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ABSTRACT

Background: Preclinical evidence of the preventive benefits of w-3
(n-3) polyunsaturated fatty acids (PUFAs) in breast cancer contin-
ues to fuel interest in the potential role of dietary fat content in
reducing breast cancer risk. The dose of fish-oil/w-3 PUFAs needed
to achieve maximal target tissue effects for breast cancer prevention
remains undefined.

Objective: To determine the dose effects of w-3 fatty acids on
breast adipose tissue fatty acid profiles, we conducted a study of
4 doses of -3 PUFAs in women at high risk of breast cancer.
Design: In this 6-mo randomized open-label study, 48 women with
increased breast cancer risk received 1, 3, 6, or 9 capsules/d of an
-3 PUFA supplement that provided 0.84, 2.52, 5.04, and 7.56 g
docosahexaenoic acid (DHA) + eicosapentaenoic acid (EPA) daily,
respectively. Subjects made monthly visits, at which time pill counts
were made and fasting blood samples were collected to determine
fatty acid profiles; anthropometric measurements were made, breast
adipose tissue samples were collected, and laboratory tests of tox-
icity (alanine aminotransferase, LDL cholesterol, and platelet func-
tion) were made at baseline and at 3 and 6 mo.

Results: All doses led to increased serum and breast adipose tissue
EPA and DHA concentrations, but the response to 0.84 g DHA+
EPA/d was less than the maximum possible response with >2.52 g/d.
Body mass index attenuated the dose response for serum tissue
DHA and EPA (P = 0.015 and 0.027, respectively) and breast ad-
ipose tissue DHA (P = 0.0022) in all of the treatment groups. The
incremental increase in DHA and EPA correlated inversely with
baseline fat and serum values. Compliance over 6 mo was 92.9 *
9.2% and was unaffected by treatment arm. No severe or serious
toxicities were reported.

Conclusions: Daily doses up to 7.56 g DHA+EPA were well toler-
ated with excellent compliance in this cohort at high risk of breast
cancer. Body mass index and baseline fatty acid concentrations
modulated the dose-response effects of w-3 PUFA supplements on
serum EPA and DHA and breast adipose tissue DHA. Am J Clin
Nutr 2010;91:1185-94.

INTRODUCTION

Evidence that the type of dietary fat may influence the de-
velopment and progression of breast cancer is largely based on
the findings of cell culture and rodent studies. In general, these
experiments show the stimulatory effect of linoleic acid (LA), an
-6 polyunsaturated fatty acid (PUFA), on tumor cell growth in
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contrast with inhibition by -3 marine fatty acids such as do-
cosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) (1,
2). Unlike the tumor-enhancing effects of diets containing ele-
vated amounts of LA, diets enriched with EPA and DHA sup-
press tumor growth and metastasis in nude mice with human
breast cancer xenografts (3).

In humans, case-control studies have explored differences in
fatty acid profiles of subcutaneous or breast fat and its association
with cancer risk, but a clear consensus has not emerged (4-7). A
meta-analysis of case-control and cohort studies that used bio-
markers of dietary fatty acid intake showed a significant pro-
tective effect of w-3 PUFAs on breast cancer risk in the cohort
studies (8). A recent review of epidemiologic studies of fish/w-3
PUFA consumption did not find a significant association be-
tween -3 fatty acids and cancer incidence, which may relate in
part to reliance on dietary data without concomitant biochemical
correlates of fat intake (9, 10).

Several clinical trials have investigated the potential benefits of
w-3 PUFA/fish-oil supplements in cancer patients. Many studies
have targeted cachexia in advanced end-stage malignancies such
as pancreatic cancer, with results varying from lack of efficacy to
the desired outcome of weight gain and/or stabilization (11, 12).
Pilot studies in breast and prostate cancer patients reported adi-
pose tissue uptake of w-3 PUFAs after 3 mo of ~3 g/d (13, 14).

A wide variety of doses and formulations of fish-oil/w-3 fatty
acids has been evaluated for antiinflammatory effects in healthy
subjects and for therapeutic efficacy in various diseases mediated
by inflammatory processes, such as rheumatoid arthritis, cardio-
vascular disease, and diabetes (15). Clinical trials of fish oil/w-3
supplements in patients with active rheumatoid arthritis suggest
that higher doses might prove more efficacious in alleviating
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symptoms, particularly with regard to changes in inflammatory
biomarkers (16, 17). Cancer cachexia studies have also in-
vestigated high-dose therapy (eg, ~8.5 g EPA+DHA/d for a
70-kg subject) (12, 18). Conversely, prospective secondary pre-
vention trials indicate that lower doses of -3 fatty acids from
supplements or fatty fish significantly reduce mortality from heart
disease (eg, ~1-3 g EPA+DHA/d) (19-21). Taken together, these
prior studies provide parameters for consideration of different
doses but fall short of defining an appropriate dose of -3 PUFAs
for use in breast cancer survivors and women at high risk of breast
cancer. We therefore conducted a randomized dose-finding study
in women at increased risk of developing breast cancer to identify
the optimal dose of w-3 fatty acids for future studies of breast
cancer prevention.

SUBJECTS AND METHODS

Subjects

Subjects at high risk of breast cancer and aged >18 y were
recruited from the outpatient clinics of the James Cancer Hos-
pital at The Ohio State University (OSU) Medical Center. De-
terminants of high-risk status included the following criteria: /)
one or more first-degree relatives with breast cancer, with at
least one aged <60 y; 2) >2 second-degree relatives with breast
cancer, with at least one aged <50 y; 3) prior biopsy diagnosis
of atypical lobular hyperplasia, atypical ductal hyperplasia,
lobular carcinoma in situ, or ductal carcinoma in situ in the past
10 y; 4) a Gail risk assessment with a 5-y Gail score >1.7% or
a 10-y Gail score >3.4% (22); 5) prior diagnosis of T1 or T2
breast cancer diagnosed within the past 10 y; or 6) a known
genetic mutation associated with hereditary breast cancer.

All patients had adequate hematopoietic, cardiac, metabolic,
and hepatic function. Ineligibility criteria included <1 y from
pregnancy, lactation, chemotherapy, bleeding tendency, current
malignancy or history of metastatic malignancy, ongoing cancer-
related treatment, use of anticoagulant medication, inability to
undergo breast fat aspirations, known sensitivity or allergy to
fish, chronic use of full-dose aspirin or nonsteroidal anti-
inflammatory drugs, and a history of diabetes mellitus, hyper-
tension, heart disease, or stroke. Subjects who used fish oil or
w-3 fatty acid supplements on a chronic basis within 3 mo of
study enrollment were not eligible to participate.

Trial design

The study was conducted with after approval of the In-
stitutional Review Board of The OSU and in accordance with the
ethical standards of the institution and the Helsinki Declaration of
1975 as revised in 1983. Eligible high-risk women were recruited
from May 2006 to April 2008, and the last subject completed
the study in September 2008. After obtaining informed consent,
the subjects were randomly assigned by the OSU Biostatistics
Center to receive 1, 3, 6, or 9 capsules/d of an w-3 fatty acid
supplement that provided ~0.84, 2.52, 5.04, or 7.56 g EPA
+DHA/d (Omacor; Reliant Pharmaceuticals, Liberty Corner, NJ,
and now available as Lovaza, GlaxoSmithKline, Brentford,
Middlesex, United Kingdom) by using a stratified, fixed-block
1:1:1:1 randomization with a block size of 20. Each 1-g capsule
of the supplement provided >0.9 g of the ethyl esters of w-3
fatty acids, predominantly a combination of EPA (=465 mg)
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and DHA (=375 mg). Because the primary endpoint was to
evaluate the dose effects in breast adipose tissue and serum for
target organ and systemic responses, and given the lack of
a completely inert dietary oil and safety concerns for use of an
w-6 PUFA placebo in a high-risk breast population, the trial was
conducted as an open-label intervention without a placebo
control. Patients used a daily diary to record all adverse events
that occurred during the treatment period, the number of cap-
sules taken each day, and the times of dosing. Pills were pro-
vided in monthly supplies, with collection of pill bottles/
remaining capsules at each monthly visit for pill counts. Sub-
jects were instructed to follow their usual diet. At enrollment
and at 3 and 6 mo, the patients underwent physical examinations
and measurements for body mass index (BMI) and waist-hip
circumference ratio (WHR) calculations. Whereas participants
and clinic personnel were not blinded to the treatment assign-
ment, all laboratory personnel involved in sample processing
and analysis were blinded to the allocation.

Breast adipose tissue samples were obtained by fine needle
aspiration at enrollment and at 3 and 6 mo of study treatment and
were immediately frozen and stored at —80°C. Fasting blood
samples collected at enrollment and monthly, with storage of
serum samples at —80°C for subsequent analysis of fatty acid
profiles and serum biomarkers. At enrollment and at 3 and 6 mo,
blood samples were also immediately processed for alanine
transaminase (ALT), lipid profiles (total cholesterol, HDL and
LDL cholesterol, and triglycerides), and platelet function
(Platelet Function Analyzer — 100; Siemens, Deerfield, IL) at
OSU clinical laboratories.

Fatty acid analysis

The fatty acid composition of breast adipose tissue and serum
samples was determined by a 2-step procedure as described
previously (23). Total lipids (both neutral and phospholipids)
were analyzed. Total w-3:w-6 fatty acid ratios were calculated as
the sum of 18:3n—3, 20:4n—3, 20:5n—3, 22:5n—3, 22:6n—3/
sum of 18:2n—6, 18:3n—6, 20:2n—6, 20:3n—6, 20:4n—6,
22:2n—6, 22:4n—6.

Serum marker analyses

Serum samples were processed within 1 h of venipuncture
and stored at —80°C for batch analysis at the conclusion of the
study. Serum samples from baseline and 3 and 6 mo were an-
alyzed in duplicate in the General Clinical Research Center at
OSU for concentrations of adiponectin, leptin, glucose, insulin,
C-peptide, insulin-like growth factor I (IGF-I), insulin-like
growth factor binding protein 3 (IGFBP3), interleukin-6 (IL-6),
tumor necrosis factor-o (TNF-o), highly sensitive C-reactive
protein (hsCRP), and sex hormone-binding globulin (SHBG).
Specimens from postmenopausal patients were tested for estra-
diol concentrations. Adiponectin and leptin were measured by
radioimmunoassay (Millipore, St Charles, MO); glucose by
enzymatic assay (Yellow Springs International, Yellow Springs,
OH); insulin, SHBG, and hsCRP by chemiluminescence
(Siemens Medical Solutions Diagnositics, Duluth, MN); IGF-I
and IGFBP3 by enzyme immunoassay (Beckman Coulter,
Webster, TX); C-peptide and estradiol by radioimmunoassay
(Beckman Coulter, Webster, TX); and IL-6 and TNF-o by
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electrochemiluminescence (Meso Scale Discovery, Gaithers-
burg, MD). The assay was repeated for any duplicate values with
a CV of >8%.

Statistical analysis

The sample size was calculated by using an effect size of 0.5 in
a one-factor analysis of variance to provide a power of 0.84 with
a 2-sided o of 0.01. A potential dropout rate of 20% for com-
pliance and/or tolerability issues was incorporated for a final
sample size of 12 subjects randomly assigned to each of 4
dosage groups (n = 48).

The results are expressed as means = SDs. Data were fitted to
a linear mixed-effects model by using Proc Mixed in SAS
(version 9.1; SAS Institute Inc, Cary, NC) and were analyzed by
using Tukey’s pairwise comparison method and Hsu’s multiple
comparison with the best (MCB) method (24). The MCB pro-
cedure was used to explore whether one or more doses achieved
significantly higher serum or adipose response to w-3 fatty acid
supplementation. This method computes simultaneous CIs for
the response of each dose compared with the best of the re-
maining doses. If the lower bound of a certain dose is positive,
then it is the best dose, achieving a higher response than the
other doses. If the upper bound of a certain dose is negative, then
it is worse than the best of the other doses. If the CI covers 0,
then that dose cannot be asserted to be the best dose nor can it be
inferred to be worse than any other dose.

A linear mixed-effects model was used to model how each
outcome variable (w-3 fatty acid component) was affected by
predictor variables of dose group, time, baseline measurement,
and BMI. The subject was modeled as a random effect. If sig-
nificant, the baseline level and BMI were kept in the model. The
significance of the interaction between important predictor
variables such as dose and time was tested at the 0.05 signifi-
cance level. The method of Hsu and Berger (25) was used to find
the minimal effective time to an increase in serum fatty acid
concentrations. In contrast with the main results regarding serum
and breast adipose fatty acid contents, the analyses of serum
biomarkers were exploratory in nature.
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RESULTS

Demographic characteristics

All 48 subjects were enrolled, and 100% of the subjects
completed the intervention. The baseline characteristics of the
study participants are shown in Table 1. This high-risk cohort
consisted of 38 women with a family history of breast cancer
and/or a Gail score >1.67, 7 women with a history of breast
cancer, and 3 women with a history of high-risk histologic
findings from a breast biopsy with (n = 2) and without (n = 1)
a family history of breast cancer. Postmenopausal women ac-
counted for 48% of the study group, as determined by clinical or
surgical criteria.

Compliance

Compliance was monitored by using 2 methods: /) daily self-
report diaries and 2) pill counts by study personnel at the
monthly study visits. The average compliance for all 4 groups
was 94.6 £ 6.7% and 92.9 * 9.2% at 3 and 6 mo of the in-
tervention, respectively. No significant differences in compli-
ance were found between dose groups by analysis of variance.
The average compliance at 6 mo was 96.2 £ 0.7% for the 1
capsule/d, 93.6 = 0.2% for the 2 capsules/d, 92.5 * 0.8% for the
6 capsules/d, and 89.5 £ 0.5% for the 9 capsules/d groups Only
8 subjects had a compliance rate <85%: 1 with 49% compliance
(3 capsules/d group), 2 with 74% compliance, and 5 with >80%
compliance. Fluctuations occurred in monthly compliance
without an apparent decreasing trend over time.

Toxicity and lipid profiles

The w-3 fatty acid supplements did not lead to serious ad-
verse changes in the laboratory tests selected to assess toxicity,
namely ALT, LDL cholesterol, and platelet function as tested by
an in vitro clotting assay (PFA-100; Siemens) (Table 2). Eligi-
bility criteria included an ALT < 1.5 times the upper limit of
normal of 35 U/L, and 6 subjects had slightly elevated values of
38-42 U/L (at baseline for a single patient randomly assigned to

TABLE 1
Subject characteristics at baseline’
All subjects 1 capsule 3 capsules 6 capsules 9 capsules
(n=48) (n=12) (n=12) (n=12) (n=12)
Age (y) 51 + 777 48.8 = 8.1 5577 52+172 49 = 6.3
(39-66) (39-62) (40-66) (39-61) (40-60)
Weight (kg) 724 = 149 72.1 = 11.7 71.8 = 20 772 £ 16.2 68.5 * 10.5
(48.6-116.5) (60.1-99.6) (48.6-116.5) (58.1-114.1) (56.6-82.7)
Height (cm) 165.6 = 6.4 166.4 = 5.8 163.6 = 74 166.4 = 6.1 168.9 = 14.7
(151.9-182.9) (154.48-172.7) (151.9-177.8) (157.5-176.5) (160-182.9)
BMI (kg/m?) 26.6 £ 6.5 262 £ 4.7 269 £ 7.8 279 £59 237 £ 6.8
(20.7-45.5) (21.1-37.7) (21.1-45.5) (21.1-34.1) (20.7-31.9)
Waist (cm) 848 £ 11.9 84.0 = 114 86 + 15.6 86.2 £ 12 828 £9
(62-114) (66-106) (62-114) (72-113) (72-100)
WHR 0.80 = 0.05 0.81 = 0.07 0.80 = 0.06 0.79 = 0.05 0.8 = 0.02
(0.68-0.89) (0.69-0.89) (0.68-0.88) (0.71-0.89) (0.77-0.83)
Premenopausal (1) 25 7 3 7 8
Postmenopausal () 23 5 9 5 4

’ There were no significant differences between groups other than randomly assigning more postmenopausal subjects to the 3 capsules/d treatment arm.

WHR, waist-hip circumference ratio.
2 Mean *+ SD; range in parentheses (all such values).
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TABLE 2
Clinical laboratory test results for alanine aminotransferase (ALT), lipid profiles, and platelet function’
Dose and time ALT? LDL-C’ Cholesterol” HDL-C’ TGs® PECT’
1 Capsule/d
0 mo 20.6 = 7.7 1142 = 342 1959 = 41 558 = 154 129.5 = 69 934 + 11.8
3 mo 23.6 93 114.8 = 24.6 190.8 = 20 58.8 = 13.5 86.6 = 50.2 99 + 25.1
6 mo 21.1 =85 126.8 = 23.8 205.3 = 24.6 57.6 = 165 959 + 49.8 103.4 = 29.1
3 Capsules/d
0 mo 203 =173 1333 = 27 212.6 = 30.5 574 = 165 109.3 = 70.9 103.3 = 18.5
3 mo 219 =63 139.8 = 26.1 213.8 = 28.5 575 =159 80.7 = 51.1 106.4 = 31.2
6 mo 22.8 = 8.6 135.8 = 29.8 208.1 = 304 56.4 = 16.3 79.3 = 46.1 95 £ 229
6 Capsules/d
0 mo 19.3 = 3.8 135.6 = 334 208.7 = 33.2 56.8 = 15.8 847 = 47.7 120.8 = 45.2
3 mo 202 £ 7.6 130.1 = 33.8 198.6 = 32.9 549 = 16.3 65.5 =275 93.8 = 29.2
6 mo 20.7 = 6.0 136.8 = 29.7 205 £ 275 558 = 134 624 + 312 106.2 = 30.1
9 Capsules/d
0 mo 193 = 4.8 113.3 = 36.8 196.2 = 34.1 66.3 = 17.0 89.7 = 493 109.8 = 29.1
3 mo 213 =179 104.4 = 38.2 170.3 = 42 56.5 = 26.6 458 = 244 109.8 = 21.4
6 mo 19.8 £ 52 111.2 = 349 181.3 = 34.9 60.7 = 244 478 = 16.7 99.5 + 24.7

" All values are means * SDs; n = 12 subjects per treatment arm (total n = 48 subjects). LDL-C, LDL cholesterol; HDL-C, HDL cholesterol; TGs,
triglycerides; PFCT, platelet function closure time. No significant differences were found by repeated-measures ANOVA.

2 Range of normal values for ALT = 8-35 U/L.

3 Reference interval for LDL-C: optimal, <100 mg/dL; near optimal, 100—129 mg/dL; borderline high, 130159 mg/dL; high, 160—189 mg/dL; and very

high, >190 mg/dL.

4 Reference interval: desirable, <200 mg/dL; borderline high risk, 200-239 mg/dL; and high risk, >240 mg/dL.

° Reference interval for HDL-C: low, <40 mg/dL; and high, >60 mg/dL.

% Reference interval for TGs: desirable, <150 mg/dL; borderline, 150-199 mg/dL; high, 200499 mg/dL; and very high, >500 mg/dL.
7 Reference range for PECT as determined by the time for in vitro platelet plug formation: 88198 s for clotting on collagen-adrenaline membranes.

receive 3 capsules/d; at 6 mo for 3 subjects taking 1, 6, and 9
capsules/d, respectively; and at 6 mo for 2 subjects taking 1 and 3
capsules/d, respectively). At 6 mo, LDL cholesterol increased in
29 subjects within a range of 1 to 49 mg/dL. Of these increases,
13 resulted in a change in risk category to near optimal (100—
129 mg/dL) for 1 subject taking 9 capsules/d, for 2 subjects
taking 1 capsule/d to borderline high (130-159 mg/dL), for 4
subjects taking 6 capsules/d, and to high (160-189 mg/dL) for 1
subject taking 1 capsule/d, 1 taking 3 capsules/d, and 3 taking 6
capsules/d. However, for these subjects with increased LDL
cholesterol, the ratio of total to HDL cholesterol remained <4.5
(low risk) in all but 3 subjects: 1 with a decrease from 9.3 to 6.4
(6 capsules/d group) and 2 with increases from 4.4 to 5.2 and
5.3-6 (1 capsule/d group). LDL cholesterol was unchanged or
decreased in 34 subjects at 6 mo; a single subject taking 6
capsules/d had no data for LDL cholesterol at 6 mo, although
LDL cholesterol had decreased by 3 mo.

None of the doses affected in vitro clotting times at 3 or 6 mo of
treatment; one subject had a prolonged clotting time at baseline,
and another subject had an increased value at 3 mo that returned
to normal at 6 mo. Clinically significant bleeding did not occur
based on reported events in the daily logs and updates at the
monthly study visits. Reports of menorrhagia (n = 1) and rectal
bleeding (n = 1) did not appear to be linked to the w-3 PUFA
supplements based on the sporadic and/or chronic nature of the
events and potential for other more likely causes.

Dose-response effects of w-3 supplements on serum fatty
acids

Serum DHA and EPA increased with each dose level (Figure
1, Table 3). Daily doses of 1 and 3 capsules (0.84 and 2.52 g

EPA+DHA, respectively) resulted in a lower incremental change
over time for both DHA and EPA compared with the maximum
that can be achieved with 6 and 9 capsules (5.04 and 7.56 g EPA+
DHA, respectively) from 2 to 6 mo by Hsu’s MCB method
(DHA: P < 0.0001 with 1 capsule/d for months 1 to 6 and P =
0.006, = 0.015, > 0.05, = 0.013, = 0.03, and <.0001 with 3
capsules/d for months 1 to 6, respectively; EPA: P < 0.0001
with 1 capsule/d for months 1 to 6 and P < 0.001, = 0.004, =
0.002, = 0.02, = 0.002, and <0.0001 with 3 capsules/d for
months 1 to 6, respectively). The data do not support the su-
periority of either dose 6 or 9 capsules/d at achieving higher
serum DHA or EPA concentrations.

Higher baseline serum DHA was associated with a smaller
change in DHA (P < 0.0001). There is not sufficient evidence to
support an association between baseline serum EPA and the
magnitude of the change with the supplements by the MCB
analysis. Furthermore, higher BMI values were significantly
associated with lower incremental increases in serum DHA and
EPA across all doses (P = 0.015 and 0.027, respectively). Serum
concentrations of EPA and DHA at study entry were not asso-
ciated with BMI, although baseline arachidonic acid (AA) was
significantly and negatively associated with BMI (P = 0.03).
BMI was not found to be significantly associated with changes
in serum AA, LA, or w-3:w-6 fatty acid ratios. WHR and
menopausal status were not significantly associated with changes
in DHA or EPA.

Serum DHA and EPA increased significantly at 1 mo of the
study intervention compared with baseline (Figure 1). Although
serum DHA continued to increase significantly after the first
month with daily doses of 1, 3, and 9 capsules by Hsu’s MCB
method (P = 0.014, 0.0035, and 0.019, respectively), serum EPA
was not found to differ significantly over time from 1 to 6 mo.
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FIGURE 1. Mean serum concentrations of docosahexaenoic acid (DHA; A), eicosapentaenoic acid (EPA; B), and linoleic acid (LA; C) and w-3:w-6 ratios
(n—3 FAs:total n—6 FAs; D) at monthly intervals from 0 mo (baseline) to 6 mo for 48 subjects (n = 12 per treatment arm). *A linear mixed-effects model that
allowed for comparison of DHA and EPA at 2 different time points showed that the Bonferroni-adjusted P values were <0.012 for the difference between 1
mo and baseline for serum DHA at doses of 1, 3, 6, and 9 capsules/d and for baseline serum EPA at doses of 1, 3, 6, and 9 capsules/d.

Changes in the ratio of w-3:w-6 fatty acids relative to baseline
values were not significant for dose or time effects. In addition,
no significant effects by time, baseline level, dose, or inter-
actions between these factors were found for changes in serum
AA or LA at months 1-6 compared with baseline.

Dose-response effects of »-3 supplements on breast adipose
tissue fatty acids

Breast adipose tissue EPA and DHA contents increased after 6
mo of w-3 PUFA supplements (Figure 2, Table 4). Higher doses
of EPA and DHA correlated positively with the breast adipose
tissue content of EPA and DHA, with significant differences
between the lowest dose of 1 capsule/d (0.9 g -3 PUFAs) and
the maximum that could be achieved at the 95% confidence level
with Hsu’s MCB method. Doses of 3, 6, and 9 capsules/d led
to similar incremental increases in DHA and EPA. Although the
average values for breast adipose tissue EPA and DHA were
successively higher with increased intakes of w-3 PUFAs, the
responses achieved with 3, 6, and 9 capsules did not differ
significantly from the maximum that could be achieved at the
95% confidence level with Hsu’s MCB method.

A higher baseline DHA content in breast adipose tissue was
associated with smaller changes in the respective fatty acid
value (P = 0.0002). Higher BMI values were also significantly
associated with lower incremental changes in DHA (P =
0.0022); this effect did not significantly differ by dose or time.
BMI did not significantly affect changes in EPA, LA, AA, or
w-3:-6 ratios. The baseline adipose tissue contents of DHA,
EPA, AA, and LA and the w-3:w-6 ratio were not significantly
associated with BMI. No significant associations with time,
baseline, dose, or interactions between these factors were found
for adipose tissue AA or LA contents or for the ®-3:w-6 fatty
acid ratio.

Dose-response effects of -3 supplements on serum
biomarkers

A secondary endpoint of the study was to explore a panel of
serum biomarkers of insulin resistance (C-peptide, insulin, and
glucose), adiposity (adiponectin and leptin), inflammation (IL-6,
C-reactive protein, and TNF-o), and IGF-I and IGFBP3 as po-
tential surrogate measures of the effects of dietary w-3 fatty acid
supplements. Fasting serum samples collected at baseline and at 3
and 6 mo were assessed for these biomarkers. Estradiol concentra-
tions were also measured in samples from postmenopausal women,
and SHBG concentrations were measured in all subjects. No sig-
nificant dose and time interactions were detected. Consideration of
BMI or menopausal status did not alter this lack of effect.

These exploratory analyses showed an inverse association of
BMI with serum adiponectin and SHBG and a concordant as-
sociation of BMI with leptin, C-peptide, insulin, glucose, CRP,
and IL-6 (Table 5). In postmenopausal subjects, a higher BMI
was associated with increased estradiol concentrations (Table 5).
Serum IGF-1, IGFBP3, and TNF-« did not appear to be linked to
BMI or menopausal status.

DISCUSSION

This study showed the effects of 4 different doses of an w-3
PUFA supplement on breast adipose tissue fatty acid content
over 6 mo of treatment. The dose range was designed to en-
compass a lower end of <1 g/d to a high dose approximating 8 g
EPA+DHA/d based on maximally tolerated dosing data from
prior clinical trials (12). Doses of 3, 6, or 9 capsules (ie, 2.52,
5.04, and 7.56 g EPA+DHA/d, respectively) resulted in greater
increases of DHA and EPA in breast adipose tissue and serum
than did 1 capsule/d (0.84 g/d) The larger doses of 2.52, 5.04,
and 7.56 g EPA+DHA/d yielded incremental increases of EPA
and DHA in breast fat with mean values that were progressively
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TABLE 3
Fatty acid composition of total serum lipids at baseline and at 6 mo by dose!
Fatty acid and time 1 capsule (n = 12) 3 capsules (n = 12) 6 capsules (n = 12) 9 capsules (n = 12)
% of total fatty acids % of total fatty acids % of total fatty acids % of total fatty acids

14:0

0 mo 0.96 = 0.44 0.89 = 0.51 0.77 £ 0.34 0.72 £ 0.34

6 mo 0.94 = 0.38 0.63 = 0.39 0.71 £ 0.34 0.50 = 0.19
16:0

0 mo 23.64 * 3.26 22.79 * 3.08 2249 * 1.74 22.58 * 1.76

6 mo 24.18 * 3.58 21.31 £2.92 22.18 * 247 22.14 * 1.71
16:1w-7

0 mo 1.96 = 0.87 1.78 £ 0.71 2.33 £ 2.79 1.44 £ 046

6 mo 1.91 = 1.09 1.52 £ 0.71 1.13 + 046 091 * 0.22
18:0

0 mo 8.47 + 0.86 9.33 = 1.86 9.33 + 1.77 9.33 + 1.95

6 mo 8.56 = 1.08 8.79 = 1.31 10.14 = 1.32 10.01 = 1.40
18:1w-9

0 mo 20.10 = 2.96 18.53 = 2.68 16.41 * 4.80 17.76 = 3.21

6 mo 18.18 = 3.18 15.40 * 2.76 14.13 = 2.12 13.97 + 2.14
18:1w-7

0 mo 1.94 = 0.37 2.10 £ 0.34 3.26 = 4.52 1.94 £ 0.40

6 mo 1.64 = 0.16 1.94 + 0.36 1.70 + 0.27 1.69 * 0.36
LA

0 mo 27.26 = 5.30 27.93 = 4.43 28.85 + 4.04 28.63 * 3.61

6 mo 27.85 * 6.49 29.32 *+ 4.30 26.72 = 4.22 26.95 * 3.00
18:3w-6

0 mo 0.50 = 0.16 0.39 = 0.18 044 * 0.13 0.47 = 0.18

6 mo 0.43 * 0.18 0.38 = 0.26 0.29 + 0.13 0.26 = 0.14
18:3w-3

0 mo 0.65 = 0.27 0.74 = 0.21 0.57 = 0.21 0.57 = 0.15

6 mo 0.56 = 0.18 0.68 = 0.32 0.53 + 0.22 0.50 = 0.17
20:2w-6

0 mo 0.29 * 0.05 0.41 = 0.39 0.26 = 0.06 0.30 = 0.04

6 mo 0.25 = 0.08 043 + 0.37 0.26 = 0.16 0.24 + 0.06§
20:3w-6

0 mo 2.05 + 042 2.04 + 044 2.06 + 0.44 2.02 + 048

6 mo 1.77 £ 0.26 1.51 = 0.33 1.35 £ 0.31 1.26 + 0.46
20:4w-3

0 mo 0.17 = 0.14 0.16 = 0.08 0.22 * 0.15 0.13 = 0.1

6 mo 0.17 = 0.13 022 = 0.24 0.18 = 0.14 0.18 = 0.1
AA

0 mo 772 * 1.72 827 =225 7.89 + 1.49 9.07 = 2.93

6 mo 7.11 + 1.64 7.04 + 2267 725 + 2.10° 6.88 + 1.10°
EPA

0 mo 0.63 * 0.38 0.57 = 0.26 0.96 *+ 1.03 0.68 * 0.40

6 mo 1.52 = 0.46 275 * 1.07% 5.65 + 1.94° 5.98 * 2.03%
22:2w-6

0 mo 0.14 = 0.21 0.03 = 0.08 0.02 = 0.07 0.001 = 0.002

6 mo 0.09 £ 0.14 0.03 = 0.1 0.02 + 0.03 0.03 + 0.04
22:4m-6

0 mo 0.28 = 0.11 0.29 + 0.13 0.26 * 0.08 0.32 + 0.16

6 mo 0.24 £ 0.10 0.16 = 0.11 0.09 = 0.08 0.18 = 0.19
22:5w-3

0 mo 0.68 * 0.30 0.65 = 0.29 0.69 * 0.30 0.68 * 0.28

6 mo 0.74 £ 0.27 1.01 = 0.33 1.21 = 0.33 1.26 = 0.26
DHA

0 mo 1.59 = 0.62 1.99 = 0.84 2.20 = 1.38 2.07 + 0.77

6 mo 2.90 * 0.722 423 + 0.86° 557 = 1432 6.26 = 1.64%
-3:0-6

0 mo 0.10 = 0.03 0.11 = 0.04 0.12 = 0.06 0.10 = 0.03

6 mo 0.16 = 0.03 0.23 = 0.06% 0.38 = 0.122 0.40 = 0.122

! All values are means = SDs. LA, linoleic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; AA, arachidonic acid. A linear mixed-effects
model was used to compare differences between 0 and 6 mo for DHA, EPA, AA, and LA and w-3:w-6 ratio. No significant differences between baseline and
6 mo were found for LA at all doses and for EPA and AA and w-3:w-6 ratio at 1 capsule/d. There was no evidence of a significant interaction between dose
and time on the basis of current data for DHA, EPA, LA, and AA and w-3:w-6 ratio.

2 Significantly different from 0 mo (baseline), P < 0.012 (Bonferroni adjusted).
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FIGURE 2. Mean concentrations of breast adipose tissue docosahexaenoic acid (DHA; A), eicosapentaenoic acid (EPA; B), and linoleic acid (LA; C) and
w-3:w-6 ratios (D) at baseline and at 3 and 6 mo for 48 subjects (n = 12 per treatment arm).

higher but not significantly different. On the basis of the current
data, >2.52 ¢ EPA+DHA/d represents the most appropriate dose
for elevating EPA and DHA contents in the mammary micro-
environment.

The lack of significant differences between the successively
higher doses of 3, 6, and 9 capsules/d might indicate a maximal
threshold for DHA and EPA in breast adipose tissue. Alterna-
tively, additional time may be needed to distinguish between
these doses, given the small but significant increase in breast
adipose tissue DHA and EPA contents from 3 to 6 mo without
evidence of a plateau. This outcome may also relate to variables
such as the background diet, baseline DHA and EPA, and BMI,
such that our sample size was insufficient to discriminate between
the effects of the higher doses. Indeed, the data showed that
a higher baseline serum or adipose DHA or EPA content was
associated with a smaller incremental increase of that specific
fatty acid. In our study, breast adipose tissue DHA and EPA at
enrollment ranged from O to 0.65 and from 0 to 0.54, respectively,
with a significantly higher DHA content at baseline in subjects
who consumed 6 capsules/d and a higher LA content in subjects
who consumed 3 capsules/d. Furthermore, a higher BMI atten-
uated the effect of the supplement on increases in the serum and
adipose at all dose levels. In a prior report, post hoc analysis of
a clinical trial of w-3 fatty acids in children and young adults
with IgA nephropathy showed that the dosage of Omacor per
kilogram of body weight at 21-24 mo of treatment correlated
significantly with plasma phospholipid EPA:AA and DHA:AA
ratios and changes in the severity of proteinuria (26). Our data
also support the need to consider body mass in future studies of
w-3 PUFAs as well as variations in usual dietary intake that
might affect basal fatty acid concentrations.

Increases in DHA and EPA over time were noted in the breast
adipose tissue samples, without evidence of a threshold level.

Serum DHA and EPA concentrations rose after the first month of
treatment, with general stability in the values per dose level after
the first month of treatment. Other studies have made similar
observations, including a randomized placebo-controlled study
that assessed the dose effects of 0.97, 1.95, and 2.92 g EPA+DHA
with a placebo of monounsaturated fatty acids in 58 monks that
showed increasing EPA and DHA contents in gluteal fat samples
without evidence of a plateau at 1 y of treatment and a relatively
stable EPA content in serum cholesterol esters within weeks of
treatment (27).

The current data did not show significant changes in the
w-3:m-6 ratio on the basis of the sum of total -3 and w-6 fatty
acids in the adipose and serum samples. Although the EPA and
DHA contents increased and the LA and AA contents remained
essentially stable, shifts in the concentrations of other w-3 and
w-6 fatty acids and the wide range of values within a given
treatment arm may have accounted for the lack of significant
dose effects. Other investigators have reported changes in the
w-3:0-6 ratio with fish oil/w-3 PUFA supplements; however,
without a standardized method of determining this ratio, the
seeming discordance with our results may relate to the specific
w-3 and w-6 fatty acids included in the calculation, eg, totals
based on fewer or more w-6 and w-3 fatty acids compared with
our methods (13, 28). Homeostasis in the relative balance of
w-3 and w-6 fatty acids may occur despite a shift in EPA and
DHA, and consideration of the ratio of specific subsets of fatty
acids may represent a better marker of response and/or disease
susceptibility.

As a secondary, exploratory endpoint, we investigated the
effect of the study intervention on serum hormones, growth
factors, and cytokines that have been linked by either preclinical
or clinical evidence to increased breast cancer risk. Although
these serum markers were not affected by time or dose of the w-3
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TABLE 4
Fatty acid composition of total lipids in breast adipose tissue at baseline and at 6 mo by dose’
Fatty acid and time 1 capsule (n = 12) 3 capsules (n = 12) 6 capsules (n = 12) 9 capsules (n = 12)
% of total fatty acids % of total fatty acids % of total fatty acids % of total fatty acids

14:0

0 mo 3.14 £ 197 2.66 = 1.39 22 +0.21 3.75 £ 1.99

6 mo 3.03 £ 1.66 2.66 £ 1.71 242 £ 0.73 3.05 £ 1.52
16:0

0 mo 19.28 = 2.16 18.61 = 2.13 19.49 = 1.55 1835 + 1.8

6 mo 20.15 * 2.07 18.65 = 2.8 18.13 + 3.91 18 *+ 3.59
16:1w-7

0 mo 3.28 £ 1.03 3.64 £ 1.05 3.15 £ 1.08 3.46 £ 1.05

6 mo 341 *+ 1.34 3.54 = 1.38 3.31 = 1.03 2.56 = 0.38
18:0

0 mo 527 = 1.58 484 = 1.31 5.52 = 1.32 4.65 + 1.55

6 mo 523 = 1.68 4.66 = 1.33 474 = 1.92 534 = 1.83
18:1w-9

0 mo 38.68 = 5.9 41.69 = 4.12 425 =277 36.15 * 6.94

6 mo 39.87 = 4.77 40.69 £ 5.16 38.53 = 10.15 36.13 = 8.41
18:1w-7

0 mo 235 £ 034 2.62 = 0.57 2.73 = 0.67 2.32 £0.77

6 mo 24 +04 241 = 0.51 2.36 = 0.86 2.19 £ 0.63
LA

0 mo 18.12 + 2.447 18.41 = 2.32 16.59 = 1.82° 19.17 = 3.01*

6 mo 18.38 = 2.95 18.25 = 2.32 16.34 = 1.94 17.92 = 3.7
18:3w-6

0 mo 0.29 = 0.27 0.16 = 0.18 0.1 £ 0.03 0.33 = 0.28

6 mo 023 = 0.22 0.19 = 0.11 022 = 0.24 0.17 = 0.24
18:3w-3

0 mo 1.07 = 0.49 1.13 = 0.53 0.86 = 0.21 1.36 = 0.49

6 mo 1.1 = 0.51 1.16 £ 0.71 1.01 £ 045 1.18 £ 0.51
20:2w-6

0 mo 0.38 = 0.32 0.3 = 0.09 0.28 = 0.08 0.41 = 0.39

6 mo 0.24 = 0.1 0.24 = 0.09 0.28 = 0.07 0.27 = 0.14
20:3w-6

0 mo 2.53 = 3.32 1.51 = 1.74 249 *+ 4.15 5.69 = 9.41

6 mo 1.36 = 0.99 1.91 = 3.88 8.14 £ 15.45 8.42 * 16.57
20:4w-3

0 mo 0.78 = 1.17 0.45 = 0.67 0.22 = 0.14 0.6 £ 0.57

6 mo 0.54 = 0.78 0.35 = 0.44 0.32 = 0.26 0.54 = 0.56
AA

0 mo 0.67 = 0.27 0.5 £ 0.1 0.55 = 0.17 0.58 = 0.28

6 mo 0.59 = 0.28 0.52 = 0.23 0.54 = 0.16 0.53 = 0.33
EPA

0 mo 0.15 = 0.17 0.07 = 0.06 0.07 = 0.03 0.13 = 0.14

6 mo 0.19 + 0.21 0.23 * 0.18 0.27 + 0.09° 0.41 * 0.29°
22:2w-6

0 mo 0.04 = 0.13 0.26 = 0.73 0.38 = 0.98 0 =+ 0.01

6 mo 0.29 = 0.65 0.42 = 1.03 0.19 = 047 0.02 = 0.05
22:4w-6

0 mo 0.17 = 0.13 0.27 = 0.29 0.23 = 0.09 0.11 = 0.11

6 mo 0.18 = 0.1 0.6 £ 1.39 0.36 = 0.49 0.09 = 0.1
22:5w-3

0 mo 1.21 = 1.83 0.82 = 0.92 0.4 += 0.21 1.05 £ 0.88

6 mo 0.9 + 1.35 0.83 = 1.08 0.54 = 0.27 1.13 £ 0.92
DHA

0 mo 0.16 + 0.19° 0.21 + 0.14 0.27 + 0.16 0.15 + 0.13°

6 mo 0.23 = 0.11 0.37 = 0.17 0.44 * 0.16° 0.54 + 0.34°
»-3:0-6%

0 mo 0.15 = 0.15 0.12 = 0.08 0.09 = 0.03 0.13 = 0.07

6 mo 0.13 = 0.11 0.14 = 0.1 0.11 = 0.04 0.16 = 0.1

" All values are means * SDs. LA, linoleic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; AA, arachidonic acid. A linear mixed-effects model was used
to compare differences between 0 and 6 mo for DHA, EPA, AA, and LA and w-3:-6 ratio. There was no evidence of a significant interaction between dose and time on the
basis of current data for DHA, EPA, LA, and AA and w-3:w-6 ratio. No significant differences between 0 mo (baseline) and 6 mo were found for breast adipose tissue AA and
LA and w-3:w-6 ratio.

2~ Significantly different from 3 capsules/d (Tukey’s test): 2P = 0.04, *P = 0.05, *P = 0.0006.

>7 Significantly different from baseline (Bonferroni adjusted): °P < 0.004, “P = 0.008.

® Significantly different from 6 capsules/d, P = 0.04 (Tukey’s method).

8 The w-3:-6 ratio represents the sum of (18:3n—3, 20:4n—3, 20:5n—3, 22:5n—3, and 22:6n—3)/(sum of 18:2n—6, 18:3n—6, 20:2n—6, 20:3n—6, 20:4n—6, 22:2n—6,
and 22:4n—06).
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Estimated value at a BMI (in kg/m?) of 21.8  Estimated percentage change per

95% CI for percentage change

Serum marker’ (=~25th percentile in data set) and 95% CI one-unit increase in BMI per one-unit increase in BMI P value
%o %
Adiponectin (ng/mL) 13.71 (11.38, 16.51) -2.7 (—4.9, —0.5) 0.0189
Leptin (ng/mL) 7.20 (6.21, 8.35) 8.3 (6.2, 10.4) <0.0001
C-peptide (ng/mL) 2.11 (1.84, 2.41) 4.8 (1.03, 1.066) <0.0001
Insulin (uIU/mL) 4.29 (3.48, 5.30) 5.3 (1.025, 1.082) 0.0002
Glucose (ug/dL) 73.58 (69.71, 77.68) 1.1 0.4, 1.8) 0.0035
IGF-I (ng/mL) 201.78 (180.66, 225.38) —0.6 (—2.1,0.8) 0.4036
IGFBP3 (ng/mL) 4729.15 (4510.67, 4857.71) 0.30 0.3, 1.0 0.2392
C-reactive protein (mg/dL) 0.63 (0.47, 0.83) 9.4 (5.4, 13.7) <0.0001
IL-6 (pg/mL) 2.75 (2.09, 3.60) 4.6 0.8, 8.4) 0.0161
TNF-o (pg/mL) 1.71 (1.52, 1.93) 0.8 0.7, 2.3) 0.3082
Estradiol (pg/mL) 10.31 (9.28, 11.44) 2.6 (1.2, 4.1) 0.0004
SHBG (nmol/L) 13.71 (11.38, 16.51) —4.2 (—5.8, —2.5) <0.0001

! The results are secondary to the main analysis and represent the findings of exploratory model building. Outcomes were first natural-log transformed
due to skewness, and then linear mixed-effects models were applied to the data, with BMI, time, dose, and menopausal status as potential predictors. From the
models, we estimated the percentage change in outcome per one-unit change in BMI and 95% Cls. To give a sense of baseline outcome values in relation to
BMI, we also used the model to estimate the outcome value at the 25th percentile of BMI (as calculated from our data set) and the 95% CI. We chose the 25th
percentile rather than the minimum to avoid providing an estimate at what could potentially be an outlier value of BMI. IGF-I, insulin-like growth factor I;
IGFB3, insulin-like growth factor binding protein 3; SHBG, sex hormone-binding globulin; IL-6, interleukin-6; TNF-o, tumor necrosis factor-o.

Zpn=48 subjects for all serum markers, except for estradiol, which was assessed only in postmenopausal subjects (n = 23).

PUFAs, the finding that BMI associated positively with insulin,
glucose, C-peptide, leptin, CRP, IL-6, and estradiol concen-
trations and inversely with adiponectin and SHBG agrees with
the known association of increasing BMI with insulin resistance,
adiposity, inflammation, and peripheral aromatization and sup-
ports the validity of the results. The lack of effect of any dose on
these selected serum factors may relate to the overall good
health of the subjects because those with a history of diabetes
and cardiovascular disease were excluded, such that serum in-
dexes of inflammation and insulin resistance were already low,
normal, or outside a modifiable range. Prior studies have also
suggested a lack of effect of w-3 PUFA supplements on in-
flammatory markers in a healthy population at lower doses (29).
Cytokine release from peripheral blood mononuclear cells may
represent a better measure of antiinflammatory response to di-
etary fatty acids such as EPA and/or DHA (30).

Limitations of the study include the lack of a placebo, which
could have led to biased observations or actions by subjects and/
or study personnel in the clinic. Future trials will need to address
the issue of a fish-oil placebo, which is complicated by the
potential for biologic effects with any dietary oil as well as the
widespread interest of the general public in taking fish oil/w-3
PUFA supplements for cardiovascular and overall health bene-
fits. The dosing schedule was not prescribed, such that higher
doses with multiple pills taken as a single daily dose could have
led to inefficient absorption and/or metabolism resulting in an
apparent lack of dose response with 3, 6, and 9 capsules/d. In-
deed, subjects with the higher doses reported using a single daily
dose of 6 or 9 capsules as the easiest to administer rather than
multiple doses (data not shown). The study population was also
somewhat varied, and there might have been differences in fatty
acid uptake based on menopausal status that the current sample
size could not detect. For example, sex differences in the con-
version of oo—linolenic acid to long-chain w-3 PUFAs may relate
to estrogen, with increased serum DHA in women receiving
hormone replacement therapy or taking oral contraceptives (31,

32). Additionally, the baseline diet was not controlled for total
fat or other components that might have affected fatty acid
uptake.

Our study showed for the first time the dose-response effects of
4 different doses of an w-3 fatty acid supplement in breast ad-
ipose tissue and serum samples of women at high risk of breast
cancer. Daily doses of 3, 6, or 9 capsules yielded increased
breast adipose tissue DHA and EPA relative to 1 capsule, and
daily supplementation with 6 or 9 capsules achieved higher
serum DHA and EPA concentrations than did lower doses of 1
or 3 capsules. The current data support a minimum dose of 2.52
g EPA+DHA/d to increase the concentrations of these fatty acids
in breast adipose tissue. It is possible that a longer duration of
treatment and/or larger sample size would help distinguish be-
tween the doses of 3, 6, or 9 capsules. Future studies will also
need to consider the influence of BMI and usual diet on systemic
and target tissue concentrations of DHA and EPA. Although
prior clinical trials have evaluated dose responses of w-3 fatty
acid/fish-oil supplementation, the endpoints were often serum-
or blood-based markers or clinical criteria for nonbreast cancer—
related diseases (33, 34). Our study was the first to provide the
basis for selection of a dose likely to elicit target tissue effects
relevant to breast cancer based on modulation of EPA and DHA
concentrations in breast adipose tissue.
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