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Abstract

Purpose—To determine the levels of aromatase in atypical ductal hyperplasia (ADH) lesions,
tissue surrounding the ADH, and in dense and non-dense normal breast tissue. We postulated

that excess aromatase in breast tissue might, through production of increased estrogen, drive the
carcinogenic process. Estrogens and their metabolites are thought to contribute to the development
of breast cancer through estrogen receptor-mediated mechanisms and genotoxic effects of estrogen
metabolites. ADH is a benign lesion of the breast which is associated with substantially increased
risk for subsequent development of breast cancer. After 25 years, approximately 30% of women
with ADH develop breast cancer. In women with three or more separate ADH lesions at the same
time, 47% will develop breast cancer over that time period. Another important risk factor for
breast cancer is the presence of mammographically dense breast tissue.

Methods—We utilized quantitative immunochemical analysis of aromatase in biopsy tissue

to test this possibility. Previously published results comparing dense with non-dense breast
tissue in normal women (Vachon et al. Breast Cancer Res Treat 125:243-252, 2011) were

used for comparisons with ADH. A well-characterized histochemical H-score was employed for
quantitative assessment of aromatase in the various tissue studied.

Results—The H-score of aromatase staining was statistically significantly higher (p = 0.003) in
the ADH epithelium than surrounding epithelial tissue. In order of H-score from highest to lowest
were ADH, issue surrounding ADH, dense normal and non-dense normal breast tissues. The levels
of aromatase in a subset of women with ADH who went on to develop breast cancer were not
higher than in women who did not.

Conclusions—We suggest from these studies that overexpression of aromatase in breast tissue
and its resultant increase in estradiol levels may contribute to the later development of breast
cancer in women with ADH.
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Breast cancer was diagnosed in 244,000 women in 2015 in the United States and 44,000
women died of this disease [1]. Treatment with endocrine-, biologic-, and chemotherapy

as well as early diagnosis has reduced the death rate by 38% from 1989 to 2014 [1].

Breast cancer prevention with hormonal agents such as tamoxifen or aromatase inhibitors
has been successful but has not been well accepted by women because of perceived side
effects and risk/benefit ratio [2—7]. In prior studies of the effects of tamoxifen or aromatase
inhibitors as cancer prevention agents with populations of unselected women, the number
needed to treat (NNT) to prevent one breast cancer was approximately 50 [4]. These factors
reduced the enthusiasm of physicians and their patients to initiate prevention therapy [4]. An
effective means to decrease the NNT for prevention and enhance benefit/risk ratio is to focus
hormone cancer prevention efforts on women who have both a high risk of breast cancer as
well as a likely response rate to hormonal prevention. Atypical hyperplasia (AH), a benign
breast lesion, is associated with a 24-47% incidence of breast cancer at 25 years, depending
upon the number of independent lesions detected [8-11]. Eighty to ninety percent of these
lesions are estrogen receptor positive [12—16]. In the first ten years after diagnosis, the
majority of lesions are in the same breast (ipsilateral) but thereafter are equally contralateral
and ipsilateral [9]. These findings suggest that AH is likely both a precursor lesion for
breast cancer and a marker for later development of cancer or a “field defect” or “mutator
phenotype” [17, 18].

Although no head-to-head comparisons have been conducted, treatment of AH patients

with tamoxifen or aromatase inhibitors appears to reduce the incidence of breast cancer
development by 64-75% versus 38% in women selected based on the Gail or similar models
[8] (Table 1). Accordingly, the NNT in AH patients approximates 5, a number based on a
70% reduction of cancers from 30 to 9 in 100 women which equals 21/100 prevented or

an NNT of 5 [8]. The enhanced risk of breast cancer with ADH taken together with the
improved ability to prevent this neoplasm suggest that AH patients are excellent candidates
for prevention with hormonal therapy.

A key unanswered question is the mechanism whereby AH lesions develop into cancer or
herald an increase in contralateral cancer [8, 9]. We hypothesized that increased aromatase
in these lesions might result in higher levels of estradiol in AH lesions themselves

or in surrounding tissue. Increased estrogen is known to drive BC development both
through estrogen receptor-mediated mechanisms and through estrogen metabolites acting as
genotoxins independently of receptor function [19-24]. These effects result in accumulated
mutations that drive BC development [25, 26] AH lesions are associated with loss of
heterozygosity which suggests accumulation of genetic alterations [27].

In this study, we utilized immunohistochemistry (IHC) to assess the levels of aromatase in
AH tissue and in the surrounding epithelial cells. To achieve relative tissue uniformity, we
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studied only the subset of women with atypical ductal hyperplasia (ADH) [8]. The large
Mayo Clinic database of patients with benign breast disease [9] was interrogated to select
the appropriate subjects for study. Our findings revealed higher histologic (“H”) scores for
aromatase in ADH lesions than in the surrounding glandular tissue. As dense breast tissue is
also a marker of breast cancer risk [28-30], we sought to compare our prior data on dense
and non-dense breast tissue aromatase [31] with the ADH lesions. These data demonstrated
a rank order of aromatase “H scores” from the highest to lowest with ADH > glandular
tissue surrounding ADH, > dense breast tissue > non-dense breast tissue. These results have
substantial implications for the use of hormone prevention therapies in women with ADH.

Materials and methods

Patient selection

In order to reduce possible heterogeneity, we selected post-menopausal women with ADH
rather than all women with AH (which includes atypical lobular hyperplasia). The strict
criteria of Page and Dupont were used to diagnose ADH and to differentiate ADH from
ductal carcinoma in situ DCIS [32]. A cohort of 17 women with ADH who later developed
BC over a period of 20 years (cases) was selected and matched on age and date of biopsy
with 17 control women who were diagnosed with ADH but who did not develop BC.
Unstained tissue slides prepared from 10% formalin fixed, paraffin-embedded specimens
were utilized to detect aromatase with immunohistochemical (IHC) staining as described
in a previously published manuscript [33]. The well-characterized #677 monoclonal anti-
aromatase antibody was used for aromatase detection [34, 35]. The analyses included
determination of H-score by IHC in the ADH lesions and in the surrounding epithelial
tissue. As the surrounding epithelial tissue contained lobules with different numbers and
sizes, the H-score was determined on the entire sections not containing ADH.

We had previously compared the aromatase H- scores in dense and non-dense breast
biopsies from normal women using identical methods [31] and utilized these data as
controls for the ADH patients. The methods for examining dense and non-dense tissue were
published in detail before [31] and briefly here. On mammograms, the study radiologist
identified areas of high and low density in the right breast. The areas identified as dense
and non-dense were then localized by ultrasound. Using a 14-gauge needle, an ultrasound-
guided core-needle biopsy was performed in the identified dense and non-dense regions.

To address the possibility that BMI and age might skew interpretation of the aromatase
H- scores, we performed multivariate analyses on the patients in the dense and non—dense
cohort and found no differences in our results (data not shown).

Modified H-score

A modified H-score (histological scoring system) previously described by Santen et al. and
modified by Vachon et al. [31, 36] was used to semi-quantitate the amount of aromatase

in ADH lesions and the surrounding epithelial tissue. In brief, the H-score represents the
product of the degree of staining intensity, the proportion of cells positive for aromatase
and the fraction of epithelial cells among all cell types in the section. The median of
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categories for fraction of cell type and extent of staining was used to calculate this score
(i.e., 0.5% for <1%; 12.5% for category 1-24%; 37.5% for category 25-50%, 75% for
>50%). The pathologists were blinded at the follow-up as to breast cancer development vs
no breast cancer. This methodology was identical to that utilized when comparing normal
dense versus non-dense breast tissue in our previous study [31]. Examples of each immune-
staining category are illustrated in Fig. 1a, b, and c.

Statistical analysis

For comparing the aromatase H-score in the ADH lesions versus the surrounding tissue,
paired T-tests were used. We also compared the ADH and surrounding tissue H-scores
with the epithelial cell H-scores reported previously in dense versus non-dense tissue
using unpaired T tests [31]. Analyses were also performed utilizing multi-variable linear
regression methods to look at differences between groups after adjusting for age and BMI
differences.

Results

Aromatase H-scores

We observed no differences in the aromatase H-scores in ADH lesions between the group
of women who later developed breast cancer (cases) and the group who did not (controls):
0.40 £ 0.09 (mean £ SEM) and 0.66 + 0.09, respectively, P = NS. In the tissue surrounding
the ADH, the differences just reached statistical significance (cases 0.17 £ 0.05, controls
0.34 £ 0.06 p=0.04). Accordingly, we pooled the 34 patients into one group and

compared the H-score in ADH lesions with the surrounding glandular tissue. We detected
statistically significantly higher H-scores (p= 0.003) in the ADH lesions when compared
to the non-ADH surrounding epithelial tissue (Fig. 2a). To determine whether this reflected
intensity and proportion positive, we determined that intensity and proportion positive were
statistically significantly different in ADH vs non-ADH tissue (Fig. 2b, ¢). The same
sections were utilized for these comparisons, and therefore the fraction of glandular cells
was identical in the ADH vs non-ADH analyses. These data indicate that aromatase protein
levels are higher in the ADH lesions than in the surrounding epithelial cells.

As we had previously determined H-scores in dense versus non-dense breast tissue [31], we
compared these values with our current data. As shown in Fig. 3, we found a statistically
significant, graded level of H-score with the ADH lesions highest, followed by tissue
surrounding the ADH lesions, then dense normal breast tissue and finally non-dense normal
breast tissue as the lowest. Similar results were seen when adjusting for age and BMI
differences in the comparison between tissue surrounding ADH lesion and dense normal
breast tissue.

Discussion

We observed higher levels of aromatase in ADH lesions than in the surrounding breast
epithelial tissue. Both these levels were higher than in dense and non-dense breast tissue
[31]. These data suggest that local production of estrogen may be higher in ADH lesions
and in the tissue surrounding ADH than in dense or non-dense normal tissue [34, 37,
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38]. In support of the concept that aromatase levels reflect estrogen concentrations, one of
the co-authors (H.S.) [34, 38] previously reported that DCIS lesions with high aromatase
immunoreactivity also have high tissue estrogen levels when measured by highly sensitive
and specific estrogen assays [38, 39]. As ADH lesions have both high aromatase and
estrogen receptor levels [12, 13], it is not surprising that women with these lesions appear
to respond at a disproportionately higher rate to tamoxifen or aromatase inhibitors for breast
cancer prevention than women selected by the Gail or other models [8] (Table 1).

As the tissue surrounding the ADH lesions also has higher aromatase levels than dense and
non-dense breast tissue, expression of aromatase might possibly act as the “field defect

or “mutator phenotype” [18]. The increased local estrogen production and subsequent
estrogen receptor (ER) and genotoxic metabolite actions could enhance the process of

BC development. This could explain why ADH lesions are associated with both ipsilateral
(likely daughter lesions) as well as contralateral BC development. Although we expected

the women who developed invasive BC on subsequent follow-up to have higher levels of
aromatase than those who did not, this was not the case. As the development of breast cancer
is a multifactorial process with influences in the intrauterine state and puberty [40], our
findings must be interpreted in this context.

While this study is the first to demonstrate high aromatase levels in ADH tissue, further
studies are required to provide insight into the functional consequences of these findings.
Measurement of estradiol and estrone levels in ADH lesions and surrounding tissue is
needed to confirm the enzymatic effects of the increased aromatase expression. Randomized,
head-to-head clinical trials should be performed to clearly demonstrate the efficacy of

breast cancer prevention with aromatase inhibitors and tamoxifen in women with ADH as
compared to women selected by Gail or other model parameters.

This study compared ADH and surrounding epithelial cells with the same cells in dense

and non-dense benign breast tissue. In the prior study of Vachon et al., the aromatase IHC
staining was higher in stromal cells and adipocytes than in the epithelial cells [31]. If the
autocrine production of estrogen in epithelial cells is the principal driver of BC development,
our data interpretation is likely correct. Specifically, under these circumstances, the estrogen
synthesized in the glandular tissue itself via aromatase would act through ER mediated and
ER independent mechanisms [41] to induce mutations. If, on the other hand, aromatase
expressed in the stroma and adipocytes is a substantial driver of BC development through
paracrine actions on epithelial cells, then a more sophisticated interpretation of our model
would be needed. In the later instance, the total tissue aromatase and not epithelial would be
the most important parameter (Table 2).

An important question from these data is why the onset of breast cancer in women with
ADH takes as long as 25 years. Our prior tumor kinetic models suggest that it takes an
average of 16 years for a new breast cancer cell to undergo the 30 doubling times needed for
it to exceed the imaging threshold for diagnosis [42], and it may take even longer to progress
from an ADH lesion to cancer. Accordingly, it would appear that our data fit with overall
clinical observations about occult breast cancer and the time needed for clinical diagnosis,
namely up to 25 years.
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Taking into account all of the aspects of ADH [8, 10, 43-45], we suggest that the
management of patients with this lesion should be considered separately from women with
a high risk of breast cancer assessed by other methods. The higher rate of ER positivity,
aromatase expression, and of breast cancer prevention suggests that patients with ADH are
more suitable candidates for prevention with aromatase inhibitors or anti-estrogens than are
women selected from the Gail or IBIS-1-risk models [8].

In
su

summary, ADH lesions have a higher level of aromatase than the epithelial cells
rrounding ADH and normal dense and non-dense breast tissue have lower levels still.

These data suggest high levels of local estrogen production in ADH lesions, an issue that

Wi

Il require further studies to validate.
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A

B
Proportion of cells
staining positive Staining Intensity
(a) 1-25% (a) ID C8590: Fair Score 1
(b) 26-50% (b) ID C11983: Moderate  Score 2
(c) >50% (c) ID M5329: Strong Score 3

C Proportion of epithelial cells in section

Fig. 1.
a Example of proportion of cells staining positive for aromatase. b Example of staining

intensity of armatase IHC. ¢ Example of fraction of epithelial calls in the section
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a H-score of aromatase in epithelial cells. b Intensity of aromatase staining in epithelial

cells. ¢ Percent of epithelial calls that stained for aromatase. d percent epithelial cells
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Table 2

Demographic parameters in women with ADH in study

Parameter Mean =+ standard deviation
Post-menopausal 33

Unknown menopausal status 1

Age at biopsy 53.7+9.5

BMI 266 £5.2

Parous 29

Average # children 2.37+1.45

Age first live birth 23.9+43

No menopausal hormone therapy 9

Unknown menopausal hormone therapy 3
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