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abstract

PURPOSE Fear of cancer recurrence (FCR) is a common distressing condition. We investigated the efficacy of
smartphone problem-solving therapy and behavioral activation applications in breast cancer survivors.

METHODS This was a decentralized randomized trial. Participants were disease-free breast cancer survivors age
20-49 years who were randomly assigned to the smartphone-based intervention or waitlist control. Both groups
received treatment as usual. The control group could access the smartphone apps during weeks 8-24. The
intervention comprised smartphone problem-solving therapy and behavioral activation apps. The primary end
point was the Concerns About Recurrence Scale at week 8. Secondary outcomes included the Fear of Cancer
Recurrence Inventory-Short Form (FCRI-SF), the Hospital Anxiety and Depression Scale (HADS), the Short-form
Supportive Care Needs Survey (SCNS-SF34), and the Posttraumatic Growth Inventory at weeks 8 and 24 (trial
registration: UMIN-CTR: UMIN000031140).

RESULTS The intervention group included 223 participants, and the control group included 224 participants.
Primary outcome data were obtained for 444 participants, and 213 participants in the intervention arm
completed the week 24 assessment. The intervention group had statistically greater improvements than controls
at week 8 on the Concerns About Recurrence Scale (difference –1.39; 95% CI, –1.93 to –0.85; P, .001), FCRI-
SF (difference –1.65; 95% CI, –2.41 to –0.89; P, .001), HADS depression (difference –0.49; 95% CI, –0.98 to
0; P, .05), and SCNS-SF34 psychological domain (difference –1.49; 95% CI, –2.67 to –0.32; P, .05). These
scores at week 24 were not statistically significant compared with week 8 although the HADS depression score at
week 24 was significantly reduced (P 5 .03).

CONCLUSION Novel smartphone psychotherapy offers a promising way to reduce FCR given the large number of
survivors and a limited number of therapists to competently conduct psychotherapy.
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INTRODUCTION

Advances in early detection and individualized medical
treatment have improved the survival rate of patients
with breast cancer. The current 10-year survival rate for
this population is more than 90%, meaning that the
number of breast cancer survivors is increasing.1

It has been suggested that many breast cancer survivors
suffer from uncertainty/anxiety and fear of recurrence.2-4

Our previous study found that the most common unmet
needs experienced by ambulatory patients with breast
cancer were psychological, especially fear of cancer
recurrence (FCR); more than half of the participating
patients complained of such issues.5 Among patients

with breast cancer, FCR is highly prevalent6 and is also
associated with poor quality of life.2,5,7-9

Previous studies demonstrated that the several inter-
ventions improved FCR among breast cancer survivors,
including mindfulness stress reduction (six weekly group
sessions), cognitive behavioral therapy (CBT, five indi-
vidual face-to-face sessions and three e-consultations
over a 3-month period), and the novel theoretically based
ConquerFear intervention (five individual face-to-face
sessions over 10 weeks).10-13 A recent meta-analysis
demonstrated that psychological interventions for FCR
had a small but significant effect.14 These interventions
may be promising; however, a problem with these kinds

ASSOCIATED
CONTENT

Appendix

Data Sharing
Statement
Data Supplement

Protocol

Author affiliations
and support
information (if
applicable) appear
at the end of this
article.

Accepted on August
18, 2022 and
published at
ascopubs.org/journal/
jco on November 2,
2022: DOI https://doi.
org/10.1200/JCO.22.
00699

Volume 41, Issue 5 1069

https://ascopubs.org/doi/suppl/10.1200/JCO.22.00699
https://ascopubs.org/doi/suppl/10.1200/JCO.22.00699
https://ascopubs.org/doi/suppl/10.1200/JCO.22.00699
https://ascopubs.org/doi/suppl/10.1200/JCO.22.00699
http://ascopubs.org/journal/jco
http://ascopubs.org/journal/jco
http://ascopubs.org/doi/full/10.1200/JCO.22.00699
http://ascopubs.org/doi/full/10.1200/JCO.22.00699
http://ascopubs.org/doi/full/10.1200/JCO.22.00699


of interventions is the low participation rate because of time
and distance issues (eg, more than 60% of potentially eligible
participants decline participation).10,12,13,15,16 In addition, the
number of therapists who can provide such specialized care
may be limited.

Our past experience and some previous studies indicated
that CBT, including problem-solving therapy (PST) and
behavioral activation (BA), demonstrated potential effec-
tiveness for reducing FCR.17-20 We previously demonstrated
that patients’ problem-solving skills were significantly as-
sociated with FCR.17 PST and BA are straightforward in-
terventions that can be administered by less experienced
therapists, including nurses.21 However, patients willing to
undergo PST or BA are rarely able to do so because a
typical course of PST or BA comprises 8-12 face-to-face
sessions led by trained therapists.22-24

Despite such programs being promising, they appear to suffer
similar limitations.10-13 Given the growing number of women
diagnosed with breast cancer annually, a completely novel
approach to therapy is required. Recent studies have dem-
onstrated the effectiveness of computerized or Internet CBT
(iCBT) for the treatment of depression, which can be as ef-
fective as face-to face individual, group, or other CBT delivery
formats of similar lengths.25-27 CBT delivered via smartphones
may be a better treatment option for FCR—in terms of ac-
cessibility and portability—than computer-based delivery,28

and these two components have been suggested to be useful
for iCBT.29We recently developed a smartphone CBT app that
teaches BA and cognitive restructuring skills and demon-
strated its efficacy for antidepressant-resistant major de-
pression in a randomized controlled trial.30 We also developed
a PST program as a smartphone app and demonstrated the
acceptability and efficacy of smartphone-based PST in a
single-arm pilot study with breast cancer survivors.31 The
purpose of the present randomized study was to examine the

efficacy of smartphone-based PST and BA interventions in
reducing FCR among breast cancer survivors.

METHODS

Study Design

We previously described details of the study methodology
in a published protocol.32 This fully decentralized indi-
vidually randomized, parallel-group multicenter trial en-
rolled participants without any in-person contact.33,34

Some collaborating breast oncologists were asked to
hand out study leaflets to their patients, but this did not
involve any in-person intervention. Participants were
randomly assigned to a smartphone-based intervention
plus treatment as a usual group or a waitlist control group
receiving treatment as usual.

Participants

The inclusion criteria for participants are as follows: (1)
diagnosis of breast cancer, (2) age 20-49 years, (3) 1 year
after breast surgery, (4) currently disease-free, and (5) able
to complete an electronic patient-reported outcome mea-
sure using an iPhone or iPad. We limited participants’ age
to 20-49 years because another study and our previous
investigation demonstrated that individuals in that age
group were at high risk for FCR and that more than 50% of
this age group have smartphones.9,35,36

The exclusion criteria for participants are as follows: (1)
having active, serious physical disease and a current or
past history of cancer other than breast cancer; (2) inability
to understand Japanese; (3) currently undergoing follow-
up and treatment by a psychiatrist or other mental health
professional; (4) having previously received structured PST,
BA therapy, or CBT; and (5) those judged inappropriate for
participation by the researchers (eg, identity theft and
duplicate entry).

CONTEXT

Key Objective
Many breast cancer survivors suffer from fear of cancer recurrence (FCR), and previous studies demonstrated that several

interventions, especially cognitive behavioral therapy, reduce FCR among breast cancer survivors. These interventions
may be promising; however, a problem with these kinds of interventions is the low participation rate because of time and
distance issues, and in addition, the number of therapists who can provide such specialized care may be limited, which
presents a serious problem in many countries. The purpose of the present randomized study was to examine the efficacy
of smartphone-based problem-solving therapy and behavioral activation interventions in reducing FCR in breast cancer
survivors in a decentralized randomized controlled trial.

Knowledge Generated
To our knowledge, the present study is the first to demonstrate the efficacy of smartphone-based psychological therapies in

reducing FCR among breast cancer survivors.
Relevance
Novel smartphone psychotherapy offers a promising way to reduce FCR given the large number of cancer survivors and a

limited number of therapists to competently conduct appropriate psychotherapy.
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The study Protocol (online only) was approved by the In-
stitutional Review Board of Nagoya City University on
January 15, 2018 (ID: 60-00-1171).

Interventions: Smartphone-Based PST (Kaiketsu-App)

and BA (Genki-App)

PST provides patients with a structured, five-step strategy
for solving their problems.37 The smartphone-based PST
program, called Kaiketsu-App (kaiketsu means solution in
Japanese; Life2Bits Inc, Japan) for iPhones and iPads
(Apple Inc, Cupertino, CA), was developed for this study.
The app development was based on our empirically
supported PST manual.20 The Kaiketsu-App comprised
nine sessions. Each session took approximately 10 min-
utes to complete. We also developed the smartphone-
based BA program called Genki-App (genki means energy
or vitality in Japanese; Life2Bits Inc, Japan).38 BA en-
courages patients to increase pleasurable and meaningful
behaviors. The Genki-App comprised six sessions, with
approximately 10 minutes needed to complete each
session. Over the 8-week program period, participants
were encouraged to complete the sessions and homework
through automated e-mail reminders once a week. Both
applications were developed for general use and were not
specifically tailored to the experiences of breast cancer
survivors.

Procedures

Study information was disseminated through several social
networking systems, posters displayed in core cancer hos-
pitals, and leaflets introducing the study that collaborating
breast oncologists gave to their patients. The study website39

also provided information about this study. After providing
electronic informed consent (e-consent) at week 0 and
completing the baseline investigation (electric patient-re-
ported outcome), participants were randomly allocated to
either the smartphone-based PST and BA group or the
waitlist control group at a 1:1 ratio using an electronic data-
capturing web program at the data management center.
Participants were offered rewards (ie, Amazon gift certifi-
cates) of up to 5,000 yen depending on provision of their
outcome measurements. The study period was from April 2,
2018, to July 13, 2020. The follow-up was completed on
January 15, 2021.

Assessment Measures

Participants were assessed every 2 weeks during the study
period (weeks 0-8), and the follow-up assessment was
conducted at 24 weeks via smartphone.

The primary outcome was FCR evaluated by the overall fear
score on the Japanese version of the Concerns About
Recurrence Scale (CARS-J).35,40 The range of possible
scores for overall fear was 4-24; a higher score indicated
greater fear of recurrence. This scale can be used to screen
for high FCR.41 Secondary outcome measures included
the Fear of Cancer Recurrence Inventory-Short Form

(FCRI-SF), the Hospital Anxiety and Depression Scale
(HADS),42 the Short-form Supportive Care Needs Survey
questionnaire (SCNS-SF34),43 the Japanese version of the
Posttraumatic Growth Inventory (PTGI-J),44 and satisfaction
with the intervention (score of 0-100, with 100 indicating
complete satisfaction). The CARS-J and HADS were
evaluated at weeks 0, 2, 4, 8, and 24. The FCRI-SF, SCNS-
SF34, and PTGI-J were administered at weeks 0, 8, and 24.
Satisfaction with the intervention was assessed, and a
qualitative evaluation of the intervention was conducted at
week 8. Satisfaction aimed to include all aspects of the
intervention (ie, smartphone application and automated
encouragement e-mails), and the qualitative evaluation
considered positive and negative aspects and any harms of
the intervention. The intervention comprised multiple
complex components; therefore, simple structured tele-
phone interviews were conducted at 8 weeks for 30 par-
ticipants to evaluate the perceived usability, merit, and
harms of the intervention.

Sample Size Estimation

Our previous phase II study revealed that the mean CARS-J
scores were 12.8 at preintervention (baseline), 12.4 at week
4, and 11.2 at week 8.31 We therefore assumed that themean
CARS-J score at 2 weeks would be 12.6; the overall CARS-J
scores in the control arm would not change (12.8 at 0, 2, 4,
and 8 weeks); the variance of the score would be 30 at all
times; and the intraclass correlation would be 0.82 (ie, a
compound symmetry working covariance structure). There-
fore, for a sample size on the basis of the power of 0.8 to
detect a significant difference at P 5 .05 (two-sided), 211
participants would be required for each arm. Assuming that
5% of the initial entries would drop out, we needed to recruit
444 participants for this trial. As there were no data regarding
the minimal clinically important difference in CARS-J scores
and we wanted to conduct this trial as an efficacy trial, we set
the sample size on the basis of our previous study.

Statistical Analyses

To examine the treatment effect parameters of all randomly
assigned patients in the primary analysis set according to
the intention-to-treat principle, we analyzed the primary
outcome using a generalized linear model with unstruc-
tured covariance and robust SEs. The fixed effects were
CARS-J score at baseline, treatment allocation, time, and
treatment-by-time interaction. The primary outcome of
interest was the difference in CARS-J scores between the
two groups at week 8. Effect sizes (ESs) were also calcu-
lated on the basis of Cohen’s d. Detailed analysis methods,
including the secondary end points, are described in the
Statistical Analysis Plan (Data Supplement, online only).

RESULTS

Participants’ Characteristics

Figure 1 shows the flow of participants through this study.
In total, 447 patients provided informed consent and were
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randomly assigned; 223 were allocated to the intervention
group, and 224 to the control group. Primary outcome
data at 8 weeks were obtained for 444 randomly assigned
participants (99.7% of the total 447 participants). Among
the 223 participants who received the intervention, 213
(95.5%) completed the follow-up assessment at week 24.
Table 1 shows the baseline demographic and clinical
characteristics for each group, which were well balanced.
Typically, patients had full-time or part-time employment
and were married. Approximately half of the patients re-
ceived adjuvant chemotherapy, and 65% had high FCR,
as estimated in our previous study (ie, scores$ 3 [5-point
Likert scale: 15 I never worry about it, 55 I worry about it
all the time] for the fear concerning the consistency item in
the CARS-J).41

Treatment Received

For the smartphone apps, most participants in the inter-
vention group completed at least one session of PST
(89.2%) and BA (82.1%). The mean, median, and range of
completed sessions of the PST app were 6.7 6 3.3, 9, and
0-9, respectively, and those for the BA app were 4.76 1.9,
6, and 0-6, respectively.

Outcomes

Table 2 shows the outcomes for each group. Participants in
the intervention group (n5 223) demonstrated a statistically
significant improvement in CARS-J scores at week 8 com-
pared with the control group (difference –1.39, 95% CI,
–1.94 to –0.85, P, .001; ES5 0.32). Changes in the overall
fear scores from the baseline are shown in Figure 2. In
addition, the intervention group showed statistically signifi-
cant improvement at week 8 in FCRI-SF scores (difference
–1.65; 95% CI, –2.41 to –0.89; P , .001; ES 5 0.25),
HADS depression score (difference –0.49; 95% CI, –0.98 to
0; P , .05; ES 5 0.19), and the SCNS-SF34 psychological
domain score (difference –1.49; 95% CI, –2.67 to –0.32;
P, .05; ES5 0.16). There were no significant differences in
scores for other scales between the two groups. The overall
satisfaction with treatment in the intervention and control
groups was rated at 73.4 (standard deviation 5 17.3) and
73.9 (standard deviation 5 17.7), respectively, and there
was no significant difference (P 5 .26).

We conducted an additional analysis to determine if the
intervention was more effective for those with high FCR
(scores$ 3 for the CARS-J fear concerning the consistency
item). We stratified participants into two groups by their

Online registration
(N = 510)

Excluded                                    (n = 63)
  Canceled registration             (n = 10)
  Did not able to contact           (n = 26)
  Did not meet criteria               (n = 27)

Randomly assigned
(n = 447)

Smartphone PST and BA
group (n = 223) 

Treatment as a usual group
(n = 224)

Discontinued intervention            (n = 3)
   Health condition                         (n = 1)
   No time                                       (n = 2)

8-Week follow-up
(n = 220)

8-Week follow-up
(n = 224)

Analyzed at week 8  (n = 218)
 Excluded missing        (n = 2)

Analyzed at week 8  (n = 223)
 Excluded missing        (n = 1)

Discontinued intervention             (n = 5)
   Problem with smartphone          (n = 2)
   Psychological distress                (n = 1)
   Dissatisfied with the app            (n = 2)

24-Week follow-up
(n = 213)

FIG 1. CONSORT diagram. The intervention group, smartphone PST, and BA were evaluated at week 24 in addition to week 8 (primary
end point), whereas the treatment as the usual groupwas evaluated at week 8. BA, behavioral activation; PST, problem-solving therapy.
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baseline FCR score. Although significant improvement was
observed in both groups (week 0 to week 8), greater im-
provement was observed among those with high FCR
(difference –1.43; 95% CI, –2.05 to –0.80; P , .001)
compared with those with low FCR (difference –0.65;
95% CI, –1.21 to –0.08; P , .05; subgroup interaction
P 5 .0047; Appendix Table A1, online only). We also di-
vided participants into two groups on the basis of adher-
ence to each of the apps as evaluated by completion
of . 80% of sessions. Low adherence to the Kaiketsu-App
was defined as completion of seven or fewer sessions, and
high adherence as completion of eight or more sessions.
Low adherence to the Genki-App was defined as com-
pletion of five or fewer sessions, and high adherence as
completion of six sessions. We then analyzed the change in
study outcomes (week 0 to week 8) in the two groups to
investigate the potential influence of adherence to the in-
tervention on the outcome. The degree of engagement with
the apps (adherence) was not significantly associated with
the outcome (Kaiketsu-App: P5 .35; Genki-App: P5 .54).

The qualitative evaluation of the interventions showed that
the usability of the Kaiketsu-App and Genki-App was
positively reported by 43% and 50% of the participants,
respectively. Commonly perceived advantages of the
Kaiketsu-App included the structured, stepped approach
to problem-solving, the sense of receiving a supportive
push, and so on. Commonly perceived strengths of the
Genki-App included the fun gaming features, encourage-
ment to start small activities, and so on. There were no
harms reported although some participants reported
negative experiences in that the apps were sometimes
complex and difficult to use.

Follow-Up at Week 24

There were no significant differences in the intervention group
outcomes at weeks 8 and 24 in terms of CARS-J (Fig 2), FCRI-
SF, and SCNS-SF34 psychological domain scores. HADS
depression scores at week 24 were significantly further re-
duced compared with week 8 (P , .05; Table 3).

DISCUSSION

To our knowledge, the present study is the first to demon-
strate the efficacy of smartphone-based psychological
therapies for FCR among breast cancer survivors. We cal-
culated the ES of the intervention group as a clinical indicator
and found that the between-group ES was 0.32 at 8 weeks.
This suggested that the smartphone intervention had a small
to medium effect on reducing FCR. Although the ES was not
large, we believe that the statistically significant difference at
8 weeks reflected a clinically relevant and meaningful
change, especially as a meta-analysis investigating the effect
of a psychological intervention on FCR demonstrated similar
effects (g: 0.24-0.42) for face-to-face CBT.14 In addition, our
finding that the intervention was more effective for those with
high FCR suggests that the current ESs might have

TABLE 1. Patients’ Characteristics

Characteristic
Smartphone PST and

BA (n 5 223)
Treatment as Usual

(n 5 224)

Age, years

Mean (SD) 43.9 (4.57) 44.0 (4.49)

Median (min-max) 45 (29-49) 45 (26-49)

Education, No. (%)

# High school 40 (17.9) 41 (18.3)

. Some college or university 183 (82.1) 183 (81.7)

Employment status, No. (%)

Full-time 113 (50.7) 121 (54.0)

Part-time 77 (34.5) 69 (30.8)

Housewife 31 (13.9) 31 (13.8)

Unemployed 2 (0.9) 3 (1.3)

Marital status, No. (%)

Married 152 (68.2) 169 (75.4)

Divorced or widowed 22 (9.9) 21 (9.4)

Single 49 (22.0) 34 (15.2)

Children, No. (%)

Yes 138 (61.9) 148 (66.1)

No 85 (38.1) 76 (33.9)

Clinical stage, No. (%)

0 22 (9.9) 14 (6.3)

I 89 (39.9) 84 (37.5)

II 89 (39.9) 100 (44.6)

III 15 (6.7) 21 (9.4)

Unknown 8 (3.6) 5 (2.2)

Years since surgery, No. (%)

$ 1-2 103 (46.2) 90 (40.2)

$ 2-3 61 (27.4) 50 (22.3)

$ 3-4 21 (9.4) 32 (14.3)

$ 4-5 15 (6.7) 17 (7.6)

$ 5 23 (10.3) 35 (15.6)

Anticancer treatment within 1
month, No. (%)

Chemotherapy 10 (4.5) 7 (3.1)

Radiation therapy 8 (3.6) 10 (4.5)

Hormonal therapy 181 (81.2) 168 (75.0)

Molecular targeted drug 10 (4.5) 6 (2.7)

Anticancer treatment more than
1 month ago, No. (%)

Chemotherapy 98 (43.9) 109 (48.7)

Radiation therapy 88 (39.5) 107 (47.8)

Hormonal therapy 188 (84.3) 176 (78.6)

Molecular targeted drug 28 (12.6) 31 (13.8)

Higher FCR, No. (%) 147 (65.9) 144 (64.3)

Performance status, No. (%)

(continued on following page)
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underestimated the true intervention effects for survivors
with high FCR. With regard to our finding of no significant
association between the degree of engagement with the
apps (adherence) and the outcome, a further study is
needed to address the most effective strategies to provide
apps to participants, as we cannot judge causality because
adherence was a postrandomization variable (ie, we cannot

tell if participants stopped using the app because they
improved, or if they did not improve because they had
stopped using the app).

Wagner et al45 recently reported that a targeted eHealth
intervention that included three cognitive behavioral skills
(relaxation, cognitive restricting, and worry practice) failed
to show efficacy for FCR among breast cancer survivors
with moderate to high FCR. However, there were some
differences between our study and that study, including
participants’ age and the intervention methods and
components. Our participants were on average 10 years
younger than their participants, and our intervention was
delivered via smartphone with PST and BA components.
By contrast, Wagner et al delivered their intervention via
websites and their components included different cog-
nitive behavioral skills. Our findings showed that
smartphone-based PST and BA contributed to reducing
FCR among young breast cancer survivors. As most breast
cancer survivors need to cope with FCR along with busy
daily lives (eg, working) and there are a large number of
patients worldwide, smartphone-based psychological
therapy, which has benefits such as accessibility, porta-
bility, brevity, and cost-effectiveness, may be a promising
therapeutic intervention for FCR. Further tasks include
dissemination and implementation of this kind of novel
intervention.

A recent component network meta-analysis that investigated
the efficacy of different cognitive and behavioral skills on

TABLE 1. Patients’ Characteristics (continued)

Characteristic
Smartphone PST and

BA (n 5 223)
Treatment as Usual

(n 5 224)

0 191 (85.7) 174 (77.7)

1 32 (14.3) 50 (22.3)

2 0 (0.0) 0 (0.0)

High FCR, No. (%) 147 (65.9) 144 (64.3)

Presence of comorbidities

Yes 28 (21.9) 30 (23.1)

No 195 (152.3) 194 (149.2)

Time to the hospital

, 30 minutes 95 (42.6) 76 (33.9)

30 minutes to , 1 hour 81 (36.3) 97 (43.3)

1 hour to , 2 hours 37 (16.6) 42 (18.8)

. 2 hours 10 (4.5) 9 (4.0)

Abbreviations: BA, behavioral activation; FCR, fear of cancer recurrence; PST,
problem-solving therapy; SD, standard deviation.

TABLE 2. Primary and Secondary Outcomes at Week 8

Outcomes

Smartphone PST and BA (n 5 218) TAU (n 5 223) Smartphone PST and BA v TAU

Least Squares Means (95% CI) Adjusted Difference (95% CI) P

CARS-J 13.15 (12.75 to 13.55) 14.54 (14.17 to 14.92) –1.39 (–1.94 to –0.85) , .0001

FCRI-SF 16.21 (15.64 to 16.78) 17.86 (17.35 to 18.37) –1.65 (–2.41 to –0.89) , .0001

HADS

Depression 4.41 (4.06 to 4.75) 4.90 (4.55 to 5.25) –0.49 (–0.98 to 0.00) .05

Anxiety 5.34 (5.01 to 5.67) 5.38 (5.05 to 5.71) –0.04 (–0.51 to 0.42) .86

SCNS

Psychological 22.22 (21.36 to 23.07) 23.71 (22.90 to 24.52) –1.49 (–2.67 to –0.32) .01

Health system and information 26.86 (25.46 to 28.26) 27.50 (26.37 to 28.64) –0.64 (–2.45 to 1.16) .48

Physical and daily living 9.40 (9.03 to 9.78) 9.68 (9.29 to 10.07) –0.28 (–0.82 to 0.26) .32

Patient care and support 11.17 (10.59 to 11.76) 11.29 (10.82 to 11.76) –0.12 (–0.87 to 0.64) .76

Sexuality 6.14 (5.86 to 6.42) 6.33 (6.03 to 6.63) –0.19 (–0.60 to 0.22) .36

PTGI-J

Related to others 16.52 (15.90 to 17.15) 16.59 (16.01 to 17.18) –0.07 (–0.93 to 0.78) .87

New possibilities 10.85 (10.45 to 11.26) 10.74 (10.32 to 11.16) 0.11 (–0.48 to 0.70) .71

Personal strength 10.78 (10.33 to 11.24) 10.65 (10.20 to 11.10) 0.13 (–0.51 to 0.77) .68

Spiritual change and appreciation of life 10.00 (9.67 to 10.32) 9,97 (9.65 to 10.30) 0.02 (–0.43 to 0.48) .91

Abbreviations: BA, behavioral activation; CARS-J, Concerns About Recurrence Scale; FCRI-SF, Fear of Cancer Recurrence Inventory-Short Form; HADS,
Hospital Anxiety and Depression Scale; PST, problem-solving therapy; PTGI-J, Japanese version of the Posttraumatic Growth Inventory; SCNS-SF34, Short-
form Supportive Care Needs Survey; TAU, treatment as usual
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depression demonstrated that BA was the most beneficial,
followed by behavioral therapy for insomnia and problem-
solving.29 A meta-analysis focused on CBT for FCR found
that contemporary approaches focused on the process of
cognition showed greater efficacy than traditional CBT that
focused on the contents of cognition.14 Therefore, different
cognitive and behavioral skills have potentially different ef-
fects on psychological distress. Further research is needed to
clarify which components and combinations of CBT ele-
ments are most appropriate for reducing FCR among pa-
tients with cancer.

The present study also demonstrated that the intervention
had potential efficacy on depression and psychological
needs among breast cancer survivors. As depression and
unmet psychological needs are common causes of psy-
chological distress among patients with cancer, further
research is needed to investigate the efficacy of
smartphone-based psychological therapies on other types
of distress.

In addition, as smartphone psychotherapy is scalable and
has high potential for social implementation, it may be
promising to expand the target population to include people
living in remote areas and those who have difficulty with face-
to-face consultations. Further research should also be
conducted in collaboration with local governments and
health insurance providers and in health technology and
other fields peripheral to medicine.

Finally, we would like to emphasize the potential benefits of
our novel strategy of conducting a clinical trial or a
decentralized clinical trial although this was not the main
focus of the present study. Decentralized clinical trials are
characterized by less dependence on traditional research
facilities or specialist intermediaries for data collection.33

We experienced less burden on physicians and patients
when participating in the clinical trial, and once enrolled,
the follow-up rates were excellent (eg, more than 99%
completion of the primary outcome, see Fig 1), which
suggested that a decentralized clinical trial may be a viable
method for further clinical trials.

The present study had some methodological limitations.
First, not all patients who were interested in and willing to
use the Kaiketsu-App and the Genki-App possessed a
smartphone. The present study focused on younger
breast cancer survivors who were iPhone users, rather
than those with elevated FCR. This may reduce the ap-
plicability and generalizability of the results from this trial
to all breast cancer survivors with FCR. In particular, the
results may not be applicable to patients in developing
countries and to those with poor information and com-
munication technology literacy. However, we believe that
we targeted a clinically important group of patients, as our
eligibility criteria were set to select potential participants
who had a strong fear of recurrence even 1 year after
surgery and survivors who were assumed to have a need
for this service. It must also be noted that smartphone use
has rapidly expanded in modern societies and broader
circles of people are using these devices on a daily basis.
However, further studies are needed to determine the
effect of the smartphone apps on older patients and the
combined effect on patients receiving psychological or
psychiatric treatments. Second, we used a waitlist control
group as the comparator because of feasibility and ethical
considerations. Different control conditions are used to
address different factors, and a meta-analysis found that
the odds of response were statistically significantly greater
for no treatment compared with a waitlist group.46,47 Third,
we used two types of psychotherapies (BA and PST) as
interventions. Therefore, we cannot determine which in-
tervention was most efficacious or beneficial in managing
FCR. Finally, as the CARS-J comprised four factors in
addition to overall worries, we did not evaluate these
factors because the factor structure of the CARS-J differed

10

11

12

13

14

15

16

0 2 4 8 24

CA
RS

 (o
ve

ra
ll 

fe
ar

)

Time (weeks)

PST and BA

TAU

FIG 2. Changes from baseline in the overall fear scores on the
CARS. This shows the mean change from baseline in the overall fear
scores. The range of possible scores for overall fear was 4-24; a
higher score indicates greater fear of recurrence. I bars indicate SEs.
BA, behavioral activation; CARS, Concerns About Recurrence
Scale; PST, problem-solving therapy; TAU, treatment as usual.

TABLE 3. Changes From Week 8 to Week 24 in Select Primary and
Secondary Outcomes in the Intervention Group

Outcomes
Differences in Least Square Mean (95% CI)

Between 8 and 24 weeks P

CARS-J –0.10 (–0.46 to 0.26) .59

FCRI-SF –0.44 (–1.05 to 0.18) .16

HADS

Depression –0.32 (–0.62 to –0.03) .03

SCNS

Psychological –0.44 (–1.19 to 0.30) .24

Abbreviations: CARS-J, Concerns About Recurrence Scale; FCRI-
SF, Fear of Cancer Recurrence Inventory-Short Form; HADS, Hospital
Anxiety and Depression Scale; SCNS-SF34, Short-form Supportive
Care Needs Survey.
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from the original version, meaning that we cannot de-
termine the effect of the intervention on specific domains
of FCR.

In conclusion, this study demonstrates the efficacy of PST and
BA smartphone apps in reducing FCR at week 8 and the

efficacy appears to bemaintained at week 24. Given the large
number of cancer survivors and the limited number of
therapists to competently conduct appropriate psychother-
apy, novel smartphone psychotherapy may be a promising
way to reduce FCR.
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APPENDIX

TABLE A1. Primary Outcomes in Subgroup Analysis at Week 8 Among the Participants With High and Low FCR

Outcomes

Smartphone PST and BA TAU Smartphone PST and BA v TAU

PLeast Squares Means (95% CI) Adjusted Difference (95% CI)

CARS-J among the participants with
high FCR

16.17 (15.68 to 16.65) 17.59 (17.19 to 17.99) –1.43 (–2.05 to –0.80) .0001

CARS-J among the participants with
low FCR

9.55 (9.16 to 9.95) 10.20 (9.79 to 10.61) –0.65 (–1.21 to –0.08) , .05

Abbreviations: BA, behavioral activation; CARS-J, Concerns About Recurrence Scale; FCR, fear of cancer recurrence; High FCR, scores $ 3 for the fear
concerning the consistency item in the CARS-J; PST, problem-solving therapy; TAU, treatment as usual.
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