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Highlights

What are the main findings?

Exercise, psychoeducational, and multidisciplinary interventions improved overall
HRQoL, while exercise showed the broadest benefits across HRQoL domains and
psychoeducational interventions showed more targeted improvements in emotional
and physical functioning.

Psychoeducational and multidisciplinary interventions improved return to work;
exercise showed a favourable but uncertain effect, whereas vocational interventions
showed no clear benefit.

What are the implications of the main findings?

Cancer rehabilitation should be goal-directed and tailored to individual needs, with
exercise prioritised for broad functional recovery and psychoeducational support for
emotional adjustment and occupational reintegration.

Rehabilitation may need to integrate physical, psychological, and workplace sup-
port for patients facing multiple barriers to recovery, while further trials are needed
to clarify the effects of vocational interventions and multidisciplinary approaches
on RTW.

Abstract

Background: Improving health-related quality of life (HRQoL) and return to work (RTW)
among adults with cancer are central to cancer survivorship care, but the effects of different

non-pharmacological interventions remain unclear. We evaluated exercise, psychoed-

ucational, vocational, and multidisciplinary interventions across RTW and overall and
domain-specific HRQoL. Methods: PubMed/MEDLINE, Embase, and CENTRAL were
searched from inception to 3 June 2026 for randomised controlled trials reporting HRQoL or

RTW. Random-effects models were used to pool standardised mean differences (SMDs) for
HRQoL and odds ratios (ORs) for RTW. Risk of bias and evidence certainty were assessed
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using RoB 2 and GRADE. The protocol was registered in PROSPERO (CRD420261432617).
Results: Eighty-one randomised controlled trials involving 11,257 participants were in-
cluded; 67 assessed HRQoL, 17 assessed RTW, and 3 included both outcomes. Of the
67 HRQoL trials, 39 (58%) enrolled exclusively female participants. Compared with usual
care, overall HRQoL improved with psychoeducational (SMD, 0.40; 95% CI, 0.16-0.65),
exercise (SMD, 0.38; 95% CI, 0.26-0.50), and multidisciplinary interventions (SMD, 0.39;
95% CI, 0.23-0.55), whereas vocational interventions showed no clear benefit (SMD, —0.09;
95% CI, —0.43-0.25). Exercise was associated with improvements across all six evaluable
HRQoL domains. Psychoeducational interventions improved emotional and physical func-
tioning, while multidisciplinary interventions produced a small improvement in physical
functioning. For RTW, psychoeducational interventions were associated with higher odds
of returning to work (OR, 1.41; 95% CI, 1.15-1.73), as were multidisciplinary interventions
(OR, 2.26; 95% CI, 1.15-4.48), although the latter estimate was based on only three trials.
Exercise interventions also showed a favourable estimate, although the confidence interval
included the null (OR, 1.95; 95% CI, 0.99-3.87), whereas vocational interventions showed no
clear benefit (OR, 1.29; 95% CI, 0.81--2.08). Conclusions: The effects of non-pharmacological
rehabilitation differed by intervention type and recovery outcome. Exercise provided the
broadest HRQoL benefits, whereas psychoeducational interventions showed the clear-
est benefits for emotional functioning and RTW. These findings support goal-directed,
needs-based rehabilitation and may inform clinical and policy decisions on the delivery of
psychological, physical, and workplace support in cancer survivorship care.

Keywords: cancer survivorship; exercise; health-related quality of life; non-pharmacological
intervention; psychoeducation; return to work; meta-analysis; multidisciplinary; randomised
controlled trial; rehabilitation

1. Introduction

Advances in early detection and multimodal treatment have substantially improved
cancer survival, resulting in a growing population of working-age adults living beyond
cancer [1]. However, many survivors continue to experience long-term physical and
psychological sequelae after treatment, which may impair functional recovery and occupa-
tional reintegration and increase the risk of unemployment or premature labour-market
exit [2,3]. Return to work (RTW) and health-related quality of life (HRQoL) have conse-
quently emerged as complementary indicators of long-term recovery after cancer, with
HRQoL capturing multidimensional physical, psychological, and social well-being, and
RTW representing occupational recovery and reintegration [4].

Non-pharmacological interventions, including psychoeducational programmes, vo-
cational support, exercise, and multidisciplinary rehabilitation, have been developed to
improve employment outcomes and well-being among cancer survivors. However, their
effectiveness for RTW remains uncertain. The most recent Cochrane review found that
physical and multidisciplinary interventions increased RTW rates, with pooled risk ratios
of 1.23 (95% confidence interval [CI], 1.08-1.39) and 1.23 (95% CI, 1.09-1.33), respectively,
whereas psychoeducational interventions showed little or no benefit and evidence for voca-
tional interventions was highly uncertain [5]. Other recent systematic reviews focusing on
prognostic factors for return to work have similarly highlighted the complexity of occupa-
tional reintegration, with available support strategies demonstrating variable and generally
modest effects, largely due to substantial clinical and methodological heterogeneity across
studies [2,3]. The comparative effectiveness of different non-pharmacological approaches
to RTW therefore remains poorly defined.
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Evidence for HRQoL is more extensive but remains heterogeneous across interven-
tion types and outcomes. Exercise-based interventions have shown consistent but small
improvements in overall HRQoL and related outcomes such as fatigue, dyspnoea, and
psychological well-being, with recent meta-analytic evidence reporting standardized mean
differences around 0.29 in cancer populations [6], and broader umbrella reviews further
supporting benefits across physiological, psychological, and social domains, although
certainty varies by outcome [7]. Psychoeducational and psychological interventions also ap-
pear beneficial, particularly for reducing anxiety and depressive symptoms and improving
selected aspects of quality of life; however, effect sizes are variable and substantial between-
study heterogeneity has been consistently observed across different intervention formats
and patient groups [4,8]. Lifestyle-related interventions demonstrate potential small-to-
moderate improvements in global HRQoL, but findings remain limited by heterogeneity in
intervention intensity, adherence, and follow-up duration [9].

Importantly, HRQoL is a multidimensional construct encompassing physical, role,
emotional, social, and cognitive functioning, as well as symptom-related domains such
as fatigue and vitality. These domains are assessed separately by widely used instru-
ments, including the European Organisation for Research and Treatment of Cancer Quality
of Life Questionnaire Core 30 (EORTC QLQ-C30) and the 36-Item Short Form Health
Survey (SF-36) [10,11]. Evidence suggests that intervention effects on HRQoL may be
domain-specific. Exercise-based interventions have been associated with improvements
in physical functioning and fatigue-related outcomes [6,12], whereas psychological and
behavioural interventions have shown beneficial effects on overall HRQoL and related
psychological outcomes [13,14]. However, most existing meta-analyses have focused on
single intervention types or overall HRQoL scores, including recent reviews of digital
psychological interventions [8], limiting direct comparison across intervention modalities.
Consequently, the comparative effects of psychoeducational, vocational, exercise-based,
and multidisciplinary interventions on specific HRQoL domains remain unclear.

We therefore conducted a systematic review and meta-analysis of randomised con-
trolled trials to synthesise the effects of exercise-based, psychoeducational, vocational,
and multidisciplinary interventions on RTW, overall HRQoL, and specific HRQoL do-
mains among cancer survivors. By identifying outcome-specific patterns of benefit, this
study aimed to support targeted rehabilitation decisions and inform the delivery of cancer
survivorship services.

2. Methods
2.1. Reporting and Registration

This systematic review and meta-analysis followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement (Supplementary Table S1) [15].

The protocol was prospectively registered with PROSPERO (CRD420261432617). No devia-
tions from the preregistered protocol occurred during the conduct of this review.

2.2. Search Strategy and Study Selection

PubMed/MEDLINE, Embase, and the Cochrane Central Register of Controlled Trials
(CENTRAL) were searched from inception to 3 June 2026. The search combined terms
for cancer and adults with terms related to exercise or physical activity, vocational reha-
bilitation, psychoeducation, multidisciplinary care, HRQoL, and RTW. Search strategies
were informed by previous systematic reviews [4,5,9,16,17]. The complete database-specific
strategies are provided in Supplementary Table S2.
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Two reviewers independently screened titles and abstracts and assessed potentially eli-
gible full texts. Disagreements were resolved by discussion or, when necessary, adjudication
by a third reviewer.

2.3. Eligibility Criteria

Randomised controlled trials were eligible if they: (1) enrolled adults aged 18 years or
older with a histologically or clinically confirmed solid tumour of any stage who were receiv-
ing or had completed primary anticancer treatment; (2) evaluated an exercise, vocational,
psychoeducational, or multidisciplinary intervention; (3) used usual care, a waiting-list
control, or no intervention as the comparator; (4) reported HRQoL and/or RTW outcomes;
and (5) were published in English in a peer-reviewed journal. Studies were excluded if
they: (1) included ineligible populations (e.g., patients with haematological malignancies);
(2) evaluated ineligible interventions; (3) had ineligible study designs (e.g., non-randomised,
single-arm, cross-sectional, qualitative, or crossover studies without extractable first-period
data); (4) were protocols, systematic reviews, or meta-analyses; or (5) lacked sufficient
numerical data for effect estimation. Exercise interventions included aerobic, resistance,
flexibility, yoga, tai chi, and other structured physical activity programmes. Vocational
interventions included RTW counselling, workplace accommodation, and occupational
rehabilitation. Psychoeducational interventions included cognitive behavioural therapy,
mindfulness-based stress reduction, meaning-centred therapy, supportive—expressive ther-
apy, stress management, and cancer-related education. Multidisciplinary interventions
combined at least two eligible intervention components. Diet-only interventions were
excluded, whereas dietary components delivered alongside an eligible exercise, psychoed-
ucational, or vocational component were classified as multidisciplinary interventions.

Eligible HRQoL outcomes were measured using validated multidimensional instru-
ments, including the global health status/QoL score of the EORTC QLQ-C30 [10,18], the
Functional Assessment of Cancer Therapy-General total score (FACT-G) [19], or relevant
global or summary measures from the SF-36 or SF-12 [11,20]. Prespecified domain-specific
outcomes were physical, role, emotional, social, and cognitive functioning, fatigue, and
vitality. RTW outcomes encompassed different operationalisations of occupational recov-
ery, including return to paid employment, current or sustained employment, cessation or
duration of sickness absence, work participation or working hours, and self-reported work
ability. As these measures capture related but distinct aspects of occupational reintegration,
the specific RTW definition used in each study was extracted and reported. Studies of
haematological malignancies were excluded. Studies combining participants undergoing
treatment with those who had completed treatment were also excluded unless results were
reported separately. Other exclusions were non-randomised, single-arm, cross-sectional,
qualitative, and uncontrolled before-after studies; study protocols; systematic reviews
or meta-analyses; grey literature; and crossover trials without extractable first-period
parallel-group data.

2.4. Data Extraction

Two reviewers independently extracted the first author, publication year, cancer type,
intervention category, outcome instrument, assessment time point, and group-specific
outcome data. For HRQoL outcomes, sample sizes, means, and standard deviations (SDs)
at the first post-intervention assessment were extracted. Corresponding subscale data
were extracted for domain-specific analyses. For binary RTW outcomes, the number of
participants returning to work and the total number assessed were recorded; means, SDs,
and sample sizes were extracted for continuous RTW outcomes.
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For multi-arm trials with a shared control group, the control sample size was divided
equally across relevant comparisons, while its mean and SD remained unchanged. When a
group mean was reported with a 95% confidence interval (CI), the standard error was calcu-
lated as (SE = (upper limit-lower limit) /(2 x 1.96), and the SD as (SD = SE x /n). Studies
reporting only graphical data or medians with interquartile ranges were not included in
the corresponding quantitative synthesis.

2.5. Risk-of-Bias Assessment

Two reviewers (Y.C. and Y.J.) independently assessed risk of bias using the Cochrane
Risk of Bias tool 2 (RoB 2) [21]. The assessment covered the randomisation process, devi-
ations from intended interventions, missing outcome data, outcome measurement, and
selection of the reported result. Each domain and the overall judgement were classified as
low risk, some concerns, or high risk. Overall risk was considered low when all domains
were rated as low risk and high when at least one domain was rated as high risk; all
other results were classified as having some concerns. Disagreements were resolved by
discussion. Certainty of evidence for the primary outcomes was assessed using the GRADE
approach, considering risk of bias, inconsistency, indirectness, imprecision, and publication
bias, and was rated as high, moderate, low, or very low.

2.6. Statistical Analysis

Analyses were conducted using R software (version 4.6.0). Because HRQoL instru-
ments differed across studies, effects on overall HRQoL and individual domains were
expressed as standardised mean differences with small-sample correction (Hedges’ (g))
and 95% Cls. Outcome directions were harmonised so that positive estimates favoured the
intervention. For binary RTW outcomes, odds ratios (ORs) and 95% CIs were calculated.
Continuous RTW outcomes were first expressed as standardised mean differences and
then converted to log ORs using (1ogOR, logOR = SMD x 1.814) (5). Effect directions were
aligned so that an OR greater than 1 favoured the intervention. Binary and converted
continuous estimates were pooled on the log-OR scale and back-transformed for presenta-
tion. For studies with zero events in one group, the Haldane—Anscombe correction of 0.5
was applied to all cells. Given anticipated clinical and methodological heterogeneity, all
estimates were pooled using DerSimonian-Laird random-effects models.

Separate meta-analyses were conducted for exercise, vocational, psychoeduca-
tional, and multidisciplinary interventions. Within each intervention category, overall
HRQoL, RTW, and each prespecified HRQoL domain were analysed separately. Sta-
tistical heterogeneity was evaluated using Cochran’s (Q) test and the (I%) statistic [22],
with values of approximately 25%, 50%, and 75% indicating low, moderate, and high
heterogeneity, respectively.

Robustness was assessed using leave-one-out analyses and analyses restricted to
studies at low overall risk of bias. For outcomes including at least ten studies, potential
publication bias was assessed by visual inspection of funnel plots.

3. Results
3.1. Study Selection

The database search identified 3934 records: 1153 from PubMed /MEDLINE, 1887 from
Embase, and 894 from CENTRAL. After removing 774 duplicates, 3160 records underwent
title and abstract screening, of which 2988 were excluded. Of the 172 reports sought for
retrieval, one was unavailable (conference abstract only), leaving 171 reports for full-text
eligibility assessment.
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Of the 171 reports assessed, 90 were excluded: 14 because of ineligible interventions,
6 because of ineligible populations, 17 due to ineligible study designs, and 53 because
they lacked sufficient numerical data for effect estimation, such as results presented only
graphically or missing SDs or change scores. Overall, 81 studies met the eligibility criteria
and were included in the review (Figure 1).

[ Identification of studies via databases and registers ]
'R
.E Records identified from: Records removed before screening:
E Pubmed: (n=1153 ) Duplicate records removed (n =774)
= Embase: (n=1887) —> Records marked as ineligible by
= CENTRAL: (n=894 ) automation tools (n = 0)
§ Registers: (n=0) Records removed for other reasons (n =0)
—
v
o
eCoMs sorsaned —»| Records excluded(n =2988 )
(n=3160)
4
Reports sought for retrieval Reports not retrieved
= (n=172) ’ (n=1)
=
L
5
3 A4
Reports assessed for eligibility Reports excluded:
(n=171) > Ineligible intervention (n =14 )
Ineligible population (n = 6)
ineligible study design (n = 17)
Insufficient data (n =53 )
D
) v
3 Studies included in review
= (n=81)
S Reports of included studies
= (n=281)
N’

Figure 1. PRISMA flow diagram of included studies.

3.2. Study Characteristics

The 81 included studies comprised 11,257 participants, including 6450 assigned to
intervention groups and 4807 to control groups. Sixty-seven trials reported HRQoL, 17 re-
ported RTW, and 3 reported both outcomes. Individual trial sample sizes ranged from 13
to 1012 participants, and the participant-weighted mean age was 55.7 years.

Exercise interventions involved the largest number of participants (n = 4914; 2760 inter-
vention and 2154 control), followed by psychoeducational interventions (1 = 1845; 1011 and
834, respectively), multidisciplinary interventions (n = 1133; 639 and 494), and vocational
interventions (n = 273; 136 and 137).

Most trials were conducted in the United States (n = 16), the Netherlands (n = 10), the
United Kingdom (n = 10), Canada (1 = 9), South Korea (1 = 8), or Spain (n = 5), with the
remainder conducted across Europe, Asia, Australia, the Middle East, North Africa, and
the Caribbean. Breast cancer was the most frequently studied malignancy (n = 44, 54.3%),
followed by colorectal cancer (1 = 6, 7.4%), prostate cancer (1 = 8, 9.9%), and mixed or other
cancers (n = 23, 28.4%).
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Exercise

Study

Mustian 2009
Culos-Reed 2006
Donnelly 2011
Courneya 2003

Mijwel (RT-HIIT)
Mijwel (AT-HIIT)
Adams-Campbell
Mutrie 2007

Schmidt (RT)

Schmidt (ET)
Adamsen 2009
Mardani 2021

Kim 2019

Klavina 2025

Scott 2012

Ho 2020

Burnham 2002
Lavin-Pérez (HRVG)
Lavin-Pérez (PEG)
Ohira 2008

Cadmus (IMPACT)
Cadmus (YES)
Smith-Turchyn

Galvéo 2018
Broderick 2013

Mulero Portela (Gym)
Mulero Portela (Home)
Ruiz-Vozmediano
Park 2021

Lim

Garcia-Soidéan (Resistance)
Garcia-Soidan (Aquatic)
Garcia-Soidan (Aerobic)
Culos-Reed 2010
Bourke 2011

Littman 2012
Courneya 2003
Courneya 2009
Vallance (PM)
Vallance (PED)
Vallance (COM)
Kampshoff (HI)
Kampshoff (LMI)
Segal (2003)

Golsteijn (2018)

Ax (2022) HI

Ax (2022) LMI
Galiano-Castillo (2016)
Murtezani (2014)
Cramer (2015)

Random effects model

Experimental

Total Mean SD Total
19 130.19 20.1300 19
18 78.24 20.2400 18
16 80.19 16.9300 17
62 85.60 13.0000 31
74 63.68 19.1100 60
70 63.48 19.0600 60
15 83.00 5.2000 15
82 81.00 16.8000 92
21 31.29 158800 26
20 36.79 17.9900 26
118 67.20 20.3000 117
35 3333 92600 36
37 104.30 17.5000 34
13 62.14 18.0300 1"
47 119.00 12.8000 43
56 122.80 14.8000 56
12 9510 4.4000 6
18 6.00 0.6200 18
18 556 08700 18
40 4740 94000 39
25 89.30 11.1000 25
37 91.20 12,6000 37
13 97.31 20.9100 13
22 49.50 50000 26
21 90.00 12.5000 19
12 109.80 25.2000 9
13 104.80 32.1000 9
31 69.40 20.2000 32
75 68.90 28.1000 73
38 6526 10.1200 39
74 4440 137000 24
65 39.80 13.7000 24
72 43.00 11.5000 24
40 73.12 159600 25
9 120.00 11.0000 9
30 90.30 11.0000 27
24 119.60 16.9000 28
60 151.40 21.7000 62
94 118.30 16.2000 96
94 120.50 16.1000 96
93 121.80 16.5000 96
91 82.00 13.6000 91
95 79.70 16.1000 91
82 120.20 15.9000 73
223 83.80 15.6000 216
220 75.00 19.0000 28
229 74.00 19.0000 28
39 73.50 20.7600 37
30 11320 97000 32
19 113.70 20.5000 21
2761 2153

Heterogeneity: /> = 68.7%, ©* = 0.1355, p < 0.0001

Mean

116.92
62.50
78.71
86.50

69.00
106.00
87.70
115.80
148.10
119.20
119.20
119.20
75.30
75.30
117.60
83.70
67.00
67.00
50.45
101.20
102.10

The Functional Assessment of Cancer Therapy instruments were most frequently used
to assess HRQoL, followed by the European Organisation for Research and Treatment of
Cancer Quality of Life Questionnaire Core 30 and Short Form Health Survey instruments.
RTW was most commonly assessed using self-reported employment status or sickness-
absence records. Among studies reporting mode of delivery, supervised face-to-face
programmes were most common (1 = 26), followed by online or remote (# = 20) and hybrid
programmes (n = 15). Detailed study characteristics of the included studies are presented
in Tables 1 and 2.

3.3. Overall Health-Related Quality of Life

At the first post-intervention assessment, 67 studies across the four intervention
categories contributed to the HRQoL meta-analyses. Psychoeducational interventions were
associated with improved overall HRQoL (SMD, 0.40; 95% CI, 0.16 to 0.65; (1% = 78.2%))
(Figure 2), as were exercise interventions (SMD, 0.38; 95% CI, 0.26 to 0.50; (I? = 68.7%)) and
multidisciplinary interventions (SMD, 0.39; 95% CI, 0.23 to 0.55; (I2 = 33.0%)). Vocational
interventions showed no clear association with overall HRQoL (SMD, —0.09; 95% CI, —0.43
to 0.25; (I? = 42.8%)).

Psychoeducational
s Experimental Control
Control Standardised Mean ”
sD Difference SMD 95% CI Welght Study Total  Mean SD Total Mean SD Standardised Mean Difference SMD 95% CI Weight
1 e Carmack Taylor 2006 36 6640 206000 31 61.00 252000 023 025,072  64%
?giggg H ggg 81? : ;i 1';:? Poort 2020 (CBT) 43 6671 16.0100 21 5656 15.9400 063 [009;1.16] 6.1%
f6ii500 __‘.;_' 005 Loshioe 1% Poort 2020 (GET) 38 5050 16.8600 21 5656 15.9400 018 [0.35,071] 6.1%
150000 _.'_ 0.07 -0 50 0.37 22“/0 Tauber 2022 11 67.42 14.6500 10 6833 17.9100 -0.05 [-0.91,080] 4.2%
150000 o D07 F050.051 22% Xiso 2013 W0 631 11700 40 405 14800 168 (116,210 62%
= A.:» = P4 ' & on Zhu 2024 42 11683  6.4800 42 106.95 6.8400 147 [0.98;1.95] 6.4%
80300 * ol fote0sy 24% LT, o et woe e sess o114 ou faomos 7%
16. 3 & Bl By 1 n/ﬂ Kim 2022 45 5830 16.0000 45 5300 19.1000 030 [-0.12,071] 6.9%
144000 il 02415005, 054), 26% Cartwight 2025 28 7421 133500 20 7226 117800 015 (037.067) 62%
1:2328 —r ggg -8'23' ggg 1'3!; Breitbart 2018 78 733  1.7000 60 649  1.5000 052 [0.17,086] 7.4%
3 -y - ) G Akkol-Solakoglu 2023 38 524 10000 19 511 12900 012 [-043;067] 6.0%
22,4000 . 0.18 '007' 0.44] 27?’ Lengacher 2009 40 5240 56500 42 5090 56200 026 [-0.17,0.70] 6.8%
9.7800 I L Willems 2017 188 77.44 181700 221 7590 205800 008 [0.12,027] 82%
19.1000 _-.:_ 0.28 [-0.19; 0.75] 21n/n Svendsen 2025 (CBI) 140 6122 24.1000 74 60.36 23.5000 004 [-025,032] 7.7%
1492388 _“_; ggg [‘)ggg;g ;;’é’ Svendsen2025 (MBI) 143 6433 247000 73 6036 235000 0.16 [0.12,045]  7.7%
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o [ + 54 [0.08; 3
12’2323 4;!“ g';g ,g'g?f gs} ggnf Martinez-Miranda 2024 14 10171 20.8300 22 7995 20.6800 - 103 [031;174] 4.0%
14.9000 017 [015: 048] 25% Weemaes 2024 46 7170 17.9000 50 7080 19.7000 —— 005 [0.35,045 9.4%
13.7000 XL 001 10480181 2.8% Rogers 2015 110 11590 17.2000 112 109.40 204000 - 034 [008,061] 144%
i e 1 Foloo. ]2 5 Cho 2006 28 700 13000 27 630 13000 053 [001,107] 63%
21.0000 041 [0ox08Y 25 Swisher 2015 13 11960 146000 10 10460 30.6000 063 [022:148] 3.0%
21.0000 - 0.36 [-0.03;0.76] 2'3.7/“ Demark-Wahnefried 2007 89 69.80 139000 93 66.60 13.1000 ., 024 [0.06,053] 132%
20.7800 —— 1.10 [061;1.58] 2.1% Han 2023 23 11843 17.6300 23 11336 25.2000 023 [0.35081] 56%
9.5000 —— 123 [069;1.78] 1.9% Lahart 2016 37 11441 214800 33 11534 17.5700 —_— 005 (052,042 7.7%
14.8000 - 0.64 [0.00;1.28] 1.7% ONeil 2018 21 8333 208300 19 66567 250000 071 [007;135] 4.8%
0.38 [0.26; 0.50] 100.0% Random effects model 639 494 g > 0.39 [0.23; 0.55] 100.0%
—T T 1

Heterogeneity: /= 33.0%, ©* = 0.0265, p = 0.1114
3 2 1 0 1 2 3

Favours Control ~ Favours Intervention
Standardized Mean Difference (SMD)

Favours Control ~ Favours Intervention
‘Standardized Mean Difference (SMD)

Figure 2. Forest plot for the meta-analysis of overall HRQoL Box size corresponds to each study’s
weight in the pooled effect estimate. Blue squares indicate individual study estimates, and red
diamonds indicate pooled estimates. Studies included in the forest plot are cited as follows:
exercise [23-61], psychoeducational [62-74], vocational [75-77], and multidisciplinary interven-
tions [78-89]. SD, standard deviation; SMD, standardized mean difference.
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Table 1. Characteristics of included studies (HRQoL outcomes).

Interv- .
Cancer Treatment Age (Mean + Female . Intervention  Assessment Follow-Up N SD N Mean SD
Author Year Country Cancer Type Stage Status SD) (%) e;l;;oen Format Tool Duration o Mean (I) o (©) © ©
Adams- Breast cancer On-
2023 USA (African 0-IIT 63.9+£3.2 100% Exercise Supervised FACT-B 8 weeks 15 83.00 5.20 15 79.70 16.30
Campbell [23] . treatment
American)
Adamsen[24] 2009 Denmark Mixed Mixed On- 472 £10.6 72.9% Exercise ~ Tace-fo-face EORTC 6 weeks 118 67.20 2030 117 63.30 22.40
(21 types) treatment group GHS
Mixed (breast + On- EORTC
Ax (HI) [25] 2022 Sweden colorectal + I-1I 58.0 £ 12.0 ~80% Exercise Mixed 6 months 220 75.00 19.00 28 67.00 21.00
treatment GHS
prostate)
Mixed (breast + On- EORTC
Ax (LMI) [25] 2022 Sweden colorectal + -1 58.0 +12.0 ~80% Exercise Mixed 6 months 229 74.00 19.00 28 67.00 21.00
treatment GHS
prostate)
Dukes Post- o . .
Bourke [26] 2011 UK Colon cancer 69.0+7.5 33.3% Exercise Mixed FACT-C 12 weeks 9 120.00 11.00 9 106.00 13.00
A-C treatment
: o )
Broderick [27] 2013 Ireland Mixed (72% - Post 51.8+9.2 ~86% Exercise  Supervised FACT-G 8 weeks 21 90.00 12.50 19 95.40 11.30
breast) treatment
Burnham [28] 2002 USA Breast + colon Not Post- 54.33 +8.63 83.3% Exercise  Supervised QoL Index 10 weeks 12 95.10 440 6 86.60 6.20
cancer reported treatment
Cadmus On- o . Home-
(IMPACT) [29] 2009 USA Breast cancer 0-IITA treatment 55.0+9.1 100% Exercise based FACT-G 6 months 25 89.30 11.10 25 89.50 11.80
Cadmus 2009 USA Breast cancer 0-TIA Post- 55.0+9.1 100% Exercise  Supervised FACT-G 6 months 37 91.20 1260 37 86.20 17.40
(YES) [29] treatment
Courneya[30] 2003 Canada Colorectal Not Post- 60.28 +10.41 ~39% Exercise FHome- FACT-G 16 weeks 62 85.60 1300 31 86.50 15.00
cancer reported treatment based
Breast cancer Post-
Courneya [31] 2003 Canada (post- I-IITA treatment 58.6 £5.9 100% Exercise Supervised FACT-B 15 weeks 24 119.60 16.90 28 115.80 14.90
menopausal) catme
Lymphoma . o . .
Courneya [32] 2009 Canada (HL/NHL) I-1v Mixed 52,97 £12.42 ~39% Exercise Supervised FACT-An 12 weeks 60 151.40 21.70 62 148.10 25.70
Cramer [33] 2015 Germany Breast cancer 111 Post- 492459 100% Exercise  race-to-face FACT-B 12 weeks 19 11370 2050 21 10210  14.80
treatment group
CulosReed 2506 Canada ~ Dreast(®5%)+ Not Post- 5118 £1033 92%  Exercise Tacefo-face  FORTC 7 weeks 18 7824 2024 18 6250 1546
[34] mixed reported treatment group GHS
Culos-Reed 2010 Canada Prostate cancer Not On- 67.6 +8.6 0% Exercise Mixed EORTC 16 weeks 40 73.12 1596 25 69.00 15.12
[35] reported treatment GHS
Donnelly [36] 2011 UK Gynf;gice’rgml 11 Mixed 53.0 +£10.3 100% Exercise Ig;’égs FACT-G 12 weeks 16 80.19 16.93 17 78.71 19.13
Galiano- . Post- o . Online EORTC
Castillo [37] 2016 Spain Breast cancer I-IIIA treatment 49.81 +£8.97 100% Exercise (remote) GHS 8 weeks 39 73.50 20.76 37 50.45 20.78
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Table 1. Cont.
Interv- .
Cancer Treatment Age (Mean + Female . Intervention  Assessment Follow-Up N SD N Mean SD

Author Year Country Cancer Type Stage Status SD) (%) e;l;;oen Format Tool Duration o Mean (I) o (©) © ©

Galvéo [38] 2018 Australia  Prostatecancer  “*dvanced On- 70.0 & 8.4 0% Exercise  Supervised SF-36 PF 3 months 2 49.50 5.00 26 44.80 7.80
av) treatment
Garcia-Soidan Spain Breast cancer Not Post- 63.0£7.0 100% Exercise  Supervised  SF-36 GH 2 years 74 44.40 1370 2433  25.60 15.20
(Strength) [39] P reported treatment . ’ ° P y ’ . ’ ) ’
Garcia-Soidén . Not Post- o . .
(Aerobic) [39] 2020 Spain Breast cancer reported treatment 63.0+7.0 100% Exercise Supervised SF-36 GH 2 years 72 43.00 1150  24.33 25.60 15.20
Garcia-Soidan Not Post-
(Aqua fitness) 2020 Spain Breast cancer 63.0+£7.0 100% Exercise Supervised SF-36 GH 2 years 65 39.80 13.70  24.33 25.60 15.20
[39] reported treatment
Prostate + Not Remote EORTC
Golsteijn [40] 2018 Netherlands lorectal reported Mixed 66.47 £7.63 ~13% Exercise (online + GHS 6 months 223 83.80 15.60 216 83.70 13.70
colorecta. epo (s] paper)

Ho [41] 2020 I;g;‘g Ccéla‘;fce;tal IV treggf;m 65.2 4+ 10.1 36.8% Exercise Mixed FACT-C 12 months 56 12280 1480 56 12030  15.50
K(agg[sgiﬁ 2015  Netherlands M%fiéff K -V trez;’;;m 53.6 +11.1 ~80% Exercise  Supervised E(G)EIEC 12 weeks 91 82.00 1360 91 75.30 15.40
I&“ﬁ’f&‘f 2015  Netherlands Ml}jfiiff & v - 5364111 -80%  Exercise  Supervised  TOpGC 12 weeks 95 7970 1610 91 7530 1540

Kim [43] 2019 South Colorectal II-111 Post- 56.23 £ 9.42 ~493%  Exercise Home- FACT-C 12 weeks 37 104.30 17.50 34 99.10 19.10

Korea cancer treatment based
Klavina[44] 2025 Latvia Breastcancer  TIA-IIC Post- 49754918 100%  Exercise Online EORTC Immediately 5 6214 1803 11 7222 1954
treatment (remote) GHS post
Lavin-Pérez . Not Post- o . . . EORTC
(HRVG) [45] 2025 Spain Breast cancer reported treatment 50.35 + 8.01 100% Exercise Online (live) GHS 16 weeks 18 6.00 0.62 18 3.92 1.03
L(‘},‘]’E‘E)P[ig‘*jz 2025 Spain Breast cancer re;‘r’:e 4 treggf;m 50.35 + 8.01 100%  Exercise  Online (live) E(G)EIEC 16 weeks 18 556 087 18 3.9 1.03
South Post- Online
Lim [46] 2025 K Breast cancer I-11I 49.35+7.50 100% Exercise (mixed FACT-B 8 weeks 38 65.26 10.12 39 62.11 8.84
orea treatment .
reality)
Littman [47] 2012 USA Breast cancer 0-I11 treg;’;tém 59.43 +7.97 100% Exercise Mixed FACT-G 6 months 30 90.30 11.00 27 87.70 15.00
Mardani [48] 2021 Iran Prostate cancer reé\g)?:e d treIa)?rite_znt 69.88 £ 5.60 0% Exercise Mixed E(C);EIEC 12 weeks 35 33.33 9.26 36 35.18 9.78
( AT{\I/{ITI?;I[ b 2018 Sweden Breast cancer I-ITTa tregrr;em 53.23 +10.27 100% Exercise  Supervised E(G)EITSC 16 weeks 70 63.48 19.06 60 59.91 19.03
Mijwel On- o . . EORTC
(RT-HIIT) [49] 2018 Sweden Breast cancer I-IITa treatment 53.23 £10.27 100% Exercise Supervised GHS 16 weeks 74 63.68 19.11 60 59.91 19.03
Mulero Portela 54 Puerto Breast cancer Not Post- 52,94+ 11.53 100%  Exercise  Supervised  FACT-B 26 weeks 12 10980 2520 9 9160 2850
(Gym) [50] Rico reported treatment
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Table 1. Cont.
Interv- .
Cancer Treatment Age (Mean + Female . Intervention  Assessment Follow-Up N SD N Mean SD
Author Year Country Cancer Type Stage Status SD) (%) e;l;;oen Format Tool Duration o Mean (I) o (©) © ©
Mulero Portela 55 Puerto Breast cancer Not Post- 529441153 100%  Exercise Home- FACT-B 26 weeks 13 10480 3210 9 9160 2850
(Home) [50] Rico reported treatment based
Murtezani [51] 2014 Kosovo Breast cancer I-ITTA treIa)?riZnt 52.0£11.0 100% Exercise Supervised FACT-B 10 weeks 30 113.20 9.70 32 101.20 9.50
Mustian[52] 2009 USA Breast + Not On- 60.0 +12.1 71%  Exercise Home- FACIT-F 6 weeks 19 13019 2013 19 11692 3058
prostate cancer reported treatment based total
Mutrie [53] 2007 UK Breast cancer 0-I1I On- 515495 100% Exercise  lace-to-face FACT-G 12 weeks 82 81.00 1680 92 77.30 14.40
treatment group
Ohira [54] 2006 USA Breast cancer 0-IIT Post- 53.03 +8.23 100% Exercise Supervised CARES-SF 6 months 39 44.20 8.70 40 47.40 9.40
treatment Global
South Not On- o . . EORTC
Park [55] 2021 Korea Prostate cancer reported treatment 66.4+7.5 0% Exercise Online (app) GHS 12 weeks 75 68.90 28.10 73 61.40 24.20
Ruiz- Post- Face-to-face EORTC
Vozmediano 2020 Spain Breast cancer ITA-1IB 49.81 +8.97 100% Exercise 6 months 31 69.40 20.20 32 64.10 22.70
[56] treatment group GHS
Schmidt Not On- o . . EORTC
(ET) [57] 2015 Germany Breast cancer reported treatment 54.39 £ 10.67 100% Exercise Supervised GHS 12 weeks 20 36.79 17.99 26 30.95 15.29
Schmidt Not On- o . . EORTC
(RT) [57] 2015 Germany Breast cancer reported treatment 54.39 +10.67 100% Exercise Supervised GHS 12 weeks 21 31.29 15.88 26 30.95 15.29
Scott [58] 2013 UK Breast cancer -1 treI;’i)ri:cf;nt 55.75 +9.55 100% Exercise Mixed FACT-B 24 weeks 47 119.00 12.80 43 114.10 14.60
Segal [59] 2003 Canada Prostate cancer I-1v trea?rrgl_ent 68.0+£7.7 0% Exercise Supervised FACT-P 12 weeks 82 120.20 15.90 73 117.60 14.90
Smith- 2020 Canada Breast cancer Not Mixed 719 +5.7 100% Exercise Online FACT-B Post-chemo 13 9731 2091 13 10203 19.16
Turchyn [60] reported (virtual)
Vallance 2007 Canada Breast cancer -IIA Post- ~58 (SDNR) 100% Exercise Remote FACT-B 12 weeks 93 121.80 1650 96 11920  17.30
(COM) [61] treatment (mail)
Vallance 2007 Canada Breast cancer -IIA Post- ~58 (SDNR) 100% Exercise Remote FACT-B 12 weeks 94 12050 1610 96 11920 1730
(PED) [61] treatment (mail)
Vallance 2007 Canada Breast cancer I-IIA Post- ~58 (SDNR) 100%  Exercise Remote FACT-B 12 weeks 94 11830 1620 96 11920  17.30
(PM) [61] treatment (mail)
Akkol- Not Post- o, Psychoed- Online EORTC
Solakoglu [62] 2023 Ireland /UK Breast cancer reported treatment 47.96 + 8.62 100% ueational (digital) single-item 8 weeks 38 5.24 1.00 19 5.11 1.29
Breitbart [63] 2018 USA Advanced Advanced On- 58.0 +11.0 717%  Lsychoed-  Face-to-face MQOL 8 weeks 78 7.33 1.70 60 6.49 1.50
mixed cancer Iv) treatment ucational individual
Tcarmad,‘ 2006 USA Prostate cancer Not On- 69.2 (SDNR) 0%  Dsychoed-  Facetoface  gop .0 oy 6 months 36 6640 2060 31 6100 2520
aylor [64] reported treatment ucational group
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Table 1. Cont.
Interv- .
Cancer Treatment Age (Mean + Female . Intervention  Assessment Follow-Up N SD N Mean SD
Author Year Country Cancer Type Stage Status SD) (%) e;l;;oen Format Tool Duration o Mean (I) o (©) © ©
Cartwright Not Post- . o, Psychoed- Online EORTC
[65] 2025 UK Breast cancer reported treatment NR (median 50) 100% ueational (digital) GHS 1 month 28 74.21 13.35 29 72.26 11.78
Hoffman [66] 2012 UK Breast cancer 0-I1I Post- 49,55 +9.20 100%  Dsychoed-  Face-to-face FACT-B 8 weeks 101 10356 1791 106 96.84 21.14
treatment ucational group
Kim [67] 2022 South Breast cancer 0-IIT Post- 501495 100%  Psychoed-  Online SF-36 GH 8 weeks 45 5830 1600 45 5300 1910
Korea treatment ucational (telephone)
Lengacher [68] 2009 USA Breast cancer 0-I11 Post- 575494 100% ~ Lsychoed-  Facetoface  gp 40 opy 6 weeks 40 52.40 5.65 ) 50.90 5.62
treatment ucational group
Poort Advanced Advanced/ On- o Psychoed-  Face-to-face EORTC
(CBT) [69] 2020 Netherlands mixed cancer metastatic treatment 62.76 £9.35 57% ucational individual GHS 14 weeks 43 66.71 16.01 21 56.56 15.94
Poort Advanced Advanced/ On- o Psychoed-  Face-to-face EORTC
(GET) [69] 2020 Netherlands mixed cancer metastatic treatment 62.76 +9.35 57% ueational individual GHS 14 weeks 38 59.59 16.86 21 56.56 15.94
Svendsen Post- o, Psychoed- . RAND-36
(CBI) [70] 2025 Norway Breast cancer 111 treatment 52.39 £9.40 100% ueational Online (app) GH 6 months 140 61.22 24.10 74 60.36 23.50
Svendsen Post- o, Psychoed- . RAND-36
(MBI) [70] 2025 Norway Breast cancer I-1II treatment 52.39 +9.40 100% ucational Online (app) GH 6 months 143 64.33 24.70 73 60.36 23.50
Post- Psychoed- . Mixed EORTC
Tauber [71] 2022 Denmark Breast cancer 111 08 5214132 100% sychoe (individual 1 week post 11 67.42 14.65 10 68.33 1791
treatment ucational + group) GHS
. Mixed (71% Not Post- o Psychoed- Online EORTC
Willems [72] 2017 Netherlands breast) reported treatment 56.27 £ 11.15 ~81% ucational (digital) GHS 6 months 188 7744 18.17 221 75.90 20.58
Xiao [73] 2013 China Advanced Advanced On- 59.16 + 11.53 ~50%  [sychoed-  Face-toface  Single- 3 weeks 40 6.31 1.17 40 4.05 1.48
mixed cancer treatment ucational individual item QOL
Zhu [74] 2024 China Nl"“’smau cell 111 Post- 5027+960  5556%  Lsychoed- Online FACT-L 4weeks 42 11683 648 42 10695 684
ung cancer treatment ucational (video)
Hubbard [75] 2013 UK Breast cancer Not Post- 50.5+5.5 100% Vocational Mixed FACT-B 6 months 7 109.00 17.90 11 98.90 21.40
reported treatment
Tamminga[76] 2013  Netherlands emale cancer Not On- 4755 +7.99 100%  Vocational ~raceto-face gp iy 12 months 65 6400 1700 68 7000 19.00
(64% breast) reported treatment individual
van Egmond . Not Post- o . Face-to-face EORTC
7] 2016 Netherlands ~ Mixed cancer reported treatment 48.4+8.6 69% Vocational individual QLQ-C30 12 months 64 63.90 18.10 58 63.60 16.60
Ben Kridis 2026 North Colorectal 11111 Post- 5934106 4730 ~ Multidis- Mixed FACT-G 12 months 75 7840 1020 25 7420 1110
(Diet only) [78] Africa cancer treatment ciplinary
Ben Kridis 4
(Dietary +PA) 2026 Efo?th Colorectal T-ITT Post- 593+ 10.6 4739 ~ Multidis- Mixed FACT-G 12 months 75 83.10 960 25 7420 1110
[78] rica cancer treatment ciplinary
Ben Kridis (PA 5456 North Colorectal 11111 Post- 5934106 4730, Multidis- Mixed FACT-G 12 months 75 7980 1000 25 7420 1110
only) [78] Africa cancer treatment ciplinary
Cho [79] 2006 South Breast cancer I Post- 491477 100% ~ Multidis-  Face-to-face oy yug 10 weeks 28 7.00 130 27 6.30 1.30
Korea (early) treatment ciplinary group
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Table 1. Cont.
Interv- .
Cancer Treatment Age (Mean + Female . Intervention  Assessment Follow-Up N SD N Mean SD
Author Year Country Cancer Type Stage Status SD) (%) e;l;;oen Format Tool Duration o Mean (I) o (©) © ©
Demark- Breast / Not Post- Multidis- Online/
Wahnefried 2006 USA d 71.7 £5.0 57% s FACT-G 6 months 89 69.80 13.90 93 66.60 13.10
[80] prostate cancer reporte treatment ciplinary remote
Han [81] 2023 i"‘”h Breast cancer I-I1I Post- 48.93 £7.03 100% Multidis- Mixed FACT-B 12 weeks 23 118.43 17.63 23 11336  25.20
orea treatment ciplinary
Lahart [82] 2016 UK Breast cancer I Post- 53.55+£9.33 100% Multidis- Mixed FACT-B 6 months 37 114.41 21.48 33 11534  17.57
treatment ciplinary
Martinez- Post- Multidis- Online
. 2024 Spain Breast cancer 0-I11 49.65+7.0 100% . (interactive FACT-B +4 12 weeks 14 101.71 20.83 22 79.95 20.68
Miranda [83] treatment ciplinary group)
O'Neill [84] 2018 Ireland ~ Dsophagogastric g Post- 65.61 + 898 18.6%  Multidis- Mixed EORTC 12 weeks 21 8333 2083 19 6667 2500
cancer treatment ciplinary GHS
Rogers [85] 2015 USA Breast cancer 0-IIIA Post- 544485 100% Multidis- Mixed FACT-B 3 months 110 11590 1720 112 109.40  20.40
treatment ciplinary
Smith- Mixed (61% Not . o Multidis- Online EQ-5D-
Turchyn [86] 2024 Canada breast, etc.) reported Mixed 719 £5.7 100% ciplinary (virtual) VAS 10 weeks 10 83.20 8.46 8 68.38 19.73
Swisher [87] 2015 USA Tgple'“ega“"e 11 Post- 53.7 (SDNR) 100% Multidis- Mixed FACT-B 12 weeks 13 119.60  14.60 10 104.60  30.60
reast cancer treatment ciplinary
: o ) i -
Weemaes [88] 2024  Netherlands ~ Mixed 55% Not Post 541+115 ~81% Multidis Online EORTC 10weeks + 46 71.70 17.90 50 70.80 19.70
breast) reported treatment ciplinary (remote) GHS 6mo
von Gruenigen 50 Usa Endometrial 11 Post- NR 1000  Multidis- oy ped FACT-G 6 months 23 8240 1450 22 8180 1320
[89] cancer treatment ciplinary
Abbreviations: I, intervention group; C, control group; SD, standard deviation; NR, not reported. HRQoL measures: EORTC GHS FACT-G/B/C/P/An SE-36 GH
EQ-5D-VAS MQOL CARES-SF (see Assessment Tool column for full names). Data are presented as mean (SD) unless otherwise specified.
Table 2. Characteristics of included studies (return-to-work outcomes).
Author Year Country Cancer Type & Stage Female (%) Inte{; ;I;tlon N ) N (Q) Total N RTW Definition Follow-Up OR (95% CI)
Anandavadivelan 2024 Sweden Breast cancer I-IIla 100 Exercise 72 30 102 Self-reported absence of sick leave 5 years 0.12(0.01-1.79)
(AT-HIIT) [90]
A?f:%_clﬁ}ﬁc)ll[‘(];l]an 2024 Sweden Breast cancer I-Illa 100 Exercise 74 30 104 Self-reported absence of sick leave 5years 0.47 (0.02-11.52)
Burgio [91] 2006 USA Prostate cancer T1-T3 0 Exercise 57 55 112 Self-reported retumn to work 6 months 0.96 (0.27-3.42)
(retirees excluded)
Jong [92] 2018 Netherlands Breast cancer I-111 100 Exercise 47 36 83 Semi-structured interview: return to work 6 months 4.69 (1.52-14.46)
(O\;?Fllavc\lli)a 53] 2015 Netherlands Breast cancer I-III 97 Exercise 76 38.5 114.5 Self-reported return to work (questionnaire) 6 months 3.09 (1.28-7.45)
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Table 2. Cont.

Author Year Country Cancer Type & Stage Female (%) Inte]l:; ;I;tmn N N () Total N RTW Definition Follow-Up OR (95% CI)
van Waart 2015 Netherlands Breast cancer I-11I 100 Exercise 77 38.5 115.5 Self-reported return to work (questionnaire) 6 months 2.43(1.04-5.68)
(Onco-Move) [93]
Hass [94] 2017 Germany Breast cancer I-IV 100 Psychoeducational 70 83 153 Successful_ RTW (<12 we ek§ absence o 6 months 2.01 (1.02-3.95)
disability application)
Horsbel [95] 2025 Denmark Breast cancer I-1I 100 Psychoeducational 149 139 288 WAS single item (work ability) 36 months 1.21(0.77-1.91)
H 0,
Kang (T2) [96] 2023 South Korea Mixed (0631/; breast) 69 Psychoeducational 120 119 239 Currently working (telephone interview) 1month 1.49 (1.02-2.17)
Mixed (60% breast) . . . .

Kang (T3) [96] 2023 South Korea 0-TTT 69 Psychoeducational 120 119 239 Currently working (telephone interview) 12 months 1.35(0.90-2.02)
Lepore (GE) [97] 2003 USA Prostate cancer T1-T3 0 Psychoeducational 84 40 124 Stable employment at 12 months 12 months 1.18 (0.49-2.82)
Lepore (GED) [97] 2003 USA Prostate cancer T1-T3 0 Psychoeducational 86 40 126 Stable employment at 12 months 12 months 5.06(1.32-19.39)
Singer [98] 2018 Germany Mixed cancer 50 Psychoeducational 570 442 1012 Employed (<65 y not retired self-report) 6 months 0.70 (0.30-2.00)
Von Ah [99] 2022 USA Breast cancer I-Illa 100 Psychoeducational 19 17 36 WAI single item (work ability) 10 weeks 1.64 (0.50-5.39)
Tamminga [76] 2013 Netherlands Femalirc::scsr (64% 99 Vocational 65 68 133 Full/part-time return to work (self-report) 12 months 0.94 (0.41-2.17)
Hubbard [75] 2013 UK Breast cancer 0-III 100 Vocational 46 214 260 Adjusted weekly working hours at 12 months 12 months 3.56 (0.57-22.21)
Zaman [100] 2021 Netherlands Gl Ci‘;‘;‘iﬁgﬁ;‘“"e 33 Vocational b) 46 88 RTW > 4 weeks (full / part-time self-report) 12 months 1.80 (0.56-5.75)
van Egmond [77] 2016 Netherlands ~ Mixed (40% breast) 69 Vocational 85 86 171 Sustained RTS‘QI’SS}?O?SYS (registry + 12 months 1.24 (0.61-2.54)
Berglund [101] 1994 Sweden Mixed (80% breast) 80 Multidisciplinary 98 101 199 Still on sick leave /not working (self-report) 12 months 1.46 (0.72-2.93)
Grunfeld [102] 2019 UK lt/él(;(‘"/adbizgggr 79 Multidisciplinary 38 30 68 Full/part-time/gradual return to work 12 months 2.48(0.92-6.67)
Park [103] 2024 South Korea Colorectal cancer I-IV 28 Multidisciplinary 28 30 58 Return to work (self-report) 12 months 5.32(1.43-19.74)

Abbreviations: I, intervention group; C, control group; OR, odds ratio; CI, confidence interval. RTW, return to work. Data are presented as OR (95% CI) for
return-to-work outcomes.
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3.4. Domain-Specific Health-Related Quality of Life

Six HRQoL domains had sufficient data for quantitative synthesis (Supplementary
Figure S1). Exercise interventions were associated with improvements in role functioning
(SMD, 0.36; 95% CI, 0.22 to 0.50), physical functioning (SMD, 0.29; 95% CI, 0.18 to 0.39),
emotional functioning (SMD, 0.28; 95% CI, 0.10 to 0.45), social functioning (SMD, 0.19;
95% CI, 0.10 to 0.28), and cognitive functioning (SMD, 0.18; 95% CI, 0.01 to 0.34), and with
reduced fatigue (SMD, 0.26; 95% CI, 0.19 to 0.34).

Psychoeducational interventions were associated with improvements in emotional
functioning (SMD, 0.30; 95% ClI, 0.04 to 0.55) and physical functioning (SMD, 0.14; 95% CI,
0.01 to 0.27). The estimate for social functioning favoured psychoeducation but was
imprecise (SMD, 0.13; 95% CI, 0.00 to 0.25). Data were insufficient to pool effects on role
functioning, cognitive functioning, or fatigue.

Multidisciplinary interventions were associated with a small improvement in physical
functioning (SMD, 0.18; 95% CI, 0.01 to 0.36), but not emotional functioning (SMD, 0.22;
95% CI, —0.04 to 0.47), role functioning (SMD, 0.08; 95% CI, —0.19 to 0.35), social functioning
(SMD, 0.08; 95% CI, —0.09 to 0.25), or fatigue (SMD, 0.07; 95% CI, —0.45 to 0.59). Evidence
was insufficient to pool cognitive functioning.

Vocational interventions were not associated with role functioning (SMD, —0.12;
95% CI, —0.44 to 0.21), social functioning (SMD, —0.11; 95% CI, —0.35 to 0.12), emotional
functioning (SMD, —0.06; 95% CI, —0.29 to 0.18), or physical functioning (SMD, —0.04;
95% CI, —0.35 to 0.27). Cognitive functioning, fatigue, and vitality could not be pooled
because of insufficient data.

3.5. Return to Work

Seventeen studies contributed to the RTW analyses (Figure 3). Psychoeducational
interventions were associated with higher odds of RTW than usual care (OR, 1.41; 95%
CI, 1.15 to 1.73; I2 = 5.5%). Multidisciplinary interventions also showed higher odds of
RTW (OR, 2.26; 95% CI, 1.15 to 4.48; 1% = 34.7%), although this estimate was based on only
three trials. The pooled estimate for exercise interventions also favoured the intervention,
but the 95% CI included the null (OR, 1.95; 95% CI, 0.99 to 3.87; I? = 48.6%). In contrast,
vocational interventions were not associated with RTW (OR, 1.29; 95% CI, 0.81 to 2.08;
17 = 0.0%).

3.6. Risk of Bias and Certainty of Evidence

Risk-of-bias assessments for the 81 included randomised controlled trials are sum-
marised in Figure 4. Among the 39 exercise trials reporting HRQoL, 11 (28.2%) were
judged to be at low overall risk of bias, the highest proportion among the four intervention
categories. Most remaining exercise trials raised some concerns, and none was judged
to be at high risk. For RTW, 2 of the 4 exercise trials were at low risk of bias. Trials of
psychoeducational, multidisciplinary, and vocational interventions were more commonly
rated as having some concerns, largely because of limitations in allocation procedures,
deviations from intended interventions, missing outcome data, or outcome measurement.

The certainty of evidence varied across intervention categories and outcomes. Ev-
idence for vocational interventions was rated as low to very low for both HRQoL and
RTW, primarily because of the small number of trials, imprecision, and methodological
limitations. Detailed risk-of-bias assessments and GRADE ratings are presented in Figure 4
and Supplementary Table S3.
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3.7. Sensitivity Analyses and Reporting Bias

Leave-one-out analyses showed that excluding individual studies did not materially
change the direction, magnitude, or statistical significance of the pooled estimates for the
principal and domain-specific HRQoL and RTW outcomes (Supplementary Figure S2).
Where sufficient studies were available, analyses restricted to trials at low overall risk
of bias yielded results consistent with the primary analyses. Funnel plots for outcomes
reported by at least 10 studies were broadly symmetrical, with no clear evidence of small-
study effects or publication bias (Supplementary Figure S3). Interpretation was limited by
the modest number of studies and between-study heterogeneity.

4. Discussion

This systematic review and meta-analysis provides a comprehensive assessment of
non-pharmacological rehabilitation for HRQoL and RTW among people living with and
beyond cancer. Three principal findings emerged. First, exercise, psychoeducational, and
multidisciplinary interventions improved overall HRQoL, whereas evidence for vocational
interventions remained inconclusive. Second, the pattern of benefit differed across HRQoL
domains: exercise produced the broadest improvements, while the effects of psychoeduca-
tional interventions were more concentrated in emotional and physical functioning. Third,
psychoeducational and multidisciplinary interventions were associated with improved
RTW, whereas the effect of exercise interventions remained uncertain despite a favourable
point estimate, and vocational interventions showed no clear benefit. These findings sug-
gest that rehabilitation effects are outcome- and intervention-specific rather than uniform
across recovery domains.

4.1. Health-Related Quality of Life

The observed benefits of exercise and psychoeducational interventions for overall
HRQoL are consistent with previous systematic reviews and meta-analyses [6,8,10,13].
More importantly, the domain-specific analyses provide information that is not captured
by global HRQoL scores alone.

Exercise was associated with improvements across physical, role, emotional, social,
and cognitive functioning, together with reduced cancer-related fatigue. This broad pattern
accords with evidence that exercise can counter treatment-related deconditioning, preserve
muscle function, and improve fatigue and physical capacity [7,12,104]. Improvements in
these proximal outcomes may subsequently facilitate participation in family, social, and
occupational roles. Exercise may also influence inflammatory and metabolic pathways,
although these mechanisms were not examined directly in the included trials and should
therefore be considered explanatory hypotheses rather than demonstrated mediators.

The effects of psychoeducational interventions were more selective, with the clear-
est improvement observed in emotional functioning. This pattern is consistent with the
intended targets of cognitive behavioural therapy, mindfulness-based approaches, stress
management, and structured education, which aim to modify illness perceptions, coping re-
sponses, and emotional distress [8,13,14]. The smaller improvement in physical functioning
may reflect indirect effects mediated through greater confidence, symptom management, or
engagement in daily activities. Evidence was insufficient, however, to determine whether
psychoeducational interventions consistently affect fatigue, cognition, or role functioning.

Multidisciplinary interventions improved overall HRQoL but showed a clear domain-
specific benefit only for physical functioning. Although combining several rehabilitation
components could theoretically address multiple survivorship needs, multidisciplinary
programmes varied substantially in content, intensity, professional involvement, and
delivery. Such heterogeneity may obscure the contribution of individual components.
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Complex programmes may also increase treatment burden and reduce adherence, thereby
attenuating their effectiveness under routine conditions [105].

Vocational interventions were not associated with improved overall or domain-specific
HRQoL [3,5]. This may partly reflect their narrower focus on workplace communication,
job modification, and employment procedures rather than on persistent physical or psycho-
logical symptoms. However, the evidence base was small and of limited certainty [5,106].
The results should therefore not be interpreted as demonstrating that vocational rehabilita-
tion is ineffective, but rather that its effect on HRQoL remains insufficiently established.
Moreover, HRQoL may not be the most proximal or sensitive outcome for interventions
designed primarily to address employment barriers [106]. Taken together, these domain-
specific findings indicate that global HRQoL alone may provide an incomplete account of
rehabilitation benefit.

4.2. Return to Work

RTW is a complex outcome shaped by physical capacity, psychological readiness,
work demands, employer support, social protection systems, and individual expectations.
The observed benefit of psychoeducational interventions suggests that psychological and
behavioural barriers may be important determinants of occupational reintegration. By
improving coping, self-efficacy, problem-solving, and confidence in managing work-related
demands, these interventions may facilitate both the decision and the process of returning
to employment.

Our findings extend those of the most recent Cochrane review, which reported little or
no clear benefit of psychoeducational interventions for RTW [5]. Despite partial overlap in
the included studies, the Cochrane search ended in August 2021 and its analysis of psychoe-
ducational interventions for RTW was based on four RCTs, whereas our search extended
to June 2026 and incorporated more recent trials, including Kang et al. [96] and Hors-
bel et al. [95]. With the addition of these newer data, the pooled effect of psychoeducational
interventions became statistically significant, in contrast to the non-significant estimate
reported in the Cochrane review. Moreover, the Cochrane review focused primarily on
RTW, with QoL as a secondary outcome, whereas our review additionally evaluated overall
and domain-specific HRQoL, allowing intervention effects across different dimensions of
recovery to be examined.

Exercise interventions produced favourable RTW estimates, but their confidence in-
tervals were wide; multidisciplinary interventions showed a favourable effect (OR, 2.26;
95% CI, 1.15 to 4.48), although based on only three trials. Exercise may support occupational
recovery through improvements in fatigue, endurance, and physical function [6,7], while
multidisciplinary interventions may address several barriers concurrently [5]. Neverthe-
less, heterogeneity in intervention content, treatment status, baseline work participation,
adherence, and outcome timing may have reduced the precision of these estimates. The
absence of statistical significance should therefore be interpreted as uncertainty rather than
evidence of no effect.

The lack of a clear benefit from vocational interventions is notable because these
programmes directly target employment. Workplace adjustment alone may be insufficient
when persistent symptoms, psychological distress, reduced work ability, and uncertainty
about role resumption remain unresolved. Their effectiveness may also depend on em-
ployer participation, workplace flexibility, labour-market conditions, and national insurance
policies [2,5]. These contextual factors are difficult to standardise across trials and may
limit the transferability of findings between countries.

The RTW results support a broader conceptualisation of occupational rehabilitation.
Interventions may need to combine psychological preparation and functional recovery
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with workplace-level support rather than addressing these barriers in isolation. However,
the present findings do not establish the superiority of any specific multicomponent model,
and adequately powered trials are needed to identify the most effective combination and
timing of intervention components.

4.3. Clinical Implications

The findings support a goal-oriented approach to cancer rehabilitation. Exercise may
be particularly appropriate when physical functioning, fatigue, and broader role partici-
pation are priority outcomes. Psychoeducational interventions may be more relevant for
emotional adjustment and readiness to resume occupational roles. Patients with interacting
physical, psychological, and workplace barriers may benefit from coordinated care involv-
ing, as appropriate, oncologists, specialist nurses, physiotherapists or exercise professionals,
psychologists, occupational therapists, and vocational rehabilitation counsellors, with the
composition of the team tailored to individual rehabilitation needs and goals. These results
should not be interpreted as a formal ranking of intervention categories. The analyses were
based on separate groups of trials rather than direct head-to-head comparisons, and differ-
ences in study populations and intervention design may account for part of the variation in
pooled estimates. Clinical decisions should therefore consider individual needs, treatment
stage, baseline functional status, employment context, feasibility, and patient preference.
The optimal timing of these interventions remains uncertain and warrants direct evaluation
in future trials.

4.4. Strengths and Limitations

A major strength of this review is the integrated evaluation of four intervention
categories across occupational recovery, overall HRQoL, and individual HRQoL domains.
This approach moves beyond the binary classification of interventions as effective or
ineffective and identifies the outcomes for which each strategy may be most relevant. The
inclusion of 81 randomised controlled trials and 11,257 participants provided a substantially
larger evidence base than previous reviews. Independent study selection, data extraction,
and risk-of-bias assessment, together with RoB 2 and GRADE evaluations, strengthened
methodological transparency. The stability of the principal findings in leave-one-out
analyses further reduced concern that the results were driven by individual studies.

Several limitations warrant consideration. First, substantial heterogeneity was present
in several analyses, likely reflecting differences in cancer type, treatment status, intervention
characteristics, outcome measurement, and assessment timing. Pooled estimates should
therefore be interpreted as average effects across clinically diverse interventions. Second,
the evidence base was uneven. Few trials evaluated vocational interventions, RTW, or
several HRQoL domains, resulting in imprecise estimates. This was particularly evident for
RTW, where the exercise estimate included the null and the multidisciplinary estimate, al-
though significant, was based on only three trials. Third, several trials had methodological
limitations related to missing data, outcome measurement, and selective reporting, while
blinding was generally infeasible for behavioural and rehabilitation interventions. RTW
was also frequently self-reported, which may have introduced measurement error. Fourth,
HRQoL was assessed primarily at the first post-intervention time point, leaving the dura-
bility of observed benefits uncertain. RTW definitions and assessment periods also varied
across studies, and the conversion of continuous work outcomes to a common odds-ratio
scale required assumptions that may reduce clinical interpretability. Fifth, generalisability
may be limited by the composition and setting of the available evidence. Notably, 39 of the
67 HRQoL trials (58%) enrolled exclusively female participants, limiting the generalisability
of these findings to male cancer survivors; more than half of the included trials focused on
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breast cancer, and most were conducted in high-income countries. Restriction to English-
language, peer-reviewed publications may also have introduced language or publication
bias. Finally, aggregate data did not permit systematic investigation of potentially impor-
tant effect modifiers (e.g., cancer stage, treatment type, occupational demands). Future
trials should use standardised HRQoL and RTW definitions, report individual functional
domains, incorporate longer follow-up, and provide sufficient information to determine
which interventions are most effective for particular patient groups and clinical contexts.

5. Conclusions

This systematic review and meta-analysis indicates that non-pharmacological rehabil-
itation can improve recovery outcomes among cancer survivors, although benefits vary
by intervention type and therapeutic target. Psychoeducational interventions may be
particularly relevant when emotional adjustment and return to work are the primary goals,
whereas exercise should be considered when improving physical functioning, reducing
fatigue, and enhancing multidimensional HRQoL are priorities. Multidisciplinary interven-
tions may improve overall HRQoL, but their domain-specific and occupational benefits
remain uncertain, while evidence for vocational interventions alone is currently insufficient
to support their preferential use. Healthcare professionals and policymakers should pro-
mote accessible, needs-based rehabilitation pathways that integrate psychological, physical,
and workplace support. These conclusions should be interpreted cautiously, as some
reports lacked sufficient data for quantitative synthesis. Further well-designed, adequately
powered randomised trials with standardised outcomes and longer follow-up are needed
to establish the durability and comparative effectiveness of these strategies.
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