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Abstract 

Background:  The goal of research was to investigate the possible relations between serum concentrations of IL-6 
and TGF-β1, individual and clinical characteristics, and adverse effects of radiotherapy in patients with prostate cancer: 
acute and late genitourinary and gastrointestinal toxicity, and fatigue.

Methods:  Thirty-nine patients with localized or locally advanced prostate cancer who were treated with radiotherapy 
were enrolled in this study. The acute radiotoxicity grades and fatigue levels were assessed during the radiotherapy 
and 1 month after the radiotherapy. Estimation of the late radiotoxicity was performed every three months in the first 
year, every four months in the second year, and then every six months. Serum levels of IL-6 and TGF-β1 were deter-
mined before radiotherapy and after the 25th radiotherapy fraction by ELISA.

Results:  The significant positive association between diabetes mellitus and changes in acute genitourinary toxicity 
grades during the radiotherapy was observed in prostate cancer patients. In addition, patients who were smokers had 
significantly higher maximum fatigue levels in comparison with patients who were non-smokers. The circulating IL-6 
levels were significantly higher after the 25th radiotherapy fraction in comparison with levels determined before radio-
therapy. The significant positive correlations between pretreatment TGF-β1 levels and maximum genitourinary toxic-
ity grades and between TGF-β1 levels after the 25th fraction and genitourinary toxicity grades after the 25th fraction, 
were found. The pretreatment IL-6 concentrations and TGF-β1 concentrations after the 25th fraction were positively 
correlated with maximum genitourinary toxicity grades. The IL-6 levels after the 25th fraction were positively associ-
ated with genitourinary toxicity grades after this fraction. The pretreatment IL-6 concentrations were significantly 
positively correlated with maximum fatigue scores. The significant positive correlation between IL-6 concentrations 
and fatigue scores after the 25th fraction was determined. The positive correlations between IL-6 and TGF-β1 concen-
trations measured after the 25th fraction and maximum fatigue scores were observed.

Conclusions:  Our results suggest that serum levels of IL-6 and TGF-β1 might influence the severity of acute geni-
tourinary radiotoxicity and fatigue in patients with prostate cancer. Combining clinical parameters and circulating 
cytokine levels might be useful for the prediction of adverse reactions to radiotherapy.

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

*Correspondence:  ivanamatic2103@gmail.com; ivana.matic@ncrc.ac.rs

1 Institute for Oncology and Radiology of Serbia, Belgrade, Serbia
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-022-10255-6&domain=pdf


Page 2 of 14Kopčalić et al. BMC Cancer         (2022) 22:1167 

Background
Prostate cancer is the second most frequent cancer and 
the fifth leading cause of cancer death among males 
worldwide, according to the Global Cancer Statistics 
2020 report [1]. Different primary treatment options 
for prostate cancer, such as surgery, radiotherapy, 
and hormonal therapy, have increased significantly 
the survival rate. In recent years the maintenance of a 
patient’s quality of life has become an important fac-
tor influencing therapy decisions [2–5]. Approximately 
two-thirds of patients with prostate cancer will require 
radiotherapy either as their initial treatment or later 
after recurrence or disease progression [6]. Healthy, 
non-transformed tissue surrounding the malignant 
tumor is also irradiated, thus causing a wide spec-
trum of side effects. The development of severe side 
effects is observed in approximately 10% of patients [7]. 
Patients with prostate cancer treated with radiotherapy 
may experience symptoms of acute and late toxicity of 
the lower gastrointestinal (GI) tract (bowel and rectal 
toxicity) and genitourinary (GU) tract (urethral, blad-
der, and prostate gland toxicity) [8]. Acute side effects 
develop in the rapidly proliferating normal surrounding 
tissue as a consequence of radiation-induced cell death 
and inflammation and are commonly reversible [9]. 
The development of late side effects of radiotherapy is 
caused by tissue fibrosis, tissue shrinkage, and vascular 
injury [8, 9]. The dosimetric radiotherapy factors (total 
dose, dose per fraction, and volume of the irradiated 
tissue), clinical factors, patient’s individual character-
istics, such as age, smoking history, body mass index, 
previous abdominal surgery, then the presence of 
comorbidities (diabetes, arterial hypertension, cardio-
vascular disease), use of neoadjuvant hormone therapy 
and some drugs, may affect the incidence of radiotoxic-
ity in patients with prostate cancer [10–17]. However, 
the clinical value of patient-related parameters should 
be evaluated in additional independent studies.

Cancer-related fatigue (CRF) is one of the most com-
mon treatment-related side effects of prostate cancer 
and may have a negative influence on the quality of 
life of these patients [18–20]. The fatigue symptoms 
in patients with cancer could be attributed to different 
biological factors related to immune and inflammatory 
response, metabolic, neuroendocrine, and neural pro-
cesses, in addition to individual differences caused by 
genetic background [21].

Cytokines, the mediators of an immune and inflamma-
tory response, are released and upregulated in response 
to ionizing radiation [22, 23]. The radiation-induced 
inflammatory response and specific changes in the lev-
els of circulating cytokines have been associated with 
the occurrence of side effects in cancer patients under-
going radiotherapy, such as normal tissue radiotoxicity 
and fatigue symptoms [24–26]. In our previous studies, 
we have shown associations between individual, clinical 
factors, biological parameters, and the risk for develop-
ment of acute radiotoxicity in patients with prostate 
cancer treated with radiotherapy [12, 27]. The increased 
serum levels of IL-6 during the course of radiotherapy 
in patients with prostate cancer had been reported to 
be significantly associated with higher grade of acute 
GU toxicity across radiotherapy [27]. The serum levels 
of TGF-β1 in patients with prostate cancer tended to 
increase during radiotherapy [27]. The gene expression 
levels of TGF-β1 in peripheral blood mononuclear cells 
were significantly decreased after the last fraction of radi-
otherapy when compared with those levels before radio-
therapy [27]. These results encouraged us to continue the 
investigation of multiple factors underlying the develop-
ment of side effects of radiotherapy for prostate cancer.

The aim of the present study was to examine the possi-
ble associations between individual and clinical parame-
ters, as well as circulating levels of IL-6 and TGF-β1, and 
the occurrence of main adverse effects of radiotherapy in 
patients with prostate cancer – acute and late GU and GI 
radiotoxicity, as well as fatigue intensity.

Patients and methods
Patients
The target population in our study included 39 patients 
with a histologically confirmed localized or locally 
advanced prostate cancer who were treated at the 
Institute for Oncology and Radiology of Serbia from 
October 2017 to February 2020. 3D conformal radio-
therapy (3DCRT) was performed in 27 patients. Since 
we provided the equipment and started to implement 
Volumetric Modulated Arc Therapy (VMAT) in our 
institution, the other 12 patients were treated with this 
technique. Definitive radiotherapy was performed in 26 
patients, while 13 patients received postoperative radi-
otherapy. Exclusion criteria were: neoadjuvant or con-
comitant hormonal therapy, the presence of enlarged 
lymph nodes (N1 stage) detected by imaging methods, 
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the presence of distant metastasis (M1 stage) detected 
by imaging techniques and previous pelvic irradiation.

The study protocol was approved by the Ethics Com-
mittee of the Institute for Oncology and Radiology of 
Serbia (approval No3348/1–01). The study was car-
ried out according to the principles of the Declaration 
of Helsinki. The details of the study were explained to 
the patients and informed consent forms were obtained 
from the participants.

We obtained individual, clinical, and treatment char-
acteristics for all participants as well as the toxicity 
scores and fatigue level data. Investigated individual 
characteristics were as follows: age, smoking status, and 
alcohol consumption. Clinical characteristics included: 
medical comorbidities such as diabetes mellitus, hyper-
tension, previous abdominal or pelvic surgery, and 
other malignancies. Treatment characteristics were 
related to the type of radiotherapy (definitive or post-
operative) and dose-volume groups.

Acute GU and GI radiotoxicities were evaluated 
weekly according to Acute Radiation Morbidity Scor-
ing Criteria (RTOG/EORTC) modified by Peeters [28], 
as well in our previous studies [12, 27]. According to 
Peeters and coworkers, acute side effects occur within 
120  days from the start of radiotherapy, whereas side 
effects occurring from 120 days after the start of treat-
ment were considered late radiation toxicity. Grade of 
acute radiation toxicity was recorded by the radiation 
oncologist after every 5 radiotherapy fractions, at the 
end, and one month after the end of radiotherapy.

As patients didn’t fill the pre-radiotherapy toxic-
ity questionnaires, the symptoms described after 5 
fractions could be considered as baseline symptoms, 
because the dose received up to that point couldn’t 
cause significant acute toxicity.

Data for late toxicity were collected by patient’s 
interviews during the subsequent follow-up examina-
tions using Late Radiation Morbidity Scoring Crite-
ria (RTOG/EORTC) modified by Peeters. In the first 
and second years after radiotherapy, examinations 
were performed every three and four months, respec-
tively. Thereafter, patients filled out questionnaires six-
monthly. The maximum follow-up was 30 months, but 
further monitoring is ongoing. After five years of radio-
therapy completion examinations will be conducted 
annually. The maximum acute and late GU and GI tox-
icity grades were recorded for each patient. In addition 
to collecting data related to toxicity, at each follow-up 
visit physical examination, PSA determination, and 
other examinations if necessary (imaging, endoscopy) 
were performed.

The Expanded Prostate Cancer Index Composite 
(EPIC) was used to measure the quality of life in pros-
tate cancer patients regarding genitourinary and gas-
trointestinal symptoms [29]. These questionnaires were 
filled by eligible participants before radiotherapy, after 
the 25th fraction, at the end, and 1 month after the end of 
radiotherapy.

The Brief Fatigue Inventory (BFI) was used for the rapid 
assessment of fatigue severity using 0–10 scales [30]. The 
fatigue levels assessed weekly by BFI were divided into 
categories of “mild” (score 1–4), “moderate” (score 5–6), 
and “severe” (score 7–10).

Treatment regimen
Radiotherapy was performed by 3DCRT and VMAT 
technique, according to the protocol of the Institute for 
Oncology and Radiology of Serbia, partly described in 
our previously published articles [12, 27, 31]. Patients 
treated with definitive radiotherapy received irradia-
tion to different volumes according to the estimated risk 
of seminal vesicles (SV) and lymph node involvement 
according to the Roach formula [32]. Those patients were 
divided in three dose volume groups. The first group was 
the prostate-only group (P) if the risk for SV involve-
ment was < 15%, the second group was the prostate and 
seminal vesicle group (P + SV), if the risk SV involve-
ment was ≥ 15% and the risk for lymph node involvement 
was < 15%. The third group was whole pelvic radiotherapy 
(WPRT) group if the risk for lymph node involvement 
was ≥ 15%. Clinical target volume (CTV) and Planning 
target volume (PTV) were used as standardized nomen-
clature according to International Commission on Radia-
tion Units and Measurements recommendations ICRU 
50, ICRU 62, and ICRU 83 [33–35]. CTV depending of 
the dose volume group included the whole prostate or 
included whole prostate with entire seminal vesicle or 
included whole prostate with entire seminal vesicle and 
lymph nodes (lnn). CTV Ln encompassed the pelvic 
lymph node below of bifurcation of a. iliaca communis 
with margin 7 mm around blood vessels. Treatment mar-
gins around CTV were defined according our own insti-
tutional protocol [12, 27, 31].

The prescribed dose to the ICRU reference volume 
to cover PTV, in the P only group, was 72 Gy. In the sec-
ond group the prescribed dose to cover PTV1 (pros-
tate + SV + margins) was 66  Gy and to cover PTV2 
(prostate + margins) was 6  Gy. In third group prescribed 
dose were 44 Gy for PTV1 (prostate + SV + CTVlnn + mar-
gins), 22 Gy for PTV2 (prostate + SV + margins) and 6 Gy 
for PTV3 (prostate + margins). All patients treated with 
definitive radiotherapy received 72  Gy in 36 fractions 
regardless it was used 3DCRT or VMAT technique.
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Patients who were irradiated with postoperative or sal-
vage radiotherapy had one or two dose volume groups. If 
pN status was N0 they received 66 Gy to the PTV (pros-
tate bed ± SV). If pN status was Nx or N1 they received 
44 Gy to PTV1 (cover pelvic lymph node and the pros-
tate bed ± SV bed) followed by 22  Gy to PTV2 (cover 
the prostate bed ± SV bed). The SV bed was irradiated in 
patients with stage pT3b in the pathological report. All 
patients treated with postoperative or salvage radiotherapy 
with 3DCRT or VMAT received 66 Gy in 33 fractions [27].

All patients were irradiated with a conventional fraction-
ation regime: 2  Gy daily, 5  days a week. Dose constrains 
were according to Quantec recommendations [36].

Determination of serum IL‑6 and TGF‑β1 concentrations
The concentrations of IL-6 and TGF-β1 in the sera of 
patients were determined by commercial ELISA kits, 
according to the assay procedure defined by the manu-
facturer (Quantikine® ELISA Human IL-6 and Human 
TGF-β1 Immunoassays, R&D Systems, catalog numbers: 
D6050, DB100B, respectively). The serum concentrations 
of cytokines were measured before the start of radiotherapy 
and after the 25th radiotherapy fraction. The serum samples 
of patients and dilutions of IL-6 or TGF-β1 standards were 
added in duplicate to 96-well ELISA microplates, precoated 
with monoclonal antibodies specific for human IL-6 or 
TGF-β1. After two hours of incubation at room tempera-
ture, the plates were washed, IL-6 or TGF-β1 conjugates 
(polyclonal antibodies specific for antigen conjugated to 
horseradish peroxidase) were added to all wells and plates 
were incubated for a further 2 h at room temperature. After 
the washing steps, the substrate solution containing tetra-
methylbenzidine and hydrogen peroxide was added to all 
wells, and the plates were incubated for 20 min or 30 min 
at room temperature in the dark. The reaction was termi-
nated by adding a stop solution. The optical density was 
measured at a wavelength of 450 nm using a Multiskan EX 
Thermo Labsystems microplate reader. The concentrations 
of IL-6 and TGF-β1 were read from the standard curves 
generated using four-parameter logistic (4-PL) curve fit.

Statistical analysis
All data are presented as n (%), mean ± standard deviation 
or median (range). Statistical hypotheses were tested using: 
Mann–Whitney U test and Wilcoxon test. Spearman rank-
order correlation coefficient was used for examinations 
of the possible correlations between the tested variables. 
Examination of the relations of the dependent variable 
in repeated measurements with possible predictors, was 
done using linear mixed effects modeling approach using 
nlme package for the R statistical computing environment 
(R Core Team, Vienna, Austria) [27].

The level of statistical significance was set at 0.05.

Results
Patient characteristics, radiation‑induced toxicity 
and fatigue
The characteristics of the study patient cohort are shown 
in Table 1.

Definitive radiotherapy was performed in 26 patients 
(66.7%). Postoperative radiotherapy was used in 13 
patients (33.3%); in 5/13 patients adjuvant radiotherapy 
was performed, while 8/13 patients were treated with sal-
vage radiotherapy. 3DCRT and VMAT were performed 
in 27 and 12 patients, respectively. The mean age of the 
patient group was 70.7 ± 6.7.

Table 1  Patient, clinical, tumor, and treatment characteristics

Number of patients (n) 39

Age; mean ± sd 70.7 ± 6.7

Smoking status; n (%) 29 (74.4%)

Alcohol consumption; n (%)
  Yes, regular 1 (2.6%)

  Periodically 23 (59.0%)

  No 15 (38.5%)

Medical comorbidities; n (%)
  Diabetes mellitus 7 (17.9%)

  Hypertension 28 (71.8%)

  Operations/abdominal 17 (43.6%)

  Other malignancies 36 (92.3%)

PSA before diagnosis; median (min – max) ng/mL 10.0 (3.9–38.8)

PSA before radiotherapy; median (min–max) ng/mL 0.6 (0.1–14.3)

T stage; n (%)
  T2 27 (69.2%)

  T3 12 (30.8%)

Gleason score; n (%)
  6 7 (17.9%)

  7 30 (76.9%)

  8 1 (2.6%)

  9 1 (2.6%)

N stage; n (%)
  N0 38 (97.4%)

  N1 1 (2.6%)

Type of radiotherapy; n (%)
  Definitive 26 (66.7%)

  Postoperative 13 (33.3%)

Dose volume groups; n (%)
  Prostate 5 (12.8%)

  Prostate and seminal vesicles 13 (33.3%)

  Prostate, seminal vesicles, and lymph nodes 21 (53.8%)

Risk groups
  Low risk 5 (12.8%)

  Intermediate risk 26 (66.7%)

  High risk 8 (20.5%)
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The univariate analysis of changes in acute GU toxicity 
grades at specific time points during the radiotherapy and 
1 month after the end of radiotherapy, controlled for type 
of radiotherapy, demonstrated a statistically significant 
increase in acute GU toxicity grades over time in patients 
with prostate cancer (b = 0.158, p < 0.001), as presented in 
Fig. 1. Associations between changes in acute GU toxicity 
grades across radiotherapy and patient’s individual and 
clinical characteristics are shown in Table 2. A significant 
positive association between grades of acute GU toxic-
ity during the course of radiotherapy and the presence 
of diabetes mellitus in patients with prostate cancer was 
found (b = 0.540; p = 0.007).

The univariate analysis of changes in acute GI toxicity 
grades at specific time points during the radiotherapy and 
1 month after the end of radiotherapy, controlled for type 
of radiotherapy, showed a significant increase in acute GI 
toxicity grades over time in patients with prostate cancer 
(b = 0.090, p < 0.001), as presented in Fig. 2. Results of the 
examination of possible associations between changes 
in acute GI toxicity grades across radiotherapy and 
patient’s individual and clinical characteristics are shown 
in Table 3. The univariate analysis didn’t show significant 
associations between changes in acute GI toxicity grades 
across radiotherapy and individual and clinical character-
istics of a patient cohort.

The univariate analysis of changes in late GU toxicity 
grades 3, 6, 9, 12, 16, 20, 24, and 30 months after radio-
therapy in the patient cohort, controlled for type of radi-
otherapy, did not show statistically significant changes in 
late GU toxicity grades over the time course (b = 0.014; 
p = 0.368), (Fig. 3). Within 30 months after radiotherapy, 
no significant changes in late GI toxicity grades were 
observed in patients with prostate cancer (b = -0.006; 
p = 0.430) (Fig. 4).

Investigation of a possible influence of patient’s indi-
vidual and clinical characteristics on maximum fatigue 

Fig. 1  Changes in acute genitourinary toxicity grades at specific time points in patients with prostate cancer treated with radiotherapy: 5F-after 
the 5th fraction of radiotherapy, 10F-after the 10th fraction of radiotherapy, 15F- after the 15th fraction of radiotherapy, 20F-after the 20th fraction of 
radiotherapy, 25F-after the 25th fraction of radiotherapy, LF-at the last fraction of radiotherapy, and C-at the first control examination one month 
after the end of radiotherapy. Lines represent acute genitourinary toxicity grade changes across time. The area of a circle is proportional to the 
number of patients. At each time point, the sum of the circle area is 100%

Table 2  Associations between changes in acute genitourinary 
toxicity grades across radiotherapy and patient’s individual and 
clinical characteristics

a  multilevel ordinal regression models with the degree of toxicity as the 
dependent variable, controlled for type of radiotherapy

Parameter Univariate analysis a

b p

Smoking status—smokers 0.126 0.494

Alcohol consumption -0.259 0.116

Diabetes mellitus 0.540 0.007
Chronic hypertension 0.107 0.549

Abdominal operation -0.181 0.255
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scores determined in patients is shown in Table  4. This 
statistical analysis showed that prostate cancer patients 
who were active smokers had a higher maximum fatigue 
scores during the course of radiotherapy when compared 
with these scores measured in patients who were non-
smokers (p = 0.039). The other examined individual and 
clinical characteristics of patients did not show a signifi-
cant effect on detected maximum fatigue scores.

Changes in serum cytokine levels
In patients with prostate cancer treated with radiotherapy 
serum levels of IL-6 and TGF-β1 were measured before 

the start of radiotherapy and after the 25th radiotherapy 
fraction. IL-6 serum levels were significantly increased 
in patients with prostate cancer after the 25th radiother-
apy fraction in comparison with those levels determined 
before radiotherapy (p < 0.001) (Table  5). There was no 
significant difference between serum concentrations of 
TGF-β1 in patients with prostate cancer before radio-
therapy and after the 25th radiotherapy fraction.

Associations between genitourinary toxicity grade, 
gastrointestinal toxicity grade, fatigue score, and IL‑6 
and TGF‑β1 concentrations
Examinations of possible correlations between maximum 
acute GU toxicity grade, maximum acute GI toxicity 
grade, maximum fatigue score, and serum concentra-
tions of IL-6 and TGF-β1 in patients with prostate cancer 
treated with radiotherapy are presented in Table 6. A sta-
tistically significant positive correlation between patients’ 
pretreatment IL-6 serum concentrations and maximum 
fatigue scores was found (p = 0.032). A significant posi-
tive association was also observed between pretreatment 
TGF-β1 serum concentrations and maximum acute GU 
toxicity grades (p = 0.036).

Examination of possible correlations between acute 
GU toxicity grade, acute GI toxicity grade, fatigue score, 
and serum concentrations of IL-6 and TGF-β1 after the 
25th fraction in patients with prostate cancer treated 

Fig. 2  Changes in acute gastrointestinal toxicity grades at specific time points in patients with prostate cancer treated with radiotherapy: 5F-after 
the 5th fraction of radiotherapy, 10F-after the 10th fraction of radiotherapy, 15F- after the 15th fraction of radiotherapy, 20F-after the 20th fraction of 
radiotherapy, 25F-after the 25th fraction of radiotherapy, LF-at the last fraction of radiotherapy, and C-at the first control examination one month 
after the end of radiotherapy. Lines represent acute gastrointestinal toxicity grade changes across time. The area of a circle is proportional to the 
number of patients. At each time point, the sum of the circle area is 100%

Table 3  Associations between changes in acute gastrointestinal 
toxicity grades across radiotherapy and patient’s individual and 
clinical characteristics

a  multilevel ordinal regression models with the degree of toxicity as the 
dependent variable, controlled for type of radiotherapy

Parameter Univariate analysis a

b p

Smoking status—smokers 0.047 0.729

Alcohol consumption -0.096 0.432

Diabetes mellitus 0.000 1.000

Chronic hypertension -0.050 0.704

Abdominal operation 0.102 0.385
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with radiotherapy, showed a significant positive associ-
ation between GU toxicity grades after the 25th fraction 
and fatigue scores after the 25th fraction (p = 0.009), as 
presented in Table 7. A significant positive correlation 

was observed between IL-6 serum concentrations after 
the 25th radiotherapy fraction and fatigue scores after 
the 25th radiotherapy fraction (p = 0.042). Further-
more, a statistically significant positive association was 

Fig. 3  Changes in late genitourinary toxicity grades 3, 6, 9, 12, 16, 20, 24, and 30 months after radiotherapy in patients with prostate cancer. Lines 
represent late genitourinary toxicity grade changes across time. The area of a circle is proportional to the number of patients. At each time point, 
the sum of the circle area is 100%

Fig. 4  Changes in late gastrointestinal toxicity grades 3, 6, 9, 12, 16, 20, 24, and 30 months after radiotherapy in patients with prostate cancer. Lines 
represent late gastrointestinal toxicity grade changes across time. The area of a circle is proportional to the number of patients. At each time point, 
the sum of the circle area is 100%
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demonstrated between TGF-β1 serum concentrations 
after the 25th radiotherapy fraction and GU toxicity 
grades after the 25th fraction (p = 0.044). A positive cor-
relation between IL-6 serum concentrations after the 
25th radiotherapy fraction and GU toxicity grades after 
the 25th fraction was also found, although it was not 
statistically significant (p = 0.063). The graphs showing 
correlations between acute GU or GI toxicity grades 
after the 25th fraction and IL-6 or TGF-β1 concentra-
tions after the 25th fraction are presented in Fig. 5.

Investigation of possible relations between changes 
in circulating IL-6 or TGF-β1 levels and acute GU and 
GI toxicity grades across radiotherapy performed by 
univariate analyses controlled for type of radiotherapy, 
showed no significant associations (Supplementary 
Table  1). The univariate analysis for late radiotoxicity 
data demonstrated an absence of associations between 
changes in IL-6 or TGF-β1 serum levels and late GU 
and GI toxicity grades assessed between the 3rd and 
30th month after radiotherapy.

The levels of IL-6 and TGF-β1 determined before 
radiotherapy and after the 25th fraction were examined 
for possible correlations with a maximum grades of late 
GU and GI toxicity. These results are presented in Sup-
plementary Table 2. No significant correlations of IL-6 
or TGF-β1 levels with late GU or GI radiotoxicity were 
found. However, a negative correlation very close to 
being significant between TGF-β1 concentrations after 
the 25th radiotherapy fraction and maximum grades of 
late GI toxicity was observed (p = 0.052). In addition, 
changes in IL-6 concentrations or TGF-β1 concentra-
tions were not associated with maximum grades of late 
GU or GI toxicity, as confirmed by univariate analyses 
controlled for type of radiotherapy.

Discussion
Identification and integration of multiple treatment-
related, clinical, and biological factors affecting the sever-
ity of radiotoxicity and fatigue intensity in patients with 
prostate cancer treated with radiotherapy might be useful 
for stratification of patients into subgroups with higher 
and lower risk of developing adverse effects, individual 

Table 4  Influence of patient’s individual and clinical characteristics 
on maximum fatigue scores

Variable P value

Smoking status—smokers 0.039
Alcohol consumption 0.977

Diabetes mellitus 0.641

Chronic hypertension 0.656

Abdominal operation 0.729

Table 5  Serum concentrations of IL-6 and TGF-β1 in patients 
with prostate cancer before radiotherapy and after the 25th 
radiotherapy fraction

Cytokine Before radiotherapy After the 25th 
radiotherapy fraction

p

Concentration [pg/mL] median (minimum–maximum)
IL-6 4.6 (0.8–41.7) 6.3 (2.3–49.3)  < 0.001
TGF-β1 9152.8 (1600.3–37,421.8) 8104.4 (2465.1–20,718.9) 0.136

Table 6  Correlations between maximum acute genitourinary (GU) toxicity grade, maximum acute gastrointestinal (GI) toxicity grade, 
maximum fatigue score, and serum concentrations of IL-6 and TGF-β1 in patients with prostate cancer treated with radiotherapy

Variable 1 Variable 2 Correlation coefficient p

Maximum GU toxicity grade Maximum GI toxicity grade 0.09 0.594

Maximum GU toxicity grade Maximum fatigue score 0.15 0.353

Maximum GI toxicity grade Maximum fatigue score 0.26 0.117

Pretreatment IL-6 concentration Maximum GU toxicity grade 0.31 0.054

Pretreatment IL-6 concentration Maximum GI toxicity grade 0.10 0.548

Pretreatment IL-6 concentration Maximum fatigue score 0.35 0.032
IL-6 concentration after the 25th fraction Maximum GU toxicity grade 0.21 0.199

IL-6 concentration after the 25th fraction Maximum GI toxicity grade 0.08 0.640

IL-6 concentration after the 25th fraction Maximum fatigue score 0.29 0.069

Pretreatment TGF-β1 concentration Maximum GU toxicity grade 0.34 0.036
Pretreatment TGF-β1 concentration Maximum GI toxicity grade 0.06 0.724

Pretreatment TGF-β1 concentration Maximum fatigue score 0.19 0.257

TGF-β1 concentration after the 25th fraction Maximum GU toxicity grade 0.31 0.052

TGF-β1 concentration after the 25th fraction Maximum GI toxicity grade 0.10 0.535

TGF-β1 concentration after the 25th fraction Maximum fatigue score 0.29 0.074
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optimization of radiotherapy, and long-term enhance-
ment of the patient’s quality of life. The results of our 
study showed the statistically significant positive asso-
ciation between grades of acute GU toxicity across radio-
therapy and the presence of diabetes in patients, which is 
in line with observations reported by other studies which 
identified diabetes as an important factor affecting nor-
mal tissue reactions to radiotherapy for prostate cancer 
[12, 37–40]. The study by Stankovic et  al. showed that 
diabetes was a significant predictive factor of acute GU 
radiotoxicity grade [12]. The presence of diabetes in pros-
tate cancer patients had a significant effect on the occur-
rence of acute and late GU toxicities [12]. The effects 
of diabetes on the occurrence of radiotoxicity in cancer 
patients could be explained by long-term pathological 
changes, such as impaired immune system, endothelial 
dysfunction causing tissue ischemia, impaired wound 
healing, and tissue repair after radiotherapy [37, 41, 42].

Chronic hypertension, smoking status, alcohol con-
sumption, and previous abdominal operation, were not 
significantly associated with changes in acute GU toxicity 
grades in our patient cohort. In contrast to these results, 
Stankovic et al. reported that smoking, previous abdomi-
nal surgery, and the use of diuretics had significant effects 
on the occurrence of the higher grade of acute GU toxic-
ity [12]. The observed discrepancies in results between 
the two studies could be attributed to differences in the 
patient’s, clinical, tumor, and radiation treatment charac-
teristics, and the size of the patient groups. The pretreat-
ment GU problems, previous resection of the prostate or 
of a bladder tumor, and the presence of acute GU toxic-
ity have been suggested as risk factors for GU morbidity 
in patients with prostate cancer [43 and references cited 
therein].

None of the examined patient’s individual and clini-
cal factors were associated with changes in acute GI 
toxicity grades in our cohort. In contrast to our results, 

Alashkham et  al. showed that prostate cancer patients 
with diabetes had a significantly higher grades of acute 
rectal radiotoxicity (proctitis) [38]. Another study dem-
onstrated that patients with diabetes did not have a 
higher risk of late grade 2 or 3 GI toxicity after radiother-
apy for prostate cancer [37]. Similar to the results of the 
present research, alcohol consumption was not identified 
as a significant factor involved in the risk for develop-
ment of high-grade acute GI toxicity after radiotherapy 
for prostate cancer [31]. The advanced age, larger rectal 
volume, previous abdominal surgery, the concomitant 
use of androgen deprivation, preexisting diabetes mel-
litus, hemorrhoids, or inflammatory bowel disease, have 
been identified as the most important risk factors for 
acute and late GI toxicities after radiotherapy for prostate 
cancer ( [43] and references cited therein]).

Among five examined individual and clinical param-
eters, smoking was the only parameter that significantly 
affected the maximum fatigue scores throughout the 
course of radiotherapy. The effect of cigarette smoking 
on fatigue may be attributed at least in part to oxidative 
stress and low-grade systemic inflammation caused by 
toxic compounds present in smoke and having a negative 
influence on lung, muscle, and cardiovascular functions 
[44]. Smoking had been linked with urgency, as a com-
mon urinary tract symptom in older people, which may 
cause tiredness [45].

The grades of radiation-induced GU and GI toxicity 
after the 25th radiotherapy fraction were positively asso-
ciated with fatigue scores after the 25th fraction. Our 
observation may suggest that radiotherapy-caused acute 
inflammation and injury of the lower GI and GU tract 
causing complications may contribute to fatigue symp-
toms. Our finding is in agreement with the study which 
reported greater urinary urgency associated with greater 
fatigue increase in patients with prostate cancer receiving 
radiotherapy [46].

Table 7  Correlations between acute genitourinary (GU) toxicity grade, acute gastrointestinal (GI) toxicity grade, fatigue score, and 
serum concentrations of IL-6 and TGF-β1 after the 25th fraction in patients with prostate cancer treated with radiotherapy

Variable 1 Variable 2 Correlation coefficient p

GU toxicity grade after the 25th fraction GI toxicity grade after the 25th fraction 0.27 0.095

GI toxicity grade after the 25th fraction Fatigue score after the 25th fraction 0.32 0.051

GU toxicity grade after the 25th fraction Fatigue score after the 25th fraction 0.41 0.009
IL-6 concentration after the 25th fraction GU toxicity grade after the 25th fraction 0.30 0.063

IL-6 concentration after the 25th fraction GI toxicity grade after the 25th fraction 0.24 0.147

IL-6 concentration after the 25th fraction Fatigue score after the 25th fraction 0.33 0.042
TGF-β1 concentration after the 25th fraction GU toxicity grade after the 25th fraction 0.32 0.044
TGF-β1 concentration after the 25th fraction GI toxicity grade after the 25th fraction 0.24 0.145

TGF-β1 concentration after the 25th fraction Fatigue score after the 25th fraction 0.24 0.149
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Differential profiles of cytokine expression assessed 
before and throughout the course of radiotherapy have 
been suggested as a possible promising approach for the 
prediction of each patient’s normal tissue radiosensitivity 
and personalized radiotherapy plan. The IL-6 serum lev-
els were significantly increased in patients with prostate 
cancer after the 25th radiotherapy fraction in comparison 
with those levels determined before radiotherapy. Results 

from seven research studies showed altered cytokine lev-
els in postradiotherapy blood samples, compared with 
those levels in preradiotherapy blood samples of pros-
tate cancer patients [26, 47–52] and these findings are in 
accordance with our results. For example, Johnke et  al. 
reported that TGF-β, IL-1β, and IL-6 levels were signifi-
cantly increased during radiotherapy compared to the 
cytokine concentrations in blood before radiotherapy 

Fig. 5  Correlations between acute genitourinary (GU) toxicity grade (A, B), acute gastrointestinal (GI) toxicity grade (C, D), and serum 
concentrations of IL-6 and TGF-β1 after the 25th fraction in patients with prostate cancer treated with radiotherapy
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[47]. To investigate the possible role of circulating lev-
els of cytokines IL-6 and TGF-β1 in the occurrence and 
severity of adverse effects of radiotherapy for prostate 
cancer, we examined the possible relationships between 
serum concentrations of IL-6 and TGF-β1 determined 
before radiotherapy and after the 25th radiotherapy 
fraction, and acute GU and GI radiotoxicity, as well as 
fatigue. The significant positive correlation was observed 
between pretreatment TGF-β1 serum levels and maxi-
mum GU toxicity grades during the course of radio-
therapy. TGF-β1 serum levels after the 25th fraction were 
positively correlated with maximum GU toxicity grades, 
although this correlation was not statistically significant, 
but showed a tendency towards significance. Also, the 
statistically significant positive association was demon-
strated between TGF-β1 serum concentrations after the 
25th radiotherapy fraction and GU toxicity grades after 
the 25th fraction. The IL-6 serum levels before radio-
therapy were positively correlated with maximum GU 
toxicity grades in our patient cohort. The positive asso-
ciation between IL-6 serum levels after the 25th radio-
therapy fraction and acute GU radiotoxicity grades at 
the same time point was found. The determined associa-
tions were not statistically significant, but they were very 
close reaching significance. These results confirm the 
possible clinical value of determining levels of cytokines 
for the prediction of the risk for development of radio-
therapy-induced normal tissue toxicity, as suggested by 
the growing body of literature data [26, 27, 53, 54]. The 
relationship between serum concentrations of IL-6 and 
acute GU radiotoxicity observed in the present research 
is consistent with our previous investigation [27]. Prom-
ising results for IL-6 as a potential predictor of adverse 
reactions to radiotherapy derived from our two studies 
are opposite to the study which reported that changes in 
IL-6 circulating levels over baseline were not connected 
with increased GU radiotoxicity [26].

To the best of our knowledge, the present study is the 
first to report the serum levels of TGF-β1 determined 
before radiotherapy and after the 25th radiotherapy frac-
tion in prostate cancer patients to be significantly posi-
tively associated with acute GU radiotoxicity symptoms. 
In contrast to our results, the study by Singh et al. showed 
that prostate cancer patients treated with intensity-mod-
ulated radiotherapy who had a higher grade of acute GU 
radiotoxicity had lower plasma TGF-β1 concentrations at 
the end of therapy and 3 months after therapy [55]. The 
same inverse proportion was observed for concentrations 
of TGF-β1 and grades of acute GI radiotoxicity in this 
patient cohort [55]. The increased levels of circulating 
TGF-β1 had been associated with the risk of pulmonary 
radiotoxicity in patients with lung cancer [56]. In addi-
tion, the increased pretreatment plasma levels of TGF-β1 

were found to be positively correlated with the devel-
opment of radiation-induced fibrosis in breast cancer 
patients [57, 58]. The results of our research might sug-
gest the possible role of TGF-β1 in biological pathways 
underlying the development of acute GU radiotoxicity 
in prostate cancer patients, which should be explored 
further.

Serum levels of IL-6 and TGF-β1 were not statistically 
significantly associated with maximum grades of late GU 
toxicity or maximum grades of GI toxicity in our patient 
group. However, the negative association close to being 
significant was observed between TGF-β1 levels after the 
25th fraction and maximum late GI toxicity grades. These 
results could be due to the sample size and relatively 
short time of up to 30  months for assessing late radio-
toxicity. Determination of the post-treatment circulat-
ing levels of IL-6 and TGF-β1 in prostate cancer patients 
after 1,3,6, and 12 months after the end of radiotherapy 
could be important for evaluating their potential signifi-
cance for predicting late GU and GI radiotoxicity and will 
be the focus of further studies with a larger number of 
patients.

Considering the possible influence of cytokines on 
fatigue, the pretreatment serum levels of IL-6 were sig-
nificantly positively associated with maximum fatigue 
scores. It is important to note that serum levels of IL-6 
and TGF-β1 measured after the 25th radiotherapy frac-
tion were positively correlated with maximum fatigue 
scores, although these results were not statistically sig-
nificant. The possible influence of IL-6 on symptoms of 
fatigue was further confirmed by significant positive cor-
relation between serum levels of IL-6 and fatigue scores 
determined after the 25th fraction. Our results confirm 
the relationship between circulating levels of IL-6 and 
fatigue intensity in prostate cancer patients undergo-
ing curative radiotherapy and may contribute to further 
understanding of biological factors underlying fatigue. 
The increase in IL-6 and fatigue across radiotherapy 
was already demonstrated in prostate cancer patients, 
although the IL-6 increase was not significantly associ-
ated with fatigue levels [51]. The relatively small num-
ber of patients in the pilot study reported by Holliday 
and colleagues may contribute to the inability of this 
study to detect significant associations between longitu-
dinal cytokine levels and fatigue scores. Another study 
also reported the absence of correlations between pre-
treatment and post-treatment serum concentrations of 
IL-4, IL-6, IL-10, and TNF-α, and fatigue symptoms in a 
group of 29 prostate cancer patients treated with radio-
therapy [50]. Bower and colleagues did not find associa-
tions between serum levels of proinflammatory cytokines 
IL-1β and IL-6, and fatigue severity in patients with 
breast cancer and patients with prostate cancer treated 
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with radiotherapy [24]. In addition, IL-6 serum levels 
measured during radiotherapy in prostate cancer patients 
were positively correlated with enhancement of fatigue 
symptoms, but this result was not statistically significant 
(p = 0.089) [52]. This relationship was not found for pre-
treatment IL-6 levels [52].

The potential role of TGF-β1, as a substantial compo-
nent of cytokine signature, in the occurrence of fatigue, 
is suggested by a study of Montoya et  al. which dem-
onstrated increased serum concentrations of TGF-β1 
in patients with chronic fatigue syndrome when com-
pared with those concentrations in healthy controls [59]. 
Another study found a negative correlation between 
TGF-β and fatigue intensity in patients with pancre-
atic cancer [60]. A significant moderate correlation 
between TGF-β1 serum levels and cognitive function was 
observed in patients with advanced cancer [61]. The pos-
sible relationship between circulating levels of TGF-β1 
and fatigue revealed in our study needs to be examined 
in future studies on a larger cohort of prostate cancer 
patients receiving radiotherapy.

A recent study reported an establishment of a predic-
tive model generated by machine learning that included 
pretreatment cytokine levels (IL-8 and CCL2), clini-
cal factor (hypertension), and radiation dosimetric fac-
tor (mean lung dose) for radiation pneumonitis grade 
higher or equal to 2 in patients with non-small lung can-
cer receiving radiotherapy [62]. The study highlights the 
need for integration of circulating cytokine signatures 
and multiple clinical factors in machine learning mod-
els for the identification of cancer patients at higher risk 
for developing adverse normal tissue reactions to radio-
therapy, as suggested by our research studies on cytokine 
profiles in patients with prostate cancer treated with 
radiotherapy.

Conclusions
The present research showed significant positive cor-
relations between pretreatment concentrations of cir-
culating TGF-β1 and maximum GU toxicity grades 
and between TGF-β1 concentrations measured after 
the 25th fraction and GU toxicity grades after this frac-
tion, in patients with prostate cancer undergoing cura-
tive radiotherapy. The presence of diabetes in patients 
was significantly associated with higher acute GU tox-
icity grades across radiotherapy. Regarding the influ-
ence of cytokines on radiotherapy-induced fatigue, the 
pretreatment IL-6 concentrations were significantly 
positively associated with maximum fatigue scores dur-
ing radiotherapy in addition to the significant positive 
association between IL-6 concentrations and fatigue 
scores after the 25th fraction. Smoking was identified 

as a factor that significantly affected the intensity of 
fatigue symptoms in our patient cohort. The levels of 
circulating IL-6 were significantly higher at the 25th 
radiotherapy fraction when compared with those levels 
before radiotherapy. Taken together, the results of our 
study demonstrate that circulating levels of IL-6 and 
TGF-β1 might influence the severity of acute GU radi-
otoxicity and fatigue in patients with prostate cancer 
treated with radiotherapy. Combining clinical param-
eters, patient’s individual characteristics, and circu-
lating cytokine levels, especially IL-6 and TGF-β1, in 
prediction models might be useful for the prediction 
of adverse normal tissue reactions to radiotherapy in 
patients with prostate cancer. To develop and validate 
these predictive models, further studies with larger 
patient cohorts are required.
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