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Abstract

Background: In recent years, breast cancer treatment has taken the path toward personalized medicine. Based on individual
tumor biology, therapy tailored to the particular subtype of cancer is increasingly being used. The aim here is to find the most
suitable therapy for the disease. However, the success of therapy depends to a large extent on the patient’s adherence to treatment.
This, in turn, depends on how the therapy is tolerated and how the treatment team cares for the patient. Patient-centered care
seeks to identify and address the individual needs of each patient and to find the best form of care for that person.
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Objective: In order to improve comprehensive oncological care of patients with breast cancer, the ENABLE trial digitally
recorded the health-related quality of life (HRQoL), adverse events (AEs), and patient satisfaction using a mobile smartphone
app. The trial provided individualized responses to reported AEs and offered assistance. Additionally, it assessed the impact of
a patient-reported outcome–based intervention across various therapy settings.

Methods: Patients with breast cancer were eligible to participate in the study before neoadjuvant, adjuvant, postneoadjuvant,
or palliative systemic therapy against breast cancer was initiated at the Heidelberg, Mannheim, and Tuebingen, Germany, university
hospitals. After 1:1 randomization into an intervention and a control group, HRQoL assessments were performed at six fixed
time points during the therapy using validated questionnaires. In the intervention group, HRQoL was also assessed briefly every
week using a visual analog scale (EQ-VAS). In cases of significant deterioration, therapy-associated side effects were assessed
in a graduated manner, recommendations were sent to the patient, and the treatment team was informed. Additionally, the app
served as an “eHealth companion” for education, training, and organizational support during therapy.

Results: Recruitment started in March 2021; follow-up was completed in February 2024. In total, 606 patients were enrolled,
and 592 patients participated in the study. Enrollment was completed in September 2023, and the last visit was in February 2024.
The first results are expected to be published in Q2 2025.

Conclusions: Participation in the intervention group is expected to improve treatment satisfaction, adherence, detection, and
timely treatment of critical AEs. The close-meshed, weekly, brief HRQoL assessment will also be tested as a screening tool to
detect relevant side effects during therapy. The study offers a more objective HRQoL assessment across treatment strategies.

Trial Registration: Deutsches Register Klinischer Studien DRKS00025611; https://drks.de/search/en/trial/DRKS00025611

International Registered Report Identifier (IRRID): DERR1-10.2196/69855

(JMIR Res Protoc 2025;14:e69855) doi: 10.2196/69855
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Introduction

Breast cancer is the most common cancer in women worldwide
and the fifth leading cause of cancer-related deaths [1]. In recent
years, oncological therapy, in general, and treatment of breast
cancer, in particular, have taken the path toward personalized
medicine [2]. Current treatment of both primary and advanced
breast cancer is individualized and tailored to each patient’s
tumor subtype and needs. The aim here is to find the most
suitable therapy. However, the success of therapy depends to a
large extent on the patient’s adherence to treatment [3,4]. This,
in turn, depends on how the therapy is tolerated and how the
medical team cares for the patient [5]. One approach is to
personalize patient care overall. Therefore, a patient’s individual
needs must be identified and taken into account with the aim
of finding the best form of care for each person. Patient-centered
care “is respectful of and responsive to individual patient
preferences, needs, and values, and ensuring that patient values
guide all clinical decisions” and has been proven to be an
important predictor for patient satisfaction and treatment
outcomes [6].

One approach to assess these needs is to evaluate the patient’s
health-related quality of life (HRQoL) during therapy. They
can be measured with the help of questionnaires. A distinction
is made between disease-specific and generic (cross-disease)
quality of life (QoL) questionnaires [7]. The gold standard for
recording HRQoL is patient-reported outcomes (PROs) [8].
PROs describe the collection of health and health care data by
the patients themselves, without interpretation by physicians or
other health care providers [9]. This information can include
symptoms, functional status, QoL, and quality of care. As
patients directly transmit these data, side effects and losses in

QoL that are not queried or underestimated by the medical staff
are recorded in an unfiltered process.

PROs have proven to be a useful tool both for detecting adverse
events (AEs) in the context of studies and for investigating
HRQoL, treatment, and care. In particular, in drug trials,
PRO-AEs represent the gold standard for measuring side effects
[10]. Studies have shown that practitioners generally
underestimate a large proportion of the relevant side effects or
do not notice them at all [11,12]. By recording PROs, precision
in monitoring therapy can thus be increased. This more relevant
information on treatment, in turn, contributes to improving
therapy quality and patient satisfaction [13].

PROs can be collected electronically, generating information
about health status in real time both for the patients themselves
and for the treatment team and offering the possibility to
communicate in both directions, that is, information for the
treatment team and feedback to the patients [12,14]. This
provides immediate feedback, and interventions can be
established if the results of the ePRO survey prove to be
abnormal or critical. Studies have shown that this improves
symptom control [15,16], offers improved doctor-patient
communication [17,18], and increases patient well-being and
satisfaction [19,20]. Basch et al [12,21] attracted particular
attention with their work on ePROs in patients with cancer, as
he was able to show that electronic patient-reported outcome
measurement not only significantly improves HRQoL but also
reduces emergency room visits and even improves overall
survival in patients with metastatic cancer disease [12,21]. These
results were confirmed in another study in patients with
advanced lung cancer [22].
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In the context of patient-centered care, PROs can represent an
important component in clinical routine, comparable to
laboratory values, in order to give the patients’ HRQoL more
weight in making decisions about treatment [7]. They can help
stratify the side effects of the individual patient, make them
more objective, and relate them to comparison groups.

Despite the positive outcomes of PRO-based interventions in
patients undergoing metastatic (breast) cancer therapies, their
impact in the neoadjuvant and adjuvant settings remains unclear.
However, initial evidence suggests that PRO-supported
monitoring may also have beneficial effects on HRQoL and in
preventing AEs in these treatment contexts [23]. The available
data, particularly regarding adjuvant therapy in patients with
breast cancer, are still limited, and PRO-based interventions
have not yet demonstrated a clinically significant effect [24].

The ENABLE study was designed to systematically evaluate
HRQoL and AEs in patients with invasive breast cancer using
digital questionnaires through the specially developed
smartphone app “ENABLE.” By implementing targeted
interventions, the study aimed to improve treatment satisfaction
and HRQoL across various therapy settings. Additionally, it

sought to examine the impact of PRO-based monitoring on
patients receiving neoadjuvant and adjuvant chemotherapy and
to determine whether findings from metastatic settings could
be applied to these treatment phases.

Methods

Study Design
Patients were included before starting systemic therapy for
breast cancer in neoadjuvant, adjuvant, postneoadjuvant, and
palliative treatment settings. Patients were recruited at the
respective oncology centers. The study randomized patients 1:1
into an intervention and a control group. In both groups, QoL
was assessed for at least six fixed time points during therapy
using European Organization for the Research and Treatment
of Cancer Quality of Life Questionnaire-C30, European
Organization for the Research and Treatment of Cancer Quality
of Life Questionnaire-BR45, and Patient-Reported Outcomes
Measurement Information System-29 (PROMIS-29; Figure 1).
Participating centers are the university hospitals of Heidelberg,
Tuebingen, and Mannheim, Germany.

Figure 1. Timepoints of questionnaire assessments (visits) depending on the therapy and therapeutic strategy. Adj. CT: adjuvant chemotherapy; Adj.
ET: adjuvant endocrine therapy; CT: chemotherapy; EoCT: end of chemotherapy; NACT: neoadjuvant chemotherapy; OP: operation; POST-NACT/pNACT:
postneoadjuvant chemotherapy.

Intervention Group
In the intervention group, a brief weekly assessment of the
current HRQoL was additionally carried out via the app using
a visual analog scale (EQ-VAS). The EQ-VAS was used as a
screening tool, as previous research has demonstrated its
sensitivity in detecting deterioration of HRQoL at an early stage
[25]. If significant deterioration (EQ-VAS value <50 or a
decrease of 10% in comparison to the last EQ-VAS value) in
the current HRQoL was discovered in the intervention group,
a digital questionnaire was started, which asked about

therapy-associated side effects in a graduated manner (ePRO
symptom query based on the Common Terminology Criteria
of Adverse Events stratification), that is, classified according
to symptom severity, and the treatment team was informed; this
so-called reactive PRO assessment (RPA) is depicted in Figure
2. Furthermore, a graduated psychological assessment was
conducted using Patient Health Questionnaire-8, Generalized
Anxiety Disorder 7, and the European Organization for Research
and Treatment of Cancer Quality of Life Questionnaire for
Cancer-related Fatigue. In addition, the patients were presented
with evidence-based educational information via the app on
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how to deal with the side effects as learning content, and if the
side effects were more severe, they were asked to contact the
treatment team. In parallel, the treatment team was informed

via a web app (“PIA”), and depending on the severity of the
complaints, the patient was contacted directly. Figure 3
illustrates the RPA procedure.

Figure 2. Study design of the ENABLE trial: upon patient enrollment in the care portal, randomization is performed automatically using centralized
block randomization. ePRO-CTCAE: electronic patient-reported outcome Common Terminology Criteria of Adverse Event; HRQoL: health-related
quality of life; PRO: patient-reported outcome; PROMIS-29: Patient-Reported Outcomes Measurement Information System-29; QLQ-BR45: European
Organization for the Research and Treatment of Cancer Quality of Life Questionnaire-BR45; QLQ-C30: European Organization for the Research and
Treatment of Cancer Quality of Life Questionnaire-C30; R: 1:1 randomization; RPA: reactive patient-reported outcome assessment.

Figure 3. (A) RPA procedure with HRQoL screening via EQ-VAS, (B) symptom query, and psycho-oncological screening in case of a value <50 or
a decrease of 10 % in comparison to the last EQ-VAS value. The symptom query is followed by (C) care advice, (D) an alarm for the care team via the
“PIA” platform, and (E) educational content for the patient via the app. The images show the app representations for the patient. centralized block
randomization. PRO-CTCAE: patient-reported outcome Common Terminology Criteria of Adverse Event; HRQoL: health-related quality of life; RPA:
reactive patient-reported outcome assessment.
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Patient Empowerment
Each patient had an individual treatment and care plan that was
mapped via the app. Via a content library in the app, all study
participants were provided with information about care offers,
such as self-care practices for managing side effects, nutritional
counseling, social counseling, physiotherapy, and sport offers,
and with patient-centered, evidence-based educational
information. Depending on the respective therapy and the
individual situation of the patients, this information was
displayed as a feed on the app’s home screen. In addition, the

app provided an overview of the current status of the therapy
and displayed the next appointments at the center via a calendar.

The smartphone app “ENABLE” was thus a bidirectional
communication platform with an additional educational guide.
This enabled patient education, and thus, patient empowerment
on the one hand, and risk assessment, therapy control, and
systematic QoL assessment on the other (Figure 4). The
questionnaires and guides were individually adapted to the
respective therapy situation and patient needs.

Figure 4. The home screen of the ENABLE app with representation of the different functions. ePROM: electronic patient-reported outcome measurement.

Care Team Web App
The treatment team of the respective study center had access to
the web-based care team platform “PIA,” developed and
provided by the Center for Innovative Care and the Institute of
Women’s Health GmbH, via which the patients were included
in the study and assigned to a treatment and care plan. The PRO
data for each patient were visualized via the platform and alarms
in the intervention group were displayed. In addition, the
calendar could be set and the clinical data entered.

Aim
The study aims to improve therapy adherence, recognize and
treat critical side effects in a timely manner, and make the
HRQoL more objective in the context of different therapy
strategies. The study is intended to test the overall benefit and
added value of an electronic therapy companion and to increase
patient satisfaction.

Primary Hypothesis and Outcome
The primary end point of the study is to compare HRQoL and
treatment satisfaction (measured by the PROMIS-29) between
the intervention and control groups.

Secondary Hypotheses and Outcomes
Participation in the intervention group is expected to improve
treatment satisfaction, therapy adherence, and detection and

timely treatment of critical AEs. The close-meshed, weekly,
brief HRQoL assessment was tested as a screening tool to detect
relevant side effects during therapy. The study provides HRQoL
objectivity across treatment strategies. In addition, a usability
and feasibility analysis of the app and the intervention concept
was carried out.

Inclusion Criteria
The inclusion criteria are as follows: diagnosis of invasive breast
cancer or metastasis of breast carcinoma; 18 years or older;
fluency in German; access to a computer, tablet, or smartphone
with internet connectivity; capacity to provide informed consent;
and a signed informed consent form.

Data Acquisition and Management
The study is based on the principles of the Declaration of
Helsinki. The study plan and all other study-relevant documents
were approved by the ethics committees of the university
medical faculties of Heidelberg, Mannheim, and Tuebingen,
Germany. The current version of the study protocol is 4.2 from
December 9, 2022. Protocol amendments were communicated
to participating centers immediately. The study participants
have the right to request information about the personal data
collected from them. Participation in the study is voluntary after
all study content and objectives have been declared and written
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consent has been given and can be terminated at any time
without any disadvantages for the patient.

Patient data and clinical data are recorded pseudonymously and
stored centrally in the electronic case report form (eCRF). The
data were documented from the medical reports and tumor
documentation of the treating center in a web-based eCRF via
the study staff at the study centers. These eCRFs are stored and
managed throughout the duration of the study in a secured cloud
infrastructure, which was conceptualized and initiated by the
Institute of Women’s Health GmbH and the three partner sites
of the Center for Innovative Care in Heidelberg, Mannheim,
and Tuebingen. This high-availability infrastructure guarantees
and verifies individual permission rights and user roles for all
participating clinicians for strict compliance with data protection
regulations. For future research, all accumulated data will be
transferred into the individual clinic infrastructures after the
study ends, and all externally hosted data will be permanently
erased. An interim analysis of the secondary end points was
conducted after 50% of the patients had been included and
carried out by the Institute of Women’s Health GmbH. The data
monitoring committee is made up of the principal investigators
from the Heidelberg and Tuebingen centers and is independent
of the sponsor of the study.

The following clinical data are recorded: demographic data,
Eastern Cooperative Oncology Group status, height, weight,
stage of the disease, previous diseases, clinical tumor
characteristics, tumor biology, staging results, therapy-associated
side effects, and previous and current therapies.

Sample Size Calculation
The sample size was calculated according to the primary end
point HRQoL (measured via the PROMIS-29). It was based on
a minimal important difference of 5 points, an SD of 10 points,
a power of 80%, a 2-sided significance level of 5%, and a
dropout rate of 37.5%. PASS (NCSS, LLC) software was used
to calculate the sample size.

Statistical Analysis
The primary outcomes will be examined in an intention-to-treat
analysis for all randomized individuals with a mixed linear
regression model. Primary analysis will be adjusted for age,
therapy situation, type of systemic therapy, Eastern Cooperative
Oncology Group status at enrollment, and other important
confounders if necessary. The heterogeneity between the trial
sites is considered through random effects (random intercept
mixed model). The level of significance is set at α=5%.

All secondary outcomes will be analyzed analogously to the
primary hypothesis and according to the respective outcome
using further suitable statistical methods. As in the analysis of
the primary outcome, the secondary hypotheses will be adjusted
for relevant confounders. In addition, the heterogeneity between
study centers will be considered. Secondary outcome analysis
will be performed exploratively.

All statistical analyses will be planned in detail and documented
in a statistical analysis plan that will be prepared before closing
the database.

Ethical Considerations
The study was approved by the central ethics committee in
Heidelberg (S-658/2020). All recruiting centers obtained
approval from the local ethics committees (Ethics Committee
at the Medical Faculty of the Eberhard Karls University of
Tuebingen and the University Hospital of Tuebingen:
896/2020BO2; Ethics Committee II of the University of
Heidelberg, Mannheim Medical Faculty: 2021-544) before study
initiation. Written informed consent was obtained from all
participants before study participation. The authors affirm that
human research participants provided informed consent for
publication. Patients signed informed consent regarding
publishing their data. Participants received no financial or other
compensation for their involvement in the study.

Results

Recruitment started on March 22, 2021, in Heidelberg; April
11, 2021, in Tuebingen; and November 4, 2021, in Mannheim.
The last patient was enrolled on September 8, 2023, and the last
visit was in February 2024. Due to the innovative specifications
of the app, the protocol was only published after the recruitment
phase was completed. The protocol was submitted before the
end of data collection. A total of 606 patients were enrolled in
the study; however, 14 patients did not complete the app’s initial
setup process and were therefore excluded from the trial. The
remaining 592 patients included in the trial consisted of 380
(64.2%) patients who received neoadjuvant chemotherapy, 138
(23.3%) patients who underwent adjuvant chemotherapy, 38
(6.4%) patients who received adjuvant endocrine therapy, 12
(2%) patients who underwent postneoadjuvant therapy, and 4
(0.7%) patients who received palliative chemotherapy. The first
results are expected to be published in Q2 2025.

Discussion

Principal Findings
Study results published in the last few years have already
demonstrated the many possibilities for increasing the quality
of care, treatment, and HRQoL in breast cancer treatment due
to patient-reported outcome measurements (PROMs), and
survival rates have improved, too [21,22]. These results
fundamentally underscore the necessity of consistently
integrating eHealth and telemedicine, particularly in the context
of electronic patient-reported outcome measurement, into breast
cancer therapy.

However, some barriers to implementing eHealth in mainstream
care remain. Among the theoretical aspects is the fact that no
standard has been established yet either for selecting
questionnaires or for downstream interventions. One task for
the coming years will be to develop basic items and a basic
dataset in order to establish a system for quality control and to
make it possible to compare the collected data.

For the purpose of standardizing the PROMs for a value-based
PRO, the “International Consortium for Health Outcomes
Measurement” has defined a minimal standard PRO Set [26].
In addition, the “Innovative Medicines Initiative—Health
Outcomes Observatory” (H2O) consortium has developed core
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outcome sets to make HRQoL in patients with metastatic breast
cancer more objective [27]. However, there is still no standard
PROMs for PRO-based interventions in oncology.

In principle, we need to determine which intervals between
assessments and for how long eHealth monitoring—in the sense
of a PROM—are useful for patients with breast cancer. These
questions need to be addressed in clinical studies, while
simultaneously striving to integrate the findings from individual
studies. Only then can PROMs be sensibly implemented in
standard care. At the same time, different apps and providers
must be able to access these interfaces, and we must also be
able to transfer downstream interventions to a common system.
Otherwise, implementation in everyday life could fail due to
the abundance of additional documentation work required and
the cost of developing additional software and apps.

The ongoing digitalization of all areas of life will ensure that
there is no way back to less digitalized health care. However,
despite all considerations of progress, the patient must never
be left out of the focus of these efforts. Digitalization and the
use of eHealth must always be based first and foremost on
improving patient care and should never be an end in itself. The
possibility to aggregate data through eHealth apps must also be
weighed very critically in terms of scientific benefit and burden
for the patient.

The ENABLE study aims to investigate the impact of a
PRO-based intervention in different treatment settings for breast
cancer. Recently, Karsten [28] presented findings at the San
Antonio Breast Cancer Symposium demonstrating the beneficial
effects of PRO-based interventions on fatigue, physical
functioning HRQoL, and overall survival in the metastatic
setting, too, underscoring the importance of bringing PRO
monitoring into the standard of care for advanced breast cancer.
These findings align with other positive PRO intervention
studies in metastatic breast cancer that found improved therapy
adherence, delayed onset of serious AEs, reduced toxicity, fewer
unplanned hospitalizations, increased patient satisfaction, and
enhanced HRQoL [29-31].

Conclusions
The impact of neoadjuvant and adjuvant chemotherapy on
HRQoL has not yet been thoroughly investigated. It is
particularly important to explore the extent to which a
PRO-based intervention may also positively influence patients’
HRQoL and symptoms in the adjuvant setting. Pappot et al [24]
could not show a significant impact of a PRO-based intervention
on treatment adjustments, unplanned hospitalization, or febrile
neutropenia in a cohort of patients with breast cancer undergoing
adjuvant therapy. Therefore, beyond its primary end point, the
ENABLE study offers the opportunity to examine the effects
of the intervention and the HRQoL on therapy outcomes,
adherence, and AEs.
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