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Abstract

Background: Providing patients with cancer who are undergoing systemic therapy with useful information about symptom
management is essential to prevent unnecessary deterioration of quality of life.

Objective: The aim was to evaluate whether use of an app for symptom management was associated with any change in patient
quality of life or use of health resources.

Methods: Outpatients with early stage breast cancer receiving systemic therapy were recruited at the Institute of Oncology in
Ljubljana, Slovenia. Patients who received systemic therapy between December 2017 and March 2018 (control group) and
between April 2018 and September 2018 (intervention group) were eligible. All patients received standard care, but only those
in the intervention group were asked to use mPRO Mamma, an Android-based smartphone app, in addition. The app supported
daily tracking of 50 symptoms, allowed users to grade their symptom severity (as mild, moderate, or severe), and also provided
in-depth descriptions and recommendations based on reported symptom level. Patient-reported outcomes in both groups were
assessed through the European Organisation for Research and Treatment of Cancer (EORTC) core (C-30) and breast cancer
(BR-23) questionnaires, as well as a questionnaire about health resources use. The primary outcomes were the difference in the
global quality of life between groups and the difference in summary score of the EORTC C-30 questionnaire between groups
after 3 time periods (the first week of treatment, the first treatment cycle, and the entire treatment). The secondary outcome was
the use of health resources (doctor visits and hospitalizations) in each time period. Other scales were used for exploratory analysis.

Results: The mean difference between the intervention group (n=46) and the control group (n=45) in global quality of life
(adjusted for baseline and type of surgery) after the first week was 10.1 (95% CI 1.8 to 18.5, P=.02). The intervention group
summary scores were significantly higher than those of the control group after the first week (adjusted mean difference: 8.9, 95%
CI 3.1 to 14.7, P=.003) and at the end of treatment (adjusted mean difference: 10.6, 95% CI 3.9 to 17.3, P=.002). Use of health
resources was not statistically significant between the groups in either the first week (P=.12) or the first treatment cycle (P=.13).
Exploratory analysis findings demonstrated clinically important improvements (indicated by EORTC C-30 or BR-23 scale
scores)—social, physical, role, and cognitive function were improved while pain, appetite loss, and systemic therapy side effects
were reduced.

Conclusions: Use of the app enabled patients undergoing systemic therapy for early stage breast cancer to better cope with
symptoms which was demonstrated by a better global quality of life and summary score after the first week and by a better
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summary score at the end of treatment in the intervention group compared to those of the control group, but no change in the use
of health resources was demonstrated.

(JMIR Mhealth Uhealth 2020;8(8):e17408) doi: 10.2196/17408
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Introduction

In the context of personalized treatment of a patient with cancer,
the patient-reported outcome is gaining growing importance.
This is because the physician’s ability to evaluate the patient’s
subjective symptoms is not optimal. Physicians often
underestimate the severity and frequency of symptoms
experienced by patients during chemotherapy. Fromme et al [1]
analyzed physician and patient reports on 8 symptoms in a
metastatic prostate cancer chemotherapy trial and found that
the physician reports had low sensitivity and specificity for
detecting chemotherapy side effects [1]. Moreover, the
agreement between multiple physicians was, at best, moderate
[2]. Physician assessment of symptom presence and severity
differed by one to two grades according to the Common Toxicity
Criteria of Adverse Effects [3] which, the study [2] concluded,
would have resulted in different treatment decisions (such as a
difference between continuing chemotherapy, halting
chemotherapy, or changing treatment dosage). To better assess
patient safety and toxicity in clinical studies of treatments, the
National Cancer Institute of the United States of America
developed a patient-reported outcome version of the Common
Toxicity Criteria of Adverse Effects (PRO-CTCAE), which
consists of 78 adverse effects criteria that are appropriate for
patient self-reporting. For each adverse effect, one or more
descriptive measures such as the adverse effect severity,
frequency, and interference with daily activity are assessed
yielding 124 PRO-CTCAE items, each graded on a 5-point scale
(from 0 to 4, where 0 indicates the adverse effect is absent, and
4 indicates the most disabling adverse effect) [4]. An appropriate
subset of these items should be selected for each clinical trial;
however, most patients are treated outside of clinical trials.

With the widespread use of smartphones, electronic collection
of patient-reported outcomes is becoming possible. Several
studies [5-12] have shown the feasibility and clinical utility of
electronic capture and monitoring of patient-reported outcome
for symptoms, functional status, and quality of life during
systemic treatment of cancer. In advanced solid tumors, Basch
et al [5] showed improved health-related quality of life measures
and reduced emergency room admittance in patients who
received weekly notifications and reported their symptoms (also
weekly) [5]. Integration of the patient-reported outcome into
routine care was even shown to prolong overall survival in
patients with advanced solid tumors by 5 months [13]. With
increased patient willingness to use technology, there are
possibilities for expansion of patient-centered medicine [14-16].
At present, few apps are used for the self-management of
symptoms [7,9-11,14]. In one study [10], higher cognitive
function and a high symptom burden in patients were predictive

factors for whether they would use symptom self-management
strategies.

The aim of our study was to assess whether the use of our
innovative mobile app by patients with early stage breast cancer
who were receiving systemic treatment was associated with any
changes in their health-related quality of life (global quality of
life, ability to function in daily life, symptom severity) and in
the use of health resources. Our hypothesis was that the mobile
app users would have better health-related quality of life
outcomes, especially after the first week and after the first cycle
of chemotherapy, and would use fewer health resources.

Methods

Study Design and Population
We conducted a prospective nonrandomized controlled study
with a cohort consisting of outpatients who were being treated
with systemic therapy (chemotherapy) for early stage breast
cancer at the Institute of Oncology in Ljubljana. The study
protocol was approved by the Ethical Commission at the
Institute of Oncology and Commission of the Republic of
Slovenia for Medical Ethics (0120-386/2017/3). The researchers
followed the principles of the Declaration of Helsinki.

Patients were recruited after their first appointment with a
medical oncologist. All study information was provided by
oncologists, medical residents, and medical students working
on the project. Patients were eligible if they were scheduled to
receive neoadjuvant or adjuvant chemotherapy (and anti–human
epidermal growth factor 2 targeted therapy, if indicated) for
early stage breast cancer, their smartphone was Android-based,
and they were willing to fill in paper and pencil questionnaires
reporting their quality of life while receiving treatment. The
patients were ineligible if their smartphone was Windows-based
or an iPhone, they were unfamiliar with using a smartphone, or
they were unable to communicate effectively in Slovenian. All
participants provided informed consent prior to being enrolled
in the study.

Study Group and Intervention
The control group consisted of patients enrolled between
December 2017 and March 2018; the intervention group
consisted of patients enrolled between April 2018 and September
2018 (since the mobile app was not finished until April). The
control group received the standard information about
chemotherapy side effects. The intervention group received
both the standard information and access to the mPRO Mamma
mobile app [17] which was accompanied by a detailed user
instruction guide.
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Study Procedures
Patients in both groups were asked to complete the European
Organisation for Research and Treatment of Cancer Quality of
Life Questionnaire Core 30 (EORTC QLQ C-30) and Quality
of Life Questionnaire Breast Cancer Module (EORTC QLQ
BR-23) [18,19] and a questionnaire about health resources use
at 4 time points: before systemic therapy (baseline), after the
first week, after the first cycle, and at the end of systemic
therapy. Upon enrollment, each patient received questionnaires
(4 sets) along with instructions to return completed
questionnaires by mail in a timely manner. The patients who
returned the baseline questionnaires and questionnaires from at
least one other time point were included in the analysis.

Mobile App
For the purpose of this study, we developed an Android mobile
app called mPRO Mamma [17]. It conforms to standard Google
Material Design guidelines [20], but additionally features
customized slider controls to visually indicate symptom severity
levels (Figure 1). It allows for quick daily recording of
symptoms and symptom severity (with reminder notifications)
and can send encrypted reports to the patient’s oncologist, if
selected. The app was designed and revised several times in
cooperation with experienced medical oncologists, medical
students, and computer scientists. It has been implemented
according to the best principles of Material Design multilingual
support and currently supports Slovenian and English.

Figure 1. The mobile app user interface with customized slider controls allows for quick daily recording of symptoms and their severity levels.

We selected 50 symptoms that were relevant to the expected
adverse effects of either cytotoxic regimens or targeted drugs
administered to patients during the neoadjuvant or adjuvant
breast cancer treatments from the 78 symptoms of PRO-CTCAE.
Each symptom had a description, a severity scale, and advice
for its management. Patients labeled and reported a symptom
only if it occurred. To make our app clear and useful, symptom
severity was graded on a 3-point scale as mild, moderate, or
severe.

For each grade of symptom severity, a health professional’s
advice was presented. For mild or moderate ratings by the
patient, suggestions that would allow them to alleviate the
symptoms on their own were displayed. If symptoms were rated
as severe, the app advised the patient to visit either their general
practitioner or an emergency department. Patients reported their
symptoms in the app on a daily basis and sent the symptom
report to their treating oncologist as an encrypted email on the

day before their next therapy cycle (every 2 or 3 weeks,
depending on their chemotherapy schedule). Screenshots of the
symptom entry page and daily report are presented in
Multimedia Appendix 1, Multimedia Appendix 2, and
Multimedia Appendix 3.

Outcome Measures
The EORTC QLQ C-30 and BR-23 consist of a global quality
of life score, and several functional and symptom scales, which
can be combined in a summary score. Our primary outcomes
were the global quality of life score and summary score at three
time points (after the first week, after the first cycle, and at the
end of treatment). Other scales were used in our exploratory
analysis. The EORTC QLQ scoring manual was followed [21].
All scales had values from 0 to 100, where 100 represented the
best global quality of life, the best functioning, or the worst
symptoms. The summary score, which ranged from 0 (worst)
to 100 (best), was calculated from 13 out of 15 EORTC
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QLQ-C30 scales (the global quality of life and the financial
impact scale were excluded) in accordance with Giesinger et al
[22] and instructions from the EORTC [21-23]. We used
previously established thresholds [24] for important differences
in quality of life—clinically meaningful difference was set to
10 points.

The secondary outcome was the use of health resources which
was measured by self-reported number of visits to the doctor
and number of hospitalizations in the first week and in the first
cycle of therapy (questionnaires at the end of treatment were
not included because they may not have been reliable due to
the long time span between the start and the end of treatment).

Statistical Analysis

Sample Size Determination
A sample size sufficient to detect a difference between the
intervention and control groups for changes of the global quality
of life scores from baseline scores using an independent t test
was determined using a power analysis. For a significance level
of α=.05 and 80% power to reject the null hypothesis of equal
means of groups when the population mean difference is equal
to 13 yielded a sample size of 90 (45 per group); a standard
deviation of 22 was used for both groups based on the results
from a recent randomized trial [25]. It was subsequently
determined that a more advanced analysis had to be conducted,
as explained below.

Data Analysis
Categorical variables (tumor size, axillary nodes, histologic
type, tumor grade, estrogen receptors, progesterone receptors,
HER2, Ki-67 expression, tumor subtype, type of surgery, breast
reconstruction, chemotherapy, type of chemotherapy, doctor
visits during first week, doctor visits during the first cycle,
hospitalization during the first week, and hospitalization during
the first cycle) were summarized with frequencies and
percentages. Numerical variables (age, number of chemotherapy
cycles, global quality of life score, and summary score) were
described with means and standard deviations (or medians and
interquartile ranges if distributions were asymmetric). To
compare the intervention and control groups at baseline,
chi-square tests (or Fisher exact test, if more than 20% of
expected frequencies were below 5) were used for categorical
variables, and two-tailed independent t tests (or Mann-Whitney
U tests, if distributions were asymmetric) were used for
numerical variables.

It was required that the model account for differences between
the groups in the type of surgery (a higher proportion of
mastectomies, and consequently, reconstruction in the control
group), as well as in quality of life and summary score at
baseline. The primary outcomes of global quality of life score
and summary score were analyzed using linear mixed-effects
models [26]. Linear mixed-effects models allowed for the use
of one model to represent all three time points, adjusting for
covariates at baseline and where a random intercept (indexed

by patient ID) accounted for repeat measurements of the same
patient. In each model, the fixed effects were time (after the
first week, after the first cycle, or at the end of treatment), group
(intervention or control), interaction between group and time,
value at baseline, and type of surgery (breast-conserving surgery
or mastectomy).

In the exploratory analysis, we examined all 19 other scales of
the QLQ-C30 and the QLQ-BR23 (excluding sexual enjoyment
and upset by hair loss, which were both dependent upon
answering affirmative to other questions, and excluding financial
difficulties). The change from baseline between the groups at
each of the three time points was analyzed separately using the
Mann-Whitney U test because of either distribution asymmetry
or the low number of possible values of the scale. All P values
in the exploratory analysis served only as an aid to evaluate the
differences between the groups. Nevertheless, with so many
hypotheses tested, the P values were adjusted using Holm
method to control the family-wise error rate.

An (adjusted) P<.05 was considered as statistically significant.
All analyses were performed using R statistical software (version
3.4.3) [27].

Results

Patient Characteristics
The study flow chart is presented in Figure 2. We performed a
CONSORT-EHEALTH checklist (Multimedia Appendix 4)
according to pilot testing [28].

The demographic, clinical, and treatment data for the control
(n=45) and the intervention (n=46) groups are presented in Table
1. Patients in both groups were similar with respect to age
(t89=0.86, P=.39), tumor size (Fisher exact test, P=.48), nodal
involvement (Fisher exact test, P=.13), histology (Fisher exact
test, P=.42), tumor grade (Fisher exact test, P=.38), hormone

receptors (progesterone: χ2
1=1.23, P=.27; estrogen: χ2

1=2.33,

P=.13), human epidermal growth factor 2 status (χ2
1=1.76,

P=.19), tumor subtype (Fisher exact test, P=.30), type of
chemotherapy (Fisher exact test, P=.41), and number of
chemotherapy cycles (Mann-Whitney U test, P=.73); however,
there was a significant difference between the intervention and

control groups with respect to type of surgery (χ2
3=12.60,

P=.006). Patients in the control group had undergone more
mastectomies, and consequently, had also undergone
reconstruction more often (Fisher exact test, P=.01). At baseline,
patients in the control group had lower quality of life and
summary scores than those of the intervention group (quality
of life: Mann-Whitney U test, P=.06; summary: Mann-Whitney
U test, P=.02). Baseline differences in quality of life and
summary scores and for type of surgery (mastectomy or not)
between the groups were, therefore, taken into account and
adjusted for, within the model.
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Figure 2. Consolidated Standard of Reporting Trials (CONSORT) diagram showing the flowchart of patients with breast cancer by group and reasons
for exclusion from the study and the analysis.
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Table 1. Patient characteristics in the intervention and control group.

Comparison between groupsGroupsCharacteristics

P valueChi-squarea or

t testb (df)

Control (n=45)Intervention (n=46)All patients (n=91)

.390.86b (89)52.6 (9.6)50.9 (9.3)51.7 (9.5)Age in years, mean (SD)

.73N/Ac6 (4-7)6 (5-7)6 (4-7)Number of chemotherapy cycles, median (IQR)

.06N/Ac66.7 (58.3-83.3)83.3 (66.7-91.7)66.7 (58.3-83.3)Quality of life score at baseline, median (IQR)

.02N/Ac89.1 (83.3-93.7)93.6 (86.2-97.9)90.9 (83.8-96.2)Summary score at baseline, median (IQR)

.48N/AdTumor size, n (%)

19 (42)24 (52)43 (47)≤20 mm

20 (44)19 (41)39 (43)21-50 mm

6 (13)3 (7)9 (10)>50 mm

.13N/AdAxillary nodes, n (%)

18 (40)23 (50)41 (45)Negative nodes

22 (49)15 (33)37 (41)1-3 positive nodes

2 (4)7 (15)9 (10)4-6 positive nodes

3 (7)1 (2)4 (4)>6 positive nodes

.42N/AdHistologic type, n (%)

37 (82)40 (87)77 (85)Invasive ductal carcinoma

4 (9)1 (2)5 (6)Invasive lobular carcinoma

4 (9)5 (11)9 (10)Other

.38eN/AdTumor grade, n (%)

2 (4)0 (0)2 (2)Grade I

16 (36)14 (30)30 (33)Grade II

27 (60)31 (67)58 (64)Grade III

0 (0)1 (2)1 (1)Unknown

.132.33a (1)Estrogen receptors, n (%)

6 (13)12 (26)18 (20)Negative

39 (87)34 (74)73 (80)Positive

.271.23a (1)Progesterone receptors, n (%)

10 (22)15 (33)25 (28)Negative

35 (78)31 (67)66 (73)Positive

.191.76a (1)HER2f , n (%)

35 (78)30 (65)65 (71)Negative

10 (22)16 (35)26 (29)Positive

.191.69a (1)Ki-67g expression, n (%)

13 (29)8 (17)21 (23)Negative (≤15 %)

32 (71)38 (83)70 (77)Positive (> 15 %)

.30N/AdTumor subtype, n (%)

5 (11)4 (9)9 (10)Luminal A–like

23 (51)20 (44)43 (47)Luminal B HER2 negative

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 8 | e17408 | p. 6https://mhealth.jmir.org/2020/8/e17408
(page number not for citation purposes)

Grašič Kuhar et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

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


Comparison between groupsGroupsCharacteristics

P valueChi-squarea or

t testb (df)

Control (n=45)Intervention (n=46)All patients (n=91)

9 (20)8 (17)17 (19)Luminal B HER2 positive

1 (2)7 (15)8 (9)HER2 positive

7 (16)7 (15)14 (15)Triple negative

.00612.60a (3)Type of surgery, n (%)

10 (22)26 (57)36 (40)Breast conserving surgery + SNBh

6 (13)6 (13)12 (13)Breast conserving surgery + axillary lym-
phadenectomy

15 (33)6 (13)21 (23)Mastectomy + SNB

14 (31)8 (17)22 (24)Mastectomy + axillary dissection

.01N/AdBreast reconstruction, n (%)

29 (64)41 (89)70 (77)No

10 (22)2 (4)12 (13)Deep inferior flap

6 (13)3 (7)9 (10)Tissue expander

.540.38a (1)Chemotherapy, n (%)

33 (73)31 (67)64 (69)Adjuvant chemotherapy

12 (27)15 (33)27 (30)Neoadjuvant chemotherapy

.41N/AdType of chemotherapy, n (%)

28 (62)35 (76)63 (69)Anthracycline + taxanes

11(24)6 (13)17 (19)Anthracyclines alone

5 (11)3 (7)8 (9)Taxanes alone

1 (2)2 (4)3 (3)CMFi

aDenotes a chi-square test value.
bDenotes a t test value.
cN/A: not applicable; in this instance, denotes the use of Mann-Whitney U test.
dN/A: not applicable; in this instance; denotes the use of Fisher exact test.
eUnknown values were excluded from calculations.
fHER2: human epidermal growth factor 2.
gKi-67: proliferation marker.
hSNB: sentinel lymph node biopsy.
iCMF: cyclophosphamide, methotrexate, fluorouracil.

Primary Outcome Measures
In Table 2 and in Table 3, we have presented only effects that
are of interest (ie, adjusted mean difference between the groups
for each of the 3 time periods with 95% confidence intervals
and P values; for all mean differences, a positive difference
indicates a higher value in the intervention group than the
corresponding value in the control group). The adjusted mean
differences between the intervention and the control group after
the first week of chemotherapy were statistically significant for

both the global quality of life score (10.1, 95% CI 1.8 to 18.5,
P=.02) and the summary score (8.9, 95% CI 3.1 to 14.7,
P=.003). The adjusted mean difference for summary score at
the end of treatment (10.6, 95% CI 3.9 to 17.3, P=.002) was
also significant. Complete model results are presented in
Multimedia Appendix 5 and Multimedia Appendix 6. Clinically
meaningful differences in the adjusted means between groups
were found for global quality of life score after the first week
and for summary score at the end of treatment (ie, an adjusted
mean difference greater than 10).
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Table 2. Global quality of life score adjusted mean differences between intervention and control groups.

P value95% CIEstimateTime period

.021.8 to 18.510.1First week

.27–3.8 to 13.24.7First treatment cycle

.16–2.7 to 16.77.0Entire treatment period

Table 3. Summary score adjusted mean differences between intervention and control groups.

P value95% CIEstimateTime period

.0033.1 to 14.78.9First week

.08–0.6 to 11.25.3First treatment cycle

.0023.9 to 17.310.6Entire treatment period

Secondary Outcome Measures
In the first week, 44% (20/46) of patients in the intervention
group visited the doctor, and 60% (27/45) of patients in the
control group visited the doctor. In the first cycle, 37% (16/43)
of patients in the intervention group visited the doctor at least
twice, and 54% (21/39) of patients in the control group visited

the doctor at least twice. The differences between groups were

not statistically significant (first week: χ2
1=2.49, P=.12; first

cycle: χ2
1=2.29, P=.13; Table 4). The number of hospitalizations

was low—3% (3/91) in the first week and 7% (6/84) in the first
cycle—without substantial or statistically significant differences
between the groups (first week: Fisher exact test, P=.62; first
cycle: Fisher exact test, P>.999).

Table 4. Health care use during the first week and the first cycle of systemic therapy.

P valueChi-squarea (df)Control group, n (%)Intervention group, n (%)All, n (%)

.122.49a (1)45 (100)46 (100)91 (100)Doctor visits during first week

18 (40)26 (56)44 (48)no visits

27 (60)20 (44)47 (52)1 visit or more

.132.29a (1)39 (100)43 (100)82 (100)Doctor visits during first cycle

18 (46)27 (63)45 (55)1 visit or less

21 (54)16 (37)37 (45)2 or more visits

.62N/Ab45 (100)46 (100)91 (100)Hospitalizations during first week

43 (96)45 (98)88 (97)No

2 (4)1 (2)3 (3)Yes

>.999N/Ab41 (100)43 (100)84 (100)Hospitalizations during first cycle

38 (93)40 (93)78 (93)No

3 (7)3 (7)6 (7)Yes

aDenotes a chi-square test value.
bN/A: not applicable; in this instance, denotes the use of Fisher exact test.

Exploratory Analysis of Other EORTC QLQ C-30 and
BR-23 Scales
Scales with clinically important differences between the groups
(baseline adjusted), and with P<.10 (Mann-Whitney U tests)
were social functioning (first week: P=.001, adjusted P=.04;
first cycle: P=.005, adjusted P=.29; end of treatment: P=.003,
adjusted P=.14), pain (first week: P=.03, adjusted P>.999; end
of treatment: P=.005, adjusted P=.29), physical functioning
(first week: P=.051, adjusted P>.999; end of treatment: P=.005,

adjusted P=.27), role functioning (end of treatment: P=.01,
adjusted P=.49), cognitive functioning (end of treatment: P=.09,
adjusted P>.999), appetite loss (first week: P=.04, adjusted
P>.999), and systemic therapy side effects (first cycle: P=.08,
adjusted P>.999). These scales are presented in Figures 3 and
4. Complete exploratory analysis results are available in the
Multimedia Appendix 7. The only difference between the groups
that could be generalized to the population after adjusting for
multiple testing was in social functioning after the first week
(adjusted P=.04).
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Figure 3. Boxplots showing change from baseline for the selected functional scales of the EORTC QLQ C-30 and BR-23. EORTC: European Organisation
for Research and Treatment of Cancer; QLQ BR-23: Quality of Life Questionnaire Breast Cancer Module; QLQ C-30: Quality of Life Questionnaire
Core 30.
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Figure 4. Boxplots showing change from baseline for the selected symptom scales of EORTC QLQ C-30 and BR-23. EORTC: European Organisation
for Research and Treatment of Cancer; QLQ BR-23: Quality of Life Questionnaire Breast Cancer Module; QLQ C-30: Quality of Life Questionnaire
Core 30.

Discussion

Principal Findings
In this study, we investigated the impact of using of a mobile
app for symptom reporting and self-management on
patient-reported outcomes in early stage breast cancer patients
who were receiving chemotherapy. Chemotherapy can cause
numerous adverse effects which have a negative impact on
health-related quality of life. Our hypothesis was that the
intervention group (those using the mobile app) would cope
better with adverse effects, which would result in the improved
global quality of life and summary scores, especially at the
beginning of chemotherapy, and would result in reduced use of
health resources.

Our first hypothesis about the improved global quality of life
and summary score in the intervention group using the mobile

app was confirmed. After the first week of treatment, global
quality of life reported by the intervention group was better than
that reported by the control group, with clinically important
mean differences (Table 2). The global quality of life score
represented patient perception of overall health and overall
quality of life in the previous week, but was not sensitive enough
to detect group differences over time [22]. This was confirmed
in our analysis as both groups had similar global quality of life
scores after the first cycle and at the end of treatment. Summary
score, however, was a more robust alternative to the global
quality of life score, as it took into account 13 scales that were
calculated from 27 out of 30 EORTC QLQ C-30 items. We
found statistically significant differences between groups in
summary scores after the first week and at the end of treatment;
the latter demonstrated a clinically important difference (Table
3). Our mobile app assisted patients as an interventional tool
for the self-management of symptoms. As the patient reported
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a symptom, the mobile app automatically provided the most
suitable information for self-management according to the
reported level of severity (Multimedia Appendix 1 and
Multimedia Appendix 2). This improved patient operative
capability and patient self-efficacy, which resulted in an
improved quality of life in accordance with Bandura’s theory
of self-efficacy theory [29].

To investigate which EORTC QLQ C-30 scales most
significantly contributed to the difference in summary score,
we performed an exploratory analysis. QLQ BR-23 scales were
also included in this analysis to shed light on symptoms and
functioning that were specific to breast cancer. We found
clinically important improvements in social, physical, role, and
cognitive functioning in the intervention group versus the control
group, as well as less severe pain, less appetite loss, and fewer
systemic therapy side effects in the intervention group
(Multimedia Appendix 7, Figure 3, and Figure 4). In a recently
published paper on lung cancer [30], patients with access to a
web-based health education program reported better global
quality of life and emotional functioning, as well as a significant
decrease in ten of the most important symptoms compared to
those in the control group; however, no differences in physical,
role, cognitive, or social functioning were found [30]. Patients
with lung cancer, however, cannot be directly compared to
patients with breast cancer. To our knowledge, comparable
studies for breast cancer patients do not exist. We believe that
the intervention group had better social, physical, role, and
cognitive functioning due to the use of the mobile app (better
self-management). For cancer patients, solving the problem (ie,
self-managing of symptoms) correlates significantly with
improvements in their levels of psychological distress, overall
quality of life, role, and physical functioning [31,32].

We found the strongest effect was for social functioning after
the first week, as the difference between groups remained
statistically significant even after adjusting for multiple
comparisons. Patients who receive chemotherapy treatments
experience imposed limitations in social functioning, which is
also influenced by family support, outlook on life and
opportunities for social exchange [33]. The mobile app had a
positive impact on social functioning, although, a bias as a result
of nonrandom patient allocation may have been present.

Less severe systemic therapy side effects, pain, and appetite
loss in the intervention group were probably due to
self-management techniques employed by these patients. On
the other hand, the surgery-related group differences may have
contributed.

Our second hypothesis was not confirmed. We did not find any
statistically significant difference between groups for use of
health resources. Self-management strategies employed by
patients themselves probably resolved mild and moderate side
effects. For severe symptoms, we presumed that an option of
immediate triggering alert to medical staff at its onset would
reduce health resource use. Basch et al [5] reported significantly
lower health resource usage in the group allocated to symptom
reporting, probably because a severe symptom grade triggered
an email alert to nurses.

Ginossar et al [34] performed a systematic review of literature
and found over 100 breast cancer-related mobile apps; however,
many of them did not lead to behavior change and many were
not evidence-based. Recent mobile apps for women with breast
cancer have a positive effect by promoting weight loss,
decreasing stress, and improving the quality of life [35,36].
Apps for reporting symptoms and promoting self-care during
cancer chemotherapy treatment are still rare [6-11,37,38].
Electronic capture and monitoring of patient-reported outcome
for symptoms during systemic treatment of cancer has been
found to be feasible, even though patients were not provided
with feedback about their management [5]; however, in studies
[6,7,9,10] where automated alerts for self-management of
reported symptoms were available, a rapid benefit in the form
of decreased symptom severity has been identified. It has been
reported [6] that automated alerts were more effective than
nurse-administrated symptom management. In our study, we
also rapidly found a benefit from the use of our mobile app,
which was demonstrated by better global quality of life and
summary scores in the first week after receiving chemotherapy.
In our opinion, the first week after chemotherapy is a very
important time to alleviate distress in patients. A recently
published randomized trial from Japan [37] tested a mobile app
similar to ours, to see whether the app affected anxiety and
depression, but no improvement in anxiety, depression, or health
literacy were found at the end of treatment [37].

Using a mobile app in collaboration with the treating physician
improved patient well-being and their awareness of
chemotherapy adverse effects [38]; however, the impact of the
mobile app on quality of life outcomes was not assessed [37,38].
Zhu et al [9] reported findings similar to ours, namely that the
e-support group had better quality of life, self-efficacy, and
symptom control than that of the group receiving standard care.
They found beneficial effects at 3 months, but which
disappeared at 6 months [9]. In our study, even at the end of
treatment (approximately 6 months), the beneficial effect in
summary score (but not in global quality of life) remained;
however, Zhu et al [9] assessed quality of life using a different
questionnaire, ie, the Functional Assessment of Cancer
Treatment-B. Recently, a mobile phone–based system for the
remote monitoring and management of chemotherapy-related
side effects was evaluated in Canadian patients with cancer;
however, its impact on health-related quality of life has not yet
been tested [11]. Several randomized controlled trials evaluating
remote electronic monitoring and symptom management are
still ongoing [14-16].

Strengths
The advantage of our study was the detailed patient-reported
outcome analysis of the effect of mobile app usage, with data
collected using validated questionnaires (EORTC QLQ C-30
and BR-23). In addition to using a standard tool (global quality
of life score), we used summary score, a new tool suggested by
EORTC. To our knowledge, our study is the first that uses both
quality of life and summary score as primary outcomes when
analyzing the impact of a mobile app on the care of patients
with breast cancer who are receiving chemotherapy. Moreover,
we appropriately planned the first assessment for after the first
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week, indicated by the statistically significant difference in the
global quality of life and summary score at this time.

Limitations
Our study has some limitations. First, it was a nonrandomized
controlled cohort study. In order to avoid potential bias, it would
have been better to conduct a randomized controlled trial. In
fact, the groups in our study differed with respect to type of
breast surgery, quality of life score, and summary score at
baseline, so the results were adjusted for these differences using
appropriate statistical methods. There may also have been
seasonal differences affecting patient well-being since patients
were enrolled at different times of the year. In addition, a
possible bias may have existed as a result of different
recruitment techniques used by the medical oncologists. At the
beginning of the clinical study, we were still in the process of
programming our mobile app which prevented us from randomly
allocating patients.

Second, not all symptoms that can arise during the systemic
therapy can be assessed with the QLQ C-30 and BR-23
questionnaires. Our app included approximately 50 of the 78
recommended PRO-CTCAE symptoms, so instructions for
patient self-management for the missing symptoms were not
included in the app; however, we aimed to include the symptoms
that occur most commonly over the course of breast cancer
treatments. Our collection was broader than that used by Zhang
et al [39] who developed and evaluated a patient-reported
outcome scale for breast cancer containing 38 items [39].

Our app could also be improved by utilizing wearable sensors
(smart bracelets, watches, rings, etc) and incorporating
additional questionnaires capable of measuring psychological
distress, mental distress, and anxiety; it could be also equipped
with alerts reminding patients to provide data at predetermined
dates.

Future Work
Based on the positive effects on health-related quality of life
measured in the systemic therapy part of breast cancer treatment,

we plan to include other treatment modalities for breast cancer
patients, ie, surgical interventions and radiotherapy. Another
interesting upgrade would be to include a follow-up period. Our
aim is to provide regular updates to ensure software
compatibility as well as to avoid potential security issues. Since
our app is likely most useful for mild and moderate symptoms
where patients are empowered to manage symptoms themselves,
we plan to also make the app useful for patients with severe
symptoms. We could establish a system where alerts about
patient symptoms are sent to a dedicated hospital server. If the
alert contained any severe symptoms, it would be labelled as
urgent and an appointed research nurse would be trained to react
in accordance with the prespecified medical algorithms. Such
algorithms are also incorporated in recently reported proposals
of studies [14-16] to assess symptom burden, quality of life,
supportive care needs, anxiety, self-care, self-efficacy, work
limitations, and cost effectiveness.

Our findings regarding the impact of mobile app use on the
quality of life and summary scores in combination with those
regarding other scales that were only a part of our exploratory
analysis, should be confirmed in a larger randomized controlled
trial. Further research is also needed in order to extend these
findings to a broader population of patients, including those
suffering from other ailments, and to different organizations in
the medical field.

Conclusions
Our mobile app has interventional value for the self-management
of symptoms for patients with breast cancer who are receiving
systemic therapy which was shown by a better global quality
of life scores (in the first week of therapy) and a better summary
scores (in the first week and at end of treatment) for the
intervention group than for the control group. Based on the
exploratory analysis, the app contributed to clinically important
improvements in social, physical, role, and cognitive functioning
while diminishing pain, appetite loss, and systemic therapy side
effects.

Acknowledgments
This research was partly supported by the Slovenian Research Agency (Prognostic and predictive factors for response in treatment
of breast cancer and other cancers, P3-0321). The authors would like to express their immense gratitude to Eva Drmota, Klara
Geršak, and Luka Čavka for their assistance in carrying out this research project. We would also like to extend our gratitude to
Boštjan Šeruga for his review of this paper and his invaluable feedback. Students (TGC, TK, and Eva Drmota), who collaborated
in this work, were awarded the Prešeren award for the best student scientific research project at the University of Ljubljana,
Faculty of Medicine (2017-2018).

Authors' Contributions
CGK obtained funding for the clinical trial. TK designed and programmed the mPRO Mamma mobile app, under the supervision
of MK. CGK, TGC, and NRG conceived and designed the analysis. TGC and CGK were involved in collecting the data. NRG
performed the statistical analysis and the interpretation of the results. CGK wrote the initial version of the manuscript and
subsequent drafts were reviewed and edited by MK, NRG, and TGC.

Conflicts of Interest
TK, under the supervision of MK, was also the designer and developer of the mPRO Mamma app. Access to the app is free and
open.

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 8 | e17408 | p. 12https://mhealth.jmir.org/2020/8/e17408
(page number not for citation purposes)

Grašič Kuhar et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

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


Multimedia Appendix 1
Screenshot of a page for the daily report of a symptom pain.
[PNG File , 76 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Screenshot of a page for the daily report of symptoms of nausea and vomiting.
[PNG File , 99 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Screenshot of a page for the daily report of symptoms with their severity.
[PNG File , 64 KB-Multimedia Appendix 3]

Multimedia Appendix 4
CONSORT-eHEALTH checklist (V 1.6.1) in pilot-testing.
[PDF File (Adobe PDF File), 1625 KB-Multimedia Appendix 4]

Multimedia Appendix 5
Linear mixed-effects model for global quality of life, whole model.
[DOCX File , 13 KB-Multimedia Appendix 5]

Multimedia Appendix 6
Linear mixed-effects model for summary score, whole model.
[DOCX File , 13 KB-Multimedia Appendix 6]

Multimedia Appendix 7
The explorative analysis of the other scales of the EORTC QLQ C-30 and BR-23.
[DOCX File , 16 KB-Multimedia Appendix 7]

References

1. Fromme EK, Eilers KM, Mori M, Hsieh Y, Beer TM. How accurate is clinician reporting of chemotherapy adverse effects?
A comparison with patient-reported symptoms from the Quality-of-Life Questionnaire C30. J Clin Oncol 2004 Sep
1;22(17):3485-3490. [doi: 10.1200/JCO.2004.03.025] [Medline: 15337796]

2. Atkinson TM, Li Y, Coffey CW, Sit L, Shaw M, Lavene D, et al. Reliability of adverse symptom event reporting by
clinicians. Qual Life Res 2012 Sep;21(7):1159-1164 [FREE Full text] [doi: 10.1007/s11136-011-0031-4] [Medline:
21984468]

3. Common terminology criteria for adverse events (CTCAE). Institute NIoHaNC. 2009. URL: https://www.eortc.be/services/
doc/ctc/CTCAE_4.03_2010-06-14_QuickReference_5x7.pdf [accessed 2019-10-18]

4. Basch E, Reeve BB, Mitchell SA, Clauser SB, Minasian LM, Dueck AC, et al. Development of the National Cancer
Institute's patient-reported outcomes version of the common terminology criteria for adverse events (PRO-CTCAE). J Natl
Cancer Inst 2014 Sep;106(9) [FREE Full text] [doi: 10.1093/jnci/dju244] [Medline: 25265940]

5. Basch E, Iasonos A, Barz A, Culkin A, Kris MG, Artz D, et al. Long-term toxicity monitoring via electronic patient-reported
outcomes in patients receiving chemotherapy. J Clin Oncol 2007 Dec 01;25(34):5374-5380. [doi: 10.1200/JCO.2007.11.2243]
[Medline: 18048818]

6. Given CW, Sikorskii A, Tamkus D, Given B, You M, McCorkle R, et al. Managing symptoms among patients with breast
cancer during chemotherapy: results of a two-arm behavioral trial. J Clin Oncol 2008 Dec 20;26(36):5855-5862 [FREE
Full text] [doi: 10.1200/JCO.2008.16.8872] [Medline: 19029420]

7. Mooney KH, Beck SL, Wong B, Dunson W, Wujcik D, Whisenant M, et al. Automated home monitoring and management
of patient-reported symptoms during chemotherapy: results of the symptom care at home RCT. Cancer Med 2017
Mar;6(3):537-546 [FREE Full text] [doi: 10.1002/cam4.1002] [Medline: 28135050]

8. Stefanovic S, Wallwiener M, Karic U, Domschke C, Katic L, Taran F, et al. Patient-reported outcomes (PRO) focused on
adverse events (PRO-AEs) in adjuvant and metastatic breast cancer: clinical and translational implications. Support Care
Cancer 2017 Feb;25(2):549-558. [doi: 10.1007/s00520-016-3437-2] [Medline: 27747478]

9. Zhu J, Ebert L, Liu X, Wei D, Chan SW. Mobile Breast Cancer e-Support Program for Chinese Women With Breast Cancer
Undergoing Chemotherapy (Part 2): Multicenter Randomized Controlled Trial. JMIR Mhealth Uhealth 2018 Apr 30;6(4):e104
[FREE Full text] [doi: 10.2196/mhealth.9438] [Medline: 29712622]

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 8 | e17408 | p. 13https://mhealth.jmir.org/2020/8/e17408
(page number not for citation purposes)

Grašič Kuhar et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mhealth_v8i8e17408_app1.png&filename=af161f00fa7540046d3e09cc1687e133.png
https://jmir.org/api/download?alt_name=mhealth_v8i8e17408_app1.png&filename=af161f00fa7540046d3e09cc1687e133.png
https://jmir.org/api/download?alt_name=mhealth_v8i8e17408_app2.png&filename=f1b44cad5714cb2f90bb95fe20be5c7e.png
https://jmir.org/api/download?alt_name=mhealth_v8i8e17408_app2.png&filename=f1b44cad5714cb2f90bb95fe20be5c7e.png
https://jmir.org/api/download?alt_name=mhealth_v8i8e17408_app3.png&filename=61b51f4acc5d1baeb35a9f1c632d71a0.png
https://jmir.org/api/download?alt_name=mhealth_v8i8e17408_app3.png&filename=61b51f4acc5d1baeb35a9f1c632d71a0.png
https://jmir.org/api/download?alt_name=mhealth_v8i8e17408_app4.pdf&filename=807e6d9693a9c9e3836e59128f298f0a.pdf
https://jmir.org/api/download?alt_name=mhealth_v8i8e17408_app4.pdf&filename=807e6d9693a9c9e3836e59128f298f0a.pdf
https://jmir.org/api/download?alt_name=mhealth_v8i8e17408_app5.docx&filename=fdaf085d6a0beb11df4d17f6e63b870a.docx
https://jmir.org/api/download?alt_name=mhealth_v8i8e17408_app5.docx&filename=fdaf085d6a0beb11df4d17f6e63b870a.docx
https://jmir.org/api/download?alt_name=mhealth_v8i8e17408_app6.docx&filename=7d7ba1535847c513be323aca018274ff.docx
https://jmir.org/api/download?alt_name=mhealth_v8i8e17408_app6.docx&filename=7d7ba1535847c513be323aca018274ff.docx
https://jmir.org/api/download?alt_name=mhealth_v8i8e17408_app7.docx&filename=d25af7621b89e6971745cb9bfa3bc259.docx
https://jmir.org/api/download?alt_name=mhealth_v8i8e17408_app7.docx&filename=d25af7621b89e6971745cb9bfa3bc259.docx
http://dx.doi.org/10.1200/JCO.2004.03.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15337796&dopt=Abstract
http://europepmc.org/abstract/MED/21984468
http://dx.doi.org/10.1007/s11136-011-0031-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21984468&dopt=Abstract
https://www.eortc.be/services/doc/ctc/CTCAE_4.03_2010-06-14_QuickReference_5x7.pdf
https://www.eortc.be/services/doc/ctc/CTCAE_4.03_2010-06-14_QuickReference_5x7.pdf
http://europepmc.org/abstract/MED/25265940
http://dx.doi.org/10.1093/jnci/dju244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25265940&dopt=Abstract
http://dx.doi.org/10.1200/JCO.2007.11.2243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18048818&dopt=Abstract
http://europepmc.org/abstract/MED/19029420
http://europepmc.org/abstract/MED/19029420
http://dx.doi.org/10.1200/JCO.2008.16.8872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19029420&dopt=Abstract
https://doi.org/10.1002/cam4.1002
http://dx.doi.org/10.1002/cam4.1002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28135050&dopt=Abstract
http://dx.doi.org/10.1007/s00520-016-3437-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27747478&dopt=Abstract
https://mhealth.jmir.org/2018/4/e104/
http://dx.doi.org/10.2196/mhealth.9438
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29712622&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


10. Sikorskii A, Given CW, Given BA, Banik A, Krauss JC. Patient Engagement With an Automated Telephone Symptom
Management Intervention: Predictors and Outcomes. Ann Behav Med 2020 Jun 12;54(7):484-494. [doi: 10.1093/abm/kaz067]
[Medline: 31925414]

11. Moradian S, Krzyzanowska MK, Maguire R, Morita PP, Kukreti V, Avery J, et al. Usability Evaluation of a Mobile
Phone-Based System for Remote Monitoring and Management of Chemotherapy-Related Side Effects in Cancer Patients:
Mixed-Methods Study. JMIR Cancer 2018 Dec 21;4(2):e10932 [FREE Full text] [doi: 10.2196/10932] [Medline: 30578238]

12. Basch E, Deal AM, Kris MG, Scher HI, Hudis CA, Sabbatini P, et al. Symptom Monitoring With Patient-Reported Outcomes
During Routine Cancer Treatment: A Randomized Controlled Trial. J Clin Oncol 2016 Feb 20;34(6):557-565 [FREE Full
text] [doi: 10.1200/JCO.2015.63.0830] [Medline: 26644527]

13. Basch E, Deal AM, Dueck AC, Scher HI, Kris MG, Hudis C, et al. Overall Survival Results of a Trial Assessing
Patient-Reported Outcomes for Symptom Monitoring During Routine Cancer Treatment. JAMA 2017 Jun 04. [doi:
10.1001/jama.2017.7156] [Medline: 28586821]

14. Maguire R, Fox PA, McCann L, Miaskowski C, Kotronoulas G, Miller M, et al. The eSMART study protocol: a randomised
controlled trial to evaluate electronic symptom management using the advanced symptom management system (ASyMS)
remote technology for patients with cancer. BMJ Open 2017 Jun 06;7(5):e015016 [FREE Full text] [doi:
10.1136/bmjopen-2016-015016] [Medline: 28592577]

15. Furlong E, Darley A, Fox P, Buick A, Kotronoulas G, Miller M, et al. Adaptation and Implementation of a Mobile
Phone-Based Remote Symptom Monitoring System for People With Cancer in Europe. JMIR Cancer 2019 Mar
14;5(1):e10813 [FREE Full text] [doi: 10.2196/10813] [Medline: 30869641]

16. Beck SL, Eaton LH, Echeverria C, Mooney KH. SymptomCare@Home: Developing an Integrated Symptom Monitoring
and Management System for Outpatients Receiving Chemotherapy. Comput Inform Nurs 2017 Oct;35(10):520-529 [FREE
Full text] [doi: 10.1097/CIN.0000000000000364] [Medline: 28570285]

17. Kova? T. mPRO Mamma. Google Play Store: Google LLC; 2017. URL: https://play.google.com/store/apps/details?id=com.
kovac.timotej.breastcare&hl=sl [accessed 2019-10-18]

18. Aaronson NK, Ahmedzai S, Bergman B, Bullinger M, Cull A, Duez NJ, et al. The European Organization for Research
and Treatment of Cancer QLQ-C30: a quality-of-life instrument for use in international clinical trials in oncology. J Natl
Cancer Inst 1993 Mar 03;85(5):365-376. [doi: 10.1093/jnci/85.5.365] [Medline: 8433390]

19. Michels FAS, Latorre MDRDDO, Maciel MDS. Validity, reliability and understanding of the EORTC-C30 and
EORTC-BR23, quality of life questionnaires specific for breast cancer. Rev Bras Epidemiol 2013 Jun;16(2):352-363 [FREE
Full text] [doi: 10.1590/S1415-790X2013000200011] [Medline: 24142007]

20. Material Design. Google. URL: https://material.io/ [accessed 2020-07-15]
21. Fayers P, Bjordal K, Groenvold M, Curran D, Bottomley A. EORTC QLQ-C30 Scoring Manual. 3rd ed. BrusselsORTC.

Brussels: EORTC Brussels; 2001. URL: https://www.eortc.org/app/uploads/sites/2/2018/02/SCmanual.pdf [accessed
2020-06-22]

22. Giesinger JM, Kieffer JM, Fayers PM, Groenvold M, Petersen MA, Scott NW, EORTC Quality of Life Group. Replication
and validation of higher order models demonstrated that a summary score for the EORTC QLQ-C30 is robust. J Clin
Epidemiol 2016 Jan;69:79-88 [FREE Full text] [doi: 10.1016/j.jclinepi.2015.08.007] [Medline: 26327487]

23. Scoring of the QLQ-C30 Summary Score. In: Cancer EOfRaTo. Brussels: EORTC Brussels; Jan 01, 2001.
24. Osoba D, Rodrigues G, Myles J, Zee B, Pater J. Interpreting the significance of changes in health-related quality-of-life

scores. J Clin Oncol 1998 Jan;16(1):139-144. [doi: 10.1200/JCO.1998.16.1.139] [Medline: 9440735]
25. Cameron D, Morden JP, Canney P, Velikova G, Coleman R, Bartlett J, TACT2 Investigators. Accelerated versus standard

epirubicin followed by cyclophosphamide, methotrexate, and fluorouracil or capecitabine as adjuvant therapy for breast
cancer in the randomised UK TACT2 trial (CRUK/05/19): a multicentre, phase 3, open-label, randomised, controlled trial.
Lancet Oncol 2017 Jul;18(7):929-945 [FREE Full text] [doi: 10.1016/S1470-2045(17)30404-7] [Medline: 28600210]

26. Laird NM, Ware JH. Random-effects models for longitudinal data. Biometrics 1982 Dec;38(4):963-974. [Medline: 7168798]
27. Core Team R. R: A Language and Environment for Statistical Computing. https://www.R-project.org/. Vienna: R Foundation

for Statistical Computing; 2017. URL: https://www.R-project.org/ [accessed 2020-06-22]
28. Eysenbach G, CONSORT-EHEALTH Group. CONSORT-EHEALTH: improving and standardizing evaluation reports of

Web-based and mobile health interventions. J Med Internet Res 2011 Dec 31;13(4):e126 [FREE Full text] [doi:
10.2196/jmir.1923] [Medline: 22209829]

29. Lev EL. Bandura's theory of self-efficacy: applications to oncology. Sch Inq Nurs Pract 1997;11(1):21-37; discussion 39.
[Medline: 9188268]

30. Huang C, Kuo H, Lin Y, Chen S. Effects of a Web-based Health Education Program on Quality of Life and Symptom
Distress of Initially Diagnosed Advanced Non-Small Cell Lung Cancer Patients: A Randomized Controlled Trial. J Cancer
Educ 2019 Feb;34(1):41-49. [doi: 10.1007/s13187-017-1263-y] [Medline: 28780685]

31. Nezu AM, Nezu CM, Felgoise SH, McClure KS, Houts PS. Project Genesis: assessing the efficacy of problem-solving
therapy for distressed adult cancer patients. J Consult Clin Psychol 2003 Dec;71(6):1036-1048. [doi:
10.1037/0022-006X.71.6.1036] [Medline: 14622079]

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 8 | e17408 | p. 14https://mhealth.jmir.org/2020/8/e17408
(page number not for citation purposes)

Grašič Kuhar et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1093/abm/kaz067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31925414&dopt=Abstract
https://cancer.jmir.org/2018/2/e10932/
http://dx.doi.org/10.2196/10932
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30578238&dopt=Abstract
http://europepmc.org/abstract/MED/26644527
http://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
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://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=28592577
http://dx.doi.org/10.1136/bmjopen-2016-015016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28592577&dopt=Abstract
https://cancer.jmir.org/2019/1/e10813/
http://dx.doi.org/10.2196/10813
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30869641&dopt=Abstract
http://europepmc.org/abstract/MED/28570285
http://europepmc.org/abstract/MED/28570285
http://dx.doi.org/10.1097/CIN.0000000000000364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28570285&dopt=Abstract
https://play.google.com/store/apps/details?id=com.kovac.timotej.breastcare&hl=sl
https://play.google.com/store/apps/details?id=com.kovac.timotej.breastcare&hl=sl
http://dx.doi.org/10.1093/jnci/85.5.365
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8433390&dopt=Abstract
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1415-790X2013000200352&lng=en&nrm=iso&tlng=en
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1415-790X2013000200352&lng=en&nrm=iso&tlng=en
http://dx.doi.org/10.1590/S1415-790X2013000200011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24142007&dopt=Abstract
https://material.io/
https://www.eortc.org/app/uploads/sites/2/2018/02/SCmanual.pdf
https://linkinghub.elsevier.com/retrieve/pii/S0895-4356(15)00383-2
http://dx.doi.org/10.1016/j.jclinepi.2015.08.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26327487&dopt=Abstract
http://dx.doi.org/10.1200/JCO.1998.16.1.139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9440735&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1470-2045(17)30404-7
http://dx.doi.org/10.1016/S1470-2045(17)30404-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28600210&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7168798&dopt=Abstract
https://www.R-project.org/
https://www.jmir.org/2011/4/e126/
http://dx.doi.org/10.2196/jmir.1923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22209829&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9188268&dopt=Abstract
http://dx.doi.org/10.1007/s13187-017-1263-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28780685&dopt=Abstract
http://dx.doi.org/10.1037/0022-006X.71.6.1036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14622079&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


32. Kim YH, Choi KS, Han K, Kim HW. A psychological intervention programme for patients with breast cancer under
chemotherapy and at a high risk of depression: A randomised clinical trial. J Clin Nurs 2018 Feb;27(3-4):572-581. [doi:
10.1111/jocn.13910] [Medline: 28557043]

33. Bloom JR, Spiegel D. The relationship of two dimensions of social support to the psychological well-being and social
functioning of women with advanced breast cancer. Soc Sci Med 1984;19(8):831-837. [doi: 10.1016/0277-9536(84)90400-3]
[Medline: 6505749]

34. Ginossar T, Shah SFA, West AJ, Bentley JM, Caburnay CA, Kreuter MW, et al. Content, Usability, and Utilization of Plain
Language in Breast Cancer Mobile Phone Apps: A Systematic Analysis. JMIR Mhealth Uhealth 2017 Mar 13;5(3):e20
[FREE Full text] [doi: 10.2196/mhealth.7073] [Medline: 28288954]

35. Jongerius C, Russo S, Mazzocco K, Pravettoni G. Research-Tested Mobile Apps for Breast Cancer Care: Systematic Review.
JMIR Mhealth Uhealth 2019 Feb 11;7(2):e10930 [FREE Full text] [doi: 10.2196/10930] [Medline: 30741644]

36. Cruz FOAM, Vilela RA, Ferreira EB, Melo NS, Reis PEDD. Evidence on the Use of Mobile Apps During the Treatment
of Breast Cancer: Systematic Review. JMIR Mhealth Uhealth 2019 Aug 27;7(8):e13245 [FREE Full text] [doi:
10.2196/13245] [Medline: 31456578]

37. Handa S, Okuyama H, Yamamoto H, Nakamura S, Kato Y. Effectiveness of a Smartphone Application as a Support Tool
for Patients Undergoing Breast Cancer Chemotherapy: A Randomized Controlled Trial. Clin Breast Cancer 2020
Jun;20(3):201-208. [doi: 10.1016/j.clbc.2020.01.004] [Medline: 32201165]

38. Egbring M, Far E, Roos M, Dietrich M, Brauchbar M, Kullak-Ublick GA, et al. A Mobile App to Stabilize Daily Functional
Activity of Breast Cancer Patients in Collaboration With the Physician: A Randomized Controlled Clinical Trial. J Med
Internet Res 2016 Sep 06;18(9):e238 [FREE Full text] [doi: 10.2196/jmir.6414] [Medline: 27601354]

39. Zhang J, Yao Y, Zha X, Pan L, Bian W, Tang JH. Development and Evaluation of a Patient-Reported Outcome (PRO)
Scale for Breast Cancer. Asian Pac J Cancer Prev 2015;16(18):8573-8578 [FREE Full text] [doi:
10.7314/apjcp.2015.16.18.8573] [Medline: 26745119]

Abbreviations
EORTC: European Organisation for Research and Treatment of Cancer
HER2: human epidermal growth factor 2
Ki-67: proliferation marker
PRO-CTCAE: patient-reported outcome version of the Common Toxicity Criteria of Adverse Effects
QLQ BR-23: Quality of Life Questionnaire Breast Cancer Module
QLQ C-30: Quality of Life Questionnaire Core 30

Edited by G Eysenbach; submitted 11.12.19; peer-reviewed by C Jongerius, T Ginossar; comments to author 27.01.20; revised version
received 14.03.20; accepted 14.05.20; published 04.08.20

Please cite as:
Grašič Kuhar C, Gortnar Cepeda T, Kovač T, Kukar M, Ružić Gorenjec N
Mobile App for Symptom Management and Associated Quality of Life During Systemic Treatment in Early Stage Breast Cancer:
Nonrandomized Controlled Prospective Cohort Study
JMIR Mhealth Uhealth 2020;8(8):e17408
URL: https://mhealth.jmir.org/2020/8/e17408
doi: 10.2196/17408
PMID: 32427567

©Cvetka Grašič Kuhar, Tjaša Gortnar Cepeda, Timotej Kovač, Matjaž Kukar, Nina Ružić Gorenjec. Originally published in
JMIR mHealth and uHealth (http://mhealth.jmir.org), 04.08.2020. 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 mHealth and uHealth, is
properly cited. The complete bibliographic information, a link to the original publication on http://mhealth.jmir.org/, as well as
this copyright and license information must be included.

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 8 | e17408 | p. 15https://mhealth.jmir.org/2020/8/e17408
(page number not for citation purposes)

Grašič Kuhar et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1111/jocn.13910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28557043&dopt=Abstract
http://dx.doi.org/10.1016/0277-9536(84)90400-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6505749&dopt=Abstract
https://mhealth.jmir.org/2017/3/e20/
http://dx.doi.org/10.2196/mhealth.7073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28288954&dopt=Abstract
https://mhealth.jmir.org/2019/2/e10930/
http://dx.doi.org/10.2196/10930
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30741644&dopt=Abstract
https://mhealth.jmir.org/2019/8/e13245/
http://dx.doi.org/10.2196/13245
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31456578&dopt=Abstract
http://dx.doi.org/10.1016/j.clbc.2020.01.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32201165&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
http://journal.waocp.org/?sid=Entrez:PubMed&id=pmid:26745119&key=2015.16.18.8573
http://dx.doi.org/10.7314/apjcp.2015.16.18.8573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26745119&dopt=Abstract
https://mhealth.jmir.org/2020/8/e17408
http://dx.doi.org/10.2196/17408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32427567&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

