
Vol.:(0123456789)1 3

Supportive Care in Cancer (2023) 31:321 
https://doi.org/10.1007/s00520-023-07779-3

RESEARCH

Efficacy of the PRO‑CTCAE mobile application for improving patient 
participation in symptom management during cancer treatment: 
a randomized controlled trial

Mangyeong Lee1,2 · Danbee Kang2,3 · Eunjee Kang2,4 · Sooyeon Kim2,3 · Youngha Kim2 · Jin Seok Ahn5 · 
Sehhoon Park5 · Yoo‑Young Lee6 · Dongryul Oh7 · Jae Myung Noh7 · Juhee Cho1,2,3

Received: 22 December 2022 / Accepted: 25 April 2023 / Published online: 6 May 2023 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2023

Abstract
Purpose  Although mobile-based symptom monitoring is expected to improve patient participation in symptom manage-
ment during anticancer therapy, previous trials have not evaluated its effectiveness. Therefore, this study aims to evaluate 
the impact of a symptom monitoring mobile application on improving patient participation in symptom management during 
anticancer therapy.
Methods  We conducted a single-center, open-label, randomized controlled trial that enrolled patients with breast, lung, 
head and neck, esophageal, or gynecologic cancer who were scheduled to receive anticancer therapy (oral or intravenous) 
between October 2020 and March 2021. We excluded patients with physical or psychological problems. The intervention 
group received a symptom monitoring application for 8 weeks, and the control group received the usual clinical practice. 
At 8 weeks, the improvement in patient participation in symptom management was assessed, and additionally quality of life 
and unplanned clinical visits were assessed.
Results  A total of 222 patients were included in the analysis, of whom 142 were randomly assigned to the intervention group 
and 71 to the control group. The intervention group reported better outcome in patient participation in symptom management 
than the control group at 8 weeks (mean scores of 8.5 vs. 8.0; P = 0.01). There were no significant differences between the 
groups in Quality of life (P = 0.88) and unplanned clinical visits (P = 0.39–0.76).
Conclusions  This study is meaningful in figuring out that the mobile-based symptom monitoring made them more engaged 
in their management. Future research should continue to evaluate the effects of patient participation as mediators of clinical 
outcomes.
Trial registration  ClinicalTrials.gov NCT04568278.
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Introduction

Nearly 90% of cancer patients report at least one physi-
cal or psychological problem during anticancer therapy 
[1–3]. These symptoms can significantly impact a patient’s 
health-related quality of life (HRQoL) and may negatively 
affect the planned treatment [4–7]. To ensure effective 
symptom monitoring and management, the use of patient-
reported outcome (PRO) measures is recommended in the 
routine clinical practice [8–11]. However, effects of PRO 
on symptom monitoring have been obtained under condi-
tions with the 24/7 availability of a clinical trial nurse. 
This may lead to a vague understanding of the impor-
tance of individual capability or willingness in managing 
symptoms.

With the COVID-19 pandemic increasing interest in 
remote monitoring systems in the healthcare sector [12], 
several PRO symptom monitoring systems using digital 
technologies have been developed [13–15]. In particular, 
clear evidence has been reported regarding the benefits 
of electronic PRO symptom monitoring (ePRO) in cancer 
patients. ePRO showed a positive effect on the HRQoL 
of patients and patient satisfaction with care [13–17]. It 
also led to a substantial decrease in healthcare usage, pre-
venting unplanned emergency room visits and hospital 
readmissions [13]. Furthermore, evidence illustrates that 
ePRO has an outstanding survival benefit for patients with 
advanced cancer [18, 19].

A key benefit of the implementation of ePRO symptom 
monitoring is expected to be an improvement in patient 
participation in symptom management [20]. Patient-cen-
tered e-health services are generally expected to facili-
tate self-management and empowerment [21]. E-health 
functions as a lever for engaging health professionals in 
working together with patients, thus promoting better self-
management and individual responsibility on the part of 
the patient [21, 22]. For this reason, ePRO is expected to 
improve patient participation [23]. However, previous ran-
domized controlled trials on ePRO have not evaluated the 
improvement of patient participation, which is an impor-
tant mediator in regular clinic visits [4, 13, 15, 18, 19, 24].

We conducted a randomized controlled trial to evalu-
ate the effect of a mobile-based symptom monitoring tool 
on patient participation in symptom management during 
anticancer therapy, as well as its impact on health-related 
quality of life (HRQoL) and the incidence of emergency 
room visits, unplanned outpatient visits, and unplanned 
hospitalizations. For this trial, we used the electronic 
Patient-Reported Outcomes version of the Common Ter-
minology Criteria for Adverse Events (PRO-CTCAE) 
mobile application (ePRO-CTCAE app). Our hypoth-
eses were that cancer patients who were provided with 

the ePRO-CTCAE app during anticancer therapy would 
be more willing to participate in self-symptom manage-
ment compared to those who were not provided with the 
app. Additionally, we hypothesized that the intervention 
group would have greater HRQoL and experience fewer 
emergency room visits, unplanned outpatient visits, and 
unplanned hospitalizations due to symptoms or treatment 
toxicities during the study period.

Methods

Trial design and participants

This study was a single-center, open-label, randomized con-
trolled trial (ClinicalTrials.gov NCT04568278) conducted 
from October 2020 to March 2021 at the Samsung Medical 
Center in Seoul, Korea.

We recruited patients over 18 years of age who were 
diagnosed with breast, lung, head and neck, esophageal, 
or gynecologic cancer and scheduled to receive chemo-
therapy and/or radiation therapy and who had their smart-
phone (Android operating system only). Patients scheduled 
to receive chemotherapy were recruited regardless of the 
administration of the treatment (oral or intravenous) and 
treatment intent (curative or palliative). Patients with a his-
tory of severe cognitive impairment (e.g., dementia), psy-
chological problems (e.g., depression), or physical problems 
(e.g., blindness) to use ePRO-CTCAE app were excluded 
based on the electronic medical records (EMRs). Those 
with a life expectancy of fewer than 6 months were also 
excluded. The study was reviewed and approved by the Insti-
tutional Review Board of Samsung Medical Center (IRB 
No. 2020–04-215–004), and all study participants provided 
written informed consent. The full protocol for the study was 
submitted in the IRB. In addition, the protocol was regis-
tered in ClinicalTrials.gov (register number: NCT04568278) 
prior to enroll a patient.

Randomization and blinding

A random allocation sequence was generated using Sealed 
Envelope Ltd. 2021 by a statistician who was not involved 
in the recruitment procedure. Since remote symptom moni-
toring has been demonstrated to improve outcomes in pre-
vious studies, consenting patients were randomly assigned 
2:1 to the intervention or usual clinical practice, stratified 
by cancer site, in random permuted blocks (variable block 
sizes 3, 6) [25]. The sequentially numbered participants were 
concealed from the research personnel, who enrolled and 
assigned the participating patients to their groups. Neither 
patients nor researchers could be blinded because of the 
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nature of the intervention. However, the statisticians who 
developed the random blocks and conducted the statistical 
analyses were blinded to minimize bias.

Interventions

The intervention group was asked to use the ePRO-CTCAE 
app in addition to the usual clinical practice. The ePRO-
CTCAE app was designed to help cancer patients monitor 
their symptoms anytime and anywhere during chemotherapy. 
The application includes symptom monitoring question-
naires from the PRO-CTCAE-K, which is a valid and reli-
able measurement of cancer-related symptoms [26]. The app 
provided prespecified questionnaire sets depending on dif-
ferent types of cancer, which were determined by referring 
to a publication by the U.S. National Cancer Institute and 
expert opinions [27] (Supplementary Table S1). Research 
coordinators provided printed material, highlighting the 
importance of patient participation in the ePRO-CTCAE app 
[27]. The material consisted of the definition and examples 
of PRO, the clinical benefits of PRO, and practical tips on 
how to report PRO. The coordinator installed the app on the 
patients’ smartphones, educated the patients on how to use 
the ePRO-CTCAE app, provided a user manual, and asked 
the patients to complete an initial entry to the ePRO-CTCAE 
app. The researchers provided additional information if the 
patients had problems using the app.

The participants were instructed to complete a mobile 
symptom questionnaire from home using their mobile device 
every 7 days for 8 weeks. Reminders were sent weekly via 
the app on that day. If patients missed the reporting, addi-
tional reminders were sent for the first 2 days (twice a day) 
through the app, and on the 3rd day, the research coordina-
tors called the patient to determine whether the patient had 
any technical or physical problems using the app. Once the 
patients reported symptoms, the ePRO-CTCAE app pro-
vided graphical summaries to help them understand their 
health status (Supplementary Fig. S1). Simultaneously, 
the reported data were automatically transferred to a web 
dashboard, where physicians could directly access them dur-
ing practice. Additionally, we provided the physician with 
a printed summary report of the patient-input symptoms 
using the ePRO-CTCAE app (Supplementary Fig. S2). As 
the purpose of this study was to evaluate the effect of ePRO 
on symptom management participation, the web dashboard 
did not include an alert system for physicians. However, 
physicians were able to log in to the dashboard and view the 
severity of symptoms which were highlighted in red if they 
were willing to.

The patients in the control group received the usual 
clinical practice and the same educational material as the 
intervention group, which included information regarding 

the importance of patient participation in reporting PRO. 
During the study period, they could use a symptom diary 
to record their symptoms. We applied the same conditions 
to both the intervention and control groups, except for the 
ePRO-CTCAE app.

Outcomes

The primary outcome was the improvement in patient partic-
ipation in symptom management during anticancer therapy. 
As there was no specific tool to assess patient participa-
tion in symptom management, an expert group consisting 
of two physicians, two oncology nurses, and three behavior 
scientists developed the questionnaire based on a literature 
review. The initial questions were developed according to 
the Patient Feedback Form [28]. Considering that patients’ 
health behavior can be affected by their beliefs, knowledge, 
and physical or social environments, we included barriers to 
participation in symptom management [28–30]. Among the 
16 items of the initial questionnaire, exploratory factor anal-
ysis and confirmatory factor analysis yielded 10 items (Sup-
plementary Text S1) with an acceptable model fit (Cron-
bach’s α = 0.77). The assessment comprised six items on the 
importance of participation and four items on the barriers to 
participation in symptom management. Respondents were 
instructed to indicate the importance of participation on a 4- 
or 5-point Likert scale (1 = Not at all, 2 = A little, 3 = Quite 
a bit, 4 = Very much; 1 = Never, 2 = Rarely, 3 = Sometimes, 
4 = Often, 5 = Always) and the barriers to using the ePRO-
CTCAE app on a binomial scale (0 = no, 1 = yes). However, 
because scoring data in this manner resulted in multiple 
violations of the assumption of multivariate normality, 
responses were scored as 0 for never, a little, and a lot and 
1 for very much. Similarly, responses related to frequency 
were scored as 1 for Always and 0 for the others. The total 
scores ranged from 0 to 10.

The secondary outcomes were HRQoL and resource uti-
lization. HRQoL was measured using the last two questions 
of the European Organization for Research and Treatment 
of Cancer Quality of Life Questionnaire Core 30 (EORTC-
QLQ-C30). These questions were scored on a 7-point 
scale. According to the EORTC scoring manual [31], all 
scales must be transformed into scores from 0 to 100. A 
higher score indicates a better quality of life. Utilization 
of resources was measured by asking whether the patients 
had any emergency room (ER) visits, unplanned outpatient 
visits, or unplanned hospitalizations due to symptoms or 
treatment toxicities during the study period. Patients in 
both the intervention and control groups completed the 
repeat questionnaires at baseline and after the intervention 
(8 weeks after baseline). A baseline survey was conducted 
using a paper-based questionnaire, and the post-survey was 
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conducted 8 weeks after the baseline survey using a web-
based questionnaire through a popular survey tool, Survey-
Monkey® (https://​www.​surve​ymonky.​com).

In addition to the outcome measures, the patients pro-
vided sociodemographic information at baseline, including 
marital status, education level, monthly income, residence, 
health literacy, and digital health literacy. Health literacy 
was evaluated using the Newest Vital Sign (NVS), which 
asks six questions regarding nutrition labels on an ice cream 
container [32]. According to the scoring manual of the NVS, 
scores of 4 to 6 indicate adequate literacy, and less than 4 
indicates limited literacy. Digital health literacy was evalu-
ated using the 20-item questionnaire developed by Yoon 
[33]. The patients were asked to answer whether they could 
perform the task by themselves (yes, no, or do not know). 
The scores ranged from 0 to 20, with 11 to 20 indicating 
adequate digital health literacy and less than 11 indicating 
limited digital health literacy. Clinical information, includ-
ing age, stage at diagnosis, and treatment modalities, was 
obtained from electronic medical records.

Statistical methods

The primary outcome was patient participation in symptom 
management after the intervention. As no previous study 
had been conducted that determined the sample size, we 
generated a hypothesis based on a similar intervention study. 
According to a meta-analysis study, the desired effect size 
(Cohen’s d) was at least 0.4 to present the impact of the 
intervention itself, which aims to change the participants’ 
perceptions, attitudes, or behaviors [34]. Assuming a proba-
bility of type I error (α) of 0.05 (two-sided), a power of 90%, 
and a 15% loss to follow-up, we estimated that 222 patients 
(151 patients in the intervention arm and 71 patients in the 
control arm) were needed to present a medium effect size 
(d = 0.5) in the primary outcome after the intervention. The 
intervention group was expected to exhibit better-engaged 
behavior in the context of symptom management than the 
control group.

All analyses were performed using the intention-to-treat 
approach. T-tests were used for comparing the primary out-
comes of patient participation and secondary outcomes at 
each time point between the intervention and control groups. 
Linear mixed models were used for calculating the differ-
ences between the baseline and follow-up in the longitudinal 
data analysis.

In addition, stratified analyses were performed for 
evaluating the impact of the intervention on participation 
in symptom management post-intervention in prespeci-
fied subgroups defined by age (< 60 and ≥ 60 years); sex 
(male and female); marital status (unmarried and married); 
educational level (< college and ≥ college); health literacy 

(adequate and limited); digital literacy (adequate and lim-
ited); types of cancer (lung, breast, head and neck, esopha-
geal, and gynecologic cancers); Surveillance, Epidemiology, 
and End Results (SEER) stages (in situ/localized, regional, 
distant, and unknown); and treatment modalities (chemo-
therapy or radiotherapy alone and combination therapies). 
All statistical analyses were performed using STATA 16.0 
(Stata Corp LP, College Station, Texas, USA) and R 4.0.5 
(R Foundation for Statistical Computing, Vienna, Austria). 
Statistical significance was defined using a 95% confidence 
interval (CI) and a P-value < 0.05.

Results

Between October 2020 and January 2021, 488 patients were 
screened for eligibility, and 378 met the eligibility criteria. 
Among the 378 eligible patients, 222 (58.7%) agreed to par-
ticipate in the study, and they were randomly assigned to 
either the intervention (n = 147) or control (n = 75) group 
(Fig. 1). Among those who rejected the study provided, 83 
were not interested in this study, 48 were too busy, and 25 
were too ill. Five patients in the intervention group and one 
patient in the control group withdrew before the post-inter-
vention survey. One patient in the control group died during 
the study period. The average age of the study participants 
was 55.9 years, and 38% were male. The patient character-
istics were well balanced between the two treatment groups 
(Table 1).

Among the 221 remaining patients, 142 patients in the 
intervention group and 71 patients in the control group com-
pleted the post-intervention survey (8 weeks after baseline), 
and they were finally included in the analysis. On average, 
88.6% of the patients in the intervention group (range, 
74.6–93.1%) completed symptom reports with the ePRO-
CTCAE app during the 8-week intervention period. A total 
of 56.0% of patients (79 of 142) in the intervention group 
completed all eight symptom reports.

At baseline, the intervention and control groups reported 
similar scores in patient participation in symptom manage-
ment during anticancer therapy (mean scores of 8.2 vs. 8.2; 
P = 0.89, respectively; Table 2). As the primary outcome, the 
intervention group reported better outcomes in patient par-
ticipation in symptom management than the control group 
at 8 weeks (mean scores of 8.5 vs. 8.0; P = 0.01). The group-
by-time interaction effect was significant for patient partici-
pation in symptom management (P for interaction = 0.02; 
Fig. 2).

The positive association between the intervention and 
higher participation in symptom management was consist-
ent in most prespecified subgroups analyzed, including old 
age, low digital literacy, and low education level (P-values 
for interaction > 0.05; Fig. 3).

https://www.surveymonky.com
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Furthermore, the intervention group was more likely to 
have a good quality of life (35.9 vs. 33.8%) and less likely to 
experience hospitalization (33.8 vs. 40.8%), ER visits (19.7 
vs. 22.5%), and unexpected clinical visits (19 vs. 23.9%) 
than the control group (Table 3). There were no harmful 
or unintended effects in either the intervention or control 
groups.

Discussion

In this randomized controlled trial, cancer patients using the 
ePRO-CTCAE app showed better participation in symptom 
management than those in the control group. The associa-
tion between the use of the ePRO-CTCAE app and improved 
patient participation in symptom management was similar in 
most subgroup analyses, including in participants of older 
age, lower education, and lower digital literacy level. Even 
though it was not statistically significant, patients with the 
ePRO-CTCAE app tended to exhibit a better quality of life 

and experience fewer hospitalizations, ER visits, and other 
unexpected clinical visits than the control group.

In this trial, patients who used the ePRO-CTCAE app 
were more likely to participate in symptom management 
than those in the control group. This finding can be sup-
ported by other previous studies [15–17, 35]. This might be 
because the ePRO-CTCAE app provides facilitating condi-
tions for both patients and their physicians in the context of 
symptom management. Real-time monitoring via the app 
may help patients become more aware of changes in their 
symptoms during treatment [16, 17]. Previous reports indi-
cate that patients could better inform their providers regard-
ing their health status [16, 17] and that they felt more com-
fortable initiating discussions with the medical team about 
their symptoms or other concerns [16]. It has also helped 
build a better rapport and break down barriers in communi-
cation between patients and clinicians [35]. Compared to the 
control group, the intervention group tended to show more 
positive perceptions and attitudes toward the importance of 
symptom reporting and self-efficacy.

Fig. 1   Participant flow diagram
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Our findings showed that the positive association between 
the intervention and higher participation in symptom man-
agement was consistent with old age, low digital literacy, 
and a low education level, which is different from the results 
of previous studies. This appears to be possible because of 
the stable mobility environment, educational support for 
PRO and the ePRO-CTCAE app, convenience of the mobile 
app, and user-centric design of the app. The high mobility 
and accessibility of smartphones in Korea might contribute 
to patient participation in symptom management using the 
ePRO-CTCAE app. In addition, study participants in the 
intervention groups received education on PRO and instruc-
tions for using the app before the intervention. This pre-
intervention support would resolve the technical barriers 
faced by patients, enabling them to use the ePRO-CTCAE 
app appropriately [36]. Over the 8 weeks, the overall com-
pliance rate in the intervention group was nearly 90%, but 
only 56% of them completed all required symptom reports. 

In other words, 44% of them had at least one missed report 
during the study period. This might be associated with unfa-
miliarity with the ePRO-CTCAE system (self-monitoring 
system using the application). Although our mobile applica-
tion had automatic reminders and notifications based on a 
user-centered design, it might take time for patients to use it 
regularly [36]. Or patients might not be able to report symp-
toms on a certain day because of their health condition [37]. 
According to feasibility studies of the web- and desktop-
based symptom monitoring, feeling unwell or sick was one 
of the main barriers faced by patients when completing their 
symptom reports both at outpatient clinics and at home [11, 
37–39]. It would be necessary to conduct additional studies 
to identify ways to improve the compliance rate of using a 
digital-based self-monitoring system.

In our study, ePRO-CTCAE app contributed to lowering 
their barriers regarding symptom reporting. However, 90% 
of the intervention group still felt difficulties in recalling 

Table 1   Baseline characteristics

SD Standard Deviation, SEER Surveillance Epidemiology and End Results, ECOG Eastern Cooperative 
Oncology Group, CTx chemotherapy, RT radiotherapy
a Metropolitan area included Seoul and Gyeong-gi
b Less than 4 (total score is 6)
c Less than 11 (total score is 20)

Intervention Control
(N = 142) (N = 71)

N (%) N (%) P-value

Age, mean (SD) 56 (9.9) 55.8 (9.5) 0.87
Sex, male 60 (42.3) 24 (33.8) 0.30
Marital status, married 116 (81.7) 56 (78.9) 0.76
Education level, less than college 62 (43.7) 42 (59.2) 0.05
Monthly household income
  < $2,000 42 (29.6) 28 (39.4) 0.21
  $2,000–$5,999 77 (54.2) 29 (40.8)

   ≥ $6,000 21 (14.8) 10 (14.1)
Residence, metropolitan areaa 64 (45.1) 35 (49.3) 0.66
Health literacy, limitedb 106 (74.6) 56 (78.9) 0.61
Digital literacy, limitedc 66 (46.5) 32 (45.1) 0.96
Type of cancer 0.98
  Breast 48 (33.8) 24 (33.8)
  Lung 42 (29.6) 20 (28.2)
  Head and neck/Esophageal 27 (19.0) 13 (18.3)
  Gynecologic 25 (17.6) 14 (19.7)

SEER stage 0.66
  In situ/Localized 45 (31.7) 24 (33.8)
  Regional 22 (15.5) 9 (12.7)
  Distant 62 (43.7) 28 (39.4)
  Unknown 13 (9.2) 10 (14.1)

Treatment modalities
  CTx alone or RT alone 136 (95.8) 70 (98.6) 0.45
  CTx + RT 85 (59.9) 52 (73.2) 0.08
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and describing their symptoms. This might be due to 7-day 
recall period. In our study, we asked patients to report 
their symptoms every 7 days, and some patients might 
experience difficulties to remember things in past 7 days. 
Although it would be complicated to interpret the data, 
applying ecological momentary assessment would be more 
useful to remove these barriers [40].

The results of our study could not confirm the benefits of 
the ePRO-CTCAE app in terms of HRQoL and unplanned 
clinical visits, including ER visits and hospital readmissions. 
This may be because of the small sample size. According 
to a randomized controlled trial in 766 cancer patients, rou-
tine surveillance of symptoms had an impact on reducing 
the decline in HRQoL and decreasing the frequency of ER 

Table 2   Comparison of participation in symptom management between the intervention and control groups

a The maximum score was 10, and some items with a 4- or 5-point Likert scale were dichotomized to 0 or 1

Baseline At 8 weeks

Intervention Control Intervention Control

(N = 142) (N = 71) (N = 142) (N = 71)

N (%) N (%) P-value N (%) N (%) P-value

Total score, mean (SD)a 8.2 (1.2) 8.2 (0.9) 0.89 8.5 (1.2) 8 (1.6) 0.01
  I used to forget to record my symptoms 106 (74.6) 44 (62.0) 0.08 96 (67.6) 44 (62.0) 0.51
  It is (was) difficult to record every time symptoms occurred 106 (74.6) 52 (73.2) 0.96 75 (52.8) 33 (46.5) 0.47
  It is (was) difficult to record the symptoms because I could not remember 

them
124 (87.3) 65 (91.5) 0.49 128 (90.1) 63 (88.7) 0.94

  My doctor once used my symptom report during the consultation 39 (27.5) 19 (26.8) 0.99 113 (79.6) 42 (59.2)  < 0.01
  Reporting my symptoms is important 127 (89.4) 69 (97.2) 0.09 136 (95.8) 65 (91.5) 0.34
  I can record my symptom on my own 124 (87.3) 66 (93.0) 0.31 131 (92.3) 64 (90.1) 0.79
  Recording my symptoms would be helpful in my treatment 136 (95.8) 69 (97.2) 0.90 134 (94.4) 65 (91.5) 0.62
  Recording my symptoms would be helpful in symptom management 138 (97.2) 68 (95.8) 0.89 131 (92.3) 64 (90.1) 0.79
  Recording my symptoms would be helpful in discussion with my doctor 137 (96.5) 71 (100) 0.26 134 (94.4) 67 (94.4) 0.99
  Recording my symptoms would allow me to manage the symptoms on 

my own
126 (88.7) 60 (84.5) 0.51 127 (89.4) 58 (81.7) 0.17

Fig. 2   Comparison of changes 
in attitudes regarding symptom 
monitoring between the inter-
vention and control groups
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admission or hospitalization [13]. Our study was performed 
with a relatively small population to present a sufficient 
effect size compared with the previous study.

This study has several limitations. First, no blinding 
was performed in this study because of the nature of the 

intervention. Hence, the physicians involved in this study 
may have paid attention to the patients in the intervention 
group, and their attention could be potentially associated 
with patient experience regarding the intervention. To avoid 
this potential bias, we sought to ensure the blinding of the 
outcome assessors. However, this can also be considered 
an intervention element. Raising physicians’ awareness of 
patient problems is one of the many purposes of using PRO 
measures in routine clinical practice [41, 42]. Second, patient 
participation was collected using PRO, which could be influ-
enced by the participants’ characteristics or social desirabil-
ity. However, all participants were randomly allocated, and 
we performed a subgroup analysis, and the results were con-
sistent with those of the main analysis. Third, to assess the 
cancer patients’ participation, a questionnaire designed by the 
researchers was used because there was no specific tool for it 
at the time. However, we confirmed the internal consistency 
of our questionnaire (Cronbach’s α = 0.77). Lastly, this study 
was conducted at a tertiary cancer hospital in South Korea, 
which means that the findings may not be generalizable to 
patients in different settings or other countries. There can be 

Fig. 3   Forest plot for subgroups according to the primary outcome in the post-intervention period

Table 3   Differences in quality of life and the number of hospitali-
zations, emergency room (ER) visits, and unexpected clinical visits 
between the intervention and control groups

Abbreviations: ER Emergency Room

At 8 weeks

Intervention Control

(N = 142) (N = 71)

N (%) N (%) P-value

Quality of Life (good) 51 (35.9) 24 (33.8) 0.88
Hospitalizations (at least once) 48 (33.8) 29 (40.8) 0.39
ER visits (at least once) 28 (19.7) 16 (22.5) 0.76
Unexpected clinical visits (at least 

once)
27 (19) 17 (23.9) 0.51
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potentially selection bias due to the exclusion of iPhone users 
in this study. However, in South Korea, about 73% of smart-
phone owners is using Android-based mobiles [43]. Nearly 
90% of smartphone owners in their 40 s and above are using 
Android-based mobiles [44]. Thus, the impact of selection 
bias due to the exclusion may be weak given that the average 
age of cancer patients is relatively older.

In conclusion, we confirmed that the ePRO-CTCAE app 
can help patients participate in symptom management, espe-
cially in outpatient-based cancer treatment where patients 
are expected to take responsibility for self-symptom man-
agement would be helpful. Our findings suggest that digital-
based tools, such as our ePRO-CTCAE app, can empower 
patients to take a more active role in their treatment. Health-
care providers can further improve symptom management 
by discussing symptoms with patients using their symptom 
reports, even in an outpatient-based treatment setting.

Abbreviations  EORTC-QLQ-C30:  European Organization for 
Research and Treatment of Cancer Quality of Life Questionnaire Core 
30; ePRO: Electronic PRO symptom monitoring; ER: Emergency 
room; HRQoL: Health-related quality of life; NVS: Newest Vital 
Sign; PRO: Patient-reported outcome; PRO-CTCAE: Patient-Reported 
Outcomes version of the Common Terminology Criteria for Adverse 
Events; SEER: Surveillance, Epidemiology, and End Results
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