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Abstract Lavage of the ductal systems of the breast
provides fluid (ductal lavage fluid, DLF) containing
hormones and products of hormone actions that may
represent more accurately the composition of the breast
than samples collected from blood or urine. The present
study was undertaken to assess the presence of potential
cancer biomarkers, their variation among individuals at
high risk for breast cancer, and differences associated with

menopause and tamoxifen treatment. Seventy seven
tamoxifen-eligible subjects with a 5-year breast cancer risk
estimate (Gail>1.6%; N=53) or recently diagnosed breast
cancer (N=24) were offered tamoxifen therapy; those not
accepting tamoxifen were under observation only. After
6 months, all subjects underwent ductal lavage (DL) in an
unaffected breast. Estradiol (E2), estrone sulfate, androste-
nedione, dehydroepiandrosterone (DHEA), DHEA sulfate,
progesterone, cathepsin D, and epidermal growth factor
(EGF) were measured in ductal lavage fluid (DLF) by
immunoassays. Data were expressed as the mass of analyte
per milligram of protein in DLF and normalized by natural
log transformation. With the exception of DHEA, none of
the analytes measured were significantly lower in postmen-
opausal women than in premenopausal women. The mean
loge concentration difference in estradiol was 10.9%.
Tamoxifen treatment for 6 months did not result in a
significantly greater concentration of E2 or in any of the
other analytes in DLF of pre- or postmenopausal women.
The between-duct variance of the concentration of free
steroids within the same breast averaged 51% less than that
between subjects, and was similar to that of non-diffusible
proteins. The maintenance of estradiol concentrations in the
breast after menopause demonstrates the importance of
local biosynthesis. The fact that DLF E2 does not reflect the
high serum concentrations of E2 during tamoxifen treat-
ment indicates that breast concentrations of estradiol may
be under feedback control. Unlike studies of low risk
populations, progesterone concentrations were not signifi-
cantly less in postmenopausal than in premenopausal
women. The similarity in variance of free steroids and
protein analytes between ducts of a breast indicates little
transfer of steroids between lobules.
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Introduction

There is a clear connection between estrogen exposure and
risk of breast cancer [1]. Recent studies show that women
in the top quartile of estradiol levels may have a relative
risk of breast cancer of more than two [2–4]. Such data
support the principle of the relationship between estradiol
and breast cancer but the association would have to be
much higher to be a useful biomarker for risk of breast
cancer in individuals. The reason that serum estrogen
concentrations do not have a higher association with breast
cancer may, in part, be related to differences between
concentrations of steroid hormones in serum and breast
tissues. Studies of E2 and other hormones in nipple aspirate
fluid (NAF) clearly indicate a very poor correlation with
serum levels [5–8] as do correlations between tissue and
serum concentrations [9–12]. Recently, Lonning et al. [13]
reported a correlation between plasma and normal breast
tissue concentrations of estradiol, but only in breasts that
had an estrogen receptor-α positive tumor. The general lack
of correlation with the normal breast is not surprising
because of the significant local biosynthesis of estrogens in
breast tissue [5, 14–16].

Sampling of breast fluid either by collection of NAF or by
ductal lavage is a means of obtaining information about the
milieu of the breast directly. Ductal lavage has the advantage
that epithelial cells that are shed from the ducts may be
obtained for assessment of atypical forms from the breasts of
healthy high-risk women [17]. We have previously reported
initial results from a Phase 2 prevention study designed to
assess the utility of ductal lavage for the measurement of
cellular markers of breast cancer risk and tamoxifen response
in a population at increased risk of breast cancer [18].
Tamoxifen-eligible women either accepted or declined
tamoxifen therapy after appropriate counseling, and all
subjects were asked to return for a 6-month follow-up
procedure which included ductal lavage. We now report
results on the analysis of endocrine parameters (hormones
and hormone-related proteins) in the ductal lavage superna-
tant fluid in this study. Ductal lavage fluid (DLF) provides a
sample similar to NAF, but with more thorough sampling of
the entire ductal tree [19]. In addition, samples from
individual ducts can be examined separately. In NAF
collection, when vacuum is applied to the nipple and there
is more than one duct producing fluid, the NAF is collected
as a single sample from the surface of the nipple, so
individual ducts cannot be assessed separately. However,
with ductal lavage we are able to compare the hormonal
composition from different ducts within a breast.

We sought to assess the relationship among androgens,
estrogens, estrogen response proteins, and epidermal
growth factor (EGF) in ductal lavage fluid and how these
relate to menopausal state, tamoxifen treatment, and

measurements of the same hormonal products in NAF.
Because tamoxifen treatment is associated with a two- to
threefold increase in serum estradiol [20–22], it was
important to determine whether a similar increase occurs
within the breast. Such an increase in estradiol may
compete with tamoxifen or its metabolites for the estrogen
receptor, reducing the effectiveness of the antiestrogen.

Methods

Subjects Subjects were recruited from the Bluhm Family
Program for Breast Cancer Early Detection and Prevention,
at the Lynn Sage Breast Center of Northwestern Memorial
Hospital. Data on known breast cancer risk factors were
used to estimate the 5-year breast cancer risk using a
statistical model [23]. Eligible women were all at high risk
for breast cancer; no breasts with cancer or that had
evidence of cancer were lavaged in this study. Subjects
included (a) 53 unaffected healthy women with a 5-year
risk estimate of >1.6 and (b) 24 women who had completed
local therapy for unilateral estrogen receptor positive ductal
carcinoma in situ or who had invasive cancer of <1 cm in
size and who did not require chemotherapy. In group “b”
only the unaffected breast was lavaged. No subjects had
taken tamoxifen or dietary supplements such as soy
products for prevention. Both premenopausal and postmeno-
pausal women were included in the study.

Ductal Lavage Procedure

Subjects applied an anesthetic cream EMLA (2.5% lidocaine
and 2.5% prilocaine; AstraZeneca, Wilmington, DE) 2 h
before the lavage procedure. Nitroglycerin cream (glyceryl
trinitrate, E. Fougera & Co., Melville, NY) was applied to the
nipple of each breast to be studied 20min before the procedure
along with a warm compress. The breast was massaged, and
the Cytyc aspirator (Cytyc Corp., Boxborough, MA) was used
to elicit nipple aspirate fluid. Lavage of fluid-yielding ducts
and visualized non-fluid-yielding ducts was performed
through a microcatheter (Cytyc), using Plasmalyte, an isotonic
solution containing 140 mM Na+, 5.0 mMK+, 98 mM Cl−,
3.0 mMMg++, 27 mM acetate, and 23 mM gluconate (Baxter
Healthcare Corp., Deerfield, IL). The lavage effluent was
collected in Cytolyte (Cytyc). The sample from each duct
was collected, diluted to 20 ml with Cytolyte, and centri-
fuged at 1,500 g for 10 min. The supernatant fluid (DLF) was
decanted carefully and processed as described below.

DL was performed under local anesthesia in the office
setting. The details of the procedure have been described
previously [18]. Women were informed of the cytologic
findings and allowed to choose tamoxifen therapy at a dose of
20 mg daily or observation. All subjects were asked to return
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for DL 6 months after the first procedure or 6 months after
initiation of tamoxifen. The latter samples were assayed for
hormones and related substances. The protocol was approved
by the Institutional Review Board of Northwestern University
and written informed consent was obtained from all subjects.

Analysis of DLF

Briefly, sample volumes were reduced in a centrifugal
evaporator to remove methanol from the Cytolyte. They
were then lyophilized to dryness, and made up to 4.0 ml
with water. The lyophilization flask was rinsed with water
and then with ethyl acetate–hexane (3:2), and the aqueous
solution was extracted a second time with additional
organic solvent to recover all unconjugated steroids.
Recovery of protein and 3H-E2 from the lyophilization
flask was 83.8±3.8 and 82.6±2.4%, respectively. Proce-
dures for analysis of the individual analytes were as
described in detail previously [6]. Estrone sulfate, DHEA
sulfate, cathepsin D, and EGF were measured in the
aqueous fraction. The ethyl acetate–hexane fraction was
evaporated and the residue was partitioned into phenolic
and non-phenolic fractions (0.4 N aq NaOH and isooctane,
respectively). Estradiol was measured in the phenolic
fraction and androstenedione, progesterone, and dehydroe-
piandrosterone (DHEA) were measured in the non-phenolic
fraction. Estradiol, progesterone, DHEA sulfate, and es-
trone sulfate were measured by RIAs. Cathepsin D, EGF,
androstenedione, and DHEA were measured by ELISAs. A
quality-control preparation was prepared from a pool of
DLF that was collected from repeat samples not used for
this study but from the same subject group. The quality-
control preparation was measured in each assay. Buffer blanks
were carried through the procedure as well, and the value of the
blank was subtracted from each sample value. All samples were
assayed in duplicate. Because the volume of fluid within the
breast is diluted by a large volume of buffer during the lavage
procedure, it is necessary to use a reference with which to
express the hormone values. For this reasonwe chose to express
the amount of analytes per milligram of protein extracted with
the analytes in the lavage solution. The protein concentration
was measured by the BioRad Coomassie Blue assay proce-
dure. The intra- and interassay coefficients of variation for the
assays were <15% and <20%, respectively. All immunoassays
were from commercial sources and had limits of detection
which were established by the manufacturers.

Statistical Procedures

All data were loge-transformed. This provided adequate
normalization for parametric analyses. The distribution of
untransformed and transformed estradiol data are shown
in Fig. 1.

Means and standard deviations of the analytes were
calculated, as were geometric means of the values for
interpretability. For comparisons of two groups of indepen-
dent observations, F tests and two-sample Student’s t tests
were used to compare variance estimates and means for
groups, respectively. Spearman correlation coefficients
were also calculated to describe the correspondence of
DLF and NAF measurements. F tests were used to compare
variance estimates within- and between-subjects. Within-
subject estimates were calculated using the residual mean
squared error from an ANOVA model on the complete data
set controlling for subject.

Subjects receiving tamoxifen were compared separately
for pre- and postmenopausal women to the appropriate
“observation” group. A total of 20 subjects not receiving
tamoxifen had both NAF and DLF collected from the same
duct; paired t tests were used to compare means.

Results

An adequate lavage sample was obtained from 86.3% of
women who volunteered for ductal lavage. The sources of
attrition of study subjects has been described previously

Fig. 1 Effect of natural log transformation on the distribution of
estradiol values
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[24]. There were a total of 77 subjects who had adequate
protein in the lavage sample for analyses; 45 were
premenopausal: 30 controls and 15 who received tamoxifen
(age range 30–55, median 46 years; BMI range 17.5 to
44.0, median 26.2 kg/m2). There were 32 postmenopausal
women: 15 controls and 17 who received tamoxifen (age
range 43–67, median 55 years; BMI range 18.2 to 40.9,
median 26.2 kg/m2). Among women who chose tamoxifen,
the median BMI was 27.1 kg/m2, not significantly different
from those who chose observation. The mean Gail risk
estimate was also not different between those who chose
tamoxifen and those who did not, and there was no
difference in diagnosis or biomarkers in ductal epithelial
cells including Ki67, Cox2, or estrogen receptor-α between
the two groups [24].

The protein per breast in DLF of premenopausal women
was 0.98±35.9 (SD) mg. There were no significant differ-
ences in the amount of protein in lavage samples between
the pre- and postmenopausal women or between subjects
receiving tamoxifen and controls. The mean number of
ducts lavaged was 1.10 (range, 0–4) per breast in
premenopausal women, 1.57 (range 0–10) in postmeno-
pausal women, and 1.33 (range 0–10) in patients on
tamoxifen. These do not represent the number available
for lavage; only one or two ducts were chosen from a breast
for the study.

Differences between hormones and hormone-related
products in DLF of pre- and postmenopausal women are
shown in Table 1. Differences in hormone levels in breast
fluid between mid-follicular and mid-luteal phases were not

found to be significant in a previous study [5] so stage of the
menstrual cycle was not considered for this analysis. The
analyte with the greatest concentration in DLF is DHEA
sulfate, 3×105-fold greater than that of estradiol. Nevertheless,
11 subjects had no detectable DHEA sulfate. Negligible
values were found among other analytes also: estradiol,
8 (three premenopausal, five postmenopausal); estrone sulfate,
10; androstenedione, 8; DHEA, 13; progesterone, 6 (one
premenopausal, five postmenopausal); EGF, 5; cathepsin D,
11. In addition, 17 and 21 samples in the cathepsin D and
progesterone assays were lost and results are not available.
Smaller numbers of other analytes were lost due to being out
of range or outliers. The small amount of analytes extracted
from DLF usually does not permit a second assay of the
analyte. Despite the major decline in serum estradiol concen-
trations after menopause, the mean loge concentration of
estradiol in DLF was only 10.9% less in postmenopausal than
in premenopausal women (Table 1). A product of estrogen
action, cathepsin D, was also not significantly lower in the
postmenopausal women. Potential estrogen precursors estrone
sulfate and the androgens were all lower in postmenopausal
women but only DHEA was significantly lower.

Concentrations of analytes in DLF of patients who had
received tamoxifen for a period of 6 months are shown in
Table 2. Loge mean values are compared with the
corresponding values in control subjects. Overall, the mean
loge estradiol was greater by 33% in premenopausal women
and 6.6% in postmenopausal women but neither difference
was significant. Neither cathepsin D nor the androgens
were significantly greater in subjects receiving tamoxifen.

Table 1 Analyte concentrations in DL fluid of pre- and postmenopausal women not taking tamoxifen

Analyte Premenopausal Postmenopausal p value

N Mean loge (SD) Geometric mean N Mean loge (SD) Geometric mean
min,max min,max

Estradiol pg/mg 22 2.20 (1.65) 9.03 10 1.96 (2.12) 7.10 0.91
1.20,5.37 1.27,4.45

Estrone sulfate ng/mg 25 2.96 (1.40) 19.3 12 2.24 (1.95) 9.39 0.27
−1.04,5.34 −1.90,5.13

Progesterone ng/mg 21 −1.10 (1.84) 0.33 11 −1.69 (1.76) 0.18 0.38
−4.34,2.25 −4.42,1.37

Androstenedione, ng/mg 23 −2.54 (1.44) 0.079 12 −2.84 (1.37) 0.058 0.55
−5.81,−0.34 −5.12,−0.71

DHEA ng/mg 21 −0.60 (1.47) 0.55 14 −1.95 (1.67) 0.142 0.02
−3.02,2.21 −5.52,−0.04

DHEA sulfate μg/mg 22 1.15 (1.46) 3.16 14 0.97 (1.71) 2.64 0.75
−2.36,3.81 −3.61,3.18

Cathepsin D ng/mg 17 2.28 (2.37) 9.78 7 3.53 (1.22) 34.1 0.10
−3.51,4.94 1.86,5.03

EGF ng/mg 27 1.30 (1.13) 3.67 16 1.25 (2.04) 3.49 0.93
−1.94,2.86 −5.81,3.24

p values are from two-sample t tests
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Variability of measurement was assessed across subjects
and among ducts within a breast (Table 3). In subjects in
whom more than one duct was analyzed, the value for a
single randomly selected duct was used to estimate
between-subject variability. A comparison of mean square
errors (MSE) from ANOVA revealed that variability among
ducts within a breast for estradiol was 44% less than
variability between subjects. Variability of other analytes
was similarly less within breasts. When variability was
compared separately in pre- and postmenopausal women,
the pattern was not different. For greater statistical power
data from all subjects were combined in Table 3.

In a group of 20 subjects NAF and DLF were both
collected from the same ducts (one per subject). A comparison
of the concentrations is shown in Table 4. Only the protein
analytes cathepsin D and EGF were significantly higher in
DLF. Estradiol and the other free steroids as well as the

steroid sulfates were not different between NAF and DLF by
paired t tests.

Discussion

In the present study, we performed measurements of
hormones and hormone-related proteins in the supernatants
of the DL samples, which presumably provides a sampling
of the deeper reaches of an individual ductal tree than
samples of NAF [19]. This may provide a more accurate
estimate of the hormonal milieu of the entire breast than is
obtained from samples of NAF.

We observed that E2 concentrations in breast fluid were
not significantly lower in postmenopausal than in premeno-
pausal women. This is consistent with previous studies of
NAF [7], as well as with studies of tissue concentrations

Table 2 Analyte concentrations in DL fluid in subjects with and without tamoxifen

Analyte Control Tamoxifen p value

N Mean loge (SD) Geometric mean N Mean loge (SD) Geometric mean

Premenopausal

Estradiol pg/mg 22 2.20 (1.65) 9.05 12 2.93 (1.86) 18.75 0.27

Estrone sulfate ng/mg 25 2.96 (1.40) 19.25 14 2.43 (1.51) 11.3 0.29

Progesterone ng/mg 21 −1.10 (1.84) 0.33 9 −1.14 (1.49) 0.32 0.94

Androstenedione, ng/mg 23 −2.54 (1.44) 0.079 13 −2.54 (2.10) 0.079 1.00

DHEA ng/mg 21 −0.60 (1.47) 0.55 9 0.18 (2.27) 1.19 0.36

DHEA sulfate μg/mg 22 1.15 (1.46) 3.15 13 0.97 (1.49) 2.64 0.73

Cathepsin D ng/mg 17 2.28 (2.37) 9.76 13 3.02 (1.57) 20.46 0.31

EGF ng/mg 27 1.30 (1.13) 3.69 13 1.18 (1.16) 3.26 0.75

Postmenopausal

Estradiol pg/mg 10 2.12 (1.96) 8.32 13 2.26 (2.34) 9.58 0.88

Estrone sulfate ng/mg 12 2.24 (1.95) 9.36 13 1.77 (1.73) 5.89 0.54

Progesterone ng/mg 11 −1.69 (1.76) 0.19 8 −2.76 (2.33) 0.063 0.29

Androstenedione, ng/mg 12 −2.84 (1.37) 0.058 13 −3.21 (1.82) 0.041 0.57

DHEA ng/mg 14 −1.95 (1.67) 0.14 13 −0.93 (2.25) 0.39 0.20

DHEA sulfate μg/mg 14 0.97 (1.71) 2.63 11 1.03 (1.30) 2.79 0.92

Cathepsin D ng/mg 7 3.53 (1.22) 34.19 9 3.68 (1.02) 39.82 0.79

EGF ng/mg 16 1.25 (2.04) 3.50 14 0.86 (1.05) 2.35 0.50

Within-subject MSE (df) Between-subject MSE (df) F statistic p value

Estradiol pg/mg 1.66 (49) 2.96 (31) 0.08

Estrone sulfate ng/mg 1.06 (57) 2.59 (36) 0.00

Progesterone ng/mg 1.61 (45) 3.28 (31) 0.01

Androstenedione ng/mg 0.97 (52) 1.99 (34) 0.01

DHEA ng/mg 1.23 (51) 2.79 (34) 0.00

DHEA sulfate μg/mg 1.76 (50) 2.37 (35) 0.17

EGF ng/mg 1.55 (64) 2.28 (42) 0.04

Table 3 F tests comparing log
variance estimates within and
between subjects not taking
tamoxifen (MSE mean square
error from the analysis of vari-
ance, df degrees of freedom)
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of estrogens [9–12]. The E2 concentrations in breast fluid
are different under some circumstances as evidenced by
the threefold lower concentrations in women taking oral
contraceptives and the almost sevenfold greater values in
women taking hormone replacement that was observed in
a previous study from this laboratory [7]. The potential E2
precursors, androstenedione, DHEA, and estrone sulfate
all had lower loge mean values in postmenopausal women
but only DHEA concentrations were significantly lower.
Even so, there would appear to be an abundance of
precursor steroids for E2 biosynthesis in the breasts of
postmenopausal women. Androstenedione concentrations
were eight- to ninefold greater than the concentrations of
estradiol. Further support for meaningful local biosynthe-
sis of estradiol in the postmenopausal breast comes from
the lack of significant difference between cathepsin D in
pre- and postmenopausal women. One of the factors
regulating the biosynthesis of cathepsin D is estrogen. If
estrogenic activity in the breast declines after menopause,
a decrease in cathepsin D should occur [25, 26]. These
data may explain, in part, why there is no sharp drop in
incidence of breast cancer associated with the decline in
serum estradiol at menopause [27].

Additionally, progesterone concentrations in the DLF of
postmenopausal women, while lower, were not significantly
lower than in premenopausal women. This is different from
the highly significantly lower concentrations reported earlier
on young women who had a low risk of breast cancer [7]. The
possibility that cytokines such as IL-4 are increased with risk
of breast cancer exists and may be the cause of greater
progesterone concentrations in DLF of this group. Based on
in vitro studies, progesterone synthesis in the breast is not
expected to be significant in the absence of stimulation by
IL-4 [28]; this and other cytokines deserve investigation in
relation to progesterone concentrations in future studies of
women at risk for breast cancer.

Several previous studies have shown that plasma E2 is
increased during tamoxifen treatment of premenopausal
women by 100% to 300% [20, 21] and to some degree in
postmenopausal women as well [22]. This increase in
circulating estradiol in response to tamoxifen is not exerted
through stimulation of LH or FSH secretion but apparently
by a direct action on the ovary [20, 21]. In DLF, the mean
loge values of E2 were greater by only 33% in premeno-
pausal women, far less than the anticipated difference in
serum, indicating that the high serum measurements of
estradiol seen with tamoxifen therapy are not reflected in
breast tissue. The lack of higher concentrations of E2 in the
breast could be caused by feedback suppression of local
biosynthesis of E2 by the elevated serum concentrations of
E2 or its metabolites. Thus, biosynthesis of E2 in the breast
may be stimulated only when there is insufficient E2 from
the serum, i.e., when feedback inhibition is relieved. Such
feedback inhibition has not been studied in the breast but it is
known that metabolites of estradiol such as 2-methoxyestrone
are potent inhibitors of 17β-hydroxysteroid dehydrogenase
[29, 30], an enzyme essential for the biosynthesis of
estradiol.

Because each duct represents a separate lobule of the
breast [31], differences among ducts may be considered
differences among lobules. The variances (MSEs) between
subjects in the several analytes were generally quite similar
and the reduction in variation within a breast, represented
by ducts, was also similar among the analytes. The variance
among unconjugated steroids (diffusible substances) averaged
50.6% less within breasts, and that for proteins and steroid
sulfates (non-diffusible substances) was 46.4% less. The
similarity in variance between the two types of substances is
an indication that little diffusion of steroids occurs between
lobules of the breast. Elevated production of estradiol in one
lobule is unlikely to have a significant effect on its
concentration in other lobules.

Table 4 Comparison of analytes in NAF and DLF from the same duct

Analyte N NAF DLF SDDa p valueb

Mean log Geometric mean Mean log Geometric mean t

Estradiol pg/mg 19 1.73 5.63 1.17 3.23 2.55 0.36

Estrone sulfate ng/mg 13 2.35 10.51 2.79 16.25 1.27 0.24

Androstenedione ng/mg 11 −1.94 0.14 −1.59 0.20 3.32 0.74

DHEA ng/mg 20 −1.435 4.20 −1.41 4.08 1.57 0.94

DHEA sulfate μg/mg 16 1.55 4.71 1.86 6.42 1.46 0.63

Progesterone ng/mg 10 −1.76 0.17 −2.13 0.12 2.06 0.60

Cathepsin D ng/mg 19 3.00 20.0 4.43 84.0 1.23 0.00

EGF ng/mg 20 1.01 2.74 1.82 6.16 1.14 0.00

a SDD standard deviation of differences
b p values are from paired t tests

202 HORM CANC (2010) 1:197–204



Since this is the first analysis of soluble substances in ductal
lavage samples, a comparison of data from NAF and DLF
from the same ducts was made. All substances with the
exception of cathepsin D and EGF were not different when
analyzed in the two fluids from the same duct. The mean loge
concentrations of cathepsin D and EGF in DLF were 32%
and 44% higher than the respective concentrations in NAF.
This is evidence for differences in the concentrations of these
proteins in the nipple vs. the lower ductal branches of the
lobules when compared to the total protein in the sample. The
significance of this observation is not known at this time.

In summary, these analyses of ductal lavage fluid
provide us with a picture of the endocrine environment of
the breast which is somewhat different from that provided
in our previous studies of nipple aspirate fluid. From the
comparison of NAF and DLF from the same ducts it is
apparent that DLF provides quantitatively more of EGF and
cathepsin D. Whether qualitative differences may exist is
not determined by the present study. Nevertheless, concen-
trations of most analytes in NAF and DLF from the same
duct were generally similar and, therefore, there is no
apparent advantage in performing the more labor intensive
and invasive procedure of ductal lavage for most purposes.
The exceptions may be for studies in which differences
between ductal systems are of interest and for subjects in
whom NAF collection is not possible. The studies differ in
the subject populations; the former work [6, 7] was carried
out in younger women with a low risk of breast cancer; the
present study was conducted in high-risk women, so other
direct comparisons between the studies are not possible.
However, methodological differences between the studies
employing NAF and DLF are minimal. The study confirms
previous evidence that estradiol levels are maintained in the
breast after menopause in levels that are similar to those of
premenopausal women. The lack of greater estradiol
concentrations in the breast during tamoxifen treatment
suggests that feedback mechanisms exist to maintain levels
of estradiol in the breast. The maintenance of progesterone
levels in postmenopausal women at high risk of breast
cancer is an observation that should be investigated further.
The studies emphasize the importance of E2 and proges-
terone as breast cancer risk markers. Further, they support
the concept that the local breast environment of both pre-
and postmenopausal women is a rich source of markers of
risk, and may provide measures of the efficacy of
preventive interventions which affect the concentrations of
the steroid hormones.
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