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DAMD 17-02-1-0473
Benign Breast Disease: Toward Molecular Predictor of Breast Cancer
Risk
Final Report - July 2009

The purpose of the Center of Excellence was to bring molecular risk prediction for breast
cancer into the clinical arena. The three main areas of scientific activity within this
proposed Center were:

e the establishment of a large tissue repository from a retrospective cohort of
women with benign breast disease (BBD) (1967-91) with complete and long-term
clinical follow-up to identify those who developed breast cancer (cases) and those
who did not (controls);

e the application of potential biomarkers of risk to this archival tissue set;

o the discovery of new, potentially relevant biomarkers of risk in fresh and frozen
specimens of BBD.

We received our notice of funding in December of 2001. May 2002 the funding was
released for the non-human subjects portion of the grant. February 2003 DOD approval
was received for all portions of the grant. In 2007 we requested and received a no cost
extension. The no-cost extension was expanded to the 2008 fiscal year to continue our
work with Wayne State in African-American women. The Center included a multi-
institutional team [(Mayo Clinic; UCSF; Wayne State)] of basic scientists, pathologists,
epidemiologists, clinicians, statisticians, and advocates.

I. Establish a retrospective cohort of BBD and a nested case-control study

A. Development of study cohort

We completed the identification of our study cohort, updated the cohort through use of a
mailed questionnaire and chart abstraction, and obtained tissue from Mayo tissue registry
and outside institutions. Our approach for each of these tasks and results are as follows:

1. Identification of cohort. Female patients who had a breast biopsy performed
between January 1, 1967 and December 31, 1991 at the Mayo Clinic in Rochester,
Minnesota (MCR) were identified using the resources of the Division of Medical
Information (MIR). These include the surgical index, pathology index, medical index
and tissue registry.

a. Surgical Index. For every surgical procedure performed at the MCR, MIR personnel
review the surgical and pathology notes for the type of surgical procedures and diagnosis.
The diagnostic data are coded using ICD-9 criteria and entered into a computer database
referred to as the Surgical Index. We used the surgical index breast codes to begin our
search

b. Pathology Index. The Pathology Index, a computerized database maintained by the
Mayo Clinic Department of Laboratory Medicine and Pathology since 1985 contains all
histologic findings for every surgery performed at the Mayo Clinic. This database was



searched to determine the histologic findings associated with each breast biopsy. The
histologic findings of all breast biopsies performed prior to 1985 were abstracted by a
trained nurse from pre-1985 Pathology Index maintained on index cards by month and
year of procedure. For each woman, the histology from their first breast biopsy was
reviewed. If the biopsy indicated a malignancy or was performed as part of a
prophylactic mastectomy, the patient was not considered eligible for the study.

¢. Medical Index and Tumor Registry. The next step in the screening process used two
additional databases, the Medical Index and the Tumor Registry. MIR personnel
maintain the Medical Index and Tumor Registry. Since 1975, the Medical Index has
electronically captured the diagnostic findings of each patient’s inpatient and outpatient
episode of care. The Tumor Registry, begun in 1971, contains the diagnostic findings of
any malignancy and routine follow-up of patients with a cancer diagnosis.

d. Cohort details. We identified 12,132 women, age 18 to 85, who had a surgical
excision of a benign breast lesion during the 25 year period from January 1, 1967 through
December 31,1991. The median follow-up was 15 years. We excluded 1,047 women
who had: a diagnosis of breast cancer or lobular carcinoma in situ at, before, or within six
months of their breast biopsy; unilateral or bilateral mastectomy or breast reduction at or
before their biopsy; or those who refused the use of their medical records for research.
Of the remaining 11,085 women, 1,053 women had no follow-up information after their
breast biopsy leaving 10,032 women. Another 945 women had unusable or unavailable
biopsy tissue of the benign lesion. The remaining group of 9,087 women comprised our
study cohort. A comparison of the 10,032 women who met study criteria and 9,087
women with available tissue show no significant difference in their relative risk of breast
cancer (1.59 and 1.56, respectively). 7,260 women were alive at study entry, 1,827 were
deceased.

B. Participant follow-up

A study specific questionnaire was mailed to all eligible participants or, in the case of
those who were deceased, their next-of-kin. Clinical-epidemiologic measures available
from the questionnaires include: age at menarche; age when first child born; number of
children; number of children breastfed more than one month; blood relatives with any
cancer (degree and maternal/paternal) and ages; menopausal status; reason for
menopause; oophorectomy (unilateral, bilateral; if yes, age at); use of birth control/oral
contraceptives; if yes, ages taken and type; use of tamoxifen or raloxifene, year started
and length of time taken; radiation to chest, if yes, age; number of breast biopsies;
indication for breast biopsy; frequency of mammograms since breast biopsy; year of last
routine mammogram; breast reduction, if yes, age; breast removal, reason, age, side;
diagnosis of breast cancer, if yes, age, chemotherapy (before and/or after surgery),
radiation (before/or after surgery), recurrence (date of, location); diagnosis of cancer
anywhere other than breast, if yes, age diagnosed; height; weight (current and at age 18);
race/ethnicity; use of non-steroidal anti-inflammatory drugs (specific drug, average days
per month, average number of pills taken on days used, total number of years taken, age
when taken); use of specific supplements (multivitamins, vitamin A, beta carotene,
vitamin C, vitamin B, folic acid, vitamin E, calcium, selenium, zinc, garlic, fish oil, soy,
black cohosh, shark cartilage); alcohol use, if ever used, age began to use regularly,
current use, average consumption; physical activity and its frequency both during most of



adult life and currently. Questionnaire information was obtained on 5,619 (62%) of the
women. Of these 604 (11%) were completed by next-of-kin.

C. Validate reported breast cancers

To validate reported breast cancers, charts were obtained for women diagnosed at Mayo
Clinic and pertinent records were requested from outside institutions for women
diagnosed outside Mayo Clinic. Prior to contacting outside institutions, women were
asked to sign a consent form, giving researchers permission to access their outside
medical records and tissue, as well as to identify the institution and physician providing
care at the time of their cancer diagnosis. In the case of the deceased, next-of-kin were
asked to give permission to obtain cancer related records. Once records were received, a
trained nurse abstractor abstracted pertinent cancer information into database screens.

D. Match breast cancer cases to controls

For some studies, especially the biomarker studies, we used nested case:control series
within our large cohort. To identify the case:control series, we randomly selected cases
who developed breast cancer from the cohort, stratified by five-year categories of year of
benign biopsy to represent the entire spectrum of the cohort. We individually matched
two controls to each case based on age and year of benign biopsy.

E. Test sets for preliminary evaluation of biomarkers

1. Establishment of laboratory procedures. We tested a variety of procedures with a
“technical set” of benign breast tissue from women not eligible for our study (e.g. those
who had a benign biopsy after a previous cancer). We put the slides in long-term cold
room storage to ascertain that labels would continue to adhere and the selected antibody
dilution continued to work under those conditions. We then stained slides from the
samples in the technical set that had been cold-stored for 3 to 6 months. The staining
quality was assessed as “excellent” by our study pathologist.

2. Sets for evaluation of biomarkers.

a. Discovery set. A subset of approximately 125 cases and their two closest controls
(matched on age at biopsy and year of biopsy) was chosen from the entire study period,
1967 to 1991, to serve as a test set. This set was used to ascertain a point and interval
estimate of the prevalence of a candidate marker among the cases, as well as the risk of
breast cancer among those with the candidate marker relative to those without the marker.
The first step in constructing this test set was to determine the proportion of cases that
occurred in each calendar year (1967 — 1991). The number of cases to be included in the
test set for a particular year was that percentage of 125. Once the number to be selected
from a particular calendar year was determined, that number was randomly selected from
among the cases in that calendar year.

b. Atypia set. Given the high-risk status of women with atypia, we also focused on the

atypia
group (N = 336) to test the significance of biomarkers in them specifically.



II. Examine the association between select biomarkers in the benign specimens and
subsequent risk of breast cancer

A. Obtain tissue

1. Benign breast tissue. Archived benign breast tissue slides and paraffin blocks were
obtained from Mayo Clinic Tissue Registry for the study cohort. For the first 25 years of
the cohort (1967-1991), 838 women could not be included because their benign tissue
was not available. Of those, 616 (73.5%) had their biopsies between 1967-1971. The
reason for the large number of missing samples in the 1967-71 time period is that all
benign tissue was not routinely preserved during that time. That policy was changed at
Mayo and since 1977, > 95% of the BBD samples were available. Of note, for the entire
1967-91 group, the relative risk of breast cancer did not differ significantly between the
eligible women and the women for whom we had benign tissue, who made up the study
cohort (1.59 and 1.56, respectively).

2. Cancer tissue. We were successful in obtaining cancer blocks on 407/427 (95%) of
the women diagnosed at Mayo Clinic and 194/331 (59%) diagnosed outside of the Mayo
Clinic. We have slides on an additional 5 (1%) of the women diagnosed at Mayo Clinic
and 40 (12%) diagnosed outside of Mayo Clinic. Thus, altogether we have either slides
or blocks from the breast cancers for 646 (85%) of the 758 women. No tissue has been
obtained for 112/758 (15%) of women diagnosed with cancer. Of these women, we did
not request permission on 40/112 (35%) as they or their next-of-kin did not complete the
questionnaire. Additionally, 38/112 (34%) of these women or their next-of-kin did not
grant permission for their tissue to be released to us. No tissue is available for the
remaining 34 women.

B. Characterize benign histology

1. Overall impression and risk. In 2005, we published the first manuscript based on
our Center of Excellence work. At that time, we had identified 707 breast cancers in our
cohort of 9,087 women and examined the relative risk of breast cancer based on histology
and family history. The overall relative risk of breast cancer for the cohort was 1.56
(95% CI 1.45 — 1.68), and this increased risk persisted for at least 25 years after biopsy.
The relative risk associated with atypia was 4.24 (95% CI 3.25-5.41), for proliferative
changes without atypia it was 1.88 (95% CI 1.66-2.12), and for non-proliferative lesions
it was 1.27 (95% CI 1.15-1.41). Family history was a significant risk factor independent
of histology. Women with a strong family history had a relative risk of 1.93 (95% CI
.58-2.32) for no family history it was 1.18 (95% CI 1.01 — 1.37). No increased risk was
found among women with a negative family history and non-proliferative findings.



Table 1: Breast cancer risk based on select clinical-epidemiologic factors

Mo. of Mao. of
Me. of Person-  Observed Expected
Characteristic Waormen Years Events Events Relative Risk [$5% ClI)§
Crrerall G087 144 381 o7 453.0 156 [1.45-1.68)
Age at diagnosis of benign breast
dizeaze

=30yr 726 13,593 21 115 183 j1.13-2.80)

I0-3%yr 1115 0,165 71 183 L35 (145234

4049 yr 2474 45,780 212 136.3 136 (L.35-1.78)

50-5%yr 2145 34,100 156 125.9 1.56 (L35-1.73)

60-63yr 1635 21,364 142 94.5 L50 (L.27-1.77)

=70yr k] 9,874 65 466 140 (L0E-1.78)
hMenopausal statusy

Premenopausal (age=45 yr) 29435 54,4149 169 lis.1 1.59 (1.36-1.85)

F‘erimer‘lnpausal {age 45-55yr) 2583 45 87 2 245 153.4 Le0 (1.40-1.81)

Postmenopausal (age =55 yr) 3556 44,590 233 1936 1.51 (L35-L.70)
Histologic findings

Meonproliferative disease 6061 99,109 79 977 LI7 (1.15-1.41)

Proliferative disease without atypia 2690 41,610 264 140.2 1.88 (1.66-2.12)

Arypical hyperplazia 336 4,161 64 15.1 4.24 (31.26-5.41)
Family histary of breast cancerf

Maone 2663 44,974 171 145.4 1.18 (1.01-1.37)

Weak 1174 21,472 94 65.9 143 (1.15-1.73)

Strong 366 15,087 110 57.0 133 (1.58-2.32)

# Mumbers of womean, personyears, and events may not surn to overall totals because of rounding.

T Therelative risk reflects the observed number of events as compared with the number expected on the basis of lowa
SEER data. All analyses account for the effects ofage and calendar peried. €I denctes confidence intarval.

T Menopausal status was categorized according to the age at breast biopsy.

§ Information an family history was available for 4308 of the 9087 wamen.

Hartmann et al., 2005, NEJM.

Over a 25 year period of time, the proportion of BBD with atypical hyperplasia in our
cohort increased from 1.5% in the early part of the study to 5.6% in the latter part of the
study (Table 2). Similarly, the proportion of proliferative disease without atypia also
increased from 24.6% in the early 70s to 34.9% in the later years (see following table).
The increased prevalence of proliferative disease, especially atypia, is attributed to the
increased use of mammography leading to findings associated with microcalcifications.



Table 2: Histolo

ies of BBD 1967 — 1991

Year of Biopsy

Al
1967-71 | 1972-76 | 1977-81 | 1982-86 | 1987-91 | Subjects

Overall 1038 1876 1546 2334 2582 9376
(11.1%) | (20.0%) | (16.5%) | (24.9%) | (27.5%) | (100%)

Histology [NP 754 1379 1086 1490 [1535 (59.5%)| 6244
(72.6%) | (73.5%) | (70%) | (63.8%) (66.6%)

PDWA| 269 462 420 748 | 902 (34.9%)| 2801

(25.9%) | (24.6%) | (27.2%) | (32.1%) (29.9%)
AH | 15(1.5%) | 35 (1.9%) | 40 (2.6%) | 96 (4.1%) | 145 (5.6%) |331 (3.5%)

NP=nonproliferative; PDWA=proliferative disease without atypia; AH=atypical hyperplasia.

2. Atypia and risk. We have studied our cohort of women with atypia (N=336) in
depth. We have found that the risk of breast cancer was elevated for women with atypia
and even greater for women with atypia who were under age 45 (RR=7.36). We
examined risk by number of foci of atypia and found: 1 focus, RR=2.33; 2 foci,
RR=5.41; and for three or more foci, RR=7.96 (see cumulative incidence figure below).
Moreover, in the highest risk subgroup of women with three or more foci of atypia and
histologic calcifications, the cumulative incidence exceeded 50% after 25 years. This
level of risk approaches that reported for carriers of BRCA1/2 mutations. Risk was
similar for ductal and lobular types of atypia; family history did not significantly increase
risk. Breast cancer risk in women with atypia remained elevated over 20 years.

Figure 1: Observed cumulative
breast cancer incidence among
women with atypical
hyperplasia, stratified by number
of foci of atypia. Expected
events calculated by applying
age- and calendar period-
stratified person years of
observation among all women
with atypia to corresponding
Iowa SEER breast cancer
incidence rates. Observed and
expected events cumulated using
Kaplan-Meier product limit
methodology. (From Degnim
AC, Visscher D, . . . Hartmann
LC. Stratification of breast
cancer risk in women with
atypia: A Mayo cohort study,
JCO, 2007).




3. Papillomas. The risk of breast cancer development in patients with papillomas,
particularly those with multiple or atypical lesions, has been incompletely defined. We
examined the association between breast papillomas and subsequent risk of breast cancer.
We found that a single papilloma imparts a cancer risk similar to conventional
proliferative fibrocystic disease. The presence of single papilloma with atypia does not
modify the risk of atypical ductal hyperplasia/atypical lobular hyperplasia overall. The
presence of multiple papillomas, however, increases the risk of breast cancer over that of
proliferative fibrocystic disease (RR 3.01, 95% CI 1.10-6.55), even more so in women
with multiple papillomas with atypia (RR 7.01, 95% CI 1.919-17.97). Thus, multiple
papillomas constitute a proliferative breast disease subset having unique clinical and
biologic behavior (Lewis JT et al. An analysis of breast cancer risk in women with single,
multiple, and atypical papilloma, Am J Surg Pathol 2006;30:665-672).

4. Radial Scars. The significance of radial scars to subsequent risk of breast cancer
has been debated. Radial scars (RS) are benign breast lesions of uncertain etiology.
The growth pattern in RS can resemble breast cancer and on mammogram a RS can
be difficult to distinguish from breast cancer, prompting biopsy. The literature is
mixed about the risk of developing breast cancer following the diagnosis of RS,
leading to our interest in examining the significance of RS in the subsequent
development of breast cancer. We found no increased breast cancer risk for women
with radial scars when compared to the risk already present due to proliferative
disease with or without atypia. Breast cancer risk was not affected by the size or
number of RS lesions (Berg JC et al. Breast cancer risk in women with radial scars
in benign breast biopsies. Breast Cancer Res Treat 2008;108:167-174).

5. Involution. There are very few pathologic features identified thus far that are
associated with a reduced risk of breast cancer. In our BBD resource, we studied if
regression or involution of a woman’s breast lobules (or terminal duct lobular units,
TDLUs) was associated with later risk of breast cancer. The breast is organized into
approximately 15-20 major lobes, each made up of lobules that contain the milk-forming
acini. As a woman ages, these lobules are supposed to regress or involute with a
reduction in the number and size of acini per lobule (see figure 2).

a. Qualitative Involution. Our study pathologist assessed the extent of involution in the
background breast tissue of the women in our BBD cohort. Notably, those women who
had complete involution of their TDLUSs had a significantly lower risk of breast cancer
(RR 0.91, 95% CI=0.75 — 1.10) compared to those with partial (RR 1.47, 95% CI=1.33
—1.61) or no involution (RR = 1.88, 95% CI =1.59 — 2.21) (Milanese TR et al. Age-
related lobular involution and risk of breast cancer, INCI 2006;98(22):1600-1607). We
found that the presence of complete involution reduced risk even in women who were at
high risk because they had atypia or a strong family history of breast cancer. This is a
novel finding because the subject of age-related involution in relation to breast cancer
risk has not been studied in the human. Importantly, this provides an additional feature to
assess on a breast biopsy that allows us to fine-tune risk prediction for women. Secondly,
and even more importantly, if the scientific community can determine what controls the
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process of age-related breast involution, we may be able to induce it medically and thus,
introduce a new ‘“‘chemoprevention” strategy to offer women.

An editorial by Henson, Tarone and Nsouli accompanied our work in JNCI 2006. In this
editorial they state “It is truly a remarkable event when traditional pathologic
observations lead to new ideas about the prevention of cancer........... Results of the
Mayo study provide a new paradigm for breast cancer research and prevention” (Henson
DE, Tarone RE, Nsouli H. Lobular involution: the physiological prevention of breast
cancer. 2006 JNCI;98(22):1589-90).

Figure 2. Histologic features of lobular involution. (a) A field of normal lobules or TDLUs, each
comprised of multiple acini and specialized stroma (inset). (b) An example of complete lobular
regression leaving small residual structures, largely depleted of acini (inset).

(a)
@

Interlobular
stroma \
Indlv[dyal Terminal
acini
Intralobular| duct

stroma

(b)
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b. Quantitation of involution. We recently developed more quantitative measurements of
lobular involution status to provide more objective assessment methods and to be able to
more precisely identify the extent of involution (McKian KP et al. A novel breast tissue
feature strongly associated with risk of breast cancer 2009 In press, JCO). To pursue
this work, we identified 85 cases from our BBD cohort and matched 142 controls to them
by age and year of BBD biopsy. One H & E stained slide per subject was scanned into
the computer and analyzed using WebSlide Browser software (Bacus Labs). This
software allows the measurement of structural features (lobular area, acini number) as
visualized by light microscopy (Figure 3). The ten largest normal lobules were assessed
for each patient by one observer without knowledge of case status or previous pathologic
assessment (i.e. qualitative involution or histologic category). If fewer than ten normal
lobules were present, all were assessed. Analysis included (i) counting the number of
individual acini per lobular unit and (ii) delineating the circumference of the lobule to
measure its area in square microns (Figure 3). We defined countable acini as nuclei
forming a distinct circular pattern with or without the presence of a discernible lumen.
Distinct lobules were defined by the presence of intersecting stromal tissue. Abnormal
lobules, namely those that contained large portions of terminal ducts, atypical lobular or
ductal hyperplasia, sclerosing adenosis, large cysts, or proliferative disease without atypia
were not included in the analysis.

We found that this method for quantitating involution status was highly reproducible.
Specifically, a random sample of 82 slides (25 cases and 57 controls) was read by a
second observer using the quantitative, manual method described above. We compared
the acinar count of the first and second readers, and there was strong correlation, r=0.91
(5% CI: 0.87-0.94). We then compared acinar counts to other features, and found a
strong association between involution extent judged qualitatively (none, partial,
complete) and the acinar count and that involution extent was independent of histologic
category (Figure 4A). Women with a positive family history were somewhat less likely to
complete the process of involution (Figure 4A). We also found a strong correlation
between breast cancer risk and acinar count (Figure 4B,C), as women who went on to
develop breast cancer had significantly more acini/lobule (less involution).

We compared the acinar count of cases vs controls. Women who developed BC had
significantly more acini per lobule (24.3) than women who remained unaffected (17.8)
(p=0.0008). Dividing acinar count into categories of ten, we observed a step-wise
increase in risk of BC with increasing numbers of acini/lobule (p=0.0004), as shown in
Figure 4B. We also plotted BC risk by acinar count, demonstrating the continuous nature
of this risk feature (see spline in Figure 4C).

-12-



Figure2. Quantitative LI. a, Quantification by number of acini per lobule. b, Quantification by
lobular area in p*.
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Extent of Involution

(Qualitative) (p<0.0001) Acinar Count
None 32.0(26.4-38.8)
Partial 19.7 (17.5-22.2)
Complete 7.7 (5.8-103)

Histologic Category (p=0.31)

Non-proliferative 18.8 (16.1-22.0)

Proliferative disease without 221 (18.6-26.3)
atypia

Atypical hyperplasia 186 (13.2-26.2)

Family History (p=0.07)
Negative 183 (16.4-21.6)
Positive 229 (19.0-27.6)

Breast Cancer Status (p=0.0008)

Case 24.3 (20.6-28.6)
Control 17.8 (15.4-20 4)

B
Association of Acinar Count and BC Risk
Number of Number Lobule P-value
aciniflobule of RR (95% CI)
women
0-10 53 1.00 (ref) 0.0004
11-20 63 2.80
(0.88-8.93)
2130 39 3.23
(0.87-11.94)
3140 26 3.3
(0.72-14.41)
41 or more 46 11.85
(2.9248.12)
C
10.0—
% 50—
e
2
£ 107
© -
o 05
14
0.1, | | I

—
5 10 20 50 100
Number of acini
Figure 4. Quantitative LI and cancer risk. (A) Correlations between acinar count, other variables,
and case status. (B) Risk associated with quantitative LI as a discrete variable. (C) Risk
associated with quantitative LI as a continuous variable.

c. Concordance of involution measures across breast tissue. We found that measurements
of lobular involution are highly consistent across multiple areas of a woman’s breast
(Vierkant RA et al. Lobular involution: localized phenomenon or field effect? 2008
Breast Cancer Res Treat, epub ahead of print). For this study, the tissue from 15 women
who had undergone bilateral prophylactic mastectomy was analyzed. Specifically, we
chose a single section of breast tissue from each quadrant of both breasts. An H&E
stained section was prepared from each specimen, and the extent of involution was
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categorized as none (0%), mild (1-24%), moderate (25-74%) or complete (>75%
involuted lobules). Within-woman concordance of involution was calculated using
intraclass correlation coefficients (ICCs) which indicated strong correlation among
involution measures (Table 3). Correlations were also similar when modeling each breast
as an experimental unit, which confirmed that patterns of involution were uniform in the
entire field of breast tissue.

Measure Result

Treating each woman as the experimental unit

Intraclass correlation (95% CI) [0.75 (0.59, 0.89)

Kappa coefficient (95% CI)  |0.67 (0.59, 0.75)

Pairwise comparisons, N (%)*

Perfect matches 341 (81)
Partial matches 76 (18)
Non-matches 3(1)

Treating each breast as the experimental unit

Intraclass correlation (95% CI) |0.74 (0.60, 0.85)

Kappa coefficient (95% CI)  |0.66 (0.53, 0.78)

Pairwise comparisons, N (%)*

Perfect matches 145 (81)
Partial matches 34 (19)
Non-matches 1(1)

Table 3. Measures of concordance of involution in 15 women undergoing prophylactic
mastectomy. Eight quadrants assessed per woman. Data from Vierkant RA et al. 2008.

C. Perform centromere studies

Most invasive breast cancers, like many other solid tumors, have amplified centrosomes.
The extent of centrosome amplification correlates with the levels of chromosomal
instability in invasive ductal carcinoma of the breast. Centrosome amplification is also
present in ductal carcinoma in situ, but has not been investigated in benign breast lesions.
In our pilot study, we investigated the status of centrosomes in benign breast lesions of
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various histologies to determine if amplified centrosomes can be detected in the absence
of malignancy and invasion, and if any histologic types of benign breast lesions have
significant levels of centrosome amplification.

We selected paraffin-embedded tissue blocks from women with non-proliferative lesions,
proliferative lesions without atypia, and atypical hyperplasia. We had previously
determined the relative risks of developing breast cancer associated with these lesions in
our large cohort of women; the relative risk associated with non-proliferative lesions was
1.27 (95% CI 1.15-1.41), 1.88 (95% CI 1.66-2.12) in proliferative lesions without atypia,
and 4.24 (95% CI 3.26-5.41) in lesions with atypia. Serial sections were cut to allow for
staining with hematoxylin and eosin, gamma tubulin, and cyclin D1 on adjacent slides.
The lesions of interest were circled by the study pathologist (DV) on the H&E or cyclin
D1 stained slides. These slides were then scanned using a digital imaging system. The
corresponding area was marked on the immunofluorescent slide stained with gamma
tubulin antibodies to facilitate locating the lesion at high magnification.

Centrosome amplification was seen infrequently in non-proliferative lesions and in
proliferative lesions without atypia. However, about 88% of atypical hyperplasia lesions
had detectable centrosome amplification and about 30% had moderate to considerable
levels of centrosome amplification (see Figures 5 and 6 below). Thus, centrosome
amplification is seen more frequently in benign lesions having the highest relative risk of
developing breast cancer.

This is the first quantitative demonstration of centrosome amplification in benign lesions.
These pilot data demonstrate that centrosome amplification is more prevalent in atypical
hyperplasia lesions, and these lesions are associated with the highest relative risk of
developing breast cancer (Lingle W et al. Centrosome amplification is greatest in benign
breast lesions associated with an increase in risk of cancer. San Antonio Breast Cancer
Symposium, annual meeting, 2006, San Antonio, TX).
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Figure 6. Each bar represents the average centrosome number in an individual
lesion. More than one centrosome per cell on average is found in 88% of

Figure 5. Immunofluorescence staining atypical hyperplasia samples, compared to only 9% of the other BBD types. The

for centrosomes (red) in an atypical range is also greater in atypical hyperplasias.

hyperplasia. Many nuclei (blue) have
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with them. Normal cells have 1

centrosome during G1 of the cell cycle

and 2 centrosomes during G2 of the cell

cycle.

D. Individual biomarkers

1. COX-2. COX-2 is a very important mediator of biologic processes during
inflammation and cancer. Through work of our UCSF study team led by Dr. Thea Tlsty
and other labs, as described in Section III, we know that COX-2 expression is up-
regulated in invasive breast cancer and also in ductal carcinoma in situ. We sought to
determine if increased expression occurred a step earlier — namely in women with atypia
— and if the presence of high levels of COX-2 would predict which women with atypia
would go on to develop breast cancer. In fact, we found that moderate to strong COX-2
expression is associated with a significantly greater likelihood of a subsequent breast
cancer in women with atypia. (See figure below). For women whose atypia lesion
exhibited negligible (0-1+) staining, their likelihood of developing breast cancer was 13%
at 15 years from biopsy, vs. 25% for those with 3+ COX-2 staining (Visscher DW et al.
Association between cyclooxygenase-2 expression in atypical hyperplasia and risk of
breast cancer. INCI. 2008;100(6):421-7).

Besides its potential for risk prediction, COX-2 represents a molecular target for
chemoprevention strategies. COX-2 inhibitors are available pharmaceutically and in fact,
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epidemiologic studies have shown that women who have taken COX-2 inhibitors for
arthritis have a lower chance of developing breast cancer.

Figure 7. COX-2 staining in atypia. Visscher DW et al. Association between
cyclooxygenase-2 expression in atypical hyperplasia and risk of breast cancer. JNCI
2008;100(6):421-7.

2. ER. The estrogen receptor is essential to mediate the growth regulatory signals
of estrogen in normal breast tissue and serves as a therapeutic target and predictive
factor in breast cancer. The extent of ER staining in a well-characterized cohort of
women with atypia, to our knowledge, has not yet been reported.

We used the Automated Cellular Imaging System III (ACIS) to evaluate the
intensity and percent ER staining in 231 women with atypia. This system is able to
provide automated quantification of biomarkers. The areas of atypia were identified
by the study pathologist and read into ACIS with reports produced for each
identified area of interest. The preliminary analysis of the 10 most intensely stained
areas showed a mean of 56 percent stained cells (standard deviation 30.78, range
0.00 —99.99). The mean intensity was 114 (standard deviation 28.97, range 0-206
(possible range 0 -256)). A linear multivariate mixed model examined percent
staining and intensity differences based on atypia type (lobular, ductal), cancer
status, and year of biopsy after controlling for repeated measures within a woman.
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This initial analysis showed a stronger staining intensity and a greater percentage of
staining of atypical ductal hyperplasia compared to atypical lobular hyperplasia
(intensity: ADH mean of 117.68, standard error 2.5224 and ALH mean of 100.32,
standard error 2.4537, p<0.0001; percentage: ADH mean of 64.1887, standard error
2.7860 and ALH mean of 44.2121, standard error 2.6720, p<0.0001) (Barr-Fritcher
EG et al. Estrogen receptor expression in atypical hyperplasia and its association
with type of atypia and age. 2009; United States and Canadian Academy of
Pathology annual meeting). We have completed the ER assessments for all areas of
atypia and are currently completing our analysis of these data.

3. Ki67. Multiple studies have shown that breast cancers with higher proliferation rates
are associated with worse outcome. Ki67 is the best characterized proliferation marker.

To our knowledge, there has not been a study of Ki67 in the setting of BBD — to check
for association with the later development of breast cancer.

Figure 8: Ki67 staining

Here we show the results in a group of 192 women with BBD with all samples stained for
Ki67. 32 women have developed breast cancer.
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Figure 9: Ki67 stain percentage and breast cancer incidence

One of the strengths of our study design, namely that of a retrospective cohort, is that we
have long follow up and can thus evaluate potential time-varying risk factors such as
proliferation. Those women whose atypias had a higher proliferative component (dotted
line) were more likely to develop breast cancer within the first 10 years following their
biopsy. Those with fewer proliferating cells were still at increased risk for breast cancer,
but their cancers occurred later, after 10 years following the biopsy.

The clinical value of this feature is as follows: if we focus on the first 10 years after a
biopsy of atypia, we see that there is a distinct difference in risk between those women
with high vs. low proliferation in their sample. If there is low proliferation, the woman’s
risk is not increased above that of normal age matched women within the first 10 years.
This is exactly the type of information we need to stratify women into different risk
groups over different time intervals.
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II1. Discovery — InVitro Culturings and Gene Profiling Studies

A. Culture BBD specimens and document their growth characteristics

Preliminary growth curves and characteristic micrographs on 14 samples are shown in the
Figure below. Of these 14 cell culture samples, 8 were generated from breast tissue of
pre-menopausal women and the remaining 5 from post-menopausal breast tissue. UCSF
extracted RNA from these samples and reverse transcribed the first and second strand
cDNA using Ambion Message Amp kit.

Figure 10.

B. Profile BBD specimens

Epithelial cells were isolated and propagated from disease-free breast tissue and tissue
containing BBD to determine the growth kinetics of BBD epithelial cells. All BBD
tissue generated two epithelial populations with distinct growth characteristics, similar to
epithelial cells generated from disease-free breast tissue. Briefly, the first population of
human mammary epithelial cells (HMEC) grows in culture for approximately 10-15
population doublings before reaching an irreversible p16-dependent growth arrest termed
P1. The second population, variant HMEC (VHMEC), grew in culture for an additional
40-50 population doublings due to the loss of p16/Rb signaling before reaching a
telomere-dependent growth arrest. We hypothesized that the identification of molecular
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alterations that accompany the extended proliferative capacity of the vVHMEC population
prior to telomere attrition and genomic instability may provide potential relevant
biomarkers of risk. To this end we analyzed the global transcript levels of nine isogenic
HMEC and vHMEC populations. Unsupervised hierarchical clustering analysis
identified approximately 1240 genes that significantly differentiated the two populations
on the basis of expression patterns. We found that many differentially expressed genes in
vHMEC resembled expression of genes in DCIS and invasive cancer. These data support
the utility of this model for the discovery of novel biomarkers for risk assessment. We
chose a subset of 512 genes that robustly stratified the two groups (figure below). Many
of the differentially expressed genes in the variant population are known E2F
downstream targets, such as survivin, forkhead D1, BUB1 and Rad51. However, many
have no known association with p16/Rb signaling, suggesting that the vVHMEC are a
unique population of cells.

Figure 11. Profile BBD specimens
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1. COX-2. COX-2 was identified as one of the most
robustly upregulated genes in VHMEC. The
sustained expression of COX-2 in the vHMEC
population was an intriguing finding because COX-2
is a stress activated gene that is tightly regulated in
normal cells, such that it is only transiently expressed
in response to cellular stress. This finding in the
vHMEC cells suggests that this subpopulation
exhibits a sustained stress response compared to the
majority of epithelial cells. We find that HMEC
(normal primary cells) are refractory to COX-2
induction in response to exogenous stress induced by
inflammatory cytokines, DNA or microtubule
damage, and oncogene-induced stress (adjacent
figure). This differential induction of COX-2 may
reflect a potential for transformation since COX-2

Figure 12. COX-2
overexpression in response to
cellular stress identifies a p16
silenced population. To
determine if p16 modulates
the response to cellular
stress, logarithmically growing
HMEC and vHMEC were
exposed to inflammatory
cytokines (TGF-B and IL-1B),
DNA or microtubule damaging
agents (doxorubicin and
paclitaxel, respectively) and
viral infection with oncogenic
H-Ras. Protein lysates were
probed for COX-2 by western
blot. HMEC remain refractory
to COX-2 expression
compared to the robust
upregulation in p16 silenced
VHMEC in response to
diverse cellular stressors.

overexpression is
accompanied by phenotypes
that are critically relevant to
cancer development, such as
promoting proliferation,
invasion and angiogenesis
as well as inhibiting
apoptosis and immune
surveillance. This
hypothesis is supported by
our observations that forced

expression of COX-2 in Figure 13. COX-2 overexpression differentially induces cell arrest in HMEC versus vHMEC.

To determine if COX-2 overexpression differentially modulates proliferation in p16 silenced

HMEC by retroviral cells, HMEC and vHMEC were infected with retrovirus containing an empty vector LXSP or
infection produced enlarged LXSP-COX-2. Cells collected 4-6 days post infection were visualized by phase contrast

microscopy (A) pulsed with BrdU for cell cycle analysis (B). COX-2 overexpression was

flattened cells that were confirmed by western blot (A). Overexpression of COX-2 in HMEC causes the upregulation
growth arrested (adjacent of p16, p53 and p21 (A) leading to cell cycle arrest (B). In contrast, COX-2 constitutive

expression in vVHMEC did not alter protein levels of p53 or p21, nor was the cell cycle
figure). Cell morphology distribution significantly altered.

and proliferation was not
altered in vHMEC

constitutively expressing COX-2. We find that the molecular changes underlying the
differential phenotypic response to COX-2 overexpression are dependent on pl16/Rb
signaling. HMEC overexpressing COX-2 resulted in elevated p16, p53 and p21 and
downregulation of Rb (see figure). This is in contrast to p16 silenced VHMEC where
overexpression of COX-2 did not alter the level of p53 or p21. Thus, in normal cells,
COX-2 induces a cell cycle arrest through the upregulation of p16 and p53 to protect cells
from inappropriate oncogenic signaling. In cells that have lost p16/Rb signaling, COX-2
overexpression does not induce a growth arrest. We argue that sustained stress activation
in the absence of growth arrest defines an aberrant stress phenotype that may set the stage

for carcinogenesis.
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2. p16. Our in vitro model demonstrated an inverse relationship between p16 and COX-
2 expression, as shown in this figure. This finding prompted us to determine if loss of
p16/Rb was sufficient to induce COX-2 expression. We found that sequence specific
silencing of p16 causes COX-2 upregulation and provides cells with a proliferative
advantage. Although genetic downregulation of p16 did not result in robust COX-2
upregulation, cells became responsive to exogenous induction of COX-2 by TGF-p, as
shown. Since p16 exerts many of its biological effects through Rb, we determined if
induction of COX-2 is mediated through Rb. We found that downregulation of Rb by
retroviral infection of HMEC with the human papilloma virus E7 (HPV-E7) caused a
robust upregulation of COX-2 expression and sensitizes cells to COX-2 induction by
exogenous inducers such as TGF-f. The absence of Rb also provided a proliferative
advantage. Thus, loss of p16 or Rb causes the upregulation of COX-2 and provides cells
with a proliferative advantage, thereby mimicking the aberrant stress phenotype described
previously in the vVHMEC cells. We next sought to determine if p16/Rb signaling is
clinically significant.

The majority of normal breast tissue is devoid of p16 immunostaining. Specifically, we
observed that only 10% of disease-free tissue contains >30% of the lobules positive for
pl6. This is in contrast to either pre-malignant or malignant breast lesions. Twenty
seven percent of ADH lesions display heterogeneous immunostaining for p16, a
significant upregulation (P=0.05) compared to normal tissue. This level of
immunopositivity and heterogeneity is maintained in low, intermediate and high grade
DCIS lesions. The level of p16 positivity in invasive tumors is similar to that observed in
DCIS. However, in contrast to DCIS, the pattern of p16 staining in invasive tumors is
much more homogeneous.

In normal cells overexpression of p16 causes a cell arrest that acts as a protective
mechanism in response to diverse cellular stressors or inappropriate mitogenic
stimulation. To determine if the upregulation of p16 we observe during pre-malignancy

Figure 14. Loss of p16/Rb signaling correlates with proliferation in high grade DCIS and invasive carcinoma.
Representative p16 immunostaining in normal breast tissue, atypical ductal hyperplasia (ADH), low,
intermediate and high grade ductal carcinoma in situ (DCIS) and invasive carcinoma are illustrated. The bar
graph demonstrates the percent positive cases. Box blots represent the correlation between p16
immunopositivity or negativity with Ki67 for each tissue type. Note that p16 overexpression correlates with
Ki67 in high grade DCIS and invasive carcinoma. .

is accompanied by cell arrest, we determined the relationship between p16 and
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non-recurrent DCIS we examined 70 cases immunostained for p16 and DCIS lesions and
Ki67.

invasive tumors
overexpressing pl16 were
correlated with elevated Ki67 index labeling. The finding that p16 and Ki67 are linked in
high grade DCIS and invasive breast tumors strongly suggests that pl6-mediated
regulation of cell cycle is abrogated. Therefore, p16 overexpression in high grade DCIS
and invasive tumors is dysfunctional.

We reasoned that loss of p16/Rb signaling may cause cells to become refractory to stress-
induced growth arrest and may reflect a more aggressive phenotype. To determine if p16
overexpression and KI67 index labeling could stratify recurrent from non-recurrent DCIS
we examined a series of 70 DCIS cases with known outcome. We find that coupling p16
and Ki67 indeed identifies DCIS cases that recur (see figure 15).

To further pursue these observations, we have stained our atypia samples for p16 by
immunohistochemistry. These samples have been read by the Tlsty team at UCSF and
final analyses are currently underway.

C. Profiling of involuted vs. noninvoluted samples

To assess the feasibility of defining biomarkers from paraffin-embedded samples in
our BBD cohort, we obtained RNA from patients identified as noninvoluted (N=8)
and involuted (N=6), matched for age of patient and year of biopsy. We performed
profiling analyses using DASL whole genome microarray chips. Twelve of these
fourteen samples (86%) produced excellent expression results (for each of these
twelve, more than 65% of transcripts had a detection-p-value less than 0.05,
indicating these transcripts were detected). The remaining two samples produced
expression results too poor to be analyzed (for each of these two, more than 50% of
transcripts had a detection p-value greater than 0.05 indicating they were not
detected). A heatmap of the top 450 differentially expressed gene expression
profiles shows both up and down regulated genes which may be useful for
segregating the involuted from noninvoluted samples (Figure 16a). We converted
the RNA to cDNA and assessed expression levels by quantitative PCR of six
transcripts that were significantly differentially expressed by the microarray analysis
between involuted and noninvoluted samples. We found that three of these showed
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statistically significant differences (p<0.05) between the two sample groups via PCR
(Figure 16b): FANCD2, a homologue of FANCD1/BRCAZ2 that has been associated
with increased risk of sporadic breast cancer (Barroso E, Milne RL, Fernandez LP,
Zamora P, Arias JI, Benitez J, Ribas G: FANCD2 associated with sporadic breast
cancer risk. Carcinogenesis 2006; 27(9):1930-7), CD34, a marker of hematopoetic
stem/progenitor cells, fibroblasts, and vascular cells that shows decreased expression
in breast cancer, and WNT10A, a marker previously implicated in embryonic
developmental pathways that shows decreased expression in breast cancer (Kirikoshi
H, Inoue S, Sekihara H, Katoh M: Expression of WNT10A in human cancer. Int J
Oncol 2001; 19(5):997-1001). We evaluated expression of these proteins by IHC
and found results consistent with those obtained by quantitative RT-PCR (Figure
16¢). Thus, we show that we can successfully identify differentially expressed genes
to evaluate as potential biomarkers of involution from FFPE biopsies.
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Figure 16. (A) Gene expression fingerprint of RNA derived from FFPE samples of patients

identified as showing complete involution (complete, N=4) or no involution (noninvoluted, N=8).
(B) Quantitative PCR analysis of three transcripts predicted to distinguish complete involuted vs

noninvoluted patient samples. (C) Immunohistochemistry analysis of the three biomarkers in
complete involuted and noninvoluted biopsies. Unpublished data.

IV. Compare BBD in African-American vs. Caucasian-American women

A better understanding of breast cancer risk and precursor lesions is particularly
important in the African-American population as these women are diagnosed at a
younger age and tend to have higher grade and more advanced stages than
Caucasian-American women. African-American women also experience a
significantly higher mortality from breast cancer than Caucasian-American women.
Dr. Hind Nassar has read the histology on African-American women with BBD
diagnosed at Wayne State University/Karmanos Cancer Institute between 1/1/1998
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and 12/31/2000. All women were between 18 and 85. Exclusions are the same as
those for the Mayo cohort and include a history of invasive or in situ breast
carcinoma prior to, or within six months of the benign breast biopsy, unilateral or
bilateral mastectomy prior or at diagnosis, breast reduction and the following
histologies: lipoma, fat necrosis, epidermal cysts, hematoma, accessory structure,
phyllodes tumor, lymph node with no breast tissue. The resulting sample included
1,126 African-American women, with a mean age at time of biopsy of 47.8 years
(SD =13.92). Breast cancer has been identified thus far in 32 women (2.8%) at a
mean follow-up of 8.9 years (SD =2.13). Our findings thus far are that African-
American women are younger at diagnosis and have more nonproliferative and mass
forming lesions than Caucasian-American women. Additionally, lobular involution
appears to occur at a slower rate in African-American women than Caucasian-
American women.

V. Assess accuracy of Gail model.

The Gail model is currently the main tool used in the clinical setting for risk
assessment in patients with atypia. This occurs despite the fact that the Gail model
has not been validated in this group of patients. Thus, we evaluated the Gail model
in our group of women with atypia. We used this model to predict 5 year and
follow-up specific risks for each woman and compared the Gail model predictions to
actual observed breast cancers in the group. Considering all women with atypia, the
Gail model over-estimated the number of breast cancers that would occur in the first
5 years after biopsy (12.8 predicted, 8 occurred). However, when using all years of
available follow-up for the group, the Gail model underestimated the risk of breast
cancer in women with atypia (Gail model predicted 31.7 breast cancers while 58
occurred). Additionally, we found the concordance between Gail model individual-
specific predicted outcomes and observed outcomes to be 0.50 (95% CI 0.44 — 0.55),
no better than chance alone. As shown in the figure below, the Gail model
predictions for the 58 women with atypia who developed breast cancer (cases) were
superimposed on those of the 273 women who did not develop breast cancer
(noncases). This has obvious implications for clinical practice. Healthcare providers
should be cautious when using the Gail model in counseling patients with atypia
regarding their risk of developing breast cancer.
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Figure 17. Distributions of Gail model risk probabilities. Plot contains estimates for
individualized risk at the end of the available follow-up. As risk predictions depend
on age at BBD, and length of follow-up, the risk predictions were corrected for these
factors prior to comparison.
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V1. Establish a relational database

We created a Sybase database to track tissue samples(paraffin embedded blocks, tissue
slides and pieces of tissue) as they are moved between laboratory locations and to
manage the biomarker result data. A web-based interface to this database has been
created. All samples (individually or in boxes) are tracked using bar codes. The interface
allows users to scan the bar code of the sample labels and enter information as they
perform a task such as moving a sample, creating a slide, or entering laboratory results.

The process begins as the information on the paraffin blocks is stored in the database.
These blocks are inserted into barcode labeled boxes which are scanned whenever they
are moved to a new location. In a processing laboratory, the blocks are cut and the tissue
slices are affixed to barcode labeled slides or — for very thick slices — placed into vials.
The slides are scanned as they are put into slide boxes. The boxes in turn are scanned as
they move to new locations and when identical laboratory procedures (e.g., a tissue stain)
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are done to all samples in the boxes. Each activity is stored in the database along with
the time of the activity and the identification number of the person who performed the
activity.

At the time of sample analysis, the physician, researcher or laboratory technician scans
the samples and uses the same web-based application to enter the results of the analysis.
All results and transactional information are stored in the database and available for
statistical analysis.

The database server software is the current Sybase relational database management
system. The data model was created and managed with Sybase PowerDesigner. The
users will access the database via the Mayo internal web using programs written in Cold
Fusion. The data analysts will access the database using connections to the SAS statistics
analysis system. ODBC connections are used to connect web forms and the SAS system
to the database.

The components of the database are pictured in the figure below. The central table in the
database is the "sample" table which contains links to most of the other tables such as the
"patient" table (containing patient information) , the "block" table (containing
information about the paraffin block from which the sample was cut), the "box" table
(showing the current location of the sample), the "stain" table (showing stains done to the
sample), the "results" table (containing the results of many types of tests done to each
sample) and the "fishrslt" table (a table for FISH results). Most of these secondary tables
contain links to descriptive tables, such as the "location" table and the "test type" table,
which manage the drop-down selection boxes in the web pages.
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VII. Key research accomplishments

We created a retrospective cohort of women with BBD that can support tissue-
based risk prediction strategies. Tissue-based features that are strongly associated
with risk of breast cancer may signal processes and/or mediators that are central to
the process of breast carcinogenesis.

We identified the degree of risk associated with the common benign epithelial
entities and the extent to which age at biopsy and family history influence the risk
of breast cancer in women with proliferative or atypical lesions. The highest risk
was among women who had proliferative disease with atypia, especially those of
younger age (Hartmann et al., NEJM, 2005).

We identified a marked increased risk of breast cancer in women with three or
more foci of atypia, especially for three or more foci with calcifications. Also,
risk was higher in women diagnosed with atypical hyperplasia before age 45.
Among women with atypia, risk was not affected by family history (Degnim et al,
JCO, 2007).

We identified that a single papilloma without atypia imparts an increased risk of
developing a subsequent carcinoma similar to other forms of proliferative breast
disease without atypia. Atypical papilloma, particularly in the setting of multiple
papillomas, imparts a breast cancer risk similar to or greater than conventional
atypical ductal/lobular hyperplasias (Lewis et al, Am J Surg Pathol, 2006).

We identified that the extent of lobular involution in breast tissue is an important
risk indicator for the development of breast cancer. Increasing degrees of
involution result in a significant reduction in breast cancer risk, even in women at
“high risk” based on atypia or young age (Milanese et al., INCI, 20006).

We found that intense COX-2 expression is associated with a significantly greater
likelihood of a subsequent breast cancer in women with atypia and represents one

potential molecular target for chemoprevention strategies (Visscher et al., INCI,
2008).

We found no increased breast cancer risk for women with radial scars compared
to the risk already present due to proliferative disease with or without atypia
(Berg et al., Breast Cancer Res Treat, 2008).

We identified that centrosome amplification is seen more frequently in higher risk
benign lesions (e.g. atypia) and is infrequently seen in non-proliferative lesions
and in proliferative lesions without atypia (Lingle et al., American Association for
Cancer Research, 2005).

We found the Gail model to predict no better than chance alone the breast cancer
risk of women with atypia. The model significantly underestimated lifetime risk
of our cohort of women with atypia (Pankratz et al., JCO, 2008).
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e We found Ki67, a proliferation marker, to be predictive of risk after a benign
breast biopsy. Those women who had higher proliferation rates were more likely
than those with low proliferation to develop breast cancer within the first 10 years
after benign biopsy. Conversely, if there is low proliferation, breast cancers tend
to occur later, after 10 years of follow-up (Manuscript under review).

e We have helped to develop a retrospective cohort of African-American women
with BBD at Wayne State University. Our findings thus far are that African-
American women are younger at diagnosis and have more nonproliferative and
mass forming lesions than Caucasian-American women. Additionally, lobular
involution appears to occur at a slower rate in African-American women than
Caucasian-American women (United States and Canadian Academy of Pathology,
2009).

¢ We found that measurements of lobular involution are highly consistent across
multiple areas of a woman’s breast (Vierkant et al., Breast Cancer Res Treat,
2008).

e We developed more quantitative measurements of lobular involution status to
provide more objective assessment methods and to more precisely identify the
extent of involution (McKian et al., JCO, 2009).

e To continue our work, we received an RO1 fall 2008: Risk prediction for breast
cancer: a tissue based strategy which builds on the Center of Excellence work.
The RO1 funding is for 5 years.

VIII. Reportable outcomes

A. Presentations

Poster presentation at the annual meeting of the American Association for Cancer

Research, April 2003

e Hartmann LC, Visscher D, Reynolds C, Frost MH, Melton LJ, Vachon C, Tlsty T,
Hillman D, Johnson JL, Lingle WL, Suman V, Sellers TA. Benign breast disease and
breast cancer risk.

Poster presentation at the annual meeting of the American Association for Cancer
Research, Orlando, FL, March 2004

° Hartmann LC, Visscher D, Frost MH, Melton LJ, Vachon C, Couch F, Shridhar
V, Ghosh K, Degnim A, Hillman D, Suman V, Vierkant RA, Maloney SD, Pankratz VS,
Tlsty T, Sellers TA, Lingle WL. Benign breast disease and breast cancer risk.

Podium presentation at annual meeting of the United States and Canadian Academy
of Pathology. February 29, 2005 in San Antonio, Texas

° Lewis, JT, Vierkant RA, Maloney SD, Hartmann LC, Visscher DW. Analysis of
cancer risk among patients with papillary lesions of the breast
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Podium presentation at Society of Surgical Oncology Annual Cancer Symposium,
March 3-6, 2005 in Atlanta, Georgia

° Degnim, AC, Visscher D, Frost MH, Melton LJ, Vierkant RA, Maloney SD,
Pankratz VS, Sellers TA, Lingle WL, Hartmann LC. Multifocal atypia confers increased
risk of breast cancer

Poster presentation at annual meeting of American Association for Cancer
Research, April 16-20, 2005 in Anaheim, California

° Hartmann LC, Sellers TA, Frost MH, Lingle WL, Degnim AC, Ghosh K,
Vierkant RA, Maloney SD, Pankratz VS, Hillman DW, Suman VJ, Johnson J, Blake C,
Tlsty T, Vachon CM, Melton LJ, Visscher DW. Benign breast disease and breast cancer
risk in the Mayo Cohort Study

Symposium and poster presentations at the Department of Defense Era of Hope
June 10, 2005 in Philadelphia, Pennsylvania

° Degnim AC, Visscher D, Frost MH, Melton LJ, Vierkant RA, Maloney SC,
Pankratz VS, Sellres TA, Lingle WL, Tlsty T, Berman H, Hartmann LC. Multifocal
atypia confers increased risk of breast cancer

° Ghosh K, Hartmann LC, Sellers TA, Degnim AC, Pankratz VS, Blake C, Tlsty T,
Melton LJ, Visscher DW. Temporal changes in benign breast disease 1967 to 1991

° Hartmann LC, Frost MH, Ghosh K, Degnim A, Vierkant RA, Maloney SD,
Pankratz VS, Tlsty T, Blake C, Sellers TA, Lingle WL, Melton J, Visscher DW. Benign
breast disease and breast cancer risk

° Hartmann LC, Degnim A, Frost MH, Vierkant RA, Maloney SD, Sellers, TA,
Pankratz VS, Tlsty T, Blake C. Lingle WL, Visscher DW. Benign breast disease:
evidence for precursor lesions

° Pankratz VS, Vierkant RA, Maloney SD, Degnim AC, Hartmann LC. Statistical
methods to assess the timing and side of breast cancer relative to benign breast biopsies:
implications for potential precursor lesions

Podium presentation at annual meeting of the United States and Canadian
Academy of Pathology, Atlanta, GA, Feb. 11-17, 2006

. Milanese TR, Hartman LC, Vierkant RA, Maloney SD, Frost MH, Pankratz
VS, Visscher DW. The impact of lobular involution on breast cancer risk.

Poster presentation at annual meeting of the United States and Canadian
Academy of Pathology, Atlanta, GA, Feb. 11-17, 2006

. Berg JC, Lewis JT, Maloney SD, Vierkant RA, Hartmann LC, Visscher DW.
Analysis of cancer risk in women with radial scars of the breast.

Podium presentation at annual meeting of American Association for Cancer
Research, Washington, D.C., April 1-5, 2006

. Hartmann LC, Lingle WL, Frost MH, Maloney SD, Vierkant RA, Pankratz VS,
Tlsty T, Degnim AC, Visscher DW. COX-2 expression in atypia: Correlation with
breast cancer risk.
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Poster presentation at American Association of Cancer Research, Washington
DC, April 1-5, 2006.

° Pankratz VS, Vierkant RA, Maloney SD, Frost MH, Visscher DW, Hartmann
LC. Assessment of the Gail model in a cohort of women with atypical hyperplasia.

Poster presentation at Joint Statistical Meetings, Minneapolis, MN, August 10,
2006.

o Pankratz VS, Vierkant SD, Maloney SD, Hartmann LC. Epidemiologic
comparisons of disease incidence among populations: The person-years approach.

Poster presentation at 29" Annual San Antonio Breast Cancer Symposium, San
Antonio, TX, December 16, 2006.

° Ghosh K, Hartmann LC, Maloney D, Vierkant RA, Milanese TM, Visscher
DW, Pankratz VS, Vachon CM. Mammographic breast density is inversely
associated with age-related involution.

° Hartmann LC, Milanese TR Sellers TA, Frost MH, Vierkant RA, Maloney
SD, Pankratz VS, Degnim AC, Vachon CM, Reynolds CA, Thompson RA, Melton
LJ, Goode EL, Visscher DW. Age-related lobular involution and risk of breast
cancer.

Poster presentation at the annual meeting of the American Association for
Cancer Research, April 2005

. Lingle W, Negron V, Bruzek A, Murphy L, Riehle D, Vierkant RA, Pankratz
VS, Hartmann LC, Visscher DW. Centrosome amplification is greatest in benign
breast lesions associated with an increase in risk of cancer.

Poster presentation at American Society of Clinical Oncology’s Breast Cancer
Symposium, San Francisco, CA, September 2007.

° Boughey JC, Hartmann LC, Degnim AC, Vierkant RA, Ghosh K, Vachon
CM, Maloney SD, Reynolds C, Pankratz VS. Assessment of the accuracy of the
Gail model in women with atypical hyperplasia.

Poster presentation at Society of Clinical Oncologists Breast Cancer
Symposium, Washington D.C., Spetember 6, 2008.

° McKian KP, Reynolds CA, Vierkant RA, Anderson SS, Frost MH, Pankratz
VS, Visscher DW, Nassar A, Hartmann LC. A novel, tissue-based feature strongly
associated with breast cancer risk.

Podium presentation at San Antonio Breast Cancer Symposium, San Antonio,
TX, December 10-14, 2008.

° Ghosh K, Pankratz VS, Reynolds CA, Vierkant RA, Anderson SS, Degnim
AC, Visscher DW, Frost MH, Vachon CM, Hartmann LC. Benign breast disease
and breast cancer risk in young women.
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Poster presentation at United States and Canadian Academy of Pathology
Annual Meeting, Boston, MA, March 7-13, 2009.

° Barr-Fritcher EG, Hartmann LC, Degnim AC, Anderson SS, Vierkant RA,
Frost M, Visscher DW, Reynolds C. Estrogen receptor expression in atypical
hyperplasia and its association with type of atypia and age.

Podium presentation at United States and Canadian Academy of Pathology
Annual Meeting, Boston, MA, March 2009.

° Sharafeldeen B, Hayek K, Frost M, Hartmann L, Visscher D, Nassar.

Benign breast disease in African-American women

° Visscher DW, Vierkant R, Reynolds C, Anderson S, Hartmann L. Clinical
analysis of mucocele-like tumors of the breast: analysis of a large benign breast disease
cohort.

B. Manuscripts

° Hartmann LC, Sellers TA, Frost MH, Lingle WL, Degnim AC, Ghosh K,
Vierkant RA, Maloney SD, Pankratz VS, Hillman DW, Suman VJ, Johnson J, Blake
C, Tisty T, Vachon CM, Melton LJ, Visscher DW. Benign breast disease and the
risk of breast cancer, New England Journal of Medicine 2005;353:229-37.

° Lewis JT, Hartmann LC, Vierkant RA, Maloney SD, Pandratz S, Allers TM, Frost
MH, Visscher DW. An analysis of breast cancer risk in women with single, multiple, and
atypical papilloma, American Journal of Surgical Pathology 2006;30:665-672.

° Milanese TR, Hartmann LC, Sellers TA, Frost MH, Vierkant RA, Maloney SD,
Pankratz VS, Degnim AC, Vachon CM, Reynolds CA, Thompson RA, Melton LJ, Good
EL, Visscher DW. Age-related lobular involution and risk of breast cancer, Journal of
the National Cancer Institute 2006;98(22):1600-1607.

° Degnim AC, Visscher DW, Berman HK, Frost MH, Sellers TA, Vierkant
RA, Maloney SD, Pankratz VS, deGroen PC, Lingle WL, Ghosh K, Penheiter L,
Tlsty T, Melton LJ, Reynolds CA, Hartmann LC. Stratification of breast cancer risk
in women with atypia: A Mayo cohort study, Journal of Clinical Oncology
2007;25(19):2671-7.

. Berg JC, Visscher DW, Vierkant RA, Pankratz VS, Maloney SD, Lewis JT,
Frost MH, Ghosh K, Degnim AC, Brandt KR, Vachon CM, Reynolds CR, Hartmann
LC. Breast cancer risk in women with radial scars in benign breast biopsies. Breast
Cancer Research and Treatment 2008;108:167-174.

o Visscher DW. Pankratz VS. Santisteban M. Reynolds C. Ristimaki A. Vierkant
RA. Lingle WL. Frost MH. Hartmann LC. Association between cyclooxygenase-2

expression in atypical hyperplasia and risk of breast cancer. Journal of the National
Cancer Institute 2008;100(6):421-7.

° Pankratz VS, Hartmann LC, Degnim AC, Vierkant RA, Ghosh K, Vachon CM,
Frost MH, Maloney SD, Reynolds C, Boughey JC. Assessment of the accuracy of the
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Gail Model in women with atypical hyperplasia. Journal of Clinical Oncology
2008;26(33):5374-9.

° Vierkant RA, Hartmann LC, Pankratz VS, Anderson SS, Radisky D, Frost MH,
Vachon CM, Ghosh K, Distad TJ, Degnim AC, Reynolds CA. Lobular involution:
localized phenomenon or field effect? Breast Cancer Research and Treatment 2008; e-
pub ahead of print.

e McKian KP, Reynolds CA, Visscher DW, Nassar A, Radisky DC, Vierkant RA,
Degnim AC,

Boughey JC, Ghosh K, Anderson SS, Minot D, Caudill JL, Vachon CM, Frost MH,

Pankratz VS, Hartmann LC. A Novel Breast Tissue Feature Strongly Associated with

Risk of Breast Cancer 2009 Accepted for publication JCO

Conclusions

The Center of Excellence grant provided us the opportunity to establish a large cohort of
women with BBD and to establish a tissue and data bank that includes benign tissue,
subsequent breast cancer tissue, and clinical-epidemiologic data. We worked with Dr.
Nassar to establish a cohort of African-American women at Wayne State University and
with Dr. Tlsty’s team at UCSF to advance basic discoveries. We were able to make some
substantial contributions to our understanding of features present in breast tissue that are
associated with later breast cancer. The most notable of these contributions were the
identification of relative risk related to non-proliferative disease, proliferative disease
without atypia and proliferative disease with atypia published in the NEJM and the
significance of involution in relation to breast cancer risk published in JNCI. Our data
showed that women with atypia have a relative risk of 4.24 compared to age-matched
women from the lowa SEER database. Novel data about involution was particularly
striking because of its strong relationship with subsequent breast cancer and the fact that
it can be determined using a single slide of tissue. We identified several biomarkers of
notable significance in predicting breast cancer risk, including COX-2 and Ki-67. We
successfully grew fresh breast tissue and used that tissue to identify new, potential
markers of interest. We also successfully profiled tissue that had been stored for up to 25
years in paraffin. We contrasted histology findings between African-American and
Caucasian-American women, finding involution to occur at a slower rate in African-
American women. We examined the usefulness of the Gail model for women with
atypical hyperplasia. We found this model to underestimate the risk of breast cancer in
women with atypia. On an individual basis, the Gail model performed no better than
chance alone in women with atypia. We successfully obtained an RO1 for further risk
prediction work. The combination of findings obtained through the Center of Excellence
grant provides rich data for future research.
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Collaborators

Lynn C. Hartmann, M.D., P.I.

Thomas Sellers, Ph.D.

Piet De Groen, M.D

Robert Jenkins, M.D., Ph.D.

Aziza Nassar, M.D.

Carol Reynolds, M.D.

Daniel Visscher, M.D.

Fergus Couch, Ph.D.

Wilma Lingle, Ph.D.

Viji Shridhar, Ph.D.

Thea Tlsty, Ph.D., University of California, San Francisco
Hind Nassar, M.D, Wayne State University, Johns Hopkins
Rouba Ali-Fehmi, Wayne State University

Statistical support
Vera Suman, Ph.D.
Vernon Pankratz, Ph.D.
Rob Vierkant

David Hillman

Shaun Maloney
Stephanie Anderson

Data abstractors, study coordinators, data managers
Marlene Frost, Ph.D.,
Teresa Allers
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Margie Loprinzi, R.N.
Lois Penheiter, R.N.
Romayne Thompson
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Poster Presentation: American Association for Cancer Research, Annual Meeting, 2003.

Benign Breast Disease and Breast Cancer Risk. LC Hartmann', D Visscher', C
Reynolds’, MH Frost', LJ Melton', C Vachon', T Tisty?, D Hillman', JL Johnson', WL
Lingle', V Suman’, TA Sellers”.

' Mayo Clinic Cancer Center, Rochester, MN
2 University of California, San Francisco, CA

Introduction: Benign breast disease (BBD) is an established risk factor for breast
cancer (BC), but only a minority of women with BBD ultimately develop BC. The ability
to identify the subset of women at greatest risk for breast cancer at the time of BBD
diagnosis would permit more aggressive clinical intervention, including closer
surveillance and prevention opportunities. To facilitate this discovery process, we have
established a large historical cohort of women with BBD in which we can test more
specific means of risk prediction, using clinical, histopathologic and molecular tools.
Methods: The Mayo Clinic Surgical Index was used to identify all women who had an
open breast biopsy with benign findings at the Mayo Clinic between 1/1/82 and 12/31/91
(n = 5153). The availability of tissue slides and blocks on these patients was verified
through linkage to the Pathology Index. Medical record review was performed to verify
eligibility and to identify subsequent occurrences of breast cancer diagnosed or treated
at Mayo. A study-specific questionnaire was mailed to collect risk factor data on the
cohort and to identify breast cancers diagnosed outside of Mayo.

Results: This 10-year cohort includes 5153 women with 66,290 person years of follow-
up (through 2/02). The median age at BBD diagnosis was 54 years (13-94), and 41%
were age 50 or less. Some family history of breast cancer was present in 32%, while
17% had an affected first-degree relative. Thus far, 255 women are known to have
developed BC. The interval from BBD to BC is: <5 yrs, 33.7%; 5.1-10 yrs, 34.5 %; 10.1-
15 yrs, 27.5%; > 15 yrs, 4.3%. The cancer occurred in the same breast as the BBD in
125 women (49%), the opposite breast in 84 (32.9%), and both breasts in 10 (3.9%).
Side of BC is pending for 36 (14%) women. The estimated 5-year, 10-year and 15-year
breast cancer incidence rates are 1.8% (95%CI: 1.4-2.1%), 3.6% (95%CI: 3.1-4.2%),
and 5.8% (95%CI: 5.1-6.5%), respectively. Incorporating time from BBD to cancer and
the side of BBD vs BC, we are exploring a panel of biomarkers as indicators of possible
BC precursors or a background field change.

Conclusions: We have assembled a large cohort of patients with BBD with extensive
follow-up for breast cancer, excellent participation on a risk factor survey, and sufficient
quantities of well-characterized tissues to permit independent evaluation of established
and novel molecular markers.

Supported by grants from the national Komen Foundation, the Breast Cancer Research
Foundation, and DOD Breast Cancer Center of Excellence award DAMD 17-02-1-0473.
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Poster Presentation: American Association for Cancer Research, Annual Meeting, March
27-31, 2004, Orlando, FL.

Benign Breast Disease and Breast Cancer Risk. LC Hartmann', D Visscher', MH
Frost', LJ Melton, C Vachon', F Couch’, V Shridhar', K Ghosh', A Degnim', D Hillman',
V Suman’, RA Vierkant', SD Maloney', VS Pankratz’, T TIsty?, TA Sellers®, WL Lingle'.

1Mayo Clinic Cancer Center, Rochester, MN
University of California, San Francisco, CA
3Moffitt Cancer Center, Tampa, FL

Introduction: Benign breast disease (BBD) is an established risk factor for breast
cancer (BC), but only a minority of women with BBD ultimately develop BC. To identify
the subset of women at greatest risk for breast cancer at the time of BBD diagnosis, we
have established a large historical cohort of women with BBD in which we can test more
specific means of risk prediction, using clinical, histopathologic and molecular tools.
Methods: The Mayo Clinic Surgical Index was used to identify all women ages 18-85
who had an open breast biopsy with benign findings at the Mayo Clinic between 1/1/67
and 12/31/91. The availability of tissue slides and blocks on these patients was verified
through linkage to the Pathology Index. Medical record review was performed to verify
eligibility and to identify subsequent occurrences of breast cancer diagnosed or treated
at Mayo. A study-specific questionnaire is being used to collect risk factor data on the
cohort and to identify breast cancers diagnosed outside of Mayo.

Results: This 25-year cohort includes 11,782 women with 181,284 person years of
follow-up. The median age at BBD diagnosis was 50.0 years. Some family history of
BC was present in 40% of those surveyed; 21% had an affected first-degree relative.
Thus far, 705 women are known to have developed BC, at a median of 9.2 years after
their BBD. The interval from BBD to BC is <= 5 years, 27%; 5.1 - 10 years, 26%; 10.1-
15 years, 24%; >15 years, 23%. The cancer occurred in the same breast as the BBD in
279 women (40%), the opposite breast in 189 (27%) and both breasts in 18 (3%). Side is
pending for 219 (31%). The estimated 5-yr, 10-yr and 15-yr BC incidence rates are
2.0%, 4.1%, and 6.4%, respectively for women with BBD from 1982-1991 (follow-up
ongoing for 1967-81 group). The histopathologic review has been completed for 3,004
of the BBD specimens. Non-proliferative disease was found in 65.8%, proliferative
disease without atypia in 28.6% and atypia (atypial ductal hyperplasia or atypial lobular
hyperplasia) in 3%. Incorporating time from BBD to BC, histology, and side of BBD vs
BC, we are exploring a panel of biomarkers as indicators of possible BC precursors or a
background field change.

Conclusions: We have assembled a large cohort of patients with BBD with extensive
follow-up for breast cancer, excellent participation on a risk factor survey, and sufficient
quantities of well-characterized tissues to permit independent evaluation of established
and novel molecular markers.

Supported by grants from the national Komen Foundation, the Breast Cancer Research
Foundation, and DOD Breast Cancer Center of Excellence award DAMD 17-02-1-0473.
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Podium Presentation: United States and Canadian Academy of Pathology, Annual
Meeting, February 28, 2005, San Antonio, TX.

Analysis of Cancer Risk among Patients with Papillary Lesions of the Breast
JT Lewis, RA Vierkant, SD Maloney, LC Hartmann, DW Visscher. Mayo Clinic,
Rochester, MN

Background: Papillomas are relatively common breast lesions. Although most are single
and histologically bland, they may be multiple and demonstrate varying degrees of
atypia. The risk of breast carcinoma development in patients with benign papillary breast
lesions is incompletely defined.

Design: Papillary breast lesions were identified in a histopathologically-defined benign
breast disease cohort of 8872 patients biopsied between 1967-1991. Cases were
subclassified into four groups: single papilloma without atypia, single papilloma with
atypia, multiple (>3) papillomas without atypia, and multiple papillomas with atypia.
Using Cox proportional hazards regression, the risk of cancer development among these
groups was compared to patients with other forms of proliferative breast disease (with or
without atypia) and patients with non-proliferative breast changes.

Results: Of the 368 patients diagnosed with a single papilloma without atypia, 35 (10%)
developed carcinoma. Eleven (22%) of the 49 women with a single papilloma with atypia
subsequently developed carcinoma. Forty-one patients were diagnosed with multiple
papillomas without atypia, and six (15%) developed carcinoma. Twelve cases of multiple
papillomas with atypia were identified, and 4 (33%) of these developed carcinoma. The
relative risk of cancer development is presented in Table 1.

Conclusions: We conclude that the diagnosis of a single papilloma without atypia
imparts an increased risk of developing a subsequent carcinoma similar to other non-
atypical forms of proliferative breast disease. Atypical papilloma, particularly in the
setting of multiple papillomas, imparts a breast cancer risk similar to or greater than
conventional atypical ductal/lobular hyperplasias.

Incident Breast Cancer Relative Risk

‘Diagnosis (N) ‘Person Years Follow-up ‘Relative Risk (95% CI)
Non-Proliferative (5934) 91129 1.00

Proliferative without Atypia (2211) 132895 1.60 (1.35, 1.90)
Proliferative with Atypia (257) 3127 3.59 (2.63, 4.92)
Single Papilloma without Atypia (368) 4979 11.82 (1.28,2.58)
‘Single Papilloma with Atypia (49) ‘577 ‘4.88 (2.67, 8.92)
Multiple Papillomas without Atypia (41) 592 2.81(1.25, 6.31)
Multiple Papillomas with Atypia (12)  |115 8.66 (3.22, 23.31)

Relative risks were calculated using a Cox proportional hazards regression analysis.
Results are adjusted for age.
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Podium Presentation: Society of Surgical Oncology Annual Cancer Symposium, March
3-6, 2005, Atlanta,GA.

Multifocal atypia confers increased risk of breast cancer.
Degnim AC, Visscher D, Frost M, Melton L, Vierkant R, Maloney S, Pankratz V, Seller
T, Lingle W, Hartmann L.

Introduction: We evaluated breast cancer risk in relation to histologic features of atypia
in a large retrospective cohort of women with benign breast disease.

Methods: Through surgical and pathology indexes, women were identified who had an
open breast biopsy with benign findings at our institution between 1/1/67 and 12/31/91.
Histologic review of original biopsy slides or tissue blocks was performed by a single
pathologist who was blinded to clinical outcome. Histopathologic information was
collected, including type of hyperplasia and number of atypical foci. Subsequent breast
cancers were identified through a follow-up survey and our Tumor Registry.

Results: Of 11,109 eligible women with benign breast biopsies, histologic review and
follow-up are completed on 9,874 to date. Of 311 biopsies demonstrating atypical
hyperplasia, 43% had only atypical ductal hyperplasia (ADH), 52% had only atypical
lobular hyperplasia (ALH) and 4% had both ADH and ALH. Data on number of atypical
foci are complete for 300 patients; of these, 58% had one focus of atypia, 26% had two
foci, and 16% had 3 or more foci. With 3702 person-years of follow-up in these 311
women, we observed 60 cases of incident breast cancer. Age-adjusted Cox proportional
hazard regression analysis showed a significantly increased relative risk (RR) of breast
cancer with any atypia compared to 5950 women with non-proliferative disease (NPD)
without atypia (see Table), and a trend toward higher risk with ADH versus ALH.
Similar analysis showed a significantly increased risk of breast cancer with increasing
number of atypical foci (see Table). Women with 3 foci of atypia had an 8-fold greater
risk of breast cancer compared to those with NPD(p<0.01) and a three-fold greater risk
compared to those with one focus of atypia (p<0.01).

Conclusions: In women with atypia on benign breast biopsy, multiple foci of atypia
indicate a significantly higher risk of subsequent breast cancer. Ductal atypia may
convey a somewhat greater risk of subsequent breast cancer compared to ALH.

Variable Description Events RR (95% CI) p-value
Histologic Type Non-Prol Dis W/O Atypia 344 1.0 (Reference) <0.01

ALH 30 3.6 (2.5,5.3)
ADH 26 4.5(3.0,6.7)
ALH and ADH 4 5.8(2.2,15.6)

# of Foci of Atypia | Non-Prol Dis W/O Atypia 344 1.0 (Reference) p<0.01
1 focus of atypia 21 2.5(1.6,4.0)
2 foci of atypia 18 4.9 (3.0,7.9)
3 or more foci of atypia 19 8.2 (5.1, 13.0)
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Poster Presentation: American Association for Cancer Research, Annual Meeting, April
16-20, 2005, Anaheim, CA.

Benign Breast Disease and Breast Cancer Risk in the Mayo Cohort Study

Lynn C. Hartmannl*, Thomas A. Sellersz, Marlene H. Frostl*, Wilma L. Linglem, Amy
C. Degnim'?, Karthik Ghosh'®, Robert A. Vierkant'", Shaun D. Maloney'™, V. Shane
Pankratz'™, David W. Hillman'”, Vera J. Suman'™, Jo Johnson'", Cassann Blake'", Thea
Tlsty*, Celine M. Vachon'", L. Joseph Melton III ', Daniel W. Visscher'*. Mayo Clinic
College of Medicine, 200 First Street SW, Rochester, MN 55905 (*Division of Medical
Oncology; “Division of Experimental Pathology; "Division of General Surgery; “Division of
General Internal Medicine; "Division of Biostatistics; 'Division of Epidemiology; *Division of
Anatomic Pathology); *H. Lee Moffitt Cancer Center & Research Institute, 12902 Magnolia
Drive, Tampa, FL 33620; 3Wayne State University, Detroit MI 48202; 4University of California,
San Francisco, 513 Parnassus Avenue, San Francisco, CA. 94143.

Background: Benign breast disease is a significant risk factor for breast cancer. To
optimize management of these women, we need precise risk estimates for them.
Moreover, it remains unclear if these lesions represent precursors or generalized risk
indicators.

Methods: We identified all women with benign breast disease at the Mayo Clinic
between 1967 and 1991. Breast cancer events and risk factors were obtained from the
medical record and questionnaires. All benign specimens were reviewed by our breast
pathologist. To estimate relative risks, we compared observed breast cancers to those
expected using lowa SEER rates.

Results: This Mayo cohort includes 9,087 women followed for a median of 15 years.
The histologies are: non-proliferative (66%); proliferative without atypia (30%) and
atypical hyperplasia (4%). 707 breast cancers have developed to date. The relative risk
for the cohort is 1.56 (95% CI 1.45-1.68). Increased risk persisted to at least 25 years
after biopsy. Atypia conveyed a RR of 4.24 (95% CI 3.26-5.41), vs 1.88 for proliferative
changes without atypia and 1.27 (95% CI 1.15-1.41) for non-proliferative lesions.
Family history information was available for 4, 808 women (53%) and conveyed risk
independent of histology, with a RR of 1.93 for a strong family history (95% CI 1.58-
2.32) vs. 1.18 (95% CI 1.01-1.37) for no family history. For women with negative family
history and non-proliferative findings, we saw no increased risk. In the first 10 years
after benign biopsy, an excess of cancers occurred in the same breast, especially in
women with atypia, consistent with the presence of precursor lesions.

Conclusions: Proper categorization of women with benign breast disease can
differentiate high risk subsets from those at no increased risk.

Symposium and Poster Presentations: Department of Defense Era of Hope, June 9 -10,
2005, Philadelphia, PA
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MULTIFOCAL ATYPIA CONFERS INCREASED RISK OF BREAST CANCER

AC Degnim', D Visscher', MH Frost', LJ Melton', RA Vierkant', SD Maloney', VS
I‘ankratz'._ TA Scllcrs’, WL I.inglc', T Tlst}"*._ H Bcrlnan’, L.C Hartmann'

lMayo Clinic Cancer Center, *Moffitt Cancer Center, JUniversity of California San Franscisco
Degnim.Amy @mayo.edu

We evaluated breast cancer (BC) risk in relation to histologic features of atypia in a large
retrospective cohort of women with benign breast disease.

Through surgical and pathelogy indexes, women were identified who had a surgical breast
biopsy with benign findings at our institution between 1/1/67 and 12/31/91. Histologic review of
original biopsy slides or tissue blocks was performed by a single pathologist (DV) who was
blinded to clinical outcome. Histopathologic information was collected, including type of
hyperplasia and number of atypical foci. Subsequent BCs were identified through a follow-up
survey and our Tumor Registry. We compared the observed number of incident BCs among
women in our cohort with atypical hyperplasia (AH) to that ex pected using incidence rates from
the Iowa SEER data. Internal comparisons of BC and number of atypical foci were made using
Cox proportional hazards regression.

Of 10,032 eligible women with benign breast biopsies, histologic review and follow-up are
completed on 9,087. Of 336 biopsies demonstrating AH, 62% had one focus of atypia, 24% had
two foci, and 14% had 3 or more foci. We observed 4161 person-years of follow-up and 64 cases
of incident BC in these 336 women. Those with AH had a 4.2-fold increased risk of BC
compared to lowa SEER (95% CI 3.3-5.4). Kaplan-Meier estimates show increasing risk of BC
with increasing number of atypical foci (Figure 1). Women with 3 foci of atypia had a 9.4-fold
increased risk of BC vs. Iowa SEER and a 4. 1-fold greater risk vs. those in the cohort with one
focus of atypia (p<0.01 for each).

Breast Cances Risk and Mumber of Atypical Focl
In women with AH on benign breast
biopsy, multiple foci of atypia indicate o0 3+ Fael
a significantly higher risk of !
subsequent BC. These results may
impact decision-making in women
with AH who are at increased risk for
BC.

Curulative Incidznce %
B &

The U.S. Army Medical Research and Materiel Command under DAMDI17-02-1-0473-1
supported this work.
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TEMPORAL CHANGES IN BENIGN BREAST DISEASE 1967 TO 1991
K. Ghosh MD, MS', L.C. Hartmann MD', T. A. Sellers Ph.D*, A. C. Degnim MD', V. S,
Pankratz Ph.D', C. Blake MD’, T. Tlsty Ph.D?, L. I. Melton III MD', D. W. Visscher MD'
Affiliations: lMayra Clinic, Rochester MN; *H.Lee Moffitt Cancer Center, Tampa FL; }Wayne
State University, Detroit MI, 4Uni'-,'ersit},r of California, San Francisco CA

Background: Women with benign breast disease (BBD) are at increased risk of breast cancer
(BC). The classic study of BBD by Dupont and Page enrolled women with biopsies in the
1950s-1960s. We sought to assess changes in the nature of BBD over time, utilizing a 25-year
cohort of BBD from the late 1960s to the early 1990s.

Methods: Utilizing the Mayo Clinic Surgical and Pathology Indices, women ages 18 to 85 who
had benign excisional breast biopsy between January 1, 1967 and December 31, 1991 were
identified. The clinical outcome of BC was the end-point for follow-up for the ‘cases’ and was
determined using the Mayo medical record and questionnaire information sent to study
participants. Our breast pathologist (DV), blinded to both the initial diagnosis and clinical
outcome, performed pathology review.

Results:
Year of Biopsy

Characteristic All Subjects 196771 197276 1977-81 1982-86 198791
Overall 9087 (100%) 971 (10.7%) LBOE (19.9%) 1509 (16.6%) 2205 (25.3%) 2504 (27.6%)
Breast Cancer Status
Case 707 (7.8%) 122 (12.6%) 190 (10.55) 112 (7.4%) 138 (6%) 145 (5.8%)
Mean Age at Blopsy
(standard deviation) 5y 4 (14.3) 47.5(13.2) 40.3(13.4) 488 (14.3) 53.5(14.3) S4.1(14.4)
Histology
Non-Prolif. Dis 6061 (667%) 713 (73.4%) 1330 (74.1%) 1057 (70%) 1460 (64%) 1483 (59.2%%)
Prolif. Dis. W/O 2600 (20.6%) 243 (25.2%) 435 (24.1%) 411 (27.2%) 728 (31.7%) 71 (4.8%)
Atypia
Prolif. Dis. WiAtypia 336 3.7%) 13 (1.3%) 34 (1.9%) 41(27%) OF (4.3%) 150 (6%)
Family History
Known 4808 258 601 530 1572 1847
Negative 2668 (55.5%) 126 (48.8%) 270 (44.9%) 282 (53.2%) 800 (57.2%) 1091 (59.15)
Weak 1174 (24.4%) 70 (27.1%) 172 (28.65) 114 (21.5%) 384 (24.4%) 434 (23.5%)
Strong 966 (20.15) 62 (24%) 150 (26.55) 134 (25.3%) 280 (18.4%) 122 (17.4%)

Benign Breast Disease by S-vear Interval

Conclusions: This study provides data regarding the changing nature of BBD. The number of
women in each 5-year period increased, likely due to growth of clinical practice at Mayo Clinic
but may also reflect increased adoption of screening mammography. Within each time-frame,
there were over 100 cases of BC, but the proportion of ‘cases’ to ‘non-cases’ decreased with
decreasing ‘years of risk’ for women in the latter part of the study. Mean age at biopsy increased
from 47.5 to 54.1. and BBD samples from the latter yvears of the study were more likely to show
proliferative change with or without atypia, again likely due to increased use of screening
mammography and detection of abnormal calcifications. The stable proportion of women with
positive family history (about 20% of whom had a strong family history) is consistent with
general breast cancer awareness and screening practices in this population.
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BENIGN BREAST DISEASE: EVIDENCE FOR PRECURSOR LESIONS

LC Hartmann, A Degnim, MH Frost, RA Vierkant, SD Maloney, TA Sellers, VS Pankratz, T Tlsty, C
Blake, WL Lingle, DW Visscher

Mayo Clinic and Mayo Foundation, Rochester, MN; H. Lee Moffitt Cancer Center & Research Institute,
Tampa, FL; University of California, San Francisco, CA; Wayne State University, Detroit, MI. E-mail:
hartmann.lynn@mayo.edu

Background: Benign breast disease (BBD) represents a significant risk factor for a later breast cancer (BC) that
can occur in either breast. Besides aiding in risk prediction, BBD provides a possible window into a continuum
of alterations culminating in BC. Information about time to and side of BC after BBD has not been available
for most prior studies of BBD. Such information can help distinguish possible precursor lesions from markers
of increased risk.

Methods: We used the Mayo Clinic Surgical Index to identify women ages 18-85 who had BBD between 1-1-
67 and 12-31-91. The benign H&E-stained sections were evaluated by our study pathologist (DV). Biopsies
were classified into: 1) non-proliferative changes, 2) proliferative changes without atypia (PDWA), and 3)
atypical hyperplasia (AH). To estimate relative risks, we compared the observed number of incident BCs in
our cohort to that expected, using age- and calendar period-matched incidence rates from the lowa SEER data
as the reference.

Results: This cohort consists of 9087 women who have been followed for a median of 15 years (person years
144, 881). The benign histologies include: non-proliferative [n=6061 (66%)], PDWA [n=2690 (30%)] and AH
[n=336 (4%)]. 707 breast cancers have occurred to date. The overall relative risk for breast cancer for the
entire cohort is 1.56 (95% CI 1.45 — 1.68). Benign histology was a major predictor of risk. AH conveyed a
relative risk of 4.24 (95% CI 3.26 — 5.41) vs 1.88 (1.66 — 2.12) for women with PDWA and 1.27 (1.15 — 1.41)
for non-proliferative lesions. The table shows median years to BC and side of BC by histologic category for
those women who developed BC. There is a greater tendency for BC to develop sooner (p=0.03) and in the
ipsilateral breast in women whose BBD contained increasing degrees of proliferation and atypia—consistent
with the presence of precursors in these higher risk entities.

Conclusion: Information about side of BC and time to BC in studies of BBD can help to identify probable
precursor lesions. Studies based in these lesions can guide our understanding of molecular risk and molecular

carcinogenesis.

Sidedness and Timing of Breast Cancers after BBD

Benign Histology # of BCs* Median Yrs to BC Side of BC*

(1st -3rd quartile) Same (n,%) Opposite (n,%)
Non-proliferative 379 10.7 (5.4-16.4) 185 (54) 156 (46)
PDWA 264 11.0 (5.8-16.0) 123 (56) 96 (44)
AH 64 9.3 (5.7-14.5) 34 (61) 22 (39)

* cancers where both BBD and BC were unilateral events and side for both was known

The U.S. Army Medical Research and Material Command under DAMD17-02-1-0473 supported this work.
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STATISTICAL METHODS TO ASSESS THE TIMING AND SIDE OF BREAST
CANCER RELATIVE TO BENIGN BREAST BIOPSIES: IMPLICATIONS FOR
POTENTIAL PRECURSOR LESIONS

V.S, Pankratz, R.A. Vierkant, S.D. Maloney, A.C. Degnim, L.C. Hartmann
Mayo Clinic, Rochester, MN
pankratz.vernon@ mayo.edu

Introduction: Benign breast disease is an important predictor of risk for breast cancer. It
may also provide information about a continuum of benign breast alterations culminating
in breast cancer. The agreement between side of the benign lesion and subsequent breast
cancer provides one means of obtaining evidence for the presence of precursors.
However, little data have been reported describing the concordance between side of the
benign lesion and the cancer. Also, methods to assess the evidence of this concordance,
particularly with regarding the time interval between benign lesion and breast cancer are
lacking.

Methods: Extensive follow-up data were obtained from a consecutive series of women
undergoing an open breast biopsy with benign findings from 1967 through 1991,
including the timing of subsequent breast cancers and the side(s) of benign biopsy and
cancer development. A variety of methods to assess concordance between benign lesions
and breast cancers were explored. These ranged from the simple (e.g. chi-square tests) to
the complex (e.g. survival models). Ultimately, we estimated the relative risk of cancer
in the same vs. the opposite breast for five-year time intervals using a survival analysis
approach by computing the relative incidence of ipsilateral and contralateral cancers. We
calculated the incidence for each of these categories using two observations per person
and censoring for the type of cancer that did not occur. Using this method, the relative
risks are equivalent to ratios of observed events, as the approach yields identical person
years for each event type. We capitalized on this and used properties of the binomial
distribution to obtain exact p-values and 95% confidence intervals for these relative risks.
Results: The study has so far followed 9087 eligible women for 144,881 person-years
(median 15 years). and 707 breast cancers have been observed to date. 91 of these cases
were either missing side information, or had bilateral biopsies or cancers. Most of the
unilateral events, 342 of 616 (56%), developed in the same breast as the benign biopsy.
During the first ten years, there was an excess of ipsilateral cancers, with relative risks for
ipsilateral vs. contralateral of 1.88 and 1.34 for years 0-5 and 6-10, respectively.
Additionally, the 35 women with atypia who developed breast cancer within 10 years of
their benign biopsy were 2.5 times more likely (p=0.02) to develop cancer in the same
breast vs. the opposite breast.

Conclusions: We have examined and used a range of statistical methods to evaluate side-
specific breast cancer risk. An excess of breast cancers occurred in the same breast
within the first years of follow-up, especially in women with atypia. This suggests that
precursors may exist within the spectrum of benign breast disease that can be identified
with molecular techniques and targeted with tailored interventions.

The U.S. Army Medical Research and Materiel Command under DAMDI7-02-1-0473
supported this work.
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BENIGN BREAST DISEASE AND BREAST CANCER RISK

LC Hartmannl, MH Frostl, K Ghoshl, A Degniml, RA Vierkantl, SD Maloneyl, VS Pankratzl,

T Tisty?, C Blake®, TA Sellers*, WL Lingle', LJ Melton', D Visscher"

Mayo Clinic Cancer Centerl, Rochester, MN; University of Californiaz, San Francisco, CA; Wayne State
University3, Detroit, MI; Moffitt Cancer Center4, Tampa, FL.  E-mail: hartmann.lynn@mayo.edu

Background: Benign breast disease (BBD) represents a significant risk factor for a later breast cancer that
can develop in either breast. Questions remain about the degree of risk associated with non-proliferative
findings and the degree of interaction between atypia and family history. Having accurate risk estimates
is essential to counsel women properly regarding surveillance and risk reduction strategies.

Methods: The Mayo Clinic Surgical Index was used to identify all women ages 18-85 who had an open
breast biopsy with benign findings at the Mayo Clinic between 1/1/67 and 12/31/91. Our study
pathologist (DV) reviewed and classified all benign lesions. Medical records and a study-specific
questionnaire were used to collect risk factor data and to identify subsequent breast cancers (BC). To
estimate relative risks, we compared the observed number of incident BCs in our cohort to that expected,
using age- and calendar period-matched incidence rates from the lowa SEER data as the reference.

Results: This 25-year cohort includes 9,087 women with 144,881 person years of follow-up (median 15
yrs). The mean age at BBD was 51.4 years. Non-proliferative disease was found in 66%, proliferative

disease without atypia in 30% and atypia (atypical ductal hyperplasia or atypical lobular hyperplasia) in
4%. Thus far, 707 women are known to have developed BC, at a median of 10.7 years after their BBD.

The overall relative risk for breast cancer in our cohort is 1.56 (95% CI 1.45 -1.68). Benign histology was
a major predictor of risk. Atypical hyperplasia conveyed a relative risk of 4.24 (3.26 — 5.41) vs 1.88 (1.66
— 2.12) for women with proliferative disease without atypia and 1.27 (1.15 — 1.41) for non-proliferative
lesions. Knowledge of family history allowed further refinement of risk estimates. For women with no
family history, the relative risk was 1.18 (1.01 — 1.37) compared to 1.43 (1.15 — 1.75) for women with a
weak family history, and 1.93 (1.58 — 2.32) for those with a strong family history. For women with non-
proliferative findings and no or weak family history, there was no increased risk. We did not see an
interaction between atypia and family history. Women with atypia and no family history had a RR of
2.95 (1.65 —4.87) vs 4.18 (1.80 — 8.23) for those with a weak family history and 4.0 (2.07 — 6.99) for
those with a strong family history. Risk of BC was inversely associated with age at benign biopsy, with
younger women demonstrating greater risk than older women (RR for age <30 = 1.83 vs RR 1.40 for age
>70).

Conclusions: Benign breast disease is a major risk factor for a later breast cancer. Within BBD, age at
BBD, family history and histology are major predictors of subsequent risk.

The U.S. Army Medical Research and Material Command under DAMD17-02-1-0473 supported this work.
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The Impact of Lobular Involution on Breast Cancer Risk.
T R Milanese, L C Hartmann, R A Vierkant, S D Maloney, M H Frost,
V S Pankratz, and D W Visscher.

Background: Lobular involution is a histologic finding that reflects atrophy associated
with physiologic aging in the human breast. Based on epidemiologic associations,
involution has been hypothesized to have relevance in breast tumorigenesis.

Methods: A breast pathologist examined benign breast biopsies of 8,743 women in the
Mayo Benign Breast Disease cohort and classified them according to the degree of
lobular involution as follows: none (0%), partial (1-74%), or complete (>75%). Each
benign biopsy was also evaluated per standard criteria as nonproliferative (NP),
proliferative disease without atypia (PDWA), and atypical hyperplasia (AH). Age at
biopsy, family history of breast cancer, and development of breast cancer were obtained
from medical records or questionnaires (17-year mean follow-up). Associations of
involution with other breast cancer risk factors were carried out using chi-square tests and
logistic regression analyses. Relative risks of breast cancer were estimated by comparing
the number of observed events with the number expected based on rates from the lowa
SEER registry.

Results: Distribution of the patients by the three levels of involution was as follows:
none-1,628 (18.6%); partial-5,202 (59.5%); and complete-1,913 (21.9%). Increased
involution was found to correlate with increased age and decreased family history of
breast cancer. The relative risk of breast cancer was significantly lower in patients who
had complete (0.91, 95% CI 0.74-1.10) compared to those with partial (1.45, 95% CI
1.32-1.59) or no involution (1.88, 95% CI 1.59-2.21) (P<0.001). Age and family history
modified breast cancer risk. In patients with PDWA, the relative risk for women with no
involution was (2.94, 95% CI 2.26-3.75), while that for women with complete involution
was only (1.11, 95% CI 0.68-1.72) (P<0.001). The relative risks in patients with NP and
AH displayed similar associations.

Conclusions: The degree of lobular involution correlates inversely with breast cancer
risk. It modifies breast cancer risk in patients stratified by age, family history, and type of
histology. These data indicate that aberrant or delayed involution is a biologically
important constitutional variable in breast cancer biology.
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Analysis Of Cancer Risk In Women With Radial Scars Of The Breast
JC Berg, JT Lewis, SD Maloney, RA Vierkant, LC Hartmann, DW Visscher - Mayo Clinic,
Rochester, MN

Background: Radial scars (R5) are characterized by an elastotic central core containing
entrapped tubules that radiate outward in a stellate manner. The epithelial component may
show varying degrees of proliferation, Previous studies have shown that RS impart an
increased risk of breast cancer development.

Design: RS were systematically identified in a histopathologically defined banign breast
disease (BED) cohort of 5073 patlents blopsied between 1967 and 1991, Overall histology was
classified as nonproliferative (NP), proliferative disease without atypla (PDWA), or atypical
hyperplasia (AH) per standard criteria. The presence, number and size of RS were recorded for
each case. The relative risk of cancer development within the BBD cohort was compared to
that expected in the general population using standardized incidence ratios (SIRs).

Result: RS were identified in 441 (4.9%) of the cohort cases; 384 (87%) of these contained
one RS, 42 (9.5%) contained two, nine (29%) contained 3, and six (1.5%) contained four or
more, with a maximum of 11. RS size information was available in 434 cases. The majority of
RS {35?,.{434, 829%) were less than 5 mm in diameter; 61 biopsies {14%) contained 5-9.9 mm
RS, and 156(4%) had RS than 10 mm. Table 1 and 2 compare the relative risk of BED subsets
defined by presence, size and number of RS to patient groups lacking RS,

Conclusion: RS imparts no increased breast cancer risk compared to other forms of PDWA
(i.e. duct hyperplasia and/or adenosis). Likewise, RS associated with AH also connotes no
increased risk above that of AH. Breast cancer risk was net modified significantly by the size or
number of RS lesions.

Table 1: Incident Breast Cancer Relative Risk by Histology and RS Presence
Diagnosis INumber — TRelative Risk [35% CI)
NP len4s 1.07 (0.96, 1.18)
PDWA 2311 1.57 (1.37, 1.80)
PDWA + RS 377 1.84 (1.33, 2.49)
AH 273 4.01 (3.03, 5.21)
[6H + RS l64 [2.33 (1.67, 5.97) ]

Relative risks were calculated using Cox Proporticnal Hazard Resgression Analysis. Results are
adjusted for age.

Table 2: Relative Risk By Radial Scar Feature
Feature [Number_ 1R (95% CI)
1 Scar 284 2.02 (1.48, 2.69)
2+ Scars 57 2,12 (0.85, 4.35)
Sire < S mm 357 1.84 (1.32, 2.51)
Size = 5 mim 77 2,50 (1.20, 4.61)

Relative risks were calculated using Cox Proportional Hazard Regression Analysis. Results are
adjusted for age.

-52-



Podium Presentation: American Association for Cancer Research, Annual Meeting,
April 1-5, 2006, Washington, D.C.

COX-2 expression in atypia: Correlation with breast cancer risk.
Lynn C. Hartmann, Wilma L. Lingle, Marlene H. Frost, Shaun D. Maloney, Robert A.
Vierkant, V. Shane Pankratz, Thea Tlsty, Amy C. Degnim, Daniel W. Visscher

Background: Women with atypical hyperplasia have a significantly increased risk of a
later breast cancer (RR~4.0) and are excellent candidates for chemoprevention strategies.
Identification of appropriate molecular targets is a priority. COX-2 is up-regulated in a
variety of malignancies by several oncogenic mechanisms. Increased COX-2 expression
has been documented in DCIS specimens.! We sought to determine COX-2 expression in
women with atypia and assess possible correlations with a later breast cancer.
Methods: The Mayo Clinic Benign Breast Disease Cohort includes 9343 women who
had an open breast biopsy between 1967 and 1991.> For 247 women with atypical
hyperplasia, there was formalin-fixed, paraffin-embedded tissue available for assessment
of COX-2 expression by immunohistochemistry. Our study pathologist (DWV) scored
the COX-2 expression on a scale from 0 (negative) to 3+ (high intensity). We used
Cochran-Mantel-Haenszel tests for trend to compare intensity of staining in the samples
of women who developed breast cancer (cases) to that of women who did not develop
breast cancer (controls).
Results: Forty of the 247 women with atypia have developed breast cancer over a median
follow-up of 15 years. The atypia samples displayed a range of COX-2 expression with
values of 0 for 28 (11.3%), 1+ for 113 (45.8%), 2+ for 74 (30%), and 3+ staining for 32
(13%). We found significantly higher COX-2 staining intensity in the atypias of those
women who went on to develop breast cancer compared to the controls who did not
(p=0.04).
Conclusions: Women with atypia are recognized as having a high risk for a later breast
cancer. Intense COX-2 expression is associated with a significantly greater likelihood of
a subsequent breast cancer in women with atypia and represents one potential molecular
target for chemoprevention strategies.
References
1. Gauthier ML, Pickering CB, Miller CJ, Fordyce CA, Chew KL, Berman HK, Tlsty
TD. P38 regulates cyclooxygenase-2 in human mammary epithelial cells and is
activated in premalignant tissue. Cancer Res 2005; 65(5):1792-9.
2. Hartmann LC, Sellers TA, Frost MH, Lingle WL, Degnim AC, Ghosh K, Vierkant
RA, Maloney SD, Pankratz VS, Hillman DW, Suman V], Johnson J, Blake C, Tlsty
T, Vachon CM, Melton LJ, Visscher DW. Benign breast disease and the risk of
breast cancer. N Engl J Med 2005, 353(3):229-237.

-53-



Poster Presentation: American Association of Cancer Research, Annual Meeting,
April 1-5, 2006, Washington DC.

Assessment of the Gail model in a cohort of women with atypical hyperplasia.

V. Shane Pankratz, Robert A. Vierkant, Shaun D. Maloney, Marlene H. Frost, Daniel W.
Visscher and Lynn C. Hartmann. Mayo Clinic, Rochester, MN

Background: Understanding an individual woman’s risk of developing breast cancer is of
high importance if we are to tailor clinical management properly. We sought to evaluate
the performance of the Gail model' in a cohort of women with atypical hyperplasia, and
to determine if other histopathological features might contribute to enhanced risk
prediction in this cohort.

Methods: The Mayo Clinic Benign Breast Disease (BBD) Cohort includes 9343 women
who had an open breast biopsy between 1967 and 1991.% Of these, 336 women had
atypical hyperplasia, a group with significantly increased risk of a later breast cancer
(RR~4.0). Gail model risk factors, and others, were obtained via survey and medical
record review. Lifetime risk (thirty-year probability) of breast cancer was computed for
each woman. Logistic regression was used to assess the concordance between the
predicted and observed lifetime risk. Proportional hazards regression, with bootstrap
model selection, was used to identify a potential risk prediction model for this high-risk
group of women.

Results: In this atypia sub-cohort, 64 women experienced a breast cancer with an average
follow-up of about 15 years. This number of events was slightly lower than the number
predicted by the 30-year Gail model probabilities (rate ratio [95% CI] =0.94 [0.74 -
1.20]). At the individual level, the concordance between observed breast cancer events
and predicted lifetime probabilities of breast cancer was 0.59. This did not reach
statistical significance (p=0.13), however, the number of events was low. The model
selection process identified one covariate that was associated with breast cancer risk in
this sub-cohort: the number of foci of atypia.

Conclusions: Averaging risks across this atypia cohort, the Gail model prediction was on
target, but the per-individual concordance between observed and predicted breast cancer
was low. Knowledge of the number of foci of atypia provided additional information
about breast cancer risk. The development of alternative risk models in this group, and in
the entire BBD cohort, are in process.

References: 1. Gail MH, Brinton LA, Byar DP, Corle DK, Green SB, Schairer C,
Mulvihill JJ. Projecting individualized probabilities of developing breast cancer for white
females who are being examined annually. JNCI 1989, 81(24):1879-1886 2. Hartmann
LC, Sellers TA, Frost MH, Lingle WL, Degnim AC, Ghosh K, Vierkant RA, Maloney
SD, Pankratz VS, Hillman DW, Suman VJ, Johnson J, Blake C, Tlsty T, Vachon CM,
Melton LJ, Visscher DW. Benign breast disease and the risk of breast cancer. N EnglJ
Med 2005, 353(3):229-237.

-54-



Poster Presentation: Joint Statistical Meetings, Minneapolis, MN, August 10, 2006.

Epidemiologic Comparison of Disease Incidence Among Populations: The Person-
Years Approach.

V.S. Pankratz, R.A. Vierkant, S.D. Maloney, L.C. Hartmann, Mayo Clinic, Rochester,
MN

In epidemiological studies it is often of interest to compare disease incidence within a
study cohort to that of a reference population. The person-years approach is often used to
make and summarize such comparisons. The resulting Standardized Mortality Ratios
(SMRs) summarize the degree to which observed cohorts differ from the reference
population. While there have been criticisms of this method, there are few alternatives
when one wishes to compare study groups with respect to their degree of deviation from
population-based expectations. Our study of this topic is motivated by a desire to study
the risks of breast cancer in women with a history of a benign breast biopsy relative to a
reference population. In this study, follow-up data were obtained from a consecutive
series of 9086 women having had a benign breast biopsy. Women with a history of a
benign breast biopsy had an SMR of 1.6 (95% CI: 1.5 — 1.7). We present an overview of
the person-years method and demonstrate how estimates of per-subject expected events
may be used in the place of group-aggregated expected events. We also outline
modifications that may alleviate concerns that arise in the use of this approach, motivated
by data from the study that motivated our investigations.

This research was supported by the U.S. Army Research and Materiel Command under
DAMD17-02-1-0473.
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Mammographic breast density is inversely associated with age-related involution.
Karthik Ghosh MD, Lynn C. Hartmann MD, Shaun D. Maloney, Robert A. Vierkant MS,
Tia M. Milanese BS, Daniel W.Visscher MD, V.Shane Pankratz PhD., Celine M.Vachon
PhD. Departments of General Internal Medicine, Oncology, Biostatistics,
Epidemiology, Mayo Medical School, and Anatomical Pathology, Mayo Clinic,
Rochester, MN.

Background: The breast epithelium is composed of acini that join to form lobules. These
lobules undergo age-related involution that has been demonstrated in women even in
their 30s. Mammographic breast density is a known risk factor for breast cancer that has
also been shown to decrease with age. This study aims to examine the association of age-
related lobular involution with mammographic breast density (MBD) in a cohort of
women with benign breast disease (BBD).

Materials and Methods: Women from the Mayo BBD Cohort who were diagnosed with
BBD between 1985 and 1991 and had a mammogram within 6 months of BBD diagnosis
were eligible for this study. MBD as a 4-category measure of Bi-RADS density was
ascertained from a clinical mammography database that has been maintained since 1985
at the Mayo Clinic. Our breast pathologist (DV), blinded to both the initial diagnosis and
clinical outcome, performed pathology review of all the study tissue. Involution in the
breast tissue was subjectively assessed as categories of none- 0% involution, partial- 1 —
74% involution, or complete- >75% involution of the terminal duct lobular units. To
examine the association between involution and Bi-RADS density, the odds of a low
density mammogram (Bi-Rads=1) were estimated for the three categories of involution
using logistic regression.

Results: A total of 3773 women from the BBD cohort were diagnosed between 1985 and
1991; of these, 2667 (71%) had a Bi-RADS density available within 6 months of BBD
diagnosis. Mean age at BBD diagnosis in this sample was 55 years. The distribution of
involution and Bi-RADS category of density is shown in the table below.

Bi-RADS Involution Involution Involution Total

Breast density | None Partial Complete

1 56 (15.60%) 325 (19.51%) 174 (27.10%) 555 (20.81%)
2 31 (8.64%) 221 (13.27%) 126 (19.63%) 378 (14.17%)
3 54 (15.04%) 412 (24.73%) 176 (27.41%) 642 (24.07%)
4 218 (60.72%) 708 (42.50%) 166 (25.86%) 1092 (40.94%)
Total 359 1666 642 2667

Age adjusted analyses illustrate an inverse association of involution and Bi-RADS
density. Compared to women with no evidence for involution, women with partial
involution had 1.1 OR(CI 0.8,1.5) greater odds of low MBD and women with complete
involution had 1.4 OR(CI 0.96,2.1) greater odds [p-value test for trend p=0.03].
Discussion: Our findings indicate that MBD is inversely associated with involution of
breast tissues. Future histological and molecular studies are warranted to understand the
process of age-related involution and its association with breast density, in order to
improve our understanding of the biology of breast tissues, thereby, of breast cancer.
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Age-related lobular involution and reduced risk of breast cancer.

Hartmann LC, Milanese TR, Sellers TA, Frost MH, Pankratz VS, Degnim AC, Visscher DW.. Mayo
Clinic, Rochester, MN; H. Lee Moffitt Cancer Center and Research Institute, Tampa, FL

Background: Lobular involution or regression in the human breast is a natural process associated with
aging. To identify tissue-based markers of risk of breast cancer, we studied if the extent of lobular
involution was associated with later risk of breast cancer.

Methods: We examined the benign breast biopsies of 8,736 women in the Mayo Benign Breast
Disease Cohort and classified the lobules in the background breast tissue by degree of involution:
none (0%), partial (1-74%), or complete (>75%). Subsequent breast cancer events and epidemiologic
data were obtained from medical records and questionnaires. For relative risks, we compared
observed events to those expected, based on the lowa Surveillance, Epidemiology, and End Results
registry.

Results: Distribution by degree of involution was: none-1,627 (18.6%); partial-5,197 (59.5%); and
complete-1,912 (21.9%). Increased involution correlated with increased age (p<0.0001). Complete
involution of lobular units was seen in 19/566 (3.4%) of women <30 at benign biopsy; 53/1037 (5.1%)
of those ages 30-39; 142/2446 (5.8%) of those ages 40-49; 455/2109 (21.6%) of those ages 50-59;
724/1600 (45.3%) of those ages 60-69; and 519/978 (53.1%) of those ages 70 and higher. There was
a strong, inverse correlation (p<0.0001) between involution and parity. Nulliparous women or women
with only one child were more likely to have complete involution of their lobular units. Women with two,
three, and four or more children had stepwise decrements in the likelihood of complete involution. The
breast tissue from women with a strong family history was less likely to demonstrate involution
(p=0.0006).

After a median of 17 years, the relative risk of breast cancer in the cohort overall was 1.40 (95% CI
1.30-1.51). The risk of breast cancer varied significantly by extent of involution, (p<0.001). For those
women with no involution, the risk was 1.88 (95% CI 1.59-2.21); with partial involution, 1.47 (1.33-
1.61); and with complete involution, 0.91 (0.75-1.10). Moreover, involution of lobular units modified the
risk of breast cancer in all subsets, even women with atypia. Women with atypia and complete
involution had a risk of 1.49 vs 4.06 with partial involution and 7.79 with no involution (p 0.003). In
women with a strong family history of breast cancer and no involution, the RR was 2.77 (95% CI 1.94-
3.84), while those with complete involution had a RR of 1.61 (95% CI 0.92-2.61).

Conclusions: The degree of age-related lobular involution correlates inversely with breast cancer risk.
Aberrant involution may be a biologically important variable in breast cancer biology that can better
inform risk prediction at the time of breast biopsy.
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Centrosome Amplification is Greatest in Benign Breast Lesions Associated with
an Increase in Risk of Cancer.

Wilma Lingle, Vivian Negron, Amy Bruzek, Linda Murphy, Darren Riehle, Robert
Vierkant, Shane Pankratz, Daniel Visscher, Lynn Hartmann

Although centrosome ampilification is known to be present in invasive breast cancer and
ductal carcinoma in situ, it has not been investigated in benign breast lesions. Benign
breast disease (BBD) encompasses a spectrum of histologic entities, usually subdivided
into non-proliferative lesions, proliferative lesions without atypia, and atypical
hyperplasia. A modest increase risk in development of breast cancer in the future has
been associated with proliferative lesions, whereas a significant increased risk is
associated with atypical hyperplasias. In this pilot study we investigated the status of
centrosomes in BBD of various histologies to determine if amplified centrosomes can be
detected in the absence of malignancy and invasion, and if any histologic types of BBD
have significant levels of centrosome amplification. This study utilizes tissues from
patients with BBD who were seen at the Mayo Clinic between 1967 and 1991 and
followed up for a median of 15 years. Paraffin embedded BBD sections were stained
with hematoxylin and eosin (H&E) for histological assessment. Adjacent sections were
immunostained for gamma tubulin as a marker of centrosomes. Images captured using
an Apotome-equipped Zeiss Axiovert 200M or Zeiss 510 LSM microscope for z-
sectioning. Maximum intensity projection images were analyzed for centrosome size
and number. Fibroblast centrosomes, present in each image, were used for
normalization. We performed a pilot analysis of 5 non-proliferative lesions, 5
proliferative lesions without atypia, and 42 with atypia. Centrosome amplification was
present in 88% of atypical hyperplasia samples, compared to none of the non-
proliferative lesions, and only 1 of the proliferative lesions without atypia. Analysis of
the complete set of tissues (>40 of each type) will allow us to determine if this difference
is significant, and if it is related to development of invasive breast cancer during the
patient follow up period.
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Assessment of the accuracy of the Gail model in women with atypical hyperplasia.
Judy C. Boughey, Lynn C. Hartmann, Amy C. Degnim, Robert A. Vierkant, Karthik
Ghosh, Celine M. Vachon, Shaun D. Maloney, Carol Reynolds, V. Shane Pankratz.

Background: An accurate estimate of an individual woman’s risk of breast cancer is
essential for patient counseling and management. Women with atypical hyperplasia (AH)
are at an elevated risk of breast cancer. Despite the widespread use of the Gail model, it
has not been validated in patients with AH. We evaluate the accuracy of the Gail model
in individuals from a well-annotated, well-characterized cohort of women with AH.

Methods: The Mayo Benign Breast Disease (BBD) Cohort is comprised of women aged
18 to 85 who had an open breast biopsy at the Mayo Clinic between 1967 and 1991 with
benign pathological findings. Women with atypical ductal or lobular hyperplasia were
identified by our study pathologists. Each individual’s risk factors for breast cancer were
obtained and the Gail model was used to predict five-year, follow-up specific and lifetime
(age 90) risks for each woman. For the group level evaluation, the predicted numbers of
breast cancers were compared to the observed numbers. For the individual-specific
assessment, the concordance statistic was calculated.

Results: Of the 9,376 women in the cohort, 331 women (3.5%) had AH, which make up
this study group. Over a mean follow up of 13.7 years, 66 (20%) women have developed
breast cancer. The Gail model predicted 31.7 breast cancers in this length of follow up
(rate ratio [95% CI] =2.08 [1.64 — 2.65], p < 0.001). The concordance statistic, which
determines the individual-specific agreement between predicted and observed outcomes,
suggested that the Gail model did not predict well at the individual level, with a
concordance between the individual-specific risk predictions and the observed breast
cancer events in the first five years of follow-up of 0.46 (95% CI: 0.27 — 0.64). When
evaluated linked to length of follow-up the concordance was 0.58 (95% CI: 0.53 — 0.63).

Conclusion: The Gail model significantly underestimates the risk of breast cancer
development in women with atypical hyperplasia. Physicians should be cautious when
using the Gail model to counsel individual patients with atypical hyperplasia regarding
their risk of breast cancer development.
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A novel, tissue-based feature strongly associated with breast cancer risk.
K. P. McKian, C. A. Reynolds, R. A. Vierkant, S. Anderson, M. H. Frost, V. S. Pankratz,
D. W. Visscher, A. Nassar, L. C. Hartmann.

Background: Age-related involution of breast lobules (the anatomic substructure that
gives rise to breast cancer), assessed qualitatively, is associated with reduced risk of
breast cancer (Milanese et al, JINCI 2006). We hypothesized that a quantitative
assessment of lobular involution could be developed to predict breast cancer risk more
precisely.

Methods: We performed a nested case control study of 86 cases and 152 controls (238
patients) within the Mayo Clinic Benign Breast Disease Cohort. Hematoxylin and eosin
stained slides were scanned into the computer and analyzed using Webslidebrowser
software. The 10 largest normal lobules for each patient were analyzed for area
measurement and number of acini per lobule. Means were compared for cases and
controls, qualitative involution status (none, partial, or complete), histology
(nonproliferative, proliferative disease without atypia, or atypical hyperplasia), and
family history (none, weak, or strong).

Results: Women who went on to develop breast cancer had a larger lobular area
(59,458u” vs. 49,221u%; p = 0.0452) and higher number of acini per lobule (21.62
vs.16.11; p = 0.0006) than women who remained unaffected. Women with no involution
had a larger lobular area (102,013 pz) and number of acini per lobule (35.72) than women
with partial (56,9452, 20.85 acini per lobule) or complete involution (27,254pu%, 8.72
acini per lobule) (p < 0.0001). The difference between lobular area and number of acini
per lobule was not statistically significant when evaluating for effect of histology or
family history (p = 0.153 and 0.4770, respectively).

Conclusions: Lobular involution can be quantified and may be useful as a risk predictor
for women who have had benign breast biopsies.
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Benign breast disease and breast cancer risk in young women.

Ghosh K, Pankratz VS, Reynolds CA, Vierkant RA, Anderson SS, Degnim AC, Visscher
DW, Frost MH, Vachon CM, Hartmann LC. Mayo Clinic, Rochester, MN; University of
Michigan, Ann Arbor, MI

Background: Breast cancer is the leading cause of cancer deaths in younger women (25 to
49 years of age). Young women with breast cancer also have worse overall survival and
increased risk of recurrence compared to older women with breast cancer. Innovative
approaches to understanding risk factors and tissue characteristics for the younger
population can improve understanding of breast cancer etiology and enhance risk-
stratification for these women. This study was aimed at examining breast cancer risk
factors among young women (<50 years) with BBD.

Materials and Methods: Utilizing the Mayo Clinic Surgical and Pathology Indices,
women ages 18 to 85 who had benign excisional breast biopsy between January 1, 1967
and December 31, 1991 were identified. The diagnosis of breast cancer served as the
study endpoint and was determined using the Mayo medical record and questionnaire
information from study participants. The breast pathologist, blinded to the initial
diagnosis and clinical outcome, performed pathology review. BBD was classified as non-
proliferative disease (NPD), proliferative disease without atypia (PDWA), or atypical
hyperplasia (AH). Age-related lobular involution (reduction in number and size of acini
per lobule) was classified as none-0%, partial- 1 to74%, or complete- >75% involution.
Relative risk (RR) was estimated by comparing the number of observed breast cancers
with the number expected, based on breast cancer rates in the [owa Surveillance,
Epidemiology, and End Results registry.

Results: Of the 9376 women in the Mayo BBD cohort, 4460 women were aged <50 years
at BBD diagnosis and formed the study cohort. The mean age at BBD diagnosis was 39.4
(+ 8.3) years. With a median follow-up of 20 years, 326 breast cancer cases were
identified. The histologic findings were NPD in 72% of women, PDWA in 26%, and AH
in 2%. The relative risk of breast cancer for the overall cohort of young women with
BBD was 1.5 (95% CI [1.4, 1.7]). The relative risk among those with AH was 6.9 (95%
CI [4.6, 10.1), compared with a RR 0of 2.0 (95% CI [1.7, 2.4]) for PDWA, and RR of 1.2
(95% CI [1.0, 1.4]) for NPD. Risk was associated with extent of lobular involution (RR
for no involution was 1.7 (95%CI [1.4, 2.1]); partial involution 1.4 (95%CI [1.2, 1.7]);
complete involution 0.7 (95%CI [0.3, 1.4]). Family history was available for 83% of the
cohort and RR was 2.2 (95% CI [1.7, 2.8]) for women with strong family history and was
1.3 (95% CI [1.1, 1.6]) for women with no family history.

Discussion: Young women with BBD are at increased risk of breast cancer. Risk is high
in women with atypical hyperplasia, and those with a family history of breast cancer.
Lobular involution is associated with reduced breast cancer risk in this population,
suggesting a role in modifying breast cancer risk. These findings suggest the need for
further research in this population, along with tissue-based studies to examine the
processes leading to breast cancer, and enable identification of those women at highest
risk.
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Estrogen Receptor Expression in Atypical Hyperplasia and Its Association with
Type of Atypia and Age.

EG Barr-Fritcher, LC Hartmann, AC Degnim, SS Anderson, RA Vierkant, M Frost, DW
Visscher, C Reynolds. Mayo Clinic, Rochester, MN; University of Michigan, Ann
Arbor, MI

Background: Estrogen receptor (ER) expression is present in normal breast epithelium
and premalignant breast lesions. Prior studies have shown that ER expression increases
with age in normal breast epithelium; whereas no age association was seen in atypical
hyperplasia and carcinoma in situ.

Design: ER expression was assessed immunohistochemically in archival sections from
246 women with atypical hyperplasia who had an open benign breast biopsy between
1967 and 1991. The ACIS®III (Dako, Carpinteria, CA) was utilized to calculate ER
expression (percent staining and staining intensity) in all atypical foci for each woman.
Using multivariate linear regression, we examined associations of ER expression with
age at biopsy, year of biopsy, indication for biopsy, type of atypia, number of atypical
foci, involution status, and family history. Heterogeneity of breast cancer risk across
levels of ER expression was also assessed, standardized to a control population (the lowa
SEER registry).

Results: Among the 246 women, 87 (35%) had ADH, 141 (57%) had ALH, and the
remaining 18 (7%) had both ADH and ALH. About half (53%) were older than 55 years
at diagnosis. Forty-nine (20%) developed breast cancer during a median follow up of
14.4 years. Multivariate analysis indicated that type of atypia, year of biopsy, and age at
diagnosis were significant predictors of ER percent staining and intensity [P<0.05 (see
Table 1)]. ER expression was increased in women with ADH and/or those over the age of
55. The relationship between ER (percent staining and intensity) and breast cancer risk in
patients diagnosed with atypia was not significant (P=0.099 and P=0.118, respectively).
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Benign Breast Disease in African-American Women.

B Sharafeldeen, K Hayek, M Frost, L Hartmann, D Visscher, H Nassar. Wayne State
University, Detroit; Mayo Clinic, Rochester; University of Michigan, Ann Arbor; Johns
Hopkins, Baltimore

Background: Women with benign breast disease (BBD) represent a large and clinically
important population. Specific histologic findings in BBD have been shown to be strong
indicators of later risk of breast cancer. The major studies of BBD performed to date have
been based primarily in Caucasian-American (CA) women. Thus, the prevalence and
distribution pattern of BBD in African American (AA) women is not well known.

Design: We reviewed archival H and E stained sections of breast needle core and
excisional biopsies performed on all AA women in the years 1998 to 2000 at our
institution and diagnosed with BBD. BBD was classified, by one pathologist, as
nonproliferative (NP), proliferative disease without atypia (PDWA) or atypical
hyperplasia including ductal and lobular types (AH), using standard microscopic criteria.
We also examined the status of lobular involution in the same biospies and classified it as
none or absent (<1%,), partial (1-75%), or complete (75%). We compared lobular
involution in our population to that of a cohort of CA women with a diagnosis of BBD
within the same age category (<45y; 45-55y and >55y).

Results: We identified 520 AA patients with a diagnosis of BBD on breast biopsy. The
mean age at diagnosis was 46.4 years (14.7 y). Seventy-five percent were diagnosed with
NP, 22% with PDWA, and 3% with AH. Lobular involution increased with age. In
women older than 55 years however, the increase in lobular involution appeared to be
slower in AA than in CA women (CA had 2.7% none vs. 44% complete and AA had 19%
none vs. 31% complete; p<0.001). There was no difference between AA and CA women
younger than 55 years in regard to the presence of lobular involution. Lobular involution
was similar throughout the different BBD categories in the AA population.

Conclusions: In our series of AA women with BBD, the distribution of BBD appears to

be similar to other series (including mainly CA women). Our data on lobular involution
may indicate that AA undergo lobular involution at a different rate than CA women.
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Clinical Analysis of Mucocele-Like Tumors of the Breast: Analysis of a Large
Benign Breast Disease Cohort.

DW Visscher, R Vierkant, M Frost, C Reynolds, S Anderson, L. Hartmann. University of
Michigan, Ann Arbor, MI; Mayo Clinic, Rochester, MN

Background: Mucocele-like tumors (MLT) of the breast are unusual lesions characterized
by cysts distended with mucin that also dissects/extravasates through the epithelium into
surrounding stroma. They are accompanied by variable epithelial proliferation, with an
increased frequency of associated atypical ductal hyperplasia (ADH). It is not known
whether MLT represent a risk factor for subsequent development of breast carcinoma.

Design: Our benign breast disease cohort is comprised of 9376 women who underwent
excisional breast biopsy from 1967-1991. Slides from all patients were reviewed
retrospectively in a blinded fashion and classified per standard diagnostic criteria by two
study pathologists. Mean follow up is 13.7years. We analyzed subjects with MLT
diagnoses for the frequency of proliferative lesions, including ALH/ADH, and for their
likelihood of developing breast cancer.

Results: The cohort contained 70 MLT (0.75%). Thirty patients (42.9%) were >55yrs of
age at time of diagnosis, 24 (34.3%) were 45-54yrs and 16 (22.9%) were <45yrs. MLT
were more often associated with proliferative lesions (70% in MLT vs 33% for the cohort
overall). ALH/ADH was present in 21.4% MLT lesions, vs 3.4% in the cohort overall
(p<0.0001). To date, 6/70 patients with MLT (8.6%) have developed breast carcinoma;
this frequency is not significantly different than the BBD cohort overall (p=0.8780).

Conclusions: Our findings support previous studies showing a relationship between MLT
and atypia. However, beyond the risk associated with atypia itself, we do not observe an
additional risk of breast carcinoma associated with the presence of the MLT.
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ORIGINAL ARTICLE

An Analysis of Breast Cancer Risk in Women With
Single, Multiple, and Atypical Papilloma

Jason T. Lewis, MD.* Lynn C. Hartmann, MD,{ Robert A. Vierkant, M AS,}
Shaun D. Maloney, BA,] V. Shane Pankratz, PhD, [ Teresa M. Allers,t Marlene H. Frost, PhD,T
and Daniel W, Visscher, MD*

Abstract: Breast papillomas may be single or multple and
associated with atypical ductal or lobular hyperplasias (ADH/
ALH). The risk of breast carcinoma development in patients
with papillomas, particularly those with mukiple or atypical
lesions, i incompletely defined. Fibrocystic lesions were
histopathologically classified in a benign breast disease cohort
of 9155 who underwent biopsy from 1967 to 1991, with
papilloma assessment in 9108. Individuals with papillomas
(N = 480) were classified into 4 groups: single papilloma (SP,
N = 372), single papilloma with ADH or ALH (SP+A,
N = 54), multiple ( = 5) papillomas (MP, N = 41), and multiple
papillomas with ADH or ALH (MP+A, N =13). Those
without papillomas were classified as nonproliferative (NP,
N = 6053), proliferative without atypia (PDWA, N = 2308),
and ADH/ALH [atypical hyperplasia (AH), N = 267]. The
relative risk of cancer development within our cohort was
compared to that expected in the general population using
standardized incidence ratios. The relative risk of breast cancer
development associated with SP [2.04, 95% confidence interval
(CI) 1.43-2.81] was greater than NP (1.28,95% CI 1.16-1.42) but
similar to PDWA (1.90, 95% CI | .66-2.16). The risk associated
with SP+A (5.11, 95% CI 2.64-8.92) was highly elevated but
not substantively different than atypical hyperplasia (4.17, 95%
C1 3.10-5.50). Patients with MP are at increased risk compared
with PDWA or 5P (3.01, 95% CI 1.10-6.55), particularly those
with MP+ A (7.01, 95% CI1 1.91-17.97). There was a marginal
increase in breast cancer nisk (16%) among patients with
proliferative disease if a papilloma was present, but this did
not reach statistical significance (P =0.29). The observed
frequency of ipsilateral (vs. contralateral) breast cancer deve-
lopment in papilloma subsets was not significantly different than
other patient groups. We conclude that SP imparts a cancer risk
similar to conventional proliferative fibrocystic change. The
presence of papilloma in, or associated with, atypia does not
modify the risk connotation of ADH/ALH overall. MP
constitutes a proliferative breast disease subset having unique
clinical and biologic behavior.

From the Divisions of * Anatomic Pathology, $Medical Oncology; and
T Biostatistics, Mayo Clinic, Rochester, MN 55005,

Feprints: Dr Jason T. Lewis, MDDy, 200 Ist St SW, Rochester, MN 33903
(e-mail: lewis jasoni@mayo.edu).
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(Am J Surg Pathol 2006;30:665-672)

Pupiliomus ol the breast are defined by a constellation
of pathologic findings including: (1) a discrete
intraductal polypoid lesion with, (2) an  arborizing
fibrovascular stroma covered by a laver ol myoepithe-
lium, and (3) a second layer of columnar or cuboidal
epithelium. They often form palpable nodules, reaching
considerable size in some cases, although many are
micmscupic,'" 213 They are informally classified by
anatomic location: central/subareolar papillomas are
usually smgle but may reach considerable size and
become symptlomatic. Peripheral lesions, in contrast, are
generally smaller but may be multuple and recurrent.*
Papillomas are olten accompanied by significant epithe-
lial hyperplasia and/or periductal sclerosis, resulting in
microscopically complex lesions."''*? Atypical hyper-
plasia (AH) may also be present within or adjacent 1o
papilloma.'=* In these so-called atypical papillomas, the
histologic distinction from ductal carcinoma in situ may
be extremely problematic.

Most early investigators considered intraductal
papillomas to be benign lesions without malignant
potential or mmplied risk ol developing a subsequent
carcinoma.™'* More recent studies have demonstrated
that these lesions, like other forms of proliferative breast
disease, do increase the risk of developing carcino-
ma. HH3 Same have suggested that papillomas may
behave as direct precursor lesions.”™ Neither view.
however, has been empirically tested m a sufficiently
large cohort of patients with long term follow-up and
appropriate population controls. Further, most studies
which specifically address pathologic subsets thought to
be hiologically more aggressive. such as multiple papillo-
ma or atypical papilloma, consist of relatively small
numbers or are enriched by selective mclusion ol cases
derived from referral consult practices.'***28

We have recently compleied pathologic evaluation
of a benign breast disease cohort, consisting of all open
henigm hreast hiopsies performed at the Mayvoe Clinie
between 1967 and 1991 (N = 9155)."% All papillary lesions
present in these biopsies were routingly defined as a
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component of our microscopic examination. Our objec-
tive in this study 18 to survey the incidence. histologce
palterns and relative cancer risk associated with benign
papillomas ol the breast. We will specifically address the
significance of multiple papillomas and papillomas with
atypia and whether there is evidence to suggest they are
direct precursors.

MATERIALS AND METHODS

Patient Selection

Patients with benign diagnoses on open excisional
biopsy (OEB) of the breast, performed between January
1, 1967 and December 31, 1991, constituted the study
population. Searching the Mavo Clinic Surgical Index
and Pathology Index identified the cases. The details of
the derivation of the study cohort have been published
previously.®  Briefly, subjects were excluded from
the study if they met one or more of the following critena:
(1) cancer diagnosis before, at, or within 6 months of
the OFR (accounting for possible ocenlt malignancy)
{2) unilateral or bilateral mastectomy or reduction before
OEB, (3) refusal of research authorization. (4) no follow-
up information available. or (5) slides unavailable. Of the
9155 women who met the study criteria, papilloma
mlormation for 47 were unavailable. The resulting 9108
patients constituted the study cohort, with a mean follow-
up of 16 vears.

Pathology Review

A pathologist with expertise in breast pathology
(D.V.) reviewed the origimal hematoxylin and eosin
(H&E) stamed shdes of all cases without knowledge of
original diagnosis or subsequent outcome. Cases were
classified into one ol three general categories: nonproli-
ferative (NP) fibrocystic changes, proliferative changes
without atypia (PDWA), and AH. NP fibrocystic changes
meluded  cyst formation, stromal fibrosis, apocrine
metaplasia, and noncomplex fibroadenoma. Proliferative
changes without atypia included ductal hyperplasia of
usual type. sclerosing adenosis, radial scars/complex
sclerosing lesions, and papilloma(s). Atypical ductal or
lobular hyperplasia (ADH/ALH) constituted the AH
calegory and the presence or absence of each was
documented in each case. The criteria for classification
as AH (see below) were applied to epithelial proliferations
within or outside of the papilloma.

A papilloma was defined as an intraductal epithelial
proliferation of any size thatl is supported by branching
fibrovascular stalks that contains myoepithelium. In
many cases they were not the predominant lesions in
the biopsy speamen (eg, florid duct hyperplasia with
an incidental, microscopic papilloma). Papillomas were
classified as solitary (SP) or multiple (MP). the latter
defined as a papillary lesion containing at  least
5 papillomas in 2 nonconsecutive tissue blocks.! The
presence or absence of AH (ADH and/or ALH) was also
documented in the papilloma cases. If ADH or ALH was
identified within the papilloma or in the surrounding
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parenchyma, then the case was classified as a single
papilloma with atypia (SP+A) or multiple papillomas
with atypia (MP+A). For the SP+A cases, the location
of the atypia (inside and/or outside the papilloma) was
recorded.

ADH was defined according to the criteria of
Page.> > These lesions exhibited architecturally complex
cribriformlike proliferations of monotonous cells that
lacked malignant cytologic features and were confined to
an area measuring < 3 mm in greatest dimension. Within
papillomas. these atypical lesions only partially mvelved a
“basement membrane bound space.” with a second
nonatypical population ol cells composing the remain-
der.®* ALH was defined as a prolileration of polygonal,
evenly spaced cells with round, monotonous nuclel, and
scant cyvtoplasm.™ ALH was characterized by partial
expansion of acini by atypical cells. often with preserva-
ton of luminal spaces, involving less than hall of the acini
n a lobule.

Statistical Analysis

Data were descriptively summarized using frequen-
cies and percentages for categorical variables, and means
and standard deviations for continuous variables. We
formally compared distributions of certain attribules
across papilloma-defined subgroups using ¢ tests and
analyses of variance for the continuous variables and 3°
lests lor categoric variables.

The length of the follow-up for each woman in the
study was calculated as the number of davs (followed by
division by 365.25 to calculate years) from her benign
biopsy lo the date of breast cancer diagnosis, date of
death, or date ol last contact. The cumulative incidence of
breast cancer by papilloma status was estimated using
Kaplan-Meier curves. We compared the observed number
ol incident breast cancer events in our cohort, stratified
by papilloma status. Lo that expected in the general
population using standardized incidence ratios (STRs).
Each individual's person years were apportioned into
S-year age and calendar period categories. Overall
calegory-specific Tollow-up was then multiplied by the
corresponding age-stratified and calendar period-sirati-
fied surveillance epidemiology and end results (SEER)
meidence rates, and these resulls were then summed
across all categories to calculate the expected number of
events. Thus, all risk ratios account for the potentially
confounding effects of age and calendar period. The Towa
SEER registry was used as the primary standard
population, due to both the proximity of its participants
to the Mayo Clinic catchment area and racial/ethnic
similarities to our cohort.

As proliferative disease is a complex mixture of
many different attributes which may synergistically aflect
the risk of breast cancer, it 18 possible that other forms
of proliferative change could confound the association of
papillomas and breast cancer. Thus, we sought Lo assess
the independent modifying effects of different forms of
proliferation using Poisson regression analyses. modeling
the mdividual-specific. log-transformed expected event
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rate as the offset term. This approach facilitates the
calculation of SIRs with the added flexibility that
generalized lincar models provide. such as covarnate
adjustment and formal assessment of heterogeneity. The
Towa SEER registry was again used to calculate the
expected event rates. Analyses were subsel Lo women with
proliferative disease. Based on the Poisson models, we
calculated relative SIRs (rSIRs), directly comparing ratios
ol SIRs across levels of each of the proliferation
attributes. The accompanying P values assess the helero-
geneily ol breast cancer SIRs across levels of the
atiribute. The following types ol proliferation were
examined: presence of alypia, presence of papillomas,
presence of sclerosing adenosis, and presence of radial
scars. Two sets of poisson models were fit: one that
accounted only for the effects of age and calendar period,
and one that accounted additionally and simultancously
for the effects of the other proliferation attributes.

We compared the potentially differential risk of
ipsilateral versus contralateral breast cancer within the
cohort across papilloma-defined subgroups using a
competing risk approach, based on the Poisson distribu-
tion. Women with missing biopsy or cancer side
information. or with benign breast disease (BBD) or
cancer diagnosed bilaterally. were excluded from these
analyses. For each subgroup, we compared the incidence
rate for ipsilateral cancer to the corresponding rate
for contralateral cancer. When calculating incidence
for ipsilateral cancer, individuals with contralateral
cancer were censored at their date of diagnosis. and vice
versa. This approach vields identical person vears for
each eventl lype, reducing comparisons ol incidence lo
simple comparisons of counts via ¥~ tests ol significance.
All statistical tests were 2-sided, and all analyses were
carried out using the SAS software system (SAS Institute,
Inc, Cary, NC).

RESULTS

Pathologic Findings

The Mayo benign breast disease cohort has been
presented in detail elsewhere.™ Our current cohort
includes 9108 patient biopsies, classified as follows: 6053
(66.5% ) NP: 2308 (25.3%) PDWA; and 267 (2.9%) AH.
Papilloma was identified in 480 (5.3%) of the biopsies.

distributed within the PDWA and AH categones. The
majority of papillomas (372, 4.1%) were SP. There were
54 SP+ A (0.6%). 41 MP (0.5%). and 13(0.1%) MP +A.
The mean age at biopsy was voungest for the NP group
(49.9. SD 14.8). mtermediate for the ronatypical pro-
liferative groups [PDWA 53.6 (SD 12.1), SP 552 (SD
14.5) and MP 53.9 (SD 15.5)]. and oldes! for the atypical
groups [AH 57.3 (SD 1L.6), SP+A 59.1 (SD 134), and
MP-+A 65.1 (SD 14.0)].

Because family history is a known risk lactor for the
development ol carcinoma, we compared the Irequency of
papilloma status with family history to determine if there
were any differences among the subsets. Family history
was available in 4846 (53%) of the 9108 cases. As Table 1
llustrates, the majority of cases in all subsets did not have
a Tamilv history ol breast cancer. The remainder of the
cases varied from a weak to strong family history. )f_: Lests
revealed no differences in distribution of papillomaf(s)
across levels of family history (P = 0.49).

Papillomas were accompanied by a complex mixture
of proliferative changes. Sclerosing adenosis and usual
ductal hyperplasia were both present mn at least S0% of
cases from each papilloma subgroup (Table 2). Radial
scars also oceurred at significantly increased [requency
(16% SP, 33% SP+A, 34% MP. 31% MP+A) com-
pared to individuals without papillomas (4%, £ < 0.001).
Among papilloma cases, radial scars were significantly
more common in SP+A, MP, and MP+A compared
with SP (P < 0.001, ¥7 test).

With respect to atypia in the setting of papilloma,
most cases (33/51, 65%) contained ADH alone. There
were 6 (12%) with ALH and 12 with both ADH and
ALH (23%). Examples ol atypical papilloma are illu-
strated in Figures 1 to 4. Of the 45 cases with ADH,
atypia was present within the papilloma m 16 (36%),
outside of the papilloma in 17 (38%), and present both
inside and outside the papilloma m 12 (26%). One SP+ A
case consisted ol 2 biopsies. one contained a solitary
papilloma (left breast) and the other ADH (right breast).
For purposes of this study, this case was classified as
atypia outside of the papilloma.

Outcome
Among the overall Mavo cohort, the relative risk of
developing carcinoma was: NP 1.3 [95% conflidence

TABLE 1. Comparison of Family History of Breast Cancer Across the Various Papilloma

Subtypes
Family History of Breast Cancer®

None Weak Strong Total
Dagnosis N (%) N (%) N (%) N (%)
No papilloma 2549 (52.60) 1119 (23.09) 911 (18.80) 4579 (94.49)
SP 105 (2.17) 50 (1.03) 41 (0.85) 196 (4.04)
SP+A 16 (0.33) T10.14) 11 (0.23) 34 (0.70)
MP 18 {0.37) 6 (0.12) 6 (0.12) 30 (0.62)
MP+ A 4 (0.08) 0 (0.00) 3 (0.06) T(0.14)

*Fumily history was missing in 4262 cases,
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TABLE 2. Frequency of Proliferative Breast Disease Across the

Papilloma Subtypes

Duetal Hyperplasia Sclerosing Adenosis Radial Scars
Yes Mo Yes Mo Yes Mo
N (") N (") N (%) N (%) N (%) N (%)
No papilloma® 1569 (18) 7035 (82) 2000 (23) 6625 (77) 339 (4) 8280 (96)
] 241 (64} 131 (36) 207 (56) 164 (44) 59 (16) 312 (84)
SP+A 52 (96) 204 38 (70) 16 (30) 18 (33) 36 (67)
MP 38 (93) 3 39 (95) 2(5) 14 (34) 27 (66}
MP+A 13 (100) 0 () 8 (62) 5 (38) 4 (31) 9 (69)

Ductal hyperplasia includes moderate and lorid ducial epithelial hyperplasia,
*This includes NP, proliferative without atvpia, and AH cases. Four observations mssing values for ductal hyperplasia, 9 for radial scars, and 1 for sclerosing adenosis.

F0ne observation missing value for scerosing adenosis and radial scar.

interval (CT), 1.2-1.4], PDWA 1.9 (95% CI 1.7-2.2), and
AH 4.4 (95% CI 34-5.6). Owverall. 724 (8%) ol the
patients in the colort have developed breast carcinoma.

FIGURE 1. Low magnification scanning micrograph showing

an architecturally complex papillary lesion containing fibro-
vascular stroma with focal cribriform growth. At higher
magnification areas of cribriformlike architecture can be
appreciated at the periphery of the lesion. Lack of uniform
involvement and bland cytologic features preclude a diagnosis
of ductal carcinoma in situ.

668

Table 3 summarizes the mean age at biopsy, mean
mterval to development of breast cancer, and risk of
carcinoma development among the histopathologic
groups with respect o papilloma status. Patients lacking
a papilloma(s) who had proliferative disease without
atypia had a relative risk of 1.90 (95% CI 1.66-2.16) of
developmg cancer compared to the control population.
Patients with a solitary papilloma without atypia had a
risk of 2.04 (95% CT 1.43-2.81), roughly equivalent to
other forms of proliferative disease without atypia.
Patients with AH and no papilloma(s) had a relative risk
ol 4.17 (95% CI 3.10-5.50). Individuals with a SP+ A had
a risk of 5.11 (95% CI 2.64-8.92), slightly greater than
those with AH lacking a papillary lesion. The breast
cancer risk for multiple papillomas without atypia fell
between proliferative disease without atypia and AH
(3.01, 95% CT 1.10-6.55). Multiple papilloma cases with
atypia had the greatest likelihood of developing cancer,
with a relative nisk of 7.01 (95% Cl1 1.91-17.97). A
Kaplan-Meier curve depicting cumulative incidence of
breast cancer among all histopathologic groups is

FIGURE 2. Atypical ‘:l
are comprised of columnar epithelium on fibrovascular stalks.
At least 2 foci (arrows) show a monotonous cellular prolifera-
tion lacking stroma and containing small secondary lumens.

apilloma (low magnification). Most areas
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FIGURE 3. At scanning magnification this papilloma is
characterized by marked hypercellularity and variable archi-
tecture. Higher magnification photomicrograph highlighting
confluent growth of epithelium with partially developed
cribriform architecture.

presented in Figure 5. The mean interval to cancer
development was greater than 5 years in all histologic
groups except MP 4.8 (SD 3.2). It was longest in patients
with NP 8.7 (SD 7.2). There was no difference in mean
interval 1o cancer between AH and SP+ A [6.5 (8D 5.3)
vs. 6.2 (SD 4.7), P =0.87, 1 lest].

As papillomas were most frecuently identified in the
setting of other proliferative lesions, we attempted to
determine the degree to which the apparent breast cancer
risk seen in these patients was directly attributable to the
papillomar(s). versus other coexisting forms ol prolifera-
tion present within the breast. We performed a univariate
analyvsis using Poisson regression models subsel o only
those women with proliferative changes (1e, NP cases were
excluded). After accounting for age and calendar period.
women with some form of proliferative disease (eg, AH.
radial scar, or sclerosing adenosis) and with a papilloma,
had a reletive risk of breast cancer roughly 20% higher

© 2006 Lippincott Williams & Wilking

FIGURE 4. The architecture is primarily microglandular, but
focal complex growth may also be appreciated (arrow).
Higher magnification of cribriform area. Lack of uniform
involvement and low grade cytology preclude a diagnosis of in
situ carcinoma.

N : -

than those without a papilloma. Thus. within the group of
patients with proliferative disease. the presence of a
papilloma marginally mereased nisk. However, this result
did not reach statistical significance (P = 0.17). As the
univariate model accounted for the excessive nsk due to
proliferative disease, but it did not adjust for the effects of
other individual forms of proliferation, we performed a
multivariate analysis edjusting for AH, ductal hyperpla-
sia, sclerosing adenosis, and radial scars. Results were
similar to the univarizte model: the presence ol papillo-
mas increased risk by an additional 16% over those
patients without a papilloma. However, this resull again
failed o reach statstical significance (P = 0.29). We also
performed the multivariate analysis subset Lo proliferative
cases without atypia After adjusting for sclerosing
adenosis, radial scars. and duct hyperplasia, the presence
ol papilloma increased nisk by an additional 10% over
those patients without a papilloma (P = 0.42).

669
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enriched with extramural pathology consultation materi-
als. Indications for breast biopsy were not difTerent than
those emploved by comparable institutions during the
survey period. To our knowledge, it is the largest benign
breast disease cohort that has been subject to standard
pathologic review >% 1017182126 The gze of the cohort
and long follow-up allow for robust statistical analysis.
The observed proportion of cases and relative risks of
carcinoma development associated with NP, proliferative,
and atypical lesions 15 similar to other large survevs of
benign breast disease, > 17:10:30:21

Benign papillomas constitule an important subset of
mammary librocystic change, collectively accounting for
about 5% of proliferative cases overall. As seen in this
study, moreover, papillomas are frequently accompanied
by a complex ol other proliferative lesions, particularly
adenosis and duct hyperplasia. Radial scars are also often
present. especially in the SP+ A, MP and MP+ A subsets
(31% to 34%). Finally, papillomas often comprise a
background on which atypias develop; 20% of all atypias
in our BBD cohort overall were present in cases that also
had papillomas. Conversely, about 14% ol biopsies with
papillomais) contained ADH and/or ALH. The observed
associations with adenosis and radial scarring are
noteworthy in the sense that both are characterized by
combined proliferation of epithelial and nonepithelial
populations (myoepithelial cells and fibroblasts. respec-
tively). These findings mmply that breast tissues harboring
papillomas may be characterized by simultaneous activa-
tion/prohiferation of divergent cell populations. It may be
hypothesized that the background of multlineage cell
proliferation reflects an especially permissive environment
for development of hyperplastic lesions, accounting for
the markedly cellular character ol this BBD subset, and
possibly for the more frequent evolution ol atypias.

Although papillomas are often associated with
other proliferative or atypical lesions, it is nonetheless
true that most benign biopsies with papillomas—about
78% —contained single papillomas and lacked ADH/
ALH. Within this subset (ie. single papilloma without
alypia) the age at diagnosis and overall breast cancer nsk
were quite similar 1o patients with proliferative lesions
overall—53.6 versus 552 vears and 1.90 (95% CI 1.66-
2.16) versus 2.04 (95% CT 1.43-2.81), respectively. On the
basis of these data we would not advise the risk
classification of single. nonatypical papillomas apart from
other proliferative fibrocystic lesions.

Some may hypothesize that atypical proliferations
developing within papillomas represent bielogically dis-
tinet, direct precursor lesions. However, the simultaneous
presence of papilloma with ADH or ALH (SP+A) was
associated with a breast cancer risk (5.11, 95% CI 2.64-
8.92) that was similar to, or marginally elevated, relative
to other atypias mn our cohort (4.17, 95% CI 3.10-5.50).
Importantly, in the papilloma cases we [ailed 1o wdentify
significant tendency to ipsilateral breast cancer develop-
ment or short mmterval to breast cancer diagnosis. Thus,
we identil'y no convincing evidence Lo suggest that these
lesions constitute an homogeneous group ol direct cancer

© 2006 Lippincoit Williamy & Wilkins

precursors. We also attempted to discern whether the
location of atypia relative to a papilloma had special
significance. Although the number of cases lmils
definitive interpretation, our data imply that geographic
location of ADH relative to a papillary lesion would not
necessarily be a chinically uselul indicator of breast cancer
risk apart from other parameters. However, our data
would not support the practice of separately denoting an
atypical papilloma as a distincl subset of ADH.

Page et al® have published a nested case control
survey that compares breast cancer risk in 122 patients
with papillomas. Their mcidence ol atypia occurring
withim or m asseciation with papilloma (17/122, 14%)
was similar Lo our series (54/480. 11%) as was the tme
mierval between biopsy and subsequent breast mahg-
nancy. However, the absolute risk of breast cancer alter
atypical papillomas in the Page et al study was 53%
(9/17). In contrast, m our study only 22% of such
mdividuals (12/54) had developed breast cancer at 16
vears. They also observed a significantly elevated relative
breast cancer nsk (230 to 3.35x) alltobutable 1o
papilloma that was modified by presence of concurrent
atypia (4.40 o 1310 = ). Because we employed similar
diagnostic criteria, we ascribe the differences with our
study to their relatively imiled number of cases and the
study design (ie, case control vs. cohort).

Haagensen'? and Murad® have emphasized the
unique clinical behavior of MP, noting Irom selected
series ol cases that these patients have significantly
elevated breast cancer risk. The incidence and relative
cancer risk of MP. however. has not been previously
described. Our data show that MP cases constitule a rare
subset, accounting for 0.6% of BBD patients. However,
depending on the presence of atypical lesions. MP
patients have a breast cancer risk that 1s 3 lo 7 Limes
greater than age matched women in the population
overall. Thus, our data mdicate that MP. even without
concurrent atvpia. convey a relative risk between pro-
liferative disease overall and AH. On the basis of these
findings, we recommend that MP should receive wider
recognition as a diagnoestic entity and that these patients
should be, at a minimum, lollowed carefully.
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The length of follow-up for each woman in the study was cal-
culated as the number of days from her biopsy examination to the
date of her breast cancer diagnosis, death, or last contact. We es-
timated relative nisks (RRs) on the basis of standardized inci-
dence ratios by drviding the observed numbers of incident breast
cancers by expected numbers of population-based incident breast
cancers. Expected values were calculated by apportioning each
woman's perscn-vears of follow-up into 3-year age and calendar-
period categonies and multiplving these by the corresponding
breast cancer 1acidence rates from the Jowa Surveillance, Epide-
miology, and End Results (SEER) Registry. This reference popu-
lation was chosen because of its demographic smularities to the
Mavo Clinic population (80% of cohort members reside mn the
upper Midwest). Potential heterogeneity in relat:ve risks across
levels of involution was assessed by use of Poisson regression
analysis. with the log-transformed expected event rare for each
individual modeled as the offset term.

In addition to assessing overall breast cancer risk, we also
compared rates of ipsilateral to contralateral breast cancer mn
relation to the side of the benign lesion. both overall and by levels
of invelution. When calculating incidence for 1psilateral cancer,
ndividuals with contralateral cancer were censored at their date
of diagnosis. and vice versa. Women with missing laterality in-
formation, bilateral biopsy examination results, or bilateral breast
cancer were censored for both events in these analyses. This ap-
proach yielded 1dentical numbers of person-years for each tvpe
of event. As a result, the length of follow-up was not a factor
1n the analysis. and the rate compansons reduced to simple com-
parisons of the nunber of evenls. Thus, we weie able W assess
whether the relative rate of ipsilateral cancer (compared with
contralateral cancer) differed across levels of mvolution using
simple chi-square tests of statistical significance. All statistical
tests were two-sided. and all analyses were carried out with the
SAS software system (SAS Institute, Inc, Cary, NC).

REsvLTS
Extent of Lobular Involution

We characterized the extent of lobular involution in the benign
breast biopsies of a cohort of 8736 women with tissue sampled
between Janway 1. 1967, and December 310 1991, at the Mayo
Clinic. The distribution of the patients by level of lobular involu-
tion was as follows: no involution among 1627 (18.6%) women,
partial mnvelution among 3197 (39.5%) women, and complete in-
volution among 1912 (21.9%) women.

Factors Assaciated With Invelution

As shown m Table 1. the degree of lobular involution mcreased
progressively with age at diagnosis of benign breast disease (P<.001).
Complete involution of lobular units was observed 1 only 19 (3.4%)
of the 566 women who were younger than 30 vears at their benign
biopsy: m 33 (5.1%) of the 1037 women aged 3039 years; m 142
(5.8%) of the 2446 women aged 40 49 years; m 453 (21.6%) of the
2109 women aged 50-59 years; mn 724 (45.3%) of the 1600 women
aged 6009 years; and in 319 (33.1%) of the 978 women aged 70
wears or older. The gradual nature of the involution process 1s appar-
ent 1 that it 15 already present at least to a partial degree in more
than half of the women younger than 40 years and is still ongoing n
women older than 70 years.

1602 ARTICLES

Table 1. Association of lobular mrvolution with age at diagnosis of benign
breast disease. fanuly history of breast cancer. parity, lactation, and hormone
replacement therapy*

Extent of lobular involution, No. (Yo)

Characteristic None Partial Comglete  Fvaluef
Overall 1627 (186) 5197 (395) 191219
Age at BBD. v <001
1829 308 (544) 230(421 10034
1030 MNTEDY) SET(SAT) 535 1)
4040 643 (263) 1661 (67.9) 142 (3.8)
50-59 218(103) 1436 (68.1)  435(21.6)
6069 29(1.8) 847 (32.9) 724 (453)
=70 12(1.2) M7 45T 5190331
Famuly history of =001
breast cancerT
None or weak TO6(21.1) 2717 (564)  911(224)
Strong 223(24.5) 366 (35.9) 139(19.5)
Parity§ <001
Nulliparous 113(176)  421(353) 177 27.1)
Parous 893 (226) 2780(362) B836(21.2)
No. of children§ =.001
] 113 (17.6) 421 (353) 177 @Q7.1)
1 T5(17.2)  269(34.7) 131 (28.0)
2 324227 201 (362) 258(213)
3 257(283.9) 742 (55.8) 205 204)
=4 235(26.6)  B71(553) 242(180)
Children breastfed|| 428
No 464 (216) 1355(374)  436(211)
Yes 431(233) 1202 (359)  364(208)
Hommone replacement {016
therapy]
Ever 481 (225) 1330(371)  494(203)
Never 516(21.8) 1837(354) 438(29)

*For age at diagnosis of benign breast disease (BBD), percentage values were
unadjusted. For all other vanables. percentage values were adjusted for age.

jFor age at BBD, P values were calculated using chi-square tests of statistical
significance. For all other variables, P values were calculated by use of mul-
ticategorical logistic regression analyses, accounting for the effects of age. All
statistical tests were two-sided.

IInformation on fimily history was available for 5352 of 8376 women.

§Information on parity was available for 5220 of 8736 women Specific
mumber of children was available for 4500 of the 4509 parous women.

|Information on breastfeeding was available for 4452 of 8736 women

“Information on hormone replacement therapy was available for 5116 of 8736
women.

We also found a strong, inverse association (P<001) between
lobular mvolution and panty (Table 1). Specifically, the likeli-
hood of complete mvolution was 27.1% (93% CI = 24.1% to
30.1%) 1n nulliparous women, 28 0% (95% CI=24 7% to 31 4%)
in women who had one child, 21.5% (93% CI=19.3% to 23.8%)
in women who had two children, 20 4% (95% CI = 17.8% to
23.0%) 1n women who had three children, and 18.0% (95% CI=
16.1% to 20.0%) 1n women who had four children or more.

Separating women into categories of ever versus never breast-
feeding did not reveal any relationship with extent of lobular in-
volution (P = 428). Women who reported having nsed hormone
replacement therapy were slightly less likely to have complete
involution (20.3%) than thosc with no history of hermonc rc-
placement therapy use (22.9%) (P = .016). Breast tissue from
women with a strong family history of breast cancer was less
likely than that from women with no or a weak family history of
breast cancer to demonstrate lobular involution: 1.e.. after adjust-
ment for age, more women with a strong family kistory had no
involution (24.5%) than those with no or a weak family history
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Table 2. Association of invelution and other nisk factors with breast cancer after the diagnosis of benign breast disease

Characteristic No. of women No. of person-years

No. of observed events No. of expected events™ Belativerisk (93% CI)T

Degree of involution
Nome (0%4) 1627 32271
Partial (1%—74%) 5197 90 409
Complete (275%) 1912 28376
Histologic type
Nonoproliferativz 5736 101 201
Proliferative without atypia 2677 45418
Proliferative with atypia 323 4436
Age at biopsy. y
=45 2682 52055
4535 2539 40 246
=55 3405 40754
Family history of breast cancer]
Nome or weak 4424 81514
Strong 928 18 385
Age at birth of first live child. y§
Nulliparous 711 13021
<30 4121 77710
230 388 ool

130 79.6 1.88(1.39 to 2.21)
440 3001 147 (133 t0 1.61}
106 116.5 091 (0.75 to 1.10)
335 3215 1.10 (0,99 to 1.23)
276 1581 1.75 (1.35 to 1.96)
65 16.6 391(3.02t04£98)
138 1084 146 (124 to 1.70)
254 169.0 1.50 (1.32 to 1.70)
284 2188 1.30(1.15 to 1.46)
329 2694 1.22(1.09 to 1.36)
115 395 193 (1.59 t0 2.32)
73 411 1.73 (13510 2.18)
327 2579 127(1.13t0 1.41)
30 24 1.34 (190 to 1.92)

*Number of events expected on the basis of lowa Surveillance, Epidemiology. and End Results breast cancer incidence data.
TA anatyses account for the effects of age and calendar period. CI = confidence interval.
IInformation on family history of breast cancer was available for 5352 of 8736 women.

§Information on parity was available for 5220 of 8736 women.

(21.1%). and fewer women with a strong fanuly history had
complete mvolution (19.5%) than those with no or a weak fanuly
history (22.4%) (logistic regression analysis comparing distribu-
tion of involution across levels of family history, P<.001).

We also examined the extent of lobular involution by cate-
gory of benign breast disease. Among women with nonprolifera-
tive disease, 27.2% had complete involution. However, among
women with proliferative disease without or with atypia. only
11.5% had complete lobular involution (P<.001).

Lobular Involution and Breast Cancer Risk

This cohort of women with benign breast disease was, overall,
at mcreased nsk of breast cancer when compared with age-
matched women in the general population. Specifically, the rela-
trve risk for the entire cohort of 8736 women, compared with the
Iowa SEER pepulation, was 1.40 (95% CI=130to 1.51). In our
cohort, degree of mvolution was associated inversely with breast
cancer risk (Table 2; e g, for no involution, RR =1 .88, 95% CI=
1.59 to 2.21; for partial mvolution, RR =147, 95% CI=133 to
1.61; and for complete involution, RR =091, 95% CI=0.75 to
1.10: test for heterogeneity P=001).

Figure 2 illustrates the observed associations between the
extent of mvolution and breast cancer risk among strata of age.
histology. fanmuly history, and parity. Extent of lobular mvolution
modified age-telated breast cancer nisk (e.g., for a woman older
than 33 years with no mvolution, RR =321, 95% CI=190 to
5.08. and for a similar woman with complete lobular involution,
RE. =092, 95% CI = 0.74 to 1.14). The same pattern was ob-
served 1 all age groups.

Similarly, progressive increases in lobular invelution 1n back-
ground breast tissue was associated with reduced nisk of breast
cancer among women with bemgn proliferative disease. even
those with atypia (Fig. 2). Among women with atypia, no mvolu-
tron was more strongly associated with a higher risk of breast can-
cer (RR.=7.79, 95% CI=3.56 to 14 £1) than complete mvolution
(RR. =149 93% CI= 041 to 3.82) or partial involution (RR =
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4.06. 95% CI = 3.03 to 5.33) (test for hoterogencity, P = .003).
Among women with proliferative disease without atypia. no mnvo-
lution was also associated with a higher risk of breast cancer (RR.=
294, 95% CI=2 26 to 3.73) than complete involution (RR=1.11,
95% CI=0.68 to 1.71). The same pattern held true for those with
nonproliferative breast disease: 1.2, those with no involution had a
higher nisk than those with complete or partial mvolution.

Lobular involution medified the influence of fanuly history on
nisk of breast cancer (Fig. 2). Among women with a strong fanuly
lustory of breast cancer. no mvolution was associated with the
lughest risk of breast cancer (RR = 2.77. 95% CI = 1.94 to 3.84),
followed by partial involution (RR=1.72. 95% CI=1.32 to 2.20)
and then by complete mvolution (RR = 161, 95% CI =092 o
2.61). Among women with no or a weak famly history of breast
cancer and complete involution, the risk of breast cancer (RR =
0.59,95% CI=041 to 0.81) was approximately half of that for the
general population, which was based on Iowa SEER data, and ap-
proximately fivefold less than the nisk of those with strong family
history and no involution (1e., RR =277, 95% CI =194 to 3.84).

Lobular involution also modified the risk associared with par-
ity or age at barth of the first live child. Among nulliparous women
and women whose first live child was born when she was at least
30 years old, no lobular involution was associated with increased
risks of breast cancer (RR=241.95% CI=125tw0 421 and RR.=
274, 95% CI = 1.31 to 5.03, respectively). However, among
these same two groups of women, when complete lobular involu-
tion had occurred, there was no mcrease in risk (RR=1.02, 95%
CI=0531t01.78 and RR. =048, 95% CI=0.10to | 40, respec-
trvely). Among women whose first live child was bern when she
was younger than 30 years old. complete lobular involution was
associated with a decreased risk of breast cancer (RR = 0.65.
95% CI=0.441tc 0.91).

We also asked whether the era in which the biopsy examina-
tion was performed—namely, before or after widespread adop-
tion of mammography—affected the results. In the first 15 years
of the cohort (from 1967 through 1981), 78% of biopsy examina-
tions were done because of a palpable concern (ie. a palpable
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Fig. 1. Association of breast cancer risk with lobular invelution and other
variables. Relative nsks (as indicated) and their 95% confidence intervals
(error bars) reflect the cbserved oumber of events compared with the number
of expected events on the basis of Jowa Swveillance, Epidemiology. and End
Results data. All results account for the effects of age and calendar period.

lump detected duning a clinical breast examination or by the
patient), and 22% were done because of an abnormal mammo-
gram. From 1982 through 1991, 40% of the biopsy exanunations
were done because of a palpable concern, and 60% were done
because of an abnormal mammogram. The relative risks of breast
cancer by involution status and by dates (Table 3) indicated that
associations between extent of involution and risk were similar i
the pre- and postmammography time periods.

Lobular Invelution: Localized or Field Effect

To address whether or not the degree of involution was relevant
only to the area of the biopsy or was representative of the field of
breast tissue. we examined 1) whether, for women with bilateral
benign biopsy exanunation results. mvolution results were con-
cordant and 2) whether the degree of involution at the benign
biopsy site was associated with the nsk of ipsilateral breast cancer
or with both 1psi- and contralateral breast cancers. A subset of 245
women had bilateral biopsy examinations performed at the same
time. In 203 (83%) of these women, the same category of involu-
tion (no, partial. or complete) was found 1n the biopsy tissue from
both breasts. In 41 (17%). there was a difference of one category
between the two breasts. Only one individual had complete invo-
lution i the biopsy tissue of one breast and no mvolution in the
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A} Involution and histology. B) Involution and fanuly ustory. C) Involution
and age at biopsy examination D) Involution and age at birth of first live
child. N = no imvolution: P = partial involution: C = complete involution;
NP = nonproliferative; PDWA = proliferative disease without atypia; AH =
atypical hyperplasia.

contralateral sample. These results mndicate a high level of agree-
ment in involution measured across multiple biopsy specimens
‘within a woman (kappa coefficient = 0.72, 95% CI=0.64 to 0.80;
test for agreement beyond that expected by chance P=001).

We next mvestigated the extent of involution and the laterality
of subsequent breast cancers. In our cohort overall, there 15 a
shight predominance of ipsilateral breast cancers (55.5%) over
contralateral breast cancers (44 3%). as reported previously (8);
this result 1s thought to reflect the presence of some direct precur-
sors among these lesions. To determune whether involution at the
site of the benign breast disease was relevant to the contralateral
breast, we examined the ratio of ipsilateral to contralateral events
by degree of mvolution. With no invelution, the ratio was 33.6%
ipsilateral to 46.4% contralateral; for partial involution. the ratio
was 55.9% to 44.1%; and for complete mnvolution, the ratio was
33.5% to 46.3% (chi-square test for difference in percent ipsilat-
eral across involution status, P = 85). Thus. the relationship be-
tween involution extent and breast cancer risk was observed in
hoth the ipsi- and contralateral hreast

DiscussioN

We characterized the degree of lobular involution 1n the back-
ground breast tissue 1n a large cohort of women with benign
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Table 3. Relative risk of breast cancer by involution and year of biopsy

Extent of involution

and vear of biopsy No. of women No. of person-years

Ne of observed events

No. of expected events* Relative risk (95% CI)T

No involution

1967-1981 957 21886

19821991 &70 10384
Partial involution

1967-1981 2381 49080

1982-1991 2816 41329
Complete involution

1967-1981 740 12524

1982-1991 1172 15851

105 369 1.85(151t02.23)
45 227 1.98 (144 to0 2.65)
204 1573 153 (1340 1.73)
200 1428 1.40 (121 to 1.61)
33 46.8 1.18 (0.89 to 1.53)
51 69.7 0.73 (0.54 to 0.96)

*Number of events expected on the basis of Iowa Surveillance, Epidemiology, and End Results breast cancer incidence data.
TAIl analyses account for the effects of age and calendar period. CI = confidence interval.

breast disease. Our data demonstrate a strong. inverse relation
ship between degree of mvolution and breast cancer nisk. To our
knowledge. this 1s the first study to systematically examine age-
related involution in the context of breast cancer risk. Further-
more, greater degrees of involution reduced breast cancer risk
even in high-risk subsets defined by age. atypia. reproductive
history, or famly history. There was a strong direct association
between involution and increasing age. There was an inverse as-
sociation between mvolution and parity.

As m this study, others have found that older women tend
to have fewer lobules or only lobule remnants (4,5). Cowan and
Herbert (4) performed a detailed autopsy study of the breast
tissue from 102 women. aged 50-104 years. who died without
known breast disease. Although considerable individual variabil-
ity was present, they described a progressive loss of lobules with
increasing age. Earlier reports state that age-related mvolution
has already begun in women under the age of 40 years (1,5). Our
data confirm that this process 1s present, at least to a partial de-
gree. in many younger women.

We hypothesize that the degree of mvolution detected at the
benign biopsy site reflects that of the overall field of a woman's
breast tissue. We believe that this hypothesis 1s reasonable be-
cause of our results showing a simular likelihood of contralateral
and ipsilateral breast cancers by involution status at the site of the
benign breast disease and because of the high concordance in
mvolution status in women who had bilateral biopsy examina-
tions. However, our study design cannot answer this question
defimitively. To do so would require examination of the extent of
mvolution throughout all of a woman’s breast tissue.

It 1s widely appreciated that, as women age, their risk of breast
cancer increases. But the rate of increase of breast cancer slows
appreciably at approximately age 50 years (10,11), which has
been attributed to a reduction in ovarian hormonal production
(12). We observed a definite increase in the process of involution
at approxmmately age 30 years (with complete involution present
in 3.8% of women aged 4049 vears and in 21 6% of women
aged 50-59 years). These data raise the possibility that mvolution
may be contributing to the slowing m the rate of increase of
breast cancer among women older than 50 years, as speculated
by Henson and Tarone (7).

We examrmned various factors besides age for their association
with degree of invelution. We found an inverse association be-
tween lobular involution and parity. Others have also reported
that the more children a woman has, the more likely she 1s to
have persistence of lobular structures (1, 5), which we found was
associated with increased risk of breast cancer. Yet, multiparity 1s
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generally considered to reduce the risk of breast cancer (13,74).
Several factors may explain this apparent contradiction. First, we
do not have data on the age at each child’s barth for the women
our cohort. Some epidemiologic work has suggested that full-
term pregnancies after 35 years of age are associated with an in-
creased risk of breast cancer (7,13). Thus, data on a woman’s age
at each pregnancy and on her age at breast biopsy examination
would help to evaluate more definitively the relationships of par-
ity, involution, and breast cancer risk. In addition. our study was
linmited by the relatively large size of the group of women catego-
nized as having partial involution. More specific, quantitative
measures of degree of volution should be explored to deter-
mine whether the association between parity status and degree of
mvolution can be defined more precisely. Given the mnverse as-
sociation between complete mvolution and multipanity and grven
that both are associated with reduced risk of breast cancer. we
hvpothesize that the breast cancer risk modification associated
with parity 1s independent of involution status.

There are several biologic mechamisms by which invelution or
lack thereof could alter a patient’s breast cancer nisk. The decre-
ment in epithehial cell munber that accompanies mveolution may
decrease breast cancer risk simply because there are fewer epithe-
lial cells to undergo malignant transformation. Another possibality
1s that aberrant involution may be a marker or phenotype reflecting
underlying constitutional susceptibility for breast cancer that 1s
present in the epithelial or stromal compartment or in their relation-
ship with each other Yet another possibility 1s that failure to un-
dergo timely or appropriate involution allows prolonged exposure
of epithelial cells to mtrinsic and/or extninsic mutageme stresses
(16—20). In this model. the prime targets of such mutagenic pro-
cesses, such as stem cells or early progenitors, may become quies-
cent duning the process of mvolution Expeniments to characterize
the epithelial and stromal mediators present m tissue with and
without involution, in women with and without subsequent cancer.
should help to clanfy the mechamism of nisk reduction.

For our work to date. we divided extent of invelution into three
categories. We recognized that, although the morphologic patterns
of age-related lobular involution have been defined (1,4,5). no
lustologic standard exists for evaluating the extent of breast in-
volution. In particular, there 1s no well-charactenized method for
grading partial degrees of nvolution. For this reason, we attempted
to classify degree of involution with the least amount of subjectiv-
ity. Thus, by deciding only whether breast tissue had no lobular
mvolution versus almost complete involution and then by combin-
g the remamder into one category of partial mvolution, we min-
mmzed the subjectivity inherent in judging percent mvolution.
2006
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Our study has several limitations. First, these findings do not
necessarily pertain to all women because the cohort studied 1n-
cluded women who had a breast biopsy because of some con-
cern. Nevertheless, women with bemgn breast disease make up
a large population who are understandably concerned about
their breast cancer risk (estimated at 1 million US women each
year) (2/—23). Another limitation lies in our current very broad
category of partial involution. This category encompasses a
wide range of involution extent (1%—74% of lobules involuted).
We expect that more specific gradations would support more
refined association studies. Finally, we did not have complete
risk factor data for all the women 1n the cohort. largely because
the women with biopsy examunations in the earlier years of
the cohort are now elderly or deceased. Fortunately, for pur-
poses of this report, we did not have to depend on the question-
natre for involution status or for cancer outcomes (which were
available from our comprehensive Mayo medical record). We
had completed questionnaires for 63.8% of the patients with
breast cancer and 61.6% of the patients without breast cancer in
the cohort.

There are other approaches to the study of mvelution and
breast cancer risk. Henson and Tarone (7) suggested an autopsy
case—control series to look at involution as a possible nisk factor
for breast cancer. Although this approach would provide access
to extensive amounts of breast tissue, the availability of clinical
risk factor information and of a sufficient number of subjects
could be limiting. Other women who have breast tissue removed
in the course of clinical care are those who have reduction
mammoplasty or prophylactic mastectomy. These women are,
respectively, those who have breast hypertrophy or a hereditary
predisposition to breast cancer. Although mvolution (or lack
thereof) 1 these women 1s of considerable interest. their tissue 1
not necessarily representative of the general population.

The mechanisms controlling age-related imnvelution are of
considerable interest. Molecular programs that control postlacta-
tional mnvolution in rodents have been studied extensively (24).
With postlactational involution, there 1s dramatic reversal of the
developmental changes wrought by pregnancy. Specifically, there
1s widespread apoptosis of alveolar epithehial cells followed by
removal of apoptotic debris and remodeling of the stroma and
extracellular matrix (74). These events occur within a matter of
days of abrupt weaning and restore the gland to ifs prepregnancy
state. In contrast, the molecular orchestration of age-related mnvo-
lution, to our knowledge, has rot yet been characterized.

In the past, for women with benign breast biopsy results, the
type and extent of epithelial proliferation present in their biopsy
has been the principal way to stratify their risk. Results of our
study indicate that assessing the status of lobular mnvolution 1n
the biopsied tissue may ultimately add to risk prediction capa-
balities. It 1s notable, as shown in Fig 2, C. that some of the
most extreme risk estimates are observed 1n women whose in-
volution status 1s unusual for their age—namely, young women
with complete inveolution (RR =043, 95% CI =013 to 1.53)
and women older than 55 years with no involution (RR =32,
95% CI=1.90 to 5.08). It 1s tempting to speculate that the pro-
cess of complete involution may be protective and. conversely,
that lack of involution identifies higher nisk groups. However,
confidence intervals were wide around the estimates for these
less comumon categories.

In summary. we have evaluated the extent and effect of age-
related lobular involution m a cohort of approximately 9000
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women who had a benign breast biopsy examination. We ob-
served a statistically significant reduction 1 risk of breast cancer
among those women whose breast tissue had v one exten-
sive lobular involutton. which was apparently mdependent of
other markers of risk. Among women with benign breast disease,
assessment of extent of mvolution may help to fine-tune current
risk prediction approaches. Elucidation of the mechanism of
lobular involution may reveal ways to promote the process as a
means of risk reduction.

REFERENCES

(1) Worrherr H. The breast: morphology, physiology, and lactation. New York
(NY): Acadenuc Press: 1974

{2} Basso J, Busso TH. Development of the human breast. Maturitas 2004:40-2-15.

(3) Hutson SW, Cowen PN. Bird CC. Morphometric studies of age related
changzes in nommal human breast and their significance for evolution of
mammary cancer. ] Clin Pathol 1985:38:281-7.

(4) Cowan DE. Herbert TA. Involution of the breast in women aged 50 to 104
years: a mstopathological study of 102 cases. Surg Pathol 1989:2:323-33.

(5) Geschickter CF. Diseases of the breast. Ind ed. Philadelphia (PA): 1B
Lippincott Co; 1945

(6) Henson DE, Tarone RE. On the possible role of involution in the natural
history of breast cancer. Cancer 1993:71(Suppl):2154-6.

(7} Henson DE. Tarone RE. Involution and the eticlogy of breast cancer. Cancer
1994:74(Suppl):424-0.

(8) Hartmann L.C. Sellers TA. Frost MH, Lingle WL, Degnim AM, Ghosh K
et al. Benign breast disease and the risk of breast cancer. N Engl J Med
2005;353:229-37.

(9} Hosmer D, Lemeshow S. Applied logistic regression. New York (INY): John
Wiley & Sons; 1989 p. 216-38.

(10) Clemmesen J. The Danish Cancer Registry. Problems and results. Acta
Pathol Microbiol Scand 1948;25:26-30.

(11} Cutler 5Y, Young JL. Third National Cancer Swrvey: incidence data. Natl
Cancer Inst Monogr 1075:141.

{12) Pike MC, Pearce CL, Wu AH. Prevention of cancers of the breast, endome-
trium, and ovary. Oncogene 2004:23 637901

{13) Kelsey JL. Gammon MD, John EM. Reproductive factors and breast cancer.
Epidemiol Rev 1993:15:36-47.

(14) Ursin G, Bemnstein L. Lord SJ. Karim R, Deapen D, Press MF. et al. Repro-
ductive factors and subtypes of breast cancer defined by hormone receptor
and histology. Br J Cancer 2005:93:364-71.

{13) Trichopoulos D, Hsieh CC. MacMahon B, Lin TM. Lowe CR. Mirra AP,
et al. Age at any birth and breast cancer risk Int J Cancer 1983:31:7014.

(16) Russo I, Tay LK. Russo IH. Differentiation of the mammary gland and
susceptibility to carcinogenesis. Bregst Cancer Res Treat 1982;2:5-73.

(17) Liu S. Dontu GA, Wicha MS. Mammary stem cells, self-renewal pathways.
and carcinogenesis. Breast Cancer Res 2005:7-86-95.

(18) Al-Hajj M., Wicha MS, Bemto-Hemandez A Morrison 51, Clarke MF.
Prospective identification of tumeorigenic breast cancer cells. Proc Natl Acad
Sci U S A2003;100:3983-8.

(19) Tisty TD. Crawford YG. Holst CE. Fordyce CA. Zhang J. McDermott K
et al. Genetic and epigenetic changes in v epithelial cells may
mimic early events in carcinogenes:s. J Mammary Gland Biol Neoplasia
2004:9:263-74.

(20) Russo J. Balogh GA. Chen J. Femandez SV, Fernbaugh B Heulings F_ et al.
The concept of stem cell in the mammary gland and its implication in
morphogenesis. cancer, and prevention. Front Biosci 2006;11:151-72.

(21) Kerlikowske K. Smith-Bindman F. Ljung B-M, Grady D. Evaluation of
abnormal mammegraphy results and palpable breast abnormalities. Ann
Intern Med 2003:130:274-24.

(22) Maxwell AT, Pearson JM, Bishop HM. Crude open biopsy rates for benign
screen detected lesions no longer redect breast screening quality—time to
change the standard. J Med Screen 2002:9:83-5.

(23) American Cancer Society. “Mammograms and Other Breast Imaging
Procedures.” Awvailable at: http:/www.cancer org/docroot/CRI/icontent/
CRI 2 6X Masmmopraphy and othsr Breast Imapging Procedures 3 .acp.
[Last accessed: October 3. 2006.]

Journal of the National Cancer Institute, Vol 98, No. 22, November 15, 2006

-80-



-90-



91-



but age may now become an ally. The challenge will be to un-
ravel the natural history of involution and the normal process of
aging in the breast. Eventually, involution could become a use-
ful surrogate endpont for research in breast cancer prevention.
A possible approach to prevention may be to develop strategies
that achieve complete involution as early as possible after child-
bearing 1s completed.
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Table 1. Association of cyclooxygenase-2 staining intensity with demographic and clinical variables, among women diagnoesed with

atypical hyperplasia®

COX-2 staining category

Variable 0-1+ {n = 130) 2+(n=71) 3+ (n = 34) P valuet
Age at benign biopsy, No. (%) a1
<45y 24 (80.0) 6 (20.0) 0{0.0)
4555y 44 (58.7) 21 (28.0) 10(13.3)
>BBy 62 (47.7) 44 (33.8) 24(18.5)
Family history of breast cancert, No. (%) =153
MNone 74 (54.4) 41 (30.1) 21(154)
Weak 22 (83.7) 14 (34.1) 5(12.2)
Strong 26 (57.8) 12 (26.7) 7115.6)
No. of atypical foci, No. (%) 0z
1 84 (64.1) 31 (23.7) 161(12.2)
2 31 47.7) 25 (38.5) g(13.8)
>3 15 (38.5) 15 (38.5) 9{23.1)
Calcifications, No. (35) a7
Yes 40(84.1) 23 (31.1) 11(14.9)
MNo 90 (55.9) 48 (29.8) 23(14.3)
Involution status8, No. (%) 27
None 9 (64.3 3(21.4) 2(143)
Partial 104 (58.1) 51 (28.5) 24(134)
Complete 14 (38.9) 14 (38.9) 8(22.2)
Type of atypiczl hyperplasia, No. (%) <001
ALH 47 i38.5) 53 (43.4) 22(18.0
ADH 77 (77.0) 13 (13.0) 10(10.0)
ALH and ADF 6 (46.2) 5 (38.5) 2(154)
Indication for biopsy]|, No. (%) 14
Lump 48 (50.5) 36 (37.9) 11011.8)
Mammogram 78(57.8) 35 (25.9) 22 (16.3)
Vital status, Na. (%) 09
Deceased 38(52.1) 19 (26.0) 16(21.9)
Alive 92 (56.8) 52 (32.1) 18(11.1)
Year of biopsy, No. (%) 22
1967 1971 G (66.7) 2 (22.3) 1111.1)
1972-1976 12 148.0) 12 (48.0) 114.0)
1977-1981 15181.7) 7(24.1) 7(24.1)
1982-1986 33 (49.3) 21131.3) 13(19.4)
1987-1991 64 (61.0 29 (27.8) 12 (11.4)

=

¥ test of statistical significance.

+H

COX-2 = cyclocxygenase-2; ALH = atypical lobular hyperplasia; ADH = atypical ductal hyperplasia. Valuzs expressed as number (percent).

Farnily history was available for 222 of the 235 women. Criteria for a strong family history were at least one first-degres relative with breast cancer diagnosed

hefare the age of B0 years or two or more relatives with breast cancer, with at least one being a firstegree relative. &ny lesser degree of family tistory was

conziderad to he weak

wn

Involution status was available for 229 of the 235 women.

Indication information was available for 230 of the 235 women.

In contrast, of the 122 women with only atypical lobular hyperpla-
sia, 47 (39% ) had no or weak staining, whereas 53 (43%) had mod-
erate staining and 22 (18%) had srrong staining (P < .001). Strong
immunostaining was also more likely with increasing patient age: no
turnor from the 30 wormen who were younger than 45 years at tine
of initial biopsy had strong COX-2 staining and only six (20%) had
moderate staining. In contrast, among tumors from the 130 women
who were older than 55 years at biopsy, 24 (19%) had strong stain-
ing and an additional 44 (34%) had moderate COX-2 staining (P =
.01). Finally, the serength of COX-2 immunostaining was associated
with increased numbers of atypia foci. Among the 39 patients with
three or more foci, nine (23%) showed strong COX-2 staining and
15 (39%) showzd moderate sraining. In conerast, of the 131 women
who had enly a single focus of atypia, 16 (12%) had strong COX-2

424 Articles | JNCI

staining and 31 (24%) had moderate staining (P = .02). The degree
of COX-2 immunoreactivity was not associated with family history
of breast cancer, calendar year of biopsy, or clinical indication for
biopsy (palpable lump vs mammographic abnormality).

COX-2 smining was nor liited o atypical foci, OF de 235
subjects in our cchort, 216 (92%) had staining detected in benign
lobules, but it was heterogeneous within tissue sections and usually
weak or moderate in intensity (category 0, 1+, or 2+ in 202 [94%]
of the 216 padents). A total of 179 padents also had staining in
(nonatypical) proliferative lesions, such as usual-type duct hyper-
plasia and adenosis that were present in the trissue sections along
with atypia. Mos: of these lesions were also weakly immunoreac-
tve (category O ar 1+ in 131 [73%], category 2+ in 43 [24%], and
caregory 3+ in five [3%] of the lesions).

Vol. 100, 1ssue & | March 19, 2008
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Association of COX-2 Expression With Breast Cancer Risk

Forty-one (17%) of thz 235 women with atypia in this study devel-
oped breast cancer dunng a median follow-up of 15 years. Figure 2
illustrates the cumulative incidence of breast cancer as a function of
follow-up interval, stratified by category of COX-2 staining intensity.
A posirive association. of borderline statistical significance was
observed berween COX-2 staining and the subsequent development
of breast cancer (test for trend P = .07, Cox proportional hazards
regression). Risks of developing breast cancer after 15 years of fol-
low-up among women with arypia were as follows: for arypia with no
or only weak COX-2 staining, 13% (95% confidence interval [CI] =
6% to 20%); with moderate staining, 19% (95% CI = 7% to 30%);
and with strong seaining, 25% (95% CI = 6% to 43%). After a [ol-
low-up of 20 years, risks of developing breast cancer for atypia with
category O or 14, category 2+, or category 3+ staining were 14%
(95% CI = 7% to 22%), 24% (95% CI = 10% o 37%), and 31%
(959 CI = 8% w0 53%), respectively. Poisson regression analyses thar
compared the observed number of events with the expected number
and accounted for age and calendar period also revealed a marginally
statistically significant dose—response relationship overall berween
staining intensity and rsk of breast cancer, compared with that of the
control population (for category 0 or 1+ COX-2 stining, RR = 2.63,
95% CI = 1.56 to 4.15; for category 2+ sraining, RR = 3.56, 95%
CI=1.94 10 5.97; and for caregory 3+ staining, RR = 5.66, 95% CI =
2.50 w 10.75) (Table 2, test for heterogeneity of relative risks P =
.07). Results were similar, although slightly actenuated, after furcher
adjustment for number of atypical foci and type of atypia (arypical
lobular hyperplasia or atypical ducral hyperplasia) (data not shown).

COX-2 Staining and Cancer Features
Among the 41 women who developed breast cancer during follow-up,
32 had mnvasive disease, eight had in sieu cancer, and one had disease
of an unknown type. We compared COX-2 staining intensicy (cate-
gories () and 1+ vs categories 2+ and 3+) in the affecred women by
cancer type (invasive vs in situ) and found no difference (14 of the 18
women [78%] with cacegory 0 or 1+ staining had invasive disease, as
did 18 of the 22 [82%9] with category 2+ or 3+ staining, x* P = .75).
We next examined the time to breast cancer by COXN-2 staining
intensity. Among the 41 women who developed breast cancer, the
median time to breast cancer was 1 1.6 years (IQR = 7.2-14.5 years).
Among the 18 women who developed breast cancer in the category
0 or 1+ COX-2 staining group, the median time to breast cancer
was 11.4 years (IQR = 7.9-13.7 years); among the 23 who devel-

100

g

g

Cumulative Incidence, %
2

(4] 5 10 15 20 25
Post—biopsy follow—up, years

Figure 2. Cumulative breast cancer incidence among wormen with atypi-
cal hyperplasia, accounting for death as a competing risk. Data were
stratified by level of cyclooxygenase-2 staining intensity (categories 0—
1+, 2+, and 3+). Ninety-five percent confidence intervals about the
cumulative incidence estimates at year 15 of follow-up are provided for
reference. The number of subjects at risk by year of follow-up and stain-
ing intensity levels are as follows: baseling, 0—1+, n = 130; baseline, 2+,
n=71; bassling, 3+, n = 34; year 15, 0—1+, n = 63, year 15, 24, n = 30;
year 15, 3+, n = 11. Test for trend in risk across levels of intensity was
used (P = .07, Cox proportional hazards regression analysis).

oped cancer in the category 2+ or 3+ seaining group, the median
time to breast cancer was 11.8 years (IQR = 5.5-15.0 years)
(ANOVA P = .87). Side of breast cancer and side of arypia were
known for 34 of the 41 women (14 in the category 0 or 1+ staining
group and 20 in the caregory 2+ or 3+ group). In the category 0 or
L+ group, sidedness was equally diseributed (seven ipsilateral and
seven contralateral breast cancers). In the category 2+ or 3+ group,
there were 13 (65%) ipsilateral and seven (35% ) contralateral breast
cancers; although seemingly different, these proportions were not
statistically significantly different from each other (x* P'=.38).

Discussion

We smdied COX-2 expression in a well-characterized cohort of
women with atypical hyperplasia who were followed for brease can-
cer events for a median of 15 years. Among the arypias from women
in this cohort, 44% had mederate or strong COX-2 expression,

Table 2. Association of cyclooxygenase-2 staining intensity with risk of breast cancer after the diagnosis of atypical hyperplasia*

COX-2 staining No. of No. of observed No. of expected
intensity No. of women person-years events eventst RR (95% Cl)¥
All women 235 3265 41 12.4 3.31 12.38 to 4.49)
Staining category
01+ 130 1869 18 6.9 263 (1.56 to 4.15)
2+ 71 1004 14 39 3.56(1.94 to £.97)
3+ 34 391 2] 1.6 566 (2.59t0 10.75)

¥ COX-2 = cyclooxygenase-2; RR = relative risk; Cl = confidence interval.

1t Number of events expectad on the basis of lowa Surveillance, Epidemiclogy, anc End Results data.

# Standardized incidence ratic and 35% confidence intervals, comparing chserved number of breast cancers with those expectad. All results account for age and

calendar period.

jnci.oxfordjournals.org
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and there was a borderline statistically significant increase in risk
of laver breast cancer associated with increasing levels of COX-2
expression (P = .07). Atypias with more than one involved focus,
which have the highest likelihood of progression to a later breast
cancer (2), were more likely than those with just one involved focus
to express COX-2.

There is strong biologic rationale underlying COX-2 as a rele-
vant biomarker in breast carcinogenesis. COX-2, which is induced
by mitogenic and inflammarory stimuli, has many protumorigenic
downstream effects, including enhanced proliferation, enhanced
angiogenesis, resistance to apoptotic cell death, immunosuppres-
sion, promoton of invasion, and merastasis (3-7,11,12). COX-2 is
overexpressed in both invasive breast cancer and ductal carcinoma in
situ, and overexpression is associazed with aggressive histologic and
clinical features (8-15). COX-2 is also overexpressed in preinvasive
lesions in multple tumor systems, including Barretr esophagus,
colorectal adenomas, and cervical intraepithelial neoplasia (3,6,7).

We identified a relationship between older age at diagnosis
of atypia and COX-2 overexpression. Specifically, only 20% of
women who were younger than 45 years at diagnosis had arypias
with moderate or serong COX-2 expression compared with 41%
of women aged 45-55 years and 52.3% of women older than 55
years. Interesungly, these age-dependent differences in COX-2
induction could resule in age-related changes in aromatase expres-
sion. The enzyme aromatase, encoded by the CTP1Y gene, synthe-
sizes estradiol from androgenic precursors (7). Aromatase is
present in breast tissue, and irs levels are higher in or near breast
cancers (21,22). It has been shown (23,24) that prostaglandin E,,
which 1s produced by enzymes downstream of COX-2, stmulates
transcription of the CYP1Y gene. Thus, increased COX-2 expres-
sion and the resultant increased mammary aromatase activity
would be expected to increase Ipcal estrogen concentrations, in
turn further contributing to a promumorigenic local environment
(7). This mechanism may be of greater imporrance in postmeno-
pausal breast cancer, where the synthesis of estrogens is dependent
on aromatase in peripheral rissues, especially mammary adipose
tissue (25).

We found that elevated COX-2 expression was more common
in atypical lobular hyperplasia than aeypical ductal hyperplasia.
Perrone et al. (26) also showed recently that lobular neoplasia
expressed COX-2 at high levels. Lobular neoplasia is characterized
by loss of adhesion molecules such as E-cadherin, and recent work
(27,28) has shown thar COX-2 and prostaglandin E, induce Snail,
a transcriptional repressor that silences the E-cadherin gene
CDHI. Our data in atypia suggest thart COX-2 may be responsible,
at least in pare, for the prorumor:genic loss of adhesion molecules
that occurs in lobular neoplasia of the breast.

Many studies [for review, see Harris et al. (29)] have explored
whether administration of NSAIDs, which inhibit COX-2, is asso-
ciated with the subsequent risk of breast cancer. Recent results
from a case—control study (17) show that users of selective COX-2
inhibitors and nonselective inhibitors, including regular aspirin,
ibuprofen, or naproxen, had a reduced risk of subsequently devel-
oping breast cancer, whereas users of acetaminophen did not. A
previous meta-analysis (16) found a link between regular use of
NSAIDs and reduction in breast cancer risk. These data supple-
ment the extensive literature that supports the use of selective

426 Articles | JNCI

COX-2 inhibitors as chemoprevention agents for other cancers,
most notably gastromtestinal malignancies.

This study has several limitarions. Tissue-hased biomarker
studies, such as this study, are necessarily limired by semiquantira-
tive and subjectve evaluation of COX-2 status, which is further
complicated by the variable and generally weak character of immu-
noreactiviey., More quantieative approaches, such as quantitative
reverse transcriptase—polymerase chain reaction or western blot-
rng, typically require fresh frozen dssue and cannot accurately
localize the COX-2 signal in the tssue because of the small size of
the atypical foci. The advantages of immunohistochemistry are that
we can localize the COX-2 signal to the arypia foci and that we can
use archival paraffin-embedded material from patients with ade-
quate follow-up to determine later breast cancer events. One mem-
ber of our investigative team (AR) has compared various antibodies
and approaches in cancer samples in which COX-2 mRNA levels
had been measured (30,31). In general, polyclonal antibodies
tended to have relatively weaker stzining with higher levels of non-
specific staining than monoclonal antibodies (A, Risdmiki, MD,
PhD, unpublished data, 2005); thus, we used a monoclonal antibody
in this study. An additional challenge is thar atypia lesions are small
(generally <0.2 cm in diameter) and focal, thereby rendering our
assay vulnerable wo sampling aruifacts. Ilence, the clinical nulivy of
immunohistochemical assessment of COX-2 will require additional
research to esetablish assay consistency and reproducibiliey.
Nevertheless, we were able to study a sizable cohorr of women with
atypical hyperplasia who had long follow-up time for the subse-
quent development of breast cancer. The association between
COX-2 starus and outcome, as well as the observed dose—efTect
relationship between development of breast cancer and the level of
COX-2 staining in arypias, indicates thar COX-2 may have utility as
a predictive biomarker. Findings ir. this study support the associa-
tion berween NSAID treatment and risk reduction in breast cancer
and also the potential to devise individualized chemoprevention
approaches based on patient-specific biomarker assays. For example,
in a recent study, Chan et al. (32) showed thar efficacy of aspirin as
a chemoprevention strategy for colorectal carcinoma was limited to
patients with tumors thar express COX-2.

In summary, we found moderate to strong COX-2 expression
in 44% of atypical hyperplasia samples from a well-characterized
patient cohort. Samples with three or more foci of atypia, which
are associared with increased risk of subsequent breast cancer (2),
had stronger COX-2 staining. However, the relationship berween
COX-2 staining intensity and the risk of subsequent breast cancer
was of only borderline statistical significance (P = .07).
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Lobular involution: localized phenomenon or field effect?
Vierkant RA, Hartmann LC, Pankratz VS, Anderson SS, Radisky D, Frost MH,
Vachon CM, Ghosh K, Distad TJ, Degnim AC, Reynolds CA.

Division of Biostatistics, Mayo Clinic Cancer Center, Rochester, MN, USA.

As women age, the lobules in their breasts undergo involution. We have shown that, in
women with benign breast disease, progressive involution assessed near the benign
lesion is associated with lower breast cancer risk. However, it is unknown whether the
extent of involution is variable or uniform across the entire breast. We compared
involution across the four quadrants of both breasts for fifteen women undergoing
bilateral prophylactic mastectomy. One pathologist classified involution extent as none
(0% involuted lobules), mild (1-24%), moderate (25-74%), or complete (>/=75%). We
assessed intra-woman concordance using intraclass correlation coefficients (ICCs),
kappa coefficients, and pairwise comparisons of agreement. We found strong intra-
woman concordance of involution across the eight quadrants of breast tissue (ICC =
0.75, 95% CI1 0.59, 0.89). Our study suggests that lobular involution is a homogeneous
process, supporting the use of involution measures from a single benign biopsy as a
component in breast cancer risk assessment paradigms.

PMID: 18592369 [PubMed - as supplied by publisher] Breast Cancer Research and
Treatment, 2008, Jul 1 [Epub ahead of print].
Breast Cancer Research and Treatment, 2008, Jul 1 [Epub ahead of print].
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INTRODUCTION

The epithelivm of the human breast 1s organized into approximately 15-20 major lobes,
each comprised of terminal duct lobular units (TDLUs, or lobules) which contain the
milk-producing acini. These lobules are the anatonue substructure that mives rise to
breast cancer.[1] As a woman ages, her lobules involute, with a resulting reduction in the
mumber and size of acim per lobule (Figure 1)[2-6]. In a recent study, we showed that
progressive degrees of lobular involution were associated with lower breast cancer risk ;n
women with pathologically confirmed benign lesions of the breast [7] That study used a
single assessment of mvolution for each woman based on the normal background lobules
at the site of the biopsy. It has been suggested that extent of involution can help predict
risk of breast cancer [7,8] To doso, the extent of involution in a small tissue sample
would need to be representative of the enfire field of a woman's breast nssue. To our
knowledge no study has examined the uniformity of invelution. Thus, we sought to
determine if extent of lobular involution was similar across multiple areas of a woman's
breasts by studying tissue from women undergomng bilateral prophvlactic mastectonyy.

METHODS

After Instimtional Review Board approval, mastectomy specimens from 15 women with
nn personal history of cancer who had undergone hilateral prophylactic mastectomy at
Mavo Clinic between 1998 and 2006 were retrieved from the Tissue Registry. A single
secticn of fibrous breast tissue was sampled from each quad-ant of both breasts, for a
total of eight samples per indivicual. For each section, a formalin-fixed. paraffin
embedded hematoxylin and eosin slide was prepared for tissue examination. The slides
were labeled in a blinded manner, randomly intermixed, and provided to our breast
pathologist {CE). Each specimen was categorized by the extent of lobular involution as
none (0% inveluted lobules), muld (1-24%), moderate (25-74%), or complete (= 73%
involiated lobules).

We calculated within-woman concordance of involution extent using intraclass
correlation coefficients (ICCs) [9-10] We first binned all eight values from a woman info
a single class. modeling each woman as an experimental unit. Secondary analyses
considered the four readings within 2 breast to be potentially correlated, but assumed
readings across breasts were independent. For these analyses, each woman contributed
two classes of four measures. eff=ctively modeling each breast as the experimental umnit.
Initial ICCs pooled the intermediate involution categories of mild and moderate into one
“partial involution™ category, identical to the measurement 12 our previous study [7]
Correlations were then re-examined using the four-level categonization of none, mild,
moderate and complete.

We also calculated kappa coefficients as a measure of agreement. We used the
generalized multiple-rater kappa coefficient to account for the fact that we have more
than fwo measures within each unit[11] resulting in a conservative, unweighted kappa
that does not allow for “partial credit™ due to close, but not exact, matches.

[
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To aid in interpretation, we examined and sumimarized all pairwise comparisons of intra-
woman involution values using the three level involution vanable defined above (none;
partial, pooling mild and mederate; complete). Each woman's eight measures resulted in
28 pairwise comparisons, or 420 total i our group of 15, We classified each paired
comnparison a5 & pefect malch (e paned observalions agiee), panlial match (e
cbservations differ by one category), or non-match (the observations differ by two
categories). Secondary analvses summarized pairwise measurements only for the four
values within a breast, resulting in six breast-specific pairwise comparisons, and thus
twelve for each woman and 180 overall.

RESULTS

The mean age at mastectomy for our fifteen women was 53.0 years (range 37-72). Of the
120 assessments of mveolution. 9 were classified as no invelution, 27 as mild, 25 as
moderate, and 52 as complete.

Within-woman pairwise comparisons of involution, based on the three level involution
variable, are presented in Table 1. Of the 420 total comparisons (28 for each of the 13
women), 341 (81%) were classified as perfect matches, 76 (18%) as partial matches, and
3 (1%) as non-matches. The proportion of perfect and partial matches was similar when
confining the pair-wise comparisons to readings within the same breast.

We observed strong correlation among involutien measures (Table 1). ICCs for both the
four level and three level involution vanables were identical (ICC—0.75; D59
CI=0.59.0.89). Correlations were sinular when modeling each breast as the expenimental
uril, indicatmy thal patterns of mvolution were siumnla wilhon each breast and acioss bolh
breasts within 2 woman.

Kappa statistics also demonstrated strong agreement. Using generally accepted
categorizations,[12] the kappa for the three level invelution variable fell into the
“substantial” agreement category (kappa=0.67, 3% CI 0.59,0.75, Table 1), while the
four level invelution kappa fell into the “moderate” category (kappa=0.346, 95% CI
0.12,0.62).

DISCUSSION

We found high concordance of lobular invelution values across multiple areas of breast
tssue in women undergoing bilateral prophylactic mastectomy. MMeasures of agreement
incorporating the eight quadrants across both breasts were similar to those obtained when
treating each breast independently, indicating uniformiry of effect in the entire field of
breast tissue.

We previonsly reported a strong dose-response association of lobular involution with
lower breast cancer risk among women with benign breast disease based on the
background tissue swrounding the benign lesion [7] suggesting that assessing involution
extent could improve risk prediction capabilities [7.8] Our current findings provide
evidence thar the assessment of involurion exienr from a single area of the breast is
representative of the enfire field of breast tissue
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ABSTRACT

Background: Accurate, individualized risk prediction for breast cancer is lacking.
Tissue-based features may help to stratify women into different risk levels. Breast
lobules are the anatomic sites of origin of breast cancer. As women age, these lobular
structures should regress, which results in reduced breast cancer risk. But this does not
occur in all womer.

Methods: We have quantified the extent of lobule regression on a benign breast biopsy in
85 breast cancer cases and 142 age-matched controls from the Mayo Benizn Breast
Disease Cohort, by determining number of acini/lobule and lobular area. We also
caleculated Gail model 5-year predicted risks for these women.

Resulis: There is @ step-wise increase in breast cancer risk with increasing numbers of
acini/lobule (p=0.0004). Adjusting for Gail model score, panty, histology and family
history did not attenuate this association. Lobular area was similarly associated with risk.
The Gail model estimates were associated with risk of breast cancer (p=0.03). We
examined the individual accuracy of these measures using the concordance (c) statistic.
The Gail model ¢ statistic was 0.60 (95% CI; 0.50-0.70); the acinar count ¢ statistic was
0.65(95% CI; 0.54-0.75). Combining acinar count and lobular area, the c statistic was
0.68 (95% CI; 0.58-0.78). Adding the Gail model to these did not improve the c statistic.

Conclusion: Nowvel, tissue-based features that reflect the status of a woman’s normal
breast lobules are associated with breast cancer risk. These features may offer a novel
strategy for risk pradiction.

INTRODUCTION:

The medical community’s ability to predict risk of breast cancer for individual
WOIMEDN 18 Very limited."” In other tissues, optimal cancer risk prediction ¢an occur when
the tissue at risk isexamined for evidence of premalignant change (e.g. cervix,
esophagus, colon). Presumably the field of normal tissue, exposed to an individual’s
endogenous and exogenous risks, responds with a phenotvpe (e.g. proliferation, atvpical
cells) that reflects the increased risk. While breast tissue is not readily available for
routine clinical assessment, women with benign breast disease have had breast tissue
removed in the course of their care and have an increased risk of a later breast cancer.”

Current cheracterization of benign breast tissue focuses primarily on the degree
and type of epithelial hyperplasia, but this focus may overlook other important, easily
assessed features™® The breast is organized into 15-20 major lobes, each composed of
lobules that contain the milk-forming acini. The lobule (or terminal durtqlohular unit,
TDLU) is the anatomic substructure thought to give rise to breast cancer.” Normal aging
results in the physiologic regression (or involution) of breast lobules (Figure | )5 With
regression, there 1s progressive loss of acim within the lobular units and replacement of
specialized intralobular connective tissue with the collagen more typical of the
interlobular region (Figure l].'1 We previously showed that breast cancer risk decreases
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with regression of lobular units, assessed qualitatively as no, partial, or complete
involution."

We hypothesized that a quantitative essessment of involution could be developed
as a more precise and physiologic measure of breast cancer risk. Thus, in a nested-case
control series within the Mayo Benign Breas Disease Cohort, we have calculated the
number of acini within normal lobules and average lobule size. Here we show the risk
prediction capabilities of lobule status and compare these results to the current standard, a
Gail model assessment of risk performed in the same women.

METHODS:

Study population

We performed a nested-case control study within the Mayo Benign Breast
Disease Cohort. This cohort includes all women (n=9,376) who had an open breast
biopsy, with benign findings, at Mayo Clinic between 1-1-1967 and 12-31-1991.*!!
Median tollow-up tor breast cancer events 1s 16.Y }'ears." For cohort members, we
assembled risk factorand outcomes data from a study specific questionnaire and the
Mayo Clinic medical record. Study pathologists characterized the benign biopsies,
including the extent of lobule regression_” All patient contact materials and procedures
were reviewed and approved by the Mayo Clinie Insttutional Review Board.

For the current study, we selected a random sample of 100 cases who developed
breast cancer from the cohort, stratified by five-year categories of vear of benign biopsy
to represent the entire spectrum of the cohort. We matched two controls to each case
based on age and vear of benign biopsy. Of these subjects selected, 85 cases and 142
controls had adequate tissue available for assessment.

Assessment of lobular status

Extent of lobular regression was previously characterized qualitatively by the
study pathologist as none (0% TDLUs regressed); partial ( 1-74% regressed ) or complete
(=73% regresﬂedj.” For the quantitative asszssments, one H & E stined slide per
subject was scanned into the computer and analyzed using Web5Slidz Browser software
(Bacus Labs product) This software allows the measurement of structural features
(lobular area, acini number) as visualized by light microscopy (Figure 2).

The ten largest normal lobules were assessed for each patient by one observer
(KPM) without knowledge of case status or previous pathologic asszssment. If fewer
than ten nommal lobules were present, all were assessed. Analysis included (1) counting
the number of individual acini per lobular unit and (11) delineating the circumference of
the lobule to measure its area in square microns (Figure 2). We defined countable acini
as muclel forming a distinet circular pattern with or without the presence of a discernible
lumen. Distinct lobules were defined by the presence of intersecting stromal tissue.
Abnormal lobules, namely those that contained large portions of terminal ducts, atypical
lobular or ductal hyperplasia, sclerosing adenosis, large cysts, or proliferative disease
without atypia were not included.
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We assessed associations between number of acini, lobule area, and Gail model
risk estimates with breast cancer risk using conditional logistic regression analysis. We
first modeled each variable as categorical, pooling values into four to six distinet groups.
We then assessed dose-response effects by fitting each as a continuous variable in the
logistic model. These latter analyses were carmried out using log-transformed values for
acini and area, as assessments of their functional form revealed sub-optimal model fit
using the data in its original scale. We examined univariate associations and models with
varivus combimations ol the following variables: the Ove-year Gail Muodel risk prediction
score, number of live births, family history, and histologic findings. Using the risk
estimates from the logistic models, we examined the risk prediction capabilities of these
variables using concordance (c) statistics. These stafistics can be interpreted as the area
under the receiver operating characteristics (ROC) curve, or alternatively as the average
sensitivity of the variable across all possible levels of specificity. 'We used a modified ¢
statistic to acconnt for the matched study design, calculating the number of case-control
pairs in each set, as well as the number of “concordant™ pairs (those for which the case’s
predicied nsk caveedad the control s}, then aggregating across all matched seis. 95%
confidence intervals (CI) were calculated using 5000 bootstrap samples of case-control
sets.

RESULTS:

Patient characierisiics

A total of 227 patients were included in the nested case control-study: 85 women
who wenton wdevelop breast cancer (cases) and their 142 age-mached conrols, The
median follow-up for all participants was 162 yvears. The median follow-up for controls
was | 8.6 years; for cases, 9 years (follow-up ceases after breast cancer diagnosis). The
mean age at benign biopsy was 52.1 years. The patient characteristics are provided in
Table 1.

Number of acini per lobule facinar countl

As expected, the average number of acini per lobule was associated with the
pathologist’s qualitative category of involution. Namely, women with no involution had
a higher mean acinar count [32.0(95%, C1 26.4-38.8)] than women with partial involution
[19.7(95% CI 17.5-22.2)] or complete involution [7.7 (95% CI 5.8-10.3)] (p=<0.0001}.
When comparing the acinar count with histologic category [non-proliferative (NP),
proliferative disease without atypia (PDWA), atypical hyperplasia { AH]], the means were
not significantly different ( 18.8 [95% CI: 16.1-22.0], 22.1 [95% CI: 18.6-26.3], and 18.6
[95% CI: 13.2-26.2], respectively) (p=0.309). The acinar count for women with a family
history of breast cancer was 22,9 (95%, CI: [9.0-27.6) vs. 18.3 (95% CL 16.4-21.6) for
those with no family history (p=0.0683).

When comparing the acinar count for cases vs. controls, women who developed
breast cancer had significantly more acini per lobule (24.3) than women who remained
unaffected (17.8) (p=0.0008). In Table 2 we show a step-wise increase in risk of breast
cancer with increasing numbers of acini/lobule (p=0.0004). This association was similar,
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if not slightly stronger, after adjusting for the Gail model five-year risk score i(p=0.0001,
l'able 2). We examined acinar count and breast cancer risk by nonprohiferative vs.
proliferative histologies and saw a similar dose response association in both groups (data
not shown). Further adjustment for other potential confounders including parity and
family history did not attenuate the observed association.

Because time from benign biopsy to breast cancer varied from | | months to 27
years in our cases, we asked if involution measures varied by time to breast cancer. To
investigate this, we plotted the ratio of involute 1n cases to involution 1 matched controls
(on the log scale) as a function of time. We then fit a least squares regression line to this
plot. The line had a slight downward trend but always remained above the back-
transtormed ratio values of 1.0, indicating that the positive association of acinar count
with case status was sustained across the entire spectrum of time to cancer and did not
vary significantly over time (data not shown).

Lobule size

Lobule area was strongly correlated with acinar count (r=0.85, 95% C[: 0.8 1-
0.88). Women who developed breast cancer had a larger lobular area (64, 165 p2) than
controls (33,759 p2) (p=0.065). Logistic rezgression analyses indicated a step-wise
increase in risk of breast cancer with increasing lobule size (p=0.045). Notably, during
involution, acini become less cohesive geographically and can drift apart as seen in
Figure 1B, resulting in a larger area than mizht be expected relative to number of acini.
While lobule size was associated with breast cancer risk, associations were generally
more modest than with number of acini.

Reproducibility

We compared the imtial quantitative acinar count with those obtamned by a second
observer and with the automated ACIS readings. There was strong correlation among the
three approaches (first and second observer, r=0.91 [95% CI: 0.87-0.94]; first observer
compared to ACIS, r=0.78 [95% CI: 0.68-0.84]; second compared to ACIS, r=0.79 [95%
CI: 0.68-0.86]).

Crail model predictions

The Gail model 5-year estimates were associated with the outcome of breast
cancer (p=0.030, Table 2B) for all breast cancer events -- invasive (n=69), in situ (n=13),
and three with invasion status unknown. When restricting analyses to invasive cancers
only, the Gail model results were very similar (p=0.022).

Aecouracy of visk prediction: Lobule measures vs. Gail model

We assessed the accuracy of risk prediction, for individual women, for the Gail
model and for acinar count and lobular area, using the ¢ statistic (Table 3). For the Gail
model, it was similar to estimates found in other studies (0.60 [95% CI: 0.50-0,70]).'%"
Using acinar count alone, the ¢ statistic was 0.65 (95% CI: (.54-0.75). Combining acinar
count and lobular area increased the c statistic to 0.68 (95% CI: 0.58-0.78). Adding the
Grall model to this combined set did not add to predictive accuracy (¢ statistic, 0.66).
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Our study has several hmitations. First, these hindings do not necessarily pertain
to all women because our cohort includes women who had a breast biopsy for some
concern. Moreover, the presznt study is based in a nested case-control study from our
larger Mayo Benign Breast Disease Cohort. However, we randomly selected this sample
from the entire set of cases and our previous results, based in the entire cohort, showed
that involution status assessed qualitatively (none, partial, complete) was strongly
associated with breast cancer risk.'’ kiven if our findings are limited to women with
benign breast disease, such women number at least one million per year in the United
States alone,”* and they represent a clinically important group, as about 25% of women
with breast cancer have had a prior benign biopsy. " A limitation in our comparisons to
the Gail model is that our controls were matched to cases on age at benign biopsy. Since
age is one of the predictor variables in the Gail model. this matching may limit the risk
prediction capabilities of the Gaill model. Analysis otonly one shide per woman could be
a limitation. However, we have looked at uniformity of involution across the field of a
woman’s breast tissue in women who had bilateral prophylactic mastectomy and have
demonstrated high concordance in involution status across all eight quadrants of their
breast tissue. " Importantly, our analyses are based or a modest sample size. Although
we found statistically significant associations between acinar count and breast cancer
risk, confidence intervals are wide. Further smdies are needed to confirm our rasults.

In summary, we have developed a means to assess degree of regression of normal
breast lobules quantitatively. We have shown that higher acinar counts within the
lobules, and larger lobule size, are associated with higher risk of breast cancer. These
simple physiologic features may offer an alternative strategy for breast cancer risk
prediction in women who have had benign breast biopsies.
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Figure 3
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