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ABSTRACT

Background: Chemotherapy may cause systemic inflammation. Therefore, reliable markers monitoring inflammation during 
cancer treatment are intensively investigated. In our study, we analyzed the concentration of high-sensitivity C-reactive pro-
tein (hs-CRP) and selected oxidative stress markers, such as malondialdehyde (MDA), glutathione peroxidase activity (GPx), 
and total antioxidant capacity (TAC), in breast cancer women before and during adjuvant chemotherapy.

Materials and methods: The study included 90 women with breast cancer stratified according to clinicopathological and an-
thropometric features. Blood samples were taken before and after two cycles of adjuvant chemotherapy. 

Results: During adjuvant chemotherapy, a significant increase in hs-CRP concentration was noticed in the entire group of 
patients with breast cancer. After division into appropriate groups, a twofold increase in hs-CRP concentration was particu-
larly observed in patients not expressing steroid hormone receptors and those without metastases in regional lymph nodes. 
A significant rise in hs-CRP was observed in patients with smaller tumor sizes (2 cm ≤) and with a lower stage of disease [I–IIA 
according to the tumor–node–metastasis (TNM) classification]. Adjuvant chemotherapy resulted in a significant decrease in 
GPx activity, especially in patients diagnosed with larger (> 2 cm) and more advanced tumors (IIB–IIIC according to the TNM 
classification), without metastasis in regional lymph nodes, and without HER-2 expression. A significant decrease in gluta-
thione peroxidase (GPx) activity during adjuvant chemotherapy was also observed in patients with abnormal body mass 
index (BMI) and body fat content. TAC and MDA values remained unchanged in the entire group of patients and individual 
subgroups during adjuvant chemotherapy.

Conclusion: Our study showed that adjuvant chemotherapy causes systemic inflammation, manifested by increased hs-CRP 
and altered markers of oxidative stress in the blood of breast cancer patients. The severity of inflammatory processes during 
adjuvant chemotherapy may depend on specific characteristics of breast cancer and body composition. 

Key words: breast cancer; adjuvant chemotherapy; inflammation; high sensitivity C-reactive protein; oxidative stress; total 
antioxidant capacity; glutathione peroxidase; malondialdehyde
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Introduction

Breast cancer is the most common malignant 
tumor worldwide and one of the leading causes 
of cancer-related death in women [1]. A grow-
ing number of studies indicate the critical role of 
chronic inflammation in the development and pro-
gression of various cancers, including breast can-
cer [2, 3]. Inflammation can be caused by bacterial 
and viral infections and lifestyle factors, especially 
smoking habits, stress, and obesity. Chronic in-
flammation is a response to pro-inflammatory 
cytokines secreted by a tumor [4]. The massive 
damage to cancer cells and healthy tissues accom-
panying anti-cancer treatment causes leakage of 
intracellular molecules known as damage-asso-
ciated molecular patterns (DAMPs) that strongly 
activate the immune response [5]. An activated im-
mune system can support eliminating cancer cells; 
conversely, various cytokines, reactive oxygen spe-
cies (ROS), and growth factors secreted by immune 
cells create a tumor microenvironment favorable to 
progression and the formation of metastases [5]. 
Some studies indicate that systemic inflammation 
induced by cancer treatment is an unfavorable 
prognosticator that negatively affects clinical out-
comes [6–8].

High-sensitivity C-reactive protein (hs-CRP) 
is the most popular parameter for monitoring in-
flammation [9]. Due to the simplicity and low as-
sessment cost, hs-CRP is routinely used in clinical 
practice. It is also possible to estimate the intensity 
of ROS production accompanying inflammation 
using a wide range of oxidative stress markers, in-
cluding antioxidant enzymes, low- and high-mo-
lecular-weight antioxidants, and oxidatively 
damaged biomolecules. Glutathione peroxidase 
(GPx) is one of the most important agents of 
the antioxidant defense system in the human body 
[10]. GPx catalyzes the reduction of hydroperox-
ides, including hydrogen peroxides, and protects 
the cell from oxidative damage. Antioxidant pro-
teins and small-weight molecules contribute to 
the total antioxidant capacity (TAC), which re-
flects the systemic ability to counteract ROS [11]. 
An uncontrolled increase in ROS, often caused by 
the depletion of the body’s antioxidant reserves, 
intensifies oxidative processes, leading to oxida-
tive damage to essential biomolecules. Oxidative 
processes catalyzed by ROS within lipids lead to 

their peroxidation, damaging cell membranes. 
Malondialdehyde (MDA), one of the final prod-
ucts of lipid peroxidation in the cells, is commonly 
known as a marker of oxidative stress in cancer pa-
tients [12, 13].

So far, markers of inflammation and oxidative 
stress have been assessed primarily as risk factors 
for the development of breast cancer [14, 15]. In 
other studies, pro-inflammatory factors have been 
evaluated in pre-treatment breast cancer patients 
to determine the impact of tumor stage, grade, 
and subtype on their levels [16, 17]. There have 
been few longitudinal studies following patients 
from pre- to mid- or post-treatment, with inconsis-
tent results depending on the panel of inflammato-
ry markers used, treatment type, and patient popu-
lation characteristics [18, 19]. The limited number 
of studies and the lack of clear conclusions prove 
that the issue of the pro-inflammatory properties 
of cancer therapies requires further thorough anal-
ysis. Patients with breast cancer who underwent 
tumor resection are usually qualified for adjuvant 
chemotherapy, which is an integral element of sys-
temic treatment. Despite the substantial evidence 
for the effectiveness of adjuvant chemotherapy in 
treating breast cancer, little is known about its ef-
fect on the immune system and antioxidant-ox-
idant balance of breast cancer patients. Bower 
et al. showed statistically significant increases from 
pre- to posttreatment in five of the six inflamma-
tory markers assessed: tumor necrosis factor alpha 
(TNF-α), soluble tumour necrosis factor receptor 
type II (sTNF-RII), interleukin 6 (IL-6), interleu-
kin 8 (IL-8), and interferone gamma (IFN-γ) in 
women diagnosed with early-stage breast cancer, 
those who received adjuvant chemotherapy. In 
contrast to the other markers, no increases in CRP 
were observed after chemotherapy [20]. However, 
the authors draw attention to the influence of age, 
race, number of patients, and individual charac-
teristics on the results obtained. It is known that 
breast cancer is characterized by high phenotyp-
ic heterogeneity and a multitude of molecular 
types. The influence of the tumor’s clinicopath-
ological features on the inflammatory response’s 
strength during treatment is also unknown. 
A growing number of reports also indicate that 
obesity and excessive fat content may be a factor 
promoting inflammation not only at diagnosis but 
also during anti-cancer therapy. The crosstalk be-
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tween adipocytes, macrophages, and proinflam-
matory cytokines may promote immunometabolic 
dysregulation and immunosuppressive phenotypes 
in breast tumors, which may be correlated to treat-
ment resistance [21].

Due to many doubts related to the effect of ad-
juvant chemotherapy on systemic inflammation 
and a small number of reports on this subject our 
study aimed to analyze the effect of six-week ad-
juvant chemotherapy on hs-CRP concentration 
and selected markers of oxidative stress (GPx, TAC, 
MDA) in women with breast cancer. We also exam-
ined the impact of clinicopathological and anthro-
pometric characteristics of patients on systemic in-
flammatory status during chemotherapy. 

Materials and methods

Patients
The study included 90 women (aged 31–76 

years) from the Greater Poland Cancer Center in 
Poznan with primary breast cancer who under-
went tumor resection and were qualified for adju-
vant chemotherapy in the AC regimen (doxorubi-
cin + cyclophosphamide) from December 2015 to 
November 2017. Exclusion criteria from the study 
included comorbidities such as diabetes, cardio-
vascular diseases, autoimmune diseases, kidney 
and liver diseases. Patients with distant metastases, 
infections within six weeks preceding the study, 
and those using stimulants, such as regular smok-
ing or drinking alcohol, were also excluded from 
the analysis. Patients did not take vitamin or herbal 
supplementation before and during adjuvant che-
motherapy. The preoperative diagnosis based on 
a core biopsy was confirmed by examination of 
tissue material collected during tumor resection. 
The levels of estrogen receptor (ER), progesterone 
receptor (PR), and human epidermal growth factor 
receptor 2 (HER-2) were all determined by immu-
nohistochemistry performed pre-and postopera-
tively. The size of the tumor was estimated by mam-
mography and confirmed during tumor resection. 
The status of axillary lymph nodes was found to be 
positive by histopathologic examination. The clin-
ical tumor–node–metastasis (cTNM) cancer stag-
ing was performed preoperatively with reference 
to the 7th edition of the American Joint Committee 
on Cancer (AJCC) and confirmed by a patholog-
ical histopathology report (pTNM). According to 

clinicopathological features, patients were divided 
into appropriate subgroups. Patient classification in-
cluded biological tumor type (luminal A, luminal B, 
triple negative breast cancer and HER2-enriched), 
tumor size (≤ 2 cm or > 2 cm), presence of metas-
tases in regional lymph nodes (present or absent), 
expression of steroid and HER2 receptors, (positive 
or negative), overall TNM classification (I–IIA or 
IIB–IIIC). The type of previous surgery was also 
taken into account, dividing patients into those 
who had undergone radical mastectomy (n = 49), 
those who had undergone breast-conserving sur-
gery (n = 40) and without data (n = 1). The study 
was conducted in accordance with the principles 
of the Declaration of Helsinki. The protocol used 
in this study was approved by the Local Bioethics 
Committee of the Medical University of Poznan 
(approval no. 245/15 and 1016/16). All patients 
gave written consent to participate in the study. 

Biochemical analysis
Biochemical tests were performed twice: before 

and during the administration of adjuvant che-
motherapy (before administering the third cycle 
of chemotherapy). Blood samples (10 mL) were 
drawn in the early morning from the arms of breast 
cancer patients following overnight fasting. Two 
neutral vacuum tubes of blood were collected from 
each patient into ethylenediaminetetraacetic acid 
(EDTA) anticoagulant. After 30 minutes, EDTA 
test tubes were centrifuged at 3.000 rpm for 15 min-
utes, and the obtained plasma was stored at -80°C 
until all assays were performed. Plasma hs-CRP 
concentrations were determined using the immu-
noenzymatic method (DRG Instruments GmbH, 
Germany), according to the instructions provided 
by the manufacturers. The MDA concentration was 
determined using the thiobarbituric acid reactive 
substance (TBARS) reaction. MDA was quanti-
fied calorimetrically following its controlled reac-
tion with thiobarbituric acid (Cayman Chemical 
Company, USA). GPx activity was assayed using 
the Cayman’s Glutathione Peroxidase Assay Kit 
(Cayman Chemical Company, USA). The oxidized 
glutathione (GSSG) formation reaction catalyzed 
by GPx is coupled with the glutathione disulfide 
reductase (GR) reaction, which regenerates GSH at 
the expense of nicotinamide adenine dinucleotide 
phosphate (NADPH) oxidation. NADPH oxidation 
decreases absorbance at 340 nm, measured spec-
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trophotometrically (Cayman Chemical Company, 
USA). Plasma TAC was determined using a colori-
metric kit based on the inhibition of the oxidation 
of ABTS® (2,2-Azino-di-[3-ethylbenzthiazoline 
sulphonate]), which is subsequently quantified 
as mmol Trolox equivalent (Cayman Chemical 
Company, USA).

Anthropometric analysis
Anthropometric analysis was performed twice: 

before and during the administration of adju-
vant chemotherapy (before the administration of 
the third cycle of chemotherapy) using a certified, 
8-electrode Tanita BC-418 MA body composition 
analyzer. Patients were divided into subgroups 
according to BMI (≤ 25 kg/m2 or > 25 kg/m2) 
and body fat percentage (≤ 33% or > 33%).

Statistical analysis
Statistical analysis was performed using 

the GraphPad Prism 6.0 (GraphPad Software, San 
Diego, CA) and PQStat Software (2023). The nor-
mality of quantitative variables was assessed using 
the Kolmogorov-Smirnov or Shapiro-Wilk test. All 
tested parameters were not normally distributed, 
therefore they were presented as median and inter-
quartile range. Comparisons between the relevant 
categories of patients were made using the unpaired 
Mann-Whitney U test. Comparison of the ana-
lyzed parameters before and after chemotherapy 
was performed using the Wilcoxon test. p ≤ 0.05 
was considered statistically significant.

Results

Patients baseline characteristics
The mean age of patients included in the study 

was 56 ± 10 years. Based on immunohistochemical 
studies, hormone-dependent and HER-2-positive 
tumors accounted for 78% and 30% of cases, re-
spectively. In 48% of women, the tumor size did not 
exceed 2 cm. 53% of patients had metastases in re-
gional lymph nodes. The stage of the disease (based 
on the TNM classification) was at level I–IIA in 
58% of patients, IIB–IIIC — in 38% of patients, 
and 4% was without data. The study was dominated 
by patients after radical mastectomy — (54%), 44% 
underwent breast-conserving surgery, and for one 
patient we have no information about the surgical 
treatment performed. Taking into account the mo-

lecular subtypes of breast cancer, 70% of the study 
group were patients with luminal B, 11% with 
HER2-enriched, 9% with luminal A and 9% with 
triple negative breast cancer. Most women qualified 
for the study were overweight; the average BMI was 
27.4 ± 5.7 kg/m2 and increased during treatment 
to 27.7 ± 5.7 kg/m2 (p < 0.0001). The average body 
fat content in the study group was 34.22 ± 8.1% 
and remained stable throughout the six weeks of 
adjuvant chemotherapy. 

The effect of six-week chemotherapy 
on hs-CRP concentration, and selected 
markers of oxidative stress in the entire 

group of breast cancer patients
Changes in the concentration of hs-CRP, 

and selected oxidative stress markers in the en-
tire study group are presented in Figure 1. hs-CRP 
concentration increased significantly from 3.06 
(0.04–56.95) mg/L to 4.52 (0.10–44.25) mg/L 
during six weeks of adjuvant chemotherapy 
(p = 0.0425). GPx activity decreased significantly 
from 101.5 (10/09–398.10) nmol/min/mL to 91.89 
(12.23–454.20) nmol/min/mL during six weeks 
of treatment (p = 0.0063). Values of the other ox-
idative stress markers: MDA (MDA before — 4.28 
(2.00–8.33) μM, MDA after — 4.06 (1.76–9.56) 
μM; p = 0.9603) and TAC (TAC before — 2.82 
(0.62–15.68) mM, TAC after — 2.90 (0.02–10.12) 
mM; p = 0.6894) remained unchanged during six 
weeks of adjuvant chemotherapy.

The effect of 6-week chemotherapy 
on hs-CRP concentration, and selected 
markers of oxidative stress depending 

on the clinicopathological 
and anthropometric profile of  breast 

cancer women 
Changes in the concentrations of hs-CRP, MDA, 

GPx activity, and TAC value during the 6-week 
chemotherapy, depending on the selected clinico-
pathological and anthropometric features of breast 
cancer patients, were presented in Table 1. A signif-
icant increase in hs-CRP was observed in patients 
with smaller tumor sizes (≤ 2 cm) and with a lower 
stage of disease (I–IIA according to the TNM clas-
sification) compared to those with larger tumors (> 
2 cm) and a higher stage of cancer (IIB-IIIC accord-
ing to the TNM classification). A statistically signif-
icant increase in hs-CRP also occurred in patients 
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without lymph node metastasis compared to those 
with positive lymph nodes. Hormone-independent 
and HER2-enriched breast cancer were also asso-
ciated with an increase in hs-CRP. There were no 
differences in hs-CRP concentration depending on 
BMI and body fat content, HER2 activity and type 
of surgery. Among oxidative stress markers, only 
changes in GPx activity were observed during 
six weeks of adjuvant chemotherapy. A signifi-
cant decrease in GPx activity occurred in patients 
with larger (> 2 cm) and more advanced tumors 
(IIB–IIIC according to the TNM classification). 
Patients without tumoral HER-2 expression or 
with hormone-dependent carcinoma also pre-
sented reduced GPx activity during six weeks of 
adjuvant chemotherapy. A statistically significant 
decrease in GPx activity was observed in women 
without metastasis in the regional lymph nodes, 
similarly to the group of patients after radical mas-

tectomy and with luminal B biological subtype of 
breast cancer. It was noticed that during six weeks 
of treatment, the reduction in GPx activity was 
also related to abnormal body composition, i.e., in-
creased BMI and body fat content. After taking into 
account clinicopathological and anthropometric 
features, the values of other oxidative stress mark-
ers — MDA and TAC – remained unchanged 
during chemotherapy.

Discussion

Adjuvant chemotherapy benefits the patient by 
destroying cancer cells that have not been com-
pletely eliminated during surgery but, at the same 
time, negatively affects other healthy organs. 
Recent studies have provided evidence suggesting 
that the inflammatory response plays a pivotal role 
in breast cancer chemotherapy-induced comor-

Figure 1. Changes in the concentration of high-sensitivity C-reactive protein (hs-CRP) and selected oxidative stress markers 
in the entire study group during adjuvant chemotherapy. Results presented as median and interquartile range and analyzed 
using Wilcoxon test. p ≤ 0.05 was considered statistically significant. GPx — glutathione peroxidase activity; TAC — total 
antioxidant capacity; MDA — malondialdehyde
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Table 1. Changes in high-sensitivity C-reactive protein (hs-CRP) concentrations and glutathione peroxidase activity 
(GPx) activity in a group of women with breast cancer during adjuvant chemotherapy depending on clinicopathological 
and anthropometric criteria

Value
hsCRP [mg/L] GPx [nmol/min/mL]

p Value p Value

Tumor size

< 2 cm
Before CT 2.38 (0.10–34.12)

0.0026
105.40 (38.20–214.20)

0.3813
After CT 4.11 (0.10–41.62) 94.54 (31.99–454.20)

> 2 cm
Before CT 4.91 (0.04–56.95)

0.5880
98.82 (10.09–398.10)

0.0061
After CT 4.62 (0.10–44.25) 87.92 (12.23–194.90)

HER2/neu expression

Positive
Before CT 1.94 (0.04–18.69)

0.1117
101.40 (10.09–213.20)

0.7823
After CT 3.72 (0.10–35.87) 92.91 (17.01–454.20)

Negative
Before CT 3.31 (0.10–56.95)

0.1817
102.60 (38.20–398.10)

0.0005
After CT 4.52 (0.10–44.25) 91.59 (12.23–136.60)

Hormonal sensitivity

Positive
Before CT 3.16 (0.04–56.95)

0.4659
102.10 (38.20–273.70)

0.0168
After CT 3.16 (0.10–44.25) 90.52 (12.23–290.00)

Negative
Before CT 2.60 (0.10–13.19)

0.0009
100.10 (10.09–398.10)

0.2250
After CT 5.38 (0.19–20.73) 97.90 (17.01–454.20)

TNM classification

I–IIA
Before CT 2.60 (0.10–39.28)

0.0019
100.90 (38.20–398.10)

0.0669
After CT 4.47 (0.10–41.62) 92.20 (31.99–454.20)

IIB–IIIC
Before CT 6.06 (0.04–56.95)

0.8217
103.40 (10.09–273.70)

0.0386
After CT 4.52 (0.10– 44.25) 89.14 (12.23–194.9)

Lymph node metastases

Present
Before CT 4.11 (0.04–56.95)

0.5609
106.80 (66.83–273.70)

0.1439
After CT 4.52 (0.10–44.25) 95.05 (12.23-290.00)

Absent
Before CT 2.43 (0.10–34.12)

0.001
97.85 (10.09–398.10)

0.0158
After CT 4.43 (0.10–41.62) 89.19 (17.01–454.20)

Type of surgery

Breast conserving 
surgery

Before CT 3.40 (0.10–46.39)
0.2482

95.66 (38.20–398.10)
0.1205

After CT 4.52 (0.10–44.25) 93.12 (31.99–136.0)

Radical 
mastectomy

Before CT 2.48 (0.04–56.95)
0.1151

107.20 (10.09–273.7)
0.0252

After CT 4.43 (0.10–35.87) 90.67 (12.23–454.20)

Molecular subtype

Luminal A
Before CT 7.00 (0.63–39.28)

0.3125
105.30 (74.68–398.10)

0.8885
After CT 2.87 (0.97–8.27) 98.11 (87.72–136.60)

Luminal B
Before CT 3.11 (0.04–56.95)

0.1050
102.60 (38.20–273.7)

0.0093
After CT 4.52 (0.10–44.25) 90.36 (12.23–290.0)

HER2-enriched
Before CT 1.21 (0.10–13.19)

0.0273
98.11 (10.09–138.6)

0.9568
After CT 5.89 (0.19–20.73) 95.56 (17.01–454.2)

Triple negative
Before CT 3.28 (2.14–7.01)

0.1484
103.2 (76.61–115.8)

0.1069
After CT 4.52 (1.85–11.73) 90.92 (76.71–115.8)
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bidities such as peripheral neuropathy, gastroin-
testinal distress symptoms, and liver injury [22]. 
In addition, elevation in the serum inflammatory 
biomarkers during treatment in the adjuvant set-
ting has been found to be significantly and inde-
pendently associated with an increased risk of 
relapsing in some types of breast cancer [23, 24]. 
For this reason, the need to monitor the inflam-
matory response during chemotherapy and deter-
mine its optimal indicators is increasingly being 
postulated. In our study, we assessed the effect of 
adjuvant chemotherapy on the level of hs-CRP, 
the most popular marker of systemic inflamma-
tion. Since inflammation is inextricably linked to 
the overproduction of ROS, the fluctuations of se-
lected oxidative stress markers were also examined. 
Undoubtedly, the clinicopathological features of 
the tumor, including its molecular subtype, clin-
ical advancement, and degree of malignancy, as 
well as factors related to the patient’s lifestyle, may 
significantly impact the severity of inflammatory 
processes both at the time of diagnosis and indi-
vidual stages of treatment. Although tumor resec-
tion reduces the impact of tumor-derived agents on 
the host immune system, recovery of immune ho-
meostasis takes time. Moreover, surgery does not 
remove all cancer cells; some circulate in the blood-
stream or are scattered in distant anatomical areas. 
Hence, they can still disrupt the functioning of 
the immune system and promote systemic inflam-
mation. Therefore, in addition to assessing the im-
pact of adjuvant chemotherapy on inflammatory 

parameters, we also monitored how their changes 
were influenced by baseline tumor characteristics, 
patients’ BMI, and fat tissue content. 

We have shown that adjuvant chemothera-
py is associated with increased systemic inflam-
mation measured by hs-CPR levels. This result 
is in agreement with the findings of Hasan et al. 
who demonstrated that hs-CRP is higher among 
post-chemotherapy breast cancer patients as com-
pared to its pre-chemotherapy value for both in-
vestigated AC (adriamycin, cyclophosphamide) 
and AC-T (adriamycin, cyclophosphamide, 
and taxane) chemotherapy regimens [25]. An al-
most two-fold increase in hs-CRP levels during ad-
juvant chemotherapy was demonstrated in patients 
with hormone-independent breast cancer in our 
study. In contrast, in those with hormone-depen-
dent tumors, hs-CRP concentration was hardly 
stable. The estrogen receptor-positive is the most 
common histological subtype, representing 70% of 
new cases yearly [26]. Estrogen binds to the estro-
gen receptor (ER) in these tumors, and genomic ER 
signaling induces the expression of genes involved 
in cell proliferation and survival. ER also influences 
inflammatory pathways mediated by nuclear factor 
kappa B (NF-κB), which regulates various pro-in-
flammatory mediators [27]. NF-κB activation in 
breast cancer cells via loss of estrogen ER expres-
sion makes these cells able to secrete various cyto-
kines and growth factors responsible for developing 
local and systemic inflammation [28]. This inverse 
relationship between the ER and the NF-kB may 

Value
hsCRP [mg/L] GPx [nmol/min/mL]

p Value p Value

Body mass index

< 25 kg/m2
Before CT 1.72 (0.10–56.95)

0.2757
110.60 (38.20–398.10)

0.1462
After CT 2.09 (0.10–44.25) 94.49 (31.99–454.20)

> 25 kg/m2
Before CT 5.25 (0.04–46.39)

0.1781
95.25 (10.09–273.70)

0.0147
After CT 5.87 (0.10–41.62) 89.65 (12.23–290.00)

Fat content

< 33%
Before CT 1.99 (0.04–56.95)

0.1118
104.80 (10.09–398.10)

0.1315
After CT 2.70 (0.10–44.25) 17.01–194.90)

> 33%
Before CT 4.91 (0.10-46.39)

0.1587
98.31 (62.55–273.7)

0.0327
After CT 5.40 (0.19–41.62) 90.16 (12.23–454.20)

All results shown as median and interquartile range. Wilcoxon test was used for comparison. TNM — tumor–node–metastasis; CT — chemotherapy

Table 1. Changes in high-sensitivity C-reactive protein (hs-CRP) concentrations and glutathione peroxidase activity 
(GPx) activity in a group of women with breast cancer during adjuvant chemotherapy depending on clinicopathological 
and anthropometric criteria
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explain the higher levels of hs-CRP observed in pa-
tients with hormone-negative breast cancer during 
adjuvant chemotherapy in our study. The severe 
impairment of the immune system caused by 
NF-kB activation in this type of tumor may hin-
der the rapid restoration of immune homeostasis 
even after tumor resection. The reactive immune 
system may respond more strongly to subsequent 
immunostimulants, such as adjuvant chemothera-
py, which may increase hs-CRP in hormone-nega-
tive breast cancer. 

Surprisingly, during adjuvant chemotherapy, 
hs-CRP concentration increased significantly in 
patients with smaller and less advanced tumors. 
Larger and more advanced tumors, which, ac-
cording to previous reports, are accompanied by 
severe inflammation [29], may reduce systemic 
sensitivity to pro-inflammatory stimulants. For 
this reason, the levels of inflammatory markers, in-
cluding hs-CRP, in patients with larger and more 
advanced tumors may fluctuate less during adju-
vant chemotherapy. As a result, after six weeks of 
adjuvant chemotherapy, hs-CRP obtained a simi-
lar value regardless of its initial pre-chemotherapy 
value observed in patients differing in tumor size 
and stage.

Previous studies used CRP as an inflammato-
ry marker in women with breast cancer, showing no 
significant changes in its concentration. Our results 
are opposite, which may be due to some critical 
factors. First of all, the hs-CRP can react stronger 
and faster to developing inflammation compared to 
the CRP protein, so changes in the concentration 
of the former can be detected earlier. Some authors 
examined the effect of radiotherapy on CRP levels 
in women with breast cancer, obtaining results in-
consistent with ours [19]. This contradiction may 
indicate a different impact of the treatment regi-
men on the inflammatory status, already postu-
lated by others [20]. Bower et al., who investigated 
the impact of different treatment regimens in breast 
cancer patients, including adjuvant chemotherapy, 
showed no changes in CRP [20]. However, as our 
research indicates, inflammation and its dynam-
ics may be influenced by the initial characteristics 
of patients, which the authors did not consider in 
their study. 

It is known that chemotherapy disturbs the in-
tracellular redox balance in favor of pro-oxidant 
processes. Chemotherapeutic agents primarily in-

duce intracellular mitochondrial ROS production, 
which promotes ROS-mediated cell injury in cancer 
[29]. This mechanism may enhance the anti-cancer 
effects of therapy. However, our research focused 
on the systemic redox balance, which is affected by 
various biological systems, including the immune 
system. Some studies have revealed that human 
peripheral polymorphonuclear leukocytes from 
patients receiving chemotherapy for hematologi-
cal and solid malignancies produce more hydrogen 
peroxide and superoxide anion in vitro than healthy 
control subjects [30]. Inflammatory cells activated 
by chemotherapy can disturb the systemic redox 
balance, including the tumor microenvironment’s 
oxidative-antioxidative balance, thus promot-
ing chemoresistance [31]. This effect may harm 
the effectiveness of treatment, which is confirmed 
by clinical studies in which blood markers of ox-
idative stress are strongly correlated with a poorer 
prognosis in some cancers [32]. 

In our study, we observed stable MDA con-
centrations during adjuvant chemotherapy in 
the entire group of patients and individual sub-
groups differing in the initial clinicopathological 
and anthropometric features. Similar results were 
obtained by Hewala et al. who revealed a non-sig-
nificant increase in serum MDA levels after six 
cycles of adjuvant chemotherapy compared with 
its baseline levels in breast cancer patients [33]. 
The lack of effect of chemotherapy on MDA con-
centration has also been demonstrated by Mohan 
et al. in lung cancer patients [34]. However, other 
findings contradict these reports and indicate that 
chemotherapy causes an increase in MDA in pa-
tients with various cancers, including breast cancer 
[35, 36]. These discepacies are difficult to explain 
and may be related to the chemotherapy regi-
men used, which varies depending on the study 
and may have a different impact on the MDA lev-
el. Some authors who, similarly to us, observed 
unchanged MDA concentrations during adjuvant 
chemotherapy postulate that this result may be in-
fluenced by the previous surgery, which is associ-
ated with such a high degree of oxidative damage 
that it reaches a plateau phase and does not prog-
ress during further treatment [37]. 

In this study, we demonstrated unchanged 
TAC during adjuvant therapy. A similar effect of 
chemotherapy on the TAC value was obtained 
by Mohan et al. in patients with lung cancer [34]. 
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Although we found no changes in MDA concen-
trations, the increased oxidative stress during 
chemotherapy cannot be denied. We assume that 
the consumption of antioxidants in the neutraliza-
tion of ROS mobilizes compensatory mechanisms 
that restore the proper antioxidant barrier so that 
the TAC value may remain constant. This stable 
antioxidant barrier reflected by constant TAC val-
ue may prevent the progression of oxidative dam-
age, which may also explain the constant MDA lev-
el during adjuvant chemotherapy We also cannot 
exclude the influence of diet and antioxidant in-
take on the TAC value during adjuvant treatment. 
The impact of consumption and supplementation 
of various antioxidants and nutrients on their cir-
culating levels has not yet been clearly established 
in cancer. Zabłocka-Sowińska et al. demonstrated 
that TAC in lung cancer is associated with levels of 
endogenous antioxidants and disease stage rath-
er than lifestyle factors [38]. This conclusion was 
supported by Terrence et al. who did not prove any 
correlation between intake of dietary antioxidants 
and TAC value in patients with prostate cancer 
[39]. Statistically insignificant correlations between 
TAC and dietary habits observed in cancer patients 
are consistent with several other studies performed 
with normal subjects [40]. These findings may in-
dicate that diet-provided antioxidants may have 
a limited effect on the persistently stable TAC lev-
els observed during chemotherapy in our study but 
cannot be completely excluded. However, there is 
no doubt that diet significantly impacts inflamma-
tion, which is confirmed by numerous research. 
It appears that a more appropriate approach is to 
focus on the immunomodulating properties of 
dietary patterns rather than individual nutrients. 
Therefore, the number of studies that have explored 
various dietary patterns in relation to inflammato-
ry biomarkers has constantly grown [41]. 

Regular physical activity is another factor in-
fluencing the immune system. Wärnberg et al. de-
scribed various studies that had observed decreased 
systemic inflammation after an intervention of 
physical activity in humans [42]. Further reviews 
by You et al. [43] and Nicklas et al..[44] suggest that 
exercise training reduces chronic inflammation in-
dependently of weight loss. One of the mechanisms 
proposed by You et al. [43] is a reduction in adipose 
tissue hypoxia that occurs due to increased angio-
genesis and an increase in blood flow as a result of 

exercise training. This evidence suggests that accu-
rate dietary intake and physical activity assessment 
are essential for high-quality research on the im-
mune system. However, consistent and precise es-
timation of both factors remains one of the most 
critical challenges. Several subjective and objec-
tive measures of dietary intake and physical activ-
ity assessment exist, each with its own limitations 
and biases [45]. Due to the lack of uniform and val-
idated assessment methods, we decided not to con-
sider these factors in our work to avoid problems 
with comparison with the results of other authors 
and false conclusions.

Six weeks of adjuvant chemotherapy reduced 
GPx activity in women with breast cancer, which 
is consistent with previous reports by Kadam et al. 
[46]. Junior et al. demonstrated that GPx activity 
remains decreased in all cycles when compared 
with healthy women and after the second and fourth 
chemotherapy cycles compared to baseline [47]. 
In our study, this decrease was particularly sig-
nificant in patients with Luminal B breast cancer, 
larger and more advanced tumors, with the pres-
ence of hormonal receptors, and without regional 
lymph node metastases. In addition, excess weight 
and inappropriate body fat content were associated 
with lower GPx activity during adjuvant treatment. 
The oxidative state in obesity is well documented in 
the literature, and evidence suggests that it is close-
ly linked to pro-inflammatory cytokines secreted 
by adipose tissue, which can trigger oxidative stress 
in a vicious cycle [48]. Therefore, in obese patients, 
chemotherapy may cause a greater decrease in GPx 
activity due to the initially weakened antioxidant 
barrier caused by long-term oxidative stress. 

GPx, like other antioxidant enzymes, is the first 
line of defense against ROS generated in the body, 
explaining its faster noticeable changes compared to 
other oxidative stress indicators [49]. In our study, 
a more pronounced decrease in GPx activity during 
chemotherapy was observed in patients who had 
previously undergone mastectomy. Meanwhile, in 
those who had previously undergone breast-con-
serving surgery, its activity was stable during che-
motherapy. It is likely that mastectomy, as a more 
invasive procedure, may lead to increased produc-
tion of ROS, which results in the depletion of anti-
oxidant resources, primarily antioxidant enzymes 
such as GPx. Further intensive involvement of GPx 
in the neutralization of ROS during adjuvant che-
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motherapy may completely deplete its reserves, 
which may be reflected by a decrease in its activi-
ty in the serum of patients. The situation in which 
ROS are first neutralized by GPx has a protective ef-
fect on other high- and low-molecular-weight anti-
oxidants, which are therefore depleted more slowly. 
Moreover, the decreasing activity of GPx is a signal 
promoting the expression of genes encoding other 
antioxidants, which increases their concentration 
in the body [50]. These mechanisms may explain 
the constant TAC value despite the reduced GPx 
activity observed in our study. The rapid action of 
GPx, which eliminates excess ROS and maintains 
the proper level of other antioxidants, may be an-
other, apart from the previously presented, expla-
nation for the stable MDA concentration during 
adjuvant treatment. 

In summary, some features of the tumor 
and the abnormal body composition may promote 
systemic inflammation not only at the time of di-
agnosis, as previous studies have shown, but also 
during anti-cancer treatment, as we observed in 
the present work. Some significant trends emerge 
from our research. In patients with less advanced 
breast cancer, i.e., smaller tumor size and stage, 
adjuvant chemotherapy caused stronger fluctu-
ations in hs-CRP, ultimately equalizing its value 
after six weeks with that observed in those with 
larger and more advanced tumors. Furthermore, 
hormone-independent breast cancer appears to 
be associated with increased inflammation during 
adjuvant treatment. The adjuvant treatment causes 
a more visible disturbance of the oxidative-anti-
oxidant balance measured by GPx activity in pa-
tients with larger and more advanced tumors. Our 
research has shown that the intensification of ox-
idative processes during chemotherapy is also in-
fluenced by overweight and abnormal fat content. 

Our study has several limitations. We could not 
determine the level of inflammatory markers af-
ter completion of adjuvant chemotherapy. We also 
did not know the baseline values of the analyzed 
parameters at the diagnosis. Only considering 
these missing checkpoints would provide complete 
insight into the kinetics of inflammatory process-
es at individual stages of anti-cancer treatment. 
However, monitoring inflammation from diagno-
sis through all stages of treatment is time-consum-
ing and requires significant financial resources. 
Moreover, interpretation difficulties may arise due 

to the fact that treatment regimens are modified 
and selected individually and sometimes shortened 
due to the patient’s deteriorating health condition. 
Therefore, obtaining a homogeneous group of pa-
tients undergoing the same therapeutic scheme be-
comes complicated. Thus, in our study, like some 
other authors [33, 34, 46], we focused only on one 
of the stages of treatment, i.e., adjuvant chemo-
therapy, which allowed us to eliminate these issues 
and obtain a relatively consistent group of patients 
subjected to the same chemotherapy regimen. 
Another limitation of our study is assessing the im-
pact of only the first two cycles of adjuvant chemo-
therapy on inflammatory status. However, it should 
be considered that this is a pilot study that aimed 
to identify potential candidates for markers of che-
motherapy-induced inflammation. The usefulness 
of these molecules, particularly hs-CRP and GPx, 
which showed such potential in our work, should 
be confirmed in larger studies monitoring their 
fluctuations during and after adjuvant chemothera-
py completion. The patient population we classified 
was also relatively small and heterogeneous, which 
could influence our results. Although our study 
aimed to assess the impact of different breast can-
cer characteristics and anthropometric factors on 
inflammation, the number of patients presenting 
each feature was limited. Despite these limitations, 
our study provides the background for further re-
search on inflammation during cancer treatment 
to select its best markers. Knowledge about them 
could help monitor and manage inflammation, 
which would reduce the development of inflamma-
tion-related complications during the therapeutic 
process in cancer patients.

Conclusions

 Our study showed that adjuvant chemothera-
py causes systemic inflammation, manifested by 
increased hs-CRP and altered markers of oxida-
tive stress in the blood of breast cancer patients. 
The severity of inflammation during adjuvant che-
motherapy may depend on specific characteristics 
of the tumor and the patient’s body composition.
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