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Plasma antioxidant substances apparently do not influence
the radiodermatitis occurrence
Substâncias antioxidantes do plasma aparentemente não influenciam a ocorrência de
radiodermatite
Guilherme Costa
Munhoz1

ABSTRACT

Gustavo Viani Arruda2

METHODS: Forty-one patients submitted to radiotherapy for treatment of breast
cancer were followed. From these patients, plasma samples were obtained at the
beginning, in the middle and at the end of the treatment, for analysis of thiobarbituric acid reactive substances (TBARS) and ferric reducing ability of plasma (FRAP).
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AIMS: Radiation affects not only tumors but also healthy tissues through the
increment of oxidative stress. Thus, this study aimed to evaluate the oxidative
stress degree as well as non-enzymatic antioxidant defenses in the plasma of
patients submitted to radiotherapy and to verify if these parameters are modified
in those patients who develop radiodermatitis.

RESULTS: No significant differences were observed in terms of TBARS and FRAP
in plasma harvested from these patients at the beginning and at the middle of
the treatment. There was lower incidence of grade two radiodermatitis among
patients undergoing radiotherapy with hypofractionated doses. There were no
differences in FRAP or TBARS among patients who developed radiodermatitis of
any degree in relation to those who did not develop this side effect. No differences
of FRAP or TBARS were observed between patients that presented grade two
radiodermatitis regarding to the others studied.
CONCLUSION: There was no clear relationship between changes in TBARS or
FRAP with the occurrence or severity of radiodermatitis.

KEY WORDS: Breast cancer. Oxidative stress. Radiotherapy. Thiobarbituric acid
reactive substances. Radiodermatitis.
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CTC, common terminology of adverse event criteria; DNA, deoxyribonucleic
acid; EBCTCG, Early Breast Cancer Trialist’s Collaborative Group; FAMEMA,
Faculdade de Medicina de Marília; FRAP, Ferric Reducing Ability of Plasma; Hb,
hemoglobin; INCA, Instituto Nacional de Câncer; MDA, malondialdehyde; RT,
radiotherapy; RTOG, Radiation Therapy Oncology Group; SDS, sodium dodecyl
sulfate; TBA, thiobarbituric acid; TBARS, Thiobarbituric Acid Reactive Substances;
TCA, trichloroacetic acid.

Introduction
The cancer’s world prevalence has increased in recent years, largely
because of aging and the population growth, associated mainly with a
lifestyle influenced by some already known carcinogenic factors such
Artigo está licenciado sob forma de uma licença
Creative Commons Atribuição 4.0 Internacional.
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as smoking and sedentarism [1]. Worldwide, breast cancer is the most
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prevalent (24.2%) and the first leading cause of

leading the side effects of the treatment. One of

death among women, being the second leading

the most lethal radiation-induced modifications

cause of cancer death in both genders in Brazil.

to the cells occurs in consequence of the reaction

Moreover, it is estimated that in 2020 will be

of free radicals with DNA that leads breakdown

66280 new cases of breast cancer in Brazil [2,3].

of its double-strand [6, 8-13].

Radiotherapy (RT) has a pivotal role in the treat-

On the other hand, free radicals are also prod-

ment of breast cancers. In the meta-analysis named

ucts of the metabolism and have physiological

EBCTCG (Early Breast Cancer Trialist’s Collaborative

functions such as phagocytosis, blood pressure

Group), women underwent mastectomy and ax-

control, cell signaling and apoptosis. However, in

illary emptying (with one to three affected lymph

excess, they may cause cell damage by binding

nodes) that were treated with RT after surgery

to constituent macromolecules such as carbo-

showed a drastic reduction in locoregional recur-

hydrates, DNA, proteins and lipids. To keep under

rence rates and survival, either associated with

control the free radicals levels, there are anti-

chemotherapeutic treatment or not. According to

oxidant mechanisms in the body. Nevertheless,

this meta-analysis, RT is a fundamental part of the

when the production of free radicals exceeds

treatment to guarantee good results [4,5].

the capacity of the antioxidant defenses, it is

In our Department, the radiotherapy treatment is

established a pathophysiological condition called

all guided by computed tomography (CT) images.

oxidative stress that leads to cellular damage [14].

After the delimitation of both the tumor and the

The body’s antioxidant defenses can be di-

normal structures around it, the doses are planned

vided into enzymatic and non-enzymatic. The

through calculus software. However, even with

non-enzymatic defenses are due the presence

this technical planning, RT’s side effects cannot be

of substances such as uric acid, vitamin C and

discarded. Side effects produced by radiation are

albumin, that confer antioxidant properties to the

classified in acute and chronic. Acute side effects are

body’s fluids [15]. There are methods to evaluate

those that occur during treatment or up to 90 days

the “antioxidant potency” of these non-enzy-

after initiating it. One of the main acute side effects

matic defenses present in biological fluids. One

of breast cancer is radiodermatitis. This effect is

of these methods, FRAP (ferric reducing ability

triggered by ionizing radiation-induced intracellular

of plasma), is the determination of the plasma’s

alteration. These radiation-induced intracellular al-

ability to reduce the ferric ion (FeIII) to ferrous ion

terations are either direct or indirect, upon molecules

(FeII). Uric acid and vitamin C exert respectively

of deoxyribonucleic acid (DNA) [6]. Actually, tissues

60% and 20% of the antioxidant capacity evalu-

have different levels of radiosensitivity [7].

ated by this method [14-16]. The FRAP provides

Radiation-induced direct effects, which corre-

more biologically relevant information than the

spond to a quarter of the damage produced in

isolated dosing of the substances that make it

cell macromolecules, occur through collision of

up. This method is considered inexpensive, the

the photon with the DNA molecule, what breaks

reagents are simple to prepare, the results are

its double-strand. Radiation-induced indirect ef-

highly reproducible and the procedure is simple

fects, responsible for most of the cellular damage,

and fast. For these reasons the FRAP has been

involves free radicals produced by the breakdown

increasingly used in research of oxidative stress

of hydrogen bonds of water molecule. Since water

and its effects [14]. However, this method has

represents about 80% of the intracellular environ-

some limitations because not every antioxidant

ment, the huge amount of free radicals that are

can reduce the ferric ion and not every substance

produced in consequence of radiation causes a

present in the plasma, capable of reducing the

redox imbalance in the cell. As a consequence of

ferric ion, is an antioxidant. In addition, FRAP mea-

this imbalance, it occurs cellular damage not only

sures only non-enzymatic antioxidant defenses

in the tumor but also in healthy tissues, thereby

[14, 16]. In parallel, there are also techniques for
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the quantification of oxidative stress. The body
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Radiotherapy procedure

undergoes oxidative stress generates high levels

RT was performed using the three-dimensional

of lipid peroxidation products, such as lipid hy-

(3D) technique, with a 6mV photons beam. All

droperoxide, malondialdehyde (MDA) and nitric

cases were submitted in the CT simulation, with

oxide metabolites. One of the most used technic

initial tumor volume evaluation. CT was acquired

of quantification of oxidative stress is the TBARS

with 3mm cuts, from the cricoid cartilage up to

(thiobarbituric acid reactive substances) [17, 18].

the L3 vertebra. In planning the breast was cir-

This method quantifies the concentration of MDA

cumvented, as well as the lymphatic drainage

in the medium by spectrophotometry [14, 16].

and organ at risk such as heart, lungs, esoph-

Finally, considering the presented arguments,

agus and thyroid. In cases of mastectomy, the

RT induces both therapeutic and side effects

delimitation of the volume of treatment was the

through the increment of intracellular free radicals.

plastron, according to the guideline of the RTOG

Moreover, there are antioxidant defenses in order

(Radiation Therapy Oncology Group). In order to

to keep under control the free radicals concentra-

facilitate the analysis of the adverse effects, the

tion in the body. Thus, the present study questions

doses of RT were stratified in: hypofractionated

whether non-enzymatic antioxidant defenses

dose, which corresponded to 42.5 Gy adminis-

present in the body can influence the adverse

tered over 16 sessions, and conventional dose,

effects of RT. The answer to this questioning may

having a maximum of 55 Gy administered over 30

be clinically useful because the ability to predict

sessions. Treatment verifications were performed

some possible predisposition to RT-induced side

through a digital film portal once a week.

effects could guide the medical decisions.

FRAP

Methods
Study type
Prospective cohort study, conducted at the
Department of Radiotherapy and Oncology, in
Faculdade de Medicina de Marília (FAMEMA).
The correlated variables were the antioxidant
defenses of the organism and the oxidative stress
generated in the radiotherapy treatment with the
presence or not of radiodermatitis. The period of
follow-up of the patients was from the beginning
of the radiotherapy treatment until the end.

Inclusion criteria
Patients with a diagnosis of breast cancer,
without previous RT treatment, including those
underwent adjuvant RT, with or without partial or
radical mastectomy. The study had no restrictions
of age, gender or ethnicity.

Exclusion criteria
Patients with a history of previous treatment
for any other neoplasia, renal failure, liver dysfunction and/or heart failure, as well as those
with metastatic disease.

For the determination of the antioxidant capacity
by FRAP, blood samples were harvested from each
patient at the beginning (T1), the middle (T2) and the
last day of treatment (T3), in heparinized tubes. Later, these blood samples were centrifuged at 3000
rpm for 10 minutes at a controlled temperature at
4°C. The plasma samples were then harvested and
stored at -80°C until the day of the FRAP assay.
The FRAP assay was performed through three
solutions: A (Acetate buffer: 300 mM, pH 3.6 and
40 mM HCl), B (TPTZ-2,4,6-tri [2-pyridyl]-s-triazine-10 mM) and C (ferric chloride hexahydrate
- FeCl 3 .6H 2 O - 20 mM), forming the working
reagent A + B + C in the ratio 10: 1: 1 (V/V). Samples
were added to the working reagent and read in a
spectrophotometer microplate reader at 593nm.
The FRAP concentrations were estimated by
interpolating the determined absorbances in the
samples with those determined in a standard
curve, that was prepared through the dilution of
ferrous sulfate (FeSO4) in distilled water, thereby
obtaining final concentrations 0, 31.25, 62.5, 125,
250, 500, 1000 μmol/L.
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Plasma constituents that determine FRAP

and 200 μl of the supernatant was transferred to

In the present study, it was also necessary to

a microplate where it was read in a spectropho-

know the plasma concentrations of uric acid,

tometer at 532 nm. The TBARS concentrations

vitamin C, albumin and hemoglobin, since these

were estimated by interpolating the determined

constituents that determine the FRAP values. Plas-

absorbances in the samples with those deter-

ma levels of uric acid, albumin and hemoglobin

mined in a standard curve, that was prepared

were obtained from the routine hospital service.

through the dilution of a mother solution of 1,1,3

Plasma concentrations of vitamin C were deter-

tetraethoxypropane (in ethanol - 0.42%) in distilled

mined in samples from these patients, in parallel to

water, thereby obtaining final concentrations 0,

FRAP. For this analysis, 200 μl of plasma were placed

0.625,1.25, 2.5, 5.0, 10.0, 50.0, 100.0 μmol/L.

in tubes containing 800 μl of 5% trichloroacetic acid
(TCA) and allowed to stand in an ice bath for five
minutes. This acidified plasma was then centrifuged
for 10 minutes at 2500 rpm. In the sequence, 300 μl
of the collected supernatant were added to 100 μl
of color reagent [dinitrophenylhydrazine-DNPH 2%,
thiourea 5% and copper sulfate pentahydrate (0.78
g dissolved in 40 ml of 25% H2SO4) in the ratio of
20:1:1]. In parallel, a tube containing 300 μl of distilled
water and 100 μl of 65% sulfuric acid (H2SO4) was
prepared (white tube). The reaction was incubated
at 37 °C for four hours sheltered from light, followed
by a 15 minute ice bath. At the end of the ice bath,
485 ul of 65% H2SO4 was added. After 20 minutes
at room temperature and sheltered from light, the
spectrophotometric reading was carried out at 520
nm. The vitamin C concentrations were estimated
by interpolating the determined absorbances in
the samples with those determined in a standard
curve obtained with ascorbic acid diluted in 5%
metaphosphoric acid at concentrations 0, 0.25, 0.5,
1.0, 2.0, 3.0 and 4.0 mg/dl.

TBARS
The oxidative stress was measured in the

Radiodermatitis assessment
During RT treatment, the nursing team performed evaluations in order to detect side effects
(radiodermatitis) and their degrees. All patients
underwent at least three evaluations by the
nursing team during treatment to detect radiodermatitis and its degrees. The radiodermatitis
grading was guided by the CTCAE 4.03 (Medical
Dictionary for regulatory Activities; MedDRA v12.0
Code 10061103, Dermatitis radiation) [20]:
• Grade one: Faint erythema or dry desquamation;
• Grade two: Moderate to brisk erythema; patchy moist desquamation, mostly confined
to skin folds and creases; moderate edema;
• Grade three: Moist desquamation in areas
other than skin folds and creases; bleeding
induced by minor trauma or abrasion;
• Grade four: Life-threatening consequences;
skin necrosis or ulceration of full-thickness
dermis; spontaneous bleeding from involved site; skin graft indicated.

Systematics of data collection

plasma samples by the quantification of the end

After identifying the cases eligible for the study

products of lipid peroxidation through the TBARS

and application of the informed consent form, the

technique [19]. For this analysis, 100 μL of plasma

following data were collected: age, gender, ethnicity,

sample was added to 10 μL of butyl toluene (BHT)

initial and final body weight, tumor stage, pathology,

and then to a solution containing 100 μl of 10%

smoking habit, presence of associated comorbidi-

sodium dodecyl sulfate (SDS), 300 μl of distilled

ties, as well as the use of symptomatic medications

water, 750 μl of 20% acetic acid and 750 μl of

(analgesics/opioids) and the occurrence of radi-

thiobarbituric acid (TBA). This solution was incu-

odermatitis during treatment. In addition, plasma

bated in a water bath at 90-100 °C for 60 minutes

samples were obtained at the beginning (T1), in the

and then placed in an ice bath for 15 minutes to

half (T2) and at the end (T3) of the RT treatment for

terminate the reaction. Finally, this solution was

the quantification of TBARS, FRAP, as well as the

centrifuged at 3000 rpm for 10 minutes at 4 °C

plasma constituents that determine FRAP (Figure 1).
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Figure 1 – Steps in the data collection procedure of the research

Statistical analysis

of grade two radiodermatitis was verified by Fish-

Statistical analysis was performed using IBM

er’s exact test. The intragroup paired analysis for

SPSS Statistics 20. Primarily, two-tailed tests were

comparison of continuous variables was done by

employed to confirm or refute the hypothesis that

paired t test and Wilcoxon when necessary, being

patients with overexpression of antioxidant de-

considered as significant values when p <0.05.

fenses have less RT-induced radiodermatitis and,
at the same time, patients with elevated oxidative

Results

stress have more RT-induced radiodermatitis than

In the present study, 41 female patients with

the others. The tests were defined according to

breast cancer were included, with a mean age

the levels of expression and response, in the

of 57.5±11.2 years. The 41 patients were followed

course and final analyzes, respecting the princi-

for at least 16 and a maximum of 30 radiotherapy

ples of event distributions, comparison between

sessions, with an average of 21 sessions. The most

the groups and types of variables to be compared.

prevalent ethnicity was white, with 30 (73.2%) pa-

The descriptive statistics for the qualitative vari-

tients. Most patients were non-smokers, also 30

ables was performed through proportions. For the

(73.2%), 37 (90.2%) patients did not use non-opioid

continuous variables, the means were calculated,

analgesics and 41(100%) did not use opioids either

as well as the standard deviations. The Mann-Whit-

before or during radiotherapy. The most prevalent

ney test was used to evaluate the differences

histological type was infiltrating ductal carcino-

between the means of the continuous variable

ma, with 30 out of the 41 patients (73.2%). These

distributions between the groups that developed

patients weighed on average 77.7±16.5 kg at the

radiodermatitis and the group without radioder-

beginning of the treatment. This body weight did

matitis. In parallel, the relationship between age or

not change significantly during treatment, since

radiotherapy dose regimen with the development

the mean weight at the end was 77.3±16.5 kg.
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In the present study, it was also observed that

The data obtained in the present study showed

the majority of the patients, 25 (60.9%) patients

that there were no significant differences in the

followed up presented radiodermatitis during

values of
 FRAP, vitamin C, uric acid, albumin and

treatment, of which 15 (36.5%) presented grade

Hb, among the plasma samples obtained from

one and 10 (24.4%) grade two, but none of them

the patients at the beginning and in the middle

presented a grade higher than two.

of the RT treatment. However, the value of FRAP,

The RT doses used in these patients varied

but not of vitamin C, uric acid, albumin and Hb,

around 46.9±5.7 Gy. The occurrence of grade

were significantly higher at the end of the RT

two radiodermatitis was more frequent in pa-

treatment, when compared to the values obtained


tients submitted to RT by conventional doses,

at the beginning. These FRAP values, obtained

8 patients, compared to those submitted to RT

at the end of treatment, were also significantly

by hypofractionated doses, 2 patients; (80% X

higher than those obtained in the middle of the

20%; p = 0.008). On the other hand, there was no

treatment. In addition, significantly higher values

significant difference in the occurrence of grade

of albumin were observed in the middle of the

two radiodermatitis among patients ≤ 60 years

treatment, in comparison to the end (Table 1).

and those > 60 years (60% x 40%; p > 0.05).
TABLE 1 – Non-enzymatic antioxidant defenses evaluated during the course of treatment.
T1

T2

T3

FRAP (μmol/L)

1049.5±171.2
(41)

1070.6±219.2
(40)

1130.3±217.3
(38)*†

Vitamin C (mg/dL)

2.5±0.9
(34)

2.5±1.1
(36)

2.4±0.9
(33)

Uric Acid (mg/dL)

5.2±1.2
(40)

5.0±1.2
(40)

5.0±1.2
(37)

Albumin (g/dL)

3.9±0.1
(40)

3.9±0.2
(40)

3.9±0.2
(37)*

Hemoglobin (g/dL)

12.2±1.0
(41)

12.7±0.8
(40)

12.8±0.7
(38)

FRAP, ferric reducing ability of plasma; T1, Baseline; T2, Middle; T3, End. Values expressed as mean±standard
deviation, in parentheses, sample numbers. * p<0,05 in T2 to T3 / † p<0,05 in T1 to T3

The data obtained in the present study show

nificant differences in FRAP, vitamin C, uric acid,

that the values of FRAP, as well as vitamin C, uric

albumin and Hb, determined at the baseline, mid-

acid, albumin and Hb, determined in the patients at

dle and the end of RT treatment among patients

the beginning, middle and end of the RT treatment

with grade two radiodermatitis, in relation to the

did not differ between patients who developed

others followed in the study (Table 3).

and those who did not develop radiodermatitis
of any degree (Table 2). There were also no sig-
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TABLE 2 – Non-Enzymatic antioxidant defenses and the development of radiodermatitis during the
course of treatment.
T1

T2

T3

FRAP (μmol/L)
Patients with radiodermatitis

1068.2±160.8 (25)

1095.2±202.2 (24)

1159.6±173.6 (22)

Patients without radiodermatitis

1020.3±188.0 (16)

1033.7±245.0 (16)

1090.0±266.8 (16)

Patients with radiodermatitis

2.3±0.8 (20)

2.4±1.1 (20)

2.4±0.9 (20)

Patients without radiodermatitis

2.3±0.9 (14)

3.0±1.1 (16)

2.6±0.1 (13)

Patients with radiodermatitis

5.2±1.4 (24)

5.0±1.3 (24)

5.1±1.3 (21)

Patients without radiodermatitis

4.8±1.1 (16)

5.0±1.2 (16)

5.1±1.1 (16)

Patients with radiodermatitis

3.9±0.2 (24)

3.9±0.2 (24)

3.8±0.2 (20)

Patients without radiodermatitis

3.9±0.2 (16)

3.9±0.2 (16)

3.8±0.3 (16)

Patients with radiodermatitis

12.2±1.2 (25)

12.5±1.4 (24)

12.3±1.3 (22)

Patients without radiodermatitis

12.8±1.1 (16)

12.9±0.9 (16)

12.8±1.1(16)

Vitamin C (mg/dL)

Uric Acid (mg/dL)

Albumin (g/dL)

Hemoglobin (g/dL)

FRAP, ferric reducing ability of plasma; T1, Baseline; T2, Middle; T3; End. Values expressed

as mean±standard
deviation, in parentheses, sample numbers. No statistically significant differences were found.

TABLE 3– Non-enzymatic antioxidant defenses and the development of grade two radiodermatitis
during the course of treatment.
VARIABLE
Groups

T1

T2

T3

FRAP (μmol/L)
Patients with radiodermatitis grade 2

1135.0±216.3 (10)

1152.5±216.0 (10)

1191.6±172.6 (10)

Other patients

1022.0±147.8 (31)

1043.4±217.1 (30)

1090.0±229.9 (28)

Patients with radiodermatitis grade 2

2.3±0.8 (09)

2.3±1.0 (09)

2.0±0.9 (08)

Other patients

2.6±0.9 (25)

2.7±1.2 (27)

2.6±0.9 (25)

Patients with radiodermatitis grade 2

5.9±1.9 (10)

5.6±1.5 (10)

5.6±1.7 (10)

Other patients

4.8±0.9 (30)

4.8±1.1 (30)

4.9±1.0 (27)

Patients with radiodermatitis grade 2

3.9±0.1 (10)

3.9±0.3 (10)

3.8±0.3 (10)

Other patients

3.9±0.2 (30)

3.9±0.2 (30)

3.8±0.2 (26)

Patients with radiodermatitis grade 2

12.4±1.3 (10)

12.4±1.7 (10)

12.1±1.6 (10)

Other patients

12.4±1.2 (31)

12.7±1.1 (31)

12.6±1.0 (28)

Vitamin C (mg/dL)

Uric Acid (mg/dL)

Albumin (g/dL)

Hemoglobin (g/dL)

FRAP, ferric reducing ability of plasma; T1, Baseline; T2, Middle; T3; End. Values expressed

as mean±standard
deviation, in parentheses, sample numbers. No statistically significant differences were found.
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In the present study, there were no significant

also did not differ significantly in patients who

differences in the TBARS values between

the sam-

presented radiodermatitis in relation to those who

ples collected from the patients at the beginning

did not. There were also no differences in TBARS,

(8.80±5.86, n = 35), middle (7.56 ± 4.01, n = 37) and

determined along the RT treatment, among pa-

at the end (7.49±3.52; n = 36) of the RT treatment.

tients who developed grade two radiodermatitis

The values of
 TBARS, obtained at the beginning,

compared to the others (Table 4).

in the middle and at the end of the RT treatment,
TABLE 4 – TBARS values (μmol/L) and radiodermatitis during the course of treatment
T1

T2

T3

Any grade of radiodermatitis
Patients with radiodermatitis

8.0±4.5 (23)

7.8±3.7 (22)

7.4±3.3 (21)

Other patients

10.5±7.7 (12)

7.1±4.5 (15)

7.4±4.0 (15)

Patients with radiodermatitis grade 2

8.6±4.8 (08)

7.8±2.8 (09)

7.8±3.4 (09)

Other patients

8.9±6.2 (27)

7.4±4.4 (28)

7.3±3.6 (27)

Radiodermatitis grade two

TBARS, thiobarbituric acid reactive substances; T1, Beginning; T2, Middle; T3, End. Values expressed

as mean±standard deviation, in parentheses, sample numbers. No statistically significant differences were found.

Finally, the values of TBARS, as well as FRAP

or at the end of treatment (Table 5). There was

and the components of FRAP (Vitamin C, Uric Acid,

also no statistical difference in these parameters,

Albumin and Hb) did not differ between patients

determined at the beginning, middle or at the end

undergoing hypofractionated doses of RT, com-

of treatment, among patients with ages greater

pared to conventional, both at beginning, middle

than and less than 60 years (Table 6).

TABLE 5 – Values of TBARS, FRAP and substances that determine FRAP in patients submitted to different radiotherapy doses.
T1

T2

T3

TBARS
Conventional

7.0±3.7 (14)

8.8±4.3 (14)

7.6±3.3 (13)

Hypofractioned

10.1±6.7 (21)

6.7±3.7 (23)

7.3±3.7 (23)

Conventional

1105.1±166.0 (17)

1110.8±189.2 (16)

1162.8±190.3 (14)

Hypofractioned

1010.2±167.1 (24)

1043.9±237.5 (24)

1111.4±233.3 (24)

Conventional

2.6±1.0 (15)

2.3±1.3 (12)

2.6±1.1 (12)

Hypofractioned

2.4±0.8 (19)

2.8±1.0 (24)

2.3±0.9 (21)

Conventional

5.6±1.4 (16)

5.4±1.2 (16)

5.3±1.4 (14)

Hypofractioned

4.7±1.1 (24)

4.7±1.2 (24)

5.0±1.1 (23)

FRAP (μmol/L)

Vitamin C (mg/dL)

Uric Acid (mg/dL)
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T1

T2
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T3

Albumin (g/dL)
Conventional

3.9±0.2 (16)

3.9±0.2 (16)

3.8±0.3 (13)

Hypofractioned

3.9±0.2 (24)

3.9±0.1 (24)

3.8±0.2 (23)

Conventional

12.0±1.2 (17)

12.3±1.5 (16)

12.1±1.5(14)

Hypofractioned

12.7±1.1 (24)

12.8±1.0 (24)

12.7±1.0(24)

Hemoglobin (g/dL)

FRAP, ferric reducing ability of plasma; T1, Beginning; T2, Middle; T3, End; TBARS: thiobarbituric acid reactive
substances. Values expressed as mean±standard deviation, in parentheses, sample numbers. No statistically
significant differences were found.

TABLE 6– Values of TBARS, FRAP and substances that determine FRAP in different age range
Age

T1

T2

T3

TBARS
≤ 60

7.2±4.6 (19)

8.3±3.5 (18)

7.2±3.1 (17)

> 60

10.8±6.7 (16)

6.8±4.4 (19)

7.5±4.0 (19)

≤ 60

1025.1±192.5 (21)

1025.6±206.2 (20)

1106.7±215.8 (18)

> 60

1075.3±146.2 (20)

1115.7±228.0 (20)

1151.7±221.9 (20)

≤ 60

2.8±0.9 (18)

2.3±1.2 (19)

2.5±1.0 (16)

> 60

2.2±0.7 (16)

3.0±0.9 (17)

2.4±1.0 (17)

≤ 60

5.1±1.49 (20)

4.9±1.3 (20)

4.9±1.4 (18)

> 60

5.0±1.1 (20)

5.1±1.2 (20)

5.3±1.1 (19)

≤ 60

3.9±0.1 (20)

3.9±0.2 (20)

3.8±0.2 (17)

> 60

3.8±0.2 (20)

3.9±0.2 (20)

3.8±0.2 (19)

≤ 60

12.4±0.9 (21)

12.7±1.2 (20)

12.5±1.2 (18)

> 60

12.5±1.4 (20)

12.6±1.4 (20)

12.5±1.2 (20)

FRAP (μmol/L)

Vitamin C (mg/dL)

Uric Acid (mg/dL)

Albumin (g/dL)

Hemoglobin (g/dL)

FRAP, ferric reducing ability of plasma; T1, Baseline; T2, Middle; T3, End; TBARS: thiobarbituric acid reactive
substances. Values expressed as mean ± standard deviation, in parentheses, sample numbers. No statistically
significant differences were found.

DISCUSSION

cancer is an uncommon disease, accounting for

Recent data reported by Instituto Nacional

about 1% of all breast cancers [2,21]. This lower

de Câncer show that breast cancer is one of the

incidence of breast cancer in men justifies the fact

most prevalent type of cancer in Brazil, affecting

that, in the present study, the studied population

mainly women. On the other hand, the male breast

being constituted only by women. In this way, in

10/14

Scientia Medica Porto Alegre, v. 30, p. 1-14, jan.-dez. 2020 | e-35844

the present study, it was decided to investigate

tumors is RT. This modality of treatment, is funda-

women affected by this type of tumor due to its

mental to increase the survival of these patients

epidemiological importance and its high prev-

[4, 5]. However, although considered less invasive,

alence. The most prevalent histological type of

the RT is not free of adverse effects. It is known

breast cancer is ductal carcinoma, either infil-

that approximately 90% of women submitted to

trating or in situ type [22]. Coincidentally, in the

RT for breast cancer have skin changes during

present study, these histological types comprised

treatment [31]. This is the reason why we decide to

85,4% of the sample. In situ ductal carcinoma is

study patients affected by this type of cancer. In the

the early stage breast cancer, which usually has

present study, 60.9% of the followed up patients

no capacity to develop metastasis. On the other

developed radiodermatitis during treatment, an

hand, infiltrating ductal carcinoma may develop

incidence slightly lower than the reported by the

metastasis and is the most common type of breast

literature [32]. Nevertheless, radiodermatitis is still

cancer, with almost 70 to 80% of all cases [23, 24].

the main collateral effect among these patients.

It has been questioned whether smoking is a

Thus, approaches aiming to minimize this side

risk factor for breast cancer. Some recent evidence

effect is of great therapeutic interest. In the present

still not suggest that smoking increases the risk of

study, the incidence of radiodermatitis in patients

this type of cancer [25, 26]. In the present study,

submitted to RT with hypofractionated doses was

the majority of the followed patients (73.2%) were

compared to the incidence in those submitted to

nonsmokers. However, it is important to emphasize

RT with conventional doses. The hypofractionated

that smoking is the greatest avoidable risk factor

dose protocol delivers a dose greater than 2 Gy

for illness and death in the world. It is related to

per fraction, which corresponds to the total appli-

various types of cancer (lung, oral cavity, larynx,

cation of the day. It differs from the conventional

pharynx, esophagus, stomach, pancreas, liver,

dose protocol, which delivers at most 1.8 to 2.0 Gy

kidney, bladder, cervix and leukemia), accounting

per fraction. However, although the daily dose is

for about 30% of cancer deaths. The main cancer

higher in the RT with hypofractionated doses, the

associated with smoking is lung cancer, since

overall dose of the treatment is lower [33].

smokers are up to 20 times more likely to have

According to the literature, hypofractionated

this type of cancer [27]. Thus, despite the data of

doses reduces the toxicity of RT treatment. In

the present study, it should be emphasized that

addition, RT with hypofractionated doses reduces

there is no safe limit for tobacco use.

the number of sessions and, consequently, re-

In the present study, few patients needed an-

duces either the health professional’s hours of

algesics during the treatment and none needed

work or the patient’s displacements, being more

opioids. In fact, according to the literature, the

convenient for the patient and less costly to the

incidence of painful symptoms in patients with

health system [33-36]. However, in the choice of

breast cancer is rare and the use of analgesics

the type of treatment, such advantages should

is generally unnecessary [28]. In addition, the

be only considered as a bonus, since the main

followed patients did not have significant body

purpose must always be the therapeutic benefit.

mass changes along the treatment. This suggests

Notably, studies that compare RT with hypofrac-

that there were not RT-induced modifications

tionated and conventional doses report divergent

of the body composition in these patients. This

results, but do not evidence different toxicity

observation facilitated the interpretation of the

among these modality of treatment. Thus, it can

presented data since it is known that the profile of

be argued that logistical advantages are sufficient

lipid peroxidation can be modified depending on

to justify the choice of RT [33, 36].

the body mass index. Actually, it has been reported

The employed three-dimensional (3D)-RT with

that the increase in body mass is directly pro-

hypofractionated doses permits lower doses of

portional to the lipid peroxidation profile [29, 30].

radiation in normal tissue, thereby reducing the

One of the most used treatments for breast

toxicity of the treatment [34]. In fact, in the present
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study, RT with hypofractionated doses caused less

cause it suggests that there was no consumption

grade two radiodermatitis compared to RT with

of FRAP-related antioxidant defenses along the RT

conventional doses. These data are in agreement

treatment. Another interesting point to note is that

with a randomized study, in which it was observed

this increment was not accompanied by significant

that RT with hypofractionated doses produce less

increases in concentrations of uric acid, vitamin C

acute toxicity and less fatigue to the patients in

and albumin, substances that confer antioxidant

comparison to RT with conventional doses, facilitat-

power on plasma and have a direct influence on

ing thus the performance of their daily activities [37].

FRAP [14, 15]. Curiously, it was observed a small

Radiodermatitis is a result of the aggression im-

elevation of albumin plasma concentration during

posed by radiation on the skin tissues. The effects of

the RT treatment, that returned at the normal

radiation are mainly caused by the water radiolysis,

level the end of the protocol. This elevation of

generating highly reactive free radicals, which in

albumin does not seem to be clearly related to

excess cause oxidative stress in both tumor and

the behavior of FRAP. Thus, these data suggest

healthy tissues [9-12]. All cellular components are

the participation of other plasma constituents,

susceptible of lipid peroxidation, in consequence

besides those mentioned, in the elevation of

of this elevation of free radicals, but the cell mem-

the antioxidant power of the plasma harvested

branes are one of the most affected. This process

of these patients at the end of the RT treatment,

leads to entails loss of cell membranes selectiv-

although it is known that uric acid and vitamin C

ity for ionic exchanges, thus releasing hydrolytic

exert around of 60% and 20%, respectively, of the

enzymes from lysosomes and forming cytotoxic

antioxidant capacity evaluated by FRAP [14-16].

products [38, 39]. These indirect effects of radiation,

The immediate consequence of RT-induced

which occur through water radiolysis, correspond

oxidative stress on tissues is the lipid peroxidation,

to approximately 75% of the injuries caused by RT

that occurs in many cellular structures as well as in

on both healthy and tumor tissues.

biological fluids. Among the products generated by

Since the occurrence of radiodermatitis dif-

the lipid peroxidation, MDA, that reacts with TBA,

fers among the patients submitted to RT, we

is one of the most important. Thus, elevations of

were interested in a better understanding of the

TBARS mean higher production of MDA which, in

physiological mechanisms by which the tissues

turn, denotes a greater degree of oxidative stress.

protect themselves from radiation-induced oxi-

In the present study, no significant modifications

dative stress. In fact, the present study is based

of TBARS were observed along the RT treatment.

on the hypothesis that the antioxidant defenses

This suggests that the systemic redox balance

present in the body of the followed patients

was maintained in these patients, despite the RT

could attenuate or prevent the RT-induced ra-

effects. These data, however, require a careful

diodermatitis. The non-enzymatic antioxidant

analysis because several studies suggest that

defenses, specifically, are a result of the pres-

radiation increases the oxidative stress in different

ence of several constituents in biological fluids,

tissues [11, 12]. What it can be stated is that, at least

among them uric acid, vitamin C and albumin

in these patients, the local oxidative stress did not

[15]. Because they can be evaluated through

lead to a systemic redox imbalance that could be

simple and inexpensive biochemical analyzes

detected by significant increases in TBARS. These

and, mainly, because they are physiologically

data, perhaps, can justify the absence of systemic

important, non-enzymatic antioxidant defenses

consequences of RT treatment were observed,

were the focus of the present study.

such as weight loss or worsening of patient general

The obtained data demonstrated an increment

condition throughout the treatment. This reinforc-

of FRAP at the end of treatment, compared to the

es an already well-established concept that the

values obtained at the beginning and in the middle

effects of radiotherapy are local, occurring in both

of the protocol. This observation is intriguing be-

tumor and adjacent tissues. In the present study,
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we also evaluated lipid peroxidation in patients
younger than 60 years, separately from those
older than 60 years. This is because, as we know,
aging is a condition characterized by an increase
in oxidative stress [40, 41]. However, in any of the
age ranges we do not observe any significant
modification of TBARS.
Finally, the central objective of the present
study was to verify if the degree of oxidative stress
and the antioxidant power determined by the
FRAP in the plasma of patients with breast cancer
submitted to RT differ among those who present
radiodermatitis during treatment. If differences
were observed, the determination of TBARS and/
or FRAP in the plasma of patients submitted to RT
could predict the risk of occurrence of radiodermatitis or even assist in determining the severity
of this important side effect. Indeed, these simple
and inexpensive plasma analysis could be used
as important allies in therapeutic decision-making
for the treatment of tumors. However, the presented data do not show significant modifications of
TBARS, or even FRAP, in patients who developed
radiodermatitis. These changes were not observed
even in the patients who presented more intense
radiodermatitis, such as grade two radiodermatitis. The present study does not rule out possible
relationship between oxidative stress and the
occurrence of radiodermatitis. Nor does it rule out
the existence of a relationship between occurrence
or severity of radiodermatitis and efficiency of the
antioxidant defenses. However, for these possible
relationships to be verified, other experimental
approaches through other analytical techniques,
perhaps more invasive, should be performed.
In the present study, it was observed that
the power of antioxidant defenses assessed by
FRAP in plasma increases along the RT treatment
to which breast cancer patients are submitted.
This elevation, however, was not accompanied
by significant changes of the oxidative stress in
the plasma of these patients. In addition, in the
present study, there were no changes in the
values of TBARS and/or FRAP among patients
who developed radiodermatitis.
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