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Physical activity is associated with improved survival in skin cancer

patients: A meta-analysis

Dear Editor,

Cutaneous melanoma (CM) and non-melanoma skin cancers
(NMSC) are highly incident malignancies with a growing
health burden. Despite improvements in systemic therapies,
the identification of actionable prognostic factors remains cru-
cial to support an integrated approach to patient management.
Physical activity is generally associated with improved survival
for patients with cancer, but evidence regarding its prognostic
role in skin cancer remains limited, providing rationale for this
PRISMA-compliant systematic review and meta-analysis.
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FIGURE 1
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Literature search was conducted in PubMed and EMBASE
on September 3rd, 2025. We targeted studies reporting on
the association between pre-/post-diagnosis physical activ-
ity and survival in patients with CM or NMSC. Any type
of physical activity (e.g. recreational, at work or total) was
considered. Random-effects models were used to calculate
summary hazard ratio (sSHR) and 95% confidence intervals
(CI) for overall (OS), cancer-specific (CSS) and non—-cancer-
specific survival (NCSS). Heterogeneity between studies was
quantified using the I” statistics, and pre-planned subgroup
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Systematic review and meta-analysis for the association between physical activity and survival of patients with skin cancer (cutaneous

melanoma and non-melanoma skin cancer): PRISMA flow diagram for the selection of studies (a) and forest plots for overall survival (b), cancer-specific
survival (c) and non-cancer-specific survival (d). CI, confidence intervals; HR, hazard ratio.
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TABLE 1

Selected characteristics of the studies included in the systematic review and meta-analysis on the association between physical activity and

prognosis of patients with skin cancer.

No. patients Follow-up
Author, by skin (mean/
year Country cancer type Demographics median)
Perrier, Norway 1829 CM 100% women, 8.3 years
20252 mean age
63.2years
Verheijden,  Netherlands 153 CM +66 66.5% men, 1year
2024 NMSC +32 mean age
skin NOS 64years
Wei, 2024 USA 924 skin 47.8% men, 5.7 years
NOS median age
65years
Lavery, USA 773 CM NA 16years
2023°
Onerup, Sweden 28,418 skin 100% men, 6.5years
2023° NOS mean age
52.5years
Cannioto, USA 347 skin NA 4.9years
20197 (95% CM)
Schwitzer, USA 2465 CM NA NA

2017°

Physical

Physical activity activity Exposure

type measurement timing Endpoint(s)  Adjustments

Total 10-point scale Post- QOS, CSS, Age, stage,

diagnosis ~ NCSS smoking,
other

Total SQUASH Post- OS Age, sex,
questionnaire, diagnosis stage, other
MET-hours/
week

Total Global Physical ~ Post- 0s, CSS, Age, sex,
Activity diagnosis NCSS smoking,
Questionnaire alcohol, other
(GPAQ),
MET-min/week

Strenuous or 12-items Pre- 0§, CSS, Age, sex,

moderate exercise ~ questionnaire, diagnosis ~ NCSS stage, other

comparison
to adherence
to national

guidelines

Cardiorespiratory ~ Ergometer test, Pre- oS Age, other

fitness score diagnosis

Recreational DBBR Pre- and 0S, CSS Age, sex,
questionnaire, post- stage,
habitually diagnosis smoking
active/inactive

Recreational Baseline study Post- CSS Age, sex,
questionnaire, diagnosis smoking,
MET-hours/ alcohol, other
week

Abbreviations: CM, cutaneous melanoma; CSS, cancer-specific survival; DBBR, Roswell Park Data Bank and BioRepository questionnaire; MET, metabolic equivalent
of task; NA, not available; NCSS, non-cancer-specific survival; NMSC, non-melanoma skin cancer; NOS, not otherwise specified; OS, overall survival; SQUASH, Short

Questionnaire to Assess Health Enhancing Physical Activity.

analyses were conducted. Study quality was assessed using
the Quality in Prognosis Studies (QUIPS).!

A total of seven articles”® published between 2017 and
2025 were included, with the selection process shown in
Figure la and study characteristics in Table 1. Study quality
was generally fair. The sHR for OS was 0.69 (95% CI 0.57-
0.83, I*=61.1%) (Figure 1b), highlighting lower all-cause
mortality risk among more physically active individuals.
In meta-regression, post-diagnosis activity was associ-
ated with a survival benefit (sHR 0.57, 95% CI 0.48-0.68,
n=2) stronger than pre-diagnosis activity (sHR 0.78, 95%
CI 0.69-0.89, n=4), p for difference=0.004. Similarly, the
association with survival was stronger in studies using val-
idated (sHR 0.57, 95% CI 0.49-0.67, n=3) vs. non-validated
(sHR 0.74, 95% CI 0.47-1.18, n=3) physical activity ques-
tionnaires, p for difference=0.026. For CSS, based on five
studies, the sHR was 0.71 (95% CI 0.57-0.88, I*=22.4%)
(Figure 1c). A stronger association was observed for NCSS,
based on three studies (sHR 0.60, 95% CI 0.45-0.82,
I*=53.7%) (Figure 1d). In a sensitivity analysis, we included
only the studies whose population consisted entirely of pa-
tients with CM and merged estimates for CSS (four stud-
ies) and OS (the single study by Onerup et al. 2023): the

pooled HR was 0.78 (95% CI 0.68-0.90, I* = 0%). Excluding
the one study which used cardiorespiratory fitness as a
surrogate of physical activity, the results were unchanged
(sHR 0.66, 95% CI 0.52-0.83). Additional sensitivity and
subgroup analyses largely confirmed the observed results
across physical activity types and endpoints. No evidence
of publication bias was detected.

Several plausible mechanisms may explain the reduced
mortality observed among physically active patients with
skin cancer, including anti-inflammatory, metabolic and
immune-mediated effects. Physical activity exerts anti-
inflammatory and metabolic effects, lowering insulin and
IGF-1 signalling and reducing chronic inflammatory me-
diators, which are linked to cancer progression and mor-
tality across tumour types.” In addition, physical activity
can significantly mitigate the side effects of cancer therapies
and improve prognosis by modulating immune responses
and optimizing metabolic pathways, potentially synergiz-
ing with immunotherapy, particularly in advanced mela-
noma.'® This meta-analysis has some limitations, including
the moderate number of studies (mostly relying on self-
reported physical activity) and the absence of randomized
trials. Residual confounding by disease stage, comorbidities,
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treatment and lifestyle-related factors cannot be excluded.
Nonetheless, the consistency of the results (across skin
cancer subtypes, survival endpoints and type of physical
activity), their biological plausibility and the evidence high-
lighting the relevance of post-diagnosis exercise support the
notion that physical activity may represent a safe, feasible
and high-impact intervention that should be integrated into
survivorship care for patients with skin cancer in addition
to standard treatments.

KEYWORDS
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