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Abstract

Background & Aims: Populations consuming soy have reduced risk for breast cancer, but
the mechanisms are unclear. We tested the hypothesis that soy isoflavones, which have ovarian
hormone-like effects, can reduce fibroglandular breast tissue (FGBT, ‘breast density’), a strong
risk marker for breast cancer.

Methods: Premenopausal women (age 30-42 years) were randomized to consume isoflavones
(136.6 mg as aglycone equivalents, n=99) or placebo (n=98) for 5 days per week up to 2 years, and
changes in breast composition measured by magnetic resonance imaging at baseline and yearly
intervals were compared after square root transformation using linear mixed effects regression
models.
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Results: By intention-to-treat analyses (n=194), regression coefficients (f estimates) of the
interaction of time and isoflavone treatment were —0.238 (P=0.06) and —0.258 (P<0.05) before and
after BMI adjustment, respectively for FGBT, 0.620 (P<0.05) and 0.248 (P=0.160), respectively
for fatty breast tissue (FBT), and —0.155 (P<0.05) and —0.107 (P<0.05), respectively for FGBT
as percent of total breast (FGBT%). B Estimates for interaction of treatment with serum calcium
were —2.705 for FBT, and 0.588 for FGBT% (P<0.05, before but not after BMI adjustment). BMI
(not transformed) was related to the interaction of treatment with time ($=0.298) or with calcium
(B=-1.248) (P<0.05). Urinary excretion of isoflavones in adherent subjects (n=135) significantly
predicted these changes in breast composition. Based on the modeling results, after an average

of 1.2, 2.2 and 3.3 years of supplementation, a mean decrease of FGBT by 5.3, 12.1, and

19.3 cc, respectively, and a mean decrease of FGBT% by 1.37, 2.43, and 3.50%, respectively,
were estimated for isoflavone exposure compared to placebo treatment. Subjects with maximum
isoflavone excretion were estimated to have 38 cc less FGBT (or ~3.13% less FGBT%) than
subjects without isoflavone excretion. Decrease in FGBT and FGBT% was more precise with
daidzein than genistein.

Conclusions: Soy isoflavones can induce a time- and concentration-dependent decrease in
FGBT, a biomarker for breast cancer risk, in premenopausal women, and moderate effects
of calcium on BMI and breast fat, suggesting a beneficial effect of soy consumption. Trial
registration: www.clinicaltrials.gov identifier: NCT00204490.
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Introduction

Breast cancer is the second leading cause of death among women [1, 2]. Associations
between amounts of mammographic parenchymal tissue (‘breast density’) and breast cancer
risk have been recognized since the mid-1970’s [3, 4]. Risk of developing breast cancer in
women with extremely dense breasts is estimated to be 4- to 6-fold in excess of that risk

in women with minimal breast density [5-7]. Byrne et al. [8] showed that increased breast
cancer risk after postmenopausal estrogen and progestin combination therapy is mediated by
increased breast density. Tamoxifen is highly effective in preventing breast cancer and also
reduces breast density [9].

Observational studies suggest that soy consumption reduces occurrence of breast cancer and
the risk of death in women with breast cancer [10-13]. However, isoflavones had no effect
on breast density in randomized clinical trials (RCTs) in postmenopausal women, [14-24].
We hypothesized that soy isoflavones would decrease fibroglandular breast tissue (FGBT)
in premenopausal women, who have higher levels of endogenous ovarian hormones, and
that this change would be best demonstrated by magnetic resonance imaging (MRI). We
also studied the time-dependence of isoflavone exposure, effects of individual differences

in isoflavone metabolism [25-27], and differential effects of daidzein and genistein.
Premenopausal women were chosen because they have higher levels of endogenous ovarian
hormones which may interact with soy isoflavones. Moreover, populations consuming
legumes usually do so life-long and not just after menopause. Epidemiologic studies suggest
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that early or adolescent exposure to soy may be important in reducing breast cancer risk
[28-30].

2. Study Design and Methods
2.2. Study Design

This single-site, parallel, two-arm, repeated measures, randomized, double-blind, placebo-
controlled study examined the effects of an oral supplement containing soy isoflavones

on the primary outcome of breast tissue composition measured at yearly intervals. Other
outcomes including blood chemistries, blood pressure, and BMI were measured at quarterly
intervals primarily as indicators of safety as previously described [31-34]. The protocol
was approved by the Institutional Review Board of the University of Texas Medical

Branch (UTMB), and written informed consent was obtained from all subjects. Trial
outcomes remained unchanged, with no interim analysis. The trial was registered at
www.clinicaltrials.gov under identifier NCT00204490.

2.2.1. Participants—As detailed previously [32], healthy women 30-42 years of age
with monthly menstrual cycles were recruited from the Houston-Galveston area. Exclusion
criteria were use of exogenous hormones, contraceptive medications, medications known

to affect mammographic density, any medically prescribed diets within the past 6 months,
current pregnancy or lactation, peri- or post-menopausal status, or a personal or family
history of breast cancer, or any prior history of breast surgery including breast augmentation,
reduction, or lifting.

2.2.2. Intervention agents—Isoflavone and placebo pills appeared identical and were
designed and supplied at no cost to the study by Dr. Brent Flickinger of Archer Daniel
Midland Co. (Decatur, IL) [31, 32]. Each isoflavone pill contained 246 mg of Nova soy from
a single lot, providing 30 mg daidzein, 30 mg genistein, and 8.3 mg glycitein, totaling 68.3
mg of isoflavones as aglycone equivalents, of which 90 mol-% were glycosides (daidzin,
genistin, and glycitin). In our previous studies these amounts of isoflavones decreased levels
of ovarian hormones in premenopausal women [35]. Each placebo pill contained 246 mg of
a carbohydrate filler. Both pills also contained 15 mg of riboflavin, 60 mg sorbitol, 3 mg
magnesium stearate, and 676 mg dicalcium phosphate for a total of 1,000 mg per tablet. The
stability of the isoflavones in the pills was monitored [31, 36].

2.2.3. Randomization.—The study statistician generated the randomization list using
the PLAN procedure in SAS®. Using this list, the UTMB research pharmacy assigned
subjects to isoflavone or placebo groups at a 1:1 ratio in blocks of six and to one of three
sub-groups within each block for scheduling of first and subsequent treatment visits. Study
pills were dispensed in blister packs, with each daily blister containing two assigned study
pills and one prenatal vitamin pill (Rugby Prenavite Prenatal Formula, Swanson Health
Products, Duluth, GA). Subjects ingested these three pills daily for five days per week for up
to 2 years or 24 menstrual cycles. Subjects, research staff, and investigators were blinded to
the treatment assignment.
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2.2.4. Study visits—Study visits occurred only during the luteal phase of the subjects’
menstrual cycles. Subjects were required to contact the study team on the first day of
menstrual spotting for every cycle during the study and for scheduling. Table 1 outlines

the visit schedule. Due to cyclical nature of the ovarian hormones and to obtain more
representative baseline values, four baseline visits were scheduled, two in each of two
separate cycles to provide blood and urine samples. Treatment was started on the second
day of the menstrual period that immediately followed the 4t baseline visit. All treatment
visits occurred once every three menstrual cycles except for the first treatment visit, which
for the three pre-randomized subgroups occurred after one, two, or three menstrual cycles on
study pills, respectively. This staggering of the first visit eased the scheduling of subsequent
study visits and importantly also provided study data for every menstrual cycle during the
intervention phase.

2.2.5. Specimen collections—Subjects arrived at each study visit after an overnight
fast and provided a 12-hr overnight urine collection for measurement of daidzein and
genistein (as markers of isoflavone exposure) and riboflavin (an adherence marker for pill
ingestion) [31]. Fasting blood chemistries, including serum calcium (Ca%*), were analyzed
by the UTMB hospital certified clinical laboratory using a VITROS® 5.1 FS analyzer
(Ortho-Clinical Diagnostics, Rochester, NY). Demographic and reproductive information
was obtained at the first visit and anthropometric values at each visit.

2.2.5.1. Analyses of isoflavones: The amounts of daidzein and genistein in the study pills
and excreted in urine were measured by a gas-chromatography flame-ionization detection
method after enzymatic hydrolysis of the conjugated isoflavones, as described [31, 36, 37].

2.2.5.2. Adherence/compliance: Riboflavin was incorporated into both study pills and
measured in urine by a HPLC-fluorescence detection method to document ingestion
adherence [31, 36]. Urinary excretion of riboflavin at concentrations = 1.42 pug/ml (Youden
index) in a 12-hour urine collection was used to categorize each subject as adherent or
non-adherent in taking study pills within 12 hours preceding each follow-up visit, as we
reported previously [31, 36].

2.2.6. Breast imaging—Breast images were obtained using a Senographe 2000D Full
Field Digital Mammographic unit and a Signa LX 1.5-Tesla MRI system (General Electric
Healthcare Institute, Waukesha, W1) as described previously [38, 39] during the luteal
phase once before, and yearly (or 12 menstrual cycles) after starting study pills. A negative
pregnancy test on spot urine was ascertained immediately before each breast imaging.
Patients were imaged using the same mammography unit and MRI scanner during the
entire study using approved clinical protocols. An external standard was included with each
mammogram to monitor machine drift. The reproducibility of these two breast imaging
protocols have been described [38, 39]. Figure 1 highlights key steps of breast model
generation (A-C) and breast tissue segmentation (D-F). Briefly, breast MRI images (A)
were obtained using a clinically used pulse sequence, a 3-dimensional (3-D) T1-weighted
gradient-echo pulse sequence with a body coil to maximize signal uniformity for each tissue
type (A-B). A standard breast coil was not utilized because this coil’s geometrical design
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made some signal receiver elements closer to some breast tissue parts than others, which
tends to produce non-uniform signal intensity throughout the breast and would hinder our
ability to identify changes in breast tissue.

2.2.6.1. Breast tissue analysis: Cranial-caudal views of the same breast (most often left
breast) before and after intervention were used for generating a 3-D breast model (Fig. 1C).
Assuming a two-compartment model of fibroglandular and fatty breast tissue, the glandular
peak area and half of the mixed tissue peak area (* in Fig. 1D-E) were combined as FGBT
and the fat peak area plus half of the mixture tissue peak area as FBT. FGBT% is FGBT/
(FGBT+FBT) x 100. The total breast volume for the resampled/reconstructed 3-D breast
model (Fig. 1C) was estimated using the manufacturer’s software. Thus, FGBT volume (cc)
= total breast volume (cc) x FGBT%/100, and the fatty breast tissue (FBT) (cc) = total breast
volume (cc) x (1-FGBT%/100).

2.3. Statistical analyses

2.3.1. Sample size estimates—Breast composition was the primary outcome of
interest. Since MRI can apply a standardized, and highly reproducible, set of imaging
parameters to acquire breast images, MRI is more appropriate than X-ray mammography
for measuring FGBT changes during intervention. The acquisition parameters for X-ray
mammography machines are routinely adjusted to equalize the overall appearance of breast
images across all breast densities, thereby regressing all breast density values toward the
mean density value. To address these complexities, effects of isoflavones on mammographic
density will be a subject of a separate communication. Because breast imaging is not a
standard of care for 30-42 years old women, the sample size was estimated for standardized
effect size. Assuming no change in breast composition with placebo over 2 years and an
expected attrition rate of 15%, 100 subjects per arm would provide 80% power to detect a
difference in change of > 0.43 standard deviation (SD) with a 0.05 two-sided significance
level using a two-sample t-test. Based on the density distribution of our subjects at baseline
(see Table 2), we can detect a difference of = 6% in FGBT%, = 36 cc in FGBT, and 2171

cc in FBT between the two comparison groups. Even greater power would be expected when
analyzed by repeated measure linear mixed effect models (LME).

2.3.2. Statistical analysis—MRI outcomes were FGBT (cc), FBT (cc), and FGBT%
in the same breast at baseline and after 1 and 2 years of supplementation. For the intention-
to-treat analyses, exposure was treatment assignment (categorical data). Treatment effects
were also analyzed using the measured urinary excretion rates of daidzein (DE), genistein
(GE) and the sum and difference in their excretion (DE+GE and DE-GE, respectively) as
exposure, while excluding treatment assignment in the models. DE+GE and DE-GE tested
for potential synergism or antagonism in effects of these two major isoflavones. The mean
of 4 measurements of DE, GE, riboflavin excretion, BMI, and Ca%* before each breast MRI
was predictor variable for FGBT, FBT, and FGBT%. The time of exposure to treatment was
the exact numbers of days (expressed as years) on supplements before each breast exam.

All LME regression models accounted for inter-subject heterogeneity and for within-subject
dependence of repeated measures. These models included duration on treatment, Ca%*, and
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interaction between duration and isoflavones and between Ca2* and isoflavones, with or
without adjustment for race and ethnicity, age at entry to the study, and BMI at each study
visit. Ca2* and isoflavone excretion were mean centered. The corresponding assumption

of LME models and potential outliers or influential points were assessed by residual
analyses. Square root transformed FGBT, FGBT% and FBT accommodated non-symmetric
distribution in residual analyses and were used for LME model analyses and for presenting
results, unless stated otherwise. Effects of isoflavones on BMI (not transformed) were also
analyzed. The model fit was assessed using the conditional Akaike information criterion
(CAIC) [40]. All tests of statistical significance were two-sided with a P<0.05 indicating a
significant difference. Analyses were performed using SAS version 9.4 (SAS Institute, Inc.,
Cary, NC).

3. Results

Enrollment, treatment assignment and intervention:

This study was completed between January 2003 and August 2012 and prolonged
unexpectedly due to drop-outs and disruption of study activities due to Hurricane lke in
2008. This exhausted funds for immunoassays of ovarian hormones which the protocol
stipulated batch analysis for all samples from a participant after completion of the study.
Figure 2 is a CONSORT flow diagram of trial progress [41], and enrollment statistics as
previously reported [32—34]. Subjects were randomized to isoflavones (N=99) or placebo
(N=98) soon after initial screening mammography. One placebo and two isoflavone subjects
dropped out after mammaography and before baseline MRI leaving 97 placebo and 97
isoflavone subjects with suitable baseline and/or treatment breast MRIs for inclusion in the
intention-to-treat analyses. Pregnancy testing performed immediately before breast MRI was
positive in six subjects who were excluded from further participation and statistical analyses.
At least one treatment MRI was completed in 67 placebo and 68 to isoflavone subjects. All
baseline characteristics and number of study visits (a proxy for length of participation in the
study) (Table 2) and retention statistics (Fig. 2) were balanced between study groups.

Effects of isoflavones on percent of changes in FGBT% from baseline.

This initial unadjusted analysis of the 135 adherent subjects, i.e., those with treatment MRI
images and positive for pill ingestion assessed by urinary presence of riboflavin showed that
FGBT% remained balanced at baseline between the 67 placebo and 68 isoflavone subjects
(see box plots, Figure 3A). Figures 3B—C show percent of changes from baseline in FGBT%
at the 15t and 2" MRI during treatment. Differences of percent changes in FGBT% from
baseline between the treatment groups at the first and second treatment MRIs were 7.96%
(P=0.071) and 10.50% (P=0.080), respectively, with higher levels in the placebo group.
Further statistical analyses considered effects of (i) the repeated measure study design and
(if) varying time of supplement exposure before MRI assessment due to varying menstrual
cycle lengths.
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Time-dependent effects of soy isoflavones on breast composition by intention-to-treat

analyses.

Results of multi-variable, hierarchical LME regression models on square-root transformed
outcomes for 97 placebo subjects (referent) and 97 isoflavone subjects are shown in Table 3
and estimated means of FGBT%, FGBT and FBT are shown in Figures 4A-C, respectively,
using regression model 4 adjusted for covariates at mean from Table 3. Due to timing of
MRI to the luteal phase, the mean duration to the first and second treatment MRI were 1.2
and 2.2 years, respectively. Maximal duration of exposure for some subjects was 3.3 years
due to interruption of Hurricane Ike. Thus, isoflavone treatment induced a time-dependent
decrease in FGBT and FGBT% but without a significant effect on FBT after controlling

for BMI measured at each study visit. Directions of change with time are opposite in the
placebo and isoflavone groups. Note that B-estimate for time effect ranges from 0.141 to
0.161, an increase for FGBT (P from 0.054 to 0.101). Based on the modeling results, we
estimated that after an average of 1.2, 2.2 and 3.3 years on supplement, the isoflavone group
had a mean decrease of FGBT relative to the placebo group of 5.3 cc (95%Cl: -17 to

28), 12.1 cc (95%CI: —12 to 36), and 19.3 cc (95%ClI: -8 to 47), respectively, and a mean
decrease of FGBT% by 1.37% (95%Cl: —1.54 to 4.27); 2.43% (95%ClI: —-0.71 to 5.57), and
3.50% (95%CI: —0.11 to 7.12). These modelling differences remained after controlling for
adherence and when the analyses were restricted to a subset of 143 subjects whose random
assignment could be confirmed by urinary presence of daidzein, genistein and riboflavin [31,
32] (results not shown). Similar findings were also obtained for log-transformed outcomes
(not shown).

Soy isoflavones also affected breast composition when analyzed based on urinary
excretion of isoflavone metabolites.

Although daidzein and genistein were ingested at a 1:1 ratio, the ratio of DE to GE varied
from 0.9 to 8.9. In studying effects of this variability, we found that DE, GE, DE+GE, and
DE-GE were all inversely associated with FGBT and FGBT% (among 67 placebo and 68
isoflavone adherent subjects, Table 4). For FBT, B-estimates were all negative for Ca?* and
interactions of Ca2* with DE, GE, DE+GE or DE-GE were significant for before (model

3, all £<0.05) but not after controlling for age, race, and BMI (model 4), with BMI being
the major confounder. Subjects with maximum levels of DE, GE, DE+GE and DE-GE
were estimated to have 30 to 38 cc less FGBT (a decrease of 2.84 to 3.13% in absolute
FGBT%, all back-transformed data) than did those with no isoflavone excretion, with this
representing a decrease of about 18 to 23% from baseline values in glandular tissue after
isoflavone exposure. The CAIC values for models predicting FGBT were 1458.6 for DE-GE
as a predictor, 1459.3 for DE, 1460.0 for DE+GE, and 1463.2 for GE. The CAIC values for
models predicting FGBT% were 720.1 for DE-GE or DE as a predictor, 720.2 for DE+GE,
and 721.3 for GE [40, 42].

Effects of soy isoflavones on BMI.

Because isoflavone effects on FBT became insignificant after controlling for BMI (Tables
3-4), we examined effects of isoflavones and serum Ca on BMI. As shown in Table 5,
intention-to-treat analyses showed a positive treatment x time interaction, and a negative
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treatment x Ca2" interaction before (Model 3) and after (Model 4) controlling for age and
race (all £<0.05). Interactions of DE, GE, DE+GE or DE-GE with Ca2* were all negative
(P=0.001).

4. Discussion

To our knowledge, this is the first RCT to demonstrate that soy isoflavones can decrease
fibroglandular breast tissue in women. This decrease was time-dependent (Table 3 and
Figure 4) and contrasted with a progressive increase in fibroglandular tissue in the

placebo group, reflecting the continued effects of premenopausal levels of circulating
ovarian steroids. Note that time effect on FGBT is also an increase albeit with marginal
statistical significance (Table 3). The isoflavone effect was also dependent on differences
in urinary isoflavone excretion (Table 4), which reflects a combination of well-documented
individual differences in isoflavone metabolism [25-27], adherence to pill ingestion [31],
and incidental exposure to isoflavones containing foods. We also found evidence for
differential effects of daidzein and genistein.

Previous RCTs of mixtures of isoflavones derived from soy [14, 16-22, 24] or red clover
[15, 23] or genistein alone [17] found no effects on breast density (amount of fibroglandular
tissue in the breast). These trials were mostly in postmenopausal women, and only one
assessed breast density by MRI [24] rather than by mammography, which is known to be
less accurate [38, 39]. Wu et al [24] studied mostly post-menopausal women for just one
year and found no effect of soy ingestion on glandular breast tissue measured by MRI.
Breast density decreases about 0.36% per year after menopause [43]. Note that in our study
the positive regression coefficients of time effect alone on FGBT indicated an increasing
trend of FGBT before menopause (Table 3). We studied premenopausal women who
experience a continuing increase in fibroglandular breast tissue in volume and as percentage
of total breast (‘breast density’), as shown in the placebo group (Figure 4), which may make
an isoflavone-induced decrease more apparent in the intervention group, and also found that
the decrease became most apparent after >2 years of treatment. The findings of Marini et al
[17] that genistein alone had no effect on mammographic density in postmenopausal women
seems consistent with our modeling results showing that excretion of genistein was less
predictive of fibroglandular tissue change than daidzein. Effects on blood chemistries, blood
pressure and bone density were monitored primarily as indicators of safety of isoflavones.
However, we previously found unexpectedly that isoflavones interacted with serum calcium
levels to moderate the effects of isoflavones on bone mineral density [33] and systolic
blood pressure [34], and now report that they also moderated the effects of calcium on FBT
and BMI. To our knowledge, this is the first RCT on isoflavone effects to include serum
calcium in statistical models. Our observations are consistent with the fact that calcium is
essential for life and is either the first or second messenger for all physiological reactions,
and therefore its serum levels are controlled within a very narrow range [44].

Isoflavone effects on both FBT and BMI are similarly complex. FBT and BMI

increased over time (+p) with increasing duration of isoflavone exposure, which is likely
compensatory to the observed decrease in FGBT. However, effects of isoflavones on FBT
and BMI are inversely conditioned by serum calcium levels such that isoflavones decrease
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both FBT and BMI when calcium levels are higher than mean calcium levels for the group
and increase FBT and BMI when serum calcium levels are lower than the group mean.

We previously reported that isoflavones increase serum calcium [34] which made it more
likely that isoflavone exposure decreases rather than increases FBT and BMI. The similarity
between model predictors of FBT (Table 4) and BMI (Table 5) also explains why BMI
attenuated the significant interaction terms of treatment with time and with calcium as a
strong predictor of FBT. Further studies are needed to determine if isoflavones exert effects
on fat tissue at sites other than the breast.

We found that daidzein and genistein both predicted decreases in glandular breast tissue,
but with different degrees of precision (Table 4). All daidzein-containing variables, namely
DE, DE+GE and DE-GE with smaller CAIC values produced better-fit models for changes
in breast glandular tissue than genistein alone, namely GE. While DE+GE and DE-GE
were both significant predictors of isoflavone effects, DE-GE with a smaller CAIC value
produced a better fit model than DE+GE. These results suggest that the two isoflavones
may synergize and antagonize the effects of each other on breast tissue. Daidzein appears
to dominate FGBT change and was also the most abundant isoflavone metabolite in urine
as we and others have reported [25-27]. However, in this study DE and GE moderated the
effects of serum calcium on BMI and FBT (Tables 4-5). Although differential effects of
these isoflavones have been noted in nonhuman models [21], this is to our knowledge the
first indication of different biological effects of these two isoflavones in humans.

Strengths of this study include our focus on premenopausal women with higher levels

of ovarian hormones and breast density than postmenopausal women. Moreover, evidence
suggests a greater reduction in breast cancer risk with soy exposure earlier rather than later
in life [28, 30, 45, 46]. Unlike mammography, MRI applies identical imaging parameters
without adjustment for breast density and is considered more accurate than mammography
for measuring breast composition. MRI also does not require breast compression and
produces bell-shaped glandular and fatty tissue peaks in voxel signal intensity histograms
(Fig. 1D-F) which are amenable to automatic peak analysis using commercial software
[38, 39]. Therefore, use of MRI may have facilitated our detection of isoflavone effects
[17-24, 47]. We will describe in a separate communication the importance of adjusting
mammographic instrument settings for assessing effects of isoflavones on mammographic
density. Other strengths noted previously [31, 32], include stringent inclusion criteria,
repeated measurements specifically during the luteal phase of the menstrual cycle, and
integrating urinary excretion of both daidzein and genistein on effect on breast density which
complemented intention-to-treat analyses.

5. Conclusions

In this RCT, the major soy isoflavones, daidzein and genistein, attenuated the ongoing
increase in breast fibroglandular tissue in premenopausal women, with daidzein appearing
to predict this treatment effect better than genistein. We previously reported that these
isoflavones increase serum calcium levels and now we show that when serum calcium levels
are higher, isoflavones decrease breast fat tissue and BMI. Isoflavones in soy may reduce
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breast cancer risk by decreasing both fibroglandular and fatty breast tissues. Increasing soy
exposure beginning earlier in life may be warranted for breast cancer prevention.
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Figure 1:
Steps in processing breast tissue magnetic resonance imaging (MRI) results and generating

3-dimensional (3-D) volume-rendered models (panels A-C) using the 3-D Advantage
Windows Workstation (version 4.1, General Electric Healthcare Institute, Waukesha, WI).
Voxel signal intensity histograms (panel D) of generated 3-D breast models (panel C) and a
commercial PeakFit 4.0 software (SyStat Software Inc., San Jose, CA) were used to estimate
percentage of glandular tissue (panels D-F). Image acquisition parameters [39] were most
often a field of view of 320 mm x 320 mm, with adjustment for differences in breast size,

a matrix size of 256 mm x 256 mm (reconstructed 512 mm x 512 mm), a constant slice
thickness of 1.5 mm (interpolated allowing number to be varied with breast sizes), a zero
interspace gap, a repetition time of 5.9 ms, echo time of 1.4 ms, and a total scan time of 3
min. Panel A shows a slice of a representative scan field of view consisting of both breasts
and nearby tissue without other parts of the torso. Panel B shows a breast slice image after
cropping off the chest wall and other non-breast tissue and subtracting air to finally represent
only the breast region of interest. Panel C shows the final 3D view ready for tissue volume
analysis after resampling and reconstructing the breast model from all MRI slices of breast
regions of interest. Panel D shows a voxel signal intensity histogram from a representative
breast model shown in panel C with two Gaussian curves fitted for fibroglandular and
adipose breast tissue, respectively (shaded areas; the area under the dotted line is the sum of
voxels of the total breast; minimizing residual curve fitting Rsqr of 0.92). Panel E shows a
partial volume peak, a Gaussian curve fit corresponding to the unfitted area (*) in panel D
and representing a typical mixture of both glandular and fatty breast tissue. Panel F shows
the sum of all three Gaussian curve fits (glands, fat and mixture peaks), achieving a final
curve fitting Rsqr of 0.999. This figure is modified from Lu et al. [39].
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Flow diagram showing enrollment and allocation of subjects to treatment groups and
observation during treatment for up to two years and prepared according to the guidelines
specified in www.CONSORT-statement.org [41]. All 197 randomized subjects completed 4
baseline visits and provided blood and urine samples, and completed at least one of the three
imaging tests (mammography, breast magnetic resonance imaging or bone density scan).
Numbers of observations for various outcome analyses at the conclusion of the study are

shown [32-34].
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Figure 3:

Effects of isoflavones on the unadjusted means (@---@) for fibroglandular breast tissue
expressed as percent of total breast volume (FGBT%) assessed by MRI in premenopausal
women at baseline and percent change from baseline at 15t and 2" visits during treatment.
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Time-dependent changes in the model-adjusted means of breast tissue components measured
by MRI in premenopausal women treated with isoflavones (n=97) or placebo (n=97) after
mean treatment periods of 1.2 and 2.2 years. These estimates using model 4 (Table 3) were
for square root transformed outcomes. FGBT, fibroglandular breast tissue in cc, FGBT%,
FGBT as percent of total breast, and FBT, fatty breast tissue in cc.
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Study visit schedule (X=1 visit) by menstrual cycle month (2 menstrual cycles at baseline and ~24 menstrual
cycles during treatment) in a study of isoflavones-induced changes in breast density at yearly intervals and
other outcomes at quarterly intervals in premenopausal women

Menstrual cycle month

Baseline Intervention

Group & Subgroup N -1&-2 1 2 3 4 5 6 7 8 9 10 11 12T
Control/1 33 X, X X X X X

Control/2 33 X, X X X X X
Control/3 33 X, X X X X X
Soy/1 33 X, X X X X X

Soy/2 33 X, X X X X X

Soy/3 33 X, X X X X X

fPattern continued through year 2 (N, up to 24 cycles)
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Table 2:

Baseline characteristics of all premenopausal women randomized to placebo or isoflavones

Placebo Isoflavones

Characteristics™ n Mean (SD) n Mean (SD)
Age at consent (year) 98 3735 (3.45) 99 3758 (2.95)
Race/ethnicity (%) 98 99

Hispanic 39 39.80 51 51.52

African American 12 12.24 14 14.14

White 47 47.96 34 34.34
BMI (kg/m?) 98 2917 (6.33) 99 2845 (6.05)
Waist-to-hip ratio 97 0.83  (0.06) 99 0.83  (0.06)
Urinary level

Riboflavin (pg/mL) 91 0.66 (1.00) 93 082 (1.72)

Daidzein (mg/h) 90 0.06 (0.03) 89 0.07 (0.04)

Genistein (mg/h) 90 0.08 (0.05) 89 0.08 (0.04)
Serum level

Cholesterol (mg/dL) 98 182.00 (30.40) 99 18290 (27.78)

HDL (mg/dL) 98 5305 (12350 99 5587 (10.47)

LDL (mg/dL) 98  109.00 (26.79) 99 10850 (24.73)

Albumin (g/dL) 98 428 (0.34) 99 428 (0.26)

Calcium (mg/dL) 98 9.01 (0.35) 99 9.05 (0.28)
Magnetic resonance imagef

Total breast (cc) 97 829.20 (44850) 95 807.60 (424.30)

Fibroglandular breast tissue (FGBT) (cc) 97 164.80 (90.03) 95 166.50 (85.42)

Fatty breast tissue (FBT) (cc) 97 664.40 (427.40) 95 641.00 (399.30)

FGBT%, % of total breast 97 23.86 (13.99) 95 2476  (14.54)
Mammographic density, % of total breast§ 98 26.73 (10.83) 9 2777 (11.62)
Study visits 98 8.60 (3.00) 99 8.70 (3.10)

*
Variables were average of 4 baseline screening visits except for race/ethnicity. Study visits were mean number of baseline and completed
follow-up visit. All Pvalues > 0.05 for two group comparisons.

fOne placebo and 4 isoflavone subjects had missing or unsatisfactory baseline MRI.

Page 19

§A signal intensity from a pixel signal intensity histogram of each digital mammogram was selected to best segment FGBT from FBT, and pixel

counts in FGBT was divided by pixel counts in total breast. Baseline mammograms were missing for 3 isoflavone subjects.
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