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Abstract

Objective: This study aimed to analyze the effect of Smart Cancer Care program on the quality of life and ease of chemo-
therapy continuation in cancer patients and the effect of additional tele-management on frequency of use and satisfaction
with the Smart Cancer Care program.

Methods: ‘Smart Cancer Care’ is a mobile program that allows cancer patients undergoing chemotherapy to report symp-
toms of adverse events and receive remote management. In this study, patients were randomly assigned to three groups:
Group A, who received only classical face-to-face management; Group B, who used the Smart Cancer Care program as add-
ition; and Group C, who used the Smart Cancer Care program and received telephone management. After 12 weeks of fol-
low-up, the effectiveness of using the Smart Cancer Care program was analyzed by examining the quality of life, ease of
maintaining chemotherapy, and unplanned hospital visits in each group. The frequency of use and satisfaction with the
Smart Cancer Care program were also analyzed.

Results: Cancer patients who used the Smart Cancer Care program had 1.93-fold (1.15–3.25) higher overall quality of life
than those who did not. This became 2.33-fold (1.34–4.04) higher when phone care was added. Patients with tele-manage-
ment were significantly more likely to use the Smart Cancer Care program (odds ratio (OR) = 25.80; 95% confidence interval
(CI), 11.28–58.97).

Conclusions: A mobile self-reported management program has a positive effect on the quality of life of cancer patients
undergoing chemotherapy. Tele-management is conducive to active and effective use of this program.
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Introduction
Each year, the number of new cancer cases diagnosed
worldwide is rapidly increasing from 14.1 million in 2012

to an estimated 21.6 million in 2030.1 Following the emer-
gence and worldwide spread of COVID-19, there has been
a rising popularity of smartphone health apps. The growing
interest in utilizing applications for health behavior
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intervention within the medical field represents an oppor-
tunity to improve cancer care and management.2 These
apps can be used to collect objective data about patients’
behavior and behavior monitoring, which could help
patients change their behavior, promote self-monitoring of
symptoms, and enhance patients’ sense of empowerment
and willingness to care for themselves3,4 while allowing
them to communicate with their health care team from a dis-
tance.5,6 Adverse symptoms are common among patients
receiving treatment of advanced cancers and often go
undetected. The systematic collection of symptom informa-
tion using patient-reported outcome (PRO) standardized
questionnaires has been suggested as an approach to
improve symptom control.7

This study focused on the usefulness of “Smart Cancer
Care (SCC),” a platform established to implement a manage-
ment program for the side effects of chemotherapy in the
Republic of Korea. Previous research on remote monitoring
systems in the chemotherapy context highlights their benefits
for health-related quality of life, symptom alleviation, avoid-
ing unscheduled hospital admissions, survival, and cost-
effectiveness.8 There is compelling evidence that cancer
patients within traditional consultations often do not receive
sufficient help with their symptoms and problems, urging
them to call for better and more patient-centered models of
care delivery. Interactive health communication applications
that reduce symptom distress and can provide cancer patients
with assistance when and where they need it will make an
important contribution to the care of cancer patients.9

The primary purpose is to help cancer patients reduce
their symptom distress, improve quality of life and emo-
tional well-being, and enhance self-efficacy and social
support. The e-communication tool allows patients to stay
connected with clinicians who can quickly answer ques-
tions and concerns. The purpose of this study was to evalu-
ate the effects of Smart Cancer Care on three groups. We
hypothesized that there would be a difference between the
group using Smart Cancer Care and the group with added
telephone management compared to the group using con-
ventional treatment only. Various randomized controlled
trials (RCTs) have found that mobile health interventions
may be effective for adult cancer survivors.10 We hypothe-
sized that cancer patients who received web and telephone
intervention would have better outcomes compared with a
control group that received links to publicly available,
cancer-related websites.

Methods

Setting and participants

This study was a feasibility RCT with ethical committee
approval from the Institutional Review Board of Ulsan
University Hospital (2019-08-034). Assuming that the
general treatment completion rate of patients receiving

chemotherapy is 70%, we sought to test the hypothesis
that the treatment completion rate of patients using ‘Smart
Cancer Care’ would improve by 15% to over 85% with a
power of 90% and a significance level of 0.05. The required
number of participants was 174 in each group, and consid-
ering a dropout rate of 10%, a total of 600 participants, with
200 individuals in each group, were recruited.

The subjects were voluntary participants among adults
over 18 years of age who were undergoing chemotherapy
at the Department of Hematology and Oncology, Ulsan
University Hospital. A 12-week follow-up was carried out
by dividing the groups into three: the group using the exist-
ing treatment (A); the group using the platform (B); and the
group using the platform and telephone management (C).
This study evaluated the quality of life,11,12 medical treat-
ment other than chemotherapy, discontinuation of chemo-
therapy, application usage rate, and application satisfaction
(Figure 1).

The following inclusion criteria were applied: cancer
patient being treated at Ulsan University Hospital; age >
18 years; a histologically confirmed diagnosis of cancer;
Eastern Cooperative Oncology Group (ECOG) perform-
ance status 0 or 1;13 a life expectancy of ≥ 6 months; and
the possession of and ability to use a smartphone.

Evaluation of platform development and feasibility

The Smart Cancer Care platform is divided into the follow-
ing: 1) the application for patients that enables the self-
evaluation of symptoms to be managed based on the
cancer type and administered anticancer drug, and refer-
ences management guidelines according to the results,;
and 2) the dashboard for medical staff whereby the results
entered by the patient can be assessed in real time.14 In
order to evaluate the availability of the developed applica-
tion for patients and the dashboard for medical staff,
Smart Cancer Care was used for 2 to 3 weeks by cancer
patients and medical staff involved in cancer treatment.
Their experience using the platform was then investigated.
A survey on the patients and medical staff was conducted
to quantitatively evaluate the usefulness of Smart Cancer
Care in the cognitive, psychological, written, and social
aspects (a total of 12 items), and suggestions to improve
Smart Cancer Care were collected using open-ended
questions. The usefulness was evaluated on a five-point
scale (0: strongly disagree, 1: disagree, 2: neither agree
nor disagree, 3: agree, 4: strongly agree). Higher scores
indicate greater usefulness, while negative questions
were reverse-scored.15

Evaluation symptoms and effectiveness

The symptom stages were divided into stages 1 (preventive
management), 2 (self-care), and 3 (consultation with
medical staff or medical institution visit) after
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consulting previous studies. The guidelines were devel-
oped accordingly.16,17

The pain input portion includes position, intensity,
number of breakthrough pain instances, or sleep distur-
bances caused by pain. The pain intensity was evaluated
using a numeric rating scale (NRS) ranging from 0 (no
pain) to 10 (worst pain imaginable).

Statistical analysis

Categorical variables are expressed as number and percent-
age, and continuous variables are expressed as mean and
standard deviation (SD). Chi-squared tests were used to
compare percentages, and independent sample t-tests were
used to compare the mean values. All significance levels
refer to two-sided tests. A p value < 0.05 was considered sig-
nificant. All statistical analyses were performed using SPSS
forWindows software, version 18.0 (SPSS Inc., Chicago, IL).

Results

Patient characteristics

A total of 363 patients were screened between February 2015
and December 2016, and 348 were included in the study. Ten
patients were excluded due to refusal to participate (n= 8),
inability to use a smartphone (n= 1), or cognitive impairment

(n= 1). The follow-up duration (mean±SD) of 348 patients
included in the final analysis was 12 weeks. The baseline
characteristics of the patients are listed in Table 1. Patients
entered their SCC using their smartphones.

Quality of life

The degree of pre/post change in the quality of life was
observed and categorized as ‘improved: Score increased,’
and ‘unchanged/worsened: Score remained the same/
decreased’ was categorized as binary. The odds ratio with
Group A as the reference level is presented along with the
odds ratio of the quality of life improvement adjusted for
gender (male and female), age (under 40, 50, over 60),
and stage (stages 1, 3, and 4). However, the quality of life
for symptoms is rated as positive as the score decreases
(Table 2).

For the overall quality of life, the odds (95% CI) was 1.93
(1.15–3.25) for Group B and 2.33 (1.34–4.04) for Group C,
showing a statistically significant increase in the odds com-
pared to Group A (p<0.05). Among the functions in the
quality of life, emotional functioning was found to have stat-
istically significant higher odds of 2.43 (1.39–4.24) in favor
of Group C compared to Group A (p<0.05) (Table 2).

Figure 1. Study flow.
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Ease of continuing chemotherapy

We estimated the odds of one or more chemotherapy delays
and interruptions during the 12-week follow-up. The odds
(95% CI) for Group B was 0.65 (0.20–2.15), which
decreased compared to the odds for Group A, but was not
statistically significant. Group C was found to have a
slight increase of 1.31 (0.43–4.00), but there was not
enough evidence to be statistically significant. In other
words, the odds of delayed and occurring chemotherapy
did not differ between groups. The odds ratio for SCC
use (groups B and C) was estimated to be 0.92 (0.35–
2.44) with no statistical significance (Table 3).

In the statistical tests, the number of cases of chemother-
apy delays and interruptions was too small to have suffi-
cient power (Group A: 7 (6.1%), Group B: 5 (4.9%),
Group C: 7 (7.4%)). We estimated the odds for out-
patient/emergency room visits or hospitalizations for
reasons of side effects outside of routine chemotherapy,
etc. The odds (95% CI) for Group B was 1.86 (1.01–
3.40), which was a statistically significant increase com-
pared to the odds for Group A. By contrast, a decrease in
odds to 0.69 (0.33–1.43) was found for Group C, but
there was not enough evidence to be statistically significant
(Table 3).

Frequency of use and satisfaction with the SCC
program

Utilization was calculated according to the number of
symptom reports using the SCC per week over a 12-week
period, and the odds was estimated for ≥6 (50%). The
odds (95% CI) for Group C was 25.80 (11.28–58.97),
which was significantly higher than that for Group B and
statistically significant. While Group B had 23.2% (29 out
of 125) of its users exceeding 50% usage, Group C had
85.2% (75 out of 88) of its users showing high fidelity to
the app (Table 3).

Satisfaction was evaluated according to the app system
satisfaction tool developed for this study, and the satisfac-
tion level was divided into five grades of A, B, C, D, and
F. The odds was estimated by organizing the five grades
into two categories (good: A, B; poor: C, D, F). The odds
(95% CI) for Group C was 1.24 (0.66–2.30), which
showed an increased odds compared to Group B, but was
not statistically significant (Table 3).

Discussion
Cancer patients undergoing chemotherapy must manage an
overwhelming amount of information to coordinate their

Table 1. Baseline characteristics of the study population.

Categories

Standard
management only

Additional Smart
Cancer Care use

Smart Cancer Care
with tele-management

p-Value†N (%) N (%) N (%)

Sex Male
Female

13 (11.3)
102 (88.7)

15 (11.9)
111 (88.1)

10 (9.3)
97 (90.7)

0.812

Age ≤49
50′

≥60

32 (27.8)
42 (36.5)
41 (35.7)

44 (34.9)
35 (27.8)
47 (37.3)

24 (22.4)
50 (46.7)
33 (30.8)

0.047

Cancer Stomach
Breast
Colon

8 (7.0)
98 (85.2)
9 (7.8)

12 (9.5)
105 (83.3)
9 (7.1)

4 (3.8)
93 (87.7)
9 (8.5)

0.555

Stage 1st
2nd
3rd
4th

10 (8.7)
35 (30.4)
33 (28.7)
37 (32.2)

17 (13.5)
38 (30.2)
31 (24.6)
40 (31.7)

16 (15.1)
28 (26.4)
21 (19.8)
41 (38.7)

0.524

ECOG* Grade 0
Grade 1
Grade 2
Grade 3
Grade 4

17 (14.8)
87 (75.7)
10 (8.7)
1 (0.9)
0 (0.0)

13 (10.3)
106 (84.1)
5 (4.0)
1 (0.8)
1 (0.8)

4 (3.8)
93 (87.7)
8 (7.5)
1 (0.9)
0 (0.0)

0.155

*European Cooperative Oncology Group.
†Chi-squared test, significance at <0.05.
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treatment and related activities. Comprehensive coordinat-
ing efforts are needed to manage complex schedules and
adverse effects of chemotherapy treatments.18 This suggests
that the increasing availability of smartphones across socio-
economic groups and regions provides an opportunity to
develop digital solutions to reduce health disparities
through increasing access to educational resources and
symptom monitoring and management.19

In summary, the odds for the overall quality of life were
2.33 times higher for Group C and 1.93 times higher for
Group B compared to Group A, which was statistically sig-
nificant (p < 0.05). The odds of delayed chemotherapy
between groups were not statistically significant (p>0.05),
and the number of events was too small to achieve sufficient
power. To answer the question of whether or not there is a
difference in the incidence of medical care other than chemo-
therapy, we compared the outpatient, emergency department,
office visit, and hospitalization experiences. For the

outpatient/emergency room/hospitalization experience, a sig-
nificant 1.86-fold increase in odds was found for Group B
compared to Group A (p= 0.045). By contrast, a 0.69-fold
decrease was identified for Group C, albeit the difference
being not statistically significant (p>0.05).

We looked at the weekly app usage to see if there was a
difference in the level of adverse event reporting between
weeks. When the app usage rate for symptom reporting
was greater than 50%, the odds for Group C were found to
be 25.80 times statistically significantly higher than that for
Group B. Finally, the corrected mean (95% confidence inter-
val) of the app system satisfaction was 62.57 (59.41–65.74),
with lower satisfaction among older age groups. Apps can be
leveraged by patients to support their efforts to manage their
health, coordinate appointments, and keep track of treatment
notes and questions.20 Emerging evidence suggests that
health apps can be used by various population groups and
may support improvements in pain and fatigue.21

Table 2. Differences in the quality of life according to patients’ character and management methods.

Categories

Overall quality of life

Function of the quality of life

Symptom of the
quality of lifeEntirety Emotional function

OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI) p-Value

Group

A 1.00 (ref) - 1.00 (ref) - 1.00 (ref) - 1.00 (ref) -

B 1.93 (1.15–3.25) 0.013 1.47 (0.87–2.48) 0.148 1.33 (0.78–2.26) 0.302 2.42 (1.43–4.08) <0.001

C 2.33 (1.34–4.04) 0.003 1.33 (0.77–2.31) 0.308 2.43 (1.39–4.24) 0.002 1.83 (1.06–3.16) 0.029

Sex

Female 1.00 (ref) - 1.00 (ref) - 1.00 (ref) - 1.00 (ref) -

Male 0.77 (0.37–1.59) 0.475 0.72 (0.34–1.53) 0.39 0.54 (0.25–1.18) 0.121 0.53 (0.25–1.09) 0.084

Age

≤49 1.00 (ref) - 1.00 (ref) - 1.00 (ref) - 1.00 (ref) -

50–59 0.99 (0.57–1.70) 0.960 1.16 (0.67–2.00) 0.59 1.42 (0.81–2.49) 0.217 1.18 (0.68–2.05) 0.553

≥60 0.75 (0.43–1.31) 0.313 0.91 (0.52–1.59) 0.73 1.55 (0.87–2.75) 0.135 0.95 (0.54–1.66) 0.849

Stage

First–third 1.00 (ref) - 1.00 (ref) - 1.00 (ref) - 1.00 (ref) -

Fourth 0.84 (0.52–1.36) 0.477 0.78 (0.48–1.27) 0.321 0.78 (0.48–1.27) 0.313 0.96 (0.59–1.55) 0.858

A: patients with only standard management; B: patients using Smart Cancer Care; and C: patients using Smart Cancer Care with tele-management.
*Overall quality of life and function of quality of life are treated as improved when the score increases, and the symptom of quality of life is treated as improved
when the score decreases.
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Currently, smartphone users are increasing worldwide
and are expected to reach 6.8 billion by 2023, with a smart-
phone penetration rate of 53.8%. Furthermore, smartphone
apps have natural advantages over websites, SMS text mes-
sages, and other similar communication methods owing to
their personalized design, rich mobile device features (e.g.
cameras, phones, GPS, and contact lists), and timely push
features. Therefore, the use of smartphone health apps
could be a potentially effective way to improve mental
health and social functioning among cancer patients.22

Based on the experience of patients using Smart Cancer
Care, it is believed that patients’ expectations for Smart
Cancer Care were high, and they considered the application
convenient. Specifically, cancer patients generally experi-
ence anxiety about the treatment itself,23,24 but anticipate
that Smart Cancer Care can be useful because being able
to communicate with medical staff and report side effects
could help reduce anxiety about chemotherapy.8

Remote monitoring and intensified care of symptoms at
home extend cancer care to patients where they live and pair

care with real-time symptom needs. Automated systems
provide efficiencies and judicious use of provider time in
follow-up. They also provide an extension of care availabil-
ity for patients living at a distance from treatment centers
and are particularly important for those living in rural com-
munities, where supportive care services are geographically
limited.25

In our study, the two study groups did not report differ-
ences in the quality of life, physical health, or mental health.
This may be due to the relatively short follow-up period that
was done while the patients are still in the midst of complet-
ing chemotherapy, which can impair daily function and
worsen the quality of life. Future studies should examine
the impact of the intervention on patients in different
phases of their treatment starting with the initial diagnosis
and on longer-term quality of life after they complete
their active cancer treatments.

When dividing the comparison group, there is a limita-
tion in that it is difficult to clearly compare what kind of
tool makes a difference and in that there is no tele-

Table 3. Differences in effectiveness according to patients’ character and management methods.

Categories

Disruption of treatment Unexpected hospital visits Frequency of application use
Satisfaction of
application use

OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI) p-Value

Group

A 1.00(ref) - 1.00 (ref) - - - - -

B 0.65 (0.20–2.15) 0.479 1.86 (1.01–3.40) 0.045 1.00 (ref) - 1.00 (ref) -

C 1.31 (0.43–4.00) 0.633 0.69 (0.33–1.43) 0.317 25.80 (11.28–58.97) <0.001 1.24 (0.66–2.30) 0.506

Sex

Female 1.00 (ref) - 1.00 (ref) - 1.00 (ref) - 1.00 (ref) -

Male 0.60 (0.12–2.89) 0.521 0.74 (0.31–1.79) 0.508 0.70 (0.19–2.56) 0.590 0.86 (0.25–2.96) 0.810

Age

≤49 1.00 (ref) - 1.00 (ref) - 1.00 (ref) - 1.00 (ref) -

50–59 0.99 (0.26–3.72) 0.985 0.70 (0.36–1.37) 0.297 0.20 (0.08–0.51) <0.001 0.13 (0.05–0.32) <0.001

≥60 1.74 (0.49–6.14) 0.389 1.36 (0.71–2.60) 0.353 0.51 (0.21–1.25) 0.142 0.54 (0.27–1.07) 0.078

Stage

1st ∼3rd 1.00 (ref) - 1.00 (ref) - 1.00 (ref) - 1.00 (ref) -

4th 2.90 (1.09–7.69) 0.033 0.70 (0.39–1.26) 0.235 4.59 (1.98–10.66) <0.001 0.79 (0.40–1.55) 0.488

A: patients with only standard management; B: patients using Smart Cancer Care; and C: patients using Smart Cancer Care with tele-management.
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management alone without the SCC program. Many recent
studies have been conducted mainly using websites, PC
software, smartphone, and tablet applications rather than
using a phone. In 2014, Zapata et al. reviewed empirical
usability methods for mobile applications in health, analyz-
ing 22 studies.26 At the time of that review, the number of
medical applications in app stores was estimated at 28,000
(20,000 iOS and 8000 Android). Thus, it is time to
re-investigate how usability testing methods for eHealth
applications are described in the literature published.27

Although the goal was to recruit cancer patients in a
balanced manner, an overwhelming number of breast
cancer patients participated during the study period,
which limited the ability to analyze differences by cancer
type. In particular, the reason why breast cancer patients
had high participation appears to be because many patients
showed relatively good results, and the barriers to using
smartphone applications were low due to the patient’s
low age group.

There has been a burgeoning interest in using health-
related quality of life (HRQL) assessments in daily clinical
practice, with HRQL emerging as a pivotal outcome
measure in the continuum of cancer survivorship care.28

We think we need to discuss which tools are usability
testing methods that are being used in the development of
eHealth applications. Above all, it should take precedence
over the method that various approaches and many
studies on methods that are accessible and helpful to
patients should be made.

Conclusion
A mobile cancer care program has a positive effect on the
quality of life of cancer patients undergoing chemotherapy.
Tele-management is conducive to the active and effective
use of this program.

Acknowledgments: We acknowledge the insightful guidance
and mentorship provided by our colleagues and research advisors,
whose expertise and encouragement greatly contributed to the
accomplishment of this study. This study would not have been
possible without the collective efforts and contributions of all
involved parties. Thank you for your invaluable contributions to
advancing cancer care and enhancing the lives of patients through
this research endeavor.

Contributorship: SJK and DYK conceived and designed the
analysis. CS, HK, HSI, and SJK collected the data. HK, HSI,
SJK, and DYK contributed data or analysis tools. DYL and DYK
performed the analysis. CS, DYL, SJK, and DYK wrote the paper.

Declaration of conflicting interests: The authors declared no
potential conflicts of interest with respect to the research,
authorship, and/or publication of this article.

Ethical approval: This study was conducted with exemption
approval from the Ulsan National University Hospital
Institutional Review Board (IRB number: 2021–05-042-025).

Funding: The authors disclosed receipt of the following financial
support for the research, authorship, and/or publication of this
article: This research was supported by a grant of the Korean
Cancer Survivors Healthcare R&D Project through the National
Cancer Center, funded by the Ministry of Health & Welfare,
Republic of Korea (HA23C0478).

Guarantor: S.-J.K.

Informed consent: All study participants provided informed
consent, and the study design was approved by the appropriate
ethics review board.

ORCID iD: Dong Yeop Lee https://orcid.org/0000-0001-5369-
7700

References
1. World Health Organization Secretariat. Cancer prevention

and control in the context of an integrated approach 2016.
World Health Organization.

2. Lopez G, Chaoul A, Warneke CL, et al. Self-administered
meditation application intervention for cancer patients with
psychosocial distress: a pilot study. Integr Cancer Ther
2023; 22: 15347354221148710.

3. Furness K, Sarkies MN, Huggins CE, et al. Impact of the
method of delivering electronic health behavior change interven-
tions in survivors of cancer on engagement, health behaviors,
and health outcomes: systematic review and meta-analysis.
J Med Internet Res 2020; 22: e16112. 20200623.

4. Kim H and Lee J. mHealth interventions to promote physical
activity of adults in Korea: health equity-focused systematic
review. J Health Info Stat 2023; 48: S1–S14.

5. Ashing K and Rosales M. A telephonic-based trial to reduce
depressive symptoms among Latina breast cancer survivors.
Psychooncology 2014; 23: 507–515.

6. Smith SK, Kuhn E, O’Donnell J, et al. Cancer distress coach:
pilot study of a mobile app for managing posttraumatic stress.
Psychooncology 2018; 27: 350–353. 20170202.

7. Basch E, Deal AM, Kris MG, et al. Symptom monitoring with
patient-reported outcomes during routine cancer treatment: a
randomized controlled trial. J Clin Oncol 2016; 34: 557–565.
20151207.

8. Maguire R, McCann L, Kotronoulas G, et al. Real time remote
symptom monitoring during chemotherapy for cancer:
European multicentre randomised controlled trial
(eSMART). Br Med J 2021; 374: n1647. 20210721.

9. Ruland CM, Andersen T, Jeneson A, et al. Effects of an inter-
net support system to assist cancer patients in reducing symptom
distress: a randomized controlled trial. Cancer Nurs 2013; 36:
6–17.

10. Lee H, Ghebre R, Le C, et al. Mobile phone multilevel and
multimedia messaging intervention for breast cancer screening:

Sin et al. 7

https://orcid.org/0000-0001-5369-7700
https://orcid.org/0000-0001-5369-7700
https://orcid.org/0000-0001-5369-7700


pilot randomized controlled trial. JMIR Mhealth Uhealth 2017;
5: e154. 20171107.

11. EUROQOL. EQ-5D-5L, https://euroqol.org/information-and-
support/euroqol-instruments/eq-5d-5l/ (2009, 2023).

12. European Organisation for. Research and Treatment of Cancer.
EORTC QLQ-C30, https://qol.eortc.org/questionnaires/ (1993,
2023).

13. ECOG-ACRIN Cancer Research Group. ECOG Performance
Status Scale, https://ecog-acrin.org/resources/ecog-performance-
status/# (1982, 2023).

14. Sin C, Kim H, Im H-S, et al. Development and pilot study of
“Smart Cancer Care”: a platform for managing side effects of
chemotherapy. BMC Health Serv Res 2023; 23: 22.

15. Digital.gov. Usability, https://digital.gov/topics/usability/
(accessed 13th February 2023).

16. Kotronoulas G, Kearney N, Maguire R, et al. What is the value
of the routine use of patient-reported outcome measures toward
improvement of patient outcomes, processes of care, and health
service outcomes in cancer care? a systematic review of con-
trolled trials. J Clin Oncol 2014; 32: 1480–1501. 20140407.

17. Atkinson TM, Ryan SJ, Bennett AV, et al. The association
between clinician-based common terminology criteria for
adverse events (CTCAE) and patient-reported outcomes
(PRO): a systematic review. Support Care Cancer 2016; 24:
3669–3676. 20160603.

18. Yasmin R, Gogoi S, Bora J, et al. Novel insight into the cel-
lular and molecular signalling pathways on cancer preventing
effects of Hibiscus sabdariffa: a review. J Cancer Prev 2023;
28: 77–92.

19. Gonzalez BD. Promise of mobile health technology to reduce
disparities in patients with cancer and survivors. JCO Clin
Cancer Inform 2018; 2: –9.

20. Lee HY, Koopmeiners JS, Rhee TG, et al. Mobile phone text
messaging intervention for cervical cancer screening: changes

in knowledge and behavior pre-post intervention. J Med
Internet Res 2014; 16: e196. 20140827.

21. Hernandez Silva E, Lawler S and Langbecker D. The effective-
ness of mHealth for self-management in improving pain, psycho-
logical distress, fatigue, and sleep in cancer survivors: a systematic
review. J Cancer Surviv 2019; 13: 97–107. 20190111.

22. Qin M, Chen B, Sun S, et al. Effect of mobile phone
app-based interventions on quality of life and psychological
symptoms among adult cancer survivors: systematic review
and meta-analysis of randomized controlled trials. J Med
Internet Res 2022; 24: 20221219.

23. Wang YH, Li JQ, Shi JF, et al. Depression and anxiety in rela-
tion to cancer incidence and mortality: a systematic review
and meta-analysis of cohort studies. Mol Psychiatry 2020;
25: 1487–1499. 20191119.

24. Williams AM, Khan CP, Heckler CE, et al. Fatigue,
anxiety, and quality of life in breast cancer patients com-
pared to non-cancer controls: a nationwide longitudinal
analysis. Breast Cancer Res Treat 2021; 187: 275–285.
20210104.

25. Mooney KH, Beck SL, Wong B, et al. Automated home mon-
itoring and management of patient-reported symptoms during
chemotherapy: results of the symptom care at home RCT.
Cancer Med 2017; 6: 537–546. 20170130.

26. Zapata BC, Fernández-Alemán JL, Idri A, et al. Empirical
studies on usability of mHealth apps: a systematic literature
review. J Med Syst 2015; 39: 1. 20150120.

27. Maramba I, Chatterjee A and Newman C. Methods of usabil-
ity testing in the development of eHealth applications: a
scoping review. Int J Med Inform 2019; 126: 95–104.
20190331.

28. Vang S. Health-related quality of life in elderly Asian
American and non-Hispanic white cancer survivors. J Prev
Med Public Health 2023; 56: 440–448. 20230913.

8 DIGITAL HEALTH

https://euroqol.org/information-and-support/euroqol-instruments/eq-5d-5l/
https://euroqol.org/information-and-support/euroqol-instruments/eq-5d-5l/
https://euroqol.org/information-and-support/euroqol-instruments/eq-5d-5l/
https://qol.eortc.org/questionnaires/
https://qol.eortc.org/questionnaires/
https://ecog-acrin.org/resources/ecog-performance-status/#
https://ecog-acrin.org/resources/ecog-performance-status/#
https://ecog-acrin.org/resources/ecog-performance-status/#
https://digital.gov/topics/usability/
https://digital.gov/topics/usability/

	 Introduction
	 Methods
	 Setting and participants
	 Evaluation of platform development and feasibility
	 Evaluation symptoms and effectiveness
	 Statistical analysis

	 Results
	 Patient characteristics
	 Quality of life
	 Ease of continuing chemotherapy
	 Frequency of use and satisfaction with the SCC program

	 Discussion
	 Conclusion
	 Acknowledgments
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


