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Research Article

Double-Blind Randomized 12-Month Soy
Intervention Had No Effects on Breast MRI
Fibroglandular Tissue Density or Mammographic
Density
Anna H.Wu1, Darcy Spicer2, Agustin Garcia10, Chiu-Chen Tseng1,
Linda Hovanessian-Larsen3, Pulin Sheth3, Sue Ellen Martin4, Debra Hawes4,
Christy Russell2, Heather MacDonald2, Debu Tripathy5, Min-Ying Su6,
Giske Ursin1,7,8, and Malcolm C. Pike1,9

Abstract

Soy supplementation by patients with breast cancer remains
controversial. No controlled intervention studies have inves-
tigated the effects of soy supplementation on mammogra-
phic density in patients with breast cancer. We conducted a
double-blind, randomized, placebo-controlled intervention
study in previously treated patients with breast cancer (n ¼
66) and high-risk women (n ¼ 29). We obtained digital
mammograms and breast MRI scans at baseline and after
12 months of daily soy (50 mg isoflavones per day; n ¼
46) or placebo (n ¼ 49) tablet supplementation. The total
breast area (MA) and the area of mammographic density
(MD) on the mammogram were measured using a validated
computer-assisted method, and mammographic density per-
cent (MD% ¼ 100 � MD/MA) was determined. A well-tested
computer algorithm was used to quantitatively measure the

total breast volume (TBV) and fibroglandular tissue volume
(FGV) on the breast MRI, and the FGV percent (FGV% ¼
100 � FGV/TBV) was calculated. On the basis of plasma soy
isoflavone levels, compliance was excellent. Small decreases
in MD% measured by the ratios of month 12 to baseline
levels were seen in the soy (0.95) and the placebo (0.87)
groups; these changes did not differ between the treatments
(P ¼ 0.38). Small decreases in FGV% were also found in both
the soy (0.90) and the placebo (0.92) groups; these changes
also did not differ between the treatments (P ¼ 0.48). Results
were comparable in patients with breast cancer and high-risk
women. We found no evidence that soy supplementation
would decrease mammographic density and that MRI might
be more sensitive to changes in density than mammography.
Cancer Prev Res; 8(10); 942–51. �2015 AACR.

Introduction
Results from meta-analyses of observational epidemiologic

studies have consistently shown an inverse relationship between
regular dietary soy consumption and risk of breast cancer devel-

opment (1–3). Pooled analysesof studies conducted in theUnited
States and in Asia also showed a significant benefit in outcome
among patients with breast cancer who were regular soy consu-
mers after breast cancer diagnosis (4). However, the mechanisms
bywhich soy intakemay favorably influence breast cancer risk and
outcome remain elusive. Results from more than 40 controlled
short-term soy intervention studies do not show significant favor-
able reductions in circulating estrogen levels (5). The effects of soy
supplementation on mammographic density from randomized
controlled trials in healthy pre- and postmenopausal women are
also not consistent (6). Lower postmenopausal estrogen levels
and lowermammographic density at all ages have been associated
with lower risk of breast cancer development (7, 8).

Despite the recognized use of mammographic density as an
intermediate biomarker of breast cancer, mammographic density
may not be sufficiently sensitive due to the 2-dimensional pro-
jection of the breast, particularly in studies of postmenopausal
women where density levels may not be sufficiently high to
demonstrate a change. Measurements using MRI, which allows
the 3-dimensional characterization of fibroglandular tissue vol-
ume (FGV) may be more discriminatory and informative than
mammographic density (9, 10). In studies of breast density and
tamoxifen, significant changes were found mainly in premeno-
pausal or younger (age < 50) women but not in postmenopausal

1Department of PreventiveMedicine, University of Southern California
Keck School of Medicine, Los Angeles, California. 2Department of
Medicine, University of Southern California Keck School of Medicine,
Los Angeles, California. 3Department of Radiology, University of
Southern California Keck School of Medicine, Los Angeles, California.
4Department of Pathology, University of Southern California Keck
School of Medicine, Los Angeles, California. 5MBreast Medical Oncol-
ogy, The University of Texas MD Anderson Cancer Center, Houston,
Texas. 6TuandYuenCenter forFunctionalOnco-Imaging,Universityof
California, Irvine, Irvine, California. 7Department of Nutrition, Univer-
sity of Oslo, Oslo, Norway. 8Cancer Registry of Norway, Oslo, Oslo,
Norway. 9Department of Epidemiology and Biostatistics, Memorial
Sloan-Kettering Cancer Center, New York, New York. 10Hematology
Oncology, Louisiana State University, New Orleans, Louisiana.

Note: Clinical Trial Registration: Clinicaltrials.gov Identifier: NCT01219075.

Corresponding Author:Anna H.Wu, Norris Comprehensive Cancer Center, 1441
Eastlake Avenue, Rm 4443, Los Angeles, CA 90089. Phone: 1-323-865-0484;
Fax: 1-323-865-0139; E-mail: annawu@usc.edu

doi: 10.1158/1940-6207.CAPR-15-0125

�2015 American Association for Cancer Research.

Cancer
Prevention
Research

Cancer Prev Res; 8(10) October 2015942

Research. 
on October 9, 2015. © 2015 American Association for Cancercancerpreventionresearch.aacrjournals.org Downloaded from 

Published OnlineFirst August 14, 2015; DOI: 10.1158/1940-6207.CAPR-15-0125 

http://cancerpreventionresearch.aacrjournals.org/


or older women (11–14). We are aware of one study that found
a statistically significant effect of tamoxifen on breast density
in postmenopausal women (15). No significant reductions in
breast density were found in 7 of the 8 studies on raloxifene that
were conducted in postmenopausal women (16). In the small
study conducted by Eng-Wang and colleagues, daily raloxifene for
1 to 2 years in premenopausal women was not associated with a
significant change in mammographic density, but they found a
significant 17% reduction based onMRI (17).We are not aware of
other intervention studies that have monitored changes in breast
tissue density usingmeasures from bothMRI andmammograms.

The primary objective of this intervention study was to deter-
mine the effects of daily soy versus placebo tablets for 12 months
using both MRI density and mammographic density as measures
of breast tissue density. Because MRI provides strong soft-tissue
contrast between fibroglandular and fatty tissues with a 3-dimen-
sional coverage of the entire breast (9), we hypothesized that
breast MRI may offer more precise measurements of breast and
FGV, providing a more reproducible and sensitive assessment of
changes in breast tissue.

Materials and Methods
Study subjects

The study population consisted of women aged 30 to 75 years
who were (i) diagnosed with ductal carcinoma in situ or invasive
breast cancer and completed medical treatment including tamox-

ifen or an aromatase inhibitor (AI) at least 6 months earlier and
were without evidence of recurrence, (ii) breast cancer patients
whodid notwish to take endocrine therapy (i.e., tamoxifen, AI) or
werenot eligible for it (hormone receptor–negativebreast cancer);
or (iii) other high-risk women with a 5-year Gail risk rate >1.7%,
or were a known BRCA1/BRCA2mutation carrier, or had a family
history consistent with hereditary breast cancer or had a prior
biopsy exhibiting atypical hyperplasia. We excluded women who
showed any suspicious changes in their baselinemammogramsor
were regular soy consumers (i.e., once per week of soy food, soy
supplements, or other products) or had a known food allergy such
as to soy or nuts or were current users of hormone therapy.
Subjectswere recruited from theUniversity of SouthernCalifornia
(USC) Norris Cancer Center and the Los Angeles County (LAC)þ
USC Medical Center as well as from the Army of Women (18).
Recruitment for the study commenced in September 2010 and
ended in December 2012 (field activities ended in January 2014).

Our plan was to recruit 100 women to the study. In total, we
recruited 112 volunteers but 10 withdrew before randomization
(Fig. 1). Of the 102 patients enrolled in the study, 7 (3 soy, 4
placebo) later withdrew because of recurrence (1 soy, 1 placebo),
gastrointestinal complaints (2 placebo), weight gain (1 placebo),
or had moved outside of Los Angeles County (2 soy). Mammo-
grams and MRIs were available on 95 subjects who completed
the 12 months of intervention. However, 4 subjects (1 soy, 3
placebo) hadmammograms but did not haveMRIs and 5 subjects
(1 soy, 4 placebo) had MRIs but did not have mammograms.

112 consented

Screened subjects at USC Norris Cancer Center,
LAC + USC Medical Center, Army of Women

102 (49 soy, 53 placebo) randomized
and completed baseline assessments

7 Withdraw (3 soy, 4 placebo)
Reasons:

Recurrence (1 soy, 1 placebo)
GI complaints (2 placebo)
Weight gain (1 placebo)
Moved outside of LA country (2 soy)

Completed 12 months: 95 (46 soy, 49 placebo)
Had baseline and end of month 12 mammograms:

91 (45 soy, 46 placebo)
Had both baseline and end of month 12 MRI:

90 (45 soy, 45 placebo)
Had both mammograms and MRI at

baseline and end of 12 month: 85 (44 soy, 41 placebo)

Figure 1.
CONSORT diagram for study design
and availability of mammograms and
MRIs at baseline and after 12 months of
intervention.

Soy and Breast Tissue Density Mammogram and MRI
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Because an important part of this study is a comparison of breast
density based on MRI and mammograms, we present below
results of 85 participants (44 soy, 41 placebo) who had both
MRI and mammogram results at both baseline and at the end of
12 months of study.

Study drugs
The soy/placebo tablet we used was prepared by MeriCal

(www.merical.com), one of the nutritional industry's formu-
lation and custom packaging specialists that is licensed with the
FDA and the California Board of Pharmacy. The soy ingredient
in the soy tablets was Novasoy 400 (lot number 0606051) from
Archer Daniels Midland Company that is distributed through
B&D Nutritional Ingredients. The placebo material was micro-
crystalin cellulose. Each soy tablet contained 50 mg isoflavones
(27.72% total aglycone isoflavones–12.79% daidzein, 11.57%
genistein, 3.36% glycitein). The tablet weight of the soy/
placebo pill was 600mg per pill. The study tablets were released
to staff at the USC Pharmacy which worked closely with the
study team. Each pill bottle contained a one-month supply
(30 tablets). Participants were given 3 bottles of tablets at each
quarterly visit and instructed to take one tablet per day at the
same time of day for 12 months. Participants were asked to
return pill bottles at the quarterly clinic visits, and the number
of tablets taken per month deduced from pills remaining was
recorded.

Baseline assessment and data and sample collection
A baseline questionnaire that asked about menstrual, repro-

ductive, and menopausal factors, family history of cancer and
personal medical history was administered to participants. Body
weight, waist and hip measurements, and blood samples were
obtained at baseline and every 3 months (i.e., at months 3, 6, 9,
and 12) of the intervention using methods we have used in
previous intervention studies (19, 20). At each follow-up visit,
we obtained updated information on medical history and use of
nonhormonal medications. A diagnostic digital mammogram
was obtained at baseline and at the end of intervention (month
12) at the Norris Cancer Center or at LACþ USCMedical Center.
Participants were also asked to have 2 breast MRI scans without
gadolinium contrast, one at baseline and one at the end of
intervention. Women were included if their baseline mammo-
gramswere considered negative or showed benign findings on the
basis of BI-RADS category (21). The MRI was done after the
mammogram (usually on the same day) in the RadiologyDepart-
ment at USC Health Care Consultation Center. We obtained
simultaneously bilateral breast MRI without contrast using a
1.5-T scanner with a dedicated phase array breast coil in prone
position. Bilateral sagittal T1 images with and without fat sup-
pression were obtained at 3-mm intervals.

Mammographic density measurement
Digital mammograms of the contralateral breast (of patients

with breast cancer) or the opposite side to their dominant arm
(for high-risk women) at baseline and at the completion of 12
months of intervention were assessed for mammographic den-
sity by Dr. Ursin using the USC Madena method, a validated
computer-assisted quantitative technique (22) that we have
used extensively in previous studies (23, 24). Briefly, this
method used the digitized craniocaudal mammographic image.

A reader trained by Dr. Ursin first quantified the total breast
area (MA) using a computerized outlining tool. Dr. Ursin then
used a thresholding technique to quantify the area of dense
tissue (MD) within the breast. The total number of pixels in the
digitized image that constituted the total area and the dense
area was calculated and the ratio of these 2 values expressed as a
percentage (mammographic density percent, MD% ¼ 100 �
MD/MA) was computed. Both mammograms from each subject
were read in the same batch set. Dr. Ursin read the mammo-
grams in batches of about 50. She was blinded to all character-
istics of the study participants including the treatment group
and the order of collection of the mammograms.

MRI
MRI of the unaffected breast (for breast cancer cases) or the

breast on the opposite side to their dominant arm (for high-risk
women) at baseline and at the completion of 12 months of
intervention were assessed for the total breast volume (TBV) and
the FGV in the laboratory of Dr. Su using procedures they have
developed and tested extensively (9, 25, 26). The FGV% was
obtained as the ratio of the FGV to the TBV � 100. In brief,
computer-assisted algorithms were used to segment the breast
and the fibroglandular tissue. The breast segmentation proce-
dures consisted of (i) defining the lateral boundaries and remov-
ing the chest wall, (ii) identifying the chest wall muscle for further
exclusion, and (iii) excluding the nipple and skin. After these
procedures were completed, TBV was calculated. For fibrogland-
ular tissue segmentation, a robust bias-field correction method
and K-means clustering were used to separate fibroglandular
from fatty tissues, typically using a total cluster number of K ¼
6, the lower 3 intensity clusters identified fibroglandular tissue
and the upper 3 intensity clusters fatty tissue. After the fibrogland-
ular tissue was segmented, the volume was calculated. Although
the above-described procedures were fully automatic, the oper-
ator needed to define the beginning and ending slices for breast
segmentation. Because the study objective was to compare the
change in the same subject, the analyzed breast region in baseline
and follow-upMRI needed to be consistent by carefully matching
the shape of breast tissues on the beginning and the ending
slices in the baseline and follow-up MRI. Typically, 40 to 45
slices were selected as the breast region for segmentation. To
ensure consistency, the operator analyzed the 2 MRIs from the
same subject in one sitting but blinded as to the order of the MRI
or the treatment group.

Blood isoflavone measurement
Plasma levels of themajor soy isoflavones (genistein, daidzein)

and the importantmetabolite of daidzein (equol)were quantified
after enzymatic deconjugation using a validated isotope dilution
electrospray tandem mass spectrometric method (27) we have
published previously (28). The limits of detection for genistein,
daidzein, and equol were 20, 3, and 20 nmol/L, respectively, and
the intra- and interassay precision was 1% to 6% for analysis of
10 mL aliquots of spiked plasma samples.

Statistical analysis
The distributions of both MD% and FGV% were markedly

skewedwith long tails to the right.We investigated the effect of soy
versus placebo capsules using logarithmic and square root trans-
formation to obtainmore normal distributions of these variables,

Wu et al.
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and in both situations, the square-root transformation gave a
clearly more symmetric distribution of these variables. This trans-
formation was used in all calculations involving MA, MD, MD%,
TBV, FGV, or FGV%. The results of these calculations were con-
verted back to the standard scales for presentation.

Treatment group comparisons on demographic and other
baseline characteristics were compared using c2 tests for cate-
gorical variables and t tests for continuous variables. Pearson
correlations between MD% and FGV% were computed, and
their statistical significance was calculated on the basis of
Fisher's z transformation. We used ANOVA and ANCOVA
methods to assess the relationships between age, body mass
index (BMI), menopausal status, and other variables and base-
line MD% and FGV%. The primary outcomes were the change
in MD% and FGV% from baseline to end of month 12 for the
soy and placebo groups: change was calculated as the ratio of
the month 12 to the baseline measurements and mean values
were calculated using transformed values to give equal weight
to results above and below unity. The calculations were made
on the square-root scale and then converted to original scale
by squaring the mean values obtained using the square-root
scale. Mean levels of MD% and FGV% at baseline and end of
month 12 were compared between treatments using the
Wilcoxon rank-sum test. The change in MD% and FGV% within
treatment were compared using the signed ranks test. The
differences in the change in MD% and FGV% were also com-
pared between treatments using the rank-sum tests. Approxi-
mate confidence intervals (CI) were computed using the results
from t tests assuming equal variances. With a sample size of
50 women in the soy and placebo arm, a 2-sided alpha of 0.05,
we would have 80% power to observe differences of 3.2% up
to 8.4% in FGV% differences if the SDs were 5% and 15%,
respectively. These observed differences would be changed to
3.1% and 9.4% if we had 20% dropout rate (or a sample size of
40 women in each group).

Results
Thebaseline characteristics of evaluablewomen randomized to

soy (n¼ 44) and placebo (n¼ 41) tablets were similar; treatment
groups did not differ statistically significantly in age, race/ethnic-
ity, education, age at menarche, parity, BMI, menopausal status,
years since menopause, or history of breast cancer. Among the
participants who had a history of breast cancer (29 soy vs. 29
placebo), there were no differences in tumor characteristics of
previous breast cancer (stage at diagnosis, hormone receptor
status, histology, breast surgery type, chemotherapy) and the
average number of years between breast cancer diagnosis or
completion of chemotherapy and entry into the current trial
(Table 1).

Soy/placebo tablets were well tolerated with minimal adverse
events. During the 12 months of intervention, a total of 10 and
15 adverse events were reported in the soy and placebo groups,
respectively. They included breast pain/bruising (3 soy, 7 place-
bo), hair loss (1 soy, 1 placebo), hot flashes/sweat (1 soy,
1 placebo), diarrhea (1 soy, 0 placebo), nausea (1 soy, 0 placebo),
lymphedema (0 soy, 1 placebo), and others. They were all grade I
or II events based on the NCI CTCAE version 3.0.

To assess compliance with the soy tablets, plasma samples
were compared before and after treatment for all participants
(Fig. 2). Baseline mean levels of plasma soy isoflavone (genis-

tein and daidzien combined; pmol/mL) were low and did not
differ between soy (0.05; 95% CI, 0.02–0.07) and placebo
(0.12; 95% CI, 0.03–0.21) groups (P ¼ 0.11). In association
with the intervention, the mean plasma concentrations of soy
isoflavone levels increased significantly in the soy group (1.37;
95% CI, 0.98–1.76) but remained low in the placebo group
(0.07; 95% CI, 0.01–0.14); the changes differed significantly
between the groups (P < 0.0001). Few subjects at baseline
(2 soy and 2 placebo) or at the end of month 12 (7 soy and
1 placebo) produced equol, a metabolite reduced from daid-
zein, and postulated by some to account for the benefits of soy
consumption (29). Compliance was also assessed by counting
tablets that were returned and found to be higher than 90%
among both placebo and soy tablet groups (data not shown).

Baseline breast area, dense area, and MD% did not differ
between soy (n ¼ 44) and placebo (n ¼ 41) groups (P > 0.05;
Table 2, top). After 12 months of intervention, breast density
area increased in the soy group but decreased in the placebo
group, but the changes in breast density area did not differ
between the 2 groups (P ¼ 0.23). The ratios of MD% at month
12 to baseline decreased in both soy (0.95, P¼ 0.28) and placebo
groups (0.87, P ¼ 0.011), but there was no significant difference
in the changes in MD% between the 2 groups (P ¼ 0.38).

Comparable patterns of results were observed when we
repeated these analyses restricted to the participants who had
a history of breast cancer (29 soy, 29 placebo). Baseline breast
area, dense area, and MD% did not differ between the soy
and placebo groups (all P > 0.05; Table 2, bottom). MD%
decreased nonsignificantly in the soy and placebo groups, and
the differences in the changes did not differ between the 2
groups (P ¼ 0.44). Similar patterns of results were also
obtained when we repeated the analyses by menopausal status
(data not shown).

Figure 3A shows the MD% at the end of month 12 plotted
against the MD% at baseline. The correlation was 0.93 when we
plotted results on a square-root scale and was 0.92 without
transformation.

TBV, FGV, and FGV% were compared before and after 12
months of intervention in the soy (n ¼ 44) and placebo groups
(n¼ 41). Baseline levels of TBV and FGV% did not differ between
treatment groups (P > 0.05, Table 3, top), but baseline FGV was
lower in the soy than in the placebo group (P ¼ 0.033). After 12
months of intervention, statistically nonsignificant declines in
FGV%were observed in the soy group (0.90, P¼ 0.22) and in the
placebo group (0.92, P¼ 0.056). These changes in FGV% did not
differ between the soy and placebo groups (P ¼ 0.48). We
repeated these analyses among the participants who had a history
of breast cancer (29 soy, 29 placebo; Table 3, bottom). Reductions
in FGV% (0.84, P ¼ 0.07) were observed in the soy group and
placebo group (0.90, P ¼ 0.11); these differences were not
significantly different. Similar patterns of results were also
obtained when we repeated the analyses by menopausal status
(data not shown). Soy supplementation had no significant effects
on breast density (MD% or FGV%) when we compared the 12-
month breast density (MD% or FGV%) in the soy and placebo
groups with adjustment for potential confounders including age,
race, BMI, baseline breast density, and 12-month blood isofla-
vone levels (data not shown).

The correlation between FGV% at the end of month 12 versus
FGV% at baseline was 0.96 when plotted on a square-root scale
(Fig. 3B; correlation was 0.96 without transformation).

Soy and Breast Tissue Density Mammogram and MRI
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Baseline MD% was significantly correlated with baseline
FGV% (R2 ¼ 0.62) among the 85 participants who had both
examinations. FGV% was 3.3-fold higher in younger (age
< 50 years) than older (age > 60 years) women (P < 0.0001),
2-fold higher in premenopausal than in postmenopausal women
(P ¼ 0.011), and 2-fold higher in women with lower BMI
(<25 kg/m2) than those with higher BMI (>30 kg/m2; P ¼
0.0002) after adjustment for age. Similar patterns of differences
in MD% were observed; MD% was 2.1-fold higher in younger
than older women (P ¼ 0.021), 1.8-fold (P ¼ 0.012) higher
in premenopausal than postmenopausal women, and 3.3-fold
(P < 0.0001) higher in women with lower BMI than those with
higher BMI. After further adjustment for age the difference in
MD% by menopausal status diminished and was no longer
statistically significant (P ¼ 0.23), but the difference in MD%
by BMI was essentially unchanged and remained statistically
significant (P < 0.0001; Table 4).

Discussion
To our knowledge, this is the first double-blind, randomized

intervention study to report on the effects of soy versus placebo
supplementation on longitudinal changes in both MD% and
FGV% in patients with breast cancer and high-risk women. On
the basis of plasma isoflavone levels, compliance in the soy
intervention group was excellent and there was no contami-
nation in the placebo arm. The correlation between baseline
MD% and FGV%was high. Small decreases in MD% and FGV%
were found in both the soy (0.95 and 0.90, respectively) and in
the placebo (0.87 and 0.92, respectively) groups. These declines
did not differ between treatment in all subjects, in patients with
breast cancer or high-risk women, or in pre- or postmenopausal
women and likely reflected declines of fibroglandular tissue
associated with aging. Although previous studies have sug-
gested that the effect of soy may be more effective in equol
producers (30); there were few equol producers in our study to
conduct meaningful analyses. These findings do not support
our hypothesis that soy isoflavone supplementation would
decrease breast tissue density and that the 3-dimensional
nature of MRI technology might overcome some of the limita-
tions of mammography, allowing more accurate and precise
assessment of fibroglandular volume.

Table 1. Characteristics of study participants

Soy
(n ¼ 44)

Placebo
(n ¼ 41) P

Mean age (SD), y 57.6 (8.1) 55.0 (7.6) 0.14
Race
Non-Hispanic White 24 (54.6%) 25 (61.0%)
Hispanic 16 (36.4%) 11 (26.8%)
African American 4 (9.1%) 3 (7.3%)
Asian American 0 2 (4.9%) 0.39

Education
High school or less 15 (34.1%) 8 (19.5%)
Some college 10 (22.7%) 8 (19.5%)
College graduate or higher 19 (43.2%) 25 (61.0%) 0.24

Mean age menarche (SD), y 13.0 (1.6) 12.8 (1.6) 0.68
Mean number of births (SD) 2.0 (1.4) 1.8 (1.4) 0.63
BMI (baseline), kg/m2 28.3 (6.3) 27.3 (5.0) 0.44

Menopausal status
Pre 7 (15.9%) 12 (29.3%)
Post 37 (84.1%) 29 (70.7%) 0.14

Postmenopausal
Surgical 12 (32.4%) 11 (37.9%)
Natural 20 (54.1%) 14 (48.3%)
After cancer 5 (13.5%) 4 (13.8%) 0.88

Years postmenopausal prior to entry into trial
�5 7 (18.9%) 11 (37.9%)
6–10 13 (35.1%) 4 (13.8%)
11–20 11 (29.7%) 10 (34.5%)
>20 6 (16.2%) 4 (13.8%) 0.16

History of breast cancer
Yes 29 (65.9%) 29 (70.7%)
No 15 (34.1%) 12 (29.3%) 0.63

Stage at diagnosisa

0 6 (20.7%) 10 (34.5%)
I 8 (27.6%) 4 (13.8%)
IIA/IIB 11 (37.9%) 9 (31.0%)
IIIABC 4 (13.8%) 6 (20.7%) 0.40

ER statusa,b

ERþ 10 (34.5%) 12 (41.4%)
ER� 17 (58.6%) 11 (37.9%)
Unknown 2 (6.9%) 6 (20.7%) 0.18

PR statusa,c

PRþ 8 (27.6%) 9 (31.0%)
PR� 18 (62.1%) 13 (44.8%)
Unknown 3 (10.3%) 7 (24.1%) 0.29

ER/PR combineda

ERþ/PRþ 8 (27.6%) 9 (31.0%)
ERþ/PR� 1 (3.4%) 2 (6.9%)
ER�/PR� 17 (58.6%) 11(37.9%)
Unknown 3 (10.3%) 7 (24.1%) 0.35

HER2 statusa

HER2þ 6 (20.7%) 4 (13.8%)
HER2� 18 (62.1%) 13 (44.8%)
Unknown 5 (17.2%) 12 (41.4%) 0.13

Histologya

DCIS 6 (20.7%) 10 (34.5%)
Ductal invasive 21 (72.4%) 16 (55.2%)
LCIS 0 1 (3.4%)
Lobular invasive 0 1 (3.4%)
Other invasive 2 (6.9%) 1 (3.4%) 0.40

Surgerya

Mastectomy 10 (34.5%) 9 (31.0%)
Lumpectomy 17 (58.6%) 19 (65.5%)
Excision 2 (6.9%) 1 (3.4%) 0.78

Median number of months between breast cancer and entry into triala

�54 15 (51.7%) 14 (48.3%)
>54 14 (48.3%) 15 (51.7%) 0.79

(Continued on the following column)

Table 1. Characteristics of study participants (Cont'd )

Soy
(n ¼ 44)

Placebo
(n ¼ 41) P

Median number of months between completion of chemotherapy/endocrine
treatment and entry into triala,d

�12 14 (48.3%) 15 (51.7%)
>12 15 (51.7%) 14 (48.3%) 0.79

Abbreviations: ER, estrogen receptor; DCIS, ductal carcinoma in situ; LCIS,
lobular carcinoma in situ; PR, progesterone receptor.
aAmong 58 participants with a history of breast cancer.
bUnknown ER status: 6 had DCIS, 1 had LCIS, and 1 had invasive ductal carcinoma
which was diagnosed in 1994 and ER result was missing.
cUnknown PR status: 8 had DCIS, 1 had LCIS, and 1 had invasive ductal carcinoma
whichwas diagnosed in 1994.Although PRmeasurementwas ordered, the result
was not recorded on the path report.
dAmong participants in the >12-month category, 8 of 15 in the soy group and 9 of
the 14 in the placebo group completed chemotherapy/endocrine treatment 4 or
more years prior to entry into trial.
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Eng-Wong and colleagues (17) studied the effects of ralox-
ifene on breast density calculated by a semiquantitative thresh-
olding technique and MRI-breast volume in premenopausal
women. They found no significant change in breast density
calculated on the basis of mammograms, whereas breast vol-
ume, assessed by MRI decreased significantly during the 3 years
of raloxifene treatment; the median percent reduction was
�17% in year 1 and �9% in year 3. In most studies, the effect
of tamoxifen and breast density reduction has been much
clearer in premenopausal women than in postmenopausal
women (11, 12). Since more than 70% of the study participants
in our study were postmenopausal women, it is plausible the
overall null findings in our study are due to MD% and FGV% in
our participants not being elevated enough to detect a change
but our findings were comparable in both pre- and postmen-
opausal women (data not shown). Although there are known
limitations in the measurement of MD% and FGV%, we have
confidence in our assessments as the baseline MD% and
FGV% were highly correlated (R2 ¼ 0.62, P < 0.001), compat-
ible with correlations reported in other studies (31, 32). In the

study which compared 3 different mammographic measures
of volumetric breast density to MRI, the R2 for single-energy
X-ray absorptiometry (SCA), Quantra, and Volpara compared
with MRI was 0.78, 0.51, and 0.73, respectively (32). We also
observed significant correlations between MD% as well as
FGV% and variables including age, menopausal status, and
BMI, well-established determinants of breast tissue density
(33, 34).

Previous intervention studies that were conducted to evaluate
the effects of soy isoflavones on mammographic density in
healthy women have been negative. In a meta-analysis of ran-
domized controlled trials in healthy premenopausal (n ¼ 519)
and postmenopausal (n ¼ 592) women, there was no overall
effect of soy isoflavones (6). The amount of soy isoflavones used
in these studies varied: three studies used <50 mg, 5 studies used
50 to <100 mg, 1 study used >100 mg and the isoflavones were
supplemented in tablets (35–39), protein powder (40), or foods
(41). The duration of intervention was for 6 months to 1 year
(35, 37, 40), 2 years (36, 42), or 3 years (38, 39). The mean
difference inMD%was 0.69% for all women combined (�1.10%

Table 2. Mean and 95% confidence interval (95% CI) of mammographic total breast area (MA), dense area (MD), and mammographic density percent (MD%) in the
soy and placebo group at baseline and at the end of 12 months of soy intervention

Measure Treatment N
Baseline mean
(95% CI)

P value
between
treatments at
baseline

Month 12 mean
(95% CI)

Ratio month 12/
baseline mean

P value-
ratio within
treatments

P value-
ratio
between
treatments

All subjects
MA Soy 44 741.7 (371.3–1238.9) 0.45 780.0 (391.8–1300.5) 1.03 (0.98–1.08) 0.58 0.48

Placebo 41 729.9 (390.7–1174.3) 775.9 (421.5–1237.7) 1.08 (1.00–1.17) 0.15
MD Soy 44 80.8 (37.5–140.4) 0.18 81.7 (37.3–143.5) 0.98 (0.86–1.11) 0.50 0.23

Placebo 41 142.0 (68.6–241.7) 137.1 (67.3–231.6) 0.94 (0.80–1.10) 0.031
MD% Soy 44 13.3 (9.4–17.8) 0.066 12.7 (9.0–17.0) 0.95 (0.84–1.07) 0.28 0.38

Placebo 41 19.9 (14.6–26.0) 18.3 (13.3–24.1) 0.87 (0.78–0.98) 0.011
Breast cancer patients
MA Soy 29 834.0 (342.5–1540.6) 0.56 869.4 (356.2–1608.0) 1.01 (0.94–1.08) 0.48 0.10

Placebo 29 833.6 (367.1–1488.8) 909.3 (414.4–1596.3) 1.12 (1.00–1.25) 0.103
MD Soy 29 77.1 (26.8–153.2) 0.24 84.9 (28.1–172.3) 0.97 (0.83–1.13) 0.86 0.51

Placebo 29 130.2 (49.6–249.0) 133.1 (52.3–250.7) 1.02 (0.84–1.24) 0.34
MD% Soy 29 11.8 (7.4–17.3) 0.13 11.7 (7.4–17.1) 0.97 (0.84–1.11) 0.87 0.44

Placebo 29 17.0 (12.1–22.7) 16.0 (11.2–21.7) 0.91 (0.80–1.04) 0.16

Figure 2.
Plasma soy isoflavone (genistein and
daidzein combined) at baseline and
after 12months of intervention (red, soy
group; green, placebo group; gndz_0,
genistein and daidzein combined at
baseline; gndz_1, genistein and
daidzein combined at the end of
month 12).
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in postmenopausal women and 1.83% in premenopausal wom-
en; ref. 6). No significant differences in mammographic density
between soy and placebo groups were reported in 2 other trials
that supplemented soy isoflavones or placebo for 10 months (32
soy vs. 34 placebo; ref. 43) and 12months (65 soy vs. 65 placebo;
ref. 44).

Several intervention studies have been conducted in patients
with breast cancer or high-risk women to investigate the short-
term effects of soy on breast tissue changes. In one study,
patients with breast cancer and high-risk women took soy
supplements (235 mg isoflavones or placebo) for 6 months
(45), and in 3 pre-surgical studies, participants took soy sup-
plements or soy protein an average of 14 to 22 days between
diagnosis and surgery (46–48). No significant changes in cell
proliferation between treatment groups were found in these
studies.

Several reasons may explain the discrepancies between find-
ings in clinical studies compared with observational epidemi-
ologic studies. First, whole soy and traditional soy foods were
studied in the observational studies, whereas soybean compo-

nents and processed ingredients were used in the clinical
studies. The nutritional value of whole soybeans and minimally
processed traditional fermented and nonfermented soy foods
likely differed from components of the soybeans and soy
tablets (49). Timing of soy intervention (such as in later
adult life or after menopause) may be too late. Several studies
suggest that earlier life soy exposure may confer the strongest
benefit in relation to breast cancer risk (50). Finally, it is also
plausible that soy isoflavones do not affect breast cancer via
breast tissue density.

Several strengths and limitations of this study should be
mentioned. This study was conducted in the catchment area of
the Norris Cancer Center and LAC þ USC Medical Center and
about half of the participants were non-whites. Participants were
blinded to the treatment group to which they were randomly
assigned. We had an objective serologic marker of compliance in
this study and participants were compliant. Because it has been
suggested that evaluation of longitudinal changes in breast tissue
density may not be sufficiently sensitive (17), MRI assessments
were included in this investigation. The comparable results we

Figure 3.
A, baseline MD% on square-root scale
(S_md_1; square-root scale MD% at
baseline; x-axis) versus end of 12-
month MD% (S_md_2; square-root
scale MD% at 12 months; y-axis). B,
baseline FGV% on square-root scale
(S_mri_1; square-root scale FGV% at
baseline; x-axis) versus end of 12-
month FGV% (S_mri_2; square-root
scale FGV% at 12 months; y-axis). p,
placebo group; s, soy group.

Table 3. Mean and 95% confidence interval (95% CI) of total breast volume (TBV; cm3), FGV, and FGV% in the soy and placebo groups at baseline and at the end of
12 months of intervention

Measure Treatment N
Baseline mean
(95% CI)

P value
between
treatments
at baseline

Month 12 mean
(95% CI)

Ratio month 12/
baseline mean

P value-ratio
within
treatments

P value-ratio
between
treatments

All subjects
TBV Soy 44 868.0 (725.9–1022.7) 0.92 866.7 (722.5–1024.0) 1.00 (0.97–1.03) 0.57 0.65

Placebo 41 826.9 (728.7–931.3) 824.4 (722.8–932.7) 0.99 (0.96–1.03) 0.96
FGV Soy 44 37.4 (26.7–50.0) 0.033 35.2 (25.1–47.0) 0.90 (0.78–1.04) 0.14 0.74

Placebo 41 52.9 (39.1–68.8) 49.6 (36.4–64.8) 0.91 (0.82–1.01) 0.051
FGV% Soy 44 4.8 (3.4–6.6) 0.095 4.5 (3.2–6.1) 0.90 (0.77–1.06) 0.22 0.48

Placebo 41 7.1 (5.0–9.6) 6.6 (4.7–8.8) 0.92 (0.82–1.02) 0.056
Breast cancer patients
TBV Soy 29 849.6 (672.2–1047.8) 0.79 846.6 (664.3–1051.0) 0.99 (0.95–1.03) 0.33 0.47

Placebo 29 844.4 (741.0–954.6) 847.5 (737.5–965.1) 1.00 (0.97–1.03) 0.96
FGV Soy 29 32.0 (22.4–43.4) 0.13 28.6 (19.6–39.4) 0.83 (0.67–1.03) 0.028 0.69

Placebo 29 45.0 (30.8–61.9) 42.0 (28.4–58.3) 0.90 (0.78–1.03) 0.14
FGV% Soy 29 4.3 (2.8–6.1) 0.31 3.9 (2.5–5.7) 0.84 (0.66–1.06) 0.068 0.91

Placebo 29 5.6 (3.8–7.8) 5.1 (3.6–6.9) 0.90 (0.78–1.04) 0.11
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observed usingMD%and FGV% suggest that it is unlikely that we
have missed a true effect. However, there are several study limita-
tions. The sample size of this study was modest and included a
heterogeneous group of women, including pre- and postmeno-
pausal women, who had a history of breast cancer or were high-
risk based on their personal history and family history of breast
cancer. Because of logistic reasons, we were not able to time the
breast imaging with menses among premenopausal women.
While it has been reported that breast density varied across the
menstrual cycle (51), longitudinal data (52) and results from
recent studies (53–55) suggest that the magnitude of variation is
likely small. In addition, although our study was designed with
80% power to observe 3.1% up to 9.4% in breast density differ-
ences with 40 women in each study arm (see Statistical Analysis),
the observed changes in MD% and FGV% were much smaller
(<1%) thanwhatwehadhypothesized on thebasis of results from
previous studies (17).

In summary, in this randomized, double-blinded, placebo-
controlled intervention study in patients with breast cancer or
high-risk women, soy capsule intervention for 12months did not
have any beneficial or adverse effects on breast tissue changes
based on FGV% and MD%.
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