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Abstract

Obesity, a cause of subclinical inflammation, is a risk factor for the development of 

postmenopausal breast cancer (BC) and is associated with poorer cancer outcomes. 

Docosahexaenoic acid (DHA), an omega-3 fatty acid, possesses anti-inflammatory properties. We 

hypothesized that treatment with DHA would reduce the expression of proinflammatory genes and 

aromatase, the rate-limiting enzyme for estrogen biosynthesis, in benign breast tissue of 

overweight/obese women. A randomized, placebo-controlled, double-blind phase II study of DHA 

given for 12 weeks to overweight/obese women with a history of stage I-III BC, DCIS/LCIS, 

Paget’s disease, or proliferative benign breast disease was carried out. In this placebo controlled 

trial, the primary objective was to determine whether DHA (1000mg by mouth twice daily) 

reduced breast tissue levels of TNF-α. Secondary objectives included evaluation of the effect of 

DHA on breast tissue levels of COX-2, IL-1β, aromatase, white adipose tissue inflammation, and 
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gene expression by RNA-seq. Red blood cell fatty acid levels were measured to assess 

compliance. From July 2013 – November 2015, 64 participants were randomized and treated on 

trial (32 women per arm). Increased levels of omega-3 fatty acids in red blood cells were detected 

following treatment with DHA (P<0.001) but not placebo. Treatment with DHA did not alter 

levels of TNF-α (P=0.71), or other biomarkers including the transcriptome in breast samples. 

Treatment with DHA was overall well-tolerated. Although compliance was confirmed, we did not 

observe changes in the levels of prespecified biomarkers in the breast after treatment with DHA 

when compared to placebo.

Keywords
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Introduction

Obesity is a risk factor for the development of several epithelial malignancies, including 

hormone receptor (HR)-positive and negative postmenopausal breast cancer.[1, 2] Estrogen 

biosynthesis is catalyzed by aromatase.[3] The increased risk of developing HR-positive 

breast cancer in obese postmenopausal women has been attributed, in part, to increased 

expression of aromatase in breast adipose tissue.[4–6]

Specific strategies that target obesity-related cancers have been limited because of an 

incomplete understanding of the mechanisms underlying the connection between obesity 

and cancer. Recently, white adipose tissue (WAT) inflammation has been suggested to play a 

significant role in both the development and progression of obesity-related breast cancer.[4, 

7, 8] Obesity is associated with adipose hypoxia, adipocyte hypertrophy and endoplasmic 

reticulum stress leading to cell death.[9, 10] This process promotes increased cytokine 

production from adipocytes and immune cell recruitment resulting in WAT inflammation, 

manifested as crown-like structures (CLS). CLS are formed when macrophages infiltrate 

adipose tissue, surround and phagocytize a dead or dying adipocyte, becoming lipid loaded 

and ultimately form foam cells.[11, 12] Approximately 90% of obese women have CLS of 

the breast (CLS-B).[4, 5] The presence of CLS, a histological marker of WAT inflammation, 

is associated with both activation of NF-κB, a transcription factor that induces 

proinflammatory mediators, and increased levels of aromatase.[4, 13] Several studies have 

reported elevated levels of proinflammatory mediators including tumor necrosis factor 

(TNF)-α in inflamed fat.[9, 14] Moreover, a variety of inflammatory mediators including 

TNF-α can induce aromatase in breast adipose stromal cells.[15, 16]

Docosahexaenoic acid (DHA), an omega-3 polyunsaturated fatty acid (PUFA) in fish oil, 

possesses anti-inflammatory properties. The anti-inflammatory effects of DHA have been 

attributed to a variety of mechanisms including induction of adiponectin, inhibition of NF-

κB–mediated induction of proinflammatory mediators, and reduced production of 

proinflammatory eicosanoids.[17, 18] Dietary omega-3 fatty acid supplementation has been 

shown to suppress adipose tissue inflammation in several animal models of obesity.[19, 20] 

Some studies have suggested that diets rich in fish oil, a source of omega-3 fatty acids, are 
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associated with a reduced risk of breast cancer [21–25], a finding supported by preclinical 

findings.[26, 27]

Dietary supplementation with fish, fish oil, DHA-enriched eggs, or an algal-derived source 

of DHA all result in increased plasma phospholipid DHA levels.[28–30] Algal-derived DHA 

eliminates the risk of anticoagulant effects of eicosapentaenoic acid (EPA) in fish oil, 

diminishes the risk of cardiac arrhythmia, as well as concerns over mercury [31, 32] or 

organochlorine [33] contamination of fish or fish oil. Based on these observations, we 

hypothesized that treatment with algal-derived DHA would decrease the expression of key 

inflammatory mediators and downregulate aromatase in breast tissue of overweight and 

obese women, defined as a body mass index (BMI) ≥ 25 kg/m2. To test this hypothesis, we 

conducted a randomized, placebo-controlled, double-blind phase II study of DHA for 12 

weeks in women with BMI ≥ 25 kg/m2 with a history of stage I-III breast cancer, ductal 

carcinoma in situ (DCIS), lobular carcinoma in situ (LCIS), Paget’s disease, or proliferative 

benign breast disease (NCT01849250).

Materials and Methods

Study design

We conducted a randomized, phase II, multicenter, placebo-controlled, double-blind trial of 

DHA for 12 weeks with a goal of a total of 50 evaluable overweight and obese patients with 

a history of stage I-III invasive breast cancer, DCIS/LCIS, Paget’s disease, or proliferative 

benign breast disease. The primary objective was to determine whether treatment with DHA 

for 12 weeks at 1000mg orally twice daily as compared to placebo reduced breast tissue 

levels of TNF-α. The secondary objective was to investigate effects of DHA on additional 

tissue biomarkers including COX-2, IL-1β, aromatase and WAT inflammation (CLS-B). As 

an exploratory endpoint, RNA sequencing (RNA-seq) was performed to investigate the 

effect of DHA compared to placebo on gene expression. Red blood cell (RBC) fatty acid 

levels were also measured to assess compliance to study treatment. The dose of DHA was 

selected because of evidence for excellent safety, good bioavailability, and saturating plasma 

levels at a dose of 2 grams per day.[34]

Patient eligibility

Women with histologically-confirmed stage I-III invasive breast cancer, DCIS, LCIS, 

Paget’s disease, or proliferative benign breast disease were eligible if they had a BMI ≥ 25 

kg/m2, no evidence of current disease, completed all breast cancer-directed therapy (≥ 6 

months), and had adequate contralateral breast tissue unaffected by invasive cancer for 

biopsy. Patients could not have had radiation or an implant in place on the side undergoing 

biopsy. An abbreviated DHA food frequency questionnaire was administered at screening 

and patients with a daily DHA consumption ≥ 200 mg/day in the month prior to screening 

were ineligible.[35] Additional exclusion criteria included history of daily use of aspirin or 

nonsteroidal anti-inflammatory drugs in the week preceding study entry, history of 

autoimmune disorder or any illness that required therapy with chronic steroids or 

immunomodulators, and history of therapeutic doses of anticoagulants in the preceding year. 

The institutional review boards of the participating centers approved this protocol. Each 
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participant provided written informed consent. This study was conducted in compliance with 

the guidelines set forth in the Belmont Report, Declaration of Helsinki, and the Common 

Rule.

Treatment

Each participant self-administered either 2 capsules (500 mg each) of DHA or placebo orally 

twice daily with food. Both DHA and placebo were supplied by DSM Nutritional Products 

and were masked to protect blinding. This protocol used an algal-derived source of DHA, 

Docosahexaenoic Acid-Rich Single-Cell Oil (DHASCO®), produced by the microalga 

Crypthecodinium cohnii according to Good Manufacturing Practices for foods. Patients 

were treated for a minimum of 12 weeks and could stay on study drug for an additional 2 

weeks (12+2) to allow for scheduling of the second post-treatment biopsy. Dose adjustments 

were not permitted. Adherence was defined as having taken study medication for a 

minimum of 12 weeks with no more than 3 interruptions and no single interruption >7 days 

with no more than a total of 7 days off study drug.

RBC fatty acid levels

Levels of DHA and other fatty acids were measured in RBCs at baseline and post-treatment. 

RBC fatty acid levels were analyzed at OmegaQuant. A minimum of 2 mL whole blood 

sample was obtained pre- and post-treatment on study. Blood was separated into plasma, 

buffy coat, and erythrocytes by centrifugation at room temperature. One mL of erythrocytes 

was then collected and stored at −80°C until analysis. RBC fatty acid composition was 

analyzed by gas chromatography with flame ionization detection.[36] Unwashed, packed 

RBCs were directly methylated with boron trifluoride and hexane at 100°C for 10 min. The 

fatty acid methyl esters generated were analyzed using a GC2010 Gas Chromatograph 

(Shimadzu Corporation) equipped with an SP2560, fused silica capillary column (Supelco). 

Fatty acids were identified by comparison with a standard mixture of fatty acids 

characteristic of RBCs (GLC 727, NuCheck Prep). Fatty acid composition was expressed as 

a percent of total identified fatty acids. The omega-3 index is defined as the percentage of 

the sum of 20:5n-3 (EPA) and 22:6n-3 (DHA).

Tissue collection

Random core needle biopsies of normal breast tissue at baseline and after 12 weeks of study 

intervention were performed. As outlined in the protocol, only patients who had completed a 

minimum of 60 days of study therapy, as reported on the pill diary and confirmed by 

pharmacy pill count, were asked to undergo the post-treatment biopsy. Patients were asked 

to remain on study drug until the time of the post-treatment biopsy. Up to 7 cores of breast 

tissue were obtained from the unaffected contralateral breast and were processed and utilized 

as follows: core #1: formalin fixed, paraffin-embedded (FFPE), histological evaluation at 

participating site to assess for malignancy as per standard institutional practice; core #2: 

FFPE, evaluation of CLS-B (as detailed below); core #3–7: pooled to generate RNA for 

qPCR and RNA-seq (as detailed below). Due to possible fluctuations in breast histology 

with menstrual cycles, core biopsies were performed at least 14 days after the start of the 

most recent menstrual period in all premenopausal women.
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Quantitative real-time PCR

Total RNA was isolated from pooled frozen breast tissue from each subject using the 

RNeasy Mini Kit (Qiagen). 1¼g of RNA was reverse transcribed using murine leukemia 

virus reverse transcriptase and oligo (dT)16 primer. The resulting cDNA was used for 

amplification. GAPDH was used as an endogenous normalization control; the forward and 

reverse primers were 5’-TTCTTTTGCGTCGCCAGCCGA-3’ and 5’-

GTGACCAGGCGCCCAATACGA-3’. Additional primers used were: TNF-α, the forward 

and reverse primers were 5’-CTGCTGCACTTTGGAGTGAT-3’ and 5’-

AGATGATCTGACTGCCTGGG-3’; IL-1β, the forward and reverse primers were 5’-

GGACAAGCTGAGGAAGATGC-3’ and 5’-TCGTTATCCCATGTGTCGAA-3’; COX-2, 

the forward and reverse primers were 5’-CCCTTGGGTGTCAAAGGTAA-3’ and 5’-

GCCCTCGCTTATGATCTGTC-3’; aromatase, the forward and reverse primers were 5’-

CACATCCTCAATACCAGGTCC-3’and 5’-CAGAGATCCAGACTCGCATG-3’. Real-time 

PCR was conducted using 2× Fast SYBR green PCR master mix on a 7500 Fast real-time 

PCR system (Applied Biosystems), with relative expression determined using the ΔΔCT 

analysis protocol.

RNA-seq

Total RNA was isolated from 37 paired pre-and post-treatment samples using Qiagen’s 

RNeasy Mini Kit. Sequencing libraries were constructed following the Illumina TrueSeq 

Stranded Total RNA Library preparation protocol with rRNA depletion. Next generation 

sequencing was performed with pair-end 51 bp using the Illumina HiSeq4000 platform 

(Weill Cornell Medicine). Raw sequenced reads were aligned to the Human reference 

genome (Version hg19 from UCSC) using STAR (Version 2.4.2) aligner. Aligned reads were 

quantified against the reference annotation (hg19 from UCSC) to obtain FPKM (Fragments 

per Kilobase per million) and raw counts using CuffLinks (v 2.2.1) and HTSeq, respectively.

Detection and assessment of WAT inflammation

Consistent with established methods, breast WAT inflammation was defined by the presence 

of CLS-B, which are comprised of a dead or dying adipocyte surrounded by CD68-positive 

macrophages.[4, 5, 7, 11] From each patient, a FFPE block was prepared from pre- and post-

treatment cores and up to 5 WAT sections were generated (approximately 5 microns thick 

cut at 50 micron intervals) consistent with previous human studies.[4, 5, 7] All sections were 

immunostained for CD68, a macrophage marker (mouse monoclonal KP1 antibody; Dako; 

dilution 1:4,000), as previously described.[4, 5, 7] The anti-CD68 stained sections were 

examined by the study pathologist (D.G.) using light microscopy to detect the presence or 

absence of CLS-B and the number of CLS-B per slide was recorded.[4, 5, 7] Digital 

photographs of each slide were generated and WAT area was measured with Image J 

Software (NIH, Bethesda, MD). The severity of WAT inflammation was quantified as 

number of CLS-B per square centimeter of WAT (CLS-B/cm2).

Statistical analysis

This randomized phase II trial was designed to enroll a total of 64 subjects to ensure a 

targeted 50 evaluable subjects after accounting for an expected 10% drop-out rate and 
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around 10% non-evaluable rate. Subjects were randomized at 1:1 ratio to each study arm 

using urn randomization stratified by study site. The primary objective was to determine 

whether treatment with DHA compared to placebo reduced normal breast tissue levels of 

TNF-α in overweight and obese patients meeting the study inclusion criteria. Assuming an 

expected 0.4 correlation between pre- and post-treatment biomarker levels, the planned 

sample size had 80% power to detect effect size as small as 0.74 in the adjusted TNF-α 
levels between the two arms at a two-sided 0.05 significance level using ANCOVA.[37] This 

sample size also had 80% power at 0.05 significance level for an effect size as small as 0.58 

for the post minus pre-treatment percent change in the biomarker level in the treatment arm 

using a paired two-sided t-test.

For the primary study endpoint, differences between the active treatment and placebo arms 

at baseline were compared using Wilcoxon rank sum test and differences in treatment effects 

were assessed using ANCOVA where the post-treatment measurements were used as a 

dependent variable and the pre-treatment measurements were included as a covariate. The 

same analysis approach was used for the continuous secondary endpoints, including the 

breast tissue levels of COX-2, IL-1β and aromatase. All the relative expression levels were 

log transformed prior to analysis to ensure the normality assumption of the model was 

satisfied. For the binary secondary endpoint, CLS-B status, differences between DHA and 

placebo arms at baseline were compared using Fisher’s exact test and differences in 

treatment effects were assessed using logistic regression analysis where the post-treatment 

measurements were used as a dependent variable and the pre-treatment measurements were 

included as covariates. The outcome analyses were carried out according to the intention-to-

treat (ITT) principles among all randomized subjects with biological samples. These 

analyses were also completed in a preplanned evaluable population defined as those 

individuals who underwent 2 breast biopsies and were compliant based on the definition 

above.

Baseline characteristics of study subjects were compared between treatment arms using 

Fisher’s exact test for categorical variables and the non-parametric Wilcoxon rank sum test 

for continuous variables. Post- vs. pre-treatment difference in the measured RBC fatty acid 

levels (DHA and omega-3 index) were examined using Wilcoxon signed rank test for each 

treatment arm. Differences in the post vs. pre-treatment change of these variables between 

the treatment arms were examined using the Wilcoxon rank sum test.

To evaluate the potential effect of DHA on normal breast transcriptome, RNA-seq gene 

expression data were analyzed to identify DHA associated differentially expressed genes. 

The count data were normalized using voom [38] and analyzed using limma [39] with study 

ID included to properly control for within subject variations. A gene was considered 

differentially expressed if there was significant post vs. pre-treatment change in DHA arm 

and the magnitude of change was significantly greater in the DHA arm compared to the 

placebo arm. Significance is defined as fold change >1.2, and false discovery rate (FDR) < 

0.05. All statistical analyses were carried out using R 3.3.1.[40]
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Results

Patient demographics

From July 2013-September 2015, 65 patients (median age 59 years, interquartile range: 52–

62) were randomized on study (Figure 1). One patient did not initiate study treatment despite 

randomization as she was deemed ineligible secondary to screening laboratory 

abnormalities. Of the 64 patients who initiated treatment with either DHA or placebo, 54 

patients (25 women in the placebo cohort and 29 in the DHA cohort) were considered 

evaluable at study completion. Participant characteristics of the total study population are 

described in Table 1. Median BMIs were 29.8 (interquartile range: 27.4, 34.0) and 31.2 

(interquartile range: 27.5, 33.5) in women in the placebo versus DHA arms, respectively 

(P=0.83). Patients were predominantly postmenopausal (84%) and self-reported as white 

(86%). Twenty-three percent of patients had a history of a benign lesion, 19% of a 

premalignant lesion (defined as DCIS, LCIS, or Paget’s disease), and 58% of an invasive 

breast cancer. There were no statistically significant differences in clinicopathologic features 

noted between the evaluable and unevaluable cohorts.

Compliance

Compliance in each of the arms was compared and confirmed by measuring pre- and post-

treatment levels of the omega-3 index and DHA. Baseline values for the omega-3 index and 

DHA levels were similar between the two treatment arms (Figures 2A and 2C). More 

specifically, the mean (standard deviation) and median (interquartile range, IQR) baseline 

omega-3 index in our ITT population with measureable samples (N=58) were 5.02 (1.39) 

and 4.88 (4.00, 5.76), respectively. Post- versus pre-treatment changes in these two variables 

are shown in Figures 2B and 2D. There was a significant increase in both DHA levels and 

the omega-3 index in the group randomized to receive DHA (P<0.001). By comparison, a 

significant change in these values was not seen in the placebo arm. Additionally, we 

determined the effects of DHA on the EPA+DHA: AA ratio. At baseline, the median ratios 

were similar in the DHA and placebo groups (0.28 (0.22, 0.36) vs 0.29 (0.23, 0.36); P=0.67). 

Post-treatment, we observed a significant increase in the ratio in the DHA treated group 

compared to placebo (0.85 (0.79, 0.93) vs 0.28 (0.21, 0.32); P<0.001).

Tissue biomarkers

Tissue biomarker levels were obtained at baseline from breast tissue sampled the day prior to 

study treatment and after a minimum of 12 weeks of treatment with either placebo or DHA. 

Baseline levels of TNF-α, IL-1β, COX-2, and aromatase mRNAs did not differ significantly 

between the two treatment groups (Table 2). The changes in the levels of TNF-α (P=0.50), 

IL-1β (P=0.52), COX-2 (P=0.19), and aromatase (P=0.12) after 12 weeks of treatment did 

not differ significantly between the two groups in the intention to treat cohort. Furthermore, 

in the preplanned evaluable population, there was also no statistically significant difference 

between the two arms in the change in pre- vs post-treatment levels in the tissue biomarker 

endpoints (data not shown).
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RNA-seq data

Next, we carried out RNA-seq analysis to determine whether treatment with DHA resulted 

in changes in gene expression. Adequate RNA was available from 37 (14 patients on the 

placebo arm; 23 patients on the DHA arm) of the original 64 patients (Supplementary Table 

1). In comparison to the placebo group, DHA did not significantly alter the breast 

transcriptome. In other words, we did not observe a significant treatment effect on gene 

expression in the DHA vs placebo group defined as 1) a significant difference in levels of 

gene transcripts in the post- vs. pre-DHA group and 2) a significant difference in the 

magnitude of post- vs. pre- change between the two treatment arms (Significance is defined 

as FDR<0.05 and fold change >1.2) (data not shown).

White adipose tissue inflammation

Breast WAT inflammation, defined by the presence of CLS-B, was present in 2 patients in 

the DHA arm (N=31) and 4 patients in the placebo arm (N=28) at baseline. Post-treatment 3 

patients in the DHA arm and 3 in the placebo arm were CLS-B positive. Two patients in the 

placebo arm were CLS-B positive both pre-and post-treatment. There was no significant 

change in the presence of CLS-B following treatment with DHA (P=0.90). Given the small 

number of subjects identified with CLS-B using biopsy samples, no meaningful analysis 

could be completed to evaluate the change in severity of CLS-B (defined as CLS-B/cm2).

Adverse events

The most common, treatment-related toxicities (defined as possibly, probably or definitely 

attributed to study drug) of any grade were gastrointestinal (Table 3). Reported adverse 

events were overall similar between the placebo and DHA arms. All adverse events were 

grade 1 or 2 (Table 3). One patient in the placebo arm withdrew consent and terminated 

study participation early due to weight gain. There were no ≥ Grade 3 treatment-related 

serious adverse events. One patient reported a grade 3 skin infection requiring IV 

antimicrobial therapy unrelated to study therapy which resolved with appropriate treatment.

Discussion

Our randomized, phase II study confirms the feasibility of conducting a placebo controlled 

trial of DHA supplementation in a predominantly survivorship population; approximately, 

three quarters of patients had a history of either invasive or premalignant lesions at 

diagnosis. Therapy was overall well-tolerated with high completion (92%) and adherence 

(84%) rates even with two protocol mandated breast biopsies. Levels of DHA and other fatty 

acids were measured in RBCs at baseline and post-treatment. There was no statistically 

significant difference in baseline values of the omega-3 index or DHA levels between the 

two treatment arms. The mean and median values for baseline omega-3 index in our ITT 

population were comparable to published values in other studies.[41, 42] As predicted, there 

was a significant increase in both DHA levels and in the omega-3 index in the group 

randomized to receive DHA (P<0.001) and no parallel change in these values in the placebo 

arm confirming compliance with randomization to each arm.
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This study was designed to determine if supplementation with DHA would alter tissues 

levels of key proinflammatory biomarkers, TNF-α, IL-1β, and COX-2 as well as aromatase. 

Despite successful enrollment of the target population with low baseline DHA intake, 

preplanned randomization versus placebo, and a significant increase in RBC levels of DHA 

and omega-3 index in the group treated with DHA, we found no changes in tissue levels of 

the prespecified biomarkers. Several investigators have examined the effects of omega-3 

PUFA supplementation on circulating inflammatory mediators and some but not all studies 

have shown that consumption of EPA and DHA are associated with lower levels of 

proinflammatory biomarkers such as TNF-α.[43–45] In comparison, there are less published 

data regarding tissue level modulation of inflammatory mediators by omega-3 fatty acid 

supplementation. Fabian and colleagues conducted two parallel pilot studies to evaluate 

omega-3 supplementation in pre- and postmenopausal women at increased risk for breast 

cancer; individuals were treated for 6 months with combined EPA and DHA ethyl esters 

(3.4g/daily) and underwent pre-and post-treatment biopsies.[44, 46] While feasibility was 

the primary endpoint, secondary endpoints included several blood and tissue-based 

biomarkers evaluating changes in cytomorphology, Ki-67, circulating inflammatory and 

adipokine markers, RBC and tissue fatty acid composition, and targeted mRNAs, 

chemokines, and peptides. Treatment with combined EPA/DHA resulted in favorable 

modulation in certain tissue and circulating markers in both cohorts to varying degrees. In 

the postmenopausal population, in particular, serum adiponectin (P = 0.0027), TNF-α (P = 

0.016), HOMA 2B (P = 0.0048), and bioavailable estradiol (P = 0.039) were modified 

favorably in response to supplementation. Benign breast tissue Ki-67 (P = 0.036), 

macrophage chemoattractant protein-1 (P = 0.033), cytomorphology index score (P = 0.014), 

and percent mammographic density (P = 0.036) were all decreased in this cohort. Consistent 

with our findings, these investigators demonstrated little to no change in breast levels of 

proinflammatory gene transcripts in response to combined EPA and DHA supplementation. 

[44, 46] In this setting, comparison of the studies by Fabian et al. to our study is limited by 

differences in study population, dose, duration and formulation of omega-3 supplementation, 

and study endpoints. We note, for example, that median baseline BMIs were 24.7 and 25.0 

kg/m2 in the studies by Fabian and colleagues whereas we selected for overweight and obese 

women which could, in theory, have led to differences in baseline inflammation. In another 

recent study, six months of high-dose omega-3 fatty acid supplementation raised plasma and 

adipose tissue omega-3 fatty acid concentrations but had no beneficial effects on adipose 

tissue markers of inflammation including the number or subtype of macrophages present in 

the tissue, senescent cells, and the presence of CLS in insulin-resistant overweight and obese 

adults.[47] Similarly, Kratz et al. showed that omega-3 fatty acid supplementation over 14 

weeks in overweight and obese individuals had no effect on adipose tissue gene expression 

of inflammatory mediators, including TNF-α, nor on measured plasma markers of 

inflammation.[48]

We did not observe a significant change in the breast transcriptome in the cohort treated with 

DHA compared to the placebo group. These data should be interpreted with caution as 

insufficient tissue was available for RNA-seq analysis in 42% of patients on study (18 

patients in the placebo arm and 9 patients in the DHA arm). Moreover, quantitative PCR 

validation was not carried out due to insufficient amounts of RNA remaining for this 

Gucalp et al. Page 9

Cancer Prev Res (Phila). Author manuscript; available in PMC 2018 December 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



exploratory analysis. Furthermore, RNA-seq analysis was performed on random breast core 

biopsy specimens. Therefore, our data do not exclude the possibility of DHA-mediated 

effects on gene expression in specific cell types including the epithelium.

Inconsistent dosing and composition of omega-3 supplements utilized across studies, 

differing sampling methods and assays, and variable patient populations with differences in 

baseline fat intake and BMI may confound inter-study comparison in this setting and partly 

explain the mixed results from these studies. The optimal dose and composition of 

supplemental omega-3 PUFAs required to elicit an anti-inflammatory response in the breast 

remain unknown. Supplementation with DHA alone at 1000 mg twice daily may not be 

adequate to significantly alter the fatty acid composition in the breast resulting in changes in 

gene expression. Furthermore, elevated BMI has been shown to attenuate increases in DHA 

and EPA in the serum and DHA in breast adipose tissue in response to oral supplementation 

suggesting a higher dose of DHA may have been more effective in this cohort with median 

BMI of 31.2.[45] In addition, a limitation of our study was that we only measured mRNA 

not protein levels of proinflammatory markers in response to supplemental DHA. Therefore, 

it is possible, that DHA acts at the post-transcriptional level resulting in changes in protein 

expression without impacting levels of mRNA.[49] Although insufficient tissue was 

available for us to test this hypothesis, future studies can be done to investigate this question.

Our group has standardized the immunohistochemical methods for the identification and 

quantification of CLS in white adipose tissue acquired at the time of surgical intervention, 

e.g. mastectomy. This study is, to our knowledge, the first to evaluate CLS-B in core biopsy 

specimens. We have previously reported WAT inflammation of the breast, manifest as CLS-

B, is present in approximately 50% of women undergoing mastectomy and that the presence 

of CLS-B is more common among overweight and obese women.[4, 5] Thus, in a population 

enriched for women with BMI ≥ 25 we would expect the prevalence of CLS-B to be 

approximately 70%. The low detection rate for CLS-B in this study, suggests that core 

biopsies provide insufficient tissue for histological evaluation of this biomarker.

Although omega-3 fatty acid supplementation has been studied extensively for the 

prevention and management of multiple chronic illnesses including cancer, data from these 

studies have yielded mixed results. In particular, conflicting data have prevented a consensus 

regarding the benefit of omega-3 fatty acid supplementation as a cancer prevention strategy. 

With this trial, we confirmed the feasibility of conducting a randomized, placebo-controlled 

trial of DHA supplementation in this study population. However, DHA monotherapy did not 

decrease the expression of key inflammatory mediators or down regulate aromatase in breast 

tissue of overweight and obese women. These results diminish enthusiasm for further study 

of DHA supplementation alone at this dose for breast cancer prevention. Ongoing research 

evaluating alternative dosing, duration and formulations of omega-3 supplementation may 

elucidate the effects of supplementation on tissue specific and circulating biomarkers 

ultimately allowing for identification of individuals likely to benefit from mechanistically-

based risk reduction and treatment strategies.
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Figure 1: Consort diagram
*As outlined in the protocol, only patients who had completed a minimum of 60 days of 

study therapy were asked to undergo the post-treatment biopsy. These patients did not 

complete the post-treatment biopsy.
+ A patient will be “evaluable” if they have 2 breast biopsies, take study drug for a minimum 

of 12 weeks with no more than 3 interruptions and no single interruption >7 days (no more 

than a total of 7 days off study drug). Two patients in the DHA arm and 3 patients in the 

placebo arm were deemed to be non-evaluable after study completion.
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Figure 2: Pre- and post-treatment levels of the omega-3 index and DHA (N=64).
A, C. There was no statistically significant difference in baseline values of the omega-3 

index (P=0.58) or DHA levels (P=0.61) between the two treatment arms. B, D. A significant 

change in post- versus pre-treatment values of both the omega-3 index and DHA were not 

seen in the placebo arm. In comparison there was a significant increase in both variables in 

the group randomized to receive DHA (P values <0.001).

Gucalp et al. Page 15

Cancer Prev Res (Phila). Author manuscript; available in PMC 2018 December 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Gucalp et al. Page 16

Table 1.

Clinicopathologic features stratified by treatment arm, (Total study population)

Variables All (n=64) Placebo (n=32) DHA (n=32) P value

Age at registration, years

Median (IQR) 59 (52, 62) 57 (52,62) 60 (51,63) 0.87

Race, n (%)

Asian 1 (2%) 1 (3%) 0 (0%)

Asian-White 1 (2%) 1 (3%) 0 (0%)

Black or African American 6 (10%) 2 (6%) 4 (12%)

White 55 (87%) 27 (87%) 28 (88%) 0.67

Not reported 1 (2%) 1 (3%) 0 (0%) 1.00

BMI, kg/m2

Median (IQR) 30.5
(27.5, 33.9)

29.8
(27.4, 34.0)

31.2
(27.5, 33.5)

0.83

Postmenopausal, n (%)

No 10 (16%) 5 (16%) 5 (16%)

Yes 54 (84%) 27 (84%) 27 (84%) 1.00

Prior Pathology, n (%)

Benign 15 (23%) 6 (19%) 9 (28%)

Premalignant
* 12 (19%) 7 (22%) 5 (16%)

Invasive 37 (58%) 19 (59%) 18 (56%) 0.62

ER, n (%)

Negative 20 (31%) 9 (28%) 11 (34%)

Positive 23 (36%) 14 (44%) 9 (28%)

Not Applicable 21 (33%) 9 (28%) 12 (38%) 0.49

PR, n (%)

Negative 20 (31%) 10 (31%) 10 (31%)

Positive 20 (31%) 12 (38%) 8 (25%)

Not Applicable 24 (38%) 10 (31%) 14 (44%) 0.52

Prior Chemotherapy, n (%)

No 32 (50%) 15 (47%) 17(53%)

Yes 32 (50%) 17(53%) 15 (47%) 0.80

Prior AI, n (%)

No 56 (88%) 28 (88%) 28 (88%)

Yes 8 (12%) 4 (12%) 4 (12%) 1.00

NSAIDs, n (%)

No 56 (88%) 28 (88%) 28 (88%)

Yes 8 (12%) 4 (12%) 4 (12%) 1.00

Statins, n (%)

No 53 (83%) 28 (88%) 25 (78%)

Yes 11 (17%) 4 (12%) 7 (22%) 0.51

Oral steroids, n (%)

Cancer Prev Res (Phila). Author manuscript; available in PMC 2018 December 12.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Gucalp et al. Page 17

Variables All (n=64) Placebo (n=32) DHA (n=32) P value

No 62 (97%) 30 (94%) 32 (100%)

Yes 2 (3%) 2 (6%) 0 (0%) 0.49

Immunomodulators, n (%)

No 60 (94%) 30 (94%) 30 (94%)

Yes 4 (6%) 2 (6%) 2 (6%) 1.00

Abbreviation: IQR, interquartile range; BMI, body mass index; ER, estrogen receptor; PR, progesterone receptor; NSAIDs, nonsteroidal anti-
inflammatory drugs; AI, aromatase inhibitor

*
Premalignant defined as ductal carcinoma in situ (DCIS), lobular carcinoma in situ (LCIS), or Paget’s disease.

Cancer Prev Res (Phila). Author manuscript; available in PMC 2018 December 12.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Gucalp et al. Page 18

Ta
b

le
 2

.

T
is

su
e 

bi
om

ar
ke

rs
 a

t b
as

el
in

e 
an

d 
af

te
r 

12
 w

ee
ks

 o
f 

st
ud

y 
tr

ea
tm

en
t, 

(I
nt

en
tio

n-
to

-t
re

at
 p

op
ul

at
io

n)

V
ar

ia
bl

es
B

as
el

in
e

P
os

t-
tr

ea
tm

en
t

P
os

t-
tr

ea
tm

en
t 

vs
.

B
as

el
in

e 
C

ha
ng

e*
T

re
at

m
en

t 
ef

fe
ct

*

D
H

A
(M

ea
n

+/
− 

sd
)

P
la

ce
bo

(M
ea

n
+/

− 
sd

)

D
H

A
(M

ea
n

+/
− 

sd
)

P
la

ce
bo

(M
ea

n
+/

− 
sd

)

D
H

A
(M

ea
n

+/
− 

sd
)

P
la

ce
bo

(M
ea

n
+/

− 
sd

)

B
as

el
in

e
A

dj
us

te
d

C
ha

ng
e

(9
5%

 C
I)

P
V

al
ue

T
N

F
-α

+

D
H

A
 N

=
31

Pl
ac

eb
o 

N
=

26

0.
08

+
/−

 0
.7

8
0.

26
+

/−
 0

.9
3

0.
16

+
/−

 0
.9

5
0.

06
+

/−
 0

.9
2

0.
08

+
/−

 0
.9

9
−

0.
22

+
/−

 1
.1

9
0.

17
(−

0.
32

, 0
.6

7)
0.

50

C
O

X
-2

D
H

A
 N

=
30

Pl
ac

eb
o 

N
=

26

0.
31

+
/−

 0
.9

7
0.

49
+

/−
 1

.3
5

0.
22

+
/−

 1
.1

6
−

0.
11

+
/−

 1
.3

0
−

0.
10

+
/−

 1
.2

3
−

0.
61

+
/−

 1
.5

0
0.

41
(−

0.
21

, 1
.0

4)
0.

19

IL
-1

β
D

H
A

 N
=

31
Pl

ac
eb

o 
N

=
26

0.
28

+
/−

 1
.5

0
0.

62
+

/−
 2

.0
0

0.
19

+
/−

 2
.0

7
0.

23
+

/−
 2

.0
6

−
0.

09
+

/−
 1

.8
4

−
0.

48
+

/−
 1

.6
1

0.
29

(−
0.

61
, 1

.1
8)

0.
52

A
ro

m
at

as
e^

D
H

A
 N

=
30

Pl
ac

eb
o 

N
=

22

0.
13

+
/−

 2
.3

8
−

0.
38

+
/−

 1
.9

3
0.

06
+

/−
 1

.8
9

−
0.

59
+

/−
 2

.1
3

0.
05

+
/−

 2
.1

2
−

0.
41

+
/−

 2
.2

9
0.

77
(−

0.
22

, 1
.7

6)
0.

12

L
og

 tr
an

sf
or

m
ed

 r
el

at
iv

e 
le

ve
ls

 o
f 

T
N

F-
α

, C
O

X
-2

, I
L

-1
β 

an
d 

ar
om

at
as

e 
w

er
e 

de
te

rm
in

ed
 b

y 
qu

an
tit

at
iv

e 
R

T-
PC

R
.

* T
he

 c
ha

ng
e 

be
tw

ee
n 

ba
se

lin
e 

an
d 

po
st

-t
re

at
m

en
t, 

as
 w

el
l a

s 
th

e 
tr

ea
tm

en
t e

ff
ec

t, 
w

as
 c

al
cu

la
te

d 
fo

r 
pa

tie
nt

s 
fo

r 
w

ho
m

 d
at

a 
fr

om
 b

ot
h 

tim
e 

po
in

ts
 w

er
e 

av
ai

la
bl

e.
 T

re
at

m
en

t-
ef

fe
ct

 d
at

a 
an

d 
P 

va
lu

es
 w

er
e 

ob
ta

in
ed

 f
ro

m
 a

na
ly

si
s 

of
 c

ov
ar

ia
nc

e.
 N

 r
ep

re
se

nt
s 

th
e 

nu
m

be
r 

of
 p

at
ie

nt
s 

in
 e

ac
h 

ar
m

 w
ith

 b
ot

h 
pr

e-
an

d 
po

st
-t

re
at

m
en

t v
al

ue
s 

fo
r 

th
e 

m
ea

su
re

d 
tis

su
e 

bi
om

ar
ke

rs
.

+ O
f 

th
e 

in
te

nt
io

n-
to

-t
re

at
 p

op
ul

at
io

n 
2 

pa
tie

nt
s 

in
 th

e 
pl

ac
eb

o 
ar

m
 d

id
 n

ot
 h

av
e 

ad
eq

ua
te

 R
N

A
 f

or
 a

na
ly

si
s,

 a
s 

de
fi

ne
d 

by
 R

N
A

 in
te

gr
ity

 n
um

be
r 

>
5.

^ D
ue

 to
 th

e 
sm

al
l v

ol
um

e 
of

 ti
ss

ue
 o

bt
ai

ne
d 

fr
om

 c
or

e 
bi

op
si

es
, s

om
e 

sa
m

pl
es

 d
id

 n
ot

 y
ie

ld
 e

no
ug

h 
R

N
A

 to
 a

cc
ur

at
el

y 
m

ea
su

re
 a

ro
m

at
as

e 
ex

pr
es

si
on

 w
hi

ch
 is

 k
no

w
n 

to
 b

e 
ex

pr
es

se
d 

at
 lo

w
 le

ve
ls

 in
 

ad
ip

os
e 

tis
su

e.
 T

he
re

fo
re

, a
ro

m
at

as
e 

m
ea

su
re

m
en

ts
 a

re
 n

ot
 a

va
ila

bl
e 

in
 a

 s
ub

se
t o

f 
ca

se
s.

Cancer Prev Res (Phila). Author manuscript; available in PMC 2018 December 12.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Gucalp et al. Page 19

Table 3.

Participants Experiencing Treatment Related Adverse Events; N=64

Adverse Events
(Grade 1–2)*

DHA
N=32

Placebo
N=32

GI disorders

-NOS 2 7

-Flatulence 2 3

-Diarrhea 1 2

-Dysgeusia 2 1

-Nausea 0 2

-Dyspepsia 2 0

-Abdominal pain 0 1

-Bloating 0 1

-GERD 0 1

Breast pain 1 1

Anemia 1 0

Arthralgia 0 1

Headache 1 1

Hot flashes 1 0

Weight gain 0 1

Abbreviation: NOS, not otherwise specified; GERD, gastroesophageal reflux disease

*
There were no ≥ Grade 3 adverse events related to study drug.
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