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Abstract
Interventions that relieve vasomotor symptoms while
reducing risk for breast cancer would likely improve
uptake of chemoprevention for perimenopausal
and postmenopausal women. We conducted a pilot
study with 6 months of the tissue selective estrogen
complex bazedoxifene (20 mg) and conjugated estrogen (0.45 mg; Duavee) to assess feasibility and effects
on risk biomarkers for postmenopausal breast cancer.
Risk biomarkers included fully automated mammographic volumetric density (Volpara), benign breast
tissue Ki-67 (MIB-1 immunochemistry), and serum
levels of progesterone, IGF-1, and IGFBP3, bioavailable
estradiol and testosterone. Twenty-eight perimenopausal and postmenopausal women at increased risk
for breast cancer were enrolled: 13 in cohort A with
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In the absence of biopsy evidence of atypical hyperplasia
or carcinoma in situ, less than 5% of risk eligible women
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baseline Ki-67 < 1% and 15 in cohort B with baseline Ki67 of 1% to 4%. All completed the study with > 85%
drug adherence. Signiﬁcant changes in biomarkers,
uncorrected for multiple comparisons, were a decrease
in mammographic ﬁbroglandular volume (P ¼ 0.043);
decreases in serum progesterone, bioavailable testosterone, and IGF-1 (P < 0.01), an increase in serum bioavailable estradiol (P < 0.001), and for women from
cohort B a reduction in Ki-67 (P ¼ 0.017). An improvement in median hot ﬂash score from 15 at baseline to 0
at 6 months, and menopause-speciﬁc quality-of-life
total, vasomotor, and sexual domain scores were also
observed (P < 0.001). Given the favorable effects on risk
biomarkers and patient reported outcomes, a placebocontrolled phase IIB trial is warranted.

risk reduction when offered the opportunity (1). The
primary reasons for avoidance are fear of side effects
coupled with incomplete efﬁcacy, and lack of reliable
intermediate marker of response (2–4). Although worry
about the rare serious side effect may be a factor, concern
about initiating or exacerbating common vasomotor and
sexual symptoms is a well-documented barrier to uptake of
endocrine agents for breast cancer risk reduction (5).
Unfortunately, the peak age interval for interest in primary
prevention therapy of 45–60 overlaps with the peak interval for vasomotor symptoms (6, 7). In the Penn Ovarian
Aging Study, moderate to severe hot ﬂashes began most
commonly between the ages of 45 and 49, averaged
10 years in duration, and afﬂicted 64% of women (7).
Developing an agent for breast cancer prevention that
alleviates rather than exacerbates vasomotor and other
menopausal symptoms should be an area of high priority.
Tissue selective estrogen complexes (TSEC) combine
estrogen for menopause symptoms with a selective estrogen receptor modulator (SERM) to act as an estrogen
antagonist in the uterus and breast (8). In preclinical
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Materials and Methods
Medical eligibility
Eligible women were those  age 65 in late menopause transition with current vasomotor symptoms, an
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intact uterus, and at least at moderately increased risk of
developing breast cancer. Women with any one or more
of the following criteria were risk eligible for the
study: ﬁrst- or second-degree relative with breast cancer
< age 60, estimated area of mammographic density of
25% or greater, prior biopsy showing proliferative
breast disease, multiple prior biopsies or a 5-year BCRAT
(available at https://bcrisktool.cancer.gov) or a 10-year
Tyrer-Cuzick IBIS (available at http://www.ems-trials.
org/riskevaluator/ evaluator) model risk of at least 2
the average for age group. Late menopause transition was
deﬁned as at least 3 months of amenorrhea plus FSH in
the postmenopausal range or amenorrhea for 12 or more
months (30). Not eligible were women with a known
BRCA1/2 mutation, prior LCIS or DCIS, prior deep
venous thrombosis, history of hepatic or renal disease,
BMI of 36 kg/m2, those on tamoxifen, raloxifene, an
aromatase inhibitor, or any SERM or prevention trial
within 6 months of baseline testing, or systemic hormone replacement within 2 months of baseline testing.
Women with a known BRCA1/2 mutation and prior LCIS
were excluded at the request of Pﬁzer, which supplied the
drug for the study. Women with BMI of 36 kg/m2 or
greater, considered as class 2 or 3 obesity, were excluded
as Duavee had not been tested previously in this group of
individuals (15).
Protocols for benign tissue sampling by random periareolar ﬁne-needle aspiration (RPFNA; HSC 4601;
NCT00291096) and for the Duavee intervention
(Study00002440; NCT02729701) were approved by the
University of Kansas Medical Center Human Subjects
Committee, the institutional review board that ensures
that studies are conducted in accordance with the ethical
principles of the Belmont Rule and the U.S. Common
Rule. Separate consents were utilized for the screening
and interventional protocols with written consent
obtained from all subjects. Follow-up post intervention
was also performed through HSC 4601.
Baseline testing
Women were required to have a normal mammogram
at the University of Kansas Medical Center within
6 months of baseline RPFNA suitable for assessment of
volumetric density via Volpara software. Baseline
RPFNA (31) yield had to be at least 500 epithelial cells
on the slide(s) for assessment of Ki-67. Women with
>4% of cells showing Ki-67 immunolabeling were
excluded at the request of Pﬁzer. If less than 12 months
since last menstrual period, a postmenopausal FSH was
required; and if < age 55, a negative pregnancy test was
also required. Dual X-ray absorptiometry (DXA) scan
was performed for body composition along with height
and weight, history and physical exam, a Menopause
Quality-of-Life Questionnaire (MEN-QOL) and hot ﬂash
score assessment (32, 33).
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studies, the estrogen antagonist properties of bazedoxifene
(BZA) in the uterus were superior to other SERMs such as
raloxifene and lasoxifene (8, 9), and its growth inhibitory
effects on ERþ breast cancer cell lines were at least equivalent to active tamoxifen metabolites or the estrogen
receptor downregulator fulvestrant (9, 10). Inhibition of
cell growth appeared linked to blockade of estrogen upregulation of cyclin D1 (CCND1) gene expression as well as
accelerated ER alpha protein degradation (10). BZA also
inhibited growth of hormone-independent MCF-7 5C
cells (10) and tamoxifen-sensitive and -resistant xenografts (11). Conjugated estrogen (CE) rather than estradiol
was used to partner with BZA, given its less potent proliferative effect on breast epithelium (12), as well as absence
of increase in breast cancer incidence when used without a
progestin (13).
Clinical trials demonstrated that BZA combined
with CE relieved hot ﬂashes, improved vaginal dryness,
and decreased osteoporotic fracture with no increase
in uterine hyperplasia or percent dense area on
mammogram (14–16). Subsequently BZA 20 mg and
CE 0.45 mg marketed as Duavee became the ﬁrst FDAapproved TSEC for treatment of menopause symptoms
and osteoporosis in women with a uterus (17).
Preclinical studies suggested that BZA combined with
CE might have a breast cancer preventive rather than
simply a breast cancer neutral effect. In benign mammary tissue from ovariectomized nonhuman primates,
BZA/CE versus CE alone showed reduced expression of
several estrogen early response genes, reduced proliferation-associated CCND1 as well as decreased Ki-67
immunolabeling (18). BZA/CE also prevented the outgrowth of MCF-7 xenograft tumors in immunosuppressed mice (19).
The preclinical observations along with a favorable
clinical side effect proﬁle led to our single-arm study of
6 months of Duavee in women at increased risk for the
development of breast cancer. Our objectives were to
determine feasibility in terms of accrual and adherence
as well as a preliminary assessment of risk biomarker
modulation in preparation for a phase IIB placebocontrolled trial. Although we assessed multiple serum
risk biomarkers including IGF-1, bioavailable estradiol,
bioavailable testosterone, and progesterone (20–22),
our focus was on measures of mammographic density
and benign tissue proliferation. They are both increased
with hormone replacement therapy (23, 24), known to
be associated with risk (25, 26), and favorable modulation appears to predict reduced breast cancer incidence
in concurrent (27) or subsequent clinical trials (28, 29).

Duavee for Breast Cancer Prevention

RPFNA and cytomorphology
RPFNA was performed (CJF, KRP, LN) on two sites per
breast under local anesthesia. The ﬁrst 2 aspiration
passes per site (four sites total) were pooled in a 2-mL
cryovial containing 0.25 mL PBS, immediately immersed
in liquid nitrogen and transferred to a 80 C freezer
within 12 hours for later use in gene-expression assays.
Remaining specimens from both breasts were pooled in
a single 15 cc tube containing 9 mL of CytoLyt and 1 mL
of 10% neutral buffered formalin. Cells were spun,
washed, and resuspended in PreservCyt after at least
24 hours in CytoLyt. Aliquots were processed to slides
using a ThinPrep (Hologic LP) Non-Gyn standard protocol. Slides for cytomorphology and Ki-67 were Papanicolaou-stained using an RNase-free technique. All
slides were assessed by a single cytopathologist (CMZ)
who assigned a categorical assessment of nonproliferative, hyperplasia, borderline hyperplasia with atypia, or
hyperplasia with atypia as well as a Masood semiquantitative index score (cited in ref. 31).
Ki-67 immunocytochemistry
Immunostaining for Ki-67 with a MIB-1 monoclonal
antibody (M7240 Dako Cytomation) was used as
an assessment of the proliferative state, as with the
exception of G0, Ki-67 is thought to be expressed in all
phases of the cell cycle. Slides having 500 or more
epithelial cells visible by Papanicolaou-staining were
selected. Following destaining, antigen retrieval was
performed with 10 mmol/L citrate buffer (pH 6)
in a Biocare decloaking chamber for two minutes at
120 C. The MIB-1 monoclonal antibody was applied
at a 1:20 dilution using a Dako autostainer (31). Women with less than 5 positive cells per 500 epithelial cells
counted (<1%) were considered cohort A and those
with 5 to 20 per 500 epithelial cells counted (1% or
greater) as cohort B. If < 500 epithelial cells were
observed, a further slide was prepared to bring the total
to 500 cells.
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Gene expression by RT-qPCR
Total RNA was extracted from frozen RPFNA samples
using TRIzol LS (Life Technologies) according to the manufacturer's instructions, with additional RNA puriﬁcation
using an RNeasy MinElute Cleanup Kit (Qiagen). The RNA
collected was thus reﬂective of adipocytes, stroma, and
epithelial cells. RNA was ampliﬁed using MessageAmpII
aRNA ampliﬁcation kit (Life Technologies) and reverse
transcribed to cDNA using SMARTScribe Reverse Transcriptase (Clontech Laboratories, Inc.) and random nonamer primers. Real-time quantitative PCR (qPCR) was
performed for selected estrogen and progesterone response
genes and others of interest using hydrolysis probes as
previously described (31, 36). Baseline and postintervention specimens were assessed together. PCR reactions were
run on an Applied Biosystems Prism 7000 Sequence
Detection System or a Roche LightCycler 96. Tested transcripts for estrogen response genes included estrogen
receptor 1 (ESR1) for estrogen receptor alpha (ERa), ESR2
for estrogen receptor beta (ERb), trefoil factor 1 (TFF1) for
pS2, growth regulation by estrogen in breast cancer 1
(GREB1), progesterone receptor (PGR), amphiregulin
(AREG), stromal cell derived factor 1 (SDF1a, CXCL12)
and 2 (SDF1b, CXCL12), and lipocalin 2 (LCN2). Genes
downstream from activated progesterone receptor included cyclin D1 (CCND1), fatty acid synthetase (FASN),
receptor activator of nuclear factor k B ligand (RANKL),
serum glucocorticoid kinase 1 (SGK), the procoagulant
tissue factor (TF), pyruvate dehydrogenase lipoamide
kinase isozyme 4 (PDK4), and signal transducer and activator of transcription 5a (STAT5A). Other genes impacting
metabolism and inﬂammation that are affected directly or
indirectly modulated by estrogen or progesterone include
cyclooxygenase 2 (COX2, PTGS2), androgen receptor
(AR), aromatase (CYP19A1), steroid sulfatase (STS),
3-hydroxybutyrate dehydrogenase, type 2 (BDH2), leptin
(LEP), and adiponectin (ADIPOQ). Primer and probe
sequences are provided in Supplementary Table S1. The
cycle threshold mean value for each transcript (from
duplicate assays per specimen) was normalized using two
reference transcripts (PPIA, peptidylprolyl isomerase A, for
cyclophilin A and CDKN1B for cyclin-dependent kinase
inhibitor 1B) that showed the least change over time.
Relative levels of each transcript were calculated using the
DDCt method. The ratio (postintervention: baseline) of
ﬁnal values indicated upregulation (value > 1) or downregulation (value < 1).
To discern molecular subgroups based on the expression signature of genes of interest, we performed an
unsupervised clustering analysis using gene-expression
measurements collected at baseline and postintervention.
Unsupervised clustering analysis was performed by ﬁtting
a Gaussian-distributed recursively partitioned mixture
model (37) to the log2-transformed fold change (logFC)
values calculated for each gene. The objective of this
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Mammographic volumetric density
We chose to use Volpara (Volpara Solutions), a fully
automated software system for assessing volumetric
density, which is positively associated with risk for breast
cancer. Greater relative risks for higher ﬁbroglandular
volumes and percent dense volume are similar to those
observed for BIRADs patterns and Cumulus percent
dense area estimations (25, 34), but with greater intra
and interassessment reliability (35). The algorithm used
by Volpara assesses thickness of dense tissue at each pixel
using the X-ray attenuation of a fatty area as an internal
reference. We assessed ﬁbroglandular volume (FGV) as
the total sum of both breasts. Likewise, percent dense
volume was computed by dividing the total FGV from
both breasts by the total volume for both breasts.
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of the amount of visceral fat from the android fat compartment. iDXA estimated visceral fat was available
postintervention for 27 women and for both baseline
and off study for 17 women.
Patient-reported outcome measurements
The Mayo Clinic Hot Flash Score and the MEN-QOL
menopause-speciﬁc quality-of-life questionnaire were
used to assess vasomotor symptoms and other symptoms
related to menopause. The hot ﬂash score was the average
number of hot ﬂashes per day  severity (mild ¼ 1,
moderate ¼ 2, severe ¼ 3; ref. 32) and was computed at
baseline, 4 weeks, 3 months, and 6 months (end of
intervention). MEN-QOL consists of 29 items divided into
four domains: vasomotor (three questions), psychosocial
(seven questions), physical (16 questions), and sexual
(three questions). A woman was asked if she had experienced a symptom/issue in the prior month, and if so the
extent to which it had affected her. MEN-QOL was administered at baseline and end of intervention. Domain and
total scores were computed (33).

Hormones, IGF-1, and IGFBP-3
Fasting blood was obtained for assays of estradiol,
testosterone, progesterone, sex hormone binding globulin (SHBG), insulin-like growth factor-1 (IGF-1), its
binding protein IGFBP-3, and C-reactive protein (CRP).
Samples were stored frozen at 80 C until analysis.
Baseline and postintervention specimens were run
together with pooled serum controls to assess batch
variation. Commercial kits from R&D Systems, Inc., were
used for enzyme-linked immunosorbent assay (ELISA)
of IGF-1 (DG100) and IGFBP-3 (DGB300). Commercial
kits from Diagnostics Biochem Canada were used for
enzyme immunoassay of estradiol (CAN-E-430), progesterone (CAN-P-305), testosterone (CAN-TE-250), and
ELISA of SHBG (CAN-SHBG-4010) and CRP (CANCRP-4360, high-sensitivity kit). Bioavailable estradiol
and testosterone were calculated according to standard
formulae (cited in ref. 31). Limit of detection for estradiol and testosterone were 10 and 22 pg/mL with 8% to
10% intra and interassay coefﬁcient of variation. Limit of
detection for progesterone is 0.1 ng/mL with 10% coefﬁcient of variation.

Statistical analysis
Because most quantitative measures (especially change
in value over time) were not normally distributed, nonparametric statistical approaches were used throughout.
For assessment of change in continuous values over the
course of the intervention, the Wilcoxon signed-rank test
was used. The relationship between variables was assessed
using Spearman correlation. A P value of <0.05 was considered an indication of a statistically signiﬁcant difference,
with no correction for multiple comparisons given the
large number of secondary, nonpowered endpoints being
explored. Thus, caution is advised when interpreting the
results.
To gain insight into the potential biological and clinical relevance of the identiﬁed clusters, the association
between cluster membership and select clinical variables
was examined. Wilcoxon rank sum and Fisher exact tests
were used to examine the relationship between cluster
membership and continuous and categorical variables,
respectively.

Body composition
Body composition assessment (total mass, lean mass,
total fat, and percent body fat) was performed using two
GE (GE Healthcare) dual-energy X-ray absorptiometer
models: Lunar Prodigy DXA (11 baseline and 1 postintervention) or Lunar iDXA (17 baseline and 27 postintervention). Measurements between the two instruments are
well correlated, and the software can detect changes in
body composition between 1.6% and 3.8%. The Lunar
Prodigy DXA differs from Lunar iDXA primarily in that
the software on the latter enables automatic calculation

Accrual and retention
Women were recruited from our high-risk cohort followed in the Breast Cancer Prevention Center. Accrual
began May 2016 and concluded August 2018. Forty-two
women were considered medically eligible and were
screened by RPFNA. Of the 42 screened by RPFNA 14 did
not enter the trial. Failure to enter the interventional trial
after RPFNA was due to insufﬁcient cell count for immunodetection of Ki-67 (four women); decrease/resolution of
hot ﬂashes (four women); decided against trial (two women); and one instance for each of the following reasons:
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analysis was to identify subgroups of participants, where
subgroups were deﬁned based on how expression signatures changed from baseline to postintervention across
the selected set of genes proﬁled in this study. Foldchange values were computed by dividing the postintervention expression value by the baseline expression
value. As such, genes with a logFC > 0 displayed increase
in expression between baseline and postintervention.
Conversely, genes with logFC < 0 displayed a decrease
in expression between baseline and postintervention.
Gaussian-distributed recursively partitioned mixture
models were ﬁt using the function glcTree in the R package
RPMM. With the exception of the maxlevel argument, the
maximum depth to recurse, which was set to one due
to the modest sample size of this study, all other parameters in the glcTree function were set to their default
values. The logFC values across the panel of selected
genes were visualized across the identiﬁed clusters by
creating a heat map with increasing brightness indicating
increased upregulation (red) or downregulation (green) of
gene expression.

Duavee for Breast Cancer Prevention

Table 1. Improvement in quality of life as assessed by the MEN-QOL survey
Measure
Vasomotor
Psychosocial
Baseline score
9 (3–18)
3.5 (0–37)
Postintervention score
0 (0–5)
2 (0–29)
Change in score
8 (17 to 2)
1 (37 to 15)
Number improve
28
15
Number worsen
0
6
a
P value
<0.0001
0.070

Physical
18 (2–71)
8 (0–39)
9 (71 to 22)
21
7
0.0077

Sexual
3 (0–18)
0 (0–10)
3 (18 to 4)
20
2
0.0002

Total
42 (9–136)
9.5 (0–67)
23.5 (136 to 22)
24
4
<0.0001

NOTE: Values shown (median and range) are for sums of scores per domain. Larger values represent a greater extent to which individual symptoms or problems were
considered bothersome.
a
Wilcoxon signed-rank test.

Patient-reported outcomes
Hot ﬂash frequency and intensity dramatically
improved (P < 0.001) as median hot ﬂash score (average
daily frequency and intensity) dropped from 15 at baseline to 0 after the intervention). In general, hot ﬂashes
were reported as relieved within 2 weeks of starting
Duavee. MEN-QOL total score, as well as vasomotor,
physical, and sexual domains signiﬁcantly improved (P <
0.01; Table 1).
Baseline characteristics by cohort
Median age was similar for cohorts A (54) and B (53).
The proportion of women who were nulliparous was
higher for cohort B (33%) than for cohort A (8%). The
proportion women who had previously used a SERM was
small and similar for both cohorts (8% cohort A and 7%
cohort B).

Both cohorts had a median baseline cytomorphology
index score of 13 consistent with low-level hyperplasia.
More women in cohort B (baseline Ki-67 immunolabeling 1%–4% of epithelial cells) had previously used HRT
(6/15 B vs. 3/13 A), had a prior diagnostic biopsy
indicating atypical hyperplasia (6/15 B vs. 2/13 A), and
were considered obese by BMI (5/15 B vs. 2/13 A).
Despite meeting eligibility criteria, two women in cohort
B and one in cohort A had baseline progesterone levels
considered in the premenopausal range at >1 ng/mL.
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>4% of cells staining positive for Ki-67, decided on standard hormone replacement instead, desired TAH/BSO,
and worried about estrogen in drug. Of the 28 high-risk
women entering the 6-month intervention with Duavee,
13 were enrolled in cohort A (Ki-67 < 1%) and 15 were
enrolled in cohort B (Ki-67 ¼ 1%–4%). The accrual rate
was less than expected primarily due to ineligibility of
women with a BRCA1/2 mutation, or prior hysterectomy
with a prior biopsy showing LCIS. All 28 women completed the 6-month intervention and are evaluable with no
serious adverse events and > 85% adherence.

Change in blood biomarkers
Twenty-four of 27 women had increases in bioavailable
estradiol and 25 of 27 had reductions in bioavailable
testosterone (P < 0.001). There were signiﬁcant decreases
in IGF-1 (P < 0.001), IGFBP3 (P ¼ 0.024), and the molar
ratio of IGF-1: IGFBP3 (P < 0.001). Nineteen of 27 women
had reductions in serum progesterone (P ¼ 0.006). There
were no trends for CRP (Table 2).
Change in mammographic density
Median baseline ﬁbroglandular volume (FGV) was
133 cm3 for both breasts (range, 36–336 cm3), and median
percent dense volume was 9.7% (range, 3.5%–34%) for
the 26 women with evaluable baseline and 6-month
Volpara processed mammograms (Table 3). Fibroglandular volume decreased by a median of 12 cm3 (6 cm3/breast)
or a median relative decrease of 11% (range, 61% to
þ43%; P ¼ 0.043). Baseline and change in FGV varied

Table 2. Baseline and postintervention assessment of serum total and bioavailable estradiol and testosterone, SHBG, progesterone, IGF-1, IGFBP3, and CRP
Variable or biomarker
Baseline
Postintervention
Difference
P value (Wilcoxon)
SHBG, nmol/L
68 (26–241)
106 (38–274)
31 (5 to 65)
0.0001
Estradiol, pg/mL
54 (24–458)
107 (43–914)
56 (5 to 752)
0.0001
Estradiol, nmol/L
0.2 (0.1–1.7)
0.4 (0.2–3.4)
0.2 (0.0–2.8)
Bioavailable estradiol, pmol/L
2.7 (0.7–23.2)
3.6 (1.5–19.7)
1.3 (8.8 to 12.3)
0.0001
Testosterone, ng/mL
1.29 (0.50–12.11)
1.07 (0.42–7.39)
0.12 (5.78 to 2.27)
0.029
Testosterone, nmol/L
4.5 (1.7–42)
3.7 (1.5–25.7)
0.4 (20 to 7.9)
Bioavailable testosterone, pmol/L
43 (13–802)
27 (10–213)
17 (588 to 25)
0.0001
Progesterone, ng/mL
0.33 (0.17–11.81)
0.26 (0.07–5.92)
0.09 (7.09 to 1.17)
0.0058
IGF-I, ng/mL
109 (60–184)
87 (50–128)
17 (101 to 25)
0.0001
IGF-I, nmol/L
14 (8–24)
11 (7–17)
2 (13 to 3)
IGFBP-3, ng/mL
2,153 (1,582–2,944)
2,052 (1,402–2,937)
48 (597 to 276)
0.024
72 (49–103)
1.5 (20 to 10)
IGFBP-3, nmol/L
75 (55–103)
IGF-I:IGFBP-3 molar ratio
0.19 (0.13–0.32)
0.16 (0.10–0.26)
0.03 (0.1 to 0.05)
0.0002
CRP, mg/mL
1.5 (0.1–7.7)
1.4 (0.1–8.4)
0.04 (4.1 to 4.8)
0.79
NOTE: Median (range) values are provided for 27 subjects with paired specimens.
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Table 3. Volpara assessment of mammographic features
Variable or biomarker
Baseline
1,364 (326–4,419)
Total breast volume, cm3
Fibroglandular volume (total), cm3
133 (36–336)
Percent dense volume, total FGV/total breast volume 9.7 (3.5–34.0)

Postintervention Difference
Relative difference, % P value (Wilcoxon)
1,224 (374–5,160) 18 (904 to 1,673) 2 (37 to 48)
0.45
111 (37–265)
12 (204 to 62) 11 (61 to 43)
0.043
8.3 (2.5–34.2)
1.2 (11.0 to 8.9) 16 (68 to 61)
0.11

NOTE: Median and range values for 26 women with baseline and postintervention digital mammograms.

Change in Ki-67 and gene expression in benign breast
tissue sampled by RPFNA
No change was observed in the cytomorphology index
scores from baseline to postintervention specimens. The
median score of 13 both pre- and postintervention was
consistent with low-grade hyperplasia without atypia over
the 6-month period (Supplementary Table S2). Women
in cohort B had a median baseline Ki-67 of 1.6% (range,
1%–3.6%) and a median postintervention Ki-67 of 0.4%
(range, 0%–3.2%). This was a signiﬁcant reduction from
baseline (P ¼ 0.017; Fig. 1). There was no overall change in
Ki-67 in breast tissue samples from cohort A women with a
median baseline and postintervention value of 0.2%
(range, 0%–0.8% baseline and 0%–5.4% postintervention; P ¼ 0.44). One individual each from cohort A
and B (2/28 total) exhibited a protocol-deﬁned signiﬁcant

Posntervenon Ki-67 (%)

6

Ki-67 immunocytochemistry

5
4
3

Cohort A

Cohort B

(N = 13)

(N = 15)

P = 0.44

P = 0.017

Increase

2
Decrease

1
0
0

1

2
Baseline Ki-67 (%)

3

Figure 1.
Percentage of breast epithelial cells acquired by RPFNA that stained
immunocytochemically positive for Ki-67 at baseline and after a 6-month
intervention with Duavee. Comparison of change by the nonparametric
Wilcoxon test.
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increase in proliferation (>2% Ki-67-positive cells for
cohort A or doubling of initial Ki-67 frequency for
cohort B). Both women had low baseline BMI (19.5 and
20.5 kg/m2, respectively), low baseline estradiol and bioavailable levels (<40 pg/mL total, 1.1 pmol or lower), and
exhibited increases in serum progesterone in addition to
increases in bioavailable estradiol.
We assessed a number of genes known to be responsive
to increases in systemic estrogen and/or downstream from
activated estrogen and progesterone receptors. An unsupervised cluster analysis (Fig. 2) identiﬁed two clusters
(cluster 1 with 10 women and cluster 2 with 17 women)
with differences in change in early estrogen response genes.
Women in cluster 1 tended to have increased expression of
2 or more of the early estrogen response genes ESR1 (ER
alpha), TFF1 (pS2), GREB1a, PGR, and AREG (Amphiregulin), but did not exhibit increased expression of CCND1
(cyclin D1) or other genes downstream of activated progesterone receptor such as STAT5a, PdK4, and STK. A trend
toward decreased expression was observed of several genes
thought to play a role in breast cancer development with
predominant expression in stroma such as LEP (leptin),
FASN (fatty acid synthetase), CXCL12 (two splice variants
of stromal derived growth factor, SDF1a and SDF1b), and
CYP19A1 (aromatase). Women in cluster 2 exhibited predominately decreased expression of both the early estrogen
response genes and the stromal genes listed above. Several
clinical factors were examined to explain clustering membership including age, body mass index and body composition variables baseline and change in bioavailable
estradiol, baseline and change in progesterone, and baseline and change in Ki-67 immunolabeling and ﬁbroglandular volume. Five of the 10 women in the early estrogen
response gene cluster (cluster 1) had a postintervention
visceral adipose tissue (VAT) > 1.2 kg, which is consistent
with increased risk for metabolic syndrome (38), compared with only 1 of 16 women in cluster 2 (P ¼ 0.018,
Fisher exact test).
Body composition
Detailed body composition is given in Supplementary
Table S3. A small increase was observed in fat mass (median 1 kg) and percent body fat (median 0.9%) but not in
lean mass or VAT. For the latter, there is the caveat that
change in VAT could only be assessed for 17 women.
Off-study follow-up
Twenty-one of 28 women elected to continue Duavee off
study following trial completion. The remaining seven did
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positively with BMI, but correction for change in BMI did
not alter the ﬁnding of signiﬁcant change with 6 months of
Duavee. Percent dense volume decreased by a median of
1.2% from a baseline of 9.7% but this was not statistically
signiﬁcant (P ¼ 0.11). In this small sample, there was no
evidence of differential change in FGV by baseline dense
volume above or below 10%. However, women with
baseline ﬁbroglandular volume above the median of
133 cm3 had over twice the change in FGV as women with
FGV < 133 cm3 (medians of 26.9 cm3 vs. 10.3 cm3).
Change in ﬁbroglandular volume or percent dense volume
was not signiﬁcantly correlated with change in systemic
hormone levels or percentage of benign breast epithelial
cells expressing Ki-67.
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Figure 2.
Heat map demonstrating the results of unsupervised clustering analysis of PCR data. For individual subjects, an increase in gene expression is
indicated by red and a decrease in gene expression is indicated by green. The 27 subjects with paired specimens are separated into two clusters
(cluster 1, n ¼ 10 and cluster 2, n ¼ 17), primarily on the basis of alterations in the estrogen early response genes PGR, GREB1, ESR1, AREG, and TFF1.

not continue primarily because of high co-pays or their
insurance would not approve the drug unless they had
tried two other nonhormonal medications for vasomotor
symptoms. One who initially did not take off-study Duavee initiated it a year after she completed trial because of
return of vasomotor symptoms and regain of FGV. Fibroglandular volume decreased again after drug was restarted.
Of the 21 who continued Duavee by clinical prescription
after completion of the trial, four have discontinued, three
because of insurance coverage and one due to thyroid
problems. Eighteen of the 26 women who entered
with Volpara evaluable baseline mammograms have had
further follow-up mammograms with Volpara software 12
to 24 months following interventional trial completion.
Eleven of 18 women continue to have reduction in mammographic density from baseline. The remainder have not
yet had their clinical 12-month post study completion
mammogram.

Discussion
We demonstrated excellent retention and favorable
change in multiple risk biomarkers for breast cancer with
6 months of Duavee in perimenopausal and postmenopausal women with vasomotor symptoms. Hot ﬂashes
decreased dramatically, which was similar to results
observed in large placebo-controlled trials (14).
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The increases in SHBG and estradiol, as well as decreases
in bioavailable testosterone and IGF-1, are consistent with
the effects of the oral estrogen component of Duavee (39).
As the SERMs tamoxifen and raloxifene also reduce systemic IGF-1 in postmenopausal women (40), it is possible
that both the BZA and CE components of Duavee are
responsible for the reduction in systemic IGF-1. Systemic
progesterone levels in postmenopausal women have
recently been reported to be positively associated with
breast cancer risk (22), but it is not clear whether our
observed reduction in serum progesterone was the result of
Duavee or progressive luteal failure with late menopause
transition (30).
Although a small increase was noted in total and percent
body fat, this is unlikely to be of clinical signiﬁcance.
Further, for over half of the women the baseline and
postintervention percent and total fat measures were performed with two different types of DXA units. Although
measurements between the Lunar Prodigy DXA and Lunar
iDXA are highly correlated, the differences are within the
margin of error (41).
We found that FGV, a demonstrated risk biomarker (34),
was signiﬁcantly reduced after 6 months of Duavee in the
26 women with Volpara software assessed mammograms.
The FGV decrease after Duavee contrasts with the lack of
change in age-matched controls assessed during the same
time frame as the Duavee trial (Fig. 3). These results
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Figure 3.
Distribution of change in mammographic total ﬁbroglandular volume
assessed by Volpara software for subjects on the Duavee pilot study and
age-matched controls with two mammograms separated by 6 to 12 months.

differed from those of BZA/CE versus placebo in the
SMART trials where the Cumulus computer-assisted method was used to assess percent dense area (14). Small
changes in density in the SMART trials might have been
missed with the Cumulus semiautomated method if baseline density is low, as is often the case in postmenopausal
women (25). Change in FGV volume after 6 months
of Duavee (median total for both breasts of 12 cm3 or
6 cm3/per breast) in our pilot is in the range of the
annual change in FGV of 8 cm3 over an average of 3 years
in contralateral breasts for premenopausal women
with breast cancer taking tamoxifen (42). In addition to
breast cancer risk, endogenous levels of progesterone
in postmenopausal women have been reported as positively correlated with percent mammographically dense
area (43). We did not observe a correlation between change
in serum progesterone and change in FGV and/or percent
density possibly due to our sample size. We did not
measure change in serum osteoprotegerin, a decoy receptor
for receptor activator of nuclear factor kB (RANK) ligand,
which has been reported to be inversely associated with
breast density among postmenopausal women (44).
Similar to ﬁndings reported for cynomolgus monkeys (18) we observed a reduction in benign breast tissue
Ki-67 in women from cohort B who had measurable
proliferation (1% or higher Ki-67 immunolabeling) at
baseline. Reduction in systemic progesterone levels due
to physiologic progression of menopause transition (45);
and/or disruption of estrogen and progesterone receptor
signaling by Duavee are potential explanations for the
observed decreases in proliferation (8, 15). Progesterone
increases proliferation-associated gene expression by
increasing transcription factors including STAT5a, PDK4,
and RANKL (46, 47). We found no strong evidence of
change in overall gene expression including the above
transcription factors. The limited sample size (n ¼ 27)
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and potential for variation in the proportion of epithelial
and stromal content between baseline and postintervention sampling results in suboptimal statistical power for
detecting associations between clinical features and cluster
membership in the exploratory studies of benign tissue
gene expression. However, the higher proportion of women in cluster 1 with elevated visceral adipose as well as
increases in estrogen response gene expression is intriguing
in view of the hyperinsulinemia and elevated levels of
proinﬂammatory cytokines often found in women with
increased visceral adipose and cross-talk between the Insulin/IGF-1 system and estrogen (48). Change in mammographic breast density which is composed predominately
of stroma in postmenopausal women, was independent of
change in epithelial cell proliferation in line with our prior
ﬁndings and that of others (49, 50).
This was a single-arm pilot study and was not designed to
deﬁnitively conclude that BZA 20 mg combined with CE
0.45 mg (Duavee) was associated with favorable modulation of any speciﬁc serum, tissue or imaging biomarkers.
It is entirely possible that many of these changes could be
the result of advancing menopause transition; plus, no
adjustments were made for multiple comparisons. The
observations are also limited to symptomatic women
undergoing menopause transition. However, the pilot
results are encouraging and provide the basis for further
investigation of this agent for primary prevention in highrisk perimenopausal and postmenopausal women in a
phase IIB placebo-controlled trial.
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