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Abstract

Background: Patients with gynecologic cancer receiving chemotherapy often report unmet supportive care needs. Compared
with traditional face-to-face clinical interventions, mobile health can increase access to supportive care and may address patients’
needs. Although app-based support programs have been developed to support patients with gynecologic cancer, their efficacy
has not been adequately tested.

Objective: The aim of this study was to examine the efficacy of a mobile app for gynecologic cancer support (MGCS) for
patients with gynecologic cancer receiving chemotherapy in China.

Methods: A multicenter randomized controlled trial was conducted in 2 university-affiliated hospitals in China. A total of 168
Chinese patients with gynecologic cancer were recruited and randomized to receive routine care or MGCS program plus routine
care for 24 weeks. The Mishel uncertainty in illness theory guided the development of MGCS program, which has 4 modules:
weekly topics, emotional care, discussion center, and health consultation. The primary outcome of this program was the assessment
of the uncertainty in illness. The secondary outcomes were quality of life, symptom distress, and social support. All health
outcomes were evaluated at baseline (T0), 12 weeks (T1), and 24 weeks (T2). Repeated measures analysis of covariance was
used to assess the efficacy of the MGCS program.

Results: In this trial, 67 patients in the control group and 69 patients in the intervention group completed 2 follow-up assessments
(response rate, 136/168, 81%). At 12 weeks, no significant differences were observed in any of the health outcomes between the
2 groups. At 24 weeks, compared to patients in the control group, those in the intervention group reported significant decreased

J Med Internet Res 2023 | vol. 25 | e49939 | p. 1https://www.jmir.org/2023/1/e49939
(page number not for citation purposes)

Lin et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:jieminzhu@xmu.edu.cn
http://www.w3.org/Style/XSL
http://www.renderx.com/


uncertainty in illness (P<.001; d=–0.60; adjusted mean difference –7.69, 95% CI –11.31 to –4.07) and improved quality of life
(P=.04; d=0.30; adjusted mean difference 4.77, 95% CI 0.12-9.41).

Conclusions: The MGCS program demonstrated efficacy in supporting patients with gynecologic cancer receiving chemotherapy.
This trial illustrates that an app-based program can be incorporated into routine care to support patients with cancer and suggests
that allocation of more resources (grants, manpower, etc) to mobile health in clinics is warranted.

Trial Registration: Chinese Clinical Trial Registry ChiCTR2000033678; https://www.chictr.org.cn/showproj.html?proj=54807

(J Med Internet Res 2023;25:e49939) doi: 10.2196/49939
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Introduction

Background
Gynecologic cancer (GC) is a global public health concern, with
cervical, endometrial, and ovarian cancers being the 3 most
common GCs [1]. In China, their incidence rates ranked in the
top 10 cancers for women in 2020 [2]. Chemotherapy is
commonly used to treat GC [3]. The diagnosis of GC and the
corresponding chemotherapy have adverse effects on patients’
fertility, sexuality, identity, and body image [4]. Patients with
GC receiving chemotherapy often report unmet supportive care
needs [5], which may increase their risks of physical and
psychological morbidity, leading to high risk of recurrence,
shorter survival, and poor prognosis [6,7]. Uncertainty of illness,
information needs, symptom management strategies, and
counselling services were identified as the common supportive
care needs for this growing population [5,8]. Compared with
traditional face-to-face interventions, web-based support
programs may overcome the long-distance and time barriers to
better address patients’ supportive care needs [9]. In 2021, over
1.028 billion Chinese individuals, accounting for 73% of the
Chinese population, accessed the internet through their mobile
phones [10]. Mobile apps may provide a promising and easily
accessible support platform to reach the large cancer population.
Although app-based support programs have been previously
developed to support patients with GC, their efficacy has not
been adequately demonstrated [11].

Conceptual Framework
Many patients with GC receiving chemotherapy experience
high levels of uncertainty in illness [12]. According to Mishel
uncertainty in illness theory, uncertainty in illness occurs when
an individual is not able to assign a definite meaning to an
illness-related event or to accurately determine potential illness
outcomes [13]. Uncertainty can stem from ambiguity and
complexity. Ambiguity refers to an individual’s lack of credible
or sufficient information regarding the disease prognosis and
corresponding treatments [14]. Complexity means that a variety
of risk factors (eg, treatment outcomes, side effects) make an
illness more difficult to understand [14]. Additionally,
uncertainty in illness is positively related to unfamiliar
treatment-related symptom distress [15] and inadequate social
support [16]. Increased uncertainty in illness has been shown
to affect patients’ quality of life (QoL) [17]. A literature review
investigated the application of Mishel uncertainty in illness

theory for people with cancer and found that a variety of
interventions have been developed, which featured uncertainty
components such as antecedent and appraisal of uncertainty,
coping, communication strategies, information provision, and
reframing [18]. These interventions primarily targeted
uncertainty, which ultimately promote QoL for people with
cancer [18]. However, there was no intervention that applied
Mishel theoretical frameworks for patients with GC.

We developed the mobile app for gynecologic cancer support
(MGCS) program under the conceptualization of Mishel
uncertainty in illness theory. The primary aim of this trial was
to examine whether the MGCS program can effectively target
uncertainty in illness. We hypothesized that MGCS plus routine
care is superior to routine care alone in reducing uncertainty in
illness. The subhypotheses were that MGCS plus routine care
would improve QoL, reduce symptom distress, and promote
social support for patients with GC.

Methods

Study Design
A multicenter randomized controlled trial was conducted. This
trial was registered in the Chinese Clinical Trial Registry
(ChiCTR2000033678). The protocol for this trial was published
and strictly followed at all stages [19]. Findings are presented
following the guidelines of CONSORT-EHEALTH
(Consolidated Standards of Reporting Trials of Electronic and
Mobile Health Applications and Online Telehealth) (Multimedia
Appendix 1) [20].

Participants and Settings
Trial participants included patients who were (1) aged 18 years
and older, (2) first diagnosed with GC (including cervical,
endometrial, and ovarian cancers), (3) starting the first cycle of
chemotherapy, (4) able to access the internet via a mobile phone,
(5) contactable, and (6) able to read and write Chinese. Patients
were excluded if they had (1) other major health conditions,
including other cancers and (2) other major mental health
conditions, which may prevent them from participating in the
MGCS program. Patients were excluded if they were not aware
of their diagnoses of a GC. Although not common, this does
occur in China when families seek to protect patients from bad
news. Participants were recruited from the Department of
Gynecology in 2 Chinese university-affiliated hospitals. The
hospitals administer chemotherapy to approximately 500 (400
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and 100 in each hospital, respectively) patients with GC each
year. Patients with GC need to stay overnight in the hospital on
the first day of each cycle of chemotherapy. Approximately
50% of patients with GC were eligible to participate in this trial.

Sample Size Calculation and Sample Randomization
The primary health outcome of uncertainty was used to calculate
the sample size. Previous research on a face-to-face uncertainty
management intervention reduced uncertainty in illness for
patients with HIV with an effect size of 0.53 [21]. Another study
reported that a mobile navigation program reduced uncertainty
in illness for patients with colorectal cancer with an effect size
of 0.49 [22]. Thus, the effect size (0.49) of web-based
intervention for patients with cancer was used to determine the
sample size. A total of 134 participants was needed, with a
power of .80 and a significance level of .05. A 20% dropout
rate was expected; therefore, the eventually adjusted sample
size for our study was 168 in total. The web-based research
randomizer was used, and the blocked design was chosen to
meet the desirable equal allocations in 2 groups [23]. A block
size of 4 was chosen, and the block size was kept blind from
the investigator to avoid selection bias [24]. For each
participating hospital, participants were randomized to the
intervention group or the control group to ensure an allocation
ratio of 1:1.

Ethics Approval
Ethics approval was obtained from the ethics committees of the
School of Medicine in Xiamen University (XDYX2019013)
and 2 university-affiliated hospitals (Zhongshan Hospital:
XMZSYYKY2020-113 and First Affiliated Hospital:
FA2020-037). All participants were informed that their
participation was voluntary. Participants needed to complete
informed consent before participation. All collected data were
kept confidential and anonymous. Participants received a gift
compensation (approximately US $4) after each evaluation.

Intervention
A health care team consisting of 3 gynecologic oncologists, 1
psychologist, and 2 oncology nursing specialists designed the

MGCS program. An information technology company
technically developed and subsequently maintained the MGCS
program. The Mishel theory outlines 4 main components of
uncertainty in illness: antecedents (stimuli frame and structure
providers), appraisal (danger and opportunity), coping, and
adaptation [18]. Antecedents (eg, unfamiliar illness-related
stimuli, low social support) may generate uncertainty, and
thereafter, an individual appraises the uncertainty as a danger
or an opportunity. Appraising the uncertainty as a danger, the
individual adopts affect-control (such as emotional support)
and mobilizes (such as seeking information) coping strategies
to minimize uncertainty. Appraising the uncertainty as an
opportunity, the individual adopts buffering coping strategies
(such as reframing) to manage uncertainty. If these coping
strategies are effective, the individual can adapt to the illness.

The MGCS program has 4 modules: weekly topics, emotional
care, discussion center, and health consultation [19]. The
information resources of the weekly topics were derived from
the website of American Cancer Society [25]. The weekly topics
module targets the antecedents, appraisal, and coping of
uncertainty by providing credible information to decrease
unfamiliar cancer-related stimuli and help the patient
appropriately appraise and cope with their illness and treatment
side effects, thus decreasing ambiguity. The emotional care
module targets coping by providing relaxation and distraction
strategies, which may help manage the emotional response to
diagnosis and treatment to decrease the complexity. The
discussion center module offers emotional and informational
support from peers, and the health consultation module offers
tailored advice from the health care team to help the patient
manage uncertainty. Communicating with peers or health care
team targets the antecedent variables of structure providers
(social support and credible authority), appraisal, and coping
of uncertainty with the purpose to decrease both ambiguity and
complexity. The details of the 4 modules of the MGCS program
are described in Table 1.
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Table 1. Four modules of the mobile app for gynecologic cancer support program.

Targeted aspects of
Mishel uncertainty in
illness theory

Main contentNotificationMultimedia channel
of delivery

Module

The antecedents, ap-
praisal, and coping
uncertainty

A total of 24 topics were developed, with 1
new topic automatically uploaded each week.
The 24 topics coincide with the illness’ treat-
ment course: (1) information on cancer, (2)
cancer treatments, (3) summary of treatment-
induced side effects, (4) survival rates, (5) in-
fection prevention, (6) uncertainty manage-
ment, (7) emotion regulation, (8) alopecia, (9)
nausea and vomiting, (10) dry mouth, (11) ap-
petite, (12) constipation, (13) fatigue, (14) pe-
ripheral neuropathy, (15) sleep problems, (16)
sweats, (17) cancer pain, (18) sexual problems,
(19) exercise, (20) communication skills, (21)
chemotherapy resistance, (22) information on
recurrence, (23) management of recurrence,
and (24) cancer survivorship. Participants could
provide comments or reflections at the bottom
of each topic after reading the topics.

Notifications on newly available
information were sent to

participants.

Text, graphics, im-
ages, videos, and
emoticon pictures

Weekly topics

Coping uncertaintyRelaxation and distraction strategies (soothing
music, lighthearted stories, and exercise plans)
were provided and updated every week until
week 24.

Notifications on newly available
information were sent to

participants.

Text, image, and

audio

Emotional care

The antecedents and
coping uncertainty

The discussion center was moderated by the
researchers. Participants could share their ex-
periences and text with others. Further, the re-
searchers (HL, MY, and YL) read all messages
each day, encouraged participants to share their
experiences, and provided appropriate advice
when requested.

Icon of discussion center flick-
ered when a new message was
posted.

Text and emoticon
pictures

Discussion center

The antecedents, ap-
praisal, and coping
uncertainty

When a woman asked a health-related question,
any member of the health care team could re-
spond. Responses were sent within 24 hours.
To protect privacy, the question and the re-
sponse were only accessible by the individual
who posted the question and the health care
team.

When a new question was post-
ed, the icon of health consulta-
tion flickered for the health care
team. When a response was
posted, the icon of health consul-
tation flickered for the woman
who asked the question.

Text and emoticon
pictures

Health consultation

Different strategies were provided to make MGCS content easy
to understand, such as the use of graphics, images, short videos,
emoticon pictures, and plain language. The perceived usefulness
and perceived ease of use of the MGCS program were assessed
by 8 patients with GC receiving chemotherapy, and they all
found that this program provided useful information and was
easy to use. No major components and contents were changed
during the implementation of the program.

Participants in the intervention group were given a QR code to
download the MGCS onto their mobile phones (Android and
iOS versions available). Once access to the app was approved
by the researchers, participants could use their mobile phone
number and a self-set password to access the MGCS program
when and where needed. The researchers offered 30-minute
individual face-to-face training to participants on how to use
the 4 modules. Training included assisting participants to explore
the content in the modules of weekly topic and emotional care
as well as to write their first message in the modules of
discussion center and health consultation. When participants
logged into the app for the first time, a tutorial guide video was
displayed initially. Once viewed, the video was automatically

saved in the tutorial section of the individual center for future
reference. Participants could seek technical assistance in the
help section in the individual center. Access to the app
automatically expired 24 weeks after activation.

Participants in both groups received routine care from health
care workers during their stay in the hospitals for each cycle of
chemotherapy. Before the first chemotherapy cycle, the patient’s
oncologist offered information regarding chemotherapy and
chemotherapy-related side effects. The ward nurse provided
written information on how to manage the side effects of
chemotherapy and answered any question. Currently, there are
no app-based programs to help patients with GC to cope with
uncertainty and the side effects of chemotherapy at the
participating hospitals.

Outcome Measures
Self-reported demographic and clinical characteristics
questionnaires were designed by the research team.
Demographic characteristics consist of age, marital status,
educational level, current employment, monthly family income
(in USD), and payment methods. Clinical characteristics include
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primary disease site, stage of cancer, treatment before
chemotherapy, cycles of chemotherapy, and chemotherapy
regimen. Clinical characteristics were confirmed through the
participants’ electronic medical records.

Primary Outcome
Participants’uncertainty in illness was assessed with the Chinese
version of the 25-item Mishel Uncertainty in Illness Scale for
Adults (MUIS-A) [26]. The MUIS-A has been widely used to
assess uncertainty in illness in patients with cancer [27]. The
MUIS-A Chinese version has demonstrated excellent content
validity (content validity index=0.97) and good internal
consistency (Cronbach α=.90) [28]. The MUIS-A has 2
subscales: ambiguity and complexity. A higher total score
indicates greater uncertainty in illness (scores ranging from 25
to 125). The MUIS-A (Cronbach α=.91) exhibited good baseline
internal consistency in this trial.

Secondary Outcomes
Participants’ QoL was measured with the Chinese version of
the 27-item Functional Assessment of Cancer Therapy-General
(FACT-G, version 4) [29]. The FACT-G has been used to
evaluate the QoL of patients with GC across different cultures
[30,31]. The FACT-G Chinese version has been proven as a
valid instrument, with Cronbach α of .92 [32]. The FACT-G
has 4 subscales: physical, social or family, emotional, and
functional well-being. A higher total score shows better QoL
(scores ranging from 0 to 108). The FACT-G (Cronbach α=.89)
exhibited good baseline internal consistency in this trial.
Participants’ symptom distress was evaluated with the Chinese
version of the 19-item MD Anderson Symptom Inventory
(MDASI) [33]. The MDASI has been widely used to evaluate
symptom distress among patients with GC [34]. The Chinese
version of MDASI has been applied to assess symptom distress
among patients with breast cancer and displayed good internal
reliability [35]. The mean score ranges from 1 to 10, with a
higher score indicating greater symptom distress. The MDASI
(Cronbach α=.91) exhibited good baseline internal consistency
in this trial. Participants’ social support was assessed with the
Chinese version of the 12-item Multidimensional Scale of
Perceived Social Support (MSPSS) [36]. The MSPSS has been
widely applied to evaluate the perceived social support of
patients with cancer [37]. The validity of the MSPSS Chinese
version has been extensively demonstrated (Cronbach α=.89)
[35]. The mean score ranges from 1 to 7, with higher scores
indicating better social support. The MSPSS (Cronbach α=.92)
exhibited good baseline internal consistency in this trial. The
24 weeks’ usage data (log-in frequency and duration) of each
module and the whole MGCS program was recorded in a
background thread.

Data Collection
Data were collected between February 2021 and March 2022.
The oncologist informed eligible patients with GC about the
MGCS program. Patients with GC who expressed an interest
in this study were approached by a member of the research team
to provide more detailed information. After signing the paper
consent form, all participants completed paper-based
demographic and baseline health outcomes questionnaires before

randomization (T0). Participants were notified of their group
allocations in the trial. Following the protocol of the
participating hospitals, patients with GC received 4-8 cycles of
chemotherapy (3 weeks/cycle). Chemotherapy was usually
completed within 24 weeks. Participants in both groups
completed the paper questionnaires at 12 (T1) and 24 weeks
(T2). The researchers who collected questionnaires were not
blind to group allocation. If the participants did not return to
the hospital at either time point, a researcher contacted them by
phone and mailed them the questionnaires.

Statistical Analysis
SPSS (version 25; IBM Corp) was applied to analyze all the
data [38]. To avoid attrition bias, intention-to-treat analysis was
performed to manage the missing data at T1 and T2 with the
last observation carried forward method. Independent sample
2-sided t tests and chi-square tests (or Fisher exact test) were
used to examine the continuous or categorical variables between
the 2 groups at baseline. The statistical assumption of analysis
of covariance is that the covariates are correlated with the
dependent variable [39]. The demographic or clinical variables
(including age and cancer stage) were not added as covariates
because no association was found between these variables and
the primary outcome (uncertainty in illness at T1). The MGCS
program’s effects on uncertainty, QoL, symptom distress, and
social support were examined using repeated measures analysis
of covariance with time as a within-subject factor, a group as a
between-subject factor, and the time × group interaction,
adjusted for baseline corresponding health outcome. In the
covariance analysis, multivariate tests were performed when
Mauchly test of sphericity was not satisfied. The adjusted mean
difference (95% CI) was reported, with the unadjusted and
adjusted mean, significance level, and effect size (Cohen d).

Results

Participants’ Characteristics
Participants were recruited between February and October 2021.
Of the 246 participants approached by the researchers, 43 were
not able to read or write in Chinese, 11 were unaware of the GC
diagnosis, 6 had concurrent cancers, and 2 had concurrent mental
health problems; thus, 62 participants did not meet the inclusion
criteria and 16 participants declined to participate after receiving
detailed information on the program. Finally, 168 participants
completed baseline assessment and randomization. At T1, 12
participants (7 in the intervention group and 5 in the control
group) withdrew from the study. At T2, a further 20 (8 in the
intervention group and 12 in the control group) withdrew from
this study. No significant difference in the dropout rate existed
between the 2 groups (P=.36). Finally, 69 participants in the
intervention and 67 participants in the control group completed
all follow-up assessments (response rate, 136/168, 81%). Figure
1 shows the trial’s flowchart using the CONSORT guidelines
[40]. More than half of the participants (86/168, 51.2%) were
aged between 45 and 59 years. Most participants had a diagnosis
of either ovarian cancer (67/168, 39.9%), cervix uteri cancer
(65/168, 38.7%), or corpus uteri cancer (34/168, 20.2%). Most
of the participants were in stage I-III of cancer (stage I, 52/168,
31%; stage II, 38/168, 22.6%; stage III: 61/168, 36.3%). Of the

J Med Internet Res 2023 | vol. 25 | e49939 | p. 5https://www.jmir.org/2023/1/e49939
(page number not for citation purposes)

Lin et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


168 participants, 112 (66.7%) underwent surgery prior to
commencing adjuvant chemotherapy. Most participants
(142/168, 84.5%) received 4-8 cycles of chemotherapy. No

significant differences (P>.05) were found between the 2 groups
at baseline in terms of demographic and clinical characteristics
and measurements (Table 2).

Figure 1. CONSORT (Consolidated Standard of Reporting Trials) diagram of the mobile app for gynecologic cancer support program. MGCS: mobile
app for gynecologic cancer support; T1: after 12 weeks; T2: after 24 weeks.
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Table 2. Demographic and clinical characteristics and measurements at baseline of the intervention and control groups (N=168).

P

value
t/χ2(df) or Fisher
exact test

Control group
(n=84)

Intervention
group (n=84)

Total
(N=168)Variables

.056.05 (2)aAge (years), n (%)

19 (22.6)33 (39.3)52 (31)<45

50 (59.5)36 (42.9)86 (51.2)45-59

15 (17.9)15 (17.9)30 (17.9)≥60

>.990.08 (1)aMarital status, n (%)

7 (8.3)6 (7.1)13 (7.7)Single/divorced/separated/widowed

77 (91.7)78 (92.9)155 (92.3)Married/cohabitation

.750.23 (1)aEducational level, n (%)

54 (64.3)51 (60.7)105 (62.5)Junior high school or below

30 (35.7)33 (39.3)63 (37.5)Senior high school or above

.850.14 (1)aCurrent employment, n (%)

18 (21.4)20 (23.8)38 (22.6)Employed

66 (78.6)64 (76.2)130 (77.4)Unemployed/retired

.142.68 (1)aMonthly family income (USD), n (%)

61 (72.6)51 (60.7)112 (66.7)<1267

23 (27.4)33 (39.3)56 (33.3)≥1267

.44N/AbPayment methods of health care costs, n (%)

79 (94)82 (97.6)161 (95.8)Fully or partially covered by medical insurance

5 (6)2 (2.4)7 (4.2)Self-paying

.412.85cPrimary disease site, n (%)

33 (39.3)32 (38.1)65 (38.7)Cervix uteri

30 (35.7)37 (44)67 (39.9)Ovary

19 (33.6)15 (17.9)34 (20.2)Corpus uteri

2 (2.4)0 (0)2 (1.2)Mixed typesd

.078.24cStage of cancer, n (%)

19 (22.6)33 (39.3)52 (31)Stage I

19 (22.6)19 (22.6)38 (22.6)Stage II

37 (44)24 (28.6)61 (36.3)Stage III

7 (8.3)8 (9.5)15 (8.9)Stage IV

2 (2.4)0 (0)2 (1.2)Mixed typesd

.374.37cTreatment before chemotherapy, n (%)

23 (27.4)20 (23.8)43 (25.6)No

53 (63.1)59 (70.2)112 (66.7)Surgery

2 (2.4)1 (1.2)3 (1.8)Radiotherapy

5 (6)1 (1.2)6 (3.6)Surgery + radiotherapy

1 (1.2)3 (3.6)4 (2.4)Surgery + Traditional Chinese medicine treatment

.671.33cCycles of chemotherapy, n (%)

14 (16.7)11 (13.1)25 (14.9)3 cycles or less

70 (83.3)72 (85.7)142 (84.5)4-8 cycles
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P

value
t/χ2(df) or Fisher
exact test

Control group
(n=84)

Intervention
group (n=84)

Total
(N=168)Variables

0 (0)1 (1.2)1 (0.6)9 cycles or more

.584.84cChemotherapy regimen, n (%)

13 (15.5)7 (8.3)20 (11.9)Paclitaxel + Cisplatin

51 (60.7)58 (69)109 (64.9)Paclitaxel + Carboplatin

4 (4.8)4 (4.8)8 (4.8)Bleomycin + Etoposide + Cisplatin

10 (11.9)7 (8.3)17 (10.1)Docetaxel + Carboplatin

3 (3.6)2 (2.4)5 (3)Doxorubicin + Carboplatin

2 (2.4)2 (2.4)4 (2.4)Ifosfamide + Epirubicin

1 (1.2)4 (4.8)5 (3)Others

.53–0.64 (166)e69.67 (13.13)70.88 (11.55)70.27
(12.34)

Mishel Uncertainty in Illness Scale for Adults, mean (SD)

.820.23 (166)e67.58 (17.28)67.03 (14.36)67.30
(15.85)

Functional Assessment of Cancer Therapy-General, mean (SD)

.66–0.44 (166)e2.86 (1.46)2.98 (1.88)2.92 (1.68)MD Anderson Symptom Inventory, mean (SD)

.281.08 (166)e5.51 (0.92)5.37 (0.78)5.44 (0.85)Multidimensional Scale of Perceived Social Support, mean (SD)

aChi-square test.
bN/A: not applicable. No value is provided for Fisher exact test in a 2×2 contingency table.
cFisher exact test. No degrees of freedom are used in Fisher exact test.
dMixed types (n=2): one participant was diagnosed with primary stage III ovarian cancer and primary stage I corpus uteri cancer, and the other one was
diagnosed with primary stage I cervix uteri cancer and primary stage I ovarian cancer.
eIndependent 2-sided t test value.

Efficacy of the MGCS Program

Primary Outcomes
At 12 weeks (T1), no significant difference was found in
uncertainty in illness between the 2 groups. At 24 weeks (T2),

after adjusting for the baseline uncertainty in illness, participants
who received the MGCS program plus routine care—compared
with participants who received routine care only—exhibited a
significant decrease in uncertainty in illness (P<.001; d=–0.60;
adjusted mean difference –7.69, 95% CI –11.31 to –4.07; Table
3) [41].
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Table 3. Effects of the mobile app for gynecologic cancer support program on primary and secondary health outcomes at 12 weeks (T1) and 24 weeks

(T2) with intention-to-treat analysis (N=168)a.

Effect size

(Cohen d)b
P valueMean difference (95% CI)Control group (n=84),

mean (SD/SE)
Intervention group
(n=84), mean
(SD/SE)

Intervention effect

Primary outcomes

Mishel Uncertainty in Illness Scale for Adults

–0.10.51–1.26 (–5.02 to 2.50)64.30 (13.93)63.04 (11.43)T1 (unadjusted)

–0.15.29–1.86 (–5.29 to 1.57)64.60 (1.23)62.74 (1.23)T1 (adjusted)

–0.56.001–7.20 (–11.20 to –3.20)64.07 (12.47)56.87 (13.20)T2 (unadjusted)

–0.60<.001–7.69 (–11.31 to –4.07)64.32 (1.30)56.63 (1.30)T2 (adjusted)

Secondary outcomes

Functional Assessment of Cancer Therapy-General

0.04.780.74 (–4.47 to 5.96)69.78 (17.02)70.52 (16.05)T1 (unadjusted)

0.06.631.05 (–3.25 to 5.34)69.63 (1.54)70.67 (1.54)T1 (adjusted)

0.28.104.58 (–0.85 to 10.01)70.89 (16.73)75.47 (15.50)T2 (unadjusted)

0.30.044.77 (0.12 to 9.41)70.80 (1.66)75.57 (1.66)T2 (adjusted)

MD Anderson Symptom Inventory

–0.07.65–0.13 (–0.67 to 0.42)3.09 (1.76)2.96 (1.74)T1 (unadjusted)

–0.11.41–0.19 (–0.64 to 0.26)3.12 (0.16)2.93 (0.16)T1 (adjusted)

–0.13.43–0.23 (–0.81 to 0.35)2.46 (1.88)2.23 (1.62)T2 (unadjusted)

–0.16.26–0.28 (–0.77 to 0.21)2.49 (0.18)2.21 (0.18)T2 (adjusted)

Multidimensional Scale of Perceived Social Support

–0.29.06–0.26 (–0.53 to 0.02)5.44 (0.82)5.18 (0.95)T1 (unadjusted)

–0.23.12–0.19 (–0.44 to 0.05)5.41 (0.09)5.21 (0.09)T1 (adjusted)

–0.22.18–0.20 (–0.48 to 0.09)5.41 (0.83)5.22 (0.88)T2 (unadjusted)

–0.16.25–0.14 (–0.39 to 0.10)5.39 (0.09)5.25 (0.09)T2 (adjusted)

aRepeated measures multivariate analysis of covariance was used to examine the efficacy of the mobile app for gynecologic cancer support program
on primary and secondary health outcomes at 12 weeks (T1) and 24 weeks (T2), adjusted by baseline corresponding health outcomes.
bAdjusted effect sizes were calculated by dividing the between-group difference of the postintervention means (adjusted for baseline values) by the
pooled standard deviation [41].

Secondary Outcomes
At 12 weeks (T1), there was no significant difference in the
QoL between the 2 groups. At 24 weeks (T2), after adjusting
for the baseline scores, participants who received the MGCS
program plus routine care exhibited a significant improvement
in QoL compared with participants who only received routine
care (P=.04; d=0.30; adjusted mean difference 4.77, 95% CI
0.12-9.41; Table 3). No significant differences were found in

symptom distress and social support between the 2 groups at
12 weeks (T1) and 24 weeks (T2) after adjusting for the baseline
corresponding scores. There were significant time × group
interaction effects for uncertainty in illness (F1,165=10.937;
P=.001). Time effects were found for QoL (F1,165=10.192;
P=.002). The time × group interactions and time effects were
not significant for symptom distress or social support. Figure
2 presents a graphical representation of the mean changes in
the 4 measurement outcomes.
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Figure 2. Mean change in the measurement outcomes at baseline (T0), 12 weeks (T1), and 24 weeks (T2) (N=168). FACT-G: Functional Assessment
of Cancer Therapy-General; MDASI: MD Anderson Symptom Inventory; MGCS: mobile app for gynecologic cancer support; MSPSS: Multidimensional
Scale of Perceived Social Support; MUIS-A: Mishel Uncertainty in Illness Scale for Adults.

Usage Data of the MGCS Program
The MGCS program usage varied considerably. During the
24-week intervention, the mean of the total usage duration was
85.23 minutes (SD 196.24; maximum 1144.60; median 16.53,
IQR 2.12-75.20), and the mean of the total log-in frequency
was 67.90 times (SD 106.01; maximum 565; median 21, IQR

4-94). The weekly topics and discussion center modules were
most commonly used by participants. The health consultation
module was the least used module in our study. Table 4 shows
the usage duration and log-in frequency of the entire MGCS
program and each of the 4 modules. The association between
MGCS usage data and health outcomes was not found in our
study.

Table 4. Usage duration and log-in frequency of the mobile app for gynecologic cancer support program for participants during the 24-week intervention
(n=84).

Log-in frequency (times)Usage duration (minutes)Program and modules

MaximumMedian (IQR)Mean (SD)MaximumMedian (IQR)Mean (SD)

56521 (4-94)67.90 (106.01)1144.6016.53 (2.12-
75.20)

85.23 (196.24)Entire mobile app for gynecologic cancer
support program

1714 (1-19)21.37 (36.08)665.022.83 (0.38-22.18)32.28 (97.72)Weekly topics

2771 (0-6)9.15 (35.34)1053.470.13 (0.00-1.83)22.45 (129.10)Emotional care

2824 (1-26)30.55 (60.35)744.382.88 (0.20-19.98)28.51 (94.21)Discussion center

1071 (0-8)6.82 (16.18)24.780.10 (0.00-1.00)1.98 (4.83)Health consultation
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Discussion

Principal Results
The strengths of this study include the clinical importance of
an app for supporting patients with GC and the theory-derived
intervention as well as the methodological rigor in collecting
and analyzing data. The MGCS program is the first expert-led
app-based program designed in China for patients with GC
receiving chemotherapy. The MGCS program illustrates how
an app-based support program can be incorporated into routine
care to promote health outcomes for patients with GC receiving
chemotherapy.

Our trial shows that the MGCS program significantly decreased
the uncertainty in patients with GC at 24 weeks. This is
consistent with that reported in another study, which found that
a mobile navigation program significantly decreased the
uncertainty in patients with colorectal cancer [22]. During
chemotherapy, patients with GC may feel ambiguous about
what to expect from their illness and treatment because they are
not provided with clear, credible, and sufficient information
[14]. Patients with GC may have difficulty in understanding
their illness and treatments because of the complexity of
treatment outcomes and side effects [14]. Even at the completion
of chemotherapy, patients with GC feel significant uncertainty
about their prognosis and may continue to seek prognostic
information [42]. In the MGCS program, the 24 topics were
validated by multidisciplinary health care professionals and
updated each week according to the treatment course and
chemotherapy regimen. The appraisal and coping strategies they
learnt, the access to peer support, and the health professional
consultation may have enhanced the knowledge of patients with
GC on chemotherapy-induced side effects and helped them
achieve greater clarity about health and treatment outcomes.
Our trial shows that Mishel uncertainty in illness theory has the
potential to guide the design of an app-based program to
decrease uncertainty in illness.

Our results show that the MGCS program significantly improved
the QoL of patients with GC at 24 weeks. Minimally important
clinical differences with values over 3-7 in the FACT-G scale
have been established as clinically meaningful improvements
in QoL [43]. In our study, the between-group mean differences
value in FACT-G scale was 4.77, which indicated clinically
meaningful findings. Sato [44], in a single-arm study, found
that a telenursing program for 30 men with prostate cancer
positively promoted their QoL. That program included 2
modules: information entry by men about their physical
symptoms and complications after surgery and responses from
medical staff to offer personalized nursing support and
emotional support via email and web-based chat platforms [44].
The health consultation module in the MGCS program has
similar functionality as the telenursing program. Patients with
GC could ask any question about health concerns, and the health
care team provided credible information and emotional support.
The sense of security through communication with an
experienced health care team was thought to contribute greatly
to the improvement of emotional well-being [44]. Kinner and
colleagues [45] conducted a single-arm pilot study of an

internet-based 10-week stress management program involving
daily relaxation and reflection, weekly content overviews, and
video conferences. This program recruited 19 patients with
ovarian cancer and reported an improved QoL [45]. The
emotional care module in the MGCS program also provided
relaxation and distraction strategies, which might contribute to
an improvement in perceived stress, ultimately affecting the
QoL. Compared to previous studies [44,45], our trial had a more
robust design and included a greater variety of physical,
psychological, and emotional support. Our study demonstrates
that app-based support programs create an easily accessible and
convenient platform for information provision, communication,
and support, thereby improving the QoL of patients with GC.

Our trial shows that the MGCS program did not significantly
improve the symptom distress and social support of patients
with GC at 24 weeks. In the MGCS program, symptom
management strategies were provided, but the practices of the
strategies were not tracked or monitored. Patients with GC may
not practice these strategies or may get tired of doing the same
exercises strategies over time [46], resulting in a lack of
improvement in their symptom distress over the course of the
program. This should be addressed in future studies. The mean
score of social support at baseline in both groups indicated
existing good social support [47]. A lack of increase in this
score was, therefore, not considered problematic.

We found no significant differences in any of the health
outcomes between the intervention and control groups at 12
weeks. During early chemotherapy cycles, patients with GC
experience high levels of physical and psychological distress,
which may limit their ability or desire to read, interact with
others, and practice coping strategies [48]. Future studies could
explore some strategies such as real-time monitoring and
management system or synchronous videoconferences to
strengthen the intervention usage and efficacy to better assist
those in need [49,50]. Engagement with all modules of the
MGCS program was not consistent. The average log-in
frequency was 68 times, which means that patients with GC
logged into MGCS 2-3 times per week during the 24-week
intervention. Patients with GC spent approximately 4 minutes
reading or chatting in MGCS each week. The big difference
between mean and median in the log-in frequency and usage
duration indicated usage polarization among patients with GC.
This is consistent with results from our previous study on a
mobile app program for Chinese patients with breast cancer
undergoing chemotherapy [35]. The usage polarization of the
MGCS program can be partially explained by the variation of
reading levels and age of patients with GC, with 62% of patients
with GC reading at junior high level or below and 18% of
patients with GC aged 60 years or older in our program. There
are differences in understanding and familiarity with digital
devices based on patients’ education level and age. Patients’
low education level and old age were found to be positively
associated with their engagement in mobile health programs
[51,52]. Our findings show that patients with GC did not use
all the MGCS modules; they preferred the weekly topics and
discussion center modules as their information resource and
emotional support. Patients with GC did not use the health
consultation module very often, which may indicate that they
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did not feel comfortable with web-based consultations. We did
not find an association between MGCS usage data and health
outcomes. Future studies are warranted to explore strategies to
encourage engagement of patients with GC with the app and
further assess the impact of enhanced program engagement on
health outcomes.

Limitations
This trial has several limitations. We only recruited patients
with 3 types of GCs, while those with other GCs (eg, vulvar
cancer) were excluded. Patients with GC recruited from the 2
participating university-affiliated hospitals may not represent
those in the hospitals located in rural or remote areas.
Implementing the intervention may exclude patients who were
unfamiliar with technology and not comfortable with
technology, which might further hinder generalizability. The
evaluation data are more likely to reflect only those patients
with a strong interest in psychosocial interventions, which may
lead to positive bias. Additionally, the information on patients'
treatment regimen changes during the trial were not collected,
and its impacts on the outcomes could not be known. We only
followed up patients with GC until the completion of our
intervention at 24 weeks. Some researchers have shown that
web-based cognitive behavioral therapy interventions have a
positive effect on the improvement of QoL and decrease of
symptoms at 1-year and 3-year follow-ups [53]. Thus, we were
not able to know whether the effects of the MGCS program
sustain after our intervention or the duration of the effects.

Future studies are warranted to recruit patients from a variety
of demographic and medical conditions, record the changes in
the treatment regimen, and extend the follow-up time to test the
long-term effects. Moreover, the motivation to access apps and
posts in the module of discussion center may change depending
on what stage of chemotherapy a patient is in, especially during
or after the chemotherapy. MGCS has not been designed to
track the usage data of patients with GC on a dynamic basis,
and the posts reflecting patients’ concerns have not been
collected, which means that it is not possible to know the change
pattern of MCCS engagement and patients’ concerns. Future
studies are recommended to collect the dynamic usage statistics
and posts to specify the minimal requirements of participant
usage statistics, set the criteria for adherence, and gain insight
of patients’ concerns during the different courses of treatment
for better design and implementation of app-based interventions.

Conclusions
This trial demonstrates the efficacy of an app-based program
to decrease uncertainty in illness and improve the QoL of
patients with GC receiving chemotherapy. This trial illustrates
how an app-based support program can be incorporated into
clinical practice. Translating the intervention into clinical
practice can be strengthened by establishing optimal dosage or
by adapting for the larger cancer population online. This trial
suggests that allocation of greater resources to mobile health
interventions in clinics is warranted.
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