made. Second, the sample
size for the prospective cohort was chosen to achieve a certain
minimum precision in estimating the mean difference between
cohorts (width of the 95% CI). For a range of feasible sample
sizes, the SAP reported 95% CI precisions based on the t
distribution (calculated using the R package presize [15]),
assuming an equal SD of 9.7 in both cohorts and using a pooled
variance estimate. From this range, a sample size of 60 patients
was prospectively selected in the SAP to achieve 51 evaluable
patients, given an expected dropout rate of 15%. The
corresponding 95% CI for the mean difference between the
historical and prospective cohorts was estimated to have a

precision of 8.3, which was deemed acceptable for the planned
assessment in the given study context.

Statistical Methods
All analyses of the primary and secondary endpoints (CTCAE
score, well-being score) were performed using univariate
analyses, followed by multivariate linear regression to report
(adjusted) mean differences between historical and prospective
cohorts, with the P values based on t tests and corresponding
95% CIs. All multivariate models extended the respective
univariate models in a supplementary fashion to adjust for
potential imbalances in patient age, tumor stage, and therapy
setting. These covariates were prospectively defined in the
study’s SAP; no model selection procedures were employed.
All analyses were performed using R version 4.2.0 (The R
Foundation for Statistical Computing) [16]. Two-sided P values
≤.05 were considered statistically significant.

Primary Endpoint
The primary endpoint, a CTCAE score based on the severity
grades of the 10 most relevant side effects (sensory disturbance,
diarrhea, fatigue, nausea, vomiting, headache, fever, edema of
the limbs, joint pain, and loss of appetite) after 6 weeks, was
compared between the prospective and historical cohorts. The
CTCAE score was calculated by averaging the score per patient
and symptom and then averaging the score per patient over all
symptoms. The mean difference in the CTCAE scores between
cohorts was estimated using univariate linear regression with
95% CIs. To adjust for potential differences between the two
cohorts in covariates relevant for the primary outcome, a
supplementary multivariate analysis was performed including
the additional covariates patient age, tumor stage, and therapy
setting.

Secondary Endpoint
The well-being score according to the ECOG PS was collected
continuously using a visual analog scale (range 0-100)
implemented in the medidux app and averaged across
measurements during the observational period. The analysis
protocol was analogous to that described above for the primary
endpoint.

Additional Analysis
Cognitive tests in the prospective cohort were collected
continuously throughout the observation period and descriptively
assessed by administering a modified version of the TMT. The
time (in seconds) to complete each task (execution time) was
used in the analysis.

Results

Baseline Characteristics
Overall, 53 female patients were enrolled in the OGIPRO study.
The median age was 57 (range 34-87) years in the prospective
cohort and 51 (range 31-78) years in the historical cohort. Most
patients (38.9%) had tumor stage 2 (Table 1). With regard to
the treatment setting, relatively fewer patients (22.2%) received
palliative treatment than neoadjuvant or adjuvant treatment.
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More than half of the patients (59.3%) received dual anti-HER2 blockade with trastuzumab and pertuzumab (Table 1).

Table 1. Baseline characteristics.

P valueTotal (N=91)Prospective cohort
(n=53)

Historical cohort (n=38)Parameter

.001aAge (years)

55.89 (11.924)b59.09 (12.193)51.3 (10)bMean (SD)

54 (31-87)57 (34-87)51 (31-78)Median (range)

.07cTumor stage (T), n (%)

18 (20.0)b10 (19.23)b8 (21.05)T1

35 (38.89)b16 (30.77)b19 (50.0)T2

19 (21.11)b11 (21.15)b8 (21.05)T3

18 (20.0)b15 (28.85)b3 (7.89)T4

.02cTreatment setting, n (%)

35 (38.89)b18 (34.62)b17 (44.74)Neoadjuvant

35 (38.89)b17 (32.69)b18 (47.37)Adjuvant

20 (22.22)b17 (32.69)b3 (7.89)Palliative

.01cTreatment, n (%)

11 (12.09)10 (18.87)1 (2.63)Trastuzumab

54 (59.34)33 (62.26)21 (55.26)Trastuzumab+pertuzumab

23 (25.27)10 (18.87)13 (34.21)Trastuzumab+pertuzumab+paclitaxel

3 (3.3)0 (0)3 (7.89)Ado-trastuzumab emtansine

.26cECOG PSd, n (%)

29 (32.22)b16 (30.77)b13 (34.21)0

44 (48.89)b29 (55.77)b15 (39.47)1

10 (11.11)b4 (7.69)b6 (15.79)2

5 (5.56)b3 (5.77)b2 (5.26)3

2 (2.22)b0 (0)b2 (5.26)4

aStudent t test.
bData missing for 1 participant.
cχ2 test.
dECOG PS: Eastern Cooperative Oncology Group Performance Status.

ePRO Data
In the prospective cohort, 84 of the 92 available different
symptoms were entered (average >4 symptoms/day), resulting
in a total of 9680 symptoms, whereas 54 of the 82 different
symptoms were reported in the historical cohort (average >3

symptoms/day), resulting in a total of 6904 symptom entries.
The most common symptoms reported in both groups included
fatigue, taste disorder, nausea, diarrhea, dry mucosa, joint
discomfort, tingling, sleep disorder, headache, and appetite loss
(Figure 1).
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Figure 1. Frequency of the 10 most common symptoms recorded with the app by patients treated with the trastuzumab biosimilar Ogivri (prospective
cohort) and patients treated with Herceptin (historical cohort). Absolute numbers of symptom entries are presented.

Overall, the distribution of symptom grades in the Ogivri cohort
revealed that most patients experienced minimal (grade 0) and
mild (grade 1) toxicities, followed by grade 2, grade 3, and

grade 4 toxicities (Table 2). The results for QoL (based on the
EQ-5D-5L questionnaire), which was also assessed in this study,
will be reported elsewhere.

Table 2. Distribution of symptom grades in the Ogivri prospective cohort (N=9680 symptoms reported).

Entries, n (%)App symptom score and grade

4167 (43.1)≤2 (Grade 0=minimal)

4040 (41.7)>2 to ≤4 (Grade 1=mild)

1268 (13.1)>4 to ≤6 (Grade 2=moderate)

164 (1.7)>6 to ≤8 (Grade 3=severe)

41 (0.4)>8 to ≤10 (Grade 4=very severe)

CTCAE Score
The primary endpoint was analyzed in 50 patients (3 patients
were excluded due to missing data on symptoms) treated with
Ogivri (prospective cohort) and in all 38 patients treated with
Herceptin (historical cohort). The mean CTCAE scores were

comparable between the two cohorts (Table 3) with a mean
difference of –1.27 (95% CI –7.24 to 4.70; P=.68) (Figure 2).
In the multivariate analysis, the adjusted mean CTCAE scores
also did not differ between the two cohorts (2.51, 95% CI –3.27
to 8.29) (Table S1 in Multimedia Appendix 1).
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Figure 2. CTCAE score in the prospective (Ogivri) and historical (Herceptin) cohorts. The CTCAE score (primary endpoint) was analyzed in 50
patients (3 patients were excluded due to missing data on symptoms) treated with Ogivri and in all 38 patients treated with Herceptin. CTCAE: Common
Terminology Criteria for Adverse Events.

Table 3. Descriptive statistics of treatment side effects according to Common Terminology Criteria for Adverse Events (CTCAE) scores and well-being
according to the Eastern Cooperative Oncology Group Performance Status (ECOG PS).

P valueaTotal (N=91)Prospective cohort (n=53)Historical cohort
(n=38)

Parameter

.68CTCAE scoreb

29.57 (14.088)29.02 (15.804)30.29 (11.618)Mean (SD)

29.5 (1-100)28 (1-100)32 (1-61)Median (range)

.28ECOG PSc

72.39 (19.117)74.27 (15.66)69.82 (23.006)Mean (SD)

76 (0-100)74.5 (35-100)76 (0-100)Median (range)

aReported P values correspond to mean differences between cohorts.
bMissing scores for 3 participants in the prospective cohort.
cMissing score for 1 participant in the prospective cohort.

Well-Being Score
The secondary endpoint, the well-being score, was analyzed in
52 patients (one patient was excluded due to missing data on
well-being) from the OGIPRO study and in all 38 patients from
the historical cohort. The mean well-being score did not differ
significantly between patients treated with Ogivri and those
treated with Herceptin (Table 3), with a mean difference of 4.45
(95% CI –3.53 to 12.44; P=.28). The adjusted mean well-being
scores also did not differ between the two cohorts (3.78, 95%
CI –4.64 to 12.19) (Table S2 in Multimedia Appendix 1).

Cognitive Abilities in the Prospective Cohort
A total of 767 cognitive tests were entered and the data of 37
patients (70%) who had performed at least one test were
included in the analysis (see Figure S1 in Multimedia Appendix
1). Overall, the mean execution time was 42.9 (SD 26.3) with
an absolute difference between the maximum and minimum
execution time of 197 seconds. Because of the low sample size
and limited number of cognitive tests recorded, no correlation
analysis between cognitive abilities and treatment was
performed.
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Discussion

The treatment of patients with HER2-positive BC with the
trastuzumab biosimilar Ogivri resulted in equivalent symptoms,
AEs, and well-being to those experienced under treatment with
Herceptin as determined by ePROs. Ogivri treatment in the
context of HER2-positive BC was well tolerated and no new
important safety risks were observed. The results of this study
are consistent with previously reported evidence on the safety
comparability of the trastuzumab biosimilar Ogivri to the
reference product Herceptin for the treatment of HER2-positive
BC [6,17].

The use of biosimilars in oncology could reduce health care
costs and thus expand access to drugs worldwide. The European
Medicines Agency as well as the US Food and Drug
Administration have developed guidelines requiring biosimilars
to demonstrate comparable results in relevant clinical trials to
those obtained using the original product [18]. Recent studies
have demonstrated that anti-HER2 therapy can be switched
safely to trastuzumab biosimilars and successfully implemented
in clinical practice [19].

In our study, the incidence and distribution of symptoms
associated with Ogivri were similar to those reported with
Herceptin. However, the slightly lower mean symptom score
related to Ogivri might be attributed to the higher number of
treatments in this cohort for advanced cancer stages, including
antihormone treatments and dual HER2 blockade.

To our knowledge, this study represents the first real-world
evaluation on efficacy and safety in patients treated with HER2
biosimilars using ePRO data. Use of the app in this study was
intended to help patients gain a better overview of their disease
history and improve their symptom management. Our analysis
of ePRO data demonstrated comparable CTCAE scores between
the prospective Ogivri cohort and the historical Herceptin cohort.
These findings further support the previously reported similar
safety profiles between the trastuzumab biosimilar and the
corresponding reference product [6,17] with no new safety
concerns observed.

Importantly, the well-being score based on the ECOG PS did
not differ between the two cohorts. In a pooled analysis of data
from three randomized clinical trials including patients with
HER2-positive advanced BC, PROs were identified as an
independent prognostic factor for both survival and toxicity
outcomes. In addition, patient-reported physical well-being and
clinically interpreted ECOG PS provided independent prognostic
information [20]. In our prospective Ogivri cohort, we did not
focus on the prognostic value of the ePRO with regard to clinical
outcomes, but we were able to demonstrate that an eHealth
patient empowerment app can provide reliable information on
side effects and well-being when comparing a biosimilar with
reference treatments. Hence, the use of continuous
eHealth-based symptom reporting together with biosimilars can
result in a potential economic benefit by reducing the cost of
drug treatment and hospitalization. Further detailed analyses of
randomized trials with biosimilars will help to quantify these
resources more comprehensively.

In general, the diary characteristic of apps might appear helpful
to capture and recall disease-related information such as
cognitive impairments [21]. In the OGIPRO study, patients had
the possibility to complete a TMT, which is one of the most
widely used neuropsychological tests in clinical practice; this
test is perceptive, easy to understand for patients, has a short
administration time, and has shown consistent results in multiple
clinical populations [22-24]. A study investigating the impact
of chemotherapy on cognitive functions of patients with BC
demonstrated increased cognitive impairment throughout
chemotherapy treatment, which did not recover 2 months after
chemotherapy was completed [25]. In contrast, in the OGIPRO
study, the cognitive performance of the patients receiving Ogivri
showed potential improvement throughout the study treatment.
However, due to the low number of cognitive tests recorded
during app use, the cognitive abilities were analyzed
descriptively and no association could be made with regard to
the trastuzumab biosimilar treatment. Further analyses are
needed to evaluate the electronically collected cognitive test
results in patients treated with biosimilars and corresponding
reference products.

Our study has several strengths and limitations. The limitations
of the study included the design that lacked a prospective control
group so that the study was not randomized. However, the
comparison between prospectively collected data of patients
treated with Ogivri and the historical ePRO data of patients
treated with Herceptin in two previous studies [7,13]
demonstrated no difference with regard to symptoms,
well-being, and AEs. The earlier versions of the mobile app
used in the historical cohort were developed to record symptoms
and treatment side effects continuously and according to the
CTCAE in patients with cancer, but were not designed to send
questionnaires to patients. Nevertheless, the ePRO data of the
historical cohort were recorded in the same way in the earlier
versions of the mobile app [11] and are thus comparable to those
of the prospective cohort. An exploratory analysis on cognitive
abilities was performed only in the prospective cohort as these
data were not available in the historical cohort. Further studies
that are randomized and sufficiently powered to evaluate the
real-word cognitive functions in patients with HER2-positive
BC treated with anti-HER2 biosimilars are needed.

The major strength of our proof-of-concept study is that it was
able to provide the first evidence that data collected via an
autonomous eHealth app can also be used longitudinally to
determine the similarity of a trastuzumab biosimilar to the
reference product for the treatment of HER2-positive BC.
Furthermore, our study has reached its primary endpoint,
showing a similar average CTCAE score between patients
treated with the trastuzumab biosimilar Ogivri and those treated
with the reference drug Herceptin. Our results suggest that the
use of a patient empowerment eHealth app in patients treated
with anti-HER2 biosimilars is reliable and can support therapy
management.

In conclusion, in patients with HER2-positive BC, treatments
with the trastuzumab biosimilar Ogivri and the reference drug
Herceptin resulted in equivalent symptoms, AEs, and well-being
reported by ePRO. Hence, the integration of an ePRO tool into
research and clinical practice can provide reliable information
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when investigating the real-world tolerability and safety outcomes of similar therapeutic compounds.

Acknowledgments
The authors thank all patients who participated in this study along with the investigators and their teams. We also thank Palleos
Healthcare for the continued support of the trial; Dr. Stefanie von Felten at University of Zurich, Epidemiology, Biostatistics and
Prevention Institute for the assistance with data analysis; and Swiss Tumor Institute, Zurich, Switzerland for the financial support
for the trial.

Data Availability
The data sets generated and/or analyzed during this study are available from the corresponding author on reasonable request.

Conflicts of Interest
AT received medical writing support from Palleos Healthcare, funding from the Swiss Tumor Institute, payment or honoraria for
presentations from Viatris, support for attending ESMO 2023 from Viatris, and is the founder and stock owner of Mobile Health
AG. YK reports stock or stock options from Viatris and is the Head of Project Management at Mobile Health AG. GAKU reports
stock or stock options from Novartis. MA reports consulting fees from Aptar. AE reports consulting fees from Daiichi-Sankyo,
Gilead, Merck, Novartis, and Seagen, and institutional financial support for clinical trials from AstraZeneca, Roche, Pfizer, and
Novartis. All other authors have declared no conflicts of interest.

Multimedia Appendix 1
Multivariate analyses of Common Terminology Criteria for Adverse Events (CTCAE) scores (Table S1) and well-being scores
(Table S2); distribution of cognitive performance scores (Figure S1).
[DOCX File , 294 KB-Multimedia Appendix 1]

References

1. Green AK, Ohn JA, Bach PB. Review of current policy strategies to reduce US cancer drug costs. J Clin Oncol. Feb 01,
2020;38(4):372-379. [FREE Full text] [doi: 10.1200/JCO.19.01628] [Medline: 31804856]

2. Nabhan C, Parsad S, Mato AR, Feinberg BA. Biosimilars in oncology in the United States: a review. JAMA Oncol. Feb
01, 2018;4(2):241-247. [doi: 10.1001/jamaoncol.2017.2004] [Medline: 28727871]

3. Mejri N, Boussen H, Labidi S, Benna F, Afrit M, Rahal K. Relapse profile of early breast cancer according to
immunohistochemical subtypes: guidance for patient's follow up? Ther Adv Med Oncol. May 15, 2015;7(3):144-152.
[FREE Full text] [doi: 10.1177/1758834015576141] [Medline: 26674096]

4. Stocker A, Hilbers M, Gauthier C, Grogg J, Kullak-Ublick GA, Seifert B, et al. HER2/CEP17 ratios and clinical outcome
in HER2-positive early breast cancer undergoing trastuzumab-containing therapy. PLoS One. Jul 27, 2016;11(7):e0159176.
[FREE Full text] [doi: 10.1371/journal.pone.0159176] [Medline: 27463363]

5. Cargnin S, Shin JI, Genazzani AA, Nottegar A, Terrazzino S. Comparative efficacy and safety of trastuzumab biosimilars
to the reference drug: a systematic review and meta-analysis of randomized clinical trials. Cancer Chemother Pharmacol.
Nov 01, 2020;86(5):577-588. [doi: 10.1007/s00280-020-04156-3] [Medline: 33005979]

6. Rugo HS, Barve A, Waller CF, Hernandez-Bronchud M, Herson J, Yuan J, et al. Heritage Study Investigators. Effect of a
proposed trastuzumab biosimilar compared with trastuzumab on overall response rate in patients with ERBB2 (HER2)-positive
metastatic breast cancer: a randomized clinical trial. JAMA. Jan 03, 2017;317(1):37-47. [doi: 10.1001/jama.2016.18305]
[Medline: 27918780]

7. Egbring M, Far E, Roos M, Dietrich M, Brauchbar M, Kullak-Ublick GA, et al. A mobile app to stabilize daily functional
activity of breast cancer patients in collaboration with the physician: a randomized controlled clinical trial. J Med Internet
Res. Sep 06, 2016;18(9):e238. [FREE Full text] [doi: 10.2196/jmir.6414] [Medline: 27601354]

8. Basch E, Deal AM, Kris MG, Scher HI, Hudis CA, Sabbatini P, et al. Symptom monitoring with patient-reported outcomes
during routine cancer treatment: a randomized controlled trial. J Clin Oncol. Feb 20, 2016;34(6):557-565. [FREE Full text]
[doi: 10.1200/JCO.2015.63.0830] [Medline: 26644527]

9. Basch E, Deal AM, Dueck AC, Scher HI, Kris MG, Hudis C, et al. Overall survival results of a trial assessing patient-reported
outcomes for symptom monitoring during routine cancer treatment. JAMA. Jul 11, 2017;318(2):197-198. [FREE Full text]
[doi: 10.1001/jama.2017.7156] [Medline: 28586821]

10. Trojan A, Huber U, Brauchbar M, Petrausch U. Consilium smartphone app for real-world electronically captured
patient-reported outcome monitoring in cancer patients undergoing anti-PD-L1-directed treatment. Case Rep Oncol. May
12, 2020;13(2):491-496. [doi: 10.1159/000507345] [Medline: 32518544]

JMIR Cancer 2024 | vol. 10 | e54178 | p. 9https://cancer.jmir.org/2024/1/e54178
(page number not for citation purposes)

Trojan et alJMIR CANCER

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=cancer_v10i1e54178_app1.docx&filename=09e7563ffefdf7b961423f7dc1696d19.docx
https://jmir.org/api/download?alt_name=cancer_v10i1e54178_app1.docx&filename=09e7563ffefdf7b961423f7dc1696d19.docx
https://europepmc.org/abstract/MED/31804856
http://dx.doi.org/10.1200/JCO.19.01628
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31804856&dopt=Abstract
http://dx.doi.org/10.1001/jamaoncol.2017.2004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28727871&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/1758834015576141?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/1758834015576141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26674096&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0159176
http://dx.doi.org/10.1371/journal.pone.0159176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27463363&dopt=Abstract
http://dx.doi.org/10.1007/s00280-020-04156-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33005979&dopt=Abstract
http://dx.doi.org/10.1001/jama.2016.18305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27918780&dopt=Abstract
https://www.jmir.org/2016/9/e238/
http://dx.doi.org/10.2196/jmir.6414
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27601354&dopt=Abstract
https://europepmc.org/abstract/MED/26644527
http://dx.doi.org/10.1200/JCO.2015.63.0830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26644527&dopt=Abstract
https://europepmc.org/abstract/MED/28586821
http://dx.doi.org/10.1001/jama.2017.7156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28586821&dopt=Abstract
http://dx.doi.org/10.1159/000507345
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32518544&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


11. Trojan A, Bättig B, Mannhart M, Seifert B, Brauchbar MN, Egbring M. Effect of collaborative review of electronic
patient-reported outcomes for shared reporting in breast cancer patients: descriptive comparative study. JMIR Cancer. Mar
17, 2021;7(1):e26950. [FREE Full text] [doi: 10.2196/26950] [Medline: 33729162]

12. Pircher M, Winder T, Trojan A. Response to vemurafenib in metastatic triple-negative breast cancer harbouring a BRAF
V600E mutation: a case report and electronically captured patient-reported outcome. Case Rep Oncol. Mar 29,
2021;14(1):616-621. [doi: 10.1159/000513905] [Medline: 33976643]

13. Trojan A, Leuthold N, Thomssen C, Rody A, Winder T, Jakob A, et al. The effect of collaborative reviews of electronic
patient-reported outcomes on the congruence of patient- and clinician-reported toxicity in cancer patients receiving systemic
therapy: prospective, multicenter, observational clinical trial. J Med Internet Res. Aug 05, 2021;23(8):e29271. [FREE Full
text] [doi: 10.2196/29271] [Medline: 34383675]

14. Schmalz O, Jacob C, Ammann J, Liss B, Iivanainen S, Kammermann M, et al. Digital monitoring and management of
patients with advanced or metastatic non-small cell lung cancer treated with cancer immunotherapy and its impact on quality
of clinical care: interview and survey study among health care professionals and patients. J Med Internet Res. Dec 21,
2020;22(12):e18655. [FREE Full text] [doi: 10.2196/18655] [Medline: 33346738]

15. Haynes A, Lenz A, Stalder O, Limacher A. presize: An R-package for precision-based sample size calculation in clinical
research. J Open Source Soft. Apr 2021;6(60):3118. [FREE Full text] [doi: 10.21105/joss.03118]

16. R Foundation for Statistical Computing. URL: https://www.R-project.org/ [accessed 2024-03-08]
17. Rugo HS, Pennella EJ, Gopalakrishnan U, Hernandez-Bronchud M, Herson J, Koch HF, et al. Final overall survival analysis

of the phase 3 HERITAGE study demonstrates equivalence of trastuzumab-dkst to trastuzumab in HER2-positive metastatic
breast cancer. Breast Cancer Res Treat. Jul 2021;188(2):369-377. [FREE Full text] [doi: 10.1007/s10549-021-06197-5]
[Medline: 34125340]

18. Triantafyllidi E, Triantafillidis JK. Systematic review on the use of biosimilars of trastuzumab in HER2+ breast cancer.
Biomedicines. Aug 21, 2022;10(8):2045. [FREE Full text] [doi: 10.3390/biomedicines10082045] [Medline: 36009592]

19. Hester A, Gaß P, Fasching PA, Krämer AK, Ettl J, Diessner J, et al. Trastuzumab biosimilars in the therapy of breast cancer
- "real world" experiences from four Bavarian university breast centres. Geburtshilfe Frauenheilkd. Sep 02,
2020;80(9):924-931. [FREE Full text] [doi: 10.1055/a-1226-6666] [Medline: 32905322]

20. Modi N, Danell N, Perry R, Abuhelwa A, Rathod A, Badaoui S, et al. Patient-reported outcomes predict survival and
adverse events following anticancer treatment initiation in advanced HER2-positive breast cancer. ESMO Open. Jun
2022;7(3):100475. [FREE Full text] [doi: 10.1016/j.esmoop.2022.100475] [Medline: 35490579]

21. Reeve BB, McFatrich M, Pinheiro LC, Freyer DR, Basch EM, Baker JN, et al. Cognitive interview-based validation of the
patient-reported outcomes version of the common terminology criteria for adverse events in adolescents with cancer. J Pain
Symptom Manage. Apr 2017;53(4):759-766. [FREE Full text] [doi: 10.1016/j.jpainsymman.2016.11.006] [Medline:
28062347]

22. Ashendorf L, Jefferson AL, O'Connor MK, Chaisson C, Green RC, Stern RA. Trail Making Test errors in normal aging,
mild cognitive impairment, and dementia. Arch Clin Neuropsychol. Mar 21, 2008;23(2):129-137. [FREE Full text] [doi:
10.1016/j.acn.2007.11.005] [Medline: 18178372]

23. Periáñez JA, Ríos-Lago M, Rodríguez-Sánchez JM, Adrover-Roig D, Sánchez-Cubillo I, Crespo-Facorro B, et al. Trail
Making Test in traumatic brain injury, schizophrenia, and normal ageing: sample comparisons and normative data. Arch
Clin Neuropsychol. May 2007;22(4):433-447. [doi: 10.1016/j.acn.2007.01.022] [Medline: 17336493]

24. Linari I, Juantorena GE, Ibáñez A, Petroni A, Kamienkowski JE. Unveiling Trail Making Test: visual and manual trajectories
indexing multiple executive processes. Sci Rep. Aug 22, 2022;12(1):14265. [doi: 10.1038/s41598-022-16431-9] [Medline:
35995786]

25. Rodríguez Martín B, Fernández Rodríguez EJ, Rihuete Galve MI, Cruz Hernández JJ. Study of chemotherapy-induced
cognitive impairment in women with breast cancer. Int J Environ Res Public Health. Nov 30, 2020;17(23):8896. [FREE
Full text] [doi: 10.3390/ijerph17238896] [Medline: 33265966]

Abbreviations
AE: adverse event
BC: breast cancer
BW: body weight
CTCAE: Common Terminology Criteria for Adverse Events
ECOG PS: Eastern Cooperative Oncology Group Performance Status
ePRO: electronic patient-reported outcome
HER2: human epidermal growth factor 2
QoL: quality of life
SAP: statistical analysis plan
TMT: Trail Making Test

JMIR Cancer 2024 | vol. 10 | e54178 | p. 10https://cancer.jmir.org/2024/1/e54178
(page number not for citation purposes)

Trojan et alJMIR CANCER

XSL•FO
RenderX

https://cancer.jmir.org/2021/1/e26950/
http://dx.doi.org/10.2196/26950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33729162&dopt=Abstract
http://dx.doi.org/10.1159/000513905
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33976643&dopt=Abstract
https://www.jmir.org/2021/8/e29271/
https://www.jmir.org/2021/8/e29271/
http://dx.doi.org/10.2196/29271
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34383675&dopt=Abstract
https://www.jmir.org/2020/12/e18655/
http://dx.doi.org/10.2196/18655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33346738&dopt=Abstract
https://joss.theoj.org/papers/10.21105/joss.03118
http://dx.doi.org/10.21105/joss.03118
https://www.R-project.org/
https://europepmc.org/abstract/MED/34125340
http://dx.doi.org/10.1007/s10549-021-06197-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34125340&dopt=Abstract
https://www.mdpi.com/resolver?pii=biomedicines10082045
http://dx.doi.org/10.3390/biomedicines10082045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36009592&dopt=Abstract
http://www.thieme-connect.com/DOI/DOI?10.1055/a-1226-6666
http://dx.doi.org/10.1055/a-1226-6666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32905322&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2059-7029(22)00093-X
http://dx.doi.org/10.1016/j.esmoop.2022.100475
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35490579&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0885-3924(16)31216-7
http://dx.doi.org/10.1016/j.jpainsymman.2016.11.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28062347&dopt=Abstract
https://europepmc.org/abstract/MED/18178372
http://dx.doi.org/10.1016/j.acn.2007.11.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18178372&dopt=Abstract
http://dx.doi.org/10.1016/j.acn.2007.01.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17336493&dopt=Abstract
http://dx.doi.org/10.1038/s41598-022-16431-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35995786&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph17238896
https://www.mdpi.com/resolver?pii=ijerph17238896
http://dx.doi.org/10.3390/ijerph17238896
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33265966&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by T de Azevedo Cardoso; submitted 01.11.23; peer-reviewed by HC Kohlberg, E Fiorio; comments to author 18.12.23; revised
version received 22.12.23; accepted 27.02.24; published 04.04.24

Please cite as:
Trojan A, Roth S, Atassi Z, Kiessling M, Zenhaeusern R, Kadvany Y, Schumacher J, Kullak-Ublick GA, Aapro M, Eniu A
Comparison of the Real-World Reporting of Symptoms and Well-Being for the HER2-Directed Trastuzumab Biosimilar Ogivri With
Registry Data for Herceptin in the Treatment of Breast Cancer: Prospective Observational Study (OGIPRO) of Electronic
Patient-Reported Outcomes
JMIR Cancer 2024;10:e54178
URL: https://cancer.jmir.org/2024/1/e54178
doi: 10.2196/54178
PMID: 38573759

©Andreas Trojan, Sven Roth, Ziad Atassi, Michael Kiessling, Reinhard Zenhaeusern, Yannick Kadvany, Johannes Schumacher,
Gerd A Kullak-Ublick, Matti Aapro, Alexandru Eniu. Originally published in JMIR Cancer (https://cancer.jmir.org), 04.04.2024.
This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Cancer, is properly cited. The complete bibliographic information, a link to
the original publication on https://cancer.jmir.org/, as well as this copyright and license information must be included.

JMIR Cancer 2024 | vol. 10 | e54178 | p. 11https://cancer.jmir.org/2024/1/e54178
(page number not for citation purposes)

Trojan et alJMIR CANCER

XSL•FO
RenderX

https://cancer.jmir.org/2024/1/e54178
http://dx.doi.org/10.2196/54178
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38573759&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

