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Abstract

Background: Adjuvant endocrine therapy is a key treatment for early-stage hormone
receptor positive (HR+)/HER2- breast cancer, but it often causes ongoing side effects
that can affect quality of life and treatment adherence. Digital tools that collect symp-
toms directly from patients may help detect these problems earlier. However, there is
limited real-world experience with these tools in South America.

Methods: We conducted a prospective, multicentre pilot study at the Paraguayan
National Cancer Institute and the Alexander Fleming Institute from Argentina. Adult
patients with early-stage HR+/HER2- breast cancer initiating adjuvant endocrine ther-
apy (with or without abemaciclib) were enrolled. A mobile application incorporating 39
patient-reported outcomes-CTCAE (Spanish v1.0) items was used for longitudinal symp-
tom monitoring. The primary outcome was adherence to questionnaire completion (=2
questionnaires within the first year). Secondary outcomes included characterisation of
adverse events and exploratory longitudinal analyses. Descriptive and inferential statis-
tics were applied (p < 0.05).

Results: A total of 113 patients were included (median age 51.5 years). Overall, 231 ques-
tionnaires were completed. A total of 96 patients (85%) completed at least one question-
naire, 52.2% completed two and 35.4% completed three or more.

The most frequently reported symptoms were decreased libido (76%), hot flashes (72%),
sadness (69%), dyspareunia (68%), insomnia (68%) and concentration issues (67%).
Although most events were mild to moderate, severe reports ranged from 1% to 15%
depending on the symptom. Neuroaffective and cognitive symptoms, such as sadness
and concentration issues, were highly prevalent across subgroups.

Longitudinal analyses did not demonstrate statistically significant changes in symptom
incidence or intensity over time, nor consistent differences between treatment sub-
groups, likely due to limited sample size.

The projected adherence target (73% completing =2 questionnaires) was not achieved.

Conclusion: Digital symptom monitoring in early breast cancer was feasible and revealed
a substantial symptom burden, including emotional and cognitive dimensions that may be
underdetected in routine consultations. However, adherence was lower than projected,
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underscoring the need to better understand implementation determinants before large-scale deployment. These findings support the clinical
value of structured digital monitoring while highlighting the importance of optimising engagement strategies to ensure sustained use.
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Introduction

Breast cancer is the most frequently diagnosed malignant tumour worldwide and the leading cause of cancer-related death among women.
In South America, 165,427 new cases were recorded in 2022 according to the Global Cancer Observatory, including 21,631 in Argentina and
2,072 in Paraguay, accounting for 31% and 30% of female tumours in these countries, respectively, and representing the leading cause of
cancer-related mortality among women [1].

The treatment of early-stage breast cancer requires a multidisciplinary approach integrating surgery, radiotherapy and medical oncology, a
strategy that has been shown to reduce disease-specific mortality. In Hormone receptor positive (HR+) tumours, adjuvant endocrine therapy
constitutes a standard approach, with its indication determined by stage and menopausal status; this includes aromatase inhibitors (Als)
[2]. In premenopausal women, ovarian function suppression (OFS) with luteinising-hormone releasing hormone analogues may be added to
endocrine treatment [3].

The TEXT and SOFT trials, with long-term follow-up (12-13 years), demonstrated that the addition of OFS improves disease-free survival,
particularly in patients younger than 35 years or those who had received prior chemotherapy. However, this therapeutic intensification
is associated with a higher incidence of grade 3-4 adverse events (31%-32% with OFS versus 24% with tamoxifen alone). These events
include hot flashes, musculoskeletal symptoms and sexual dysfunction, which negatively impact quality of life and treatment adherence [4,
5]. Likewise, newer adjuvant therapies such as abemaciclib and olaparib have shown benefit in high-risk patients, albeit with relevant toxicity
profiles [6, 7].

In this context, therapeutic success depends not only on the biological appropriateness of treatment but also on tolerance, adherence and
the quality of care provided. Therefore, the early identification and appropriate management of adverse events constitute critical compo-
nents of care [8].

Over the last decade, advances in mobile health have promoted the development of applications aimed at collecting patient-reported out-
comes (PROs) and remotely monitoring adverse events in oncology [92, 10]. The validation of instruments such as the PRO-CTCAE by the
National Cancer Institute (INCAN) has enabled the systematic capture of the direct symptomatic experience [11]. Several reviews have high-
lighted the potential of these tools to improve patient-healthcare team communication and to facilitate early detection of toxicities while also
pointing out challenges related to their integration with clinical systems and electronic health records [12-14].

In breast cancer, multiple studies have evaluated the use of applications for monitoring patients during chemotherapy, endocrine therapy
and the follow-up phase, demonstrating improvements in health-related quality of life, early detection of adverse events and high levels of
acceptability and feasibility. Nevertheless, challenges remain, particularly regarding the digital divide, usability, data privacy and integration
into routine clinical workflows [15].

The overall objective of the study is to evaluate user acceptance (patients, healthcare teams and patient associations) of a digital tool for
symptom monitoring. In addition, the characterisation of adverse events and the consideration of differences in incidence through a longitu-
dinal time-based analysis were included.

Materials and methods

A pilot, multicentre, observational, prospective study with a single-cohort design was conducted. Participating centres were the INCAN of
Paraguay (Capiat4, Paraguay) and the Alexander Fleming Institute (IAF; Buenos Aires, Argentina).

ecancer 2026, 20:2205; www.ecancer.org; DOI: https:/doi.org/10.3332/ecancer.2026.2205 2


https://doi.org/10.3332/ecancer.2026.2205

The cohort consisted of adult patients with early-stage breast cancer, HR+ and HER2-, with an indication to initiate adjuvant endocrine
therapy, with or without abemaciclib. Patients could not have started these treatments prior to inclusion in the study. The data collection
period extended from January 2025 to August 2025.

Data was collected through a digital tool specifically designed for the study. This tool incorporated 39 items corresponding to the Spanish
version of the NCI-PRO CTCAE® Item List (Spanish Version 1.0). The platform was developed in accordance with the recommendations
established by the NCI-PRO CTCAE working group. In addition, sociodemographic and clinical information was collected, and treatment
adherence was recorded.

Following enrolment, patients attended an initial in-person visit during which the installation of the mobile application, specifically developed
for digital symptom monitoring, was indicated and carried out. During this visit, members of the research team demonstrated how to utilise
the app and provided technical assistance. From that point onwards, the application generated periodic reminders for questionnaire comple-
tion throughout follow-up.

The primary outcome of the study was adherence to questionnaire completion through the digital platform (Supplementary Figure 1). Patients
were required to complete at least two questionnaires during the first year of follow-up, with a minimum semi-annual frequency.

Sample size calculation

Questionnaires were to be completed at least every 6 months to meet the primary objectives of the study. It was estimated that, at each
institution and based on a minimum sample of 42 patients (total planned sample: 84), 62 participants would need to complete at least two
questionnaires during the first year of follow-up to achieve an adherence rate of 73% (95% Cl: 57.9%-86.1%). This threshold was established
as a pragmatic feasibility benchmark, based on adherence rates reported in digital PRO studies conducted in oncology settings [11].

Secondary outcomes included characterisation of patient-reported adverse events and evaluation of variations in symptom incidence over
time through longitudinal analyses and comparisons between subgroups defined according to the endocrine therapy received.

Descriptive statistics were used for demographic characterisation. For exploratory analyses, analytic tests were performed, including Stu-
dent’s t test, chi-square test and Fisher’s exact test, as appropriate. To assess changes in symptom incidence and intensity over time, linear
mixed-effects models were applied. Demographic variables including age, menopausal status and treatment type were included as fixed
effects, with repeated measures per patient modelled as random effects. Missing data were handled under a missing-at-random assump-
tion. Given the exploratory nature of the study and the limited sample size, no corrections for multiple comparisons were applied; subgroup
analyses should be interpreted as hypothesis-generating only. A p value <0.05 was considered statistically significant. All statistical analyses
were performed using RStudio version 4.5.2.

The study was approved by the Ethics Committees of the INCAN and the IAF. Data was anonymised through the assignment of individual
codes and handled in accordance with the principles of the Declaration of Helsinki and applicable local regulations.

Results

Population demographics

The studied population was composed of 113 patients with early-stage HR+ and HER2- breast cancer. The median age of the patients
included was 51.5 (range 32-73).

A total of 231 questionnaires were completed and registered. The distribution of the number of questionnaires per participant revealed a
median of 2 (IQR 1-3), with an average of 2.04. The minimum number of questionnaires completed was 0, and the maximum was 9.

Seventy-six patients received treatment with Als, and 7 (6.2%) were treated with abemaciclib as an adjuvant treatment (Table 1).
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Table 1. Patient treatment characteristics.

Variable n %
Total patients 113 100%
Treatment Als 76 67.3%
Tamoxifen 34 30.1%
Abemaciclib 7 6.2%
Menopausal Yes 76 67.3%
OFS Yes 6 5.3%

Primary objective

The time between enrolment and the completion of their first questionnaire (n = 96) presented a median of O days (range 0-382). The interval
between the completion of the first questionnaire and the second (n = 59) had a median of 48 days (range 0-382). Finally, the time between
the second and the third questionnaire (n = 40) had a median of 59.5 days (IQR 0-423).

Simultaneously, the median time between enrolment and the completion of the second questionnaire (n = 59) was 60 days (range 0-419).
Additionally, the median time between signing the consent forms and the completion of the third questionnaire (n = 40) was 102 days (range
32-515).

The time interval analysis was divided into the following subgroups:

Menopausal status

The time between enrolment and the completion of the first questionnaire was 28 days (IQR 0-51.5) in premenopausal patients and O days
(IQR 0-0) in postmenopausal patients (p = 0.001). The interval between the first and second questionnaire was 46.5 days (IQR 19.75-128.0)
versus 48 days (IQR 37.5-74.0) (p = 0.865). The time between the completion of the second and third questionnaire was 61 days (IQR 9-87)
versus 50 days (IQR 0-85) (p = 0.702), respectively.

OFS

The time between enrolment and the completion of the first questionnaire was 0 days (IQR 0-30.75) in the patient group without OFS and
44.5 days (IQR 30.75-80) in patients receiving OFS (p = 0.010). The interval between the first and second questionnaire was 48 days (IQR
35-76.5) versus 173 days (IQR 16.75-329) (p = 0.865). The time between the completion of the second and third questionnaire was 58 days
(IQR 0-85) versus 64 days (IQR 50.5-83.5) (p = 0.551), respectively.

Abemaciclib

The time between enrolment and completing the first questionnaire was 0 days (IQR 0-30.75) in the patient group without abemaciclib and
44.5 days (IQR 30.75-73.25) in patients receiving abemaciclib (p = 0.012). The interval between the first and second questionnaire was 47
days (IQR 35-79.5) versus 72 days (IQR 52.75-141.5) (p = 0.451). The time between the completion of the second and third questionnaire
was 61 days (IQR 0-86) versus 37 days (IQR 18.5-55.5) (p = 0.452), respectively.

Regarding the number of completed questionnaires, we observed that 96 patients (85.0%) completed at least 1 questionnaire, 59 patients
(52.2%) completed 2 questionnaires and 40 (35.4%) completed 3 or more (Figure 1).

ecancer 2026, 20:2205; www.ecancer.org; DOI: https:/doi.org/10.3332/ecancer.2026.2205 4


https://doi.org/10.3332/ecancer.2026.2205

Cumulative Questionnaire Completion by Patient
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Figure 1. Cumulative questionnaire completion by patient.

Incidence of adverse events reported

Considering the 113 patients that met the inclusion criteria, the symptoms reported with greater frequency were the decreased libido 76%
(n = 86), hot flashes 72% (n = 81), sadness 69% (n = 78), dyspareunia 68% (n = 77%) and insomnia 68% (n = 77). The proportion of events clas-
sified as severe or frequent ranged between 1% and 15%, depending on the symptom being studied. The distribution of symptoms reported
is shown in Figure 2.

A subgroup analysis was carried out; 13% of patients who received Als reported severe arthralgia. Hot flashes graded as severe were
reported by 21% of patients treated with tamoxifen and by 33% of patients who received OFS. Finally, severe diarrhoea was reported by
around one third of patients treated with abemaciclib. Symptoms such as sadness, concentration issues or vaginal dryness were reported as
severe, frequent or moderate in all subgroups. Table 2.

For decreased libido, no statistically significant differences were observed between Als and tamoxifen (p = 0.152), between OFS and no OFS
(p = 0.333) or between abemaciclib and no abemaciclib (p = 0.672).

In the case of hot flashes, no statistically significant differences were identified between Als and tamoxifen (p = 1.000), between OFS and no
OFS (p = 0.186) or between abemaciclib and no abemaciclib (p = 1.000).

Longitudinal analysis of selected symptoms
Longitudinal follow-up of selected symptoms of interest was conducted. Based on the observations obtained, no significant differences could

be demonstrated in symptom incidence or intensity according to time since treatment initiation. The treatments administered also did not
show a statistically significant impact on the relationship between symptom intensity and longitudinal follow-up over time.
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Figure 2. Most frequently reported symptoms.
Table 2. Subgroup analysis for key severe, frequent or intense answers in assessed items.
No
Adverse event Al (%) Tamoxifen (%) OFS (%) No OFS (%) Abemaciclib (%) Abemaciclib
(%)
Decreased libido 10.53 16.22 16.67 12.15 0.00 13.21
Hot flashes 9.21 21.62 33.33 12.15 14.29 13.21
Sadness 10.53 13.51 16.67 11.21 14.29 11.32
Dyspareunia 3.95 5.41 16.67 3.74 14.29 3.77
Insomnia 14.47 16.22 0.00 15.89 0.00 16.04
Concentration issues 6.58 8.11 0.00 7.48 0.00 7.55
Headaches 2.63 2.70 0.00 2.80 0.00 2.83
Memory issues 2.63 8.11 16.67 3.74 14.29 3.77
Arthralgia 13.16 5.41 16.67 10.28 14.29 10.38
Vaginal dryness 5.26 5.41 16.67 4.67 14.29 472
Diarrheal 3.95 0.00 33.33 0.93 28.57 0.94
Hair loss 7.89 8.11 16.67 7.48 0.00 8.49
Constipation 5.26 541 0.00 5.61 0.00 5.66
Skin itchiness 0.00 5.41 0.00 1.87 0.00 1.89

Adverse events related to endocrine therapies were reported throughout the entire follow-up period. From the scatter plots, reports of
decreased libido were observed in patients treated with tamoxifen and Als, although higher-intensity reports among patients receiving Als
were particularly noted during the first 3 months (Figure 3a).
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Figure 3. (a): Scatter Plot for decreased sexual interest. (b): Scatter Plot for hot flashes. (c): Scatter Plot for arthralgia.

Similarly, although no statistically significant differences were detected, the scatter plots show a greater concentration of higher-intensity
observations for hot flashes and arthralgia after 6 and 12 months in the subgroups of patients receiving tamoxifen and Als, respectively
(Figure 3b and c).

Discussion

This multicentre pilot study evaluated the feasibility of implementing a PRO-CTCAE-based digital tool for longitudinal symptom monitor-
ing in patients with early-stage HR+/HER2- breast cancer receiving adjuvant endocrine therapy. Beyond the descriptive characterisation of
adverse events reported, two conceptually relevant findings emerged.

First, our study identified a high frequency of symptoms that do not typically constitute the primary focus of oncologic consultations.
Sadness was reported by 69% of patients, concentration issues by 67% and memory issues by 65%. Although the proportion of severe or
frequent events was lower (approximately 7% to 11% depending on the symptom), these findings highlight the presence of relevant neuroaf-
fective and cognitive symptoms during follow-up. However, these manifestations are likely multifactorial and may be influenced by cancer
survivorship, menopausal status, anxiety and prior treatments.

In routine clinical practice, symptoms such as sadness, mild cognitive changes or alterations in libido may be overshadowed by toxicities con-
sidered more ‘clinical’ such as diarrhoea, arthralgia, or hot flashes. However, their high prevalence in our study indicates that they represent a
real and sustained symptom burden. As these symptoms do not necessarily prompt spontaneous consultations or urgent interventions, they
may be underdetected during time-constrained, structured medical interviews.

Longitudinal analysis demonstrated the persistence of moderate and severe symptoms, particularly arthralgia in patients receiving Als and
hot flashes in those treated with tamoxifen. However, subgroup comparisons did not reach statistical significance, likely due to limited
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sample size within treatment groups. In this study, as none of the reported symptoms represented an urgent clinical situation, no immediate
interventions were required; instead, they were reviewed and addressed by healthcare teams during subsequent follow-up visits.

Second, the projected primary adherence outcome (73% of patients completing at least two questionnaires during the first year) was not
achieved. Only 52.2% of patients completed two questionnaires, and 35.4% completed three or more, figures consistent with the variability
in completion rates reported in digital PRO studies in oncology. While the tool proved deployable in a real-world multicentre setting, sus-
tained engagement was more limited than anticipated, and implementation cannot be considered fully feasible without a better understand-
ing of the factors that limited adherence.

Possible explanations include digital fatigue, perceived low symptom burden, lack of immediate clinical feedback, technological barriers or
simple loss of motivation over the course of follow-up. However, as this study was not designed to formally assess implementation determi-
nants, the specific factors influencing adherence could not be identified. This highlights the need to better understand the determinants that
facilitate or limit sustained use of digital monitoring tools in real-world oncology settings [15-18].

In addition, the relatively short follow-up period represents an important limitation given the prolonged duration of adjuvant endocrine
therapy. Extended follow-up will be necessary to better characterise the evolution of symptoms, adherence patterns and potential late
adverse effects over time. Another consideration is the potential selection bias regarding participation in this study. First, patient recruitment
was based on a non-probabilistic convenience sampling strategy within routine clinical practice. As a result, the number of eligible patients
who declined participation and the reasons for non-participation were not systematically recorded. On the other hand, participants required
access to smartphones, internet connectivity and a minimum level of digital literacy, potentially favouring inclusion of patients with greater
technological familiarity and socioeconomic resources. Therefore, the observed adherence and feasibility outcomes may not be fully gener-
alisable to more vulnerable populations or healthcare settings with limited digital infrastructure.

Taken together, our findings suggest that digital monitoring can capture a broad symptom burden, including emotional and cognitive dimen-
sions frequently underestimated in routine consultations. At the same time, they demonstrate that effective implementation of these tools
depends not only on their technological availability but also on factors influencing sustained patient engagement over time.

Future implementation efforts should incorporate patient co-design approaches and implementation science frameworks to better under-
stand barriers and facilitators to sustained engagement. Structured feedback mechanisms, integration into routine clinical workflows and
targeted reinforcement strategies may improve adherence and long-term adoption. Likewise, integration into the digital channels commonly
used by patients represents a relevant design component; drawing on evidence regarding communication preferences in oncology popula-
tions and considering generational and sociocultural differences; including environments such as Instagram groups, Facebook communities
or WhatsApp networks may facilitate interaction and reduce friction in use. Such approaches would also enable systematic evaluation of
acceptability, feasibility and sustainability, while helping determine whether digital symptom monitoring improves the recognition and man-
agement of emotional, cognitive and treatment-related symptoms, as well as treatment adherence and long-term clinical outcomes.

Conclusion

Implementation of a digital tool for symptom monitoring in patients with early-stage breast cancer was feasible and enabled identification of
a high symptom burden, including affective and cognitive dimensions that are frequently underestimated in routine consultations. Symptoms
such as sadness and concentration issues were reported with high frequency, even though most did not reach severe grades. Observed
adherence was lower than projected, underscoring the importance of better understanding the factors that influence sustained use of these
platforms. Overall, these findings confirm the clinical value of digital monitoring and highlight the need to optimise implementation strate-
gies prior to broader-scale expansion.

List of abbreviations

Als, aromatase inhibitors; HR+, Hormone receptor positive; IAF, Instituto Alexander Fleming (Alexander Fleming Institute); INCAN, Instituto
Nacional del Cancer (National Cancer Institute); PROs, patient-reported outcomes; OFS, Ovarian function suppression.
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Supplementary material

Cuestionario
Progreso €@

Estado General

Registro de su estado general

O No tiene sintomas

® Presenta algn sintoma pero
puede trabajar y realizar
normalmente las actividades diarias

O Presenta sintomas. No requiere
asistencia para las actividades
diarias. Permanece menos del 50%
del dia en la cama

Siguiente >

Enviar

Cuestionario
Progreso e«

Estado General

¢Cuando tomé por dltima vez la
medicacion?

Fecha 25/10/2024

Cuestionario
Progreso af)

Estado General

Registro de su estado de animo

L EONON N

Muy  Bien Neutral Mal Muy

Bien

Mal

< Anterior Siguiente >

Enviar

Cuestionario
Progreso )

GASTROINTESTINAL

En los Ultimos 7 dias, ¢cudl fue la
INTENSIDAD de la DISMINUCION DEL
APETITO en su PEOR momento?

O Ninguna
O Leve

O Moderada
O Intensa

O Muy intensa

< Anterior Siguiente > < Anterior Siguiente >
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v Recomendaciones

Q  Buscar Recomendaciones

P 277
>

Caida del Alteracion del
cabello gusto
Informacion Informacion
sobre la caida sobre la
del cabello alteracion del
gusto
~

Supplementary Figure 1. Digital platform interface.
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{ Recomendaciones

Cambio o alteraciéon
del gusto

Los cambios en los sentidos del
gusto y olfato a menudo
pueden afectar su apetito. Estos
cambios podrian describirse
como:

» No poder oler cosas que otras
personas si pueden, o notar

un sentido del olfato reducido.

 Notar que cosas huelen
diferente o ciertos olores son
madas fuertes.

+ Sabor amargo o metdlico en
boca.

« Los alimentos tienen un sabor
muy salado o dulce.

» La comida no tiene mucho
sabor.

Por lo general, estos cambios
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