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Simple Summary

Exercise is known to reduce the risk of developing breast cancer and improve survival in
patients diagnosed with this disease. However, the biological mechanisms underlying
these benefits are not fully understood. One possible explanation is that exercise may en-
hance the immune system’s ability to fight cancer cells. The immune system plays a crucial
role in detecting and eliminating abnormal cells, but cancer cells can sometimes evade this
defense. In this systematic review and meta-analysis, we examined all available scientific
evidence on how exercise affects immune cells and immune-related markers in breast can-
cer patients. We also systematically analyzed this evidence to determine whether exercise
can improve anti-tumor immunity. Understanding these immune effects may help ex-
plain why exercise benefits cancer patients and support the use of exercise programs
alongside conventional therapies.

Abstract

Background/Objectives: Physical exercise reduces breast cancer (BC) risk and improves
survival, yet the biological mechanisms remain incompletely understood. Exercise may
modulate systemic immunity and local immune cell infiltration in the tumor microenvi-
ronment. In this systematic review and meta-analysis, we examined the effects of exercise
on immune cells and immune-related markers in patients with BC. Methods: This study
followed PRISMA guidelines and was prospectively registered in PROSPERO
(CRD420251082444). Four databases (PubMed, Web of Science, Scopus, and Cochrane Li-
brary) were searched from inception through December 2025. Randomized controlled tri-
als evaluating exercise interventions in patients with BC or BC survivors and reporting
immune cell outcomes were included. Meta-analyses were performed on studies report-
ing natural killer cells, natural killer cell activity, T-cell subpopulations, and B cells. Re-
sults: A total of 18 studies involving 911 participants (539 in exercise intervention groups)
were included in the systematic review, with eight studies included in meta-analyses. Ex-
ercise interventions did not show significant effects on circulating natural killer cell
counts, natural killer cell activity, T-cell subpopulations (CD3*, CD4*, and CD8), or B-cell
levels when compared to control groups. Conclusions: Exercise does not appear to induce
consistent changes in resting circulating immune cell populations in patients with BC or

Cancers 2026, 18, 621

https://doi.org/10.3390/cancers18040621



Cancers 2026, 18, 621

2 of 25

BC survivors, indicating that exercise is immunologically safe while potentially exerting
effects beyond circulating cell counts. Further large-scale research is required.

Keywords: breast neoplasms; resistance training; physical activity; natural killer cells;
T-lymphocytes; tumor microenvironment; immunotherapy

1. Introduction

According to the Global Cancer Observatory, breast cancer (BC) is the second most
frequently diagnosed cancer worldwide [1], and its incidence is expected to reach 3.2 mil-
lion cases by 2050 [2]. Despite recent improvements in survival rates, the disease remains
a major clinical challenge [3]. BC exhibits considerable biological heterogeneity, including
genomic alterations, diverse gene expression patterns, and a complex tumor microenvi-
ronment (TME). The TME represents a dynamic cellular ecosystem in which tumor, stro-
mal and immune cells interact [4]. The prognosis of BC is influenced by various cell sub-
populations that can either promote or hinder tumor growth [5].

Under physiological conditions, immune cells including cytotoxic T-lymphocytes
and natural killer (NK) cells identify and eliminate malignant cells through antigen
presentation and cytotoxic activity [6]. Cancer cells can evade immune detection by creat-
ing an immunosuppressive microenvironment [7], a key hallmark of cancer [8]. Although
BC has been considered immunologically quiescent due to its relatively low somatic mu-
tational burden [9], higher levels of tumor-infiltrating lymphocytes (TILs) in diagnostic
biopsies have been associated with improved overall survival in patients with aggressive
BC subtypes [5]. These findings highlight the need to develop treatment strategies that
improve anti-tumor immune responses.

Immunotherapies, like immune checkpoint inhibitors, block inhibitory pathways
that suppress immune system activity [9]. A key objective in immunotherapy is to trans-
form immunologically cold tumors into immune-inflamed hot tumors, thus increasing
their responsiveness to various treatments. The infiltration of T and NK cells into the TME
and the reduction in tumor hypoxia may facilitate improved immune cell infiltration [10].
However, pharmacological treatments can lead to serious immune-related adverse
events, such as pneumonitis, hepatitis, thyroiditis, and skin rash [9], which can negatively
impact patients” outcomes.

Physical activity reduces the risk of BC and improves survival in these patients
[11,12], although the specific biological and molecular mechanisms underlying these ef-
fects remain poorly understood. Recent evidence suggests that physical exercise may
modulate systemic immunity and local infiltration of specific immune cells in the TME
[13]. Myokines released during muscle contraction such as interleukin (IL)-6, IL-7, and IL-
15 influence the immune system activation, contributing to the systemic effects of physical
exercise [13]. Moreover, epinephrine-mediated stimulation of 2-adrenergic receptors on
lymphocyte surfaces may induce the mobilization of immune cells into the bloodstream
[14,15].

In patients with newly diagnosed BC, a single acute exercise session increased the
total number of leukocytes, CD8* T cells, CD19* B cells, NK cells, and CD14*CD16* mono-
cytes [16]. This acute exercise-induced NK cell mobilization has also been inversely corre-
lated with tumor size [17]. Moreover, regular exercise may benefit NK cell activity
(NKCA) in patients with BC [18], although these results are partly controversial compared
to previous research [19,20]. A previous meta-analysis showed that physical exercise,
compared to usual care, did not produce statistically significant effects on the number of
immune cells (CD8* and CD4+* T cells and NK cells) or on NKCA in women with BC [21].
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However, given the growing evidence in this field and the increasing mechanistic research
on physical exercise and immune system recruitment and activation [14], systematically
reviewing the effects of exercise on immune cells associated with cancer may elucidate
additional benefits for patients with BC. Therefore, the primary aim of the present sys-
tematic review and meta-analysis is to analyze the effects of exercise on immune cells and
immune-related markers in patients with BC.

2. Materials and Methods
2.1. Data Sources and Search Strategy

This systematic review and meta-analysis followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement [22] (Supplementary Mate-
rial S1), and the protocol was prospectively registered in the International Prospective
Register of Systematic Reviews (PROSPERO) under the registration number
CRD420251082444.

To identify eligible studies, a comprehensive literature search was conducted in four
electronic databases: PubMed, Web of Science (including Web of Science Core Collection,
Current Contents Connect, Derwent Innovations Index, KCI-Korean Journal Database,
MEDLINE®, ProQuest™ Dissertations & Theses Citation Index, and SciELO Citation In-
dex), Scopus and the Cochrane Library. The following search strategy was used: (“breast
cancer” OR “breast neoplasm” OR “mammary cancer” OR “breast tumor” OR “breast tu-
mour”) AND (“exercise” OR “physical activity” OR “strength training” OR “aerobic train-
ing” OR “resistance training” OR “endurance training”) AND (“immune” OR “immun-
ity” OR “natural killer” OR “CD8” OR “CD4” OR “lymphocyte” OR “nk cell” OR “neu-
trophil” OR “monocyte” OR “macrophage” OR “leucocyte”). No language or date filters
were applied. The search was conducted from inception through 22 December 2025.

2.2. Study Selection

The systematic review included randomized controlled trials (RCTs) and pilot and
feasibility studies with a RCT design published in English or Spanish that met the selec-
tion criteria based on the Population, Intervention, Comparison, Outcomes and Context
(PICOC) framework [23]. Specifically, the criteria included: (i) Population: Patients who
were recently diagnosed with BC, undergoing active treatment or BC survivors; (ii) Inter-
vention: Any form of structured physical exercise intervention, defined as physical activ-
ity that is planned, structured, repetitive, and purposeful [24]; (iii) Comparison: Usual
care control group or other type of exercise intervention; (iv) Outcomes: The primary out-
come included immune cells, such as lymphocytes (T and B cells) and NK cells, and sec-
ondary outcomes included other molecules and variables related to the immune system;
(v) Context: Any form of physical exercise, whether supervised or unsupervised, includ-
ing home- and center-based programs. Duplicated documents were removed. The search
was supplemented by manually reviewing the reference lists of relevant publications to
identify additional studies on the topic, reviewing the reference lists of included studies,
and searching clinical trial registries in databases (https://clinicaltrials.gov/).

Two independent researchers (C.G.-C. and S.L.-O.) conducted an initial blind screen-
ing of the titles and abstracts of the studies to identify those that potentially met the selec-
tion criteria. Subsequently, the full text of these articles was reviewed by the same authors
to determine their eligibility for final inclusion. Potential disagreements or conflicts were
resolved through consensus with a third researcher (M.M.-P.).

The kappa coefficient (k) and percentage (%) agreement scores were calculated to
assess reliability in study selection assessments before consensus. Inter-rater reliability
was estimated using k, with k > 0.7 indicating a high level of agreement between authors,

https://doi.org/10.3390/cancers18040621



Cancers 2026, 18, 621

4 of 25

k of 0.5-0.7 indicating a moderate level of agreement, and k < 0.5 indicating a low level of
agreement [25].

2.3. Data Extraction

From each eligible RCT, two researchers (C.G.-C. and M.M.-P.) extracted the follow-
ing information and data, if available: main author, year of publication, sample character-
istics, intervention type, analyzed outcomes, main results, and baseline and post-interven-
tion results or difference within groups. To ensure the accuracy of the extracted data, a
third researcher (S.L.-O.) carefully reviewed and verified the extracted information of each
article.

2.4. Risk of Bias Assessment

The risk of bias was independently assessed for each RCT by two researchers (C.G.-
C. and S.L.-O.) using the Cochrane’s risk of bias 2 (RoB2) [26]. In cases of discrepancies
between the scores, a third author (M.M.-P.) was consulted to reach a consensus. The RoB2
tool is structured into a fixed set of domains of bias, focusing on different aspects of trial
design, conduct, and reporting. Five domains were assessed: (D1) bias arising from the
randomization process; (D2) bias due to deviations from intended interventions; (D3) bias
due to missing outcome data; (D4) bias in the measurement of the outcome; and (D5) bias
in the selection of the reported results. These categories were classified as having a “high
risk,” “low risk” or “some concerns” [26].

2.5. Statistical Analysis

The data were analyzed using Review Manager (RevMan) 5.4 software (The Nordic
Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark). When at least
three RCTs analyzed the same outcome, the pooled effect of physical exercise on outcomes
related to the immune system in patients who were recently diagnosed with BC, under-
going active treatment or BC survivors was assessed. Since the meta-analysis results com-
bined various types of patients and treatments, we anticipated clinical and methodologi-
cal heterogeneity between studies and the need for a random-effects model (i.e., DerSi-
monian and Laird method) to conduct the analyses.

Only studies that specified the mean effect of exercise (baseline and post-intervention
data or difference within groups) or provided data that allowed calculation of the mean
effect of exercise were included in the meta-analyses. The significance level was estab-
lished at p < 0.05.

The pooled effect estimated from the continuous outcomes of interest was obtained
from the mean difference (MD, calculated as post-intervention value — baseline value) and
the change standard deviation [SD, calculated using the following formula [27]:

\/SDzbaseline+ SD2post-intervention — (2 X Corr X SDbaseline X SDpost-intervention)

To make this calculation, we imputed a correlation value (Corr) of 0.5, which is con-
sidered conservative [28]. The pooled result was expressed as the standardized mean dif-
ference (SMD) with a corresponding 95% confidence interval (CI).

For the NKCA outcome, we pooled studies that analyzed both cytotoxic and secre-
tory activity of interferon-gamma (IFN-y) levels. For cytotoxic activity (percentage of cell
lysis), when multiple effector-to-target ratios were reported within the same RCT, we se-
lected those with the highest ratio to conduct the meta-analysis.

Statistical heterogeneity was evaluated using a chi-square test (x?), and any incon-
sistency was quantified using the I? statistic. These values were interpreted as follows: 0-
40% indicated low heterogeneity, 30-60% indicated moderate heterogeneity, 50-90%
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indicated substantial heterogeneity, and values greater than 75% were considered indica-

tive of considerable heterogeneity [29].

3. Results

Initially, a total of 2427 records were identified for screening from the four electronic
databases. After removing 547 duplicates, 1880 documents were screened (Supplemen-
tary Materials S2). Finally, 69 full-text articles were reviewed and 18 were selected for
inclusion in the systematic review, of which eight were included in the meta-analysis (Fig-
ure 1). The inter-rater level of agreement was classified as high in the study selection pro-
cess before consensus (k = 0.89; 95%CI = 0.76 to 1.02).

‘ Identification of studies via electronic databases | | Identification of studies via other methods |

Records identified from:
All databases (n = 2427)

Records removed before screening: Records identified

PubMed (n = 220) Biistiaga e sy
Groliec oty — Duplicate records removed (=0

Identification

Web Of Science (n = 1302) (n = 547)
Scopus (n = 752)
Cochrane Library (n = 144) L
Records screened Records excluded (after reading title and abstract) Records sought for retrieval
(n=1880) (n=1811) (n=0)
2
£
8 l Reports excluded (after reading full text): l
&

No randomized controlled trials (n = 21)

Reports assessed for eligibility No adult patients with breast cancer or breast cancer
(n=69) survivors (n = 8)

— No exercise intervention (n = 3)

No comparision with a usual care control group or

l other type of intervention (n = 1)

No immune system outcome assessment (n = 18)

Records assessed for elegibility
(n=0)

Studies included in systematic

systematic review!

5

£ review (n = 18)

S Studies included in meta-analysis
L] (n=8)

Figure 1. Flowchart of studies included in systematic review and meta-analysis.

3.1. Characteristics of Included Studies

Table 1 provides an overview of the specific sample characteristics of the RCTs [30-
47] included in the systematic review. Among all the RCTs, three were conducted in the
United States [30,36,43], three in Australia [32,33,39], one divided into two studies in Swe-
den [38,41], two in Spain [34,40], and one in Canada [31], Germany [35], Egypt [37], Korea
[42], the United Kingdom [44], Denmark [45], The Netherlands [46] and China [47].

The total sample size comprised 911 analyzed participants, with 539 allocated to an
intervention group. The sample size of the individual RCTs included ranged from 16 [30]
to 240 [38,41] participants. In 16 of the 18 included studies, all the participants were
women, while in the remaining two studies, sex was not specified [46,47]. Regarding BC
stage, the RCTs were conducted with participants with stage I-III [36,43,44,46], I-11IA [31-
33,38,41], stage I [37], and I-II [34] BC. Another RCT was conducted with women with
primary moderate- or high-risk BC [35], while five RCTs did not specify the BC stage in
their selection criteria [30,39,40,45,47].
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Table 1. Characteristics of the participants included in the systematic review.

% Women

Sample Size

First Author (Year) Age (Mean * SD) Sample Size Treatment Type and Timing or Clinical Situation Stage of Cancer
. (Analyzed)
(Randomized)
EG:60.8+4.0 100% EG:n=6 Surgery, chemotherapy and/or radiotherapy within the previ-
Nieman et al., (1995) [30] PO EG:n=8 : ey, Py Py P Not specified
CG:51.2+4.7 CG:n=6 ous four years
CG:n=8
EG:59.0+5.0 100% EG:n=25 Completed surgery, radiotherapy, and/or chemotherapy with
Fairey et al., (2005) [31] POTNES: EG:n=25 : b gery, raciotherapy, Py Stage I-I1IA
CG:58.0+6.0 CG: 1 =98 CG:n=28 or without current tamoxifen or anastrozole therapy use
Hagstrom et al., (2016) [32] EG:512+85 100% EG: =19 Stage I-1IIA with no evi-
(ANZCTR #12612000346875 S EG:n=20 ’ Completed surgery, radiotherapy, and/or chemotherapy dence of recurrent dis-
CG:52.7+9.4 CG:n=15
study) CG:n=19 ease
Hagstrom et al., (2018) [33] EG: 508+ 83 100% EG:n=19 .
(ANZCTR #12612000346875 EG:n=19 Completed surgery, radiotherapy, and/or chemotherapy Stage I-IIIA
CG:52.1+£85 CG:n=14
study) CG:n=14
100%
EG:50.0+5.5 EG:n=10 .
Sagarra et al., (2018) [34] CG:53.1+68 EG:n=11 CG:n=7 During chemotherapy Stage I-II
CG:n=11
100%
EG1 (RT): 53.0 £ 12.6 o EGl:n=21 . . .
Schmidt et al., (2018) [35] EG2 (AT): 56.0 + 10.2 Eg; n ; 5491 EG2: 11=20 1’}1:1111‘1etc}11 adjuvant or neoadjuvant chemotherapy or further Prlm}??yh??ie];zicte or
CG:540+11.2 n CG:n=26 chemotherapy regimen igh-ris
CG:n=28
100%
Ligibel et al., (2019) [36] EG: 52396 EG: n=26 EG:n=14 Planning to undergo primary breast surgery Stage I-11I
CG:53.1+7.9 CG:n=11
CG:n=22
100%
EG:45.0+3.3 EG:n=15 .
Ashem et al., (2020) [37] CG:45.1 3.0 EG:n=15 CG:n=15 Undergoing chemotherapy Stage I
CG:n=15
100%
Mijwel et al., (2020) [38] EGL (RT): 52.7£10.3 EG1l:n=79 EGL: 7 =65 Undergoing adjuvant chemotherapy (consisting of anthracy-
. . EG2 (AT): 54.4+£10.3 EG2: n=60 . o Stage I-IITIA
(OptiTrain Breast Cancer Trial) EG2: n=80 clines, taxanes, or a combination of both)
CG:52.6+10.2 CG:n=57
CG:n=81
EG1 (MIAT): 65.0£7.7 100% EGl:n=5
Toohey et al., (2020) [39] EG2 (HIIT): 60.0 + 8.1 EGl:n=5 EG2:n=6 Completed cancer treatment within the previous two years Not specified
CG:61.0+7.9 EG2:n=6 CG:n=6
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CG:n=6
EG1 (RT + HIAT): 47.0 £ 7.0 100% o . .
Pagola et al., (2020) [40] EG2 (RT + MIAT): EG1:n=13 Eg; Z ; 13 Ss‘:m(’therapy or radiotherapy completed five years ago or o oo iiad
51.0+6.0 EG2:n=10 '
100%
. EG1 (RT): 52.2+10.1 o EG1: n=30
Hiensch et al, (2021) [41] - EG2 (AT):53.9+7.4 EGL:n =79 EG2: n=27 Undergoing adjuvant chemotherapy Stage I-ITIA
(OptiTrain Breast Cancer Trial) EG2: n=80
CG:529+10.1 CG:n=29
CG:n=81
EG:54.7 +5.1 100% EG:n=15 Surgery, chemotherapy, or radiotherapy completed more than
Lee et al., (2022) [42] PORSED EG:n=15 : ety Py py comp Stage I-ITIA
CG:55.4+4.3 CG:n=15 two years ago
CG:n=15
100%
EG:59.2+8.1 EG:n=
Brown et al., (2023) [43] G:59.2+8 EG:n=87 G =86 Cancer-directed therapy completed > 6 months before Stage I-1II
CG:589+8.4 CG:n=88
CG:n=90
100% EG1:n=10 Last treatment received at least two months before (no longer
Arana Echarri et al., (2023) [44] Total: 56.0 + 6.0 EG1:n=10 ) . . & Stage I-11I
EG2:n=10 than five years prior)
EG2: n=10
e 100% B
Kjeldsted et al., (2025) [45] Not specified EG: n=50 EG:n =49 Planning to undergo neoadjuvant chemotherapy Not specified
(218 years of age) CG:n=>52
CG:n=52
EG: Medla?a;f'g; fgterquartlle Sex not specified EG:n=7 Scheduled for neoadjuvant chemotherapy with four cycles of
Ubink et al., (2025) [46] . ge = . EG:n=11 ) two- or three-weekly Adriamycin and cyclophosphamide, fol- Stage I-IIL
CG: Median = 44.0; interquartile CG:n=9 .
CG:n=9 lowed by weekly paclitaxel
range = 26
Sex not specified
EG1 (LIRT): 49.1 +9.4 P EGL:n=36 . . .
Yijing et al,, (2025) [47] EG2 (MIRT): 46.7 + 10.98 Eg; Z ; g: EG2:n=37 i?ﬁa?“fe;goﬁiorgzi‘f;:iéii;cal mastectomy (or unilateral =\ o dfed
CG:515+4.6 P CG:n=37 yymp

Abbreviations: AT, aerobic training; BC, breast cancer; CG, control group; EG, experimental group; EG1, experimental group-1; EG2; experimental group-2; HIIT,

high-intensity interval training; HIAT, high-intensity aerobic training; LIRT, low-intensity resistance training; MIRT, moderate-to-high-intensity resistance train-

ing; MIAT, moderate-intensity aerobic training; RT; resistance training.
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The exercise interventions were conducted in patients who were planning to undergo
primary breast surgery [36]; had undergone modified radical mastectomy (or unilateral
axillary lymph node dissection) [47]; had completed surgery, radiotherapy, and/or chem-
otherapy [32,33], with or without current tamoxifen or anastrozole therapy [31]; were
scheduled for chemotherapy [46] or in the process of receiving it [34,37]; were planning to
complete adjuvant [35] or neoadjuvant [35,45,46] chemotherapy or a further chemother-
apy regimen or were undergoing it [38,41]; had completed cancer treatment at least six
months before [43] or within the previous two years [39]; had completed chemotherapy
or radiotherapy five years ago or less [40]; were treated with surgery, chemotherapy
and/or radiotherapy that was completed more than two years ago [42] or within the pre-
vious four years [30]; or received their last treatment at least two months before (no longer
than five years prior) [44].

Table 2 summarizes the characteristics of the interventions and outcomes described
and analyzed in the systematic review. The types of exercise analyzed included aerobic
training (AT) [31,35,37,39,44], resistance training (RT) [32,33,35,42], combined AT + RT
[30,34,36,40,45-47], and high-intensity interval training (HIIT) combined with both AT
and RT [38,41,43]. Regarding exercise interventions, each protocol consisted of two
[35,36,40,42,43,45-47] or three [30,32-34,37-39,41-45,47] sessions per week, with a total
intervention duration ranging from 29.3 days [36] to 52 weeks [43], although most inter-
ventions lasted 12 [35,39,42,47] or 16 weeks [32,33,38,40,41].

AT [31,35,37-39,44] was performed for 15 [31,37] to 60 min [30,38,41] per session and
intensity was quantified using the rate of perceived exertion (RPE) scale [35,38,41], peak
oxygen consumption (70-75% VOzpeak) [31], maximum oxygen consumption (55-80%
VOzmax) [37,44], and maximum power (50-65% work rate) [39].

For RT, intensity was determined by the weight lifted, based on the RPE scale, or by
the percentage of one-repetition maximum (1RM), which ranged from 40% [42] to 80%
1RM [32,33,42]. The number of prescribed exercises ranged from three [45] to 10 [35,40],
with seven exercises being the most common [30,32,33,47]. The training volume included
a variety regarding the number of sets and repetitions, with two or three sets and 8-12
repetitions representing the most frequently used.

In studies combining AT and RT, AT was performed for 20 [34,38,41] to 3045 [36]
minutes per session, and intensity was quantified using maximum heart rate (75 to 285%
HRmax) [30,45], peak oxygen consumption (60-70% VOzpeak) [34], or an RPE scale (6 to 7—
8 on a 0-10 point scale and 12-13 to 16-18 on a 620 point scale) [40,45,47], as well as
maximum power (50-80% work rate) [46]. RT intensity was determined by the percentage
of 1RM (40 to even >80% 1RM) [38,41,46,47] or by an RPE scale (6-7 on a 0-10 point scale
and 13 to 15 on a 6-20-point scale) [40,47]. Moreover, two RCTs combined RT with HIIT
[38,41,45], with intensity prescribed using an RPE scale (>16 on a 6-20-point scale)
[38,41,45] or based on maximum heart rate (285% HRmax) [45].
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Table 2. Characteristics of the interventions and outcomes described and analyzed in the systematic review.

Author (Year)

Intervention Outcome Main Results

Type of exercise: Supervised AT and RT
Intensity: 75% HRmax (AT); weight progressively increased e
(RT)

CBC (automated hematology analyzer,
Coulter)

Nieman et al., (1995) G Volume: 3 sessions per week; 60 min each session: 30 min e Percentage of NK (CD3-CD16*CD56*) l\i‘zzlg;;:cggtcdlfszziizsebz;vivrien
[30] (AT) + 2 sets of 12 repetitions of 7 exercises (RT) and T (CD3)-cell subsets (lymphocyte pheno- group P &
Total duration: 8 weeks typing) mune cells, and NKCA
Type of intervention: Usual care J NKCA (chromium release analysis)
cG Total duration: 8 weeks
Type of exercise: Supervised AT J Standard hematological variables (au- 1 NKCA in the EG
Intensity: 70-75% VOzpeak tomated hematology analyzer, Coulter) 1 Mononuclear cell proliferative ca-
EG Volume: 3 sessions per week of 15 min (weeks 1-3); 20 min e Neutrophil size, granularity, and oxi- pacity (unstimulated) in the EG
(weeks 4-6); 25 min (weeks 7-9); 30 min (weeks 10-12); and dative burst (flow cytometry) No significant differences between
i 13-1 KCA ium-51 i h logical
Fairey et al., (2005) [31] 35 min (wee.ks 3-15) J NKCA (chromium-51 release assay) groups in standard : eI.nato ogica
Total duration: 15 weeks . Blood mononuclear cell phenotypes variables; neutrophil size, granular-
Type of intervention: No exercise and were asked not to (immunofluorescence assay by ﬂow c.ytometry) ity, and oxidative burst; blood mono-
i . Mononuclear cell proliferative capac- nuclear cell phenotypes; and mono-
CG  begin a structured exercise program . . . . . .
Total duration: 15 weeks ity: unstimulated and PHA-stimulated nuclear cell proliferative capacity
) ([PH]thymidine uptake assay) (PHA-stimulated)
Type of exercise: Supervised RT o NK and NKT cell count (flow cytometry
Intensity: SRM (80% 1RM) and FACS)
E 1 : i ; f 8-1 iti f 6— F ional K KT N .
Hagstrom et al., (2016) G Vo um.e 3 sessions per week; 3 sets of 8-10 repetitions of 6— e unctional markers on N and N No significant differences between
7 exercises cells: granzyme B and perforin (flow cytome- .
[32] Total duration: 16 weeks try and FACS) groups in NK and NKT cell counts;
(ANZCTR : . 4 IEN-y (PMA/lonomycin/Brefeldin A functional markers on NK and NKT
#12612000346875 study) . . . g 4 cells; IFN-y; and CBC
cG Type of intervention: No exercise stimulation, flow cytometry, and FACS)
Total duration: 16 weeks J CBC (automated hematology analyzer,
Coulter STKS)
Hagstrom et al., 2018 Type of exercise: Supervised RT
[33] Intensity: 8SRM (80% 1RM) No significant differences between
E L te tel length (9PCR
(ANZCTR G Volume: 3 sessions per week; 3 sets of 8-10 repetitions of 6— * eucocyte telomere length (4PCR) groups in leucocyte telomere length

#12612000346875 study)

7 exercises
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Total duration: 16 weeks

Type of intervention: No exercise

cG Total duration: 16 weeks
Type of exercise: Supervised AT + RT
Intensity: 60-70% (AT) + weights of 0.5-1 kg on the non-in- N N . N . .
tervened side (RT) + two psychosocial support sessions * . T cells ((;],33 , (D4, CD§', CD4'/CD8" | B cells in the EG .
psy pp
EG . . . ratio) (not specified) 1 Igs G, M, E and A in the EG
Sagarra et al., (2018) Volume: 3 sessions per week; 10 min warm-up + 20 min NK cell ; ied IoG in the CC
[34] (AT) + 15 min (RT) + 5 min cool down cells (not specified) 418G in the C¢
Total duration: 18-22 weeks J B cells (not specified) 1 CD8* T cells in both groups
- —— - - . Serum Igs G, M, E and A (not specified) t CD3* and CD4+ in the CG
cG Type of intervention: Two psychosocial support sessions
Total duration: 16 weeks
Type of exercise: Supervised RT
Intensity: Hypothetical 50% of the maximum weight and
ion based on the B 1
EG1 progress.lon as.e on e orfg seate -, | CD4* T cells in all groups
Volume: 2 sessions per week; one set of 20 repetitions of 10 B cells in all
exercises . T cells (CD3*, CD4* and CD8) (flow cy—l cevsnal groups
Total duration: 12 weeks tometry and FACS) L CD8T cells in EG2
Schmidt et al.,, (2018) - , 4 | NK cells in EG2
Type of exercise: Supervised AT J NK cells (flow cytometry and FACS) . .
[35] . No significant differences between
Intensity: RPE 11-14 o B cells (flow cytometry and FACS) . .
EG2 Volume: 2 sessions per week; 45 min for each session (10 o V vd T cells (flow cytometry and FACS) groups in CD4* and CD8" T cells in
min war.m up; 25—35 min exe;cise' and 5 min cool down) v ’ ! EG1and CG; NK cells in EG1 and
) b ) ’ CG; and yd T cells
Total duration: 12 weeks
cG Type of intervention: Usual care
Total duration: 12 weeks
Type of exercise: Supervised RT and AT + additional unsu-
pervised AT o T cells (CD4* and CD8) (fluorescence
ntensity: Moderate and multiplexed immunofluorescence
EG Intensity: Mod IHC and multiplexed i
Volume: 2 sessions per week; 30-45 min (AT) + 20 min (RT) e FOXP3* regulatory T cells (fluorescence No significant differences between
Ligibel et al., (2019) [36] of six exercises IHC and multiplexed immunofluorescence) groups in CD4* and CD8* T cells; NK
& N Total duration: mean 29.3 days . NK cells (CD56*) (fluorescence IHC and cells (CD56*); macrophages (CD163+)
Type of intervention: Mind-body control (surgical prepara-multiplexed immunofluorescence) and FOXP3*
e tion program consisting of a book and a relaxation audio e Macrophages (CD163*) (fluorescence
guide) IHC and multiplexed immunofluorescence)

Total duration: mean 29.3 days
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Type of exercise: Supervised AT
Intensity: 60-80% VO:max (progressively increased)
Volume: 3 sessions per week for 15 min (weeks 0-2); 20 min
EG (weeks 3-5); 25 min (weeks 6-8); 30 min (weeks 9-11); 35 1 IgA in EG
Ashem et al., (2020) [37] min (weeks 12-14); 40 min (weeks 15-18); and 45 min (>18 e IgA (phlebotomy) .
weeks) 1 IgA in EG vs. CG
Total duration: 20 weeks
cG Type of intervention: No intervention
Total duration: 20 weeks
Type of exercise: Supervised RT-HIIT
Intensity: 70-80% 1RM (progression when more than 12
repetitions could be performed) (RT) + 16-18 RPE (HIIT)
EG1 Volume: 3 sessions per week; 60 min for each session: 2-3
sets of 8-12 repetitions of 8 exercises (RT) + 3 x 3 min bouts
(HIIT)
Mijwel et al., (2020) [38] Total duration: 16 weeks . Circulating blood cell concentrations No significant differences between
(OptiTrain Breast Cancer Type of exercise: Supervised AT-HIIT (neutrophils and lymphocytes) (clinical la-  groups in circulating blood cell con-
Trial) Intensity: RPE 13-15 (AT) + RPE 16-18 (HIIT) boratory analysis) centrations
EG2 Volume: 3 sessions per week; 60 min for each session: 20
min AT + 3 x 3 min bouts (HIIT)
Total duration: 16 weeks
Type of intervention: Usual care (information about physi-
CG  cal activity)
Total duration: 16 weeks
Type of exercise: Supervised continuous MIAT
Intensity: 55-65% Wmax (progressively increased); RPE 9-
EG1 13 . . .
Volume: 3 sessions per week; 5 min warm-up + 20 min No significant differences between
Toohey et al., (2020) [39] MIAT + 5 min cool down . Saliva IgA (IPRO Fluid Collection kit) .
Total duration: 12 weeks groups in IgA
Type of exercise: Supervised HIIT
EG2 Intensity: As hard as possible (cadence 95-115 RPM to en-

sure consistency)
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Volume: 3 sessions per week; 5 min warm-up +4-7 x 30 s
bouts with 2 min of active recovery between bouts (HIIT) +
5 min cool down

Total duration: 12 weeks

Type of intervention: Usual care

cG Total duration: 12 weeks
Type of exercise: Supervised RT + HIAT
Intensity: RPE 7-8 (HIAT) + RPE 6-7 (RT)
EG1 Volume: 2 sessions per week; 75 min for each session: 10
min warm-up + 35 min (HIAT) + 30-35 min RT (2-3 sets of
8-12 reps of 8-10 exercises) . Concentration of neutrophils and
Pagola et al., (2020) [40] Total duration: 16 weeks lymphocytes (automated hematology analyzer) No significant differences in NLR

Type of exercise: Supervised RT + unsupervised MIAT o NLR (neutrophils/lymphocytes)
Intensity: RPE 6 (MIAT) + RPE 6-7 (RT)
EG2 Volume: >150 min/week (MIAT) + 2 sessions per week of
30-35 min RT (2-3 sets of 8-12 reps of 8-10 exercises) (RT)
Total duration: 16 weeks

Type of exercise: Supervised RT-HIIT

Intensity: 70-80% 1RM (progression when more than 12

repetitions could be performed) (RT) + RPE 16-18 (HIIT)
EG1 Volume: 3 sessions per week; 60 min for each session: 2-3

sets of 8-12 repetitions of 8 exercises (RT) + 3 x 3 min bouts

HIIT
Hiensch et al., (2021) ( ) . Circulating blood cell concentrations

[41] iota: :::i:i?;:_z:eifise 4 AT-HIIT (neutrophils and lymphocytes) (clinical la-
(OptiTrain Breast Cancer Irzltle):nsity: RPE 1 3;_ 1 5p+ RPE 16-18 (HIIT) boratory analysis)
Trial) EG2 Volume: 3 sessions per week; 60 min for each session: 20 * IEN-y (Merck Cytomag custom-made)
min AT + 3 x 3 min bouts (HIIT)
Total duration: 16 weeks
Type of intervention: Usual care (information about physi-
CG  cal activity)

Total duration: 16 weeks

No significant differences in IFN-y

Type of exercise: RT 1 NKCA in the EG

Leeetal, (2022) [42] EG 1 NKCA in the EG vs. CG

. KCA (IFN-y ELISA fvati
Intensity: 40-80% 1RM (weekly progression) NKCA (IEN-y ELISA after activation)
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Volume: 2-3 sessions per week; 50 min for each session: 10

min warm-up + 3 sets of 16 repetitions (week 1); 4 sets of 12
repetitions (week 2); and 4 sets of 8 repetitions (weeks 3-12)
of 8 exercises + 10 min cool down

Total duration: 12 weeks

Type of intervention: Usual care (activities of daily living)

Brown et al., (2023) [43]

cc Total duration: 12 weeks
Type of exercise: Supervised (weeks 1-6 + 1 session per
month in the following weeks) and unsupervised (>6 weeks,
except 1 session per month) RT + unsupervised MIAT

EG Intensity: 10RM (RT) + moderate (MIAT)

Volume: 2 sessions per week; 2-3 sets with a weight that al-

lowed 10 repetitions with correct physical form + 36 ses- Lymphocyte telomere length (3PCR)
sions per week to reach 180 min/week (AT)

Total duration: 52 weeks

Type of intervention: Instruction to refer to their physician

No significant differences in lympho-
cyte telomere length

CG  to check which exercise or diet could be safe
Total duration: 52 weeks
Type of exercise: Partly supervised AT . T cells (CD4+, CD8*, naive, memory
Intensity: 55-70% VOzmax subsets, activated, and TSCM) (flow cytome-
EG1 Volume: 2 supervised sessions per week + 1 unsupervised try) | CD4+/CD8* ratio in the EG1 vs. EG2
session per week; 35-50 min for each session . B cells (total, naive, memory, plas- 1 CD16 regulatory NK cells in the
Arana Echarri et al., Total duration: 8 weeks mablasts/plasma, and immature) (flow cy- EG1 vs. EG2
(2023) [44] Type of exercise: Remotely supervised AT tometry) No significant differences between
Intensity: 55-70% VOzmax . NK cells (total, effector CD16*, and  groupsin T cells, B cells, NK cells,
EG2 Volume: 105-150 min each week (minimum bout length of regulatory CD16") (flow cytometry) and IFN-y production
10 min) . IFN-y (ELISpot assay)
Total duration: 8 weeks . IgG antibodies (ELISA)
Type of exercise: Supervised HIIT + RT
Kjeldsted et al., (2025) EG Intensity: >85% HRmax or RPE > 16 (HIIT) + 65% 1RM in- TILs (manual percentage and digital den- 1 Stromal TIL percentage in the CG

[45]

crease in load of 10% from week 4 onward if the participant sity)
could complete > 17 repetitions (RT)

vs. EG (manual assessment)
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Volume: 2-3 sessions per week: 5 min warm-up + 4 x 2 min
bouts (HIIT) + 5 min cool down + 3 sets of 12-15 repetitions
of 3 exercises (RT)

Total duration: 18 to 24 weeks

Type of intervention: Usual care (maintain regular routine)

No significant differences between
groups in TIL density per 10,000 um?
(digital analysis)

cG Total duration: 18 to 24 weeks
Type of exercise: Supervised RT + AT + physical activity | CD8* naive T cells in EG vs. CG
recoml.nendatlons . . T cells (CD3", CD4+, CD8", naiive, cen- 1 CD107a MFI in NK cells in EG vs.
Intensity: 70-80% 1RM (gradual progression) (RT) + 50—80%tral memorv. effector memoryv. TEMRA CG
Wmax (AT) + RPE 12-14 (recommendations) Y: Y ' | CD4*/CD8" ratio in TILs in EG vs.
EG . e and regulatory T cells) (flow cytometry)
Volume: 2 sessions per week; 2 sets of 8-12 repetitions (RT); . B cells (CD19", naive, memory, plas- CG
+30 min (AT); + 3 days per week of 30 min (recommenda- mablasts/plasma arl1 d imrr;ature) (]3](;5 - | CD4+ and CD4* naive cells T cells, B
tions) tometry) P ! 4 cells, and CD56dim NK cells in both
Ubink et al., (2025) [46] Total duration: 6 weeks . NK cells (CD56", CD56dim/CD16, groups
. 1 T cells, CD4* central memory cells,
and CD56bright/CD167) (flow cytometry)
CD4- effector memory cells, CD8+ T
. TILs (CD4+, CD8*, and CD56*) and .
. . . . . cells, and NKT cells in both groups
Type of intervention: Usual care CD4/CDS8 ratio (immunohistochemistry of tu- .
CG . . . .. | CD8+ TEMRA cells in the CG
Total duration: 6 weeks mor biopsies with manual and digital quantifica- . .
) No significant differences between
tion) .
groups in other T-cell subsets, B cells,
NK cells, and TILs CD56*
Type of exercise: Unsupervised LIRT (weights adjusted
progressively) + AT
Intensity: 40-70% 1RM (RPE 13-15) (LIRT) + 30-70% of car-
EG1 diacreserve (RPE 12-13) (AT) 1 Perforin* in EG2 vs. EG1 and CG
Volume: 2-3 sessions per week; 2-3 sets of 15-20 repetitions (T1 and T2)
of 7 exercises (LIRT) + 15-25 to 35-40 min (AT) o NKCA (percentage of CD3-CD16/56* 1 Granzyme B*in EG2 vs. EG1 and
Yijing et al., (2025) [47] Total duration: 12 weeks (T1) + 12 week follow-up (T2) perforin®, granzyme B*, and per- CG (T1 and T2)
Type of exercise: Unsupervised MIRT (weights adjusted ~ forin*/granzyme B*) (flow cyfometry) 1 Perforin*/Granzyme B*in EG2 vs.
progressively) + AT EG1 and CG (T1 and T2)
EG2 Intensity: 50-80% 1RM (MIRT) + 30-70% of cardiac reserve 1 Granzyme B* in EG1 vs. CG (T2)

(RPE 12-13) (AT)
Volume: 2-3 sessions per week; 2-3 sets of 8-12 repetitions
of 7 exercises (MIRT); + 15-25 to 35-40 min (AT)
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Total duration: 12 weeks (T1) + 12 week follow-up (T2)

CG

Type of intervention: Health education (diet, physical ac-
tivity, and psychological regulation) and routine care
Total duration: 12 weeks (T1) + 12 week follow-up (T2)

Abbreviations. 1RM, one-repetition maximum; AT, aerobic training; CBC, complete blood count; CG, control group; EG, experimental group; EG1, experimental
group 1; EG2, experimental group 2; ELISA, enzyme-linked immunosorbent assay; FOXP3*, Forkhead box P3; HIAT, high-intensity aerobic training; HIIT, high-
intensity interval training; IFN-vy, interferon-gamma; Igs, immunoglobulins; IgA, immunoglobulin A; IgG, immunoglobulin G; LIRT, low-intensity resistance
training; MFI, mean fluorescence intensity; MIAT, moderate-intensity aerobic training; MIRT, moderate-intensity resistance training; NK, natural killer; NKCA,
natural killer cytotoxic activity; NKT, natural killer T; NLR, neutrophil-to-lymphocyte ratio; PHA, phytohemagglutinin; qPCR, quantitative polymerase chain
reaction; RPE, rate of perceived exertion; RPM, revolutions per minute; RT, resistance training; TILs, tumor-infiltrating lymphocytes; TSCM, T memory stem cell;
VOzpeak, peak oxygen uptake; Wmax, maximum watts. 1, statistically significant increase after the intervention; | statistically significant decrease after the inter-

vention.

https://doi.org/10.3390/cancers18040621



Cancers 2026, 18, 621

16 of 25

3.2. Risk of Bias Assessment Results

Most of the studies included in the systematic review had some concerns related to
their risk of bias due to unreported information. In these studies, the domains with a
higher lack of information were D1, D2 and D3. Two studies [31,43] had a low risk of bias
while one [30] showed a high risk due to concerns in domains D2, D3 and D4. A detailed
description of the risk of bias assessment using the RoB2 algorithm for individual domains
is included in Supplementary Material S3.

3.3. Synthesis

We meta-analyzed a total of eight studies [30-32,34,35,37,42,46] that assessed six out-
comes.

3.3.1. Natural Killer Cells and Natural Killer Cell Activity

Five studies [30,32,34,35,46] comprising six intervention arms (n = 148 participants)
evaluated the effects of exercise on circulating NK cell counts. The pooled analysis did not
show significant benefits [SMD = -0.24 (95%CI: -0.57 to 0.09), p = 0.15] in those who exer-
cised compared to a control group, as shown in Figure 2A. We did not find heterogeneity
in these analysis studies (I2= 0%; p = 0.74). A pooled sensitivity sub-analysis of three stud-
ies [30,34,46] was performed to study the effects of combined exercise (AT + RT), showing
similar results [SMD = 0.09 (95%CI: -0.50 to 0.68), p = 0.77]. The pooled sensitivity analysis
for long-term (=8 weeks) exercise interventions, performed by removing the study of
Ubink et al. [46], also showed no significant effects [SMD = -0.27 (95%CI: —0.62 to 0.08), p
=0.13].

A total of four studies assessed NKCA through NK cell cytotoxic activity [30,31,46]
and secretory activity of IFN-y levels [42]. The pooled result of physical exercise did not
show a significant effect on this outcome [SMD = 0.13 (95%CI: -0.64 to 0.90), p = 0.74] with
substantial heterogeneity (I12= 69%; p = 0.02), as represented in Figure 2B. We also con-
ducted a sensitivity sub-analysis to assess the isolated effects on cytotoxic activity
[30,31,46]. However, the results remained non-significant [SMD = —0.08 (95%CI: —1.30 to
1.13), p=0.89].

(A) Natural killer

Exercise Control Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Nieman et al., (1995) 0 01 6 0 01 6 86% 0.00 [-1.13, 1.13]
Ubink et al., (2025) 29 744 7 28 57 9 113%  -0.01[-1.00,0.97) s a—
Sagarra et al., (2018) 05 08 10 08 147 7 11.7% 0.25[-0.72,1.22] e
Schmditetal,, (2018) (b)) -73.35 714 22 -366 90.9 13 227% -0.45 [-1.15, 0.24] —
Hagstrom et al., (2016) 133 19 11 37 15 229%  -0.59[-1.28,0.10] —
Schmdit etal.. (2018) (a) -52.66 118.16 21 -366 90.9 13 22.9%  -0.14[-0.84,0.55] ——
Total (95% Cl) 85 63 100.0%  -0.24[-0.57,0.09] &
Heterogeneity: Tau? = 0.00; Chi = 2.76, df = 5 (P = 0.74); I* = 0%

& -4 1
Test for overall effect: Z = 1.44 (P =0.15) Favors [control] ~ Favors [exercise]

(B) Natural killer cell activity

Exercise Control Std. Mean Difference Std. Mean Difference
Study or Mean __ SD Total Mean __ SD Total Weight IV, Random, 95% Cl 1V, Random, 95% CI
1.7.1 Cell cytotoxic activity: % lysis
Nieman etal, (1995) 4.6 565 6 134 301 6 165%  -1.79[-3.23,-0.36]
Ubink et al., (2025) 63 2626 7 88 3679 9 232% 0.44 [0.57, 1.44] —
Fairey et al., (2005) 59 113 25 -16 1163 28 31.8% 0.64[0.09, 1.20] —u—
Subtotal (95% CI) 38 43 715%  -0.08[1.30,1.13] TR

Heterogeneity: Tau” = 0.90; Chi’ = 9.74, df = 2 (P = 0.008); I = 79%
Test for overall effect: Z = 0.14 (P = 0.89)

1.7.2 Cell activity: Interferon-gamma secreted
Lee et al., (2022) 319.7 753.32 15  -8.1 78545 15  28.5% 0.41[-0.31,1.14] -
Subtotal (95% CI) 15 15 28.5% 0.41 [-0.31,1.14] =
Heterogeneity: Not applicable

Test for overall effect: Z = 1.12 (P = 0.26)

Total (95% CI) 53 58 100.0%  0.13[-0.64,0.90] -
Heterogeneity: Tau? = 0.41; Chi* = 9.76, df = 3 (P = 0.02); I = 69%
Test for overall effect: Z = 0.33 (P = 0.74)

Test for subaroup differences: Chi = 0.48, df = 1 (P = 0.49), I = 0%

-2 2
Favors [control] ~ Favors [exercise]

Figure 2. Meta-analysis results for (A) natural killer cells [30,32,34,35,46] and (B) natural killer cell
activity [30,31,42,46].
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3.3.2. T Cells

Physical exercise interventions did not demonstrate significant effects on any T-cell
subpopulation, as shown in Figure 3. For total lymphocytes (CD3*), pooled data from 112
participants [30,34,35,46] showed no differences between intervention and control groups
[SMD =-0.15 (95%CI: -0.54 to 0.23), p = 0.43]. Similarly, no significant improvements were
observed for CD4* [SMD = -0.13 (95%CI: -0.53 to 0.27), p = 0.52; n = 100 participants]
[30,34,35,46] and CD8*subpopulations [SMD = -0.11 (95%CI: —0.51 to 0.29), p = 0.60; n =
100 participants] [34,35,46].

A sensitivity sub-analysis pooling the effects of three studies [30,34,46] performing
combined training interventions showed no significant differences for CD3+ [SMD =-0.41
(95%CI: -1.09 to 0.28), p = 0.25; n = 45 participants]. Moreover, a sensitivity sub-analysis of
long-term exercise interventions, performed by removing the study of Ubink et al. [46],
showed similar effects [SMD = -0.21 (95%CI: -0.64 to 0.22), p = 0.33; n = 96 participants].
All sensitivity analysis results are shown in Supplementary Material 54.

(A) CD3*
Exercise Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Nieman et al., (1995) 0 0.1 6 0.2 0.2 6 9.1% -1.17 [-2.43, 0.10] 1
Ubink et al., (2025) 121 7.56 7 111 6.93 9 15.0% 0.13[-0.86, 1.12] ) - —
Sagarra et al., (2018) 6.1 7.33 10 9.7 8.75 7 153% -0.43 [-1.41, 0.55] |
Schmdit et al., (2018) (b) -297.4 372.22 20 -270.48 33245 13 30.0% -0.07 [-0.77, 0.63] =S T
Schmditet al., (2018) (a)  -242.01 457.08 21 -270.48 33245 13 30.6% 0.07 [-0.62, 0.76] —
Total (95% Cl) 64 48 100.0% -0.15 [-0.54, 0.23] *
Heterogeneity: Tau? = 0.00; Chi* = 3.53, df = 4 (P = 0.47); I’ = 0% E3 ) 6 ! 3
Test for overall effect: Z = 0.79 (P = 0.43) Favors [control]  Favors [exercise]
(B) CD4*
Exercise Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ubink et al., (2025) -8 5.54 7 -63 1181 9 16.4% -0.17 [-1.16, 0.82] I
Sagarra et al., (2018) 0.8 10.87 10 4.7 10.16 7 16.9% -0.35[-1.32, 0.63] - =1
Schmdit et al., (2018) (b)  -264.85 233.7 20 -230 18,275 13 33.0% -0.00 [-0.70, 0.70] - %
Schmditetal., (2018) (a) -264.47 280.03 21 -230 18275 13 33.6% -0.14 [-0.83, 0.56] ——
Total (95% Cl) 58 42 100.0% -0.13 [0.53, 0.27] *
Heterogeneity: Tau? = 0.00; Chi? = 0.33, df = 3 (P = 0.95); I?= 0% _‘2 P 6 1 é
Test for overall effect: Z = 0.65 (P = 0.52) Favors [control]  Favors [exercise]
(C) CD8*
Exercise Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Schmdit et al., (2018) (a) -39.34 187.91 21 -14.84 1615 13  33.6% -0.13 [-0.83, 0.56] e
Schmdit et al., (2018) (b)  -57.35 164.21 20 -14.84 1615 13 32.7% -0.25[-0.96, 0.45] I
Sagarra et al., (2018) 5.1 6.98 10 5 572 7 17.3% 0.01[-0.95, 0.98] = 1r
Ubink et al., (2025) 73 4.85 7 6.2 12.34 9 16.5% 0.11[-0.88, 1.09] - 1™
Total (95% CI) 58 42 100.0% -0.11 [-0.51, 0.29] ?
Heterogeneity: Tau? = 0.00; Chi? = 0.41, df = 3 (P = 0.94); I>= 0% 2 1 3 1 2
Test f Il effect: Z = 0.53 (P = 0.60, i
estioroverall efiec ( ) Favors [control] ~ Favors [exercise]

Figure 3. Meta-analysis results for (A) CD3*[30,34,35,46]; (B) CD4+[34,35,46]; (C) CD8*[34,35,46].

3.3.3. B Cells

The pooled analysis of four arms from three studies [34,35,46] (see Figure 4) revealed
no significant differences between participants allocated to an intervention group and
those in the control group [SMD =-0.05 (95%ClI: -0.45 to 0.35), p = 0.81; 100 participants].
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Exercise Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Ubink et al., (2025) -9.3 3.32 7 -9.8  4.39 9 16.5% 0.12[-0.87, 1.11]
Sagarra et al., (2018) 71 3.52 10 -56 4.1 7 16.9% -0.38 [-1.35, 0.60] - 1
Schmdit et al., (2018) (b) -159.9 67.08 20 -162.6 71.81 13 33.0% 0.04 [-0.66, 0.74] —
Schmdit et al., (2018) (a) -166.1 68.52 21 -162.6 71.81 13 33.6% -0.05[-0.74, 0.64] —
Total (95% Cl) 58 42 100.0% -0.05 [-0.45, 0.35] ’

Heterogeneity: Tau? = 0.00; Chi® = 0.61, df = 3 (P = 0.89); I*= 0%
Test for overall effect: Z = 0.23 (P = 0.81)

I
Favors [control] ~ Favors [exercise]

Figure 4. Meta-analysis results for B cells [34,35,46].

4. Discussion

The findings of this systematic review and meta-analysis of RCTs demonstrate that
physical exercise interventions, regardless of type, do not appear to modify the levels of
immune cells (CD3*, CD4+*, CD8*, and NK) or immune-related variables (NKCA) in pa-
tients with BC or BC survivors. These results also indicate that physical exercise did not
negatively affect the immune system in this population.

Exercise guidelines for patients with cancer recommend achieving at least 150 min of
moderate-intensity physical activity and performing RT twice a week [48]. However, pa-
tients with cancer tend to progressively decrease their levels of physical activity from di-
agnosis through treatment and follow-up [49], which may negatively impact disease prog-
nosis and survival [50]. Despite strong epidemiological evidence supporting the anti-
cancer effects of exercise [51], the biological mechanisms underlying these benefits remain
incompletely understood and are recognized as a main research priority [48,52]. Among
these molecular effects, stimulating the immune system can be an effective way to prevent
the risk and progression of primary tumors [53].

Exercise induces a biphasic response, whereby circulating leukocytes initially in-
crease in the bloodstream and then decrease below resting levels within hours following
the exercise session [14,54]. This post-exercise lymphopenia is typically observed among
natural killer cells and CD8* T cells. However, rather than suppressing immune compe-
tency, this transient state may even enhance immune surveillance and regulation [55]. In
fact, a single bout of moderate-intensity aerobic exercise has been shown to induce an
immediate increase of T cells, followed by a subsequent reduction in the proportion of
leukocytes in patients with cancer [16,56]. The repeated and transient immunosurveil-
lance status could contribute to decreased systemic inflammation and illness incidence
[57]. In line with this process, immune cell function may also be slightly altered by exercise
through changes in cytokine production and cytotoxic activity. Moreover, exercise can
alter circulating immune cells by promoting their redistribution to other tissues and or-
gans [54], which could affect intra-tumor infiltration of cytotoxic T cells [57]. Despite these
proposed mechanisms, our pooled results did not reveal a statistically significant change
in the number of immune cells or NKCA in patients with BC or BC survivors.

The results regarding the effects of exercise on NK cells and NKCA are consistent
with those of previous meta-analyses conducted in cancer survivors [20,58]. Although
high-intensity interval training may also enhance NKCA, moderate-intensity exercise ap-
pears to primarily promote immune surveillance and cell functions. Even short bouts of
moderate-intensity AT can induce NK cell mobilization into the bloodstream [59]. There-
fore, although the pooled effect from our meta-analysis did not show significant longitu-
dinal changes in NK cell outcomes after exercise interventions, acute exercise-induced im-
mune responses may still be biologically relevant and contribute to the overall anticancer
effects of exercise.
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Moderate-intensity exercise may also modify B- and T-cell distribution and activity
[59], although the specific effects on B cell-related outcomes remain unclear [60]. Regard-
ing T cells, a meta-analysis conducted on individuals with non-communicable diseases
showed that AT significantly improved the counts of CD8* and CD4+ T cell compared to
anon-exercised control group, suggesting a potential long-term effect of exercise [61]. An-
other study reported that physical activity interventions significantly increased CD4+ cell
counts in adults [62]. However, our results did not show statistically significant findings
for these outcomes, which could be due to characteristics and alterations of the immune
system specific to patients with BC and BC survivors.

The human immune system varies considerably among individuals but remains rel-
atively stable over time within each person [63]. However, people with cancer may expe-
rience multiple immunological alterations during treatment, including immunosuppres-
sion and cancer-related systemic inflammation. Chemotherapy regimens exert cytotoxic
effects that can affect various immune cell subsets, influencing the distribution and com-
position of circulating lymphocytes and TILs [64]. Therefore, the number of immune cells
generally decreases throughout chemoradiotherapy in these patients [65]. The reduction
in absolute lymphocyte count may persist up to 12 months after completing chemother-
apy [66]. Radiotherapy can also stimulate or suppress immune responses, either promot-
ing anti-tumor immunity by activating cytotoxic T cells through damage-associated mo-
lecular patterns or facilitating tumor progression through immunosuppressive mecha-
nisms [67]. Moreover, BC surgery also induces a pro-inflammatory response and leuko-
cytosis with decreased NKCA [68]. In summary, variation in immune system cell count
and activity during cancer progression may affect the detection of changes after long-term
exercise programs, especially in patients undergoing treatment. Further research is
needed to understand the effects of physical exercise at different stages of cancer progres-
sion, while accounting for variations in immune cell count and activity throughout the
process.

Exercise type, intensity, and duration can also affect the results obtained. Acute bouts
of exercise have been shown to induce lymphocytosis, with both CD4+ and CD8* T cells
increasing in an intensity-dependent manner. Additionally, rest duration between bouts
of exercise could differentially modulate T-cell responses, as short recovery periods fol-
lowed by subsequent exercise can enhance CD8* T-cell mobilization [69]. Therefore, while
moderate-intensity exercise appears to promote immune surveillance and reduce sys-
temic chronic inflammation, HIIT may induce acute immune activation. However, the
sustained effects of this type of training remain poorly understood [59]. Previous research
also suggests that strenuous and prolonged exercise could even decrease the activity and
number of innate immune system cells [70]. Therefore, further studies investigating and
comparing different types and methodologies of exercise training could provide valuable
insights into the immunological and clinical adaptations for patients with BC.

The TME also promotes immunosuppressive mechanisms that can impair anti-tumor
immunity. Inflammation, as a central mediator of immune function, can be modulated by
physical exercise [71]. Several studies have demonstrated potential effects of exercise, es-
pecially combined training, on pro-inflammatory markers such as IL-6, IL-8, and tumor
necrosis factor-alpha [72,73]. Although specific effects on immune cells and markers re-
main limited, findings on inflammatory molecules support the potential benefits of phys-
ical exercise and could serve as prognostic indicators in patients with BC, given their re-
lationship with the immune system.

Several limitations of the present systematic review and meta-analysis must be
acknowledged to interpret the results. We observed heterogeneity in participant charac-
teristics both between and within studies (e.g., disease stage and type of treatment), which
might have potentially confounded the effects of exercise interventions. In fact, some
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studies did not specify the details of BC stage, which limits the generalizability of the re-
sults. Moreover, the meta-analyses pooled the results of different types of exercise inter-
ventions, such as AT, RT and combined training, which limits the possibility to detect
specific exercise-induced effects. Methodological variation was also observed among the
different pooled interventions in terms of type, intensity, volume and total study duration.
Although previous evidence has identified high-intensity aerobic and RT as the most
promising types of exercise for reducing inflammation [74], moderate-intensity AT seems
to promote immune regulation [59]. Exercise adherence and compliance could also affect
the observed results obtained in the individual RCTs. Therefore, future research should
also consider discrepancies in the molecular effects induced by exercise depending on its
characteristics. In addition, immune markers were measured before and after a period of
exercise intervention, which limits the ability to obtain results regarding the acute re-
sponse to exercise. Regarding between-study variability, substantial heterogeneity was
observed in certain sensitivity subgroup analyses, particularly for NK cell counts in long-
term exercise interventions and for NK cell cytotoxic activity. Although no considerable
heterogeneity (I? > 75%) was detected in the overall meta-analyses for any of the immune
outcomes examined, this heterogeneity may be influenced by specific intervention char-
acteristics or by cytotoxic activity assessment techniques. Publication bias could not be
assessed in the meta-analyses due to the small number of RCTs, as p-value-based tests
may underestimate their presence when few studies are available [75]. Finally, most RCTs
measured circulating immune markers. Future research should focus on analyzing the
impact of exercise interventions on TILs to broaden knowledge of the potential immune
effects within tumor tissue. Despite these limitations, our study provides novel insights
into the immune-mediated effects induced by physical exercise interventions in patients
with BC and BC survivors.

5. Conclusions

Physical exercise does not appear to induce significant changes in resting circulating
immune cell populations in patients with BC or BC survivors across different types of
exercise, suggesting a neutral effect on baseline immune status in this population. Alt-
hough current evidence provides a molecular rationale for exercise-induced immune
modulation, the limited number of studies with robust methodologies and adequate sam-
ple sizes limits the translation of these findings into practical recommendations for both
AT and RT. Therefore, further well-designed and larger-scale studies are warranted to
elucidate the effects of exercise on the immune system in patients with BC, while account-
ing for disease stage, treatment status, and the potential impact of systemic and local ther-
apies.
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Abbreviations

The following abbreviations are used in this manuscript:

1RM One-repetition maximum
AT Aerobic training

BC Breast cancer

CI Confidence interval
HRmax Maximum heart rate
IFN-y Interferon-gamma

IL Interleukin

Ig Immunoglobulin

MD Mean difference

NK Natural killer

NKCA Natural killer cell activity
PRISMA  Preferred Reporting Items for Systematic Reviews and Meta-Analyses

RCT Randomized controlled trial
RPE Rate of perceived exertion

RT Resistance training

SD Standard deviation

SMD Standardized mean difference
TILs Tumor-infiltrating lymphocytes
TME Tumor microenvironment
VOzmax Maximum oxygen consumption
VOzpeak Peak oxygen consumption
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