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Abstract
Purpose  Exercise has been shown to reduce fatigue during cancer treatment. Hypothesized mechanisms include inflamma-
tory pathways. Therefore, we investigated effects of exercise on markers of inflammation in breast cancer patients during 
adjuvant chemotherapy.
Methods  We pooled data from two randomized controlled exercise intervention trials with breast cancer patients during 
adjuvant chemotherapy (n = 130), which had previously shown beneficial effects of exercise on fatigue. Exercise comprised 
a 12-week resistance training (BEATE study) or an 18-week combined resistance and aerobic training (PACT study). Serum 
IL-6, IL-1ra, and the IL-6/IL-1ra ratio were quantified at baseline, mid-intervention, post-intervention, and 6–9 months 
post-baseline.
Results  Mixed effect models showed significant increases in IL-6 and IL-6/IL-1ra ratio during chemotherapy and decreases 
afterwards. Differences between exercise and control group were not significant at any time point. Changes in total can-
cer-related fatigue were significantly correlated with changes in IL-6/IL-1ra ratio (partial correlation r = 0.23) and IL-6 
(r = 0.21), and changes in physical cancer-related fatigue with changes in IL-6/IL-1ra ratio (r = 0.21).
Conclusions  Changes in fatigue were slightly correlated with changes in inflammatory markers, and there was a strong inflam-
matory response to adjuvant chemotherapy. The supervised exercise training did not counteract this increase in inflammation, 
suggesting that beneficial effects of exercise on fatigue during adjuvant chemotherapy for breast cancer are not essentially 
mediated by IL-6, IL-1ra, or the IL-6/IL-1ra ratio.
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Introduction

One of the most common and devastating adverse effects 
from cancer and cancer treatment is fatigue, which can neg-
atively affect quality of life [1, 2]. Cancer-related fatigue 

is considered a multidimensional construct, consisting of 
dimensions such as physical fatigue and mental fatigue [2, 
3]. Moderate to severe fatigue during adjuvant treatment is 
reported by over 40% of breast cancer patients [4]. Typically, 
fatigue is highest during chemotherapy [5]. Breast cancer, 
the most common cancer type in women worldwide with 
over 1.67 million new cases annually [6] is often treated with 
adjuvant chemotherapy to reduce risk of distant recurrence 
[7]. Consequently, the burden of cancer-related fatigue is 
high.

The etiology of fatigue is assumed to be multifactorial, 
with demographic, medical, psychosocial, behavioral, and 
biological factors having a role [1]. Hypothesized mecha-
nisms include cytokine dysregulation, hypothalamic–pitui-
tary–adrenal (HPA) dysfunction, 5-hydroxy tryptophan 
(5-HT) neurotransmitter dysregulation, circadian rhythm 
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disruption, alterations in adenosine triphosphate (ATP) and 
muscle metabolism, and vagal afferent activation [8]. Of 
these, involvement of cytokine dysregulation in the etiol-
ogy of cancer-related fatigue has gained most attention [1]. 
In support of this proposed mechanism, reviews indeed show 
for multiple cancer types significant correlations between 
fatigue and levels of several inflammatory markers, such 
as interleukin-6 (IL-6), interleukin-1-receptor antagonist 
(IL-1ra), interleukin-1β (IL-1β), and neopterin [9, 10]. In 
breast cancer patients undergoing chemotherapy specifically, 
changes in levels of interleukin-6 (IL-6) have been found 
to be significantly correlated with changes in fatigue [11].

Physical exercise has been shown to be an effective inter-
vention to prevent and diminish levels of fatigue in patients 
during adjuvant cancer treatment [12–15]. Also in breast 
cancer patients, physical exercise during adjuvant therapy 
has shown significant beneficial effects on fatigue, with larg-
est effects on the physical fatigue dimension [16–19]. It has 
been hypothesized that these beneficial effects of exercise 
on fatigue are mediated by changes in inflammatory state 
[20, 21]. A recent meta-analysis investigated the effects of 
exercise on inflammatory markers in breast cancer survi-
vors [22]. Results show significant beneficial exercise effects 
on IL-6, TNFα, IL-8, and IL-2 when including all exercise 
programs (i.e., aerobic, combined aerobic/resistance, yoga, 
and Tai Chi), but did not reach statistical significance when 
including only aerobic or combined aerobic/resistance 
exercise programs. However, in all included trials, exer-
cise programs were performed after completion of primary 
treatment, and effects of exercise programs during adjuvant 
chemotherapy on inflammatory markers remain unknown. 
Therefore, we studied the effects of exercise during adjuvant 
chemotherapy on inflammatory markers in breast cancer 
patients.

Methods

We investigated the effects of exercise on inflammatory 
markers in two comparable, randomized controlled trials 
(RCTs) in breast cancer patients during adjuvant chemo-
therapy by pooling individual patient data: the BEATE 
study (‘Bewegung und Entspannung als Therapie gegen 
Erschöpfung’, NCT01106820) [23, 24] and the PACT 
study (‘Physical Activity during Cancer Treatment’, 
ISRCTN43801571, NTR2138) [18, 25]. Study charac-
teristics of both studies are summarized in Table 1. The 
BEATE study investigated the effects of a 12-week super-
vised resistance exercise program versus a muscle relaxa-
tion control group. Details of the design of the BEATE 
study [24] and effects on fatigue, quality of life, and 
depression have been published previously [23]. In short, 
the BEATE study was conducted at the National Center for 

Tumor Diseases in Heidelberg, Germany, between 2010 
and 2013. The PACT study investigated the effects of an 
18-week supervised combined resistance and aerobic exer-
cise program versus usual care. Details of the design of the 
PACT study [25] and effects on fatigue, quality of life, and 
physical fitness have been published as well [18]. Briefly, 
the PACT study was a multicenter RCT which was con-
ducted in seven Dutch hospitals between 2010 and 2013. 
In parallel with breast cancer patients, also colon cancer 
patients were invited for the PACT study, of whom the 
results have been published separately [26]. The BEATE 
and PACT study were approved by the Medical Ethics 
Committees of the University of Heidelberg and Univer-
sity Medical Center Utrecht and local Ethical Boards of 
the participating hospitals, respectively. All patients pro-
vided written informed consent.

Participants

In- and exclusion criteria for both studies are summarized 
in Table 1. Both studies included histologically confirmed, 
newly diagnosed breast cancer patients, scheduled for adju-
vant chemotherapy. Patients with contraindications for phys-
ical training/activity were excluded, as well as patients with 
concurrent malignant diseases (BEATE) or treatment for 
concurrent malignant diseases in the past 5 years (PACT). 
The BEATE study excluded patients who already partici-
pated in systematic intensive training, whereas the PACT 
study allowed active patients to participate.

Intervention

Both the BEATE and PACT intervention consisted of twice 
weekly supervised exercise with progressive intensity. In 
the BEATE study, the exercise program started in the first 
or second cycle of chemotherapy, and had a total duration of 
12 weeks. Training sessions consisted of progressive resist-
ance exercises, without any specific aerobic exercise. In the 
PACT study, the exercise program started within 6 weeks 
from diagnosis (or 10 weeks in case of immediate use of 
a tissue expander after surgery), and had a total duration 
of 18 weeks. The training sessions contained both progres-
sive resistance and aerobic exercises. In addition to these 
supervised sessions, patients were instructed to be physi-
cally active for at least 30 min a day, on three other days of 
the week. Patients randomized to the control group of the 
BEATE study participated in a 1-h supervised muscle relax-
ation program twice a week, whereas patients randomized 
to the control group of the PACT study received usual care 
without any additional intervention, and were instructed to 
maintain their habitual physical activity pattern (Table 1).
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Outcome assessment

At baseline, mid-intervention for BEATE, post-intervention, 
and long-term follow-up, patients visited the study centers 
for outcome assessment (Table 1). In addition to completing 

questionnaires and performing physical measurements, 
blood samples were taken at each visit. Blood sampling 
took place according to a standardized protocol, at least 6 
(BEATE) or 7 days (PACT) after a chemotherapy adminis-
tration. Sampling took place not earlier than 24 h after an 

Table 1   Study characteristics of the BEATE and PACT studies

1RM one repetition maximum, PA physical activity, min minutes, VT ventilatory threshold

BEATE study (2010–2013, n = 101) PACT study (2010–2013, n = 204)

Patient characteristics
 Inclusion criteria Histologically confirmed primary breast cancer after 

lumpectomy or mastectomy
Histologically confirmed primary breast cancer less than 

6 weeks before recruitment (or 10 weeks in case of 
immediate use of a tissue expander after surgery)

Scheduled for adjuvant chemotherapy Scheduled for adjuvant chemotherapy
Age ≥ 18 years Age 25–75 years
Body mass index ≥ 18 kg/m2 Stage M0
Ability to understand and follow the study protocol Ability to read and understand the Dutch language
Willingness to come to the Heidelberg exercise facilities Karnofsky performance status ≥ 60 and ability to 

walk ≥ 100 m
 Exclusion criteria Contraindications for training Contraindications for physical activity

Concurrent malignant diseases (except carcinoma in situ 
of skin or cervix)

Treatment for malignancies in the 5 years preceding 
recruitment (except basal skin cancer)

Already participating in systematic intensive resistance 
or aerobic training (≥ 2 × 1 h/week)

Intervention characteristics
 Timing During chemotherapy During chemotherapy
 Duration 12 weeks 18 weeks
 Type and intensity 2 × 1 h/week 2 × 1 h/week

Resistance: Progressive resistance exercises Resistance: Progressive resistance exercises
3 × 8-12 repetitions 60–80% 1RM 2 × 10 repetitions 65% 1RM, increasing to 1 × 10 repeti-

tions 75% 1RM, and 1 × 20 repetitions 45% 1RM
Aerobic: 3 × 2 min increasing to 2 × 7 min at VT, and 

3 × 4 min increasing to 1 × 7 min below VT
 Mode Supervised Supervised
 Exercise advice – In addition to supervised program: PA ≥ 30 min/day, 

3 days/week
 Control Supervised relaxation control 12 weeks, 2 × 1 h/week Usual care

Outcome measures
 Time points Baseline Baseline

Mid-intervention (7 weeks post-baseline) Post-intervention (18 weeks post-baseline)
Post-intervention (13 weeks post-baseline) Long-term (36 weeks post-baseline)
Long-term (26 weeks post-baseline)

 Inflammatory markers Interleukin-6 Interleukin-6
Interleukin-1 receptor antagonist Interleukin-1 receptor antagonist

Nicotinamide phosphoribosyltransferase
Neopterin
Leptin
Adiponectin
Tumor Necrosis Factor-alpha
C-reactive protein
Tumor Necrosis Factor-I
Tumor Necrosis Factor-II

 Fatigue Fatigue assessment questionnaire (FAQ) Multidimensional fatigue inventory (MFI)



424	 Breast Cancer Research and Treatment (2018) 168:421–431

1 3

exercise session to measure chronic and not acute effects. 
Samples were processed within 2 h and stored locally at 
−80°C until analysis took place. Serum IL-6 and IL-1ra 
levels were quantified for all samples at the German Cancer 
Research Center (DKFZ, Heidelberg, Germany), by use of 
Quantikine Immunoassay kits (R&D Systems, Minneapolis, 
MN) according to the manufacturer’s instruction. Measure-
ments were performed in duplicate at room temperature. 
The intra-assay coefficients of variation were 4.4 and 3.3% 
for IL-6 and IL-1ra immunoassays, respectively. Within the 
PACT study, the following inflammatory markers were also 
analyzed in serum: neopterin, nicotinamide phosphoribosyl-
transferase (Nampt) (IRAS, University Utrecht, The Neth-
erlands), leptin, adiponectin, tumor necrosis factor-alpha 
(TNF-α), C-reactive protein (CRP), TNF receptor I, and 
TNF receptor II (SHO Centre for Medical Diagnostics, Velp, 
The Netherlands). In both studies, IL-6 values below the 
detection limit were replaced by the detection limit divided 
by the square root of 2 (16% of IL-6 values). In addition to 
the individual inflammatory markers, the IL-6/IL-1ra ratio 

was calculated, which reflects the balance between pro- and 
anti-inflammatory response.

Fatigue was assessed using the multidimensional Fatigue 
Assessment Questionnaire (FAQ) in BEATE, and the Mul-
tidimensional Fatigue Inventory (MFI) in PACT (Table 1). 
The FAQ is a validated, 20-item questionnaire, covering the 
dimensions physical, affective, and cognitive fatigue [27]. 
The MFI is a validated, 20-item questionnaire, designed to 
measure the dimensions general fatigue, physical fatigue, 
mental fatigue, ‘reduced activity,’ and ‘reduced motivation’ 
[3]. For our pooled analyses, we considered the dimensions 
‘physical fatigue,’ ‘mental fatigue’ (using FAQ cognitive 
fatigue), and ‘total fatigue’ (using MFI general fatigue).

Data analysis

Our study population included all patients with an available 
baseline blood measure and at least one post-intervention 
measure (Fig. 1). Analyses testing for group effects were 
performed according to the intention-to-treat principle. 

Fig. 1   Flow chart of patients participating in the BEATE study and PACT study
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Descriptive statistics were used to summarize the charac-
teristics of the study population.

Because of skewed distributions of the inflammatory 
markers, all values were transformed to a natural loga-
rithmic scale. To determine between-group differences in 
inflammatory markers, mixed effect models were used with 
mid-intervention, post-intervention, and long-term follow-
up values of inflammatory markers as dependent variables, 
the randomization group as independent variable, and the 
baseline inflammatory marker value (continuous) as covari-
ate. For within-group differences, the baseline inflamma-
tory markers were considered also as dependent variables 
instead of as covariate. Models were adjusted for study 
(BEATE or PACT), menopausal status (premenopausal or 
postmenopausal), radiotherapy status (no, current or previ-
ous treatment with radiotherapy), hormone receptor status 
(triple negative, Her2Neu+ and ER/PR+, Her2Neu+ and 
ER&PR−, Her2Neu− and ER/PR+), baseline body mass 
index (continuous), and age (continuous). Depending on 
Akaike’s Information Criterion, we used either a compound 
symmetry correlation matrix (IL-6, Nampt, leptin, TNF-α, 
and TNF receptor I) or an unstructured covariance matrix 
(IL-1ra, IL-6/IL-1ra ratio, neopterin, adiponectin, CRP, TNF 
receptor II). As mid-intervention values had been collected 
only in BEATE, a sensitivity analysis excluding this values 
was performed, as well as a sensitivity analysis replacing 
the IL-6 values below detection limit by maximum likeli-
hood estimation [28]. Because changes in body weight have 
been shown to be an important mediator in the association 
between exercise and inflammatory markers and adipokines 
[29], we initially adjusted only for baseline BMI. Because 
average weight gain turned out to be largest in the exercise 
group, we additionally performed a sensitivity analysis in 
which we also adjusted for changes in body mass index.

As a consequence of using a natural logarithmic scale, the 
geometric mean is presented at baseline. For the between-
group differences, the exponent (anti-logarithm) of the esti-
mated outcome is presented, which represents the treatment 
effect ratio (TER). A TER of > 1 indicates an on average 
higher level of the investigated inflammatory maker, whereas 
a TER of < 1 indicates a lower level, as compared with the 
reference.

To pool fatigue outcomes, we recoded individual scores 
into standardized z-scores by subtracting the individual score 
from the mean score at baseline and dividing the result by 
the mean standard deviation at baseline. Exercise effects on 
fatigue were modeled using a similar mixed effects model as 
described above, resulting in a between-group difference in 
z-scores, which corresponds to a Cohen’s d effect size. Effect 
sizes < 0.2 indicate “no difference,” effect sizes of 0.2–0.5 
indicate “small differences,” effect sizes of 0.5–0.8 indicate 
“medium differences,” and effect sizes ≥ 0.8 indicate “large 
differences” [30]. To investigate the association between 

changes in inflammatory markers with changes in fatigue 
levels, partial correlation coefficients were calculated, with 
adjustment for study, menopausal status, radiotherapy sta-
tus, hormone receptor status, baseline body mass index, and 
age. Data were analyzed using IBM SPSS Statistics 20.0. 
Statistical significance was set at a probability of p < 0.05 
for all analyses.

Results

Of the 154 patients who were randomized to the exer-
cise intervention of the BEATE (n = 52) or PACT study 
(n = 102), baseline blood samples were obtained from 77 
patients (BEATE n = 42 (81%), PACT n = 35 (34%)). Of the 
151 patients allocated to the control group (BEATE n = 49, 
PACT n = 102), baseline blood samples were taken from 
84 patients (BEATE n = 42 (86%), PACT n = 42 (41%)). 
Because blood sampling was added as an amendment to the 
already ongoing PACT study, blood samples are not avail-
able for all patients. However, after the amendment blood 
was collected systematically, the groups remained balanced. 
Thirty-one patients without any follow-up measurement 
were excluded, leaving a total of 130 patients (exercise inter-
vention n = 64, control n = 66) for primary analysis (Fig. 1).

Baseline patient characteristics

Patients in the exercise and control groups were compara-
ble with respect to baseline characteristics (p values > 0.05) 
(Table 2). All patients were female and were, on average, 
overweight. The majority of patients were not (yet) treated 
with radiotherapy at baseline (81.3% in the exercise group 
and 75.8% in the control group). In the BEATE study, all 
patients initiated chemotherapy prior to randomization. In 
the PACT study, 6 out of 52 patients (11.5%) already started 
chemotherapy at baseline.

Courses of IL‑6, IL‑1ra, and IL‑6/IL‑1ra ratio 
and effects of exercise

Levels of IL-1ra generally increased during chemotherapy 
for both groups (Table 3). Largest within-group changes 
were obtained from baseline to mid-intervention (significant 
TER in the control group: 1.44 [95% confidence interval 
(95% CI): 1.11; 1.86]). At long-term follow-up, IL-1ra levels 
recovered to baseline values in both groups. No significant 
between-group differences were observed for IL-1ra at any 
time point.

For IL-6 levels, a significant increase was observed from 
baseline to post-intervention for both the exercise group 
and the control group (TER 2.11 [95% CI 1.26; 3.52] and 
1.69 [95% CI 1.04; 2.74], respectively). From baseline to 
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long-term follow-up, levels of IL-6 showed a decrease, 
which was significant in the exercise group (TER 0.40 [95% 
CI 0.21; 0.74]). No significant between-group differences 
were observed. A sensitivity analysis using maximum like-
lihood estimation for the IL-6 values below detection limit 
yielded similar results.

IL-6/IL-1ra ratio levels showed rather similar baseline 
to post-intervention and baseline to long-term follow-up 
differences as IL-6 levels. Again, no between-group differ-
ences were observed. A sensitivity analysis excluding the 
mid-intervention values did not change the results, nor did 
a sensitivity analysis with adjustment for changes in BMI.

Associations with fatigue

We found significant beneficial effects of exercise on 
fatigue in both RCTs, and comparable effects in the sub-
group with available blood samples. In the PACT study, 
effects on post-intervention fatigue were small with effect 
sizes (ES) of −0.23 (general fatigue) and −0.30 (physical 
fatigue) [18]. The BEATE study showed comparable effects 
on post-intervention total fatigue (ES = -0.29) and physical 
fatigue (ES = −0.34) [23]. Pooled analyses of our subgroup 

with available blood measures also showed positive exer-
cise effects on post-intervention total fatigue (ES = −0.40 
[95% CI −0.72; −0.09]) and physical cancer-related fatigue 
(ES = −0.35 [95% CI −0.66; −0.04]).

Baseline to post-intervention changes in levels of IL-6 
were positively correlated with changes in physical cancer-
related fatigue (partial correlation coefficient (r):0.21) and 
changes in levels of IL6/IL1ra-ratio were positively cor-
related with changes in total fatigue and physical cancer-
related fatigue (r 0.23 and 0.21, respectively) (Table 4).

Exercise effects on additional inflammatory markers 
(PACT study)

Exercise effects on neopterin, Nampt, leptin, adiponec-
tin, TNF-α, CRP, TNF receptor I, and TNF receptor II are 
summarized in Online Resource 1. In general, levels of the 
pro-inflammatory markers showed a pattern of increase 
from baseline to post-intervention, and recovered to base-
line values at long-term follow-up. An exception is Nampt, 
which was still significantly increased at long-term follow-
up compared to baseline in both the exercise and control 
group (TER: 1.66 [95% CI 1.05; 2.61] and 1.58 [95% CI 
1.08; 2.32], respectively). For CRP, significantly lower levels 
were observed at long-term follow-up compared to baseline 
in the exercise group (TER: 0.54 [95% CI 0.30; 0.96]). The 
levels of the anti-inflammatory marker adiponectin showed 
an opposite pattern compared to the pro-inflammatory mark-
ers, with decreases from baseline to post-intervention, and 
recovery at long-term follow-up. For all markers, no signifi-
cant between-group differences were observed, except for 
leptin post-intervention (TER: 1.40 [95% CI 1.01; 1.93]). 
After adjustment for changes in BMI, this between-group 
difference attenuated and lost significance (TER: 1.19 [95% 
CI 0.88; 1.62]). Adjustment for BMI changes did not affect 
the exercise effects on other biomarkers. Changes in levels 
of Nampt and leptin were negatively associated with changes 
in total fatigue (r −0.47, p = 0.01 and r −0.49, p = 0.01) 
and physical cancer-related fatigue (r −0.45, p = 0.02 and r 
−0.40, p = 0.03). No significant correlations were found for 
the other inflammatory markers with total fatigue, physical 
fatigue, or mental fatigue (results not shown).

Discussion

In our study with pooled individual patient data of two 
randomized controlled trials in breast cancer patients, we 
observed that levels of IL-6 and IL-6/IL-1ra ratio increased 
during chemotherapy, and recovered after chemotherapy. 
Changes in levels of inflammatory markers were signifi-
cantly associated with changes in levels of total fatigue (IL-6 
and IL-6/IL1-ra ratio) and physical cancer-related fatigue 

Table 2   Baseline characteristics of the pooled patient population

Control (n = 66) Intervention (n = 64)

Age in years (mean ± SD) 52.3 ± 9.3 50.8 ± 9.1
BMI in kg m−2 

(mean ± SD)
26.6 ± 4.8 26.1 ± 4.8

Study [n (%)]
 BEATE 38 (57.6) 40 (62.5)
 PACT​ 28 (42.4) 24 (37.5)

Tumor stage [n (%)]
 I 18 (27.3) 23 (35.9)
 II 38 (57.6) 32 (50.0)
 III 10 (15.2) 7 (10.9)
 Unknown – 2 (3.1)

Menopausal status [n (%)]
 Premenopausal 34 (51.5) 32 (50.0)
 Postmenopausal 31 (47.0) 26 (40.6)
 Unknown 1 (1.5) 6 (9.4)

Receptor status [n (%)]
 Triple negative 9 (13.6) 6 (9.4)
 Her2+ and ER/PR+ 12 (18.2) 15 (23.4)
 Her2+ and ER&PR− 4 (6.1) 4 (6.3)
 Her2− and ER/PR+ 41 (62.1) 39 (60.9)

Radiotherapy [n (%)]
 Yes 16 (24.2) 12 (18.8)
 No 50 (75.8) 52 (81.3)

VO2 peak at baseline in 
L min−1 (mean ± SD)

1.6 ± 0.4 1.6 ± 0.5
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(IL-6/IL-1ra ratio). We did not observe effects of exercise 
on inflammatory markers IL-6, IL-1ra, and IL-6/IL-1ra ratio.

Our results on the course of inflammatory markers 
during and after chemotherapy expand current knowledge 
from previous studies that had observed increased serum 
IL-6 in breast cancer patients during chemotherapy [31, 
32], and decrease after end of chemotherapy [31]. Pacli-
taxel every 3 weeks had been observed to increase IL-6 
in a study with 90 breast cancer patients, yet this increase 
was not observed for weekly, lower dosed paclitaxel regi-
mens [33]. In contrast, IL-6 levels during anthracycline-
based chemotherapies appeared to be not increased in 
other studies [34, 35]. Due to a wide variety of chemo-
therapy schemata that however mostly included some 
taxan-based treatments, we were not able to investigate 
effects of specific cytostatics. Of interest is the substantial 
increase in IL-6 levels we observed during chemotherapy, 

as demonstrated by within-group post-intervention TERs 
of 1.69 and 2.11, indicating an approximate increase of 
IL-6 levels of 69 and 110% in the control and exercise 
group, respectively. In addition, we observed that IL-6 and 
the IL-6/IL-1ra ratio decreased again after chemotherapy, 
reaching levels similar to baseline approximately three to 
4 months after chemotherapy in both groups. As in the 
BEATE study baseline measurements were taken during 
the 1st or 2nd chemotherapy cycle, the follow-up levels 
were lower than the baseline levels. The large increase 
of IL-6 levels during chemotherapy, followed by a recov-
ery after the end of therapy, suggests that IL-6 is strongly 
responsive to treatment with chemotherapy. Clinically, this 
is of importance as it indicates that in general patients 
recover from chemotherapy in terms of inflammation on 
the long-term. Nevertheless, during chemotherapy, inflam-
matory processes might contribute to severe side-effects 

Table 3   Exercise effects on IL-6, IL-1ra, and IL-6/IL-1ra ratio

Mixed effects models on pooled data of the BEATE study and PACT study were calculated with mid-intervention, post-intervention, and long-
term follow-up values as dependent variables, adjusted for study, menopausal status, hormone receptor status, radiotherapy status, baseline body 
mass index, and age as well as the baseline value of the inflammatory marker (only for between-group differences). Mid-intervention values were 
measured in the BEATE study (7 weeks post-baseline), post-intervention values were measured in the BEATE study (13 weeks post-baseline) 
and PACT study (18 weeks post-baseline), and long-term follow-up values were measured in the BEATE study (26 weeks post-baseline) and 
PACT study (36 weeks post-baseline)
TER treatment effect ratio, CI confidence interval, IL-1ra interleukin-1 receptor antagonist, IL-6 interleukin-6
* Significant at level p < 0.05
** Significant at level p < 0.01

Outcome Group Baseline 
geometric 
mean

Baseline to mid-intervention Baseline to post-intervention Baseline to long-term follow-up

Within-group 
difference: 
TER (95% CI)

Between-group 
difference: TER 
(95% CI)

Within-group 
difference: 
TER (95% CI)

Between-group 
difference: TER 
(95% CI)

Within-group 
difference: 
TER (95% CI)

Between-group 
difference: TER 
(95% CI)

IL-1ra Exercise 301.2 1.27 (0.99; 
1.62)

0.89 (0.63; 
1.25)

1.14 (0.95; 
1.38)

0.99 (0.77; 
1.26)

0.99 (0.82; 
1.20)

1.09 (0.93; 1.27)

Control 296.9 1.44 (1.11; 
1.86)**

Reference 1.18 (0.99; 
1.41)

Reference 0.93 (0.78; 
1.11)

Reference

IL-6 Exercise 0.94 1.55 (0.89; 
2.72)

1.40 (0.70; 
2.78)

2.11 (1.26; 
3.52)**

1.32 (0.76; 
2.30)

0.40 (0.21; 
0.74)**

0.67 (0.38; 1.18)

Control 0.82 1.16 (0.65; 
2.08)

Reference 1.69 (1.04; 
2.74)*

Reference 0.65 (0.37; 
1.17)

Reference

IL-6/IL-1ra Exercise 0.0031 1.19 (0.66; 
2.16)

1.69 (0.79; 
3.62)

1.83 (1.09; 
3.07)*

1.34 (0.76; 
2.34)

0.39 (0.21; 
0.72)**

0.62 (0.35; 1.09)

Control 0.0028 0.76 (0.41; 
1.41)

Reference 1.42 (0.87; 
2.33)

Reference 0.70 (0.40; 
1.22)

Reference

Table 4   Partial correlations of 
baseline to post-intervention 
changes in inflammatory marker 
levels with changes in fatigue

Bold coefficients indicate statistical significance at level p < 0.05

Parameter IL-1ra IL-6 IL-6/IL-1ra ratio

r p value r p value r p value

Total fatigue − 0.09 0.40 0.21 0.04 0.23 0.02
Physical fatigue − 0.10 0.32 0.18 0.07 0.21 0.03
Cognitive fatigue − 0.08 0.41 0.13 0.21 0.15 0.13
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such as fatigue. Effective treatments to reduce chemother-
apy-induced inflammation still need to be defined.

While most of the other measured pro-inflammatory 
markers also showed a recovery to baseline levels or 
decrease below baseline levels (CRP in the exercise group) 
at long-term follow-up, the long-term course of Nampt devi-
ated by showing a prolonged elevation in both the control 
and exercise group. Nampt, also known as visfatin or pre-B 
cell colony-enhancing factor 1 (PBEF1), is hypothesized to 
facilitate inflammation and angiogenesis and to have a mul-
tifunctional role in carcinogenesis, with influence on aspects 
as apoptosis and cancer cell metastasis [36]. With suggested 
potential roles for Nampt as biomarker for cancer diagno-
sis and prognosis [37], information on the natural course 
of Nampt is essential and this observed prolonged increase 
needs further investigation.

Elevated levels of pro-inflammatory markers have previ-
ously been associated with fatigue [9] and other side-effects 
of breast cancer and its treatment, e.g., cognitive function 
[31, 38] and accelerated aging [39]. We differentiated fatigue 
by its dimensions, because a recent meta-analysis has shown 
that physical cancer-related fatigue is the dimension most 
sensitive to exercise during adjuvant breast cancer treatment 
[16]. We observed a small, positive correlation of changes 
in total fatigue with changes in the pro-/anti-inflammatory 
ratio and IL-6, and small, negative correlations with changes 
in leptin and Nampt. The pro/anti-inflammatory ratio, leptin 
and Nampt were also correlated with physical cancer-related 
fatigue. No correlations were seen for the other inflamma-
tory markers. Findings of a previous quantitative review 
revealed small, positive correlations of IL-6 and IL-1ra 
with (unidimensional) cancer-related fatigue (r = 0.12, p 
value = 0.004 and r = 0.24, p value < 0.001). IL-6/IL-1ra 
ratio, Nampt, and leptin were not assessed [9]. Although our 
findings on IL-6 are in line with that review, it is important 
to note that the longitudinal design of our study allowed for 
calculation of correlations between changes in inflamma-
tory markers and changes in fatigue. The aforementioned 
review also included cross-sectional correlations, which only 
provides information on a specific point in time. A further 
strength of our analysis and difference to that review is that 
we could assess correlations with the different dimensions 
of fatigue separately, and found that levels of the aforemen-
tioned biomarkers were associated with total and physical 
cancer-related fatigue, but not with mental fatigue.

With regard to exercise, we did not discover significant 
intervention effects on IL-6, IL-1ra, and the IL-6/IL-1ra 
ratio. Our findings are in line with those of a recent meta-
analysis, in which no statistically significant effects of 
aerobic or combined aerobic/resistance exercise programs 
on inflammatory markers in breast cancer survivors were 
found [22]. The exercise programs included in that review 
were, however, implemented after the completion of primary 

breast cancer treatment, in contrast to our exercise programs 
that were performed during adjuvant therapy. Our current 
study is the first to evaluate exercise effects on inflam-
matory markers during adjuvant chemotherapy for breast 
cancer. Importantly, additional markers may be involved in 
the inflammatory pathway and thus, our results should be 
considered as a first exploration of mechanisms for exercise 
effects during chemotherapy among patients with breast 
cancer. In a previous study, we evaluated effects of exercise 
during adjuvant radiotherapy [40]. In that study, we found 
that the increase of IL-6 and the IL-6/IL-1ra ratio during 
radiotherapy was counteracted by physical exercise. Pos-
sibly, exercise indeed has the ability to prevent or diminish 
increases in IL-6 levels in breast cancer patients, but the 
effect of chemotherapy is just too strong to be effectively 
counteracted by exercise during active treatment.

Regarding the biomarkers investigated in our study, we 
only observed a significant exercise intervention effect on 
leptin post-intervention, unexpectedly in favor of the control 
group. Leptin is a central adipokine and, thus, changes in 
leptin levels have been reported to be strongly associated 
with changes in total body fat [29]. As expected, after adjust-
ing for changes in body mass index, which were larger in 
the exercise group, the between-group difference for leptin 
diminished and lost statistical significance.

This study has several strengths and limitations. Both, 
the PACT study and BEATE study had a good intervention 
adherence and extensive data collection. IL-6 and IL-1ra 
were quantified in the same way and in the same labora-
tory for both studies. This offered a unique and excellent 
opportunity to combine the data to investigate our research 
question. Limitations are, that, although both RCTs evalu-
ated a supervised exercise program during chemotherapy, 
there were also differences between the two studies in terms 
of duration of the intervention and intensity and mode of 
exercise, i.e., resistance or combined resistance and aero-
bic exercise, which may have limited our ability to observe 
effects in the pooled analysis. Baseline blood samples for 
the two studies were taken at different time points and only 
a subset of patients provided blood samples; however, this 
did not limit validity of our intervention results since base-
line characteristics were distributed equally between our 
intervention and control group. Furthermore, in the PACT 
study no blood was collected at mid-intervention. Our sen-
sitivity analysis excluding the mid-intervention values did 
however not yield different results. A further limitation is 
that the inflammatory markers neopterin, Nampt, leptin, adi-
ponectin, TNF-α, CRP, TNF receptor I, and TNF receptor 
II were only collected in one RCT, limiting the power for 
analyses on these markers. Last, it is important to note that 
besides the inflammatory markers that were assessed in the 
current study, also other markers might be of interest when 
evaluating exercise effects, e.g., IL-8 and IL-2 [22]. Hence, 
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no definite conclusions can be drawn and future studies are 
needed to confirm our findings and further explore exercise 
effects on systemic inflammation during chemotherapy by 
investigating other potential markers of interest.

In conclusion, our study showed pronounced increases 
of IL-6 and IL-6/IL-1ra ratio in breast cancer patients dur-
ing chemotherapy and recovery after completion of chemo-
therapy, indicating strong inflammatory responses to chemo-
therapy. Changes in IL-6 and the IL-6/IL-1ra ratio showed 
a significant, slight correlation with changes in fatigue. 
Yet, the supervised exercise training did not significantly 
counteract the effects of chemotherapy on IL-1ra, IL-6, and 
the IL-6/IL-1ra ratio and no significant group differences 
were observed. Thus, our results suggest that our previously 
observed beneficial effects of exercise on fatigue during 
adjuvant chemotherapy are not necessarily mediated by the 
investigated inflammatory markers.

Acknowledgements  We would like to thank the patients and the pro-
fessional staff of the participating centers in the BEATE study and 
PACT study and Annett Brendel, Marita Wenzel, and Lin Zielske for 
technical support in the laboratory. The PACT study has been finan-
cially supported by The Netherlands Organisation for Health Research 
and Development (ZonMw, project number: 171002202), the Dutch 
Cancer Society (KWF Kankerbestrijding, project number: UU 2009-
4473), and the Dutch Pink Ribbon Foundation (2011.WO02.C100). 
The contribution of Jonna van Vulpen is financially supported by the 
World Cancer Research Fund The Netherlands (WCRF NL, project 
number 2013/997). In the BEATE study, the biospecimen storage was 
supported by the infrastructure of the National Center for Tumor Dis-
eases Liquid Biobank, and the training was supported by the foundation 
“Stiftung Leben mit Krebs.”

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Ethical approval  All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards.

Informed consent  Informed consent was obtained from all individual 
participants included in the study.

References

	 1.	 Bower JE (2014) Cancer-related fatigue-mechanisms, risk factors, 
and treatments. Nat Rev Clin Oncol. 11(10):597–609. https://doi.
org/10.1038/nrclinonc.2014.127

	 2.	 Mitchell SA (2010) Cancer-related fatigue: state of the sci-
ence. PM & R 2(5):364–383. https://doi.org/10.1016/j.
pmrj.2010.03.024

	 3.	 Smets EM, Garssen B, Bonke B, De Haes JC (1995) The multidi-
mensional fatigue inventory (MFI) psychometric qualities of an 
instrument to assess fatigue. J Psychosom Res 39(3):315–325

	 4.	 Wang XS, Zhao F, Fisch MJ, O’Mara AM, Cella D, Mendoza TR 
et al (2014) Prevalence and characteristics of moderate to severe 
fatigue: a multicenter study in cancer patients and survivors. Can-
cer 120(3):425–432. https://doi.org/10.1002/cncr.28434

	 5.	 Schmidt ME, Chang-Claude J, Vrieling A, Heinz J, Flesch-Janys 
D, Steindorf K (2012) Fatigue and quality of life in breast cancer 
survivors: temporal courses and long-term pattern. J Cancer Sur-
viv 6(1):11–19. https://doi.org/10.1007/s11764-011-0197-3

	 6.	 Ferlay JSI, Ervik M, Dikshit R, Eser S, Mathers C, Rebelo M, 
Parkin DM, Forman D, Bray F (2013) GLOBOCAN 2012 v1.0, 
cancer incidence and mortality worldwide: IARC CancerBase No. 
11 International Agency for Research on Cancer, Lyon, France. 
http://globocan.iarc.fr. Accessed 12/08/2016

	 7.	 Anampa J, Makower D, Sparano JA (2015) Progress in adjuvant 
chemotherapy for breast cancer: an overview. BMC Med 13:195. 
https://doi.org/10.1186/s12916-015-0439-8

	 8.	 Barsevick A, Frost M, Zwinderman A, Hall P, Halyard M (2010) 
I’m so tired: biological and genetic mechanisms of cancer-related 
fatigue. Qual Life Res 19(10):1419–1427. https://doi.org/10.1007/
s11136-010-9757-7

	 9.	 Schubert C, Hong S, Natarajan L, Mills PJ, Dimsdale JE (2007) 
The association between fatigue and inflammatory marker lev-
els in cancer patients: a quantitative review. Brain Behav Immun 
21(4):413–427. https://doi.org/10.1016/j.bbi.2006.11.004

	10.	 Saligan LN, Kim HS (2012) A systematic review of the associa-
tion between immunogenomic markers and cancer-related fatigue. 
Brain Behav Immun 26(6):830–848. https://doi.org/10.1016/j.
bbi.2012.05.004

	11.	 Liu L, Mills PJ, Rissling M, Fiorentino L, Natarajan L, Dims-
dale JE et al (2012) Fatigue and sleep quality are associated with 
changes in inflammatory markers in breast cancer patients under-
going chemotherapy. Brain Behav Immun 26(5):706–713. https://
doi.org/10.1016/j.bbi.2012.02.001

	12.	 Mishra SI, Scherer RW, Snyder C, Geigle PM, Berlanstein 
DR, Topaloglu O (2012) Exercise interventions on health-
related quality of life for people with cancer during active treat-
ment. Cochrane Database Syst Rev 8:CD008465. https://doi.
org/10.1002/14651858.cd008465.pub2

	13.	 Meneses-Echavez JF, Gonzalez-Jimenez E, Ramirez-Velez R 
(2015) Effects of supervised multimodal exercise interventions 
on cancer-related fatigue: systematic review and meta-analysis 
of randomized controlled trials. Biomed Res Int 2015:328636. 
https://doi.org/10.1155/2015/328636

	14.	 Puetz TW, Herring MP (2012) Differential effects of exercise on 
cancer-related fatigue during and following treatment: a meta-
analysis. Am J Prev Med 43(2):e1–e24. https://doi.org/10.1016/j.
amepre.2012.04.027

	15.	 Mustian KM, Alfano CM, Heckler C, Kleckner AS, Kleckner IR, 
Leach CR et al (2017) Comparison of pharmaceutical, psycho-
logical, and exercise treatments for cancer-related fatigue: a meta-
analysis. JAMA Oncol 3(7):961–968. https://doi.org/10.1001/
jamaoncol.2016.6914

	16.	 van Vulpen JK, Peeters PH, Velthuis MJ, van der Wall E, May AM 
(2016) Effects of physical exercise during adjuvant breast cancer 
treatment on physical and psychosocial dimensions of cancer-
related fatigue: a meta-analysis. Maturitas 85:104–111. https://
doi.org/10.1016/j.maturitas.2015.12.007

	17.	 Carayol M, Bernard P, Boiche J, Riou F, Mercier B, Cousson-gelie 
F et al (2013) Psychological effect of exercise in women with 
breast cancer receiving adjuvant therapy: what is the optimal dose 
needed? Ann Oncol 24(2):291–300

	18.	 Travier N, Velthuis MJ, Steins Bisschop CN, van den Buijs B, 
Monninkhof EM, Backx F et al (2015) Effects of an 18-week 
exercise programme started early during breast cancer treatment: 
a randomised controlled trial. BMC Med 13:121. https://doi.
org/10.1186/s12916-015-0362-z

https://doi.org/10.1038/nrclinonc.2014.127
https://doi.org/10.1038/nrclinonc.2014.127
https://doi.org/10.1016/j.pmrj.2010.03.024
https://doi.org/10.1016/j.pmrj.2010.03.024
https://doi.org/10.1002/cncr.28434
https://doi.org/10.1007/s11764-011-0197-3
http://globocan.iarc.fr
https://doi.org/10.1186/s12916-015-0439-8
https://doi.org/10.1007/s11136-010-9757-7
https://doi.org/10.1007/s11136-010-9757-7
https://doi.org/10.1016/j.bbi.2006.11.004
https://doi.org/10.1016/j.bbi.2012.05.004
https://doi.org/10.1016/j.bbi.2012.05.004
https://doi.org/10.1016/j.bbi.2012.02.001
https://doi.org/10.1016/j.bbi.2012.02.001
https://doi.org/10.1002/14651858.cd008465.pub2
https://doi.org/10.1002/14651858.cd008465.pub2
https://doi.org/10.1155/2015/328636
https://doi.org/10.1016/j.amepre.2012.04.027
https://doi.org/10.1016/j.amepre.2012.04.027
https://doi.org/10.1001/jamaoncol.2016.6914
https://doi.org/10.1001/jamaoncol.2016.6914
https://doi.org/10.1016/j.maturitas.2015.12.007
https://doi.org/10.1016/j.maturitas.2015.12.007
https://doi.org/10.1186/s12916-015-0362-z
https://doi.org/10.1186/s12916-015-0362-z


430	 Breast Cancer Research and Treatment (2018) 168:421–431

1 3

	19.	 Steindorf K, Schmidt ME, Klassen O, Ulrich CM, Oelmann J, 
Habermann N et al (2014) Randomized, controlled trial of resist-
ance training in breast cancer patients receiving adjuvant radio-
therapy: results on cancer-related fatigue and quality of life. Ann 
Oncol 25(11):2237–2243. https://doi.org/10.1093/annonc/mdu374

	20.	 Mock V (2004) Evidence-based treatment for cancer-related 
fatigue. J Natl Cancer Inst Monogr 32:112–118. https://doi.
org/10.1093/jncimonographs/lgh025

	21.	 Miller AH, Ancoli-Israel S, Bower JE, Capuron L, Irwin MR 
(2008) Neuroendocrine-immune mechanisms of behavioral 
comorbidities in patients with cancer. J Clin Oncol 26(6):971–
982. https://doi.org/10.1200/jco.2007.10.7805

	22.	 Meneses-Echavez JF, Correa-Bautista JE, Gonzalez-Jimenez 
E, Schmidt Rio-Valle J, Elkins MR, Lobelo F et al (2016) The 
effect of exercise training on mediators of inflammation in 
breast cancer survivors: a systematic review with meta-analysis. 
Cancer Epidemiol Biomark Prev 25(7):1009–1017. https://doi.
org/10.1158/1055-9965.epi-15-1061

	23.	 Schmidt ME, Wiskemann J, Armbrust P, Schneeweiss A, Ulrich 
CM, Steindorf K (2015) Effects of resistance exercise on fatigue 
and quality of life in breast cancer patients undergoing adju-
vant chemotherapy: a randomized controlled trial. Int J Cancer 
137(2):471–480. https://doi.org/10.1002/ijc.29383

	24.	 Schmidt ME, Wiskemann J, Krakowski-Roosen H, Knicker AJ, 
Habermann N, Schneeweiss A et al (2013) Progressive resist-
ance versus relaxation training for breast cancer patients during 
adjuvant chemotherapy: design and rationale of a randomized con-
trolled trial (BEATE study). Contemp Clin Trials 34(1):117–125. 
https://doi.org/10.1016/j.cct.2012.10.006

	25.	 Velthuis MJ, May AM, Koppejan-Rensenbrink RA, Gijsen BC, 
van Breda E, de Wit GA et al (2010) Physical activity during can-
cer treatment (PACT) Study: design of a randomised clinical trial. 
BMC Cancer 10:272. https://doi.org/10.1186/1471-2407-10-272

	26.	 Van Vulpen JK, Velthuis MJ, Steins Bisschop CN, Travier N, 
Van Den Buijs BJ, Backx FJ et al (2016) Effects of an exercise 
program in colon cancer patients undergoing chemotherapy. 
Med Sci Sports Exerc 48(5):767–775. https://doi.org/10.1249/
mss.0000000000000855

	27.	 Glaus A, Muller S (2001) Measuring fatigue of cancer patients 
in the German-speaking region: development of the fatigue 
assessment questionnaire. Pflege 14(3):161–170. https://doi.
org/10.1024/1012-5302.14.3.161

	28.	 Lubin JH, Colt JS, Camann D, Davis S, Cerhan JR, Severson 
RK et al (2004) Epidemiologic evaluation of measurement data 
in the presence of detection limits. Environ Health Perspect 
112(17):1691–1696

	29.	 van Gemert WA, Monninkhof EM, May AM, Elias SG, van der 
Palen J, Veldhuis W et al (2017) Association between changes in 
fat distribution and biomarkers for breast cancer. Endocr Relat 
Cancer 24(6):297–305. https://doi.org/10.1530/erc-16-0490

	30.	 Cohen J (1988) Statistical power analysis for the behavioral sci-
ences. Lawrence Earlbaum, Hillsdale, NJ

	31.	 Lyon DE, Cohen R, Chen H, Kelly DL, McCain NL, Starkweather 
A et al (2016) Relationship of systemic cytokine concentrations to 
cognitive function over two years in women with early stage breast 
cancer. J Neuroimmunol 301:74–82. https://doi.org/10.1016/j.
jneuroim.2016.11.002

	32.	 Liu L, Mills PJ, Rissling M, Fiorentino L, Natarajan L, Dims-
dale JE et al (2012) Fatigue and sleep quality are associated with 
changes in inflammatory markers in breast cancer patients under-
going chemotherapy. Brain BehavImmun 26:706–713

	33.	 Pusztai L, Mendoza TR, Reuben JM, Martinez MM, Willey JS, 
Lara J et al (2004) Changes in plasma levels of inflammatory 
cytokines in response to paclitaxel chemotherapy. Cytokine 
25(3):94–102

	34.	 Mills PJ, Ancoli-Israel S, Parker B, Natarajan L, Hong S, Jain S 
et al (2008) Predictors of inflammation in response to anthracy-
cline-based chemotherapy for breast cancer. Brain BehavImmun 
22(1):98–104

	35.	 Mendonca MA, Souto FO, Micheli DC, Alves-Filho JC, Cunha 
FQ, Murta EF et al (2014) Mechanisms affecting neutrophil 
migration capacity in breast cancer patients before and after chem-
otherapy. Cancer Chemother Pharmacol 73(2):317–324. https://
doi.org/10.1007/s00280-013-2348-x

	36.	 Chen H, Wang S, Zhang H, Nice EC, Huang C (2016) Nicotina-
mide phosphoribosyltransferase (Nampt) in carcinogenesis: new 
clinical opportunities. Expert Rev Anticancer Ther 16(8):827–
838. https://doi.org/10.1080/14737140.2016.1190649

	37.	 Dalamaga M, Archondakis S, Sotiropoulos G, Karmaniolas K, 
Pelekanos N, Papadavid E et al (2012) Could serum visfatin be a 
potential biomarker for postmenopausal breast cancer? Maturitas 
71(3):301–308. https://doi.org/10.1016/j.maturitas.2011.12.013

	38.	 Cheung YT, Ng T, Shwe M, Ho HK, Foo KM, Cham MT et al 
(2015) Association of proinflammatory cytokines and chemother-
apy-associated cognitive impairment in breast cancer patients: a 
multi-centered, prospective, cohort study. Ann Oncol 26(7):1446–
1451. https://doi.org/10.1093/annonc/mdv206

	39.	 Alfano CM, Peng J, Andridge RR, Lindgren ME, Povoski SP, 
Lipari AM et al (2017) Inflammatory cytokines and comorbidity 
development in breast cancer survivors versus noncancer con-
trols: evidence for accelerated aging? J Clin Oncol 35(2):149–156. 
https://doi.org/10.1200/jco.2016.67.1883

	40.	 Schmidt ME, Meynkohn A, Habermann N, Wiskemann J, 
Oelmann J, Hof H et al (2016) Resistance exercise and inflam-
mation in breast cancer patients undergoing adjuvant radiation 
therapy: mediation analysis from a randomized, controlled inter-
vention trial. Int J Radiat Oncol Biol Phys 94(2):329–337. https://
doi.org/10.1016/j.ijrobp.2015.10.058

Affiliations

Jonna K. van Vulpen1 · Martina E. Schmidt2 · Miranda J. Velthuis3 · Joachim Wiskemann4 · Andreas Schneeweiss4 · 
Roel C. H. Vermeulen5 · Nina Habermann6 · Cornelia M. Ulrich7 · Petra H. M. Peeters1,8 · Elsken van der Wall9 · 
Anne M. May1 · Karen Steindorf2

1	 Julius Center for Health Sciences and Primary Care, 
University Medical Center Utrecht, Utrecht, The Netherlands

2	 Division of Physical Activity, Prevention and Cancer, 
German Cancer Research Center (DKFZ) and National 

Center for Tumor Diseases (NCT), Im Neuenheimer Feld 
581, 69120 Heidelberg, Germany

3	 Netherlands Comprehensive Cancer Organisation (IKNL), 
P.O. Box 19079, 3501 DB Utrecht, The Netherlands

https://doi.org/10.1093/annonc/mdu374
https://doi.org/10.1093/jncimonographs/lgh025
https://doi.org/10.1093/jncimonographs/lgh025
https://doi.org/10.1200/jco.2007.10.7805
https://doi.org/10.1158/1055-9965.epi-15-1061
https://doi.org/10.1158/1055-9965.epi-15-1061
https://doi.org/10.1002/ijc.29383
https://doi.org/10.1016/j.cct.2012.10.006
https://doi.org/10.1186/1471-2407-10-272
https://doi.org/10.1249/mss.0000000000000855
https://doi.org/10.1249/mss.0000000000000855
https://doi.org/10.1024/1012-5302.14.3.161
https://doi.org/10.1024/1012-5302.14.3.161
https://doi.org/10.1530/erc-16-0490
https://doi.org/10.1016/j.jneuroim.2016.11.002
https://doi.org/10.1016/j.jneuroim.2016.11.002
https://doi.org/10.1007/s00280-013-2348-x
https://doi.org/10.1007/s00280-013-2348-x
https://doi.org/10.1080/14737140.2016.1190649
https://doi.org/10.1016/j.maturitas.2011.12.013
https://doi.org/10.1093/annonc/mdv206
https://doi.org/10.1200/jco.2016.67.1883
https://doi.org/10.1016/j.ijrobp.2015.10.058
https://doi.org/10.1016/j.ijrobp.2015.10.058


431Breast Cancer Research and Treatment (2018) 168:421–431	

1 3

4	 Division of Medical Oncology, University Clinic Heidelberg 
and National Center for Tumor Diseases (NCT), Heidelberg, 
Germany

5	 Institute for Risk Assessment Sciences (IRAS), Utrecht 
University, Utrecht, The Netherlands

6	 European Molecular Biology Laboratory, Genome Biology 
Unit, Heidelberg, Germany

7	 Huntsman Cancer Institute and Department of Population 
Health Sciences, University of Utah, Salt Lake City, UT, 
USA

8	 School of Public Health, Imperial College London, South 
Kensington Campus, London SW7 2AZ, UK

9	 Cancer Center, University Medical Center Utrecht, Utrecht, 
The Netherlands


	Effects of physical exercise on markers of inflammation in breast cancer patients during adjuvant chemotherapy
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Participants
	Intervention
	Outcome assessment
	Data analysis

	Results
	Baseline patient characteristics
	Courses of IL-6, IL-1ra, and IL-6IL-1ra ratio and effects of exercise
	Associations with fatigue
	Exercise effects on additional inflammatory markers (PACT study)

	Discussion
	Acknowledgements 
	References




