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Aim: In this study the effects of radiation therapy (RT) on serum oxidant/antioxidant status

in  breast cancer patients and the impact of age, BMI and clinical stage of the disease on the

aforementioned variables were investigated.

Background: RT that is used for cancer treatment is dependent on the production of reactive

oxygen species.

Materials and methods: Eighty patients with breast cancer participated in this study and

received RT at a dose of 50 Gy for 5 weeks. Blood samples were obtained in one day before

and after the end of RT. Serum status of malondialdehyde (MDA), total antioxidant status

(TAS), superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) were

analyzed by spectrophotometry or ELISA and selenium (Se) level were analyzed by atomic

absorption spectrometry. Paired t-test was used for comparing pre and post radiotherapy
elenium

otal antioxidant status

data.

Results: Before and after the radiotherapy, a significant increase in MDA level was observed,

while a significant decrease in GPx activity, SOD, TAS and Se levels were found (p < 0.05). The

level  of the CAT enzyme had no significant changes (p = 0.568). The results showed some

changes in the status of TAS, SOD and GPx which are associated with age, BMI  and clinical

stage  of the disease.
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Conclusion: It seems that RT would have the potential to cause variations in the status of

antioxidant/oxidant system. Although, some changes in variables were observed by sub-

classification of the age, BMI and the disease stage, but it seems that these changes are not

necessarily dependent to them.

© 2015 Greater Poland Cancer Centre. Published by Elsevier Sp. z o.o. All rights reserved.

mass index (BMI) and histological grade were recorded for
each patient. The stage of breast cancer was determined by
the tumor node metastasis (TNM) system.30 Forty-five patients
with early stage of breast cancer (stage I and II) and 35 patients

Table 1 – Characteristics of breast cancer patient
included in this study.

Mean ± SD n (%)

Age (years) 50.42 ± 11.1 80 (100)
BMI (kg/m2) 30.22 ± 5.26 80 (100)
Clinical stage

Stage I 8 (10)
Stage II 37 (46.3)
Stage III 31 (38.8)
Stage IV 4 (5)

Estradiol receptor
Positive 58 (72.5)
Negative 22 (27.5)

Progesterone receptor
Positive 58 (72.5)
Negative 22 (27.5)

Her-2
Positive 32 (40)
Negative 48 (60)

Histology type
IDC 75 (93.8)
ILC 5 (6.2)

Notes: Age and BMI are expressed as mean ± standard deviation
1.  Background

Cancer is the second cause of mortality worldwide and breast
cancer is the most prevalent cancer in women, comprising
29 percent of all cancers that they are affected with.1 It is
also worth mentioning that more  than one million women are
diagnosed with breast cancer annually.2 According to statis-
tics, the incidence rate of this disease is comparatively low in
Asian and African countries, but it is increasing more  rapidly
in comparison with other countries.3 Although breast cancer
is more  prevalent in people older than 50 years, in Iran, the
incidence rate of the disease seems to be lower than in the
other countries.4

The exact etiology of breast cancer has not been completely
understood, so it is assumed as a multifactorial disease. Sev-
eral studies suggested that exposure to various carcinogens
would increase the risk of cancer and the best known among
the possible causes of breast cancer development are inflam-
matory factors, nutritional parameters, obesity and genetic
mutations.5,6

Currently, surgery, radiotherapy (RT), chemotherapy and
hormone therapy are effectively used for the treatment of can-
cer patients.7,8 RT, as one of commonly used methods for the
treatment of cancer, is able to destroy remaining cancer cells
after surgery.9 Patients with cancer need RT either for cura-
tive or palliative purposes, but unfortunately, this valuable
method is associated with some major side effects.10 It has
been shown that the risk of heart disease would increase after
radiation in these patients.11,12 Although, in RT, the aim is to
affect just the target organs, skin, bone marrow hematopoi-
etic cells and the other organs with rapid proliferation rate
will also be damaged.13–16

Radiation therapy leans on ROS (reactive oxygen species)
toxicity and can damage cellular macromolecules, such as
DNA (deoxyribonucleic acid), RNA (ribonucleic acid), microR-
NAs, proteins and membrane in tumor cells.17–19 Antioxidants
protect normal cells against radiation injury through various
enzymatic systems, such as catalase, glutathione peroxidase
and superoxide dismutase. In addition, normal cells would
benefit from non-enzymatic systems (such as selenium, glu-
tathione and tocopherol) to scavenge the free radicals.20,21

It has been suggested that radiation can cause a decline in
the level of vitamins A, E, C and selenium in breast cancer
patients.22,23

2.  Aim
There are some data regarding the effects of RT on various
antioxidant/oxidant systems, but the results do not seem to
be conclusive. Some studies have reported that RT is able
to change the status of the antioxidant/oxidant system,23–27

while other reports have pointed out this treatment does
not have big effects on the antioxidant/oxidant system.23,28,29

Therefore, in this study, we aimed to determine the exact
effects of RT on the oxidant/antioxidant status, the activity of
glutathione peroxidase (GPx) and the levels of catalase (CAT),
superoxide dismutase (SOD) and selenium (Se) in a group of
women with breast cancer. To this end, we followed all the
patients before and after RT to determine the effects of this
type of treatment on aforementioned variables. In addition,
we determined the impact of age, BMI and clinical stage of the
disease on the above mentioned biochemical variables.

3.  Materials  and  methods

3.1.  Study  population

This study was performed on 80 women with breast cancer
approved by pathological examinations. The demographic and
clinical data of the patients, including age, clinical stage, body
(SD); BMI: Body mass index (kg/m2); Her-2: human epidermal growth
factor receptor; IDC: invasive ductal carcinoma; ILC: invasive lobular
carcinoma.

dx.doi.org/10.1016/j.rpor.2015.12.009
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Fig. 1 – Serum levels of oxidant/antioxidant status before and after radiotherapy in breast cancer. Note: TAS: total
Antioxidant status; MDA:  malondialdehyde; SOD: superoxide dismutase; CAT: catalase; GPx: glutathione peroxidase; Se:
selenium. Data expressed as mean ± SD; p < 0.05 (*p < 0.05, **p < 0.01, ***p < 0.001).

Table 2 – Serum levels of oxidant/antioxidant status before and after radiotherapy in different age groups.

Variables Age ≤50 years old (n = 43) Age >50 years old (n = 37) p value

TAS (�mol/L)
Before RT 505.8 ± 187.1 559.3 ± 190.9 0.938
After RT 262.8 ± 55.2 274.6 ± 62.5 0.332
p value <0.001 <0.001

MDA (�mol/L)
Before RT 2.0 ± 0.5 1.9 ± 0.5 0.385
After RT 2.3 ± 1.1 2.3 ± 1.0 0.709
p value 0.141 0.111

SOD (pg/ml)
Before RT 184.2 ± 250.7 315.4 ± 250.7 0.012
After RT 92.1 ± 39.9 112.4 ± 59.4 0.005
p value 0.012 0.022

CAT (pg/ml)
Before RT 492.6 ± 461.6 721.1 ± 628.5 0.015
After RT 598.8 ± 459.2.0 726.0 ± 1002.4 0.370
p value 0.308 0.979

GPx (�IU/ml)
Before RT 103.3 ± 85.2 135.5 ± 137.6 0.080
After RT 68.4 ± 42.1 90.2 ± 83.3 0.138
p value 0.008 0.034

Se (�g/L)
Before RT 53.5 ± 32.8 49.7 ± 26.6 0.418
After RT 40.3 ± 17.0 42.6 ± 22.5 0.767
p value 0.027 0.259

Notes:  TAS: total Antioxidant status; MDA: malondialdehyde; SOD: superoxide dismutase; CAT: catalase; GPx: glutathione peroxidase; Se:

w
t
t
b
l

selenium; RT: radiotherapy; data expressed as mean ± SD; p < 0.05.

ith advanced breast carcinoma (stage III and IV) were par-
icipated in this study. All patients were submitted to RT

hree weeks after the chemotherapy period; while, in the
eginning of the study, they had normal values of hemato-

ogical/biochemical parameters. They received RT at a dose of
50 Gy with fraction size of 2 Gy for 5 weeks (five days weekly).
The blood samples were obtained from all patients one day

before and after the end of RT treatment. The samples were
centrifuged and the resulted serums were stored at −80 ◦C
until the final analysis.
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Table 3 – Serum levels of oxidant/antioxidant status before and after radiotherapy in different BMI  groups.

Variables BMI ≤30 kg/m2 (n = 42) BMI >30 kg/m2 (n = 38) p value

TAS (�mol/L)
Before RT 546.0  ± 190.6 512.7 ± 189.2 0.472
After RT 261.9  ± 62.4 275.3  ± 54.0 0.500
p value <0.001 <0.001

MDA (�mol/L)
Before RT 2.0 ± 0.5 1.9 ± 0.5 0.999
After RT 2.3 ± 1.1 2.2 ± 1.1 0.881
p value 0.152 0.106

SOD (pg/ml)
Before RT 201.3 ± 288.0 293.1 ± 516.2 0.165
After RT 99.5 ± 45.7 103.8 ± 56.0 0.165
p value 0.017 0.024

CAT (pg/ml)
Before RT 651.5  ± 548.7 543.6 ± 562.6 0.713
After RT 657.5 ± 941.1 657.8 ± 494.2 0.892
p value 0.950 0.406

GPx (�IU/ml)
Before RT 106.1 ± 103.9 131.5 ± 22.2 0.456
After RT 73.6 ± 43.2 83.8 ± 83.0 0.135
p value 0.046 0.009

Se (�g/L)
Before RT 51.4 ± 25.5 52.2 ± 34.5 0.284
After RT 43.5 ± 21.8 39.0 ± 16.8 0.557
p value 0.144 0.053

Notes:  BMI: Body mass index (kg/m2); TAS: total antioxidant status; MDA: malondialdehyde; SOD: superoxide dismutase; CAT: catalase; GPx:
ed as
glutathione peroxidase; Se: selenium; RT: radiotherapy; data express

3.2.  Measurement  of  oxidant/antioxidant  status

In this study, several biochemical parameters of the oxi-
dant and antioxidant status were evaluated. Serum total
antioxidant status (TAS) was analyzed according to the

FRAP (ferric reducing ability of plasma) assay. In this test,
regeneration of ferric to ferrous ions in the presence of antiox-
idants in low pH, produces a colored complex: Fe (II)-TPTZ

Table 4 – Serum levels of oxidant/antioxidant status before and

Variables Early stage (n = 45) 

TAS (�mol/L)
Before RT 540.2 ± 184.8 

After RT 270.2 ± 58.4 

p value <0.001 

MDA (�mol/L)
Before RT 2.0 ± 0.5 

After RT 2.4 ± 1.2 

p value 0.032 

SOD (pg/ml)
Before RT 215.4 ± 367.7 

After RT 100.6 ± 52.4 

p value 0.034 

CAT (pg/ml)
Before RT 541.9 ± 480.3 

After RT 503.1 ± 314.0 

p value 0.671 

GPx (�IU/ml)
Before RT 114.3 ± 103.2 

After RT 83.1 ± 78.1 

p value 0.036 

Se (�g/L)
Before  RT 50.4 ± 28.5 

After RT 40.6 ± 16.9 

p value 0.053 

Notes:  TAS: total antioxidant status; MDA: malondialdehyde; SOD: superox
nium; RT: radiotherapy; data expressed as mean ± SD; p < 0.05.
 mean ± SD; p < 0.05.

(Ferrous-Tri-pyridyl-Striazine) with a maximum absorbance at
593 nm.  Absorbance changes in the serum samples and stan-
dards were measured and expressed in �mol/L.31

Lipid peroxidation, as the level of malondialdehyde (MDA),
was analyzed with the thiobarbituric acid reactive substances

(TBARS) assay. The principle of this assay is to determine lipid
hydroperoxids levels by spectrophotometer. After the reac-
tion of MDA with two molecules of thiobarbituric acid and

 after radiotherapy in different clinical stage of disease.

Advanced stage (n = 35) p value

516.3 ± 197.3 0.694
268.9 ± 58.1 0.486
<0.001

1.9 ± 0.5 0.443
2.1 ± 1.0 0.424
0.499

282.7 ± 466.2 0.243
102.6 ± 48.8 0.905

0.020

672.2 ± 635.5 0.031
856.3 ± 1064.9 0.021

0.357

123.1 ± 125.7 0.619
72.5 ± 43.0 0.244

0.012

53.5 ± 32.1 0.271
42.3 ± 22.8 0.642

0.130

ide dismutase; CAT: catalase; GPx: glutathione peroxidase; Se: sele-

dx.doi.org/10.1016/j.rpor.2015.12.009
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he elimination of two water molecules, the amount of pink-
olored complex was measured at 532 nm and the results were
xpressed in �mol/L.32

.3.  Assay  of  antioxidant  enzymes

he levels of SOD and CAT as well as GPx activity were mea-
ured by ELISA kit on an ELISA reader (Awareness – America).
ll enzymes were analyzed by CUSABIO ELISA kit, China

catalogue numbers: CSB-EL022399HU, CSB-E13635 and CSB-
09496h, respectively for SOD, CAT and GPx) employing the
uantitative sandwich enzyme immunoassay technique. All
nalyses were performed according to the manufacturer’s
nstruction. The CAT and SOD levels were expressed in (pg/ml)
nd GPx activity was expressed in (�IU/ml).

.4.  Selenium  measurement  by  atomic  absorption
pectrometry  (AAS)

he serum selenium concentrations were determined by
tomic absorption spectrometry (PG-990, china) with the
raphite analysis technique. Analytical parameters used for
his procedure were: �: 196 nm,  bandwidth: 2 nm and element
amp current: 5 mA.  A standard solution was made up from
tock solution of Seo2 (Merck, 1000 ppm) and the standard
urves were plotted by selenium concentrations of 0, 12.5, 25,
0, 100 and 200 �g/l (ppb). The samples were diluted in a ratio
f 1/2 with 0.1% nitric acid (Merck) in order to avoid precipi-
ation, then 10 �l of the diluted samples was injected into the
raphite furnace and the results were expressed in ppb.

.5.  Statistical  analysis

tatistical analyses were performed using the SPSS version 17
PASW, USA). Demographic and clinical data were expressed
s mean ± SD. The paired t-test was used for comparing pre
nd post RT data and statistical significance was considered
s p < 0.05.

.  Results

atient’s demographic and clinical data has been summarized
n Table 1. Fig. 1 shows serum levels of the antioxidant/oxidant
tatus, antioxidant enzymes and Se, before and after the RT.
he results showed a statistically significant decrease in TAS,
OD levels and GPx activity as well as serum Se concentration

p < 0.05). In contrast, the MDA level (p = 0.047) showed a signif-
cant increase in these patients and there were no significant
ifference in CAT enzyme level (p = 0.568) before and after the
T.

Next, all of the analyzed variables were categorized in dif-
erent age groups (≤ 50 and >50 years old), BMI (≤30 and
30 kg/m2) and the clinical stages of the disease were consid-
red as early and advanced stages.

Between the two age groups, there were no significant

ifferences in MDA and CAT levels before and after the RT

Table 2). In patients with age ≤50 years, RT led to a significant
ecrease in GPx activity and SOD level. In addition, in these
atients, TAS and Se concentrations decreased significantly.
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In older patients, the RT significantly decreased the serum
level of SOD, TAS and also GPx activity, whereas this type of
treatment had not a significant effect on Se, MDA and CAT
levels. Generally, in older age groups before and after the RT,
higher levels of SOD, CAT, TAS and GPx activity were observed.
It seems that the level of SOD is age dependent, as older age
groups indicate higher levels (p = 0.012) maintaining this trend
also after RT (p = 0.005), but such a trend was observed in serum
CAT level only before the RT (p = 0.015).

Comparative analyses of the determined variables in two
BMI groups are shown in Table 3. There were no significant
differences in MDA and CAT levels, before and after the RT in
both groups, but the mean of SOD level, GPx activity and TAS
level decreased significantly after the RT in two groups. We
observed that the serum concentration of Se in patients with
higher BMI  decreased more  after the RT in comparison to the
patients with BMI  ≤30 kg/m2.

Stages I and II of the breast cancer were considered as
early stage and stages III and IV of breast cancer as advanced
stages of the breast cancer. The results indicated that the
patients with advanced stages of breast cancer had higher
levels of CAT levels. The effects of RT on the measured vari-
ables were compared in these two stages of disease and five
weeks after the RT, CAT level showed no statistically signifi-
cant difference in comparison with pretreatment levels in the
two groups (Table 4). The level of TAS in both groups was
decreased significantly. It seems that the RT, also caused a
serum Se concentration decrease (but not significant) accord-
ing to the crude data of both stages. An increase in the level of
MDA was observed in both stages of the disease after RT, but
only in the early stage differences were significant. The results
of this study also revealed a significant decrease in SOD level
and GPx activity after the RT in both stages of the disease.
Table 5 shows serum levels of the oxidant/antioxidant status
before and after radiotherapy according to the progesterone
receptor, estradiol receptor and Her-2 receptor.

5.  Conclusions

Significant differences were observed in the status of MDA,
TAS, SOD, GPx and Se before and after RT. The levels of MDA
were increased, while the other variables were decreased. No
significant difference was observed between pre- and post-
radiotherapy CAT enzyme levels in the patients. RT led to a
significant decrease in GPx activity, SOD and TAS levels, mean-
while a non-significant increase was observed in the MDA and
CAT levels in the two  groups of age (≤50 and >50). In younger
patients, Se concentration decreased after the RT (p = 0.027),
whereas there was no significant difference in the serum Se
level of older ones. A similar pattern was observed for the sta-
tus of analyzed biochemical variables in the two BMI groups
(≤30 and >30). Se levels showed a decrease in crude data after
the RT in these two groups, but the difference was not sig-
nificant. A significant decrease in GPx, SOD and TAS status
were observed in both two stage groups of patients (early and

advanced stages) and the others had no significant differences
after the treatment.

As previously mentioned, radiation therapy relies on ROS
production and toxicity. Antioxidants protect normal cells
iotherapy 2 1 ( 2 0 1 6 ) 141–148

against radiation injury. As in the patients with cancer, all
aspects of normal metabolism would be disturbed; therefore,
these patients are susceptible to dyshomeostasis in various
metabolic fields. When the patients are treated with radia-
tion, they would experience another dyshomeostatsis in their
metabolic conditions which adversely affects the disease sta-
tus. Therefore, returning the patients to the normal state is
extremely recommended. In our study, it was observed that
some biochemical variables were affected by RT, while the
others were not.

Investigation of RT effects on the oxidant and anti-oxidant
status in various cancers, such as breast cancer, is valuable.
In a study by Belwalkar et al. on women with breast cancer,
the level of MDA elevated; SOD activity and vitamin E were
lower before and after radiation therapy than those of healthy
controls (p < 0.001).24 Alterations in serum Se concentration
have been shown in breast cancer patients after the radia-
tion. Franca et al. evaluated the effects of RT on plasma Se
concentration in 209 breast cancer patients and reported a
significant reduction in the plasma selenium concentration
(p < 0.001) for the patients undergoing RT.7 The role of SOD
in breast cancer blood cells was also investigated by Pajovic
et al.25 The authors stated that alterations in the SOD activ-
ity is directly related to the initiate status of this enzyme in
the conditions of high baseline level of SOD activity, RT would
decrease this activity, but in conditions in which the primary
activity is medium or low, the activity would be approximately
constant or might even increase after the RT. As another exam-
ple, in the study carried out by Kasapovic et al. on breast cancer
patients, RT significantly increased the activities of SOD and
CAT enzymes, but there were no steady changes in GPx activ-
ity in these patients.26 In another study on 58 breast cancer
patients after chemotherapy, but not RT, an increase in the
level of lipid hydro peroxides and a decrease in SOD, GPx and
glutathione level were reported in these patients.27 The above
findings are similar to the study performed by Thanoon et al.
on MDA and SOD levels in 23 breast cancer patients. They
showed that chemotherapy treatment caused a reduction in
serum TAS and led to an elevation in serum MDA (p < 0.001).33

Bindary et al. determined the status of SOD and CAT levels in
50 patients with breast cancer, before and after chemotherapy
they reported that the levels of both variables were signifi-
cantly lower than before the treatment (p < 0.001).34

There are also some controversial reports in the literature,
such as Khoshbin et al., that investigated the effect of RT and
chemotherapy on MDA level in breast cancer patients. They
did not observe a statistically significant difference between
the levels of MDA during the chemotherapy/RT period.28 In
another report by Nwozo et al. on 30 breast cancer patients
with either chemotherapy or RT, a non-significant decrease
in SOD activity and a significant increase in lipid peroxida-
tion were reported in comparison with healthy controls.29

In addition to the published article regarding RT effects on
patients with breast cancer, there are some reports that ana-
lyzed these changes in other cancers. Sabitha in a study on
oral cancer patients evaluated the status of SOD, CAT, GPx

and MDA levels and reported that the radiation may cause a
decrease in enzymes activity and an increase in lipid perox-
idation products.21 Baranwal et al. in a study on 80 patients
with anaplastic astrocytoma showed significant changes in

dx.doi.org/10.1016/j.rpor.2015.12.009
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DA (increase) and GPx (decrease) after RT.35 Similarly, Crohns
t al. on 36 lung cancer patients showed that the level of
otal lipid peroxidation products increased significantly after
T.36 Again, there are some data reported that the RT has no
emarkable effects on various oxidant/antioxidant status in
he other cancers. Wozniak et al. in their research on patients
ith prostate cancer reported no significant differences in
OD and CAT activity, as well as MDA concentration before
nd after radiation therapy.37 In another survey by Demirci
t al. on antioxidant status in 35 cervical cancer patients, the
uthors did not find significant differences between the levels
f SOD, MDA  and GPx status pre-RT and post-RT.38

According to our knowledge, the reports regarding to the
mpact of age on the oxidant/antioxidant variables are limited.
s previously mentioned in two age groups of patients, RT

ed to a significant decrease in some variables (GPx, SOD and
AS) and a non-significant increase in MDA and CAT levels. In
ddition, in our series the younger patients experienced a sig-
ificant decrease in Se concentration after RT as compared to
he older ones. Interestingly, the levels of Se in older patients
ere lower than the younger’s ones. It seems that the level of

his trace element is age-dependent. Perhaps older patients
eed to intake more  essential minerals, especially Se, which
an be provided as a supplement or in the foods that contain it.
he study of Franca et al. is consistent with our study as they
howed a significant lowered selenium levels in breast cancer
atients with advanced age (>60), compared before and after
he RT.7 As we  know, Se plays very important roles in a number
f biological processes. On the other hand, it is a compo-
ent of Gpx enzyme and alteration in glutathione peroxidase
ctivities depended on the serum Se concentration.21 Lower
elenium levels have been observed in patients with previ-
us chemotherapy, low BMI  (consistent with our study) and
dvanced age as well as advanced stage, before the treatment.7

The result of the present study also demonstrated a sig-
ificant decrease in GPx, SOD and TAS in two BMI groups.
here are several studies indicating that patients with higher
MI  had lower prognosis. Some authors proposed that maybe
hese patients had been diagnosed in advanced stages.39–41 In
ur opinion, in addition to the late diagnosis and having more
ggressive tumors, lower levels of TAS and some enzymes,
uch as CAT, would be the reason, as it was observed in our
tudy.

In two stage groups of the patients, RT led to a significant
ecrease in GPx, SOD and TAS. In addition patients in early
tage experienced a significant increase in MDA after RT as
pposed to those in advanced stages. It seems that in the early
tage of the disease, ROS formation would suddenly increase.
fter the disease progresses to higher stages, the body tries

o compensate the occurring irregularities and the antioxi-
ant enzymes, such as CAT, GPx and SOD, are expressed more
o overcome the overproduction of MDA in advanced stages,
s was observed in our study. The result of this study is in
ontrast with Belwalkar et al. findings on breast cancer that
eported MDA level decreased in the early stage and increased
n the advanced stages.16

The RT that is used as a common treatment option

or breast cancer patients had a lot of effects on various

etabolism pathways in the body. As we  observe in our study,
t had effects on the oxidant/antioxidant system. Usually, it
therapy 2 1 ( 2 0 1 6 ) 141–148 147

is expected that when oxidative stress increases, antioxidant
should be decreased, but our study showed that these two
systems would not necessarily follow that pattern. It seems
that when the normal metabolism of the body is disturbed,
it should not be expected for all the harmful parameters to
increase and all the useful parameters to decrease. It seems
that after dyshomeostasis of the normal metabolism, either
caused by a disease or by treatment interventions (for exam-
ple RT), a big imbalance would occur in the cell which can
lead to adverse changes in the disease status. Normally, it is
expected that the resistance power of young patients is dif-
ferent to those of the old ones and it seems that patients
in the higher stages of the disease would be more  involved
and might also have severe inconsistency in their cells. In all
these conditions, we  assume that body behaves like a regu-
lar known machine, while our body is a complex and really
unknown machine. Therefore, it can be expectable that when
an imbalance happens in the cells, all variables show different
patterns of changes and this is the reason why we  are not able
to prevent and/or treat various spectra of the disease, yet.

In conclusion, the results showed that in young patients
with breast cancer, RT led to a decrease in the serum selenium
level and, interestingly, it seems that higher BMI can intensify
this condition. In addition, it seems that patients in higher
stages of the disease are more  susceptible to the dyshomeosta-
sis of antioxidant capacity after RT. Therefore, it is suggested
that patients with lower age and higher BMI should consider a
specific attention in nutritional and antioxidant supplemen-
tation. As a result, increased level of antioxidant is probably
able to decrease the rate of normal cell transformation toward
malignancy and ultimately increase the patient survival rate.

Conflict  of  interest

None declared.

Financial  disclosure

This research was supported financially by Cellular and Molec-
ular Biology Research Center, Health Research Institute, Babol
University of Medical Sciences, Babol, Iran.

Acknowledgment

The authors greatly thanks vice chancellor of research of Babol
University of Medical Sciences for approving and supporting
this study.

 e  f  e  r  e  n  c  e  s

1. Siegel R, Ma J, Zou Z, Jemal A. Cancer statistics. CA Cancer J
Clin  2014;64:9–29.

2. Zaleska K. miRNA-Therapeutic tool in breast cancer? Where
3. Feng JF, Lu L, Zeng P, et al. Serum total oxidant/antioxidant
status and trace element levels in breast cancer patients.
Int J Clin Oncol 2012;17:575–83.

dx.doi.org/10.1016/j.rpor.2015.12.009
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0210
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0210
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0210
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0210
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0210
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0210
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0210
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0210
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0210
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0210
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0210
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0210
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0210
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0210
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0210
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0210
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0210
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0210
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0210
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0210
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0210
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0210
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0210
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0210
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0215
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220
http://refhub.elsevier.com/S1507-1367(15)00171-6/sbref0220


d rad

1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

3

3

3

4
of the literature. Breast 2004;13:85–92.
148  reports of practical oncology an

4. Montazeri A, Vahdaninia M, Harirchi I, et al. Breast cancer in
Iran: need for greater women awareness of warning signs
and effective screening methods. Asia Pac Fam Med 2008;
7:6.

5. Manoharan S, Pugalendhi P. Breast cancer: an overview. Cell
Tissue Res 2010;10:2423–32.

6. Babaei Z, Moslemi D, Parsian H, Khafri S, Pouramir M,
Mosapour A. Relationship of obesity with serum
concentrations of leptin, CRP and IL-6 in breast cancer
survivors. J Egypt Natl Canc Inst 2015;27:223–9,
http://dx.doi.org/10.1016/j.jnci.2015.09.001.

7.  Franca CAS, Nogueira CR, Ramalho A, Carvalho ACP, Vieira
SL, Penna ABRC. Serum levels of selenium in patients with
breast cancer before and after treatment of external beam
radiotherapy. Ann Oncol 2011;22:1109–12.

8. Acevedo C, Amaya  C, López-Guerra JL. Rare breast tumors:
review of the literature. Rep Pract Oncol Radiother
2014;19:267–74.

9. Murawa P, Murawa D, Adamczyk B, Połom K. Breast cancer:
actual methods of treatment and future trends. Rep Pract
Oncol Radiother 2014;19:165–72.

0. Nair CK, Parida DK, Nomura T. Radioprotectors in
radiotherapy. J Radiat Res 2001;42:21–37.

1. Darby SC, Ewertz M, McGale P, et al. Risk of ischemic heart
disease in women after radiotherapy for breast cancer. N Engl
J  Med 2013;368:987–98.

2. Shapiro CL, Hardenbergh PH, Gelman R, et al. Cardiac effects
of adjuvant doxorubicin and radiation therapy in breast
cancer patients. J Clin Oncol 1998;16:3493–501.

3. Harper JL, Franklin LE, Jenrette JM, Aguero EG. Skin toxicity
during breast irradiation: pathophysiology and management.
South Med J 2004;97:989–93.

4. Curtis RE, Boice Jr JD, Stovall M, et al. Risk of leukemia after
chemotherapy and radiation treatment for breast cancer. N
Engl J Med 1992;326:1745–51.

5. Algara M, Arenas M, Bayo D.D.P.E., et al. Radiation techniques
used in patients with breast cancer: results of a survey in
Spain. Rep Pract Oncol Radiother 2012;17:122–8.

6. Hojan K, Milecki P. Opportunities for rehabilitation of
patients with radiation fibrosis syndrome. Rep Pract Oncol
Radiother 2014;19:1–6.
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