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Abstract

Background: Prostate cancer (PCa) is the most common nonskin cancer among men. Although treatments achieve excellent
survival for localized PCa, long-lasting complications significantly diminish patients’ quality of life (QOL) across physical,
sexual, psychosocial, and general symptom domains. Because these effects also profoundly impact intimate partners, often
reducing partners’ QOL as much as or more than patients’ QOL, supportive care must address the needs of both members of
the couple.

Objective: This study evaluated the efficacy of the Prostate Cancer Education and Resources for Couples (PERC) eHealth
intervention in improving outcomes for patients and their partners.

Methods: We enrolled 280 dyads (560 individuals) consisting of patients with localized PCa who recently completed
treatment and their partners through the North Carolina Cancer Registry. Dyads were randomized to PERC or a control
group that received access to the National Cancer Institute prostate cancer website. PERC dyads completed a nurse-led
orientation and received monthly follow-ups. The platform has the following three components: (1) 11 interactive modules
with postsession assignments on QOL, symptom management, and cancer communication; (2) a moderated online forum
providing professional and peer support; and (3) a resource toolbox containing scientific publications related to PCa care.
PERC development was guided by an adapted stress-coping theory and informed by evidence and stakeholder input. Vali-
dated questionnaires assessed QOL (Functional Assessment of Chronic Illness Therapy—General [FACT-G] total; primary
outcomes), FACT-G subdomains, and symptom and psychosocial measures (secondary outcomes) at baseline and at 4, 8, and
12 months. Multilevel linear mixed models tested intervention effects.

Results: The trial was conducted during the COVID-19 pandemic. Among PERC (n=141) and control (n=139) dyads
who completed baseline assessments, 221 (78.9%) dyads completed the 12-month follow-up (PERC=106 and control=115).
FACT-G total score, subdomains, and overall psychosocial outcomes did not differ significantly between groups over time.
Patients assigned to PERC reported better physical QOL (mean difference 0.9, 95% CI —0.1 to 1.9; Cohen d=0.33), less
negative illness appraisal (mean difference 0.2, 95% CI 0.0-0.4; Cohen d=0.38), lower pain (mean difference —2.7, 95% CI
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-5.3 to —0.2; Cohen d=-0.38) at 12 months, and less frequent fatigue across time (mean difference —2.1,-95% CI -3.9 to —0.4;
Cohen d=-0.23). PERC partners reported less urinary symptom bother at § months (mean difference 6.5,95% CI -1.0 to 14.1;
Cohen d=0.44).

Conclusions: Although no significant between-group difference was observed in the FACT-G total score, PERC demonstra-
ted exploratory benefits, including improved physical QOL, less fatigue, lower pain, and improved illness appraisal among
patients, as well as less urinary bother among partners. These findings suggest that the COVID-19 pandemic may have
adversely affected participants’ overall QOL, potentially obscuring changes in the primary outcome, while highlighting

targeted benefits that warrant evaluation in larger studies.

Trial Registration: ClinicalTrials.gov NCT03489057; https://clinicaltrials.gov/study/NCT03489057

J Med Internet Res 2026,28:¢88717; doi: 10.2196/88717
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Introduction

Prostate cancer (PCa) is a significant health concern in the
United States and other industrialized countries, ranking as
the most prevalent nonskin cancer among men and the second
leading cause of cancer-related deaths after lung cancer
[1]. While treatments such as prostatectomy and radiation
therapy offer promising 5-year survival rates of 97.9% for
localized PCa, they often cause complications and adverse
effects that impact patients’ quality of life (QOL) [2.3].
These effects, which may last for years, include urinary
(eg, urinary urgency and incontinence) and bowel symptoms
(eg, diarrhea), difficulties with sexual function (eg, erectile
dysfunction) [4], psychosocial distress (eg, depression and
anxiety) [5,6], as well as general symptoms such as pain,
fatigue, and sleep disturbance [7].

For patients in intimate relationships, these adverse effects
of PCa and its treatments also affect patients’ partners,
who are critical sources of support throughout the survivor-
ship journey. Referred to as a “couples’ illness” [8], PCa
profoundly reduces partners’ QOL, sometimes to a greater
extent than patients’ QOL [9]. Partners of men with PCa often
experience anxiety, depression, and other somatic symptoms
[10], mirroring the stress-coping challenges that patients face
[11]. Given the interdependent relationship between patients
living with PCa and their partners, addressing the supportive
care needs of both is critical. Persistent supportive care needs
among patients living with PCa and their partners, partic-
ularly in geographically dispersed populations, underscore
the potential of accessible eHealth interventions to improve
symptom management and QOL.

Our multidisciplinary team developed an eHealth
intervention called Prostate Cancer Education and Resour-
ces for Couples (PERC) [12] to address the specific educa-
tional and symptom management needs of patients and their
partners. Informed by evidence-based practice guidelines [13]
and input from stakeholders, including survivors of PCa,
partners (eg, a spouse or romantic partner), and oncology care
providers [12], PERC aimed to enhance QOL by bolstering
positive appraisals, self-efficacy, social support, and symptom
management knowledge and skills. This study evaluated
PERC’s efficacy on QOL as the primary outcome. Secondary
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outcomes were symptom management and stress coping-rela-
ted psychosocial measures in patients living with PCa and
their partners over time. We hypothesized that PERC users
would report greater improvements in outcomes over time at
4, 8, and 12 months post baseline (T2-T4) when compared
to attention control counterparts who received access to the
National Cancer Institute’s (NCI) PCa website.

Methods
Study Design

This was a two-arm, parallel-group, longitudinal randomized
controlled trial (RCT) (ClinicalTrials.gov NCT03489057).
Implementation of the RCT, particularly follow-up data
collection, coincided with the COVID-19 pandemic. This
trial is reported according to the CONSORT (Consolidated
Standards of Reporting Trials) statement (Checklist 1).

Participants

Patients were eligible if they met the following criteria: (1)
aged 40-75 years, (2) within 4 months after receiving radical
prostatectomy or radiation therapy for localized PCa with
curative intent, (3) had no other cancer history or ongoing
treatment within the past 2 years, and (4) had an intimate
partner willing to participate in the RCT. Exclusion criteria
included a diagnosis of cancer or receipt of cancer treatment
in the past calendar year. Both patients and partners had to
be English speakers without cognitive impairment (based on
<3 errors on the Short Portable Mental Status Questionnaire)
[14].

Procedure

After approval from the Institutional Research Board, we
used the North Carolina Central Cancer Registry Rapid
Case Ascertainment (RCA) service to identify and recruit
participants, as we have described [12]. RCA, working with
the state cancer registry, identified newly diagnosed patients
living with PCa statewide as quickly as within 2 weeks
of diagnosis. After sequentially sending physicians’ and
patients’ opt-out letters, potential patient participants who
did not opt out were screened for eligibility and provided
consent for the research team to discuss participation with
their partners. Each eligible patient and partner separately
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provided consent, forming a dyad for the study. Enrolled
patients and partners independently completed the baseline
survey (T1) and were randomly allocated as a dyad to either
the PERC or control group. Our research nurse provided
orientation and established rapport with participants in both
groups, so they had continued access to support and engage-
ment throughout the study. For participants without access to
a computer or the internet, the study team provided a loaned
iPad with a prepaid hotspot. To ensure equitable access to
the program regardless of participants’ technology literacy,
printed pamphlets with graphics and step-by-step illustrations
for navigating the website were distributed via both mail
and email. Additionally, technology orientation and ongoing
support were offered so that participants were comfortable
using the loaned iPads.

Follow-up surveys were conducted at 4, 8, and 12
months after baseline (T1), corresponding to T2, T3, and
T4, respectively. All data were entered into a secure, Health
Insurance Portability and Accountability Act—compliant
Research Electronic Data Capture (REDCap) database
(Vanderbilt University). Each participant received gift cards
of US $20, US $30, US $30, and US $50 for completing the
T1-T4 assessments, respectively.

Randomization and Masking

After providing informed consent, patients and their partners
independently completed the baseline survey (T1). They were
then randomly assigned as dyads to either the PERC or the
control group in a 1:1 ratio. Randomization was stratified by
treatment type (prostatectomy or radiation therapy) to ensure
balanced group allocation. Our team’s biostatistician (XT)
implemented computer-generated permuted block randomiza-
tion with variable block sizes, randomly selecting block sizes
from the set (4, 6, and 8) to minimize predictability and
maintain allocation concealment. This approach was applied
within each stratum.

To maintain blinding, research assistants responsible for
conducting surveys remained unaware of participants’ group
assignments. Each participant received a unique username
and password to access the study website. Upon logging in,
participants were automatically directed to either the PERC or
NCI PCa website based on their randomized group assign-
ment.

Attention Control Group

The NCI PCa website [15] is a publicly accessible resource
offering comprehensive information on PCa treatment,
research, causes, and statistics, along with general coping
resources. It includes interactive features such as a toll-
free phone number and LiveHelp online chat that provide
support for cancer-related queries, clinical trials, and smoking
cessation. As the RCT progressed, the NCI website continued
to improve and expand its comprehensive library of resources
for patients living with cancer and caregivers.

Our research nurse introduced the control dyads to the
website in an orientation meeting in week 1 of the study,
familiarizing them with its features and addressing any
concerns or challenges they raised. Subsequently, dyads
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received monthly emails from the nurse interventionist to
evaluate their symptoms, but the emails did not provide
specific interventions to address their symptoms. Instead,
participants were reminded to use the NCI website. Partici-
pants were encouraged to contact the research nurse with any
questions about using the website.

PERC Intervention

Guided by the adapted stress-coping theory [16], PERC
harnessed eHealth technologies to enhance couples’ access
to posttreatment supportive care at their convenience. Our
research nurse engaged with PERC dyads at an orientation
session in week 1 to familiarize them with the platform;
in monthly follow-ups during weeks 2-14 to evaluate their
symptoms, monitor module completion, and help trouble-
shoot any problems that arose, if needed; and to encourage
completion of a final wrap-up session in week 15. Participants
could access the online platform at any time. As described in
our protocol [12] and pilot study papers [17,18], the PERC
platform had three key components:

1. Education modules: 11 modules with postsession
assignments covered topics such as QOL improvement,
symptom management (general and PCa-specific), and
communication skills. Each module included patient-,
partner-, and dyad-focused materials with interactive
tasks to encourage mutual engagement. Evidence-based
content was written at a sixth- to eighth-grade reading
level and incorporated text, graphics, audio, and video
to support patients and partners with diverse learning
needs and educational backgrounds. The use of multiple
media formats enhanced the learning experience.

2. Moderated online forum: this feature offered professio-
nal support from our trained nurse interventionist, who
addressed symptom-related questions. It also provided
a platform for dyads to seek guidance and share
experiences within a supportive community of peer
patients and caregivers navigating similar challenges
with PCa and its treatment.

3. Resource toolbox: relevant scientific publications were
available to offer additional sources of information and
support for users seeking further insights into PCa care.

Overall, the PERC program was designed to enhance
accessibility to supportive care for individuals with vary-
ing levels of health and technology literacy. The program
used plain language, short modules, supportive graphics,
and multiple multimedia formats (text, audio, and video) to
facilitate comprehension and engagement. The platform also
featured simplified navigation and guided support, including
printed step-by-step instructions for using the site, a tutorial
video, and online technical assistance. In addition, partici-
pants had access to the research nurse and technical support
via phone, email, or mail when needed. These design features
were tested in prior pilot feasibility studies [17,18], which
received positive feedback regarding usability and accessibil-
ity. The version used in this trial was further refined to
strengthen these features and support equitable access for
participants with lower health or technology literacy.
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Measurements

Patients and partners independently completed validated,
psychometrically sound questionnaires assessing outcomes
(QOL, symptoms, and stress-coping variables) via phone or
online, based on their preferences. The patient and partner
versions of most questionnaires (unless otherwise indicated
in the Measurements subheading) were similar, with slight
wording adjustments to reflect assessment of their different
roles.

Primary Outcomes: QOL

Patients and partners separately reported their own QOL
by completing the 27-item patient or partner version of the
Functional Assessment of Chronic Illness Therapy-General
(FACT-QG) scale, respectively [19,20]. Both versions of the
FACT-G include physical, emotional, social, and functional
well-being subscales. The FACT-G total scores for patients
and partners—the summation of the 4 subscale scores—were
the primary outcomes.

Secondary Outcomes

Overview

The FACT-G subdomain scores, defined as the sums of
the items in the individual physical, emotional, social, and
functional well-being subscales, were treated as secondary
outcomes.

Psychosocial Outcomes

Illness appraisal was assessed by asking patients and partners
to report their perceptions of illness and caregiving, respec-
tively, using an adapted 20-item, 5-point Likert response
Appraisal Scale [21], for example, “I feel things are going
to get worse for me.”

Coping resources included self-efficacy—an individual’s
confidence in managing PCa and related symptoms and stress
—which was assessed using a 9-item, 10-point Likert scale
adapted from the Lewis Cancer Self-Efficacy Scale [22].

Social support from people other than the intimate partner
was assessed using the 8-item Patient-Reported Outcomes
Measurement Information System (PROMIS) emotional [23],
informational [24], and instrumental support [25] measures,
which assess respondents’ perceptions that a particular type
of support is available if needed, according to the scoring
instructions provided by HealthMeasures.

Symptom Outcomes

General symptoms were assessed using PROMIS measures,
including the frequency of anxiety [26], depression [27],
and fatigue [28], as well as the severity of pain [29] and
sleep disturbance [30]. For each measure, a PROMIS score
was calculated using the HealthMeasures Scoring Service
administration platform, according to the scoring instructions
provided by HealthMeasures.

Prostate cancer-specific symptoms were measured using
the 26-item Expanded Prostate Cancer Index Composite
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(EPIC-26), which evaluates patients’ function and symptom-
related bother across urinary, bowel, sexual, and hormonal
domains [31]. Patients self-reported their symptoms, while
partners completed a 4-item EPIC-Spouse questionnaire [32]
to assess the extent to which the patients’ PCa symptoms
were bothersome or burdensome to them.

Factors Potentially Influencing the Outcomes

Demographic characteristics were collected at baseline,
including age, gender, race, patient’s treatment type (surgery
or radiation), and other sociodemographic variables, such
as marital status and annual income for both patients and
partners.

The Charlson Comorbidity Index was administered to
patients and partners at baseline. The Charlson Comorbidity
Index score indicates the number of comorbid conditions that
an individual reports.

Data Analysis

Overview

We summarized participants’ baseline characteristics and
outcome variables with percentages for categorical variables
and means with SDs for continuous variables. Following the
intention-to-treat principle, we analyzed patients and their
partners based on the assigned study group rather than their
completion of the intervention.

To evaluate the efficacy of PERC vs the control group, a
separate multilevel linear mixed model (MLMM) was fit to
the longitudinal data for each outcome of interest. Outcomes
(eg, QOL and symptom outcomes), assessed at 4, 8, and 12
months post baseline (T2-T4), were modeled as dependent
variables, with time treated as a categorical variable. The
MLMMs accounted for the hierarchical structure of the data
by partitioning variability at three levels: within-individual
(repeated measures over time), within-dyad (role: patient
vs partner), and between-dyad. Random effects included a
random intercept for each dyad to account for correlations
between patients and partners within the same dyad and a
random intercept for each individual to account for correla-
tions across repeated measures. Fixed effects included study
group, time, role, and all relevant 2-way and 3-way interac-
tion terms (group x time, group X role, time x role, and
group X time x role). To control for potential confounding,
models were further adjusted for baseline characteristics
that differed significantly between study groups, as well as
baseline outcome scores [25]. Group differences at baseline
were evaluated separately for patients and partners using
the Pearson chi-square test for categorical variables and the
Wilcoxon rank-sum test for continuous variables.

From the MLMMs, we estimated adjusted marginal means
and SDs for each outcome. We examined three sets of effects:
(1) group effects averaged across time, (2) time effects
averaged across study groups, and (3) group effects at each
time point, separately for patients and partners. For each set
of effects, we summarized the adjusted marginal means and
SDs for the relevant groups or time points. Pairwise compari-
sons were conducted, and for each comparison, we reported
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the mean difference, 95% CI, P value, and effect size (Cohen
d). Effect sizes were interpreted using conventional bench-
marks for Cohen d (0.2=small, 0.5=medium, and 0.8=large)
[31]. In addition, consistent with commonly used distribu-
tion-based approaches for health-related QOL outcomes, an
absolute effect size of 1dI=0.5 was considered indicative of
a potentially clinically meaningful difference, as a change
of approximately 0.5 SDs has often been associated with
patient-perceived meaningful change [32,33].

For all primary and secondary outcomes, we evaluated the
effects of group or time on outcomes of interest, applying
a Bonferroni correction to account for testing patients and
partners separately, thereby controlling the family-wise type
I error rate. A 2-sided P<.025 was considered statistically
significant. For the FACT-G, we adopted a hierarchical
testing approach. Specifically, we first tested the effect of
group or time on the FACT-G total score. The 4 FACT-G
subdomains and other secondary outcomes were evaluated
subsequently, with interpretation depending on the total score
test result. If the effect on the FACT-G total score was
statistically significant, the subdomain tests were considered
formal and confirmatory. If the effect on the FACT-G
total score was not significant, the subdomain results were
presented descriptively and treated as exploratory rather than
formal hypothesis tests. Selected baseline demographic and
comorbidity variables were included as covariates in the
MLMM models to improve precision and adjust for potential
baseline imbalances.

All statistical analyses were performed using R software
(version 4.1.2; R Core Team, R Foundation for Statisti-
cal Computing). For analyses not applying a Bonferroni
correction, a significance level of .05 was used.

Missing Data Handling and Sensitivity Analysis

The primary analyses assumed that data were missing at
random, which allows valid estimation in the presence of
incomplete longitudinal data. To evaluate the robustness
of the findings to missingness, sensitivity analyses were
conducted using a complete-case approach. The analyses
were restricted to dyads with complete follow-up data across
all assessment time points, and the same model specifications
used in the primary analyses were refitted.

Power Analysis and Sample Size Calculation

We calculated power for comparing our primary outcome
(overall QOL) between groups using a standard approach
for linear mixed models. Because we assessed outcomes for
patients and partners separately, we applied a Bonferroni
correction to allow for separate overall tests for patients
and partners, each with 2-sided a=.025. This approach was
used because conclusions may differ for patients and partners,
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although dyadic data were modeled simultaneously. Based on
our pilot study, we assumed a common SD for the overall
QOL scores of 15 points and a within-person correlation
between repeated measurements of 0.75. We accounted for
a 7% loss to follow-up every 4 months, for a total attrition of
20% through 12 months.

Under these assumptions, based on our preliminary
studies, we report power for 2 scenarios: first, allowing for
attenuating effects and then assuming constant effects. For
the first scenario, we assumed that, on average, PERC would
result in improved QOL relative to the control condition, but
that these benefits might realistically be expected to decrease
somewhat over time. Assuming that the mean difference
between groups would be 7.5 points in overall QOL scores
at 4 months (ie, a moderate effect size of 0.5), this would
represent a clinically meaningful difference immediately
following the intervention. We expected that this effect would
decrease by 15% every 4 months. Randomizing 125 dyads
per group would provide 90% power to reject the overall null
hypothesis of no differences between groups across all time
points. Under this scenario, this sample size would provide
94% power for the 4-month comparison, 83% power for
the 8-month comparison, and 51% power for the 12-month
comparison. For the second scenario, we assumed that the
intervention would have a constant effect of 6.5 points at each
time point (an effect size of 0.43, representing a small-to-
moderate effect). This sample size provided at least 80%
power for each comparison.

Ethical Considerations

The study was approved by the Institutional Review Board
at the University of North Carolina at Chapel Hill (IRB
17-0482) and the Institutional Review Board at the Univer-
sity of Texas Health Science Center at San Antonio (IRB
23-0191).

Results

Overview

Between 2018 and 2021, coinciding with the onset of
COVID-19, 280 eligible, consented dyads completed baseline
surveys (enrollment rate: 280/329, 85.1%) and were randomly
assigned to either the PERC (n=141) or control group (n=139)
on a 1:1 basis [33]. Demographic data are shown in Mul-
timedia Appendix 1. A total of 221 (78.9%) dyads comple-
ted the 12-month follow-up (T4) survey (PERC=106 and
control=115; Figure 1). Descriptive results for outcomes of
interest are detailed in Multimedia Appendix 2. Estimation
results for the fixed effects from the MLMM for the FACT-G
total score are provided in Multimedia Appendix 3.

J Med Internet Res 2026 | vol. 28 1e88717 | p. 5
(page number not for citation purposes)


https://www.jmir.org/2026/1/e88717

JOURNAL OF MEDICAL INTERNET RESEARCH

Song et al

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram. NCI: National Cancer Institute; PERC: Prostate Cancer Education
and Resources for Couples. Note: Any apparent discrepancies in the number of contacts are attributable to the dynamic nature of participant

enrollment and follow-up.
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Among baseline characteristics, income was the only variable
that differed significantly between patients in the PERC
and NCI control groups (y?p=6.34; P=.04). To account for
this baseline imbalance and ensure valid group comparisons,
income category was included as a covariate in all MLMM
analyses.

QOL Outcomes

As shown in Tables 1-3, no statistically significant dif-
ferences were observed in FACT-G total scores between
groups (primary outcomes), either averaged across time or

Song et al

at individual time points, for patients or partners. Similarly,
no significant group differences were detected in any of
the 4 FACT-G subdomains (secondary outcomes). At T4,
patients in the PERC group reported slightly higher physical
well-being scores compared with the control group (mean
difference 0.9, 95% CI -0.1 to 1.9; P=.04), although the
CI included zero. The effect size was d=0.33, indicating a
small-to-moderate effect size. Although this did not reach the
IdI=0.5 threshold for clinical meaningfulness, it suggests a
positive trend in the expected direction.

Table 1. Patients’ and partners’ outcomes: group effects by role averaged across time (based on multilevel linear mixed models).

Outcome Patients Partners
PERC?, Control, Difference P Effect PERC, Control, Difference P Effect
mean (SD) mean (SD) (95% CIb) value® sized  mean (SD) mean (SD) (95% CIb) value® sized
Primary outcomes
QOL® FACT-G'
FACT-G 90.6 (139) 894 (144) 12(-12t03.6) 27 0.10 87.8(13.8) 87.7(13.6) 0.1 (-22t02.5) .89 0.01
total score
Secondary outcomes
QOL outcomes
subdomains®
Physical 250 (4.5) 24.5 (4.6) 0.5(-0.3to0 1.3) 15 0.12 239 (44) 23.8(43) 0.1(-0.6t00.9) 73 0.03
Social 223 (54) 219 (5.6) 04 (-0.5t0 1.3) 33 0.08 224 (54) 220(53) 04(-05t01.3) 31 0.09
Emotional 208 (43)  206(44) 02(-05t009) .58 005 201(42) 20242 -0.1(-08t00.6) .80 -0.02
Functional 224 (5.5) 222 (5.7) 0.2(-0.7to 1.2) .60 0.04 21.3(5.5) 214(54) -0.1(-10t009) .85 -0.02
Psychosocial outcomes
Appraisal of 3.9 (0.8) 3.8(08) 0.1(-00t002) 08 015 39(08) 39(08) 00(-0.1t00.1) .97 0.00
illness®
Coping
resources®
Cancer Self- 783 (154) 78.0(159) 03(-23t02.9) 78 0.02 792(153) 779(149) 13(-13t03.9) 28 0.09
Efficacy Scale
Social support®
Emotional 55.8 (9.1) 549 (94) 09 (-0.6t02.5) .18 0.11 53.6 (9.0) 542(88) -06(-2.1t009) .37 -0.08
support
Informational 56.1 (10.3)  56.3(10.7) -0.1(-19to1.6) .88 -001 564(102) 556(100) 08(-10to2.5) 32 0.09
support
Instrumental 589 (84)  583(87) 06(-08t02.1) 31 009 566(83) 56582 0.1(-13t0l5) .84 0.02
support
System outcomes (general symptomsh)
Anxiety 464 (11.1) 467(114) -03(-22to15) .69 -003 476(109) 476(10.8) -0.1(-19t01.8) 95 -0.01
Depression ~ 45.5(103) 459(107) -04(-22t013) .58 005 47.0(102) 46.1(100) 10(-08t027) 21 0.11
Pain 474(11.1) 488(114) -13(-32t005) .11 -0.14 51.0(109) 51.3(108) -02(-2.1tol.6) .78 -0.02
Sleep 474 (11.5) 48.6(119) -12(-3.1t00.8) .18 -0.12  50.1(11.3) 503 (11.1) -0.1(-2.1t01.8) .87 -0.01
Fatigue 457(103) 47.8(107) -2.1(-39to 007 -023 482(102) 48.1(10.1) 00(-17t018) .96 0.00
-0.4)
PCai—specific symptoms: EPIC)
Urinary 83.0(265) 814(2276) 1.6(-30t06.3) 43 0.07 858(254) 822(250) 3.6(-12t08.5) 09 0.16
Bowel 938 (18.0) 92.6(186) 12(-18t1043) 37 008 957(175) 929(170) 27(-06t06.1) 06 0.18
Sexual 398(429) 434439 -3.7(-106t03.3) 24 -0.10 532(39.7) 50.6(39.5) 26(-4.7t099) 43 0.08
Hormonal 845(310) 843(320) 02(-50t054) 93 001  793(300) 76.7(292) 26(-3.1t1082) 31 0.10

4PERC: Prostate Cancer Education and Resources for Couples.
YThe 95% Cls represent Bonferroni-corrected simultaneous Cls for the mean differences between two groups, reported separately for patients and

partners. CIs that do not include zero indicate statistically significant differences between groups.
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“The P values correspond to 2-sided tests of the null hypothesis that the mean difference between two groups equals zero. After applying Bonferroni
correction for tests conducted separately in patients and partners, a P value less than 0.025 is considered statistically significant.

dEffect sizes (Cohen d) are interpreted as small (0.2), medium (0.5), and large (0.8). Effects with IdI=0.5 are considered potentially clinically
meaningful.

€QOL.: quality of life.

fRFACT-G: Functional Assessment of Chronic Illness Therapy-General.

8Higher scores indicated more positive outcomes: ie, better quality of life, better perception of threat of symptoms, less severe symptoms, greater
self-efficacy in symptom management, more social support, and better interpersonal support.

hHigher scores indicated more negative outcomes: ie, more frequent or severe symptoms.

fPCa: prostate cancer.

JThe EPIC-26 (26-item Expanded Prostate Cancer Index Composite) scores for patients and partners were standardized to enable direct comparison in
subsequent analyses.

Table 2. Patients’ and partners’ outcomes: group effects by time and role at T2 and T3 (based on multilevel linear mixed models).

Outcome Patients Partners
a C
PERC?, Control, Difference P value' Effe(;:t PERC, Control, Difference P Effe(jct
mean (SD) mean (SD) size mean (SD) mean (SD) value®  size
(95% CIP) (95% CIP)
Time: T2
Primary outcomes: QOL® FACT-G'
FACT-G 90.0 (9.8) 90.6 (10.1) -0.6(-3.5t02.3) .64 -007 893(9.7) 89.4(9.5) —0.1(-291t02.7) 94 -0.01
total score
Secondary outcomes: QOL subdomains®
Physical 246 (32) 245@32) 0.0(-09to 1.0) 92 0.01 240 (3.1) 238 (3.1) 0.1 (-0.8 to 1.0) a7 0.04
Social 225@3.9) 223 (4.0) 02(-1.0to 1.3) 73 0.05 23.0(3.8) 224 (3.8) 06(-05t01.7) 25 0.16
Emotional ~ 20.7 (3.1) 20.6 (3.2) 0.1 (-0.8 to 1.0) .30 0.04 203 (3.1) 20.3 (3.0) 0.0(-091t00.9) 93 0.01
Functional ~ 22.0 (3.9) 22.7 (4.0) -07(-19t004) .16 -020 22039 22.5(3.8) —0.6 (-1.7t0 0.6) 25 -0.16
Secondary outcomes: psychosocial outcomes
Appraisals®
Appraisal 3.9 (0.6) 3.8 (0.6) 0.1 (-0.1t00.3) .19 0.19 3.9 (0.6) 39(0.5) 00(-02t00.2) 99 0.00
of Illness
Coping resources®
Cancer 789 (11.2) 790(114) -0.1(-34t03.1) 94 -001 80.6(112) 77.7(109) 29(-04t06.2) 05 0.28
Self-Efficacy
Scale
Social support®
55.3(6.6) 55.0(6.7) 03(-1.6t022) 70 0.05 54.1(6.5) 54.8 (6.4) —0.7(-2.6t01.2) 40 -0.12
Emotional
support
56.0 (7.6) 56.1(7.8) -0.1 (-24t02.1) .89 -002 563 (7.6) 55.6 (74) 0.7(-1.6t029) 50 0.10
Informational
support
589 (6.2) 58.4(6.3) 04(-13t022) 58 0.08 58.0 (6.1) 56.5 (6.0) 1.5(-0.3t03.3) 06 0.26
Instrumental
support
Secondary outcomes: symptom outcomes
General symptomsh
Anxiety  46.8 (7.9) 46.4 (8.0) 04(-19t02.7) 71 0.05 474 (7.8) 47.0(7.7) 05(-18t02.7) 65 0.06
45.7(72) 455(7.3) 02(-181t02.3) 81 0.03 464 (7.1) 455 (7.0) 09 (-1.1t03.0) 32 0.14
Depression
Pain 48.1 (8.0) 475(8.2) 06(-1.7t02.9) 58 0.08 50.0 (7.9) 50.2 (7.8) —0.2(-25t02.1) 86 -0.02
Sleep 48.0 (8.1) 48.6 (8.2) -06(-29t01.7) 57 -008 502 (8.0) 50.9 (7.8) —0.7 (-3.1t0 1.6) AT -0.10
Fatigue 45.6 (15) 47.0(7.7) -14(-36t00.8) .15 -020 47674 472(73) 0.5(-1.71t02.6) 64 0.07
PCai—specific symptoms: EPIC
Urinary 813 (18.6) 80.0(189) 13(-42t06.9) 59 0.08 843(185) 849(182) -0.7(-60t04.7) 78 -0.04
Bowel 93.1(13.5) 924(138) 0.7(-32t04.7) 69 0.06 96.6 (13.3) 952(13.1) 14(-2.6t05.3) 44 0.11
Sexual 374(293) 418(29.7) -44(-12.6t03.8) 23 -0.18 53.6(28.6) 503(282) 33(-48toll.3) 36 0.13
Hormonal 82.0(22.6) 850(230) -3.0(-9.6t03.5) .30 -0.15 799((223) 752(219) 47(-18t011.3) 11 0.23
Time: T3
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Outcome Patients Partners
a c
PERC?, Control, Difference P value' Effeg:t PERC, Control, Difference P Effe(jct
mean (SD) mean (SD) size mean (SD) mean (SD) value®  size
(95% CIP) (95% CIP)
Primary outcomes
QOL FACT-G&
FACT-G 91.1 (9.6) 89.3(9.9) 19(-1.1t04.8) 17 0.21 87.8(9.5) 87.8(9.5) 00(-3.0t03.0) 98 0.00
total score
Secondary outcomes: QOL subdomains®
Physical 25.0@3.1) 245@32) 05(-04to 1.5) 23 0.18 23.8 (3.0) 239 (3.0) —0.1(-1.1t00.9) 81 -0.04
Social 22.5(3.8) 21.8(3.9) 0.7(-05t01.9) 18 0.20 22.5(3.8) 22.0(3.8) 0.5(-0.7to 1.7) 34 0.14
Emotional ~ 20.8 (3.0) 20.7 (3.1) 0.1 (-09to 1.0) .82 0.03 20.1 (3.0) 204 (3.0 —-03(-12t00.7) A48 -0.11
Functional ~ 22.6 (3.8) 220 (4.0) 0.6 (0.6 to 1.8) 27 0.17 214 (3.8) 212 (3.8) 0.1 (-1.1to 1.3) .80 0.04
Secondary outcomes: psychosocial outcomes
Appraisals®
Appraisal 3.8 (0.5) 3.8(0.6) 00(-0.1t00.2) T4 0.05 39(0.5) 39(0.5) —0.0(-0.2t00.1) 65 -0.07
of illness
Coping resources®
Cancer 788 (11.0) 778(113) 10(-24t044) 52 0.10 778 (11.0) 789(10.8) -1.1(-4.5t02.3) A8 —0.11
Self-Efficacy
Scale
Social support®
564 (6.4) 54.9 (6.6) 14 (-0.6t0 3.5) 11 0.24 534(6.4) 54.6 (6.4) -12(-32100.8) 17 -0.21
Emotional
support
56.7 (7.5) 56.4 (7.7) 0.3 (-2.1t02.6) .80 0.04 57.1(7.5) 56.1 (7.4) 10(-141t03.3) 36 0.14
Informational
support
58.6 (6.1) 58.8(6.2) -02(2.1t01.7) .78 -0.04 562 (6.0) 56.7 (6.0) —-0.5(-241t01.3) 52 -0.10
Instrumental
support
Secondary outcomes: symptom outcomes
General symptomsh
Anxiety 463 (7.7) 46.5(7.9) -02(-26t022) .86 -003 48.1(7.6) 472(7.7) 09(-15t03.3) 40 0.13
45.9 (7.0) 458 (7.2) 02(-2.0t02.3) .86 0.03 47.0 (6.9) 45.2(6.9) 1.8 (-0.3t04.0) 06 0.29
Depression
Pain 47.7(79) 49.6 (8.1) -19(-43t00.6) 09 -025 514(78) 51.1(7.8) 03(-22t02.7) 79 0.04
Sleep 473(79) 484 (8.1) -1.1(-36t013) 30 -0.16  50.7 (7.8) 499 (7.8) 08 (-1.6t03.3) A4 0.12
Fatigue 46.4 (74) 47.6 (7.6) -12(-36to1.1) .23 -0.18  48.5(7.3) 48.6 (7.3) —0.0(-241t02.3) 97 -0.01
PCa-specific symptoms: EPIC&
Urinary 84.8(18.0) 82.6(18.8) 22(-35t08.0) 38 0.13 88.1(154) 81.5(160) 65(-1.0to014.1) 05 0.44
Bowel 938(133) 932(13.7) 0.7(-35t04.8) 72 0.05 96.6 (12.1) 922(123) 44(-15t0104) .10 0.37
Sexual 410(284) 418(290) -08(94t07.8) .83 -003 553(232) 508(244) 46(-70t0162) 38 0.21
Hormonal 849(22.1) 844(228) 04(-65t074) .89 0.02 80.2(19.8) 74.0(202) 62(-35t015.8) 15 0.32

4PERC: Prostate Cancer Education and Resources for Couples.

PThe 95% ClIs represent Bonferroni-corrected simultaneous Cls for the mean differences between 2 groups, reported separately for patients and
partners. CIs that do not include 0 indicate statistically significant differences between groups.

“The P values correspond to 2-sided tests of the null hypothesis that the mean difference between 2 groups equals 0. After applying Bonferroni
correction for tests conducted separately in patients and partners, a P value less than .025 is considered statistically significant.

dEffect sizes (Cohen d) are interpreted as small (0.2), medium (0.5), and large (0.8). Effects with IdI=0.5 are considered potentially clinically
meaningful.

€QOL.: quality of life

fFACT-G: Functional Assessment of Chronic Illness Therapy-General.

8Higher scores indicated more positive outcomes, ie, better quality of life, better perception of threat of symptoms, less severe symptoms, greater
self-efficacy in symptom management, more social support, and better interpersonal support.

hHigher scores indicated more negative outcomes: ie, more frequent or severe symptoms.

'PCa: prostate cancer.

JThe EPIC-26 (26-item Expanded Prostate Cancer Index Composite) scores for patients and partners were standardized to enable direct comparison in
subsequent analyses.
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Table 3. Patients’ and partners’ outcomes: group effects by time and role at T4 (based on multilevel linear mixed models).

Outcome Patients Partners
PERC?, Control, Digference 95% P Effect PERC, Control, Diﬁference 95% P Effe(ft
mean (SD) mean (SD) CI) value® sized mean (SD) mean (SD) CI) value® size
Time: T4
Primary outcomes QOLe FACT-Gf
FACT-G total  90.7(9.5) 884(9.7) 23(-0.8t05.3) .10 026 862(94) 858(94) 05(-26,3.5) 72 0.06

score

Secondary outcomes: QOL subdomainsg

Physical 253(3.1) 244(3.1) 09(01t19 04 033 239(30) 236(30) 03(-07t013) 45 0.12
Social 218(38) 215(38) 03(-09t015 57 009 21737 21637 02(-l1tol4) 77 0.04
Emotional 209(30) 205(3.1) 03(06t013) 42 0.2 199(30) 198(30) 00(-09t010) 96 0.01
Functional 226(38) 21839 08(-05t1020) .16 022 20738 20538) 02(-10t014) .69 0.06

Secondary outcomes: psychosocial outcomes
Appraisals‘g

Appraisal of 3.9 (0.5) 3.7(0.6) 02(0.0t004) 02 0.38 3.8(0.5) 3.8(0.5) 0.0(-0.1t00.2) 61 0.08
illness

. g
Coping resources

Cancer Self-  77.3(10.9) 772 (11.1) 0.1 (-3.41t03.6) 94 001 79.1(109) 77.1(10.8) 20(-15t05.5) 21 0.20
Efficacy Scale

Social support®
Emotional 55.7(64) 54.7(6.5) 10(-1.1t03.0) 29 0.17 532(63) 53.0(6.3) 0.1(-19t022) 91 0.02

support
Informational 55.7(7.5) 562(7.6) —05(-29t01.9) .65 -007 558(74) 55174 07(-17t03.1) 52 0.10
support
Instrumental 59.3(6.0) 57.5(6.1) 1.7(-02t03.7) 05 031 557(60) 562(59) -05(-25t014) .53 -0.10
support
Secondary outcomes: symptom outcomes
General symptomsh
Anxiety 46.1(7.7) 473(78) -12(-3.7t01.3) 28 -0.17 473(76) 488(76) -15(-40t009) .16 -0.22
Depression  44.8(69) 465(7.1) -1.7(-39100.5) 09 026 476(6.8) 475(68) 0.1(-2.1t02.3) 90 0.02
Pain 46.6(7.8) 493(@80) -27(-53t0-02) .02 -038 51.7(7.7) 525(7.7) -08(-33t0l.7) 47 -0.11
Sleep 470(7.8) 48.7(8.0) -18(-43100.7) 11 -025 495(7.77) 500(7.7) -05(-30t020) .64 -0.07
Fatigue 45.1(73) 488(75) -37(-6.1to-14) <001 -0.55 484(72) 487(73) -03(-26t02.1) .79 -0.04
PCai—specific symptoms: EPIC)
Urinary 83.0(17.6) 81.6(183) 13(-4.6t07.3) 62 008 852(17.8) 802(17.7) 50(-0.7t010.7) .05 0.30
Bowel 946 (132) 924 (13.5) 23(-2.0t06.6) 23 0.19 939(13.1) 914(13.1) 25(-1.8t06.7) 20 0.20
Sexual 408 (27.8) 46.6(28.6) -57(-146t03.1) .14 -024 50.6(27.6) 508(27.7) -02(-88to84) 96 -0.01
Hormonal 86.6(219) 835(224) 32(-39t010.3) .32 0.16 77.7(219) 809(221.7) -32(-102t03.9) .31 -0.16

4PERC: Prostate Cancer Education and Resources for Couples.

bThe 95% CIs represent Bonferroni-corrected simultaneous CIs for the mean differences between 2 groups, reported separately for patients and
partners. Cs that do not include 0 indicate statistically significant differences between groups.

®The P values correspond to 2-sided tests of the null hypothesis that the mean difference between 2 groups equals 0. After applying Bonferroni
correction for tests conducted separately in patients and partners, a P value less than .025 is considered statistically significant.

dEffect sizes (Cohen d) are interpreted as small (0.2), medium (0.5), and large (0.8). Effects with d1=0.5 are considered potentially clinically
meaningful.

®QOL: quality of life.

fFACT-G: Functional Assessment of Chronic Illness Therapy-General.

8Higher scores indicated more positive outcomes, ie, better quality of life, better perception of threat of symptoms, less severe symptoms, greater
self-efficacy in symptom management, more social support, and better interpersonal support.

"Higher scores indicated more negative outcomes, ie, more frequent or severe symptoms.

ipCa: prostate cancer.

JThe EPIC-26 (26-item Expanded Prostate Cancer Index Composite) scores for patients and partners were standardized to enable direct comparison in
subsequent analyses.

Psychosocial Outcomes time. However, at T4, patients in the PERC group reported
significantly higher appraisal of illness (ie, less negative

As shown in Table 1, no significant group differences were perceptions of PCa) compared with the control group (mean

observed for psychosocial outcomes when averaged across
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difference 0.2, 95% CI 0.0-0.4, P=.02). This corresponds to
an effect size of d=0.38, indicating a small-to-moderate effect
size. Although this did not reach the |dl=0.5 threshold for
clinical meaningfulness, it represents a statistically significant
improvement in the expected direction.

General Symptoms

Patients in the PERC group reported significantly less
frequent fatigue compared with the control group when
averaged across time (mean difference —2.1, 95% CI -3.9 to
-0.4; P=.007). This difference was most notable at T4, with
patients in the PERC group reporting less frequent fatigue
than those in the control group (mean difference —3.7, 95%
CI -6.1 to —1.4; P<.001), corresponding to an effect size of
d=—0.55. This represents a moderate effect size and exceeds
the 1d1=0.5 threshold for a clinically meaningful difference.
Although no significant group differences in the severity of
pain were observed when averaged across time, patients in
the PERC group reported significantly less severe pain than
the control group at T4 (mean difference -2.7, 95% CI —
53 to -0.2; P=.01). This corresponds to an effect size of
d=-0.38, indicating a small-to-moderate effect size. Although
this did not reach the threshold for clinical meaningfulness
(Id1I=0.5), it suggests a statistically significant improvement in
the expected direction.

Song et al

PCa-Specific Symptoms

No significant group differences were observed for any
PCa-specific symptoms, either when averaged across time
or at individual time points, for patients or partners. How-
ever, exploratory differences between groups were observed
at certain time points (Table 2). For example, partners in
the PERC group reported less bother about patients’ urinary
symptoms at T3 compared with those in the control group
(mean difference 6.5, 95% CI —-1.0 to 14.1; P=.05), corre-
sponding to an effect size of d=0.44, indicating a small-to-
moderate effect size. Although this did not reach the threshold
for clinical meaningfulness (IdI=0.5), the magnitude of the
effect approaches this threshold and suggests a favorable
trend.

Time Effects

Based on the fixed-effects estimates from the MLMM for the
FACT-G total score (Multimedia Appendix 3), the FACT-
G total score at T4 was significantly lower than at T2
(estimate=—3.67; P<.001), controlling for other variables. As
shown in Tables 4-6, time effects on the FACT-G total score
were significant for partners across all pairwise comparisons
(P=.02 for T3 vs T2, P<.001 for T4 vs T2, and P=.01 for T4
vs T3).

Table 4. Patients’ and partners’ outcomes: time effects by role averaged across study groups for T3 vs T2 (based on multilevel linear mixed models).

Outcome Patients Partners
T3,mean T2, mean Difference P ) Effect T3, mean T2, mean Difference P Effect
(SD) (SD) value® size® (SD) (SD) value  size®
(95% C1%) (95% C1%)
T3 vs T2
Primary outcomes: QOLY FACT-G®
FACT-G 90.2(106) 90.3(10.8) -0.1(-1.6tol5) .94 -0.01 87.8(102) 894(103) -1.6(-3.1to 02 -0.24
total score -0.1)
Secondary outcomes: QOL subdomains’
Physical 248 (34) 245@.5) 02(-03t00.7) 28 0.11 238(333) 239@33) -0.1(-06t004) .66 -0.04
Social 222(42) 224(43) -02(-09t004) 40 -0.09 222(40) 227@4.1) -05(-1.1t00.1) .06 -0.19
Emotional  207(33) 207(34) 00(-05t006) .84 002 203(32) 20332 -0.1(-06t00.5) .81 -0.02
Functional 223(42) 224(43) -00(-07t00.6) .88 -002 213(@4.1) 223@41) -10(-16to <001 -0.36
-0.3)
Secondary outcomes: psychosocial outcomes
Appraisalsf
Appraisal 3.8 (0.6) 39(0.6) —00(-0.1t00.1) .32 -0.10 3.9(0.6) 39(0.6) —0.1(-02t00.0) .13 -0.16
of illness
Coping resources!
Cancer 783 (12.1) 789(123) -07(-25t012) 43 008 783(116) 79.1(11.7) -08(=27t01.1) 34 -0.10
Self-Efficacy
Scale
Social supportf
Emotional 55.7(7.1) 552(72) 0.5(-0.6t01.6) 29 0.11 540(6.8) 545069 -05(-16t00.6) .30 -0.11
support
56.6(82) 56.1(83) 05(-08t01.8) 40 009 56.6(79) 559(80) 07(-06t20) 24 0.12
Informational
support
58.7(6.7) 58.7(6.8) 00(-10tol.1) 92 001 565(64) 573(65) -08(-18t00.3) .09 -0.17
Instrumental
support
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Outcome Patients Partners
T3,mean T2, mean Difference P ) Effeft T3,mean T2, mean Difference P b Effe:t
(SD) (SD) value® size' (SD) (SD) value  size
(95% C1%) (95% C1%)
Secondary outcomes: symptom outcomes
General symptoms®

Anxiety 464 (85) 466387 -02(-14t0l.l) .76 —-0.03 476(82) 472(83) 04(-08t01.7) 43 0.08

Depression 459 (77) 456(79) 03(-08t014) .56 006  46.1(74) 460(75) 01(-09t12) 77 0.03

Pain 486(8.6) 478(88) 08(-05t022) 15 0.15 512(83) 50.1(84) 1.1(-02t024) 06 0.19

Sleep 47887 48389 -05(-17t00.7) 36 -0.09 503(83) 505(84) -03(-15t0l1.0) .65 -0.05

Fatigue 470@8.1) 463(82) 0.7(-0.6t01.9) 24 0.12 485(7.8) 474(78) 12(-0.1t024) 04 0.21
PCah—specific symptoms: EPIC!

Urinary 837(19.9) 80.7(204) 3.0(02t05.9) 02 026 848(166) 84.6(196) 02(-35t040) .89 0.02
Bowel 935(14.5) 92.7(147) 08(-1.6t032) 46 008 944(12.8) 959(140) -15(-47t017) 30 -0.14
Sexual 414(322) 39.6(333) 18(-231060) 32 0.10 530(256) 520(314) 11(-471069) .67 0.06
Hormonal 847 (24.2) 835(24.8) 12(-26t049) 48 007  77.1(210) 77.6(23.6) —-05(-56t04.6) .84 -0.03

4The 95% ClIs represent Bonferroni-corrected simultaneous CIs for the mean differences between 2 groups, reported separately for patients and
partners. Cls that do not include O indicate statistically significant differences between groups.

PThe P values correspond to 2-sided tests of the null hypothesis that the mean difference between 2 groups equals 0. After applying Bonferroni
correction for tests conducted separately in patients and partners, a P value less than .025 is considered statistically significant.

CEffect sizes (Cohen d) are interpreted as small (0.2), medium (0.5), and large (0.8). Effects with IdI=0.5 are considered potentially clinically
meaningful.

dQOL: quality of life.

°FACT-G: Functional Assessment of Chronic Illness Therapy-General.

MHigher scores indicated more positive outcomes: ie, better quality of life, better perception of threat of symptoms, less severe symptoms, greater
self-efficacy in symptom management, more social support, and better interpersonal support.

8Higher scores indicated more negative outcomes, ie, more frequent or severe symptoms.

hpCa: prostate cancer.

"The EPIC-26 (26-item Expanded Prostate Cancer Index Composite) scores for patients and partners were standardized to enable direct comparison in
subsequent analyses.

Table 5. Patients’ and partners’ outcomes: time effects by role averaged across study groups for T4 vs T2 (based on multilevel linear mixed models).

Outcome Patients Partners
T4, mean T2,mean Difference (95% P Effect T4,mean T2,mean Difference (95% P Effect
(SD) (SD) CI)? valueb size¢  (SD) (SD) (@) value  size
T4 vs T2
Primary outcomes: QOLY FACT-G®
FACT-G total ~ 89.5(104) 90.3(10.8) -0.7(-2.3t00.8) .30 -0.11 86.0(10.0) 894 (10.3) -34(-49to <001 -0.51
score -1.8)

Secondary outcomes: QOL subdomains

Physical 249 (33) 245(3.5) 03(-02t00.8) .16 0.15 23832 23933) -02(-07t004) .50 -0.07
Social 21.7(4.1) 224(43) -07(-14to 009 028 217400 227@41) -11(-17to <.001 -0.39
-0.1) ~0.4)
Emotional 20.7(33) 20.7(334) 00(-05t005) .99 000 199@3.2) 20332) -05(-10t000) .04 -0.22
Functional 222(42) 224(43) -02(-09t004) 44 -0.08 206400 223@4.1) -17(-23to <001 -0.62
-1.0)
Secondary outcomes: psychosocial outcomes
Appraisalsf
Appraisal of 3.8 (0.6) 3.9(0.6) —0.0(-0.1t00.1) 49 -0.07 3.8(0.6) 39(0.6) —0.1(-02to <001 -0.36
illness -0.1)

Coping resources!
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Outcome Patients Partners
T4, mean T2,mean Difference (95% P Effect T4,mean T2,mean Difference (95% P Effect
(SD) (SD) CI)? valueb size¢  (SD) (SD) CI) value size
Cancer Self- 773 (119) 789(123) -1.7(-36t00.3) .05 -020 78.1(11.5) 79.1(11.7) -1.1(-3.0t009) .21 -0.13

Efficacy Scale

Social supportf

Emotional 552(70) 552(72) 0.1(-10t012) 91 001 53.1(6.7) 545(69) -14(25t0 005 -0.30
support -0.3)

Informational 56.0 (8.1)  56.1(83) —-0.1(-14to1.3) .88 -0.02 555(79) 559(@8.0) -05(-18t009) 44 —-0.08
support

Instrumental 584 (6.6) 58.7(6.8) —03(-13t00.8) .59 -0.06 559(64) 57365 -13(-24to 006  -0.29
support -0.2)

Secondary outcomes: symptom outcomes

General symptoms®

Anxiety 46.7 (8.3)  46.6 (8.7) 0.1(-12t0o14) .89 001 480(8.1) 472(83) 09(-04t022) .13 0.16
Depression 456 (76) 456(79) 0.1(-10to12) .89 002 476(73) 460(75) 16(0.5t02.7) 001 0.34
Pain 479 (8.5) 47.8(8.8) 0.1(-12to1.5) .84 002 52.1(82) 50.1(84) 19(0.6t03.3) 001 0.34
Sleep 479(8.5) 48389 -05(-17t00.8) 41 -0.09 498(82) 505(84) -08(=2.1t005) .16 -0.15
Fatigue 470(79) 463(82) 06(-07t019) 28 0.11 48.6(7.7) 474(7.8) 12(-01t02.5) .04 0.22
PCah—specific symptoms: EPIC!
Urinary 823(194) 80.7(204) 16(-13t04.6) 21 0.14  82.7(19.0) 84.6(196) -19(-47t009) .13 -0.16
Bowel 93.5(14.3) 927(147) 08(-1.7t032) 47 008 92.6(139) 959(140) -32(-5.7to 003 -031
-0.8)
Sexual 437(31.5) 396(333) 4.1(-02t084) .03 023 50.7(305) 520@314) -13(-55t03.0) 5l -0.07
Hormonal 850(238) 835(248) 16(-23t054) .36 0.10 793(232) 776(236) 18(-2.1t05.6) .31 0.11

4The 95% ClIs represent Bonferroni-corrected simultaneous CIs for the mean differences between two groups, reported separately for patients and
partners. Cls that do not include zero indicate statistically significant differences between groups.

PThe P values correspond to 2-sided tests of the null hypothesis that the mean difference between 2 groups equals 0. After applying Bonferroni
correction for tests conducted separately in patients and partners, a P value less than .025 is considered statistically significant.

CEffect sizes (Cohen d) are interpreted as small (0.2), medium (0.5), and large (0.8). Effects with IdI=0.5 are considered potentially clinically
meaningful.

dQOL: quality of life.

°FACT-G: Functional Assessment of Chronic Illness Therapy-General.

Higher scores indicated more positive outcomes, ie, better quality of life, better perception of threat of symptoms, less severe symptoms, greater
self-efficacy in symptom management, more social support, and better interpersonal support.

8Higher scores indicated more negative outcomes, ie, more frequent or severe symptoms.

hpCa: prostate cancer.

The EPIC-26 (26-item Expanded Prostate Cancer Index Composite) scores for patients and partners were standardized to enable direct comparison in
subsequent analyses.

Table 6. Patients’ and partners’ outcomes: time effects by role averaged across study groups for T4 vs T3 (based on multilevel linear mixed models).

Outcome Patients Partners
T4, mean T3, mean Difference (95% P Effect T4, mean T3, mean Difference (95% P Effect
(SD) (SD) CI®) value® size¢  (SD) (SD) CI?) value?  size®
T4 vs T3
Primary outcomes: QOLY FACT-G®
FACT-G total 89.5(10.4) 90.2(106) -0.7(-23t009) .34 -0.10 86.0(10.0) 87.8(102) -1.8(-34to 01 -0.28
score -0.2)

Secondary outcomes: QOL subdomains

Physical 249 (33) 248 (34) 0.1(-04t00.6) .74 004 23832 238 (3.3) —0.1(-0.6t00.5) .80 -0.03
Social 21.7 (4.1) 222 (42) -05(-12t00.1) .07 -0.19 21.7(4.0) 222 (4.0) —-05(-12t00.1) .06 -0.20
Emotional 20.7 (3.3) 20.7 (3.3) -00(-0.6t00.5) .85 -002 19932 203 (3.2) -04(-09t00.1) 07 -0.19
Functional 222 (42) 223 (42) -02(-08t005) .53 -0.07 20.6 (4.0) 213 (4.1 -0.7(-13to 01 -0.26
-0.1)
Secondary outcomes: psychosocial outcomes
Appraisalsf
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Outcome Patients Partners
T4, mean  T3,mean  Difference (95% P Effect T4,mean T3, mean  Difference (95% P Effect
(SD) (SD) CI?) value® size®  (SD) (SD) CI¥) value®  size®
Appraisal 3.8(0.6) 3.8(0.6) 00(-0.1t00.1) .79 0.03 3.8(0.6) 39(0.6) —0.1(-02t00.0) .05 -0.21
of illness
Coping resources’
Cancer 773(119) 783 (12.1) -1.0(-29t009) 25 -0.13  78.1(115) 783(11.6) -03(-22t01.7) .76 -0.03
Self-Efficacy
Scale
Social supportf
Emotional 552(70) 557(7.1) -04(-16t007) 37 -0.10 53.1(6.7) 540(68) -09(-20t002) 07 -0.19
support
Informational 560 (8.1) 56.6(82) -06(-20t00.8) .34 -0.10 555(79) 566(79) -12(-25t0.2) .06 -0.20
support
Instrumental 584 (6.6) 58.7(6.7) —-03(-14t00.8) .53 007 55964 565(64) -05(-16t00.6) 27 -0.12
support
Secondary outcomes: symptom outcomes
General symptoms®
Anxiety 46.7(83) 464 (8.5) 03(-1.1to1.6) .67 005 480(8.1) 476(8.2) 04(-09t01.7) 47 0.08
Depression 45.6(7.6) 459(77) -02(-13t009) .67 —005 476(73) 46.1(74) 15(04102.6) 003 032
Pain 479(@8.5) 486(@86) —07(21t0.7) 24 -0.13  52.1(82) 512(8.3) 08(-05t022) .17 0.15
Sleep 4798.5)  478(8.7) 00(-12t01.3) 95 0.01 498(@82) 503(@83) 05(-18t00.7) 34 -0.10
Fatigue 470(79) 470@8.1) -00(-13t013) 95 -001 486(7.7) 485(7.8) 00(-13w013) 94 0.01
PCah—specific symptoms: EPIC!
Urinary 823(194) 83.7(199) -14(-44t015) 28 -0.12  82.7(19.0) 848(166) -2.1(-59t01.7) 21 -0.17
Bowel 935(143) 935(145) 00(-25t02.5) 99 000 926(139) 944(128) -18(-50t015) 23 -0.16
Sexual 437(31.5) 414(322) 23(-2.1t06.6) 24 0.13  50.7(305) 530(25.6) -23(-8.1t034) .36 -0.13
Hormonal 85.0(23.8) 84.7(242) 04(-35t043) .83 002 793(232) 771(210) 22(-29t074) 33 0.13

4The 95% ClIs represent Bonferroni-corrected simultaneous CIs for the mean differences between 2 groups, reported separately for patients and
partners. Cls that do not include O indicate statistically significant differences between groups.

PThe P values correspond to 2-sided tests of the null hypothesis that the mean difference between 2 groups equals 0. After applying Bonferroni
correction for tests conducted separately in patients and partners, a P value less than .025 is considered statistically significant.

CEffect sizes (Cohen d) are interpreted as small (0.2), medium (0.5), and large (0.8). Effects with IdI=0.5 are considered potentially clinically

meaningful.
dQOL: quality of life.
°FACT-G: Functional Assessment of Chronic Illness Therapy-General.

Higher scores indicated more positive outcomes, ie, better quality of life, better perception of threat of symptoms, less severe symptoms, greater
self-efficacy in symptom management, more social support, and better interpersonal support.
8Higher scores indicated more negative outcomes, ie, more frequent or severe symptoms.

hpCa: prostate cancer.

"The EPIC-26 (26-item Expanded Prostate Cancer Index Composite) scores for patients and partners were standardized to enable direct comparison in

subsequent analyses.

Compared with T2, patients reported significantly less severe
urinary symptoms at T3 (mean difference 3.0, 95% CI
0.2-5.9; P=.02), but lower social well-being scores at T4
(mean difference —0.7, 95% CI —1.4 to —-0.1; P=.009).

For partners, the effects of time on their functional
well-being were significant across all pairwise comparisons
(P<.001 for T3 vs T2, P<.001 for T4 vs T2, and P=.02
for T4 vs T3). At T4, partners also reported lower social
well-being, lower appraisal of illness, reduced emotional
support, reduced instrumental support, increased depression,
higher pain severity, and more severe bowel symptoms
compared with T2 (P<.001, P<.001, P=.005, P=.006, P=.001,
P=001, and P=.003, respectively). Additionally, partners

https://www jmir.org/2026/1/e88717

at T4 reported higher depression scores than at T3 (mean
difference 1.5, 95% CI 0.4-2.6; P=.003).

Sensitivity Analysis for Missing Data

As shown in the CONSORT flow diagram (Figure 1), some
dyads did not complete follow-up assessments across time
points due to cancer progression, partner diagnosis with
cancer, or loss to follow-up. To assess the robustness of the
findings to missing data, sensitivity analyses were conducted
by restricting the sample to dyads with complete follow-up
data and refitting the same models (Multimedia Appendices
4-6). Overall, the results were broadly consistent with the
primary analyses based on all available observations (Tables
1-3). In particular, the conclusions regarding group effects
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averaged across time for both patients and partners remained
unchanged. Some differences were observed in selected
time effects and group-by-time comparisons. For example,
certain time comparisons for urinary and bowel symptoms,
emotional well-being, and illness appraisal differed slightly
from those observed in the primary analyses. In addition,
several outcomes at T4 reached statistically significant group
differences in the complete-case analyses but not in the
primary analyses. These differences likely reflect the smaller
sample size and selective retention of dyads with complete
follow-up.

Discussion

Principal Findings

To our knowledge, this is the first fully powered RCT
of a theory-guided, couple-focused eHealth intervention
to enhance symptom management and improve QOL for
patients and their partners managing newly treated PCa.
Several design features strengthen the study. Statewide
recruitment through the North Carolina Cancer Registry
enabled enrollment of a more demographically diverse
population than typical single-cancer center trials, helping
reduce selection bias. In addition, while most of the trial
activities occurred during the COVID-19 pandemic, the
digital intervention and flexible research methods, such as
phone and Zoom (Zoom Communications, Inc) meetings for
intervention and data collection, along with online surveys,
allowed the study to continue when most non—-COVID-19-
related research projects were suspended [34]. The stress-
ful circumstances of the COVID-19 pandemic may have
contributed to declines in overall QOL and psychosocial
outcomes observed over time for patients and their part-
ner caregivers, underscoring the importance of accessible,
digitally delivered interventions such as PERC to support
patients and partners during periods of health care disruption.
At the same time, the successful completion of the trial
demonstrates the feasibility of conducting rigorous psychoso-
cial and educational research under challenging conditions
among vulnerable and hard-to-reach populations.

PERC did not yield significant group differences in the
primary outcome of QOL (FACT-G total) or most secondary
outcomes, including FACT-G subdomain scores and overall
psychosocial outcomes. The absence of significant group
differences over time suggests that, although PERC was
designed to provide informational and social support, it may
not have been sufficient to offset broader challenges affecting
QOL in this population. Sustaining QOL improvements
through short-term interventions is inherently challenging
[35], particularly among patients living with prostate cancer
who are typically older and often manage multiple comor-
bid conditions that influence overall health and function-
ing regardless of intervention exposure [36]. This trial also
occurred during the COVID-19 pandemic, which substan-
tially impacted QOL and distress levels among patients living
with cancer [37]. Our participants were older adults (mean
age 64, SD 6.7 years for patients and mean age 61, SD
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7.4 years for partners) managing an average of 4 comorbid
conditions, making them particularly vulnerable to pandemic-
related stressors and impacts [36]. Increased distress, social
isolation, and disruptions in routine care during the study
period may have attenuated intervention effects. In addi-
tion, anecdotal observations suggest that control partici-
pants contacted the research nurse far more frequently than
expected during the pandemic. Although these interactions
and support primarily addressed COVID-19-related concerns
rather than PCa, they may have provided additional support
that reduced the observable differences between study groups.

In addition to the limited effects on global QOL, psycho-
social outcomes showed minimal between-group differences.
This may reflect the complex and multifactorial nature of
psychosocial adjustment following cancer treatment, which
is influenced by broader life stressors, comorbid health
conditions, and caregiving demands that are often difficult
to modify through relatively brief supportive interventions
[38,39]. Psychosocial adaptation in cancer survivorship also
tends to evolve gradually over time and may require more
intensive or sustained interventions to produce measurable
changes in global outcomes [40]. The modest improvement
observed in illness appraisal at 12 months is nevertheless
consistent with PERC’s theoretical foundation in stress-cop-
ing and dyadic adaptation frameworks, which emphasize
cognitive appraisal and coping processes as mechanisms
through which individuals adjust to cancer-related stress [16].
Future research may benefit from strengthening interven-
tion intensity, extending follow-up support, or incorporating
additional behavioral and caregiver-focused components to
enhance effects on broader psychosocial well-being.

Nonetheless, several exploratory but clinically meaning-
ful effects emerged. Patients assigned to the PERC group
reported significantly better physical well-being, reduced pain
severity, and less frequent fatigue across time, especially
at 12 months, compared with the control group. Partners
reported less bother about their patients’ urinary symptoms
at 8 months. This pattern suggests that the intervention may
influence specific symptom domains that are not always
reflected in global QOL measures, such as the FACT-G total
score. Additionally, global QOL (eg, FACT-G) and psycho-
social outcome measures capture broad multidimensional
functioning and may be less sensitive to changes in specific
symptom-related domains targeted by supportive interven-
tions [41]. While these domain-level trends are encourag-
ing, they must be interpreted as exploratory rather than
confirmatory, given the nonsignificant result of the primary
outcome. Nonetheless, these findings are noteworthy given
the older, geographically diverse population and the added
social isolation of the pandemic. This study provides valuable
insights for refining future interventions and designing studies
powered to detect differences across both global and domain-
specific QOL outcomes.

The observed benefits align with PERC’s theoretical
foundation, which integrates stress-coping [16] and dyadic
adaptation frameworks [42]. By delivering tailored infor-
mation, interactive skills training, and structured opportu-
nities for joint problem solving, PERC appears to foster
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supportive behaviors and strengthen symptom management
in patients that may help buffer their fatigue and pain.
PERC’s interactive format and tailored content may also
help facilitate more effective self-management and promote
healthier behaviors [43]. Modest but consistent improvements
in physical well-being and illness appraisal suggest that even
when overall QOL scores remain stable, targeted eHealth
support can lessen symptom burden and promote more
positive perceptions of the cancer experience. These favorable
trends in PERC’s effects emerged during the heightened
psychological strain of the pandemic [44], which further
underscores the intervention’s relevance and resilience. These
findings also mirror a recent systematic review [45] report-
ing that interventions combining cognitive and educational
approaches more effectively improve outcomes than single-
component strategies. By integrating both elements, PERC
may offer a particularly relevant framework for supporting
outcomes such as physical well-being, fatigue, and pain in
this population.

Partner caregiver outcomes showed limited and some-
what inconsistent effects. Although no significant group
differences were observed in overall QOL or most PCa-spe-
cific outcomes for partners, exploratory findings suggested
potential benefits in certain areas. For example, partners in
the PERC group reported less bother related to patients’
urinary symptoms at T3, indicating that the intervention
may have helped partners better manage or interpret specific
disease-related concerns. Several factors may explain the
limited effects on broader partner outcomes. First, partner
caregivers often experience different trajectories of distress
and adaptation than patients, with emotional and caregiving
burdens emerging or intensifying later in the survivorship
period [42,46,47]. Second, interventions that primarily target
patient symptom management or dyadic communication may
have stronger direct effects on patients than on partners,
particularly when caregiver-specific needs such as role strain,
emotional burden, and self-care are not addressed explicitly
[38,39]. Third, caregiving stress may have been influenced
by external contextual factors, such as increased duties and
burdens, disruptions to daily routines, health care access, and
social support networks during the COVID-19 pandemic [48],
which may have attenuated intervention effects on global
partner outcomes. Consistent with prior dyadic intervention
studies in cancer survivorship, caregiver outcomes often
show more modest or variable intervention effects compared
with patient outcomes [38,39]. These findings suggest that
while PERC may help address specific caregiving concerns,
future interventions may benefit from incorporating additional
behavioral and caregiver-focused components to achieve
consistent improvements in partner well-being and broader
psychosocial outcomes.

Our longitudinal findings reveal distinct trajectories of
well-being for patients and partners during the year after
PCa treatment. Overall QOL declined, with FACT-G total
scores significantly lower at 12 months than at 8 months,
showing that recovery does not follow a simple upward
course. Partners experienced the steepest deterioration, with
consistent declines in total and functional QOL, late drops in
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social well-being and illness appraisal, reduced emotional and
instrumental support, and rising depression, pain, and bowel
symptom bother. These patterns suggest that caregiving
burden and the loss of structured clinical contact accumulate
over time, intensifying both emotional and physical strain,
effects further compounded by the COVID-19 pandemic
[49]. During this period, partner caregivers were simulta-
neously supporting patients through posttreatment recovery
and managing heightened household and family demands, as
reported anecdotally by study participants.

In contrast, patients followed a different path: urinary
symptoms improved by 8 months, but social well-being
declined by 12 months, highlighting late-emerging challenges
in relationships and social roles. The findings may relate
to the fact that, although PERC was designed to foster
mutual support, posttreatment care transitions often prioritize
patients’ needs, leaving caregivers’ needs overlooked despite
their critical impact on outcomes. High caregiver distress is
linked to lower quality of care, greater unplanned health care
use, and heavier symptom burdens. Future research should
explicitly address caregiver needs and strengthen mutual
support between patients and partners.

Notably, many prior RCTs did not evaluate caregiver
outcomes [50,51] and those that did reported inconsistent
findings [45]. In contrast, this trial systematically assessed
both patients and partners across multiple time points,
documenting clear time effects for each. These results
underscore that survivorship care must extend beyond the
immediate posttreatment period and incorporate sustained,
targeted caregiver support to preserve QOL and prevent late
psychosocial decline.

Limitations

The COVID-19 pandemic limited access to routine care and
heightened distress among older adults with chronic illnesses,
which in turn may have influenced the RCT outcomes. The
NCI website for the control group underwent substantial
improvements during the study, becoming more user-friendly
and offering updated and comprehensive supportive care
information and resources, and thus, control participants
experienced an enhanced standard of care while the sup-
port for the PERC group remained consistent. Additionally,
control participants also communicated frequently with the
research nurse about COVID-19-related concerns and learned
strategies for health care and well-being during the stress-
ful time; this additional support may have affected these
participants’ stress-coping process and subsequently QOL
outcomes. Next, future research should identify subgroups
(eg, individuals with limited social support or a high
symptom burden) who may benefit the most from PERC
and refine the intervention strategies to better mitigate QOL
deterioration in survivors of PCa and their caregivers.

The trial participants consisted largely of long-term
heterosexual couples with relatively high education and
income levels. These characteristics may have facilitated
engagement with the eHealth program but may limit
generalizability to more diverse populations, including
couples with shorter relationship histories, same-sex partners,

J Med Internet Res 2026 | vol. 28 1e88717 | p. 16
(page number not for citation purposes)


https://www.jmir.org/2026/1/e88717

JOURNAL OF MEDICAL INTERNET RESEARCH

individuals with lower literacy or digital literacy, and those
with limited English proficiency. Future studies should
evaluate the intervention in more diverse populations and
develop strategies to improve the accessibility and inclusivity
of digital supportive care programs.

PERC usage data (eg, module completion and time spent
on the platform) were not available for analysis, limiting
our ability to examine participants’ engagement with the
intervention and its potential influence on outcomes.

Nonetheless, this RCT has several strengths with
implications for future research. Despite the challenges of
COVID-19, our multidisciplinary team successfully recruited
and retained a representative sample using the North Carolina
Cancer Registry’s RCA program. We evaluated PERC’s
effects on multiple patient and partner outcomes over
time, revealing its potential to improve physical well-being,
pain, fatigue, and illness appraisals among patients and
reduce partners’ bother with patients’ urinary symptoms.
Our work also underscores the importance of providing
tools and resources to help patients and their families
manage health conditions during unexpected socioenviron-
mental crises caused by natural disasters and pandemics. Our
success in recruiting 280 dyads and retaining these partici-
pants with high follow-up rates confirms that older adults
and their partners can engage with digital health programs

Song et al

when content is accessible and support is available. Such
interventions extend the reach of oncology nursing into
community and home settings, offering continuous monitor-
ing and support during the critical posttreatment transition
when symptoms fluctuate, and caregiver stress is high.

Conclusion

This RCT evaluated the efficacy of the theory-guided,
dyad-focused eHealth PERC program on QOL, symptom
management, and coping resources among patient-partner
dyads managing newly treated PCa. No significant between-
group differences were observed for the primary outcome of
overall QOL (FACT-G total score). However, exploratory
analyses suggested potential benefits in selected domains:
patients in the PERC group reported modest improvements
in physical well-being, better appraisal of illness, reduced
pain severity at 12 months, and less frequent fatigue across
time. PERC partners reported less urinary symptom bother
at 8 months. Time effects indicated declines in overall QOL
and changes in social and functional well-being over time.
Conducted during the COVID-19 pandemic, that is, a period
marked by increased distress, social isolation, and disruptions
in routine cancer care, these findings suggest that PERC may
offer targeted supportive benefits for patients with newly
treated localized PCa and their partners, warranting further
evaluation in future studies.
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