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Abstract
Introduction: Several adverse effects of radiotherapy
have been associated with the process of increased oxidative stress in the organism. In this context, vitamin A
noteworthy for its important role in combating oxidative
stress, in addition to its chemoprotective effect.
Objective: To assess the serum levels of vitamin A
(retinol and β-carotene) and their relationship to breast
cancer staging in patients before and after radiotherapy.
Methods: This is a prospective study of women with
breast cancer who were evaluated from October 2011 to
September 2012 before (T0) and after radiotherapy (T1-7
days). Serum retinol and β-carotene levels were analyzed
using High Performance Liquid Chromatography. The
assignment of breast cancer stages was based on the classification of malignant tumors that has been proposed by
the International Union Against Cancer.
Results: 230 patients (mean age 63.6 years, SD ± 9.38)
were evaluated. There was a significant reduction in the
serum retinol (45.1 ± 18.2 µg/dL at T0 to 27.1 ± 11.7 µg/dL
at T1, p < 0.001) and β-carotene (209.0 ± 153.6 µg/L at T0
to 47.7 ± 25.5 µg/L at T1, p < 0.001). There was also a
significant difference in serum retinol (p < 0.001) and βcarotene (p = 0.003) levels based on the disease stage.
Conclusions: It is recommended the early establishment of adequation serum concentrations of retinol and
beta-carotene, offering nutritional assistance for those
patients with deficiencies, in order to minimize the
harmful effects of radiation.
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LA RELACIÓN ENTRE LA CONCENTRACIÓN
DE VITAMINA A Y ESTADIFICACIÓN DEL
CÁNCER DE MAMA ANTES Y DESPUÉS DE LA
RADIOTERAPIA
Resumen
Introducción: Varios efectos adversos de la radioterapia se han asociado con el proceso de aumento de estrés
oxidativo en el organismo. En este contexto, la vitamina A
se destaca por su papel importante en la lucha contra el
estrés oxidativo, además de su efecto quimioprotector.
Objetivo: Evaluar los niveles séricos de la vitamina A
(retinol y β-caroteno) y su relación con la estadificación
del cáncer de mama en pacientes antes y después de la
radioterapia.
Métodos: Se realizó un estudio prospectivo de mujeres
con cáncer de mama que fueron evaluadas desde octubre
2011 a septiembre 2012 antes (T0) y después de la radioterapia (T1-7 días). Retinol sérico y los niveles de β-caroteno se analizaron mediante cromatografía líquida de alto
rendimiento. La asignación de las etapas del cáncer de
mama se basa en la clasificación de los tumores malignos
que se han propuesto por la Unión Internacional contra el
Cáncer.
Resultados: 230 pacientes (edad media de 63,6 años, SD
+ 9,38) fueron evaluados. Hubo una reducción significativa en el retinol sérico (45.1 ± 18.2 µg/dL en T0 a 27.1 ±
11.7 µg/dL en T1, p < 0.001) y β-caroteno (209.0 ± 153.6
µg/L en T0 a 47.7 ± 25.5 µg/L en T1, p < 0.001). También
hubo una diferencia significativa en el retinol sérico (p <
0,001) y los niveles de β-caroteno (p = 0,003) sobre la base
de la etapa de la enfermedad.
Conclusiones: Se recomienda el pronto establecimiento
de la adecuación de las concentraciones séricas de retinol
y beta-caroteno, ofreciendo asistencia nutricional para
los pacientes con deficiencias, con el fin de minimizar los
efectos nocivos de la radiación.
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Methods

Introduction
Breast cancer affects more women worldwide than
any other cancer, both in developing and developed
countries. Approximately 1.4 million new cancer cases
were expected in 2008 worldwide, representing 23% of
all cancers.1 In 2013, it was projected that Brazil will
have 52,680 new breast cancer cases, with an estimated
incidence of 52 cases per 100,000 women.2.
Several adverse effects of radiotherapy have been
associated with cellular oxidation processes in the
human body;3 these processes reduce antioxidant levels
in tissue4 and threaten the integrity and survival of
normal neighboring cells.
The primary focus of radiotherapy is to increase
DNA damage in tumor cells because double-strand
breaks can lead to cell death. Another course of action
is to alter cellular homeostasis by modifying the signal
transduction pathways, the redox state and the cell’s
disposition to apoptosis. These cellular changes would
ideally increase the death of tumor cells while reducing
the likelihood of normal cell death. Cellular radiation
damage occurs by direct DNA ionization as well as the
ionization of other cellular targets. It is also indirectly
accomplished by reactive oxygen species. Exposure to
ionizing radiation produces oxygen-derived free radicals within the tissue environment; these species
include hydroxyl radicals (the most damaging), superoxide anion radicals and other oxidants, such as
hydrogen peroxide. Additional destructive radicals are
formed through various chemical interactions. The
concentration of intracellular oxygen determines the
extent of DNA damage by X-rays and gamma rays.5
It has long been known that own cancer treatment,
like radiotherapy, can cause malnutrition and vitamin
deficiency. It seems unacceptable that, in the 21st
century, cancer patients should still suffer from such
deprivations. Under these circumstances, many nutritionists believe that the intake of enriched antioxidant
food will restore this biochemical deficiency.
However, enhanced food intake alone is not enough.
Therefore, antioxidants, in the form of oral or i.v.
supplementation, may be required to remedy patient’s
depleted nutritional status.6
In this context, vitamin A deserves special attention
for its important role in combating oxidative stress7 and
for its potential chemoprotective effect.8,9
The literature has noted a relationship between vitamin
A and cancer therapy because of the vitamin’s antioxidant role. Vitamin A is also involved in improving blood
flow and in normal tissue oxygenation, which makes
tumors more susceptible to radiation, beyond, can reduce
the severity of treatment adverse effects.9,10,11,12 However,
this benefit is still controversial and few prospective
studies address these effects.
In this vein, our study aims to evaluate the serum
concentrations of vitamin A (retinol and β-carotene)
and their relationship with breast cancer staging before
and after radiotherapy.

Vitamin A and breast cancer

This is a prospective longitudinal study of breast
cancer patients, who were treated with adjuvant radiotherapy in a private clinic from October 2011 to
September 2012.
This research was approved by the research ethics
committee local and all of the participants signed
informed consent forms.
The following inclusion criteria were used: adult
women (aged ≥ 20 years) who were diagnosed with
breast cancer (TNM stage I-III, without metastases)
that was confirmed by histopathological reports and
indication of external beam radiotherapy after conservative surgery.
Patients who were suffering from malabsorption
syndromes, acute or chronic infections, kidney
diseases, liver diseases or diabetes mellitus, and those
who had taken medication or vitamin supplements
containing vitamin A over the previous six months
were excluded from the study as were the patients who
did not undergo periodic clinical control after treatment and died from unrelated causes.
This study comprised 230 patients who were evaluated before (T0) and after radiotherapy (T1-7 days).
For the biochemical analysis, a specific tube sample
of about 20 mL was collected, after, at least, 8 hours
fasting. The samples were immediately sent properly
protected of oxidation and ultraviolet radiation to
Laboratory, in order to be analyzed.
High performance liquid chromatography (HPLC)
was used to determine the serum retinol and β-carotene
levels. We adopted the cutoff points of < 30 µg/dL for
inadequate serum retinol levels and < 50 µg/L for inadequate serum β-carotene levels.
Age, clinical stage and body mass index (BMI) were
recorded for each patient. The BMI was assessed through
the relation between weight (kg) and height (m) to the
square. The weight was measured by using an electronic
scale platform type (Welmy). The height was measured
by using a stadiometer, with the individual standing,
barefoot, ankles aligned and touching each other, back
straight and stretched arms touching the body.13
Breast cancer staging assignments were based on the
International Union Against Cancer classification of
malignant tumors,14 according to the characteristics of
the primary tumor, lymph node, lymphatic drainage
chains of the organ in which the tumor is located, and
the presence or absence of distant metastases.
Radiotherapy was performed through teletherapy,
using 6mV linear accelerator, by radiooncologist. The
clinical target volumes (CTV) that were designed for
radiotherapy treatments included the whole breast and
homolateral axillary lymph nodes. The breast limits
were defined as the area medial to the lateral edge of
the sternum, inferior to the inframammary fold, superior to the inferior edge of the medial head of the clavicle and lateral to include all apparent breast tissue. The
planning target volume (PTV) was defined as the CTV
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Table I
Serum levels and percentage of inadequacy of retinol
and β-carotene before and after radiotherapy
Variables
Retinol (µg/dL)
Percentage of inadequacy (%)
β-carotene (µg/L)
Percentage of inadequacy (%)

T0
Mean ± SD

T1
Mean ± SD

45.1 ± 18.2
17,8
209.0 ± 153.6
16

27.1 ± 11.7
70,4
47.7 ± 25.5
63,4

p value

Stage

Retinol (μg/dL)
Mean ± SD

β-carotene (mg/dL)
Mean ± SD

< 0.001

I
II
III
p value

48.3 ± 20.7
47.4 ± 17.1
29.8 ± 6.2
< 0.001

186.8 ± 163.0
236.0 ± 159.6
145.2 ± 55.0
0.003

< 0.001

plus a 3-mm margin, with the exception of the skin
area. The patients were treated postoperatively with a
radiation dose that was prescribed for the PTV, which
was equal to 50 Gy/25 fr/5 weeks of external beam
radiation using four oblique tangent breast fields,
followed by a single directed field that was restricted to
the tumor bed and delivered at 10 Gy/5 fr/1 week.
During the data analysis, the quantitative variables
were expressed as a mean and standard deviation, and
the qualitative variables were shown as percentages.
The Kolmogorov-Smirnov test was used to test the
normality of continuous variables. The Mann-Whitney
U-test was used to compare two groups, and the
Friedman test was used for three groups. The chisquared test was employed to assess the association
between categorical variables. The level of significance adopted was 5% (p < 0.05). The analyses were
performed with Statistical Package for the Social
Sciences (SPSS) program version 15.0.
Results
The sample group comprised 230 patients with a mean
age of 63.6 ± 9.3 years. Mean BMI was 27.9 ± 4.2 kg/m2
at T0 and 27.4 ± 3.9 kg/m2 at T1, there wasn’t significant
difference before and after radiotherapy (p = 0.109).
There was a significant reduction in retinol and βcarotene serum levels after radiotherapy (table I).
The percentage of vitamin A (in terms of retinol and
β-carotene) deficiency at T0 was 17.8% (n = 41) and
16% (n = 37), respectively. After radiotherapy, there
was a significant increase in the percentage of deficiency for both retinol of 70.4% (n = 162) and βcarotene of 63.4% (n = 146) (table I).
During the analysis of cancer staging, a significant
difference in the levels of serum retinol (p < 0.001) and βcarotene (p = 0.003) was observed based on the disease
stage. The retinol levels were significantly lower in the
women who had stage III cancer compared with those
who were at stage I (p = 0.001) and II (p < 0.001). Similarly, the β-carotene levels were significantly lower in
stage III compared to stage II (p = 0.002) (table II).
Discussion
Radiotherapy has been used in cancer treatment for
decades, and several adverse effects have been associated
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Table II
Serum levels of retinol and β-carotene according
to the cancer stage
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with cellular oxidation processes,3 which reduce the level
of tissue antioxidants4 and threaten the integrity and
survival of normal neighboring cells. The mechanisms
behind this decrease are still unclear, but it has been
suggested that cancer cells use antioxidants more effectively than healthy cells, thus depleting circulating
antioxidant agents.5 In this context, the interest in the relationship between antioxidant nutrients and cancer development has increased because of the possible role of vitamins in increasing treatment efficiency.
In the present study, a significant reduction in the
serum levels of retinol and β-carotene after radiotherapy were observed. These findings are in line with
the observations of Elango et al.,15 who reported significant reductions in the levels of vitamins A, C and E in
patients with stage III oral cancer who received radiotherapy in comparison with those who did not.
An important increase in the percentage of both
retinol and β-carotene inadequacy was observed after
the radiotherapy. This result should be considered
because radiation can trigger an imbalance in the
oxidant-antioxidant system and cause medium and
long-term acute damage that can lead to secondary
cancers.16 In addition, free radicals can aggravate
comorbidities that preceded the cancer or emerge
because of the treatment itself.4
In addition to its antioxidant role, it has been
suggested that vitamin A improves blood flow, which
promotes normal tissue oxygenation and renders the
tumors susceptible to radiation.9,12 Administering high
doses of vitamin A (retinyl palmitate) or synthetic βcarotene daily before irradiation and during the observation period produced a cure rate above 90% in mice
with breast cancer and also enhanced the amount of
radiation damage.17,18
According to Block et al.,19 advanced cancer patients
have reduced serum levels of micronutrients before the
start of any therapy. This statement corroborates the findings in this study that show significantly lower serum
retinol levels in women whose cancer was at stage III
compared to those with stage I and II cancer. Additionally,
the levels of β-carotene were significantly lower at stage
III compared to stage II. According to Malvy et al.,20 it was
assumed that these vitamin reductions were caused by
inadequate intake; therefore, attempts to relate the vitamin
levels directly to nutritional status were unsuccessful. The
impact of inadequate intake of micronutrients on treatment outcome has to be evaluated in further studies.
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The question of how tumors and/or normal tissues are
protected by antioxidant micronutrients during fractionated radiotherapy remains unanswered.5 The scarcity of
studies assessing the impact of supplementation with
antioxidant micronutrients in modifying radio-induced
injuries during anti-neoplastic therapy demonstrates that
the real effects of supplementation need to be better
informed and leaves a gap on the potential benefits of this
intervention in patients with cancer.
Studies in animals have shown that exposure to radiation decreases cellular levels of vitamin E.4 Studies in
humans demonstrates the levels reduction of vitamin C and
E in bone marrow and breast cancer patients have lower
plasma levels of vitamins A, C and E, selenium and zinc
during radiotherapy.4 These results are similar to those of
the present study which found percentage of deficiency of
70.4% and 63.4% for retinol and β-carotene, respectively,
after radiotherapy. These findings suggest the increased
demand of this micronutrient, as antioxidant defense or as a
result of radiotherapy, which implies severe depletions in
their circulating levels. This behavior, possibly, can be seen
in relation to other antioxidant nutrients.
The synergic action of antioxidants is a limiting
point of this study, however, the results presented here
are grants that can contribute to the elucidation of questions about antioxidant nutrients and anti-neoplastic
therapy and encourage the development of studies that
approach the current doubts about antioxidant supplementation in order to minimize the adverse effects of
radiotherapy on nutritional status and antioxidant
capacity of cancer patients.
Simone et al.21 suggest, after a systematic review of
the literature, that the use of antioxidants improves the
effectiveness of standard therapies while decreases
adverse effects on normal cells, protecting them. Additionally, it was demonstrated an increase in survival in
patients supplemented, subsidizing the deconstruction
of the general context of decreased survival, in the long
term, with antioxidants.
Vitamin A deficiency is one of the important factors
that may influence the clinical evolution and prognosis
of patients with breast cancer. From the results
presented here, it is suggested that greater attention
should be paid to the nutritional status of this micronutrient in patients with breast cancer who are undergoing
radiotherapy, particularly those in the most advanced
stage of the disease. It is recommended the early establishment of adequation serum concentrations of retinol
and beta-carotene, offering nutritional assistance for
those patients with deficiencies, in order to minimize
the harmful effects of radiation.
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