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Abstract

Purpose Metabolic changes in cancer, coupled with treatment, can have deleterious effects and impair recovery. However,
studies have shown promising results with the supplementation of polyunsaturated fatty acids omega-3 in chemotherapy
patients. Therefore, a systematic review of the literature was conducted to explore the potential benefits of eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA) supplementation in reducing the side effects of breast cancer treatment in
women.

Methods A search was performed for randomized clinical trials in PubMed, Lilacs, Scopus, SciELO, Web of Science,
Clinical Trials, and Google Scholar. The paper was developed following the preferred reporting items for systematic reviews
and meta-analyses (PRISMA) and registered in the International Prospective Register of Systematic Reviews (PROSPERO)
under the number (CRD42023403833).

Results Out of 1215 publications, five studies were selected to evaluate 463 women undergoing chemotherapy treatment for
breast cancer who were supplemented with omega-3 fatty acids in varying doses for up to six months. The studies assessed
various outcomes, including quality of life, lipid profile, and inflammatory biomarkers. Omega-3 fatty acids supplementation
was found to be beneficial in reducing symptoms that impact the quality of life, such as peripheral neuropathy and xerostomia.
However, no significant differences were observed in other toxicities caused by chemotherapy.

Conclusion Supplementation with EPA and DHA has shown promising benefits for women undergoing breast cancer treat-
ment with chemotherapy. However, further research is necessary to evaluate the effectiveness of using omega-3 in conjunction
with other therapies and to more accurately assess the impact on patients' quality of life.
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Introduction

Breast cancer, considered a global public health problem,
has become the most diagnosed cancer worldwide with over
2 million new cases in 2020 [1]. Therapeutic modalities for
breast cancer have advanced and can be either local (such
as surgery or radiotherapy) or systemic, including chemo-
therapy and hormone therapy [2].

Individuals with cancer often experience metabolic
alterations associated with an inflammatory state [3, 4].
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In combination with antineoplastic treatment, these altera-
tions can induce deleterious effects and reduce food intake,
worsening nutritional status [5]. Common adverse effects of
breast cancer treatment include dry mouth, fatigue, neuropa-
thy, mucositis, nausea, vomiting, diarrhea, lack of appetite,
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increased bone resorption, loss of bone mineral density,
increased risk of fractures, and arthralgias [6].

Consumption of eicosapentaenoic (EPA) and docosahex-
aenoic (DHA) omega-3 polyunsaturated fatty acids (PUFA
n-3) has been associated with different mechanisms linked
to the modulation of inflammatory response, reduction of
cell proliferation, induction of apoptosis, and suppression
of angiogenesis [7]. This occurs, in part, due to the classic
effect of EPA and DHA on inflammation, resulting in altera-
tions in the constitution of membrane phospholipids and,
consequently, in the synthesis of odd series eicosanoids with
reduced proinflammatory potential [8—10]. In addition, EPA
and DHA have an anti-inflammatory effect, which involves
attenuating the activation of the Toll-like receptor 4 (TLR4)
signaling pathway [11].

The Brazilian Society of Parenteral and Enteral Nutrition
(BRASPEN) recommends omega-3 fatty acids supplementa-
tion for patients at risk of malnutrition or who are malnour-
ished and undergoing chemotherapy. It also recommends
the use of formulas enriched with omega-3 fatty acids in the
surgical preparation of cancer patients, as these have been
shown to reduce postoperative complications [6]. However,
there is currently no conclusive evidence to support the use
of omega-3 for symptom management during breast cancer
treatment.

Given the impact of cancer treatment on patients' recov-
ery and survival, a systematic review of the literature was
conducted to explore the potential benefits of EPA and DHA
supplementation in reducing the side effects of breast cancer
treatment in women.

Methods

To ensure the accuracy and transparency of the study, we
followed the guidelines of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses 2020 (PRISMA)
[12] and registered a study protocol in the International
Prospective Register of Systematic Reviews (PROSPERO),
under the number CRD42023403833.

Research question design

To establish the central question of this study, the PICOS
anagram (Table 1) was used as a model, composed of the
following determinants: population (P), intervention (I),
comparison (C), outcome (O), and study type (S).

Search strategy

Searches for Randomized clinical trials (RCTs) were per-
formed in PubMed, Lilacs, Scopus, Embase, Web of Sci-
ence, Clinical Trials, and Google Scholar in December
2022, without limitations of language or publication year.
The structured search strategy was developed using Medi-
cal Subject Headings (MeSH) and Boolean operators, as
follows: ("Breast Neoplasms") OR ("Breast Cancer") OR
("Breast Carcinoma") AND ("Fatty Acids, Omega-3") OR
("Fish Oils") AND (randomised OR randomized OR ran-
domisation OR randomisation OR placebo™ OR (random*
AND (allocat* OR assign*) OR (blind* AND (single OR
double OR treble OR triple).

Eligibility criteria

The eligibility criteria followed the PICOS strategy
(Table 1): (P) adult and/or elderly women undergoing treat-
ment for breast cancer; (I) supplementation with omega-3
fatty acids (EPA/DHA); (C) women under breast cancer
treatment taking a placebo; (O) adverse effects of cancer
treatment; (S) RCTs.

Based on the results of the pilot search, it was observed
that the retrieved studies presented data regarding the effect
of supplementation on biomarkers (e.g. inflammatory, lipid
biomarkers). Given this, it was added as a secondary out-
come and collected if the study presented it.

It was ineligible studies with omega-3 supplementation
combined with other nutrients (e.g. vitamin D, protein, min-
erals); treatment with conjugated drugs; other types of neo-
plasia; patients with completed or discontinued treatment;

Table 1 Components of the

1 N Description
research question according to

Elements of the question

the PICOS anagram Population (P)

Interventions (I)
Comparators (C)
Outcomes (O)

Study designs (S)

Women under breast cancer treatment

Supplementation with omega-3 fatty acids (EPA/DHA)

Women under breast cancer treatment taking a placebo

Primary outcome: Adverse effects of cancer treatment (xerostomia,
neuropathy, mucositis, nausea, vomiting, diarrhea, lack of appetite,
fatigue, increased bone resorption, arthralgia, and maintenance of
lean body mass)

Secondary outcome: effect of supplementation on biomarkers

Randomized clinical trials (RCTs)

Abbreviations: EPA eicosapentaenoic acid, DHA docosahexaenoic acid
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animal or in vitro studies; incomplete studies; and unpub-
lished manuscripts such as dissertations and thesis.

Selection of studies and data extraction

The selection stages were independently conducted by two
reviewers (N.E.D. and P.N.B.L.). Firstly, we screened arti-
cles by titles and abstracts, followed by a full read of all
eligible articles in the first stage, and disagreements were
resolved by a third reviewer (M.M.R.).

The findings of each study included in this review were
summarized in a table of findings, considering the mean
age of participants, body weight, BMI, tumor stage, type of
treatment, and outcome variables. EPA and DHA doses were
presented in grams per day. Only adult participants from
twenty years old were considered for analysis.

Assessment of risk of bias

The risk of bias was analyzed independently by two review-
ers (N.E.D. and P.N.B.L.) using the "RoB 2.0 Assessment
Form" tool developed by Cochrane to assess the risk of bias
in randomized studies [13]. This tool includes five main
domains: randomization process; deviation in intervention;
outcome data loss; outcome measurement; and selective
reporting of results. Each domain was evaluated as "low
risk," "high risk," or "some concerns." If a study presented
no risk in any of these domains, it was considered "low risk."
If it presented a risk in at least one domain, it was consid-
ered "some concerns." And if it presented risks in several
domains, it was considered "high risk."

Results

The search identified 1,215 RCTs, resulting in 1,119 after
duplicates were removed. After screening the titles and
abstracts, 14 studies were selected for full-text reading, of
which nine were excluded for not meeting the eligibility cri-
teria. This resulted in five included studies (Fig. 1).

Risk of bias

Overall risk of bias analysis (Fig. 2) showed four studies
with low [14—17] and one study with some concerns [18].
When evaluated each risk domain, 100% had a low risk of
bias in the randomization process (D1); deviations from
intended interventions (D2), missing outcome data (D3),
and measurement of the outcome (D4) [14—-17]. One study
presented some concerns in the selection of the reported
result (D5) since it did not inform whether the results were
analyzed following a previously defined analysis plan [18].

General characteristics of studies and participants

This systematic review included five randomized double-
blind placebo-controlled clinical trials that were conducted
in four different countries: two in the United States of
America [14, 15], Iran [16], Mexico [17], and Indonesia
[18] (Tables 2 and 3). These studies provided data from
463 women undergoing treatment for breast cancer using
chemotherapy [16—18] and hormone therapy with aromatase
inhibitors (AI) [14, 15] at various tumor stages.

In all studies, omega-3 fatty acids were orally adminis-
tered as a gel capsule of fish oil with doses ranging from
1.0 to 4.3 g/day with different concentrations of EPA and
DHA. The supplementation period ranged from 51 days to
6 months. Intervention groups supplemented with fish oil
were compared to a placebo-controlled group that received
supplementation with other forms of lipids, as follows: sun-
flower oil [16, 17], soybean and corn oil blend [14], a mix-
ture of fats and oils formulated to mirror the proportion of
fatty acids typical of the American diet [15]. However, one
study did not specify the form of lipid used as a placebo
[18].

The results of two studies indicated that omega-3 sup-
plementation led to a significant increase in serum EPA and
DHA concentrations [15, 16]. In the first study, participants
in the omega-3 group showed a significant increase in red
blood cell EPA and DHA concentrations after 12 weeks of
supplementation, and this increase continued throughout the
24-week study [15]. In the second study, an increase in the
serum phospholipid concentrations of EPA and DHA was
observed after approximately 8 weeks of supplementation
[16]. Conversely, the placebo groups in both studies did not
show any significant changes.

Omega-3 supplementation in the neurological
and musculoskeletal symptoms

Reduced total neuropathy score (rTNS) was used to assess
the presence and severity of paclitaxel-induced peripheral
neuropathy (PIPN) in women. rTNS consists of a subjective
assessment of sensory symptoms, sensitivity to pins, deep
tendon reflexes, and nerve conduction studies of the sural
and peroneal nerves. In one study, omega-3 supplementation
for eight weeks reduced the risk of developing peripheral
neuropathy by 70% in women receiving paclitaxel chemo-
therapy compared to the placebo group (Table 3). However,
there was no difference in neuropathy severity between sup-
plemented and placebo groups [16].

Two studies [14, 15] investigated the efficacy of PUFA
omega-3 supplementation as an adjunct to alleviate muscu-
loskeletal symptoms and joint pain induced by aromatase
inhibitors (Al) in postmenopausal women, using specific
scales (Table 3). The oral supplementation of 3.3 g/day
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of omega-3 (2.24 g EPA plus 1.12 g DHA) for 24 weeks
resulted in a significant improvement of approximately
50% in Al-associated arthralgia, as assessed by the Brief
Pain Inventory (BPI-SF) scale. The BPI-SF scale consists
of a 10-point scale, with O representing no pain and 10 the
worst imaginable pain. The results revealed an average
reduction of 1.74 points at 12 weeks and 2.22 points at
24 weeks in the group receiving PUFA omega-3, com-
pared to an average reduction of 1.49 points at 12 weeks
and 1.81 points at 24 weeks in the placebo group [14].
However, administering a higher dose of fish oil at 4.3 g/
day (2.6 g EPA plus 1.4 g DHA) during the same period
did not alleviate the severity of joint pain, as per the BPI-
SF scale [15].

@ Springer

Overall survival and quality of life

Four studies assessed the quality of life. In one of them,
supplementation with 1 g/day of fish oil (EPA and DHA
concentrations not specified) reduced the expression levels
of predictive markers of cell proliferation Ki-67 and vascular
endothelial growth factor (VEGF), which indicates lower
overall survival [18]. Furthermore, overall survival and
disease-free survival were higher in the intervention group
compared to the control group.

Conversely, two studies [14, 15] investigated the effects
of high doses of fish oil with 3.3 g/day (2.24 g EPA plus
1.12 g DHA) and 4.3 g/day (2 0.6 g EPA plus 1.4 g DHA)
on women with breast cancer and endocrine symptoms.
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Fig.2 Authors’ judgment about the risk of bias for each included
study. Caption: (+) indicates low risk and (!) unclear risk

Validated scales, such as FACT-ES and the pain scale, which
assess joint symptoms, functional capacity, health, and dis-
ability status (Table 3), were used to evaluate the quality
of life. However, the pain scores and quality of life did not
demonstrate any significant differences between the inter-
vention group supplemented with PUFA omega-3 and the
placebo group.

One study [17] used the Edmonton Scale to assess the
reduction in chemotherapy-related toxicity, which also
affects the quality of life. They observed improvement only
in the symptom of xerostomia after supplementation with
2.4 g/day of fish oil (1.6 g EPA plus 0.8 g DHA), with no
differences in the other symptoms analyzed.

Lipid profile and inflammatory markers

Omega-3 supplementation had no impact on serum levels
of lipid markers, except in two studies [14, 17]. In the study
carried out on women aged about 50 years on aromatase
inhibitor treatment, supplementation for 24 weeks of 3.3 g/
day of fish oil (2.24 g EPA plus 1.12 g DHA) resulted in
a significant drop in plasma triglyceride (TG) concentra-
tions [14]. Women who participated in this study [14] had
healthy concentrations of triglycerides before starting treat-
ment [19], and during the study, they reported an increase
in fish consumption.

In contrast, patients who received a daily dose of 2.4 g/
day of omega-3 fatty acids (1.6 g EPA plus 0.8 g DHA)
[17] during the same period and were undergoing multidrug
therapy presented a significant increase in TG concentrations

at the end of the study, despite the initial levels being within
acceptable limits. The average fish consumption was not
examined in this study.

Inflammatory biomarkers were measured by two stud-
ies [14, 15] that did not find significant differences between
the intervention groups supplemented with omega-3 (2.24 g
EPA plus 1.12 g DHA and 2.6 g EPA plus 1.4 g DHA,
respectively) compared to the control group regarding inter-
leukin (IL)-17, IL-6, C-reactive protein (CRP) and tumor
necrosis factor receptor (TNFR)-2. Furthermore, neither
study examined the overall composition of diets.

Body composition

Body composition was investigated through body fat mass
index (FMI), fat-free mass (FFM), skeletal muscle index
(SMI), and body mass index (BMI), assessed by bioelectri-
cal impedance (BIA) in the baseline, and after three and six
months of supplementation [17]. Despite patients supple-
mented with EPA and DHA experiencing an average weight
loss of 1.8 kg after six months, no significant differences
were found in body weight and BMI over time between the
intervention and control groups. The analysis of factors such
as physical activity and diet composition that may be related
to weight loss was not performed by the authors.

Two other studies [15, 16] provided only baseline mean
BMI data from the participants, and it was not possible to
assess weight maintenance or gain during cancer treatment.
According to mean BMI values at baseline, participants were
classified as overweight and obese [15, 16], conforming to
the classification of the World Health Organization [20].

Discussion

Approaches and research related to cancer are more focused
on curing or delaying the progression of the disease, miti-
gating other essential aspects, such as the burden of toxic
symptoms caused by treatment [21]. This review synthe-
sized the available evidence on omega-3 supplementation
during breast cancer treatment in adult women. According to
the evaluated results, supplementation with EPA and DHA
appears to be a promising strategy to reduce the adverse
effects resulting from chemotherapy treatment. The studies
analyzed different markers, including PIPN, musculoskel-
etal symptoms, quality of life, lipid profile, inflammatory
biomarkers, and body composition (Table 3).

Among the studies reviewed, the most commonly ana-
lyzed benefit of omega-3 supplementation was the improve-
ment in the quality of life. This nutritional intervention
promoted a reduction in the disabling toxicities of treat-
ment, such as xerostomia [17] and PIPN [16]. However, the
studies [16, 18] did not use validated instruments to assess
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Table 2 General characteristics of the Randomized clinical trials assessing omega-3 supplementation in women under breast cancer treatment

Author Number of Samples Country  Mean Age (years)  Mean Weight Mean BMI (kg/ Status Tumor Clinical treat-
—_— m?) Menopau- Stage ment
Interven-  Control sal
tion
Ghoreishi 35 34 Iran 1G=46.19+9.76 NA 1G=45,99+9,01 NA NA Chemother-
et al. CG=45.70+12.00 CG=44,14+8,89 apy with
[16] paclitaxel
Hershman 127 122 USA 1G=59.5% 1G=79.8 NA Postmeno- [—III Chemother-
etal. CG=59.1* CG=7173 pausal apy with
[14] anastrozole,
exemestane,
letrozole
Lustberg 22 22 USA IG=61.2+6.6 NA 1G=30.3+5.9 Postmeno- [—III Chemother-
etal. CG=57.8+9.1 CG=29.2+6.5 pausal apy with
[15] anastrozole,
exemestane,
letrozole
DelaRosa 27 26 Mexico 1G=50.7+2.1 IG=68+1.8 1G=28.2+0.8 Premeno- II—III Chemother-
Oliva CG=49.5+2.1 CG=674+2 CG=284=+1 pausal apy with
et al. and adriamy-
[17] Post- cin and
meno- cyclophos-
pausal phamide,
followed by
pacli-
taxel + tras-
tuzumab
Darwito 24 24 Indonesia 1G=46.5+8.07 NA NA NA 111B Chemother-
et al. CG=48.5+8.77 apy with
[18] cyclophos-
phamide,
doxoru-
bicin, and 5
fluorouracil

Abbreviations: BMI body mass index, CG control group, /G intervention group, NA data not available in the paper, USA United States

“value relative to median

the quality of life in cancer patients [22—24]. This is cru-
cial because the quality of life represents a comprehensive
evaluation of the patient's response to the disease and treat-
ment across physical, psychological, and social dimensions
[25]. Moreover, while all studies included in this systematic
review suggest that the benefits related to quality of life are
due to the modulation of the production of pro-inflammatory
cytokines such as TNF-a and IL-6, only two of them meas-
ured the inflammatory biomarkers [14, 15].

In addition, another important aspect is the lipid profile,
which is associated with the inflammatory profile. Despite
the literature evidence of the effect of omega-3 supplemen-
tation in the plasma TG concentrations reduction [26-28],
only one study observed reduced in TG concentrations in
women with breast cancer [14]. Previous studies demon-
strate that the ability of omega-3 fatty acids to reduce TG
concentrations is dose-dependent, with reductions of about
5% to 10% for every 1 g of EPA/DHA consumed daily,
especially in individuals with higher baseline plasma TG

@ Springer

concentrations [29]. However, for a better understanding of
the impact of omega-3 fatty acids on the lipid profile and
inflammatory biomarkers, it would be interesting to analyze
the dietary pattern of the participants in each study, since
there may be differences between the groups. This analy-
sis would allow for a better understanding of the effects of
omega-3 fatty acids on different dietary patterns, as the ratio
of omega-6 to omega-3 polyunsaturated fatty acids in cell
membranes reflects dietary intake [30, 31].

Weight and body composition can be an important prog-
nostic factor in individuals with cancer since the systemic
inflammation present in this condition result in disease-
related malnutrition, leading to body weight loss, changes
in body composition, and a decline in physical function
[32]. Despite this, only one study included [17] analyzed
body composition by electrical bioimpedance (BIA) meas-
urements. Although the BIA is a validated technique for
assessing body composition in populations, it should be
used with caution in individuals with cancer as these patients
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may present edema and ascites, causing an overestimation
of weight [33, 34]. Other studies [15, 16] evaluated only
weight or BMI at the beginning of the interventions, being
the mean BMI values corresponded to the overweight and
obese ranges. The literature reveals that obesity is strongly
associated with the prognosis of breast cancer, especially in
the postmenopausal period [35]. Moreover, when associ-
ated with lower lean body mass, it is a predictor of negative
effects on treatment prognosis [32, 36].

Furthermore, the assessment of individuals could be
more comprehensive by taking into account the existence
of physical activity practice and its intensity. This is sup-
ported by scientific literature, which highlights the positive
effects of omega-3 fatty acids supplementation combined
with physical activity. This combination has been shown to
promote anabolism and reduce muscle catabolism, thereby
attenuating the loss of muscle strength, blood biomarkers of
inflammation, and muscle damage [31, 37].

Hershman et al. and Lustberg et al. reported adherence
and tolerability to a high dose of fish oil of 3.3 g/day and
4.3 g/day, respectively. However, no efficacy was found in
preventing or controlling Al-induced musculoskeletal pain
in women with breast cancer [14, 15]. It should be noted that
the placebo effect found by Hershman et al. may have influ-
enced the results [38]. In studies with continuous subjective
outcomes for pain management, the use of a placebo may
bring small benefits [39]. This occurs because the presence
of anxiety, pain, and autonomic nervous system involvement
causes immunobiochemical processes to respond favorably
to a placebo [40]. Furthermore, response to PUFA omega-3
supplementation may vary due to factors such as baseline
inflammatory status [41], level of physical activity [42], diet
composition [11], and genetic variability [43].

Although the safe and optimal dose of PUFA omega-3
(EPA and/or DHA) varies depending on the purpose of
use and the individual profile [36], our review suggests
that doses starting from 1 g/day of fish oil in combination
with chemotherapy have shown promise. Although not all
studies achieved the expected benefits, none of the studies
showed a worsening of adverse effects in chemotherapy
patients with omega-3 supplementation. Moreover, most of
the studies analyzed in this review showed a low risk of bias
in all evaluated areas, making them more reliable and yield-
ing robust results. These findings corroborate a systematic
review that evaluated omega-3 supplementation in patients
with different types of cancer undergoing radiotherapy and
chemotherapy [44].

Our observations revealed possible limitations in the
studies: some studies did not present the sample size cal-
culation in detail [14, 17, 18]; lack of a description of the
reasons for dropouts [16]; impairment of blinding justified
by the lack of fishy taste in the placebo or by the lack of
declaration of the type of placebo used as a control [16, 18];

lack of analysis of the beneficial effects of fatty acids used
as a placebo; and absence of isolated analysis of EPA and/or
DHA, making it impossible to verify the superiority of EPA
over DHA or vice versa. It was also not possible to establish
a consensus between studies regarding time versus dose for
EPA and/or DHA. Furthermore, new randomized clinical tri-
als that more accurately assess body composition and quality
of life in patients with breast cancer at the beginning and end
of interventions with PUFA omega-3 would be interesting.

Finally, it is important to highlight some limitations found
in our review study, such as the small number of included
studies and the infeasibility of conducting a meta-analysis
due to the heterogeneity of the studies about tumor stage,
type of treatment, patient characteristics, menopausal status,
age, intervention protocols, and analyzed outcomes. Further-
more, we noted the absence of approaches that assessed all
expected adverse effects in our research protocol and that
met the eligibility criteria. In particular, the lack of studies
investigating symptoms such as nausea, vomiting, diarrhea,
lack of appetite, and fatigue, as well as radiotherapy treat-
ments. Despite this, the analyzed studies provided outcomes
beyond expectations, such as the discussion of inflammatory
biomarkers and lipid profiles, allowing us to explore these
points. It is also necessary to emphasize that our review
stands out for the meticulous approach adopted. The infor-
mation search was conducted in seven different databases,
minimizing the probability of significant omissions. We also
highlight the use of an updated tool to measure the risk of
bias, which reinforced the robustness of our analysis, provid-
ing greater solidity to our conclusions.

Conclusions

The findings of this review study are inconclusive due to the
limited number of included studies. Although most stud-
ies suggest that supplementation with omega-3 fatty acids
(EPA and DHA) during breast cancer treatment in women
appears to be a promising strategy to mitigate the adverse
effects of chemotherapy and enhance the quality of life, we
found great heterogeneity in the analyzed studies. Some
limitations include the lack of a more in-depth analysis of
body composition, the absence of an isolated analysis of
EPA and/or DHA, and the need to consider other factors
such as diet, level of physical activity, baseline inflamma-
tory profile, analysis by subgroups, considering the effects
of chemotherapy and tumor staging. More research is needed
to confirm the benefits and determine an optimal omega-3
dosage for patients being treated for breast cancer.
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