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Abstract In a prospective pilot study, we performed breast fine needle aspirations (FNAs) on 213 high-risk and 30
low-risk women and analyzed these aspirates for cytologic changes and biomarker abnormalities of aneuploidy and
overexpressed estrogen receptor (ER), epidermal growth factor receptor (EGFR), p53 and HER-2/neu. High-risk women
were those with a first degree relative with breast cancer (73%), prior biopsy indicating premalignant breast disease
{26%), a history of breast cancer (13%), or some multiple of these risk factors (11%). Median ages of the high-risk and
low-risk groups were 44 and 42, respectively. Sixty-three percent of the high-risk and 73% of the low-risk group were
premenopausal. Sixty-eight percent of the high-risk and 17% of low-risk women had cytologic evidence of hyperplasia
with or without atypia (P < .0001). Aneuploidy and overexpression of EGFR and p53 occurred in 25%, 36%, and 28% of
high-risk subjects but in less than 4% of low-risk subjects (P < .0002). Overexpression of ER and HER-2/neu occurred in
8% and 19%, respectively of high-risk women; no low-risk women had these abnormalities. Sixty-eight percent of
high-risk women and 7% of low-risk women had abnormalities of one or more of these biomarkers exclusive of cytology.
Thirty-one percent of high-risk women, but no low-risk women had abnormalities of two or more biomarkers (P =
.0004). Biomarker abnormalities were more frequent with increasing cytologic abnormality. Eighteen percent of women
with normal cytology, 29% of women with epithelial hyperplasia and 60% of women with hyperplasia with atypia had
abnormalities of two or more biomarkers (P = .048 and <.0001, respectively). Restricting the analysis to those three
biomarkers most frequently overexpressed in the high-risk group (ploidy, EGFR, p53), 13% of high-risk women with
normal cytology, 20% of high-risk women with epithelial hyperplasia and 51% of high-risk women with atypical
hyperplasia had abnormalities of 2 or more of these 3 biomarkers. At a median follow up of two years, 8 of 213 women
have been diagnosed with in situ (n = 5} or invasive (n = 3) cancer. Later detection of neoplasia was associated with
prior FNA evidence of atypical hyperplasia (P < .0001) and multiple biomarker abnormalities in the 5 test battery (P =
.006) by univariate analysis. By multivariate analysis, development and/or detection of cancer was primarily predicted
by atypical hyperplasia (P = .0047) and secondarily by multipte biomarker abnormalities (P = 0.021). Atypical
hyperplasia, EGFR, and p53 in breast FNAs have promise as risk markers and as surrogate endpoint biomarkers for breast
cancer chemoprevention trials. J. Cell. Biochem. 255:112-122.  © 1997 Wiley-Liss, Inc.
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INTRODUCTION damental mechanisms involved in epithelial
carcinogenesis such as proliferation, dysregu-
lated growth and abnormal DNA repair activity
[1]. The ideal biomarker would be one that is: 1)
highly sensitive and specific for future breast
cancer development, i.e., predicts future breast
cancer in 25% or more of instances, 2) readily
detected by random sampling of precancerous
tissue, 3) amenable to repeated sampling, 4)
readily quantitated and easily performed in a
variety of laboratories, 5) present in most pre-

Morphologic and molecular tissue markers
are needed to identify individuals at high short-
term risk for breast cancer development. Risk
biomarkers which are reversible could be used
as surrogate response indicators in short term
chemoprevention trials.

Optimal candidates for risk and surrogate
response biomarkers are those that reflect fun-

*Correspondence to: Carol J. Fabian, MD, Professor of

Medicine, Division of Clinical Oncology, University of Kan-
sas Cancer Center, 3901 Rainbow Boulevard, Kansas City,
KS 66160-7820.

Received 22 January 1996; Accepted 30 April 1996

© 1997 Wiley-Liss, Inc.

cancerous tissue regardless of the type of predis-
posing genetic factors, initiating event, or pro-
motional influences, 6) reversible with
successful chemopreventive treatment and 7)
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modulated by a wide variety of chemopreven-
tive agents [2—4].

There is no single ideal risk and surrogate
response biomarker for breast cancer. To date,
the most specific biomarkers for breast cancer
development are germline mutations of certain
tumor suppressor genes (e.g., BRCA1, 2 and 3
and p53) for hereditary breast cancer and histo-
logic changes of lobular and ductal carcinoma
in situ [5]. Unfortunately, germline genetic
changes are present in 5% or less of women who
will eventually develop breast cancer and are
not reversible [6]. Carcinoma in situ is a late
and often focal event. Moreover, repeated breast
biopsies to sample breast carcinoma in situ
over a protracted period of time pose several
logistical problems.

Hyperplasia, with or without atypia, while
not as specific for later cancer development, as
is in situ carcinoma, is associated with in-
creased risk [5], occurs earlier in the carcino-
genic process and may be more diffusely distrib-
uted. Thus, hyperplasia may be more amenable
to repeated random sampling than in situ carci-
noma, especially in populations epidemiologi-
cally defined as at increased risk. Marshal et al.
using random four quadrant fine needle aspira-
tion, found evidence of moderate to severe hy-
perplasia in 39% of 51 women with a first
degree relative with breast cancer [7]. These
investigators postulated that proliferative
breast disease may represent an early field
change in genetically predisposed women [8].

Multiple genetic as well as epigenetic mecha-
nisms are involved in the tumorigenic process
and include oncogene activation and alteration
or deletion of tumor suppressor genes or differ-
entiation genes [9-16]. These changes permit a
hyperproliferative and dysregulated state [17].
It is unclear how early in breast carcinogenesis
these changes take place, but alterations in
oncogenes and tumor suppressor gene expres-
sion have been found in breast tissue biopsies
in which only hyperplasia was noted [9,11-14].

To develop a more accurate means of predict-
ing short-term risk of breast cancer, we initi-
ated a study of breast tissue obtained by ran-
dom fine needle aspiration. We studied cytologic
pattern and molecular markers (ploidy, ER,
EGFR, p53, HER-2/neu) which are often abnor-
mal or overexpressed in breast cancer. Women
were then followed for breast cancer development.
Fine needle aspirates were also obtained from a
group of very low risk women for comparison.

METHODS

High-risk women were eligible for study if
they had any one of three known major epide-
miologic risk factors: a) a first degree relative
with breast cancer, b) prior precancerous biopsy
(atypical hyperplasia or carcinoma in situ) and
c) prior breast cancer. Although not used to
determine subject eligibility, 10 and 30 year pro-
Jjected probabilities of developing breast cancer
were calculated using a modified Gail model [18].

High-risk women were either self-referred or
referred by a large number of private physi-
cians. Low-risk controls were paid volunteers
recruited through an advertisement in the medi-
cal center bulletin. Low-risk controls had no
major risk factors for breast cancer, as listed
above. In addition, they had no clinical evi-
dence of moderate to severe fibrocystic disease
by physical exam or mammography, no second
degree relatives with breast cancer, or first or
second degree relatives with ovarian cancer.
Both high-and low-risk women were required
to have a mammogram interpreted as “not sus-
picious for breast cancer” within 12 months
prior to the aspiration. Clinical breast exam
performed immediately prior to aspiration also
must not be suspicious for breast cancer. Estro-
gen replacement therapy was permitted. How-
ever, for the sake of consistency, women receiv-
ing estrogen replacement were required to take
progesterone replacement as well for at least
one month prior to aspiration. Only the contra-
lateral breast was aspirated in women with
prior breast cancer, and at least one year must
have elapsed between aspiration and comple-
tion of adjuvant chemotherapy or antiestrogen
treatment. Women were generally required to
be between the ages of 30 and 60. Our rationale
for this age range is that the risk of breast
cancer development rises sharply after 30 [19],
and that breast tissue of women over 60 usually
contains a large amount of fat which makes it
difficult to acquire an adequate number of epi-
thelial cells. However, exceptions were made
for high-risk women younger than 30 if they
were within ten years of the age at which their
mother or sister were diagnosed with breast
cancer. A high-risk woman over 60 could be
entered if she had evidence of severe prolifera-
tive disease on mammography or if she had a
recent precancerous biopsy.

The procedures for aspiration, tissue process-
ing and assay analysis have been detailed else-
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where but are summarized in Table I [20,21].
Cytologic criteria for normal, apocrine metapla-
sia, hyperplasia, atypical hyperplasia or cancer
are detailed in Table II [22-24]. One patholo-
gist interpreted all cytology slides (CZ). Periodi-
cally, sets of 25 slides were reevaluated without
knowledge of prior interpretations. Intraob-
server variance was 8% (8/100). In addition,
these sets of 25 slides were reviewed by an
additional pathologist. Interobserver variance
was 14% (10/75). Two reviewers independently
interpreted all immunocytochemistry slides. In-
terobserver variance was 4% [21]. Each woman
is initially aspirated twice 6 months apart.
Women having FNA evidence of hyperplasia
with atypia or hyperplasia with multiple abnor-
mal biomarkers are encouraged to undergo clini-
cal breast exam by a health care professional
3—4 times yearly and mammography twice
yearly. Others are encouraged to continue with
yearly clinical breast exam and mammography.
Women with atypia are reaspirated yearly, oth-
ers are reaspirated every 2—3 years. All women
are contacted yearly by letter or phone.

Statistical Analysis

Statistical analysis was performed using
SPSS for Windows (Release 6.1 SPSS Inc., Chi-

TABLE I. Aspiration Methodology

Subjects
Women age 30-60 during luteal portion men-
strual cycle for premenopausal women.
Procedure
Local anesthetic 4 parts lidocaine; 1 part bicar-
bonate just medical and lateral to the aerola at
3 and 9 o’clock
11" 21 gauge needle attached to 12¢c syringe
prewetted with tissue culture medium. 8-10
aspirates/breast. 4-8 needle passes/aspirate.
Aspirate material pooled in ice cold tissue culture
medium until aliquoted for cytology, ploidy, ER,
EGFR, p53, HER-2/neu.
Aspirate kept on ice until fixation.
Methods
CytologyFiltered, 25 mm millipore 5 pm mem-
brane
Ploidy Feulgen’s stain, image analysis, DNA
index =0.85 or =1.15 considered aneuploid
ERAbbott-Erica Kit
EGFRClone F, Sigma
pb3PAb240 Oncogene Science
HER-2/neuAb#3 Oncogene Science
Results
=2+ Staining (10% cells) considered overexpres-
sion

cago, IL). P values were completed according to
Pearson and Hartley [25]. Multiple regression
analyses were performed using procedures de-
tailed by Dillon and Goldstein [26]. A stepwise
multiple regression equation was constructed
for cytologic category and each of the other
biomarkers [27]. Modifying variables for cyto-
logic categories included the other biomarkers,
menopause, current age, age at first birth, modi-
fied Gail risk estimates and risk factor subcat-
egory. When the individual biomarkers were
used as the dependent variable, cytologic desig-
nation was included as the modifying variable.

Eventual cancer development (i.e., clinical
diagnosis of breast cancer previously undetec-
ted) as the dependent variable was also ana-
lyzed by multiple regression. Modifying vari-
ables included were the cytologic category,
biomarker results as well as epidemiologic fac-
tors listed above. Also performed were regres-
sions using absence or presence of multiple
abnormalities in the five test set (ploidy, ER,
EGFR, p53 and HER-2/neu), or the three test
set (ploidy, EGFR and p53). The Bonferroni
correction was applied to all regression analy-
ses [28].

The present analysis is limited to 213 eligible
high-risk and 30 low-risk women who were
entered between March 1991 and April of 1995
and who had cytology and all six biomarker
assays (including ploidy, ER, EGFR, p53 and
HER-2/neu) performed or attempted. Compari-
sons of demographic variables for high- and
low-risk subjects are shown in Table III. Both
high- and low-risk study groups were predomi-
nately premenopausal with a median age of 44
years (range 29-65) in the high-risk group and
42 years (range 31-52) in the low-risk group.
Seventy-three percent of women in the high-
risk group had one or more first degree rela-
tives with breast cancer. Eighteen percent of
the high-risk group had four or more relatives
with breast cancer and thus fit the definition of
belonging to a hereditary breast cancer family
recently proposed by Ford, Easton and Petro
[29]. Differences in distribution of demographic
factors were notable between the high-risk sub-
groups. The median age was lowest for women
with an affected first degree relative as their
only criterion of eligibility, and was highest for
those eligible because of a prior node negative
breast cancer (42 versus 49). Likewise, while
67% were premenopausal in the family history
high-risk subgroup, only 43% were premeno-
pausal in the prior cancer subgroup.
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TABLE II. Criteria for Cytologic Morphology Characterization

Overall
cellularity and
Type morphology Cohesiveness Polarity Cytoplasm Nuclei Cell size
Normal Scant cellularity  Yes Yes Abundant Large, even, Variable
Small clusters of dark no
oval shaped nucleoli
cells
Myoepithelial
cells present
Apocrine Moderate cellu- Yes Yes Abundant Large with 10-25 pm
metaplasia larity eosinophilic nucleoli
Monolayer
sheets of
monomorphic
oval, polyhe-
dral or rectan-
gular cells
Epithelial Increased cellu- Yes Yes Moderate homo- Round, vesicular 15 um
hyperplasia larity geneous nuclei
Monolayer Distinct frequent
sheets nucleoli, chro-
Myoepithelial matin finely
cells present granular and
uniformly dis-
tributed
Hyperplasia Increased cellu- Loss in Loss Decreased Conspicuous Variable
with atypia larity some cell amount overlapping
(atypical Loosely arranged groups increased nuclei.
hyperplasia) groups of non- nuclear/cyto- Chromatin
polarized cells plasma ratio slightly
with indistinct clumped,
borders, few slight aniso-
myoepithelial nucleosis
cells nucleoli pre-
sent, may be
micronuclei
but no macro-
nuclei
Carcinoma Increased cellu- Marked Marked Decreased Marked aniso- Variable
larity loss loss amount nucleosis and
Loosely arranged increased marked chro-
groups of non- nuclear/cyto- matin
polarized cells plasma ratio clumping,
with indistinct macronuclei

borders and
marked cel-
lular pleomor-
phism, myo-
epithelial cells
absent

often present

Cytology Patterns in the High- and Low-risk

RESULTS

Groups

As shown in Table IV, the prevalence of nor-
mal nonproliferative cytology was only 32% in

high-risk women, as compared to 83% in the
low-risk group. Forty-nine percent of high-risk
but only 17% of low-risk women had evidence of
epithelial hyperplasia, without atypia, in their
fine needle aspirates (FNA). Nineteen percent
of high-risk and no low-risk women had evi-
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TABLE III. Demographic Factor Distribution in Low and High Risk Subgroups

High risk High High risk*  High risk™* High risk
Low risk total risk* FH precan Bx prior BrCa mulitiple factors
n=30 (n=213) (n=155) (n = 55) (n =28) (n = 24)
Median age 42 44 42 48 49 48
% Premenopausal 73% 64% 67% 53% 43% 46%
Estrogen replacement 10% 13% 17% 7% 0% 8%
Median 10 year Gail Risk 1% 5% 5% 7% 4% 12%
Median 30 year Gail Risk 5% 15% 15% 18% 13% 30%
No live birth prior to age 30 0% 33% 34% 33% 39% 42%

*FH = family history, Precan Bx = prior precancerous biopsy, Prior BrCa = prior stage I breast cancer.

TABLE IV. Cytology Pattern Distribution in Low and High Risk Women (Total and Subgroups)

High risk High High risk* High risk* High risk
Low risk total risk* FH precan Bx prior BrCa multiple factors
Cytologic description (n =30) (n =213) Pvalue (n= 155 (n=55) (n = 28) (n = 24)
Non-proliferative 83% 32% <.00001 33% 31% 46% 50%
Epithelial hyperplasia 17% 49% .0009 47% 49% 46% 38%
Atypical hyperplasia 0% 19% .0096 19% 20% 7% 12%

*FH = family history, Precan Bx = prior precancerous biopsy, Prior BrCa = prior stage I breast cancer.

TABLE V. Distribution of Biomarker Abnormalities in Low and High Risk Subgroups

High risk High High risk* High risk* High risk
Low risk total risk* FH precan Bx prior BrCa multiple factors
(n=30) (n=213) Pvalue (n=155) (n=55) (n = 28) (n=24)
Aneuploidy 0% 25% .0033 26% 24% 28% 33%
=2 + ER 0% 8% 12 5% 1% 14% 0%
=2 + EGFR 3% 35% .0003 36% 44% 31% 46%
=2 + p53 3% 28% .0031 27% 36% 28% 37%
=2 + HER-2/neu 0% 19% 0096 15% 22% 36% 25%
=1 Abnormal 7% 69% <.00001 68% 76% 79% 83%
=2 Abnormal 0% 31% .0004 29% 38% 36% 46%

*FH = family history, Precan Bx = prior precancerous biopsy; Prior BrCa = prior stage I breast cancer.

dence of hyperplasia with atypia in their FNA.
The differences in the prevalence of normal,
hyperplastic and dysplastic FNA cytology pat-
terns between high- and low-risk women were
all statistically significant (P < 0.01).

Although prevalence of atypical hyperplasia
was highest in the family history and precancer-
ous subgroups (19% and 20% respectively) and
lowest in the prior cancer group (7%), these
differences were not statistically significant.

Prevalence of Biomarker Expression in the High-
and Low-risk Groups

Distribution of biomarker expression be-
tween the high- and low-risk groups and
amongst high-risk subgroups is shown in Table
V. The differences in the prevalences of ploidy
abnormalities or biomarker overexpression be-

tween the high- and low-risk groups were all statis-
tically significant except for ER. ER overexpres-
sion was not detected in any of the 30 low-risk
women and in only 8% of high-risk women.

Sixty-nine percent of high-risk women but
only 7% of low-risk women exhibited one or
more biomarker abnormalities. Thirty-one per-
cent of the high-risk women and none of the low-
risk women had two or more biomarker abnormali-
ties. There were no significant differences between
the high-risk subgroups in the prevalences of single
or multiple biomarker abnormalities.

Association of Biomarker Expression with
Cytologic Pattern

The prevalence of individual biomarker ab-
normalities in the high-risk population was sig-
nificantly associated with the cytologic abnor-
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mality (Fig. 1). The association was particularly
striking for EGFR and p53. EGFR was overex-
pressed in 20% of individuals with normal cytol-
ogy, 38% of those with epithelial hyperplasia
and 59% of women with atypical hyperplasia in
their fine needle aspirations (P = .015; normal
versus epithelial hyperplasia, P = .026; epithe-
lial hyperplasia versus atypical hyperplasia,
and P = .00007; normal versus atypical hyper-
plasia). p53 was overexpressed in 10% of women
with normal FNA cytology, 32% of those with
epithelial hyperplasia and 51% of those with
atypical hyperplasia (P = .0018; normal versus
epithelial hyperplasia, P = .047; epithelial hy-
perplasia versus atypical hyperplasia, and
p=.008; normal versus atypical hyperplasia).
p53 and EGFR overexpression were strongly
predictive of concurrent atypical hyperplasia in
the fine needle aspirate (P = .0022).

The prevalence of multiple biomarker abnor-
malities was also associated with increasing
cytologic abnormality (Fig. 2). Sixteen percent
of high-risk women with normal cytology, 29%
of women with epithelial hyperplasia and 60%
of high-risk women with atypical hyperplasia
had two or more biomarker abnormalities (P =
.049; normal versus epithelial hyperplasia, P =
.00008; epithelial hyperplasia versus atypical
hyperplasia, and P < .00001; normal versus
atypical hyperplasia).

Association of Cytologic and Biomarker
Abnormalities With Later Cancer Development

At a median follow-up of 24 months for the
entire group, eight of the 213 high-risk women
have been diagnosed with in situ [5] or invasive
[3] breast cancer. Hazard function analysis indi-
cates a projected 12% of women express in situ
or invasive breast cancer at five years (Fig. 3).

Table VI details risk category at entry, age,
menopausal status, cytologic and biomarker sta-
tus, and time to cancer detection. The median
time to cancer diagnosis was 10.5 months after
entry (range 2-48 months). In all instances,
diagnostic breast biopsies were prompted by
new mammographic abnormalities [5] or a sus-
picious mass on clinical breast exam [3]. Four of
the women developing cancer had one or more
first degree relatives as reasons for entry, five
had prior LCIS [3] or DCIS [2] and had been
treated by excisional biopsy only before study
entry. Two of the breast cancers which devel-
oped after study entry were lobular carcinoma
in situ (LCIS), two had ductal carcinoma in situ
{DCIS), one had both LCIS and DCIS, two had
invasive lobular cancer, and one invasive duc-
tal cancer. Two of the three invasive cancers
were node-positive. Six of the eight women un-
derwent mastectomy or lumpectomy and radia-
tion * axillary node dissection and systemic
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Fig. 1. Prevalence of individual abnormalities in random fine needle aspirates from 213 high-risk women as a function ot cytologic
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Fig. 2. Prevalence of multiple positive biomarkers in random fine needle aspirates from 213 high-risk women as a function of
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Fig. 3. Hazard analysis of detection of in situ and invasive breast cancer following study entry in 213 high-risk subjects. Median
follow-up time of all subjects is 24 months. Filled triangles: Times of censoring.
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TABLE VI. Characteristics of High Risk Subjects Later Developing Cancer
Time to
Meno- Cytology Initial cancer

Ageat pause Risk initial abnormal  detection How

entry status factors aspirate biomarkers (mos) Type Stage discovered RX

42 Pre DCIS  Atypical EGFR, p53 2 Ductal Ty MAM Lumpectomy

+FH  hyperplasia + XRT
54 Pre LCIS Atypical EGFR, HER-2 5 Lobular Tj, MAM Mastectomy
+ FH  hyperplasia

51 Post FH Atypical Ploidy, EGFR, 7 Lobular T)N, PE Mastectomy
hyperplasia  HER-2, p53

51 Pre LCIS Atypical None 10 Lobular T MAM Lumpectomy
hyperplasia + follow

53 Post FH Atypical EGFR, p53 11 Lobular T3N; PE Mastectomy
hyperplasia

65 Post FH Normal p53 19 Ductal T;N, MAM Mastectomy

43 Pre DCIS Atypical Ploidy, ER, 37 Ductal Ty MAM Mastectomy
hyperplasia  EGFR, p53

48 Pre LCIS Epithelial Ploidy, ER, 48 Lobular T PE Lumpectomy
hyperplasia  EGFR + follow

treatment. The two women with recurrent Concurrent FNA atypical hyperplasia in high-

LCIS elected excisional biopsy and continued risk women was predicted by EGFR overexpres-

follow-up.

Six of the eight high-risk women who later
developed cancer had atypical hyperplasia in
their initial aspirate. Six subjects had multiple
biomarker abnormalities, and seven had either
atypical hyperplasia or multiple marker abnor-
malities. All subjects developing in situ or inva-
sive cancer after their initial aspiration had at
least one biomarker abnormality in their initial
aspirate. Five of the 24 women with both atypi-
cal hyperplasia and two or more biomarker
abnormalities have developed breast cancer.
One of the 16 women with atypical hyperplasia
alone, and one of the 30 women with epithelial
hyperplasia and two or more biomarker abnor-
malities have developed in situ or invasive
breast cancer.

By univariate analysis, both atypical hyper-
plasia and multiple abnormal markers were
strongly associated with subsequent cancer de-
velopment (P = .00003 and .0062, respectively).
In a multiple regression analysis with cancer as
the dependent variable and cytology, biomark-
ers, and Gail risk as independent variables,
cancer was again predicted by FNA atypical
hyperplasia (P = .0004) and multiple positive
markers, but the association explained less of
the variance (P = .021). Neither 10- nor 30-year
Gail risk added to the prediction of subsequent
breast cancer detection in the multiple regres-
sion analysis.

sion (P = .0047), p53 overexpression (P = .0022),
and multiple abnormal markers whether in the
five marker set (P < .0001) or when considered
as a three marker set of p53, EGFR and aneu-
ploidy (P = .0001). Atypical hyperplasia was
also associated with premenopausal status (P =
.0017).

DISCUSSION

This study provides preliminary evidence that
breast FNA can be utilized to select, from a
group of women considered at high lifetime risk
based on epidemiologic factors, a cohort at very
high short-term risk for development of in situ
or invasive breast cancer. Specifically, cytologic
atypical hyperplasia, as well as multiple abnor-
malities of the molecular markers ploidy, EGFR,
p53, ER and HER-2/neu were predictive of later
breast cancer detection in a high-risk popula-
tion. Aneuploidy, and overexpressed EGFR and
p53 were the most frequently noted abnormal
biomarkers in the high-risk population, and
EGFR and p53 were the biomarkers most closely
associated with concomitant atypical hyperpla-
sia. Thus, p53, EGFR, and ploidy, along with
cytology pattern are the most likely candidates
for risk and surrogate response biomarkers in
chemoprevention trials. This is an interim
analysis of an ongoing study and to date the
rate of cancer detection exceeds that which we
had expected (0.5% per year). This may be due
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to the inclusion of a large number of women
who probably belong to a hereditary breast
cancer family and those who have had prior in
situ cancer. Longer follow-up and entry of up to
a total of 700-900 subjects will be needed to
determine the pattern of biomarker abnormal-
ity, which along with cytology, is predictive for
cancer development particularly in the high-
risk population without prior carcinoma in situ.
It is acknowledged that five of eight women did
not develop invasive, but rather in situ, carci-
noma which is technically precancerous breast
disease. If the breast tissue is removed, then
there is little chance to develop an invasive
cancer. It is possible that a more functional
definition of “cancer” for our purposes is either
an in situ or invasive event which is thought to
require mastectomy or lumpectomy and radia-
tion. All women except two who have to date
developed in situ only disease have had bilat-
eral mastectomies with reconstruction. If the
data are censored so as to exclude the two
women developing recurrent LCIS but who con-
tinue to be followed without mastectomy, FNA
atypical hyperplasia continues to be a signifi-
cant predictor of later cancer detection (P =
.006).

To facilitate validation of cytologic and bio-
marker parameters, improvements in quantita-
tion and automation are desirable. A semiquan-
titative cytology grading system such as that
proposed by Masood [30] and a weighted scor-
ing system for immunocytochemistry analysis
such as that utilized by Grizzle [31] may de-
crease intraobserver variability. However, true
quantitation requires image analysis of nuclear
morphology and immunocytochemical staining.
Full automation is difficult as FNAs contain a
heterogeneous mixture of ductal, myoepithe-
lial, and inflammatory cells. Furthermore, many
image analysis systems (we use CAS II) require
a monolayer of cells and ductal cells usually
form three dimensional clumps. We have found
that treatment of breast aspirates with collage-
nase at a concentration of 250 ug/ml for 10 min
allows monolayer formation but may decrease
the number of aneuploid specimens. Further,
although quantitative measurements of nuclear
area, size, shape, optical density and chromatin
pattern, as measured by image analysis, tend
to be useful in differentiating benign from ma-
lignant lesions, they have yet to be validated as

risk and surrogate response biomarkers in pro-
spective clinical trials [32-38].

Phase II chemoprevention agents will be com-
pared, in a randomized double blind fashion, to
placebo. In intermediate range studies, tissue
will be sampled before and after 3-6 months of
drug administration. It is important that ad-
equate material be obtained to perform all an-
ticipated tests before and after the study drug.
If the drug is effective, proliferation may be
decreased, resulting in fewer available cells. In
the first two years of the six marker study, cells
from the right and left breasts were analyzed
separately and results were pooled. Multiple
aliquoting resulted in substantial cell loss and
inability to satisfactorily perform all six assays
from the same aspiration. Consequently, cytol-
ogy and half of the biomarkers were performed
6 months apart. The combined results of these
two aspiration settings constituted the initial
aspiration.

In the past year, we have simplified our meth-
odology so that cells from both breasts are pooled
from both breasts and all six assays are per-
formed from one instead of two aspiration set-
tings. Thus, aspirations can be repeated at 6
month intervals such as would be needed for a
phase II chemoprevention trial. In 43 patients
assessed by this protocol, the QNS (quantity
not sufficient) rate for any of five biomarker
tests after aspirate was 30% for patients with
normal cytology (n = 13), 16% for patients with
epithelial hyperplasia (n = 19), and 6% for
those with atypical hyperplasia (n = 11). To
reduce the QNS rate even further, we recom-
mend eliminating af least one or two biomarker
(i.e., ER and/or HER-2/neu) tests from the panel
if FNA is to be used to monitor breast tissue
changes in Phase II chemoprevention trials.

In summary, later detection of neoplasia was
associated with prior evidence of atypical hyper-
plasia in breast FNAs. EGFR and p53 are pre-
dictive of concurrent atypical hyperplasia.
Atypical hyperplasia, EGFR, and p53 in ran-
dom breast FNAs have particular promise as
risk and surrogate response markers in chemo-
prevention trials.
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