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Can fish oil supplementation in breast cancer patients with 
neoadjuvant chemotherapy alter nutritional, biochemical and 

immunological parameters? 

Suplementação de óleo de peixe em pacientes com câncer de 
mama com quimioterapia neoadjuvante pode alterar parâmetros 

nutricionais, bioquímicos e imunológicos?
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Freitas Melhem3; Gabriela Datsch Bennemann4; Diogo Dequech Gavarrete5;

Dalton Luiz Schiessel6

Abstract

The aim of this study was to evaluate the n-3 fatty acid supplementation effects in breast cancer patients. 
Methods: it was a prospective longitudinal study performed in breast cancer patients supplemented with 
fish oil during 8 weeks in neoadjuvant AC-T regimen. Anthropometric, Bioelectrical impedance (BIA) 
((Lean Body Mass (LBM), and Phase Angle (PA)), food consumption, nutritional impact symptoms 
(NIS), metabolic and inflammatory profile were evaluated for 2 months. Results: supplemented patients 
presented weight gain of 1.4 kg, representing 1.8% of body weight. LBM was 42.3 Kg and PA 6.1º. 
Nausea, diarrhea and anorexia were the main NIS with reduction in incidence with the supplementation, 
but xerostomia and heartburn had increase. There was significant drop in hemoglobin values to 12.3 mg/
dL, metabolic parameters and nutritional prognosis (CRP/albumin ratio) were not altered. Cytokines 
levels of TNF-α and interleukin-6 did not change, however interleukin-2 have shown significant 
increasing. Conclusion: Body weight gain was noticed in breast cancer patients, independent of food 
consumption. Fish oil supplementation during neoadjuvant chemotherapy was able to reduce NIS 
incidence, but not avoiding the decrease of hemoglobin levels, but it keeps the maintenance of pro-
inflammatory parameters, except for increased the cytokine IL-2.
Key words: Nutritional assessment. Breast cancer. Fish oil. Chemotherapy. Cytokines.

Resumo

O objetivo foi avaliar os efeitos da suplementação de ácidos graxos n-3 em pacientes com câncer 
de mama. Metodologia: estudo prospectivo longitudinal realizado em pacientes suplementados com 
óleo de peixe durante 8 semanas em quimioterapia neoadjuvante com regime AC-T. Antropometria e 
impedância bioelétrica (massa corporal magra (massa magra) - ângulo de fase (AP)), consumo alimentar, 
sintomas de impacto nutricional (SIN) e perfil metabólico e inflamatório foram avaliados. Resultados: 

1	 Graduated in Nutrition
2	 PhD in Sciences from the Universidade Federal de São Paulo. Professor of Nutrition Course at UNICENTRO
3	 PhD in Gastroenterology from the Universidade Federal de São Paulo. Professor of Nutrition Course at UNICENTRO
4	 PhD from the Universidade Estadual do Centro-Oeste. Professor at the Universidade Estadual do Centro-Oeste  - UNICENTRO.
5	 Oncologist physician - Clinic of Oncology - Hospital de Caridade São Vicente de Paulo - Guarapuava - PR
6	 PhD in Cell and Molecular Biology from the Universidade Federal do Paraná. Postdoctoral degree at the University of Alberta - 

Cross Cancer Institute. Adjunct Professor at the Universidade Estadual do Centro-Oeste - UNICENTRO.



186
Semina: Ciências Biológicas e da Saúde, Londrina, v. 40, n. 2, p. 185-196, jul./dez. 2019

Rosset, A. J. L. et al.

Os pacientes apresentaram ganho de peso de 1,4 kg, representando 1,8% do peso corporal. LBM foi 42,3 
kg e AP 6,1º. Náusea, diarreia e anorexia foram o SIN com redução na incidência com a suplementação, 
mas a xerostomia e a azia aumentaram. Houve uma queda significativa nos valores de hemoglobina 
para 12,3 mg/dL, parâmetros metabólicos e prognóstico nutricional (relação PCR/albumina) não foram 
alterados. Os níveis de citocinas de TNF-α e interleucina-6 não mudaram, entretanto a interleucina-2 
mostrou um aumento significativo. Conclusão: O ganho de peso corporal foi observado nas pacientes 
com câncer de mama, independente do consumo alimentar. Durante a quimioterapia neoadjuvante 
com suplementação de óleo de peixe houve redução da presença de SIN, diminuição dos níveis de 
hemoglobina e manutenção de parâmetros bioquímicos e inflamatórios, exceto pelo aumento da citocina 
IL-2.
Palavras-chave: Avaliação nutricional. Câncer de mama. Óleo de peixe. Quimioterapia. Citocinas. 

Introduction

Breast cancer is responsible for the second 
highest incidence of malignant neoplasms in the 
world. The Globocan/IARC is a set of worldwide 
estimates analysis of cancer incidence and mortality 
produced by the International Agency for Research 
on Cancer (IARC). IARC estimated that, more 
than 1.7 million cases of breast cancer occurred 
worldwide in 2012, which made breast cancer 
the most common between women. In Brazil, the 
National Institute for Cancer Jose Alencar Gomes 
da Silva (INCA) estimate to 2018-2019, which will 
present the occurrence with an expectation to 600 
thousand of cancer new cases and 59.7 thousand for 
each year at the biennium to breast cancer.(1) 

There are many aspects related to increased 
breast cancer incidence, been the main relevant such 
as; physiological factors such as reproductive (long 
menstrual history and late menopause, nulliparity or 
advanced age at first calving and menopause after 55 
years old), hormonal (recent use of postmenopausal 
hormone therapy or oral contraceptives) and, genetic 
factors such as family history of breast cancer.(2) The 
most important factor is lifestyle. Environmental 
factors such as, smoking, alcohol beverages 
consumption and sedentary lifestyle and, nutritional 
factors as, weight gain, obesity and hypercaloric diet 
composition, overweight and obesity can influence 
the development of breast cancer.(3,4)

Studies have reported that during chemotherapy 
treatment, patients with breast cancer frequently had 
body weight gain between 1 and 6 kg, regardless of 

caloric consumption and have been considered an 
independent prognostic factor to progression and/or 
recurrence and, shorter survival.(5)

Cancer and its treatment, such as neoadjuvant 
chemotherapy, is related to increase chronic 
inflammation, which is correlated with worst 
prognostic. Some proinflammatory cytokines (i.e. 
tumor necrosis factor (TNF)-α, Interleukin (IL) 6 
and IL-2),(6) inducing cancer-associated sarcopenia 
by lean body mass (LBM) atrophy(7) or obesity 
sarcopenia.(8) Bioelectrical impedance (BIA) is an 
inexpensive and noninvasive tool to measure lean 
body mass (LBM) and it have shown that low LBM 
is associated with more severe toxicity(9) and a 
shorter time to tumor progression(10). Phase Angle 
is described as a predictive tool in several clinical 
diseases outcomes and mortality, and typically 
healthy subjects phase angle has between 5º to 7.(11)

Among the nutritional factors, omega-3 
polyunsaturated fatty acids are distinguished by their 
beneficial effect on human health, since they have 
effects on the immune and inflammatory response, 
having a suppressive effects, such as inhibition of 
proliferation, on immune system cells there are an 
increase in cellular activity and reduction in the 
production of pro-inflammatory cytokines.(12) 

Evidences on nutritional impact of omega-3 
fatty acid consumption on risk of breast cancer has 
shown that a diet rich in fish oil has been effective 
in mammary tumor and can suppress tumor growth 
by inhibiting its proliferation and the appearance of 
metastases.(13) Also, omega-3 fatty acids reduced the 
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synthesis of catabolic pro-inflammatory cytokines 
(TNF-α, IL-6) that induce muscle loss.(14)

Therapies proposed for cancer treatment, such 
as surgery, chemotherapy and radiotherapy, incite 
the presence of nutritional impact symptoms (NIS) 
that are signs who’s limit or prevent the patient 
from feeding and thus reduce the patient’s dietary 
intake in quantity and quality of diet and in some 
cases, determine diseases deficiencies due to lower 
consumption of vitamins and minerals and weight 
loss. NISs in patients that occur with great frequency 
are alteration of taste and smell, mucositis, nausea 
and constipation.(15)

Thus, the objective of this study was to evaluate the 
nutritional status, NIS, biochemical and inflammatory 
plasma parameters in women diagnosed with breast 
cancer during neoadjuvant chemotherapy before and 
after 8 weeks of fish oil supplementation.

Materials And Methods

It was performed a longitudinal prospective 
study. Fifteen patients diagnosed with breast 
cancer receiving neoadjuvant chemotherapy 
treatment (AC-T regimen: doxorubicin - 60 mg/
m2, cyclophosphamide 600 mg/m2 and paclitaxel 
175 mg/m2) were enrolled at the study until the 
third sessions in an oncology clinic linked to the 
Unified Health System (SUS) in Guarapuava – PR 
– Brazil. This study was approved by the Research 
Ethics Committee (COMEP) of UNICENTRO (nº 
840,180). Patients enrolled to the study received 4 
capsules/day (4g/day) of fish oil (FO) (Herbarium®) 
(total consumption/day of eicosapentaenoic acid 
(EPA) @ 1.2g and docosahexaenoic acid (DHA) 
@ 1.0 g),(16) during 8 weeks and were instructed 
to take two capsules before lunch and two before 
dinner (Figure 1). Anthropometric evaluations 
were performed at two times, and weights were 
done on an anthropometric scale and height using 
the stadiometer (Toledo® - Toledo do Brasil, São 
Bernardo do Campo, SP, Brazil). Stage of disease 
was based on the American Joint Committee on 

Cancer (AJCC), stage groupings, I, II, III, and IV, 
which in turn are based on the Tumor, Nodes, and 
Metastasis (TNM) staging system.

Body Mass Index (BMI) was calculated 
according to the ratio between body weight (kg) and 
square height (m2), classified according to the World 
Health Organization (WHO).(17) The weight change 
(WC) (final weight - initial weight), weight change 
percentage (% WC) (final weight/initial weight) x100/
final weight were calculated. Tetrapolar bioelectrical 
impedance (BIA) (Biodynamics® model 450) was 
performed by according(18) to the baseline for body 
composition analysis, to evaluate Lean Body Mass 
(LBM), Fat mass (FM) and Phase Angle (PA). 

Evaluation of dietary intake was obtained using 
a 3-days food record (3FR) answered by the patient 
at home reporting mealtime, type of meal, food 
consumed and quantity. The data obtained from the 
records were converted from home measurements 
to grams, with the aim of obtaining ingested values 
of macro nutrients (total calories), with the aid of 
Nutwin® software (UNIFESP). Nutritional Impact 
Symptoms (NIS) were reported by patients in a 
specific form for 10 consecutive days base at the 
Patient-Generated Subjective Global Assessment 
(PG-SGA).

A blood sample from patients (10 mL in 
EDTA tubes – centrifuged 1200rpm/10min) was 
collected on baseline day and after 8 weeks of FO 
supplementation at the clinical laboratory analyzes 
agreed with the oncology clinic and checked 
for hemogram (erythrocytes and hemoglobin), 
plasma albumin, triglycerides, urea, C reactive 
protein (CRP) and serum lactate. The sample was 
centrifuged at 1200 rpm for 6 minutes at 4°C. 
Plasma was collected and frozen at -80° C for 
the subsequent performance of the experimental 
procedures for TNF-a, IL-6, IL-2 and IL-10 
(ELISA Development Kit - Catalog #: 900-K16, 
Human IL-6 ELISA Development Kit - Catalog #: 
900-K16, Human IL-2 ELISA Development Kit - 
Catalog #: 900-K12 - PeproTech Inc. Rocky Hill, 
New Jersey - USA).
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Descriptive statistics were performed to 
characterize the data presented in the form of 
frequencies, means and standard deviation. 
Shapiro-Wilk normality test was performed, and 
the continuous variables were compared using 
the Student’s T-test of paired samples and the 

nonparametric Wilcoxon test. The categorical 
variables were compared using the Pearson’s 
or McNemar’s Chi-square test. The analyzes 
were performed using SPSS version 22.0, with a 
significance level of 5% (p <0.05).

Figure 1 - Flowchart of Study design

3FR - 3-days food record; NIS - Nutritional Impact Symptoms; FO- Fish oil
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3FR - 3-days food record; NIS - Nutritional Impact Symptoms; FO- Fish oil  

 

3rd cycle of neoadjuvant AC-T regimen chemotherapy after inclusion on study 
 Nutritional Assessment: weight and height  
 Individual explanation for correct completion of 3FR and NIS forms;  
 Blood collect sample to biochemical and immunological test; 
 Next day after chemotherapy, fill out a form at home to 3FR at 1st, 4th and 6th 

days and NIS for 10 days after the chemotherapy section; 
 After 10 days delivery the forms 3FR and NIS. 
 12 patients complete the study, 3 patients were excluded for don’t consume all 

capsule by 1) nausea, 2) excesses of reflux and, 3) bad smell/taste caused by FO. 

3rd - Final 

 weekly by call phone;  
 the attendance at 2nd cycle of neoadjuvant AC-T regimen chemotherapy after 

inclusion on study when patient’s delivery the forms 3FR and NIS. 

2nd - Patients monitoring 

Baseline 

First day after beginning of chemotherapy  
 Beginning of fish oil supplementation for 8 weeks with 4 capsules a day (2 

before lunch and 2 before dinner);  
 Fill out a form at home to 3FR at 1st, 4th and 6th days and NIS for 10 days after 

the chemotherapy section. 

1st – 3th cycle of neoadjuvant AC-T regimen chemotherapy after inclusion on study. 

 Consent form signature and  
 Nutritional Assessment: Weight, height and bioelectrical impedance (BIA); 
 Individual explanation for correct completion of 3FR and NIS forms; 
 Blood collect sample to biochemical and immunological test. 

1st - Baseline 

Inclusion Criteria: Breast cancer patients (15) diagnosed with TNM staging II and III 
between 1st or 3th cycle of chemotherapy neoadjuvant AC-T regimen  
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Results

Twelve patients with breast cancer reported to 
consume all capsules during the 8 weeks, and 3 patients 
was excluded for not completely consumption of fish oil 
capsules and they self-report the reason (e.g. bad taste and 
smell, nausea). The average age was 49.7±9.9 years, 
ranging between 33.0 to 65.0 years. After eight weeks 
of fish oil supplementation, all patients presented 

weight gain, at 1.4 kg (p< 0.05) representing an 
increasing in 1.8% of the body weight. Nine patients 
have had weight gain (2.1 kg) and three patients have 
had weight loss (-0,7 Kg). There was a noteworthy 
increase at BMI (p< 0.05), but without variation on 
nutritional status. Analysis at the body composition 
by bioelectrical impedance have shown 42.3 Kg of 
LBM and Phase angle 6.1º. (Table 1)

Table 1 - Anthropometric characteristics of patients with breast cancer on neoadjuvant chemotherapy supplemented 
with fish oil, Guarapuava, 2017.

Anthropometric data Nutritional Status - n (%) Bioelectrical impedance (BIA)

Height 
(m)

Weight 
(Kg)

BMI 
(kg/m2)

WC
(Kg)

% WC 
(%)

Normal 
weight

Over
Weight Obese

LBM 
(kg) FM (Kg) PA (º)

Baseline 1.62±0.04 75.4±18.1 28.6±5.9 3 (25.0) 4 (33.3) 5 (41.7) 42.3±3.5 25.3±4.9 6.1±0.9
Final 76.8±18.8 29.1±6.2 1.4±2.2 1.8±3.3% 3 (25.0) 4 (33.3) 5 (41.7)

p-value 0.044* 0.047* **1.000

BMI – Body mass index, WC - Weight Change; % WC – percentual of Weight Change; LBM - Lean body mass; FM – Fat mass; 
PA - Phase angle. Shapiro-Wilk normality test, * t-test of paired samples, ** Pearson’s chi-square test

According the TMN classification, 75% of 
patients were in stage II and 25% stage III, eight 
patients (66.7%) reported family history of cancer 
with a first-degree relative. Tobacco and alcohol 
consumption use have been described by 2 (16.7%) 
and 1 (8.3%) respectively and, physical activity 
83.3% of the women reported did not practice 
regularly.

The 3-days food recall was evaluated in two 
moments starting after the chemotherapy; at 
the beginning, an average of 1421.7 Kcal was 
consumed and, in the final moment after 8 weeks 
of fish oil supplementation with, an average of 
food consumption of 1286.0 Kcal (Table 2). It was 
observed a significant statistical tendency with a 
reduction of 25.2% in calories ingested at the 1st day 
between the beginning to the final period.

Table 2 – 3-days food recall (Kcal/day) of patients with breast cancer in neoadjuvant chemotherapy supplemented 
with fish oil, Guarapuava, 2017.

1° day 4° day 6° day Median 3 days
Baseline 1417.8±416.5 1423.1±451.7 1424.2±337.9 1421.7±249.0
Final 1060.5±373.0 1425.7±354.6 1371.8±500.1 1286.0±327.8
p-value 0.053* 0.587* 0.953** 0.121*

Shapiro-Wilk normality test, * t-test of paired samples, ** non-parametric Wilcoxon.

The main nutritional impact symptoms (NIS) 
reported by patients at the beginning of FO 
supplementation were nausea 41.7% (n = 5), 
followed by taste alteration 33.3% (n = 4) and 

xerostomia 33.3% (n = 4). At the final moment there 
was an increase in incidence of xerostomia in 50.0% 
(n = 6) and heartburn 33.3% (n = 4), but there was 
a reduction of nausea, taste alterations and anorexia 
after FO supplementation in patients (Table 3).
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Table 3 - Incidence of Nutritional Impact Symptoms (NIS) of patients with breast cancer in neoadjuvant chemotherapy 
supplemented with fish oil, Guarapuava, 2017.

Baseline Final
yes no yes no p-value

Nausea 5 (41.7) 7 (58.3) 1 (8.3) 11 (91.7) 0.125
Xerostomia 4 (33.3) 8 (66.7) 6 (50.0) 6 (50.0) 0.625
Taste alteration 4 (33.3) 8 (66.7) 2 (16.7) 10 (83.3) 0.500
Heartburn 3 (25.0) 9 (75.0) 4 (33.3) 8 (66.7) 1
Anorexia 3 (25.0) 9 (75.0) 1 (8.3) 11 (91.7) 0.5
Diarrhea 3 (25.0) 9 (75.0) - 12 (100.0) *
Flatulence 2 (16.7) 10 (83.3) 1 (8.3) 11 (91.7) 1
Constipation 1 (8.3) 11 (91.7) 2 (16.7) 10 (83.3) 1
Dysphagia 1 (8.3) 11 (91.7) - 12 (100.0) *
Vomiting 1 (8.3) 11 (91.7) - 12 (100.0) *
Mucosite - 12 (100.0) - 12 (100.0) *
Odynophagia - 12 (100.0) 1 (8.3) 11 (91.7) *

* It does not apply due to lack of prevalence. McNemar chi-square test. 

Regarding the hematological parameters (Table 
4) evaluated, there were a statistical reduction 
to erythrocytes and hemoglobin. TG, Urea and 
Lactate parameters evaluated were not changed, 
ranging inside the reference values. Albumin and 
CRP ranging among the normal values and did not 

change. Cytokines TNF-α and IL-2 have increased 
and small reduction to IL-6 at the beginning to 
the end of supplementation with w-3 fatty acids 
and neoadjuvant chemotherapy, there was only a 
significant increase for the IL-2 cytokine.

Table 4 - Biochemical and inflammatory data of patients with breast cancer in neoadjuvant chemotherapy supplemented 
with fish oil, Guarapuava, 2017.

Baseline Final p-value
Erythrocytes (millions/mL) 4.6 ± 0.4 4.1 ± 0.4 <0.001*
Hemoglobin (g/dL) 13.5 ± 1.4 12.3 ± 1.2 <0.001*
Triglycerides (TG) (mg/dL) 189.3 ± 87.3 170.2 ±53.1 0.572*
Urea (mg/dL) 23.3 ± 6.8 28.8 ± 7.8 0.144**
Lactate (mg/dL) 13.1 ± 3,2 14.9 ± 2.3 0.365*
Albumin (g/dL) 3.85 ± 0.26 3.95 ± 0.26 0.296*
CRP (mg/dL) 3.64± 2.94 3.55 ± 1.34 0.881*
Ratio CRP/Albumin 0.97±0.69 0.91±0.38 0.715**
TNF-α (pg/mL) 164.1 ± 55.4 175.4 ± 40.1 0.913
IL-2 (pg/mL) 112.0 ± 41.7 133.7 ± 40.5 0.025*
IL-6 (pg/mL) 96.0 ± 52.5 84.2 ± 47.2 0.130

Shapiro-Wilk normality test, * t-test of paired samples,
** non-parametric Wilcoxon.
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Discussion

At the present study analyzed the effects of 
FO supplementation during 8 weeks in breast 
cancer women court during the neoadjuvant 
chemotherapy with AC-T regimen. The foremost 
aim was investigating the nutritional status by body 
composition, food consumption and nutritional 
impact symptoms, as well as the hematological 
parameters and immune parameters during this 
period. 

Breast cancer is the main cancer that affects 
women the in the world,(19) with age and obesity have 
being the chief risk factor, where incidence rates 
increase rapidly until age 50, but in younger women 
have an additional aggressive.(20) In this study, 
mean age of breast cancer patients on neoadjuvant 
chemotherapy was 49.7 years and 7 patients (58%) 
were younger than 50 years old.

Obesity prevalence has increased substantially 
in all countries in the world, is the major factor, 
additionally, westernized lifestyle and diet, reduced 
physical activity, are increasing the risks of breast 
cancer in young women. Body fatness increases 
relative risk in all age groups to breast cancer 
development and it is 12% higher in overweight 
women, 16% higher in obese, compared with 
women with normal BMI.(21)

Studies have reported a significant increase 
in weight gain in patients with breast cancer(3,4), 
also adjuvant chemotherapy has been shown to 
be an independent prognosis for weight gain, 
independently of the total caloric intake reported by 
the patient.(22)

During 8 weeks of fish oil supplementation, it 
was observed weight gain of 1.4 kg representing 
1.8% of body weight. This have caused a significant 
increase in body mass and BMI, but it has not 
changed the BMI classification in the nutritional 
status in the group.

Despite of the weight gain, the final food intake 
did not present differences when supplementing 

with fish oil, however, a reduction was observed 
comparing day 1 after chemotherapy between the 
beginning and the end period. Yaw et al.(22), in a 
study with 368 women with breast cancer, showed 
that total energy consumption was 1,350 kcal/day 
(95% CI: 1307.5 - 1391.8), and after one year of the 
diagnosis, 63.3% women experienced weight gain.

Other possibly responsible mechanisms by 
weight gain include reduced physical activity.(5) 
Women who practice physical activity during the 
neoadjuvant treatment contribute to weight loss, 
lean body mass (LBM) gain, and fat mass reduction 
while those who do not practice physical activity 
have seen the opposite.(23)

In this study, it was observed that more than 
80% of the women do not practice physical activity. 
Patients who practice physical activity regularly 
presented a higher food intake, but maintenance of 
the body weight or weight loss of 0.1 kg compared 
to the women who do not practice activity have 
presented a greater weight gain of 2.3 kg (data not 
shown). 

Reduced LBM is predictor of high toxicity prevalence 
during the chemotherapy treatment.(24) Prado et al.(10) 
evaluating a cohort of breast cancer patients using 
computerized tomographic and measuring muscle 
cross-sectional area (cm2) to calculate LBM (kg) 
(40.3±5.8 (26.3-55.8)) have shown that 25.5% 
of those patients had sarcopenia (reduced LBM) 
also presented a higher toxicity prevalence in 50% 
patients. 

In the present study the patients presented 42.3 
kg of LBM and phase angle (PA) 6.1º and estimated 
by the BIA. The Phase angle (PA) that represents a 
very sensitive nutritional marker and also is related 
to functional status, thus, low PA (<5º) is associated 
with a decrease in physical function, nutritional 
status, and predicted mortality in patients with 
cancer.(25)

NISs during chemotherapy may interfere 
with the patients’ ability to feed, and the most 
observed in oncology patients are xerostomia, 
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anorexia, dysphagia, taste and smell alteration, 
constipation, abdominal pain and epigastric pain.
(4) During the neoadjuvant treatment of cancer with 
AC-T regimen supplemented with fish oil rich in 
w-3 polyunsaturated fatty acids a reduction in the 
incidence of NIS was observed.

Anemia is a frequent finding in cancer patients, 
occurring in more than 40% of cases. In patients 
treated with chemotherapy the anemia incidence 
can up to 90% of patients, being an unfavorable 
prognostic factor and exerting a negative influence 
on quality of life. Anemia is clinically characterized 
as a hemoglobin level of <14 g/dL in men and < 
12g/dL in women.(26) Prevalence of anemia vary 
depending on many factors, including type of 
cancer, chemotherapy, stage of disease, and anemia 
is defined as hemoglobin at <11 g/dL, reduced 
nutrition causes a nutritional deficiency of folic 
acid, vitamin B12 and iron.(27)

In 2008, a consensus defined parameters to 
classify anemia in cancer cachexia patients and for 
this classification hemoglobin values lower than 12 
g/dL was determined.(28) In this study, patients during 
the neoadjuvant chemotherapeutic treatment had a 
significant reduction in erythrocyte and hemoglobin 
values indicating toxicity, and anemia it is induced 
and increased by cancer, chemotherapy treatment 
and proinflammatory cytokines, particularly TNF- 
α and IL-6 reducing erythropoiesis.(29)

It has been established that there is an interplay 
between cancer and chemotherapy to regulate patient 
immune system by activated immune cells to increase 
expression of proinflammatory cytokines. Also, 
many studies support the role of obesity and weight 
gain in breast cancer progression, thus, accumulation 
of body fat during neoadjuvant treatment increases 
circulating levels of proinflammatory markers and 
cytokines.(23) Increased expression of CRP, Tumor 
Necrosis Factor (TNF-α), interleukin-6 (IL-6) blood 
levels, have been associated to reduction of LBM23, 
carcinogenesis, proliferation, angiogenesis and 
tumor metastasis.30-31) 

CRP is an acute-phase serum protein produced 
mainly by hepatocytes and is regulated at the 
transcriptional level by IL-6. CRP plasma 
concentration have reduced in naïve breast 
cancer patient supplemented with FO without 
chemotherapy treatment and increased in placebo 
patients.(32) TNF-α, has been reported to be associated 
with breast cancer development as indicated by 
their presence within tumor microenvironment 
and metastatic sites, also TNF-α regulates IL-6 
synthesis.(33)

In this study, inflammatory markers CRP, TNF-α 
and IL-6 values not changed. However, we rationale 
that w-3 fatty acid present in FO have modulated 
the immune system keeping these cytokines in the 
same values during the supplemented period and thus 
collaborating to reduce cancer complications reported in 
paragraph above.

Nevertheless, for IL-2, significant increase was 
observed in this study. IL-2 is expressed by B cells 
and able to mediating tumor regression, playing 
a pivotal role in anticancer immune response(29), 
controlling in humans by activating T cells that 
promote CD8+ T-cell and NK cell cytotoxicity and 
activity produce it to facilitate and direct the innate 
and adaptive immune cell responses.(34) In a breast 
cancer mice model (HER-2/neu FVB transgenic 
mice) supplemented fish oil, tumor infiltrated 
T-helper cells produced significantly more IL-2. 
Therefore, it is suggested that w-3 PUFAs exert a 
protective effect by altering an effector function in 
T-helper cells against cancer cells.(35) 

C‑reactive protein (CRP)/albumin (Alb) ratio 
is used as an inflammatory and nutritional risk 
for complications(36) and is prognostic indicator 
for survival in multiple types of tumor.(37-38) The 
classification adopted for patients is: No risk: 0.4; 
Low risk: 0.4 - 1.2; Moderate risk: 1.2 - 2.0 and High 
risk:> 2.0.(39) In patients undergoing chemotherapy, 
the supplementation of 0.6 g/d of EPA þ DHA orally 
during 9 week reduces CRP/albumin ratio.(39) Silva 
et al.,(40) supplementing 4 fish oil capsules per day in 
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patients with colorectal cancer found a significant 
increase in the CRP/albumin ratio.

At the present study supplemented breast cancer 
patients have presented values mean of CRP/albumin 
ratio 0.97 at the baseline and decreased to 0.91 after 
8 weeks receiving FO supplementation setting a low 
risk in this prognostic according the Classification 
applied for Mocellin et al.(36) This result has shown 
that w-3 fatty acids can modulate inflammatory 
profile holding these parameters in breast cancer 
patients reviving neoadjuvant chemotherapy AC-T 
regimen.

Studies have found that maintenance of body 
weight, modulation in the diet and regular physical 
activity are associated with a reduction in the 
risk of breast cancer.(2) Epidemiological evidence 
demonstrated effects of w-3 polyunsaturated 
fatty acids in cancer prevention and treatment , in 
addition with physical activity, thus contributing 
to the immune system modulation and also during 
neoadjuvant treatment it was observed that diets 
enriched with these fatty acids improved the 
efficiency of doxorubicin by inhibiting tumor 
growth.(41)

Conclusion

The main aim of this study was to compare 
the effects of w-3 PUFAS during the 8 weeks 
of neoadjuvant chemotherapy. For this reason, 
a control group without supplementation is not 
shown. Limitations of this study is the number of 
patients enrolled in the research by limited amount 
of FO capsules gently donated and the lack of BIA 
to LBM, FM and PA. However, we observed that 
in a short period of time receiving neoadjuvant 
treatment the patients presented weight gain, this 
being commonly observed in women with breast 
cancer, even without verifying variations in food 
consumption. Supplementation with fish oil has 
reduced the incidence of symptoms of nutritional 
impact which may limit food intake. It was also 
observed that the neoadjuvant treatment with 

doxorubicin caused a reduction in hemoglobin 
values, which can lead to anemia. It was observed 
that most patients do not practice regular physical 
activity and that its practice contributes to the control 
of body weight and, also assists in the modulation of 
the immune system, triggering an anti-inflammatory 
profile. Supplementation with fish oil has reduced 
the incidence of symptoms of nutritional impact, 
which may limit food intake. It was also observed 
that the neoadjuvant treatment with doxorubicin 
caused a reduction in hemoglobin values, which 
may lead to anemia in the patients. Both weight gain 
and metabolic stress induced by chemotherapy may 
increase the production of inflammatory cytokines, 
however, we observed that supplemented fish oil 
has kept CRP, TNF-α, and IL-6  production in breast 
cancer patients maintaining the inflammatory state 
commonly soaring during cancer chemotherapy 
treatment. In this way, we believe that nutritional 
guidelines that modify nutrient quality and quantity 
and practice of physical activity may be beneficial 
for breast cancer patients.
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