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Abstract

Exercise training has been hypothesized to lower the inflammatory burden for patients 
with cancer, but the role of exercise intensity is unknown. To this end, we compared 
the effects of high-intensity (HI) and low-to-moderate intensity (LMI) exercise on 
markers of inflammation in patients with curable breast, prostate and colorectal cancer 
undergoing primary adjuvant cancer treatment in a secondary analysis of the Phys-Can 
randomized trial (NCT02473003). Sub-group analyses focused on patients with breast 
cancer undergoing chemotherapy. Patients performed 6 months of combined aerobic 
and resistance exercise on either HI or LMI during and after primary adjuvant cancer 
treatment. Plasma taken at baseline, immediately post-treatment and post-intervention 
was analyzed for levels of interleukin 1 beta (IL1B), IL6, IL8, IL10, tumor-necrosis factor 
alpha (TNFA) and C-reactive protein (CRP). Intention-to-treat analyses of 394 participants 
revealed no significant between-group differences. Regardless of exercise intensity, 
significant increases of IL6, IL8, IL10 and TNFA post-treatment followed by significant 
declines, except for IL8, until post-intervention were observed with no difference for CRP 
or IL1B. Subgroup analyses of 154 patients with breast cancer undergoing chemotherapy 
revealed that CRP (estimated mean difference (95% CI): 0.59 (0.33; 1.06); P  = 0.101) 
and TNFA (EMD (95% CI): 0.88 (0.77; 1); P  = 0.053) increased less with HI exercise post-
treatment compared to LMI. Exploratory cytokine co-regulation analysis revealed no 
difference between the groups. In patients with breast cancer undergoing chemotherapy, 
HI exercise resulted in a lesser increase of CRP and TNFA immediately post-treatment 
compared to LMI, potentially protecting against chemotherapy-related inflammation.

Introduction

Inflammation comprises a host-mediated defense against 
external or internal stimuli, which is vital to heal tissue 
injury and combat pathogenic influence during health 

and disease. Inflammatory processes are subject to 
tight autonomic regulation (Coussens & Werb 2002, 
Wallach et  al. 2014) where dysregulation can result in 
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chronic low-grade inflammation, a known risk for the 
development and progression of cancer (Coussens & 
Werb 2002). In the oncology setting, inflammatory 
dysregulation can present both a cause of cancer, 
as well as an outcome following cancer (Balkwill & 
Mantovani 2001). Inflammation may further promote 
carcinogenesis (Coussens & Werb 2002) leading to poor 
clinical outcomes, that is, elevated circulating levels of 
CRP are associated with poor survival in breast cancer 
(Pierce et al. 2009).

Physical exercise training has gained considerable 
attention as a strategy to combat especially low-grade 
inflammation, that is, by reduction of visceral fat 
(Gleeson et  al. 2011). In healthy individuals, acute 
exercise elicits anti-inflammatory effects with rapid and 
marked increases in systemic levels of IL6 as well as an 
upregulation of anti-inflammatory cytokines such as 
interleukin 1 receptor antagonist (IL1RN) and IL10 
(Petersen & Pedersen 2005). Unlike in the setting of pro-
inflammatory sepsis IL6 is not preceded by IL1 and TNFA 
spikes (Petersen & Pedersen 2005). Accordingly, it has 
been a long-standing hypothesis that exercise training is 
a non-pharmacological strategy to affect inflammation 
in patients with cancer (Hojman 2017, Christensen et al. 
2018). Interestingly, a delicate balance exists between 
pro- and anti-inflammatory pathways in the combat of 
cancer. The importance of inflammation during anti-
cancer treatment depends widely on the treatment itself, 
for example, chemotherapy-induced inflammation has 
been found to potentially augment anti-tumor immunity 
(Grivennikov et al. 2010). In contrast, systemic or long-
term inflammation may lead to toxicities (Roxburgh & 
McMillan 2014) or disease recurrence (Pierce et al. 2009).

Given this dual and complicated relationship, it is not 
surprising that the role of exercise training to modulate 
systemic inflammation is ambiguous in the oncology 
setting. A recent meta-analysis showed a reduction of 
resting levels of CRP and TNFA levels with exercise training 
in cancer survivors (Khosravi et al. 2019). In contrast, only 
a few reports, and with large methodological differences, 
have documented the impact of exercise during treatment, 
with either no effect (van Vulpen et al. 2018) or sporadic 
amelioration of single markers, for example, interferon 
gamma (IFNG) (Kleckner et al. 2019), IL6 (Schmidt et al. 
2016) or IL6 and CD8a (Hiensch et al. 2020). Additionally, 
improvement in ‘cytokine co-regulation’, that is the 
capacity to elicit an anti-inflammatory response to 
inflammatory stimuli (Schindler et al. 1990, Alexandrakis 
et al. 2013), was recently proposed in patients with breast 
cancer undergoing chemotherapy (Kleckner et al. 2019).

Thus, it remains equivocal if exercise training can 
effectively modulate the systemic inflammatory profile 
during and after cancer treatment, and if so, which 
exercise intensity is most effective, as few studies have 
made direct comparisons of different exercise regimens. To 
gain further insight into this complex exercise-dependent 
(co-)regulation of inflammatory markers, we here present 
data from the ‘Physical Training and Cancer’ (Phys-Can) 
trial (Berntsen et  al. 2017), including 577 patients with 
breast, prostate, or colorectal cancer randomized to six 
month of either high intensity (HI) or low-to-moderate 
(LMI) exercise.

The primary objective was to compare the effect of 
exercise intensity (HI vs LMI) on changes in single pro- and 
anti-inflammatory markers, both during and after primary 
(neo-)adjuvant cancer treatment. We investigated these in 
the full study cohort with available data of 394 patients 
with breast, prostate, or colorectal cancer. Secondary 
objectives comprised identical analyses in a selected, more 
homogenous, subgroup including 154 women undergoing 
(neo-)adjuvant chemotherapy for breast cancer as well as 
the possible co-regulation of cytokines.

Methods

Study design

The presented study is a secondary analysis based on 
the Swedish ‘Physical Training and Cancer’ (Phys-Can) 
randomized trial (ClinicalTrials.gov NCT02473003) with a 
2 × 2 factorial design (Berntsen et al. 2017). Ethical approval 
was obtained from the Swedish Ethical Review Authority 
(Dnr 2014/249). In brief, patients diagnosed with breast, 
colorectal or prostate cancer were randomized to one of 
four intervention groups: individually tailored HI or LMI 
exercise, with or without additional behavioral support. A 
web-based portal generated the random allocation sequence 
(1:1:1:1) with concealment from all research staff until 
baseline assessment was performed and randomly assigned 
participants to an intervention group using an 8-patient 
(per diagnosis and site) permuted block design. The present 
study investigated only the difference in intensity (HI vs 
LMI), since no effect of the behavioral support on exercise 
adherence was observed (Mazzoni et al. 2020).

Study participants

Participants were recruited and enrolled at Uppsala, Lund/
Malmö and Linköping University hospitals between 
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March 2015 and April 2018 after signing informed 
consent. Inclusion criteria: ≥ 18 years old; understand and 
speak Swedish; recent diagnosis of curable breast, prostate 
or colorectal cancer with the following treatments: 
breast cancer ((neo-)adjuvant chemotherapy and/or 
radiotherapy and/or adjuvant endocrine therapy), prostate 
cancer (radiotherapy with curative intent with/without 
(neo-)adjuvant endocrine therapy), colorectal cancer 
(adjuvant chemotherapy, neoadjuvant radiotherapy). 
Exclusion criteria: stage IIIb-IV breast cancer; unable to 
perform basic activities of daily living; cognitive disorders; 
psychiatric diseases; disabling conditions which contradict 
physical exercise; treatment for additional cancer;  
BMI ≤18.5 kg/m2 or pregnancy (Demmelmaier et al. 2021).

Intervention arms

The intervention consisted of combined endurance and 
resistance exercise. For endurance exercise (home-based), 
the HI group performed twice-weekly interval sessions 
with a progressive 2 min interval 2 min active rest 
scheme (start 5; maximal 10 intervals) at 80–90% of HRR 
(running, cycling, walking up-hill). In total, the HI group 
progressed from initially 40 weekly min to 80 weekly min 
of exercise. The LMI group performed 150 weekly min 
in bouts of at least 10 min at 40–50% of HRR (walking, 
cycling). For resistance training (supervised), the HI group 
performed 3 × 6 repetition maximum (RM) sets with  

2 min rest between sets (first weekly session) and 3 × 10 RM  
sets (1 min rest, second weekly session). The LMI group 
performed 3 × 12 repetitions at 50% of 6 RM (2 min rest, 
first weekly session) and 3 × 20 repetitions at 50% of  
10 RM (1 min rest, second weekly session). Exercises included 
seated leg press, chest press, leg extension, seated row, 
seated leg curl, and seated overhead press using dumbbells. 
Detailed description of exercise modalities and tailoring are 
published previously (Demmelmaier et al. 2021).

Blood sampling and cytokine analysis

Plasma samples were obtained at baseline (T0), after the 
end of primary treatment (post-treatment; T1) and post-
intervention (T2) (Fig. 1) by project staff. Participants were 
asked not to engage in physical activity on the sampling 
day. The original list of inflammatory markers (IL1B, IL6, 
IL8, TNFA, CRP) (Berntsen et  al. 2017) did not include 
IL10, which is stimulated by IL6 (Petersen & Pedersen 
2005) and was subsequently included as a marker of anti-
inflammatory processes. For CRP, blood was collected in 
gel separating tubes, centrifuged at 2400 g for 7 min within  
4 h of sampling, stored at 2–8°C and analyzed within 24 h at 
the individual hospital. For cytokines, blood was collected 
in EDTA-tubes, centrifuged at 2400 g for 7 min within 4 h of 
sampling and plasma was stored at −80°C. Cytokines (IL1B, 
IL6, IL8, IL10 and TNFA) were analyzed via the V-PLEX pro-
inflammatory panel 1 (human) kit by MesoScaleDiscovery 

Figure 1
Study design and statistical approach. (A) Overview of sampling timepoints and randomization process during the original Phys-Can intervention.  
(B) Overview of the two statistical approaches including sample allocation. Due to differences in data acquisition, cytokine and CRP measures are 
displayed separately. HI, high intensity; LMI, low-to-moderate intensity; BCS, behavioral support component.
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(MSD) according to the manufactures’ guidelines. Analyses 
were performed centralized, blinded and with the same 
kit-lot on a MSD-reader platform (Discovery Workbench 
software v4.0.12) to obtain cytokine mean concentration 
for each duplicate measure. Inter-plate statistics of standard-
dilutions revealed a CV <20% for all cytokines except TNFA 
at the lowest dilution with a CV of 27%.

Statistical analyses

Figure 1B shows included participants in the two analyses. 
The trial sample size, n = 150 per group, was determined 
by the primary outcome cancer-related fatigue (Berntsen 
et  al. 2017). Analyses were performed using a linear 
mixed model with outcome (cytokine) as dependent 
variable, group allocation (HI, LMI) and timepoint with 
their interaction as fixed effects. Covariates included 
diagnosis, age, BMI, study site, type of primary adjuvant 
treatment, and baseline value of each cytokine as fixed 
effects with a random effect of participant to account for 
individual variation. For subgroup analysis, covariates 
included age, BMI, study site, type of chemotherapy, and 
baseline value as fixed effects. Cytokine concentrations 
were log-transformed to improve model compliance and 
back-transformed estimated mean differences (EMD) are 
reported and should be interpreted as follows: an EMD of 
0.9 corresponds to a relative change of -10%. For cytokine 
co-regulation, concentrations were log-transformed, 
differences (T0–T1 and T1–T2) calculated and correlated 
with IL10 as reference using spearman’s rank order. 
Comparisons of exercise adherence and blood sampling 
time were performed using a Wilcoxon rank-sum test.

Measurements below the detection limit (DL) were 
handled by deletion (20% of CRP and 22.5% of IL1B 
measures for the intention-to-treat approach). This 
approach was chosen as the DL for CRP varied across study 
sites: Uppsala (0.2 mg/L), Lund (0.6 mg/L), Linköping 
(5 mg/L). Therefore, measures below DL were primarily 
located at Linköping (60% of the total 20%) with a DL 
above the median of CRP measures across all timepoints 
and groups. In addition, measures below the DL were 
primarily found at baseline and post-intervention. To 
minimize a false positive signal introduced by imputation 
the deletion approach was chosen, as any observed 
effects, by treatment or exercise intensity, might only be 
underreported. DL for the centralized measurement of 
IL1B was 0.05 pg/mL. All analyses were carried out using 
R (v. 3.6.0) and RStudio (v. 1.2.1335). Data are presented 
as EMD with 95% CIs and significance level set at 0.05.

Role of the funding source

Funding sources had no role in design, data handling, or 
writing of the report.

Results

In total, 577 patients were randomized between March 
2015 and April 2018. Blood samples with at least 
baseline and one additional measure were available 
for 377 participants (65%) for measures of IL1B, IL6, 
IL8, IL10 and TNFA and for 275 participants (48%) for 
CRP (Fig. 1B). Reasons for not obtaining measures were 
measures below the detection limit and incomplete data 
due to study withdrawal or loss to follow-up. Baseline 
characteristics for participants included in the present 
analysis (based on 394 participants) are presented in 
Table 1. No differences were observed between the HI 
and LMI group, except for exercise adherence which 
was higher in the LMI group (endurance exercise: HI 
(48%) vs LMI (69%), P  < 0.001; resistance exercise: HI 
(58%) vs LMI (64%), P  < 0.001). Sensitivity analyses 
including exercise adherence in statistical models yielded  
identical results.

Changes in cytokine levels during primary adjuvant 
cancer treatment

First, an intention-to-treat analyses was performed to 
include all available patients. Results are reported for 
both treatment periods, during and following primary 
adjuvant cancer treatment. The period from baseline to 
post-treatment (T0–T1) comprised a median time of 90 
(interquartile range (IQR): 56) days in the HI group and 
91 (64) days in the LMI group. Blood sampling for post-
treatment measures took place 11 ± 9 days (median, s.d.) 
after the end of primary treatment with no difference 
between the groups (P  > 0.05).

Single regulation of pro- and anti-inflammatory 
cytokines during treatment
Traditionally, inflammatory cytokines are investigated 
independently of each other. The model-estimates for 
changes during primary adjuvant treatment are presented 
in Tables 2 and 3, and raw values of individual cytokines 
are depicted in Fig. 2. All participants, regardless of exercise 
intensity allocation, significantly increased plasma levels 
of IL6, IL8, IL10 and TNFA. A non-significant increase of 
CRP was observed for LMI (LMI: EMD = 1.25 (95% CI: 0.94; 
1.66); P  = 0.183 vs HI: 1.04 (0.79; 1.36); P  = 0.995) and no 
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change occurred for IL1B (Table 2). No significant between 
group differences were found post-treatment (Table 3).

Co-regulation of pro- and anti-inflammatory 
cytokines during treatment
Newer strategies include analyses of cytokine 
co-regulation, which describes the dependent change of 
related cytokines. A statistically significant correlation 
was found between log-changes in pro-inflammatory (IL6) 
vs anti-inflammatory (IL10) markers from baseline until 
post-treatment for LMI (R = 0.26, P  = 0.0018) but not HI 
(R = 0.083, P  = 0.31) (Supplementary Fig. 1A, see section on 
supplementary materials given at the end of this article). 
Further, changes in IL10 correlated with changes in TNFA 
and CRP for both LMI and HI (Supplementary Table 1).

Changes in cytokine levels from post-treatment 
to post-intervention

The period from post-treatment to post-intervention  
(T1–T2) comprised a median time of 92 (IQR: 62) days in 
the HI group and 88 (72) days in the LMI group.

Single regulation of pro- and anti-inflammatory 
cytokines after treatment
In the period post-treatment until post-intervention, 
regardless of intensity, values of IL6, IL10 and TNFA 
decreased while no change occurred for IL1B and IL8 
(Table 2). CRP decreased significantly within the LMI 
(0.73 (0.55; 0.98); P  = 0.027) but not HI group (0.79 (0.59; 
1.06); P  = 0.170). Compared to baseline, IL6 (1.14 (0.99; 

Table 1 Baseline characteristics of participants included in the intention-to-treat analysis.

Characteristic High intensity Low-to-moderate intensity

n 198 196
 Age (mean (s.d.)) 59 (12) 59 (12)
 BMI (mean (s.d.)) 26 (5) 26 (4)
Site (n (%))
 Uppsala 102 (52) 98 (50)
 Lund 66 (33) 65 (33)
 Linköping 30 (15) 33 (17)
Current smoker (n (%))
 Yes 2 (1) 9 (5)
 Unknown 13 (7) 11 (6)
Education (n (%))
 University 109 (55) 122 (62)
 High school 59 (30) 39 (20)
 Primary school 21 (11) 19 (10)
 Unknown/other 9 (5) 16 (8)
Comorbidities (n (%))
 0 79 (40) 74 (38)
 1 49 (25) 49 (25)
 2 27 (14) 34 (17)
 3+ 17 (9) 14 (7)
 Unknown 26 (13) 25 (13)
Diagnosis (n (%))
 Breast cancer 150 (76) 148 (76)
 Prostate cancer 39 (20) 40 (20)
 Colorectal cancer 9 (5) 8 (4)
Primary adjuvant cancer treatment (n (%))
 Chemotherapya,c 101 (51) 97 (49)
 Adjuvant radiotherapya 53 (27) 54 (28)
 Curative radiotherapyb 23 (12) 22 (11)
 Endocrine treatmenta,b 19 (10) 21 (11)
 Unknown 2 (1) 2 (1)
Duration in days (median (IQR))
 Start of training to post-treatment 90 (56) 91 (64)
 Post-treatment to post-intervention 92 (62) 88 (72)
Adherence in % (mean (s.d.))
 Endurance 48 (31) 69 (33)
 Resistance 58 (25) 64 (22)

aBreast cancer; bProstate cancer; cColorectal cancer.
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1.31); p = 0.079), IL8 (1.18 (1.05; 1.32); P  = 0.001) and 
TNFA (1.09 (1.02; 1.16); P  = 0.005) were increased only 
in the LMI group (Table 2), but no significant between-
group differences were observed post-intervention 
(Table 3).

Co-regulation of pro- and anti-inflammatory 
cytokines after treatment
Changes of IL10 correlated with changes in TNFA for both 
groups. Further, IL10 correlated with changes of CRP in HI 
in the period from post-treatment until post-intervention, 
while no correlation was found with IL6 (Supplementary 
Fig. 1C and Supplementary Table 1).

Subgroup analysis in women with breast cancer 
undergoing chemotherapy

Secondly, a subgroup analysis was chosen to minimize 
diagnosis and treatment-related fluctuations in 
inflammatory markers. For subgroup analyses, 154 women 
with breast cancer undergoing chemotherapy as primary 
treatment were selected (Fig. 1B). Similar to the full trial 
sample, only exercise adherence differed significantly 
(endurance: HI (47%) vs LMI (72%), P  < 0.001; resistance: 
HI (57%) vs LMI (65%), P  < 0.05) between the groups 
(Supplementary Table 2). No statistical difference was 
found for chemotherapy regimens between the groups  
(P  > 0.05, Pearson’s Chi-squared test). Blood sampling took 

Table 3 Between group differences of inflammatory cytokines for intention-to-treat analysis (n = 394). 

Cytokine EMD (95% CI) P-value EMD (95% CI) P-value

Post-treatment Post-intervention
 IL1B 1 (0.74; 1.35) 1.000 0.92 (0.69; 1.23) 0.922
 IL6 0.99 (0.85; 1.16) 1.000 0.91 (0.79; 1.06) 0.420
 IL8 0.96 (0.85; 1.09) 0.891 0.97 (0.86; 1.09) 0.944
 IL10 1 (0.85; 1.18) 1.000 0.94 (0.8; 1.09) 0.764
 TNFA 0.96 (0.89; 1.03) 0.550 0.97 (0.91; 1.04) 0.710
 CRPa 0.85 (0.63; 1.13) 0.506 0.91 (0.68; 1.22) 0.903

an = 275.
Results from repeated measures mixed model analyses for estimated mean differences (EMD) should be interpreted as follows: 1.1 equals a relative 
increase of 10% for HI compared to LMI.

Table 2 Within group changes of inflammatory cytokines for intention-to-treat analysis (n = 394). 

Cytokine HI: EMD (95% CI) P-value LMI: EMD (95% CI) P-value

Baseline to post-treatment
 IL1B 0.94 (0.72; 1.21) 0.948 1.02 (0.76; 1.37) 1.000
 IL6 1.39 (1.21; 1.61) <0.001 1.44 (1.25; 1.67) <0.001
 IL8 1.13 (1; 1.27) 0.037 1.24 (1.1; 1.4) <0.001
 IL10 1.17 (1.01; 1.35) 0.037 1.2 (1.03; 1.39) 0.010
 TNFA 1.14 (1.07; 1.22) <0.001 1.21 (1.13; 1.29) <0.001
 CRPa 1.04 (0.79; 1.36) 0.995 1.25 (0.94; 1.66) 0.183
Post-treatment to post-intervention
 IL1B 0.92 (0.69; 1.21) 0.895 0.99 (0.73; 1.36) 1.000
 IL6 0.73 (0.63; 0.84) <0.001 0.79 (0.68; 0.92) <0.001
 IL8 0.96 (0.85; 1.08) 0.875 0.95 (0.84; 1.07) 0.772
 IL10 0.8 (0.69; 0.93) <0.001 0.86 (0.73; 1) 0.043
 TNFA 0.91 (0.85; 0.98) 0.002 0.9 (0.84; 0.97) <0.001
 CRPa 0.79 (0.59; 1.06) 0.170 0.73 (0.55; 0.98) 0.027
Baseline to post-intervention
 IL1B 0.86 (0.66; 1.11) 0.463 1.01 (0.76; 1.34) 1.000
 IL6 1.01 (0.88; 1.16) 1.000 1.14 (0.99; 1.31) 0.079
 IL8 1.09 (0.97; 1.22) 0.290 1.18 (1.05; 1.32) 0.001
 IL10 0.94 (0.81; 1.08) 0.690 1.02 (0.89; 1.18) 0.989
 TNFA 1.04 (0.97; 1.11) 0.447 1.09 (1.02; 1.16) 0.005
 CRPa 0.82 (0.62; 1.08) 0.263 0.91 (0.69; 1.2) 0.882

an = 275.
EMD, estimated mean differences; LMI, low-to-moderate intensity; HI, high intensity.
Results from repeated measures mixed model analyses for estimated mean differences (EMD) should be interpreted as follows: 1.1 equals a relative 
increase of 10% for LMI/HI from, that is, baseline to post-treatment.
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place 13 ± 9 days (median, s.d.) in the LMI group and 17 ± 8 
days in the HI (P  = 0.005) after the end of chemotherapy.

With chemotherapy, participants in the LMI group 
experienced increases in IL6, IL8, IL10, TNFA and CRP 
whereas only IL6, IL8 and TNFA increased in the HI-group. 
No change was observed for IL1B. In the period post-
treatment until post-intervention, IL6, TNFA and CRP 
decreased for both intensity groups. Post-intervention, 
the LMI group showed elevated levels of IL8 and TNFA 
compared to baseline measurements. In contrast, CRP was 
decreased in the HI-group post-intervention compared 
to baseline levels (Table 4). Between-group differences 
post-treatment for CRP (0.59 (0.33; 1.06); P  = 0.101) and 
TNFA (0.88 (0.77; 1); P  = 0.053) favored the HI-group. Post 
intervention, TNFA tended to be lower (0.89 (0.79; 1.01); 
P  = 0.105) for HI compared to LMI. No other between-
group differences were found (Table 5).

For the pro- and anti-inflammatory cytokine 
co-regulation, only LMI showed a significant correlation 
between IL10 and IL6 (R = 0.29, P  = 0.0194) post-

treatment but not post-intervention (Supplementary Fig. 
1B and D). In addition, IL10 correlated with TNFA and 
CRP for the HI group throughout the whole intervention 
and with TNFA post-intervention for the LMI group 
(Supplementary Table 1).

Discussion

In this secondary analysis of the Phys-Can trial, we 
found that regardless of exercise intensity, patients had 
significant increases in plasma levels of IL6, IL8, IL10 
and TNFA during primary adjuvant treatment, followed 
by a significant reduction of IL6, IL10 and TNFA after 
treatment cessation until post-intervention. IL6, IL8 and 
TNFA were still elevated post-intervention compared to 
baseline values for patients exercising at LMI but not 
HI. Exploratory analyses revealed that both CRP and 
TNFA increased less with HI exercise post-treatment 
compared to LMI in patients with breast cancer receiving 
chemotherapy. Exploratory cytokine co-regulation 

Figure 2
Inflammatory cytokine concentration throughout the intervention. Overview of raw data for inflammatory cytokines within the intention-to-treat 
approach. Baseline values (T0, first box), values after primary adjuvant cancer treatment (T1, second box) and values after 6 months of exercise 
intervention (T2, third box) are depicted for cytokines IL1B (A), IL6 (B), IL8 (C), IL10 (D), TNFA (E), and CRP (F) for each exercise intensity (low/moderate; 
high). Significance values obtained from linear mixed model estimates (Table 3); ***P  < 0.001; **P  < 0.01; *P  < 0.05. A full color version of this figure is 
available at http://dx.doi.org/10.1530/ERC-20-0507.
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analyses revealed correlations between changes of IL10 
and IL6 post-treatment for LMI exercise in the intention-
to-treat approach and for HI in patients with breast cancer 
undergoing chemotherapy. Taken together, HI exercise 
might protect against increases in overall ‘accumulated’ 
inflammatory load during chemotherapy.

The current work expands previous knowledge 
on which exercise intensity may regulate markers of 
inflammation. To the best of our knowledge, this is the 
first report evaluating the importance of exercise intensity 
on the inflammatory profile during and after primary 
adjuvant cancer treatment.

In general, markers of inflammation increase during 
cancer treatment (Milroy et al. 1989, Cengiz et al. 2001, 

Wang et al. 2012, Lyon et al. 2016), but vary greatly with 
disease stage and treatment type. Confirming this, we 
observed increases (13–24%) for IL8, IL10 or TNFA and 
large increases (39–44%) for IL6 during treatment with no 
difference between HI and LMI exercise. A recent study 
observed a decrease in IFNG in response to combined 
endurance and resistance exercise during chemotherapy 
(Kleckner et  al. 2019), while others found no difference 
for IL6, IL6/IL1RN (van Vulpen et  al. 2018) or IL6, 
sTNF-R1, IL10, IL8 and IL1 (Kleckner et  al. 2019) when 
compared to a control group in a randomized setup. In 
contrast, resistance training alone during radiotherapy 
was shown to reduce IL6 and IL6/IL1RN ratio compared 
to a control group (Schmidt et  al. 2016). Recently, the 

Table 4 Within group changes of inflammatory cytokines for subgroup analysis (n = 154). 

Cytokine HI: EMD (95% CI) P-value LMI: EMD (95% CI) P-value

Baseline to post-treatment
 IL1B 0.84 (0.53; 1.35) 0.842 1.29 (0.75; 2.22) 0.667
 IL6 1.78 (1.38; 2.29) <0.001 1.88 (1.46; 2.43) <0.001
 IL8 1.22 (0.99; 1.5) 0.060 1.32 (1.08; 1.62) 0.002
 IL10 1 (0.74; 1.34) 1.000 1.32 (0.99; 1.77) 0.071
 TNFA 1.22 (1.08; 1.38) <0.001 1.45 (1.28; 1.64) <0.001
 CRPa 1.11 (0.64; 1.93) 0.981 1.99 (1.13; 3.49) 0.009
Post-treatment to post-intervention
 IL1B 0.91 (0.55; 1.52) 0.985 0.76 (0.43; 1.36) 0.683
 IL6 0.54 (0.42; 0.7) <0.001 0.63 (0.49; 0.81) <0.001
 IL8 0.9 (0.73; 1.12) 0.672 0.99 (0.8; 1.22) 1.000
 IL10 0.87 (0.64; 1.18) 0.710 0.86 (0.64; 1.15) 0.595
 TNFA 0.85 (0.75; 0.97) 0.005 0.84 (0.74; 0.95) 0.001
 CRPa 0.54 (0.29; 0.99) 0.044 0.47 (0.26; 0.83) 0.003
Baseline to post-intervention
 IL1B 0.77 (0.48; 1.25) 0.567 0.99 (0.57; 1.72) 1.000
 IL6 0.96 (0.75; 1.24) 0.991 1.18 (0.92; 1.52) 0.335
 IL8 1.1 (0.9; 1.36) 0.668 1.3 (1.06; 1.6) 0.004
 IL10 0.87 (0.65; 1.17) 0.675 1.13 (0.85; 1.51) 0.752
 TNFA 1.04 (0.92; 1.18) 0.884 1.21 (1.07; 1.37) <0.001
 CRPa 0.6 (0.33; 1.08) 0.115 0.93 (0.53; 1.62) 0.994

an = 97.
EMD, estimated mean differences; LMI, low-to-moderate intensity; HI, high intensity.
Results from repeated measures mixed model analyses for estimated mean differences (EMD) should be interpreted as follows: 1.1 equals a relative 
increase of 10% for LMI/HI from, that is, baseline to post-treatment.

Table 5 Between group differences of inflammatory cytokines for the subgroup analysis (n = 154). 

Cytokine EMD (95% CI) P-value EMD (95% CI) P-value

Post-treatment Post-intervention
 IL1B 0.75 (0.44; 1.3) 0.594 0.9 (0.51; 1.59) 0.984
 IL6 0.99 (0.76; 1.3) 1.000 0.85 (0.66; 1.11) 0.459
 IL8 1 (0.81; 1.24) 1.000 0.91 (0.74; 1.13) 0.757
 IL10 0.77 (0.56; 1.06) 0.161 0.79 (0.58; 1.08) 0.215
 TNFA 0.88 (0.77; 1) 0.053 0.89 (0.79; 1.01) 0.105
 CRPa 0.59 (0.33; 1.06) 0.101 0.68 (0.37; 1.26) 0.414

an = 97.
Results from repeated measures mixed model analyses for estimated mean differences (EMD) should be interpreted as follows: 1.1 equals a relative 
increase of 10% for HI compared to LMI.
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OptiTrain study showed that patients with breast cancer 
performing combined resistance and HI interval training 
during chemotherapy did not increase plasma levels of 
IL6 and decreased levels of CD8a (Hiensch et  al. 2020). 
No effect was found for a combination of aerobic exercise 
on moderate intensity in combination with HI intervals 
(Hiensch et  al. 2020), indicating an important role of 
resistance training in inflammatory cytokine regulation as 
seen previously (Schmidt et al. 2016). These findings are 
in-line with our results as the general state of inflammation 
increases during anti-cancer treatment and no differences 
for markers of inflammation were found between the two 
exercise intervention arms. The observed larger increases 
of IL6, IL8 and IL10 during treatment in our study can be 
explained by differences in sampling time or treatment 
regimen. As the inflammatory state normalizes in the 
period after treatment cessation, with so far unknown 
effects of exercise on the time-course, sampling time 
might be crucial for the measurement of cytokines. Here, 
a relatively short interval of 11 days in our study might 
explain observed differences. In addition, most breast 
cancer patients included in this study received taxane-
based chemotherapy and additional treatments such as 
radiotherapy and/or endocrine treatment. This indicates 
a higher inflammatory burden for participants included 
in this study.

So far, neither an optimal type, dose or intensity of 
exercise has been identified to elicit universal regulation 
of inflammatory cytokines during active cancer treatment, 
but evidence accumulates supporting a combination of 
HI resistance and aerobic exercise. Short-term elevation 
of inflammatory cytokines, occurring during active 
treatment, might be important for cancer clearance 
(Zitvogel et  al. 2008, Grivennikov et  al. 2010). The role 
of CRP in this regard remains unclear. In contrast to this, 
chemotherapy-induced pro-inflammatory cytokines are 
linked to side effects such as fatigue, depression or pain 
(Wood et al. 2006) highlighting the complicated and so far 
unclear relationship of individual cytokines during active 
treatment. Post-treatment, prolonged inflammation has 
been shown to increase toxicities and recurrence (Pierce 
et al. 2009, Roxburgh & McMillan 2014). The inflammatory 
profile normalized within both exercise intensity groups 
from post-treatment to post-intervention (approximately 
three month). Notably, IL6, IL8 and TNFA remain elevated 
compared to baseline values for participants randomized 
to LMI but not HI, which might indicate a better or faster 
normalization with HI exercise. As no between-group 
differences were found post-intervention this remains 
speculative.

CRP has been found to predict overall survival in 
breast cancer survivors (Pierce et al. 2009) and might be 
able to monitor treatment response (Shrotriya et al. 2015) 
highlighting the need of successful interventions in this 
regard. In cancer survivors, exercise training leads to 
a reduction of CRP (Khosravi et  al. 2019) with no data 
available on the exercise intensity during treatment or 
shortly after. A subgroup analysis in 154 patients with 
breast cancer undergoing chemotherapy as primary 
treatment was selected to reduce heterogeneity, that is, 
treatment type and length. Only patients with at least 
1 month of training during primary adjuvant treatment 
and at least 1 month of training after treatment cessation, 
regardless of exercise adherence, were included. In 
general, chemotherapy led to a significant increase in 
inflammation followed by a decline in the period until 
post-intervention. Interestingly, CRP increased with 
LMI but not HI exercise during chemotherapy. In turn, 
a non-significant 41% lesser CRP-burden post-treatment 
for the HI compared to LMI group could be observed. A 
potential overestimation of the difference might be based 
on a later blood sampling of inflammatory markers post-
chemotherapy in the HI group (LMI: 13 days vs HI: 17 
days). However, a selective and strong effect on solely 
CRP is unlikely. No correlation between blood sampling 
time and change of CRP from baseline to post-treatment 
was found in either group (data not shown) indicating 
an unlikely influence on the observed effect. Furthermore, 
fat mass describes an underlying mechanism influencing 
CRP regulation. Fat mass is independently associated with 
CRP and might therefore be a more sensitive marker than 
BMI (Pannacciulli et al. 2001). Data on fat mass was only 
available for one study site, but no difference was found 
between the groups at the end of intervention compared 
to baseline values (personal communication, Emelie 
Strandberg) with no data post-treatment.

HI exercise might also lead to a lower TNFA burden 
post-treatment (−12%; P  = 0.053) and post-intervention 
(−11%; P  = 0.105) compared to LMI, but differences 
remained small. Again, differences in sampling time might 
overestimate the results slightly. However, TNFA is still 
elevated post-intervention compared to baseline levels in 
the LMI but not HI group indicating a slow normalization 
in the period following chemotherapy cessation. Hence, 
samples taken on average 4 days later in HI compared to 
LMI are unlikely to influence the observed results. To the 
best of our knowledge, this is the first exploratory report 
showing an exercise intensity-dependent modulating 
of CRP and TNFA during chemotherapy but discussed 
limitations need to be kept in mind. Future research 
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is needed to confirm the observed impact of exercise 
intensity on inflammatory markers.

As an explorative outcome, the cytokine co-regulation 
between pro-inflammatory cytokines and IL10 was 
investigated. Significant correlations of IL10 with IL6 post-
treatment were found for LMI in the intention-to-treat 
approach and in patients with breast cancer undergoing 
chemotherapy. In contrast, significant correlation of IL10 
and CRP were found for HI in both approaches. Both 
intensities showed a correlation of IL10 with TNFA. This 
is in agreement with a previous report in LMI walking 
and resistance exercise (Kleckner et al. 2019). Our results 
might indicate that both HI and LMI exercise result 
in a favorable response of IL10 toward inflammatory 
cytokines. However, lacking a non-exercise control group 
these results remain explorative.

This secondary analysis of the randomized Phys-Can 
trial has several strength and limitations. Foremost, the 
second-generation and multi-centered design offered 
exercise to all study participants while including a 
variety of diagnoses and treatments in a well-controlled 
framework. Furthermore, cytokine measurements were 
performed centralized with a large sample size, while 
the risk of bias was comparably low. For both the main 
outcome of the trial as well as the secondary outcome 
presented herein, no clear evidence exists if either of 
the two interventions (HI vs LMI exercise) is superior 
to the other. Because the study did not include a non-
exercise control group, the impact of exercise per se on 
inflammatory markers, which is still an area of ongoing 
research, will have to be interpreted with caution. 
While most measures were performed centralized, CRP 
was analyzed at the individual hospitals limiting data 
interpretation. Included inflammatory markers are only 
part of the inflammatory chain, other targets such as 
IFNGor IL1RN could help to improve the conclusions. 
Finally, the cytokine co-regulation analysis was 
exploratory and should hence be interpreted as such.

Conclusion

In summary, regardless of exercise intensity increases 
in markers of inflammation during primary adjuvant 
cancer treatment and declines in the 3-month period 
after treatment cessation could be observed. Nevertheless, 
subgroup analysis showed that patients with breast cancer 
undergoing chemotherapy may benefit from HI exercise 
by a lesser increase in CRP and TNFA during treatment 

compared to LMI. In conclusion, a combination of aerobic 
and resistance exercise seems to elicit isolated decreases 
in systemic pro-inflammatory cytokines with no evident 
pattern across the literature. In accordance, our findings 
highlight that exercise intensity, favoring HI, plays an 
important but not yet fully understood role. Especially 
the clinical importance of short-term elevated CRP and 
TNFA during (neo-)adjuvant cancer treatment with 
HI exercise as potential intervention has to be further 
investigated. Additionally, the relationship of HI exercise 
and inflammation should be extended to treatment-
related side-effects and long-term survival.

Supplementary materials
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