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ABSTRACT

Women found to have atypical hyperplasia on a breast biopsy are at significantly increased
risk for breast cancer. Nipple duct lavage (NDL) is being promoted by some as a new
screening test for atypical hyperplasia, but cytological interpretation is a subjective
art and experience indicates that the underlying conditions represented by cytological
atypia on’ NDL can range from intraductal papilloma to ductal carcinoma in situ (DCIS).
Laboratory studiés indicate that methylation of tumor suppressor genes is an early event
in breast carcinogenesis. We are applying objective methylation tests to cells obtained
by NDL from women with breast cancer, women at increased risk of breast cancer, and women
at low or average risk of breast cancer. Successful completion of the project will
provide new tools for the objective evaluation of breast epithelial cells obtained by NDL
in order to accurately risk stratify women and to enhance the early detection of DCIS.
Thus far we have recruited and lavaged 148 women and have determined that atypia is
diagnosed in only 25% of cancerous breasts. Atypia is diagnosed with equal frequency
among fluid-producing and non-fluid producing ducts and the frequency of atypia declines
with increasing age. We are currently running the methylation assays using a multiplexed

" ‘quantitative methylation-specific real time PCR.
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INTRODUCTION

Women found to have atypical hyperplasia on a breast biopsy are at significantly
increased risk for breast cancer. Nipple duct lavage (NDL) is being promoted by some as
a new screening test for atypical hyperplasia, but cytological interpretation is a subjective
art and experience indicates that the underlying conditions represented by cytological
atypia on NDL can range from intraductal papilloma to ductal carcinoma in situ (DCIS).
Laboratory studies indicate that methylation of tumor suppressor genes is an early event
in breast carcinogenesis. We have previously shown that methylation of RASSF1A and
APC in breast epithelial cells obtained by random fine needle aspiration biopsy correlates
with breast cancer risk calculated using a validated mathematical model. In this same
study we showed that methylation of Cyclin D2 is a breast cancer-specific change.
Nipple duct lavage is a simple, minimally invasive approach for obtaining breast
epithelial cells from most women, but the vagaries of cytological interpretation limit its
usefulness for risk stratification or early diagnosis of cancer. Hence, we are evaluating
tumor suppressor gene methylation in NDL samples as an adjunct or replacement for
cytological assessment.

BODY

Recruitment and Sampling

Accrual and sampling are complete for all 150 patients. Required clinical data, including
comprehensive breast cancer risk factor information, has been electronically archived for

all of the patients. Cytological assessment has been completed for all of the samples and

the results entered into the database. There were no serious adverse events from the NDL
procedure.

Sample Analysis

~ As there is considerable uncertainty as to the optimal approach for extracting DNA from
paucicellular clinical samples we performed a systematic comparison of five DNA
extraction methods and have settled on the Puregene method for this study. We have
nearly completed DNA extraction for all of the samples (mean of 3.0 ducts per patient)
and as of this week have completed the bisulfite treatment for 160 samples.

Another DoD-funded investigator, Dr. Saraswati Sukumar, has recently described a
multiplex quantitative methylation-specific real time PCR for the quantification of
methylated gene copy numbers in clinical samples. We adopted the Sukumar method
and optimized it in our laboratory this year. Of note, Mary Jo Fackler in Dr. Sukumar’s
laboratory. has been helpful in establishing data quality assurance criteria for our
laboratory. We currently have the assay up and running for Cyclin D2, APC, RASSFIA,
RAR-f3, and HIN-1. Time and financial constraints dictate that this will be the final panel
for the 150 patients included in this study.

We have completed the assays for four markers in 120 samples and are currently running
assays all day every day. i
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Figure: Sample Q-MS RTPCR output and a standard curve

Interim Analysis and Findings
Interim analysis has focused on quality of the samples and cytological findings.

These results have been published in two papers which are included in the appendix so
details will not be repeated here.

KEY RESEARCH ACCOMPLISHMENTS
o The prevalence of atypia is the same for fluid producing and non-fluid producing
ducts (0.18, 95% CI 0.13 — 0.23 versus 0.15, 95% CI 0.09 — 0.20, P = NS).
e The prevalence of atypia declines with increasing age (R* = 0.942, P = 0.03).

e Atypia diagnosed by NDL has poor reproducibility (19% by duct, 34% by breast
and 48% by patient)

REPORTABLE OUTCOMES

Abstract and presentation Society of Surgical Oncology, 2003

Abstract and presentation Association for Academic Surgery, 2003°

Abstract and presentation Society of Surgical Oncology, 20043

Abstract and presentation American Society of Breast Surgeons, 2004*

Abstract and Presentation 4th International Santa Barbara Symposium: The Intraductal
Approach to Breast Cancer’

Manuscript published American Journal of Surgery, 2004°

Manuscript published, Cancer, 2005’

CONCLUSIONS

Preliminary analysis of our data highlights the limitations of cytological assessment as
the sole modality for evaluation of nipple duct lavage samples. Preparatory work with
methylation markers strongly suggests that the addition of molecular tests to the
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evaluation of nipple duct lavage samples will provide an objective approach for risk
stratification and perhaps for the early detection of mammographically occult DCIS.
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Abstract

Background: Nipple ductal lavage (NDL) is a new minimally invasive procedure with the potential to help identify women who could
benefit from breast cancer risk intervention. NDL is currently encouraged for women with fluid-producing ducts and a 5-year Gail risk
=1.7%. The purpose of this study was to evaluate the atypia rate by NDL in fluid-producing ducts compared with non—fluid-producing ducts
and the atypia rate in high-risk verses low-risk patients to determine if current recommendations are supported.

Methods: Fifty-nine women were studied with NDL. The 226 ducts lavaged included all fluid-producing ducts (n = 136) and any dry ducts
we could cannulate (n = 90). Breast cancer risk was calculated using mathematic models.

Results: There were 26 (44%) women with a S-year Gail risk =1.7% and 33 (56%) with a 5-year Gail risk <1.7%. Cytologic atypia was
diagnosed in 20 of 59 (34%) of patients. The atypia rate was similar for women with a 5-year Gail risk =1.7% (9 of 26 or 35%) compared
with lower-risk women (11 of 33 or 33%, P = 1.0) and for fluid-producing ducts (26 of 136 or 19%) compared with dry ducts (14 of 90
or 15%, P = 0.61). No significant differences were found when the atypia was categorized as mild versus marked. Of note, the insufficient
sample rate was higher for dry ducts (33%) compared with fluid-producing duct (22%, P = 0.07).

Conclusions: If NDL results are found to correlate with breast cancer incidence, it will be important to apply the test in a way that
maximizes sensitivity for the detection of atypia in a screened population. We were unable to identify patient or duct characteristics that
predict NDL atypia rates. © 2004 Excerpta Medica, Inc. All rights reserved.

Keywords: Atypia; Cancer risk; Nipple duct lavage

The National Surgical Adjuvant Breast and Bowel Project women with a calculated S-year breast cancer risk =1.7%
(NSABP)-sponsored Breast Cancer Prevention Trial refuse tamoxifen therapy. There is evidence, however, that
(BCPT-P1) reported that 5 years of tamoxifen therapy de- women at higher risk levels, who are likely to enjoy greater
creased the incidence of breast cancer by nearly 50% in benefits from tamoxifen, are more likely to accept this

women at increased risk for the disease [1]. For the purposes
of this trial, increased risk was defined as a =1.7% proba-
bility of developing breast cancer during 5 years as calcu-
lated by the Gail model [2]. The =1.7% five-year Gail risk
has been accepted by the Food and Drug Administration as
providing a reasonable margin of benefit for tamoxifen
therapy when balanced against the risks of thromboembolic
complications and endometrial cancer. However, most

intervention. In this regard, women with previous breast
biopsy specimens showing atypical ductal hyperplasia have
a 3- to 5-fold greater risk of breast cancer than women with
breast biopsy specimens showing nonproliferative fibrocys-
tic changes only [3]. In addition, the NSABP BCPT-P1 trial
recorded an 86% decrease in breast cancer incidence for
these women. Based on these data, it is reasonable to direct
chemoprevention resources toward women with atypical

, hyperplasia.
* Corresponding author. Tel.: +1-214-648-6467; fax: +1-214-648- Pl‘e\"101.'lsly, atyplcal ductal hyperpla51a was Only‘dlag-
7965 nosed incidentally when a palpable or mammographic ab-
E-mail address: david.euhus@utsouthwestern.edu normality was assessed by surgical biopsy. There has been

0002-9610/04/$ — see front matter © 2004 Excerpta Medica, Inc. All rights reserved.
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an interest, however, in developing more widely applicable,
less-invasive approaches for identifying women with atyp-
ical breast epithelium. Wrensch et al [4,5] followed-up 2300
women for 12.7 years and reported that cytologic atypia in
nipple aspirate fluid was associated with a relative risk for
breast cancer of 4.9 and that the combination of cellular
atypia with a family history of breast cancer was associated
with a relative risk of 18. In the most recently reported
follow-up, however, atypical cells in nipple aspirate fluid
were associated with a relative risk for breast cancer of only
2.8 [6]. Fabian et al [7] found that high-risk women with
atypical cells diagnosed by random fine-needle aspiration
biopsy of the breast were 5 times more like to develop
breast cancer than women without atypical cells.

Nipple duct lavage (NDL) has been proposed as a min-
imally invasive technique for obtaining breast epithelium
for cytologic assessment. In a multicenter trial, Dooley et al
[8] compared NDL with nipple duct aspiration (NDA) alone
in 507 women and found that NDL was associated with a
much lower insufficient sample rate than NDA (29% vs.
73%) because they retrieved an average of 13,500 epithelial
cells compared with only 120 cells by NDA . Of note, the
atypia rate for the increased risk women evaluated in this
trial was 23% by NDL and 9% by NDA. It is currently
unclear, however, whether atypia diagnosed by NDL con-
fers the same risk of breast cancer as atypical hyperplasia
diagnosed by surgical breast biopsy. Nevertheless, the test
has been promoted as a method for breast cancer risk strat-
ification and is currently recommended for women with a
5-year Gail risk =1.7% who would consider tamoxifen if
they were found to have atypical cells. Because it is im-
practical to lavage each of the 6 to 16 duct orifices in each
breast, it has been suggested that only fluid-producing ducts
be lavaged. This study was designed to determine whether
fluid-producing ducts are more likely to return cytologically
atypical cells than dry ducts and to determine whether
women with a 5-year Gail risk =1.7% are more likely to
have atypia than lower-risk women.

Methods
Eligibility criteria

The Institutional Review Board at the University of Texas
Southwestern Medical Center at Dallas approved this study,
and written informed consent as well as Health Insurance
Portability and Accountability Act anthorizations were docu-
mented for each patient. Patients were recruited from the Mary
L. Brown Breast Cancer Genetics and Risk Assessment Clinic
in the University of Texas Southwestern Center for Breast
Care. Comprehensive risk factor information was collected for
each patient, and breast cancer risk calculated using the models
of Gail, Claus, Bodian and BRCAPRO using software we
developed (Breast C.A.R.E.). Certain components of this soft-
ware are generally available in the CancerGene package we

distribute [9]. All patients >18 years presenting for compre-
hensive breast cancer risk assessment were offered NDL on
this protocol regardless of calculated risk level. Exclusion
criteria included previous invasive breast cancer of any type;
ductal carcinoma in situ or previous lobular carcinoma in situ
treated by mastectomy; presence of a histologically undefined
palpable or mammographic breast lesion suspicious for malig-
nancy; bilateral prophylactic mastectomy; participation in a
cancer prevention study (NSABP Protocol P-1 subjects who
received placebo were eligible); any previous breast irradia-
tion; any systemic chemotherapy in the past; performance
status that restricted normal activity for a significant portion of
each day; current use of androgens, luteinizing hormone—
releasing hormone analogs, prolactin inhibitors, antiandrogens,
or steroids (women who discontinue these drugs at least 3
months before duct lavage were eligible); any use of tamox-
ifen, raloxifene, or other selective estrogen-receptor modulator
therapy; current use of coumadin; pregnant or lactating (within
6 month); presence of saline or silicone breast implants; or
active bleeding disorder.

NDL procedure

EMLA cream (AstraZeneca, London, United Kingdom)
was applied to the nipples and sealed with an occlusive
plastic patch 2 hours before the procedure. The nipple area
was dekeratinized by scrubbing with a mild abrasive gel.
Breast massage was performed by the patient initially and
then by the operator in an attempt to elicit nipple duct
discharge. A nipple duct aspirator was used to encourage
discharge; however, it was found that manual expression of
fluid was generally more successful. An attempt was made
to cannulate all fluid-producing ducts using a tapered dilator
coated with 2% lidocaine jelly. If this was successful, a duct
lavage catheter (Cytyk Health Corp., Boxborough, Massa-
chusetts) was inserted, and a total of 10 mL physiologically
buffered saline instilled and aspirated in 0.5-mL increments.
When all fluid-producing ducts had been lavaged, an at-
tempt was made to cannulate and lavage at least 1 non—
fluid-producing duct in each breast.

Cytologic assessment

Lavage effluents were collected separately for each duct
in 30 mL CytoLyt solution (Cytyk Health). Cytology slides
were prepared using the thin-prep method, stained using the
Papanicolaou technique, and then evaluated by a breast
cytologist (R.A.). Cellularity was estimated for each sample
as no cells or 1 to 10, 11 to 99, 100 to 999, or =1000 cells.
A score (1 to 4) was assigned for each of 10 cytologic
features: cellular arrangement, cell pleomorphism, myoep-
ithelial cells, anisonucleosis, nucleoli, chromatin clumping,
nuclear diameter, mitoses, nuclear molding, and cellular
polarity. A composite score was calculated as the sum of the
component scores. The cytologist was also asked to subjec-
tively classify the sample according to all cell patterns
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Fig. 1. Lavage cytology showing (a) normal cells, (b) mild atypia, and (c) marked atypia.

observed: normal, apocrine metaplasia, typical hyperplasia,
mild atypia, marked atypia, or suspicious for cancer. Exam-
ples of normal cells, cells with mild atypia, and cells with
marked atypia are shown in Fig. 1.

Results
Patients

NDL was performed for 59 asymptomatic women whose
risk of breast cancer had been defined using mathematic
models. Most of the patients were white (95%), and most
were premenopausal (56%). The median age was 43 years.
Twenty-six (44%) had a S-year Gail risk =1.7%, and 33
(56%) had a 5-year Gail risk <<1.7% (Table 1). A total of
226 ducts were lavaged. Of these, 136 were fluid producing,
and 90 were dry. The insufficient sample rate was 30 of 136

Table 1

Patient demographics

No. of patients 59

No. age in years (%)
21-30 4(7)
31-40 19 (32)
41-50 25 (42)
51-60 8(14)
61-70 3(5)

No. race (%)
White \ 56 (95)
Hispanic 203)
Asian 1(2)
African American 0

No. menopausal status (%)
Premenopausal 35 (59)
Perimenopausal 6 (10)
Postmenopausal 18 (31)

No. 5-year Gail risk
=1.7% 26 (44)
<1.7% 33 (56)

(22.1%) for the fluid-producing ducts and 30 of 90 (33.3%)
for the dry ducts (P = 0.07).

Atypia rate by Gail risk calculation

Overall, atypia was diagnosed in 20 of 59 (34%), mild
atypia in 13 of 59 (22%), and marked atypia in 7 of 59
(12%) patients. The atypia rate was similar for women with
a S5-year Gail risk =1.7% compared with women having a
S-year Gail risk <1.7% (9 of 26 or 35% vs. 11 of 33 or 33%,
respectively, P = 1.0). Marked atypia was more common in
women with a 5-year Gail risk =1.7% (4 of 26, 15%) than
in women with a 5-year Gail risk <1.7% (3 of 33 9%, but
this result was not statistically significantly (P = 0.73,
Table 2).

Atypia rate by fluid-producing status of ducts

Overall, atypia was diagnosed in 40 of 226 (18%) ducts,
mild atypia in 28 of 226 (12%), and marked atypia in 12 of
226 (5%). The atypia rate was similar for fluid-producing
(26 of 136 or 19%) and dry ducts (14 of 90 or 15%, P =
0.61) with no differences noted for mild or marked atypia
(Table 3).

Atypia rate by fluid-producing status and calculated Gail
risk

It is currently recommended that only patients with a
5-year Gail risk =1.7% and fluid-producing ducts undergo

Table 2
Atypia rate by calculated Gail risk
Gail risk All atypia  Mild atypia  Marked atypia
No. all patients (%) 20/59 (34)  13/59 (22) 7/59 (12)
No. 5-year Gail risk (%)
=1.7% 9/26 35)*  5/26 (19)t 426 (15)%
<1.7% 1133 (33)* 83324t  3/33 (9%

*P = 1.00; P = 0.89; }P = 0.73.

O
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Table 3

Atypia rate by fluid-producing status of ducts

Duct status Any atypia  Mild atypia  Marked atypia
No. all ducts (%) 40/226 (18)  28/226 (12)  12/226 (5)
No. fluid producing (%)  26/136 (19)* 18/136 (13)t  8/136 (6)
No. dry ducts (%) 14/90 (15)*  10/90 (11)} 4/90 (4t

*P = 0.61; P = 0.80; 1P = 0.88.

ductal lavage for additional risk stratification. We calculated
atypia rates for patients with a S-year Gail risk =1.7% and
<1.7% considering results only for fluid-producing or only
for non—fluid-producing ducts. The atypia rate for patients
with a 5-year Gail risk =1.7% considering only fluid-pro-
ducing ducts was 7 of 22 (32%). The atypia rate for patients
with a 5-year Gail risk <1.7% considering only non—fluid-
producing ducts was 8 of 27 (30%, P = 1.00). Of note,
although atypia rates for dry and fluid-producing ducts
among patients with a S5-year Gail risk <1.7% were similar
(25% vs. 30%, P = 0.93), the atypia rate was higher for
fluid-producing than dry ducts for patients with a 5-year
Gail risk =1.7% (32% vs. 11%, Fig. 2), but this result did
not reach statistical significance (P = 0.09).

Comments

NDL is currently proposed as a minimally invasive ap-
proach for identifying atypical breast epithelial cells for the
purpose of individualized breast cancer risk stratification. If
NDL results are shown to correlate with breast cancer in-
cidence, it will be important to apply the test in a way that
maximizes its sensitivity for detection of atypical cells in
the screened population. Current recommendations, how-
ever, limit the test to women with fluid-producing ducts and
a 5-year Gail risk =1.7%. Both of these criteria are reason-
ably challenged based on previously published studies.

0.50
0.40 A
]
50301
© W Fluid-producing
‘a E31 Dry Dusts
> 0.20
-
<

217% <1.7%
5-Year Gail Risk

Fig. 2. Atypia rates by calculated Gail risk and fluid-producing status of the
ducts. Atypia rates were similar for all categories except for fluid-produc-
ing versus dry ducts among women with a calculated 5-year Gail risk
=1.7% (32% vs. 11%, P = 0.09).

First, data from the Nurses Health Study demonstrated that
during a 5-year period, 753 of 54,844 women with a 5-year
Gail risk <1.7% developed breast cancer compared with
601 of 27,225 women with a 5-year Gail risk =1.7% [10].
That is, most of the breast cancers observed in this cohort
(55%) occurred in women who would not have been con-
sidered eligible for ductal lavage. Second, the etiology of
expressible nipple duct discharge is multifactorial (e.g., duct
ectasia, apocrine metaplasia, papilloma), and the presence
of expressible nipple duct fluid does not reliably distinguish
patients with benign breast disease from control patients
[11]. Based on these observations, it is reasonable to ask .
whether the atypia rate, as measured by NDL, is higher for
patients with 5-year Gail risks =1.7% than for lower risk
women or for fluid-producing ducts compared with dry
ducts. Our data suggested that these criteria do not identify
women that are more likely to have atypical cells diagnosed
by NDL.

The most obvious limitation of this study was the small
sample size and the possibility of a type II error. It should
be noted, however, that with respect to atypia rates in
fluid-producing versus dry ducts, with « set at 0.05, our
study had a power of 0.979 to recognize a 20% difference
(30% vs. 10%). With respect to atypia rates in women with
a S-year Gail risk =1.7% versus <1.7%, our power was
only 0.486 to recognize a similar difference. Even if a larger
study were to demonstrate a statistically significant differ-
ence between atypia rates in high- and low-risk women, it is
unlikely that the difference would be clinically significant in
the context of population screening.

The difference in atypia rates between fluid-producing
and dry ducts among the increased risk women (Fig. 2) is
intriguing although not statistically significant. It is possible
that there are important biologic differences between the
epithelial cells retrieved from women at different risk levels
that cannot be recognized under the microscope. If this is
the case, limiting NDL to women determined to be at
increased risk based on epidemiologic models would be
reasonable. This can only be known, however, as the results
of several on going studies evaluating biomarker expression
in lavage cells become available.

NDL is an intriguing technology for sampling breast
epithelial cells from selected nipple ducts. It remains to be
determined, however, how best to select the duct(s) to
lavage, how best to select the patients to lavage, and, most
important, whether atypia diagnosed by NDL predicts an
increased risk for breast cancer. Clearly, additional study is
required.
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BACKGROUND. 1t is believed that atypical cells identified by nipple duct lavage
(NDL) indicate an increased risk for breast carcinoma similar to atypical ductal
hyperplasia diagnosed by tissue biopsy, but many basic performance characteris-
tics of NDL currently are undefined.

METHODS. NDL was performed in 108 patients unselected for breast carcinoma risk
and then was repeated after 2-14 months (median, 8 months) if the initial lavage
was classified as atypical. Breast magnetic resonance images (MRIs) were obtained
from a subset of patients who had atypical lavage results.

RESULTS. Marked atypia was diagnosed in 22% of 36 breasts with an incident
carcinoma compared with 7% of 172 unaffected breasts (P = 0.01). After excluding
breasts with an incident carcinoma, there were 32 patients (30%) with either mild
or marked atypia. The lavage was repeated in 23 of these women, and the second
lavage was classified as atypical in 48%. Neither marked atypia on the initial lavage
nor a 5-year Gail risk = 1.7% predicted atypia on repeat lavage, but there was a
trend for improved reproducibility when the atypia initially was diagnosed in a
fluid-producing duct. MRIs were abnormal in 13% of 24 breasts with an atypical
lavage, and ductal carcinoma in situ was diagnosed subsequently in 1 breast.
CONCLUSIONS. Atypia frequently is diagnosed by NDL, but the reproducibility of
repeat lavage is low. Lavage atypia may be physiologic or artifactual rather than
pathologic in many instances. Marked atypia occasionally may represent mam-
mographically occult ductal carcinoma in situ. Cancer 2005;103:1129-36.

© 2005 American Cancer Society.

KEYWORDS: hreast neoplasms, precancerous conditions, nipples, epithelial cells.

ost breast carcinomas arise from the epithelial cells lining the

ductal system, and atypical ductal epithelium is a marker of
increased risk for the development of breast carcinoma. Wresch et al.
followed 2300 women over 12.7 years and found that cytologic atypia
in nipple aspirate fluid (NAF) was associated with a relative risk for
breast carcinoma of 4.9." An updated analysis of those data adjusted
the relative risk down to 2.8.” Fabian et al. reported that women with
a personal history of invasive or in situ breast carcinoma or with a
10-year Gail breast carcinoma risk > 4% who were found to have
atypical cells on random fine-needle aspiration breast biopsy (FNAB)
were 5 times more likely to develop breast carcinoma than women
with a 10-year Gail risk < 4% and no atypia.® Dupont et al. found that
the risk of breast carcinoma was increased 4.3-fold in women who
were diagnosed with atypical hyperplasia by surgical biopsy.* Nipple
duct lavage (NDL) has been proposed as a minimally invasive tech-
nique for obtaining breast epithelial cells, with the assumption that
atypia identified by NDL confers the same relative risk for breast
carcinoma as atypia identified by NAF, FNAB, or surgical biopsy.

Published ontine 31 January 2005 in Wiley interScience (www.interscience.wiley.com).
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Although this has not been confirmed in a prospective
trial to date, there is justifiable interest in developing
and validating a minimally invasive procedure for the
detection of atypical hyperplasia.

The National Surgical Adjuvant Breast Project
(NSABP)-sponsored Breast Cancer Prevention Trial
(BCPT-P1) demonstrated that 5 years of tamoxifen
reduced the risk of breast carcinoma by =~ 50% in
increased risk women,® but most eligible women
refuse to take tamoxifen.® Because women with atyp-
ical hyperplasia are at significantly increased risk for
breast carcinoma and experience the greatest risk re-
duction with tamoxifen (86%), a test for atypia, such as
NDL, may help eligible women decide to accept ta-
moxifen.

Although clinical guidelines for NDL were pub-
lished previously.”® many of the basic performance
characteristics of the procedure remain unknown. A
multiinstitutional study comparing NDL with NAF
found that the insufficient sample rate was much
lower for NDL than for NAF (22% vs. 73%) and that the
atypia rate was much higher (24% vs. 10%).° However,
currently, it is unknown whether atypia diagnosed by
NDL predicts an increased risk for breast carcinoma.
Some atypical lavages may reflect underlying atypical
hyperplasia, but others are likely to reflect reversible
physiologic changes related to the hormonal miliey,
benign intermediate-risk lesions (such as intraductal
papilloma or papillomatosis), or fully developed duc-
tal carcinoma in situ (DCIS). Lavage atypia that is not
reproducible may be related to reversible physiologic
changes in the breast epithelium, whereas atypia that
is reproduced may be related to fixed, underlying
pathologic alterations. We performed repeat NDL and
magnetic resonance imaging (MRI) scans in women
with lavage atypia to estimate the prevalence of per-
sistent lavage atypia and the prevalence of mammo-
graphically occult DCIS or invasive carcinoma when
atypical cells are identified.

MATERIALS AND METHODS

Eligibility Criteria

The Institutional Review Board at the University of
Texas Southwestern Medical Center at Dallas ap-
proved the protocol for this study, and written in-
formed consent was documented for all participants.
Patients from the Mary L. Brown Cancer Genetics and
Risk Assessment Clinic at the University of Texas
Southwestern Center for Breast Care were recruited
for enrollment. A comprehensive risk assessment was
performed for each patient. Patients with incident
breast carcinoma and unaffected women age = 18
years who presented for breast carcinoma risk assess-
ment were offered duct lavage regardless of their cal-

culated risk level. Exclusion criteria included the pres-
ence of an undefined palpable or mammographic
breast lesion suspicious for malignancy; bilateral pro-
phylactic mastectomy; any prior breast irradiation;
any systemic chemotherapy in the past; a perfor-
mance status that restricted normal activity for a sig-
nificant portion of the day; current use of androgens,
luteinizing hormone-releasing hormone analogs, pro-
lactin inhibitors, antiandrogens, or corticosteroids
(women were eligible if these drugs were discontinued
3 months prior to lavage); ever use of tamoxifen, ralox-
ifene, or other selective estrogen receptor modulator
(SERM) therapy; or pregnancy or lactation within 6
months.

NDL Procedure

Local anesthetic cream (EMLA; AstraZeneca, London,
United Kingdom) was applied to the nipple and then
covered with an occlusive patch 1-2 hours prior to the
procedure. At the start of the procedure, the patient
performed a self-breast massage, after which, the nip-
ple was dekeratinized with a mild abrasive gel (Nu-
prep; D. O. Weaver and Company, Aurora, CO). The
operator then continued the breast massage in an
effort to express NAF. If no NAF was elicited manually,
then a nipple aspirator (FirstCyte; Cytyc Health Cor-
poration) was used. Fluid-producing ducts initially
were cannulated with a tapered dilator coated with 2%
lidocaine jelly, after which, a ductal lavage microcath-
eter (FirstCyte Microcatheter; Cytyc Health Corpora-
tion) was inserted. Saline (10 mL) was infused into the
duct in 0.5-mL increments, and the effluent fluid was
aspirated. An attempt was made to lavage all fluid-
producing ducts and at least one nonfluid-producing
duct from each breast. The location of each cannu-
lated duct orifice was recorded on a circular grid with
45 cells, so that the orifice of any duct that yielded
atypical cells could be identified in the future. Repeat
lavage was offered to women whose initial lavage re-
turned atypical cells. At the time of repeat lavage,
every effort was made to recannulate the same ducts
that were cannulated at the initial lavage. Breast MRI
was recommended for all women whose initial lavage
returned atypical cells but was performed only if third-
party payor approval could be obtained.

Cytologic Evaluation

The lavage effluents from each duct were collected
separately in 30 mL of CytoLyt solution (Cytyc Health
Corporation). Cytology slides were prepared using the
ThinPrep method and were stained using the Papani-
colaou technique. All slides were evaluated by the
same breast cytopathologist (R.A.), who classified each
sample according to the most severe alterations iden-
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tified: insufficient for diagnosis, normal epithelium or
apocrine metaplasia only, typical epithelial hyperpla-
sia, mild atypia, or marked atypia. Cytologic interpre-
tation was performed according to the guidelines pub-
lished by the Cytyc Health Corporation (http://www.
ductallavage.com/professionals/cytologyTraining.
cfm). Briefly, mild atypia was defined as clusters of
crowded, overlapping cells with slight nuclear enlarge-
ment, mild anisonucleosis, prominent nucleoli, occa-
sional myoepithelial cells, and granular, evenly dis-
tributed chromatin. Marked atypia was diagnosed
when these same features were more pronounced and
included marked anisonucleosis, significantly in-
creased nuclear:cytoplasmic ratios, and irregular,
clumping chromatin.

Statistical Analysis

Proportions and atypia prevalence rates were com-
pared using the Fisher exact test. The o value was set
at 0.05.

RESULTS

Demographics

Ductal lavage was performed in 377 ducts from 208
breasts in 108 female patients. On average, 1.8 ducts
were lavaged per breast, and 3.5 ducts were lavaged
per patient. There were 41 women with incident
breast carcinoma and 67 women who were unaffected
with breast carcinoma but who had completed a com-
prehensive breast carcinoma risk assessment. Among
the women who were unaffected with breast carci-
noma, 52% had a 5-year Gail risk < 1.7%, and 48% had
a 5-year Gail risk = 1.7%. The mean patient age was
46.3 years (range, 30—82 years), and 42% of patients
were postmenopausal. Most of the patents were Cau-
casian (81%), and 35% of patients were using oral
contraceptives or hormone replacement therapy at
the time of initial sampling. NAF was expressible from
86% of the patients (Table 1).

Frequency of Atypia

Table 2 summarizes the atypia rates for 36 breasts with
an incident breast carcinoma, 38 breasts contralateral
to an incident breast carcinoma, and 134 breasts from
women who were unaffected by breast carcinoma.
Results are reported separately for the right and left
breasts of the unaffected women to permit compari-
sons between patients with breast carcinoma and un-
affected patients on a per-breast basis. The insuffi-
cient sample rate was higher for ducts from breasts
with an incident carcinoma (40%) than for ducts from
breasts that were unaffected with breast carcinoma
(27%; P = 0.06). Atypia of any degree was diagnosed in
36% of breasts with an incident breast carcinoma and

TABLE 1
Characteristics of the Study Sample

Characteristic No. of patients {%)
Total patients 108 (100.0)
Age (yrs) .

Mean 46.3

Range 30.0-81.5
Ethnicity

Caucasian 87 (80.6)

African American 16 (14.8)

Hispanic 4(3.7)

Asian 1(0.9)
Expressible nipple aspirate fluid 93 (86.1)
Menopausal status

Premenopausal 56 (51.9)

Perimenopausal 7(65)

Postmenopausal 45(4L7)
Oral contraceptive use (premenopausal) 16/56 (28.6)

Hormone replacement (perimenopausal and postmenopausal) 22/52 (42.3)
Risk groups

Breasts ipsilateral to a breast carcinoma 36 (100.0)
DCIS only 3/36 (8.3)
Infiltrating ductal carcinoma 29/36 (80.6)
Infiltrating lobular carcinoma 3/36(8.3)
Medullary carcinoma 1/36 (2.8)
Any associated DCIS 29/36 (80.6)

Breasts contralateral to a breast carcinoma 38
Unaffected risk assessed patients 67/108 (62.0)

History of ADH 1/67 (1.5)
BRCA gene mutation 3/67 (4.5)
5-Yr Gail risk
0.01-0.85 20/67 (29.9)
0.86-1.69 15/67 (22.4)
1.70-2.54 17167 (25.4)
> 2.54 15/67 (22.4)

DCIS: ductal carcinoma in situ; ADH: atypical ductal hyperplasia.

in 24% of breasts that were unaffected with breast
carcinoma (P = 0.19), but marked atypia was diag-
nosed more frequently in breasts with an incident
breast carcinoma (22%) than in unaffected breasts
(7%; P = 0.01). Among breasts that were unaffected
with breast carcinoma, we diagnosed cytologic atypia
in 18% of ducts, 24% of breasts, and 30% of patients.
There were no trends in the insufficient sample rate or
in the frequency of diagnosis of mild or marked atypia
for initial lavages over time (Fig. 1).

Reproducibility of Atypia

Among the 32 patients who had an atypical lavage
from a breast that was unaffected with breast carci-
noma, repeat lavage was performed for 23 patients.
Four patients with breast carcinoma received chemo-
therapy after the initial lavage, which rendered them
ineligible for repeat lavage of the contralateral breast;
two women without breast carcinoma moved out of
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TABLE 2
Frequency of Atypia by Sampling Group

No. of patients (%)

Ducts Breasts
Marked Marked
Variable ICMD Mild atypia atypia Any atypia ICMD Mild atypia atypia Any atypia
Cancerous breast 24160 (40.0) 7160 (11.7) 8/60 (13.3) 15160 (25.0) 11/36 (30.6) 5/36 (13.9) 8/36 (22.2) 13/36 (36.1)
Contralateral breast 19/57 (33.3) 6/57 (10.5) 3/57{5.3) 9/57(15.8) 10/38 (26.3) 5/38 (13.2) 3/38(7.9) 8/38 (21.1)
Unaffected right breast 35/133 (26.3) 15/133 (11.3) 7/133 (5.3) 221133 (16.5) 16/67 (14.9) 12/67 (17.9) 5/67 (7.5) 17167 (25.4)
Unaffected left breast 321127 (25.2) 19/127 (15.0) 6/127 (4.7) 25/127 (21.3) 13767 (19.4) 12167 (17.9) 4/67 (6.0) 16/67 (23.9)

ICM: insufficient cellular material for diagnosis.
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FIGURE 1. Insufficient cellular material for diagnosis (ICMD) rate and fre-
quency of mild and marked atypia for initial lavages over time. The entire study
sample was divided into quintiles o detect trends in the insufficient sample
rate or in the frequency of diagnosis of mild or marked atypia that might
suggest systematic changes in the performance or interpretation of nipple duct
lavage over time. No such trends were identified. Error bars bracket the 95%
confidence intervals. #: ICMD; ®: Mild atypia; B Marked atypia.

the area; two women declined repeat lavage; and one
woman underwent mastectomy without repeating the
lavage after an MRI was interpreted as highly suspi-
cious (Fig. 2). Repeat lavage was performed 2.3-14.3
months (median, 8.3 months) after the initial lavage.
Because every effort was made to relavage all of the
ducts that had been lavaged initially in the patients
who had at least 1 duct diagnosed as atypical, a total of
78 ducts from 45 breasts were relavaged in these 23
patients. If any duct was classified as atypical on the
repeat lavage, then the atypia was scored as “repro-
ducible” for that patient. The repeat lavage was clas-
sified as atypical for 11 of 23 patients (48%), 11 of 32
breasts (34%), and 8 of 42 ducts (19%) that were diag-
nosed initially as atypical (Table 3). Failure to repro-

duce the atypia was due to an insufficient sample on
the second lavage in 13% of patients and due to a
diagnosis of normal epithelium or typical hyperplasia
only in 39% of patients. Marked atypia on the initial
lavage was no more predictive of an atypical second
lavage than mild atypia (44% vs. 50%; P = 1.0).

Among the patients who produced NAF, atypia
was diagnosed on the second lavage in 55%, compared
with 0% for the 3 patients who did not produce NAF (P
= 0.25). Among the patients who had a 5-year Gail risk
= 1.7%, atypia was diagnosed on the second lavage in
22% of patients, compared with 70% of the patients
who had a 5-year Gail risk < 1.7% (P = 0.10). Repro-
ducibility rates were similar for premenopausal
women compared with perimenopausal or postmeno-
pausal women, for women who were taking hormonal
medications compared with women who were not
taking these medications, and for women who under-
went repeat lavage < 8.3 months after the initial la-
vage (the median interval for this series) compared
with women who underwent repeat lavage = 8.3
months after the initial lavage.

MRI Findings

MRI was performed in 24 breasts from 17 women
whose initial lavage was interpreted as atypical. The
atypia was marked in 9 breasts, and the MRI was
abnormal in 1 of those breasts (11%). Total mastec-
tomy revealed 10 cm of DCIS in this patient (Fig. 2).
Repeat lavage was not performed prior to the MRI and
subsequent surgery. The initial lavage was interpreted
as mildly atypical in 15 breasts; and of those, the MRI
was abnormal in 2 breasts (13%). The MRI was inter-
preted as borderline suspicious in both of those
breasts. Repeat MRI in one patient demonstrated res-
olution of the region of abnormal enhancement, and
repeat lavage in this patient was classified as typical
epithelial hyperplasia only. In the second patient with
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FIGURE 2. An interesting patient. (a) A screening mammogram revealed a suspicious cluster of microcalcifications in the right breast. The left breast was
interpreted as normal. (b) Nipple duct lavage of the left breast at the time of right mastectomy returned markedly atypical cells. (c) This left breast magnetic
resonance image demonstrates three areas of abnormal enhancement. (d) A subsequent left total mastectomy revealed 10 cm of ductal carcinoma in situ.

TABLE 3

Classification of Repeat Lavage Results According to Initial Lavage Results

Initial lavage: No. of patients (%)

- Mild atypia Marked atypia
Repeat Normal or ‘ Any Normal or Any
lavage Marked Mild EH ICMD atypia Marked Mild EH ICMD atypia Any atypia
Bypatient  3/14(021)  4/14(0.29) 5/14 (0.36) 2114 (0.14)  7/14{0.50) 2/9(0.22) 219(0.22) 4/9(0.44) 19011 4/9(044)  11/23 (0.48)
Bybreast  4/22(0.18)  5/22(0.23) 9122 (0.41) 4/220.18)  9/22(041) U10(0.10)  1/10(0.10)  6/10(0.60)  2/10(0.20) 2/10(0.20) 11/32(0.34)
By duct 3/30(0.10)  4/30(0.13)  13/30(043) 10/30(0.33)  7/30(0.23)  0/12(0.00) L/12(0.08) 912(0.75) 2/12(0.17) 1/12(0.08)  8/42(0.19)

EH: typical epithelial hyperplasia; ICMD: insufficient cellular material for diagnosis,

mild atypia, a repeat lavage was classified as marked
atypia, and a targeted ultrasound examination was
unremarkable. Repeat MRI in this patient was inter-
preted as entirely normal.

DISCUSSION

NDL has been proposed as a secondary risk-stratifica-
tion procedure for women who are determined to be
at increased risk for breast carcinoma based on epi-
demiologic'models. It is believed that the atypical cells

identified by NDL confer the same breast carcinoma
risk as atypia found in nipple aspirates, needle biop-
sies, and surgical biopsies; however, currently, there
are no data to confirm this, and many of the essential
performance characteristics of NDL are yet to be elu-
cidated. ‘ :

Although NDL currently is recommended for risk
stratification, and not for early detection of breast
carcinoma, it is reasonable to suppose that, if lavage
atypia is a strong predictor of breast carcinoma risk,
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TABLE 4
Comparison of Insufficient Cellular Material for Diagnosis and Atypia
Rates in the Current Series with Previously Reported Rates

No. of patients (%)

Results Dooley et al,, 2001° Current series

By patient
ICMD 84/383 (22} 171105 (16)
Mild atypia 66/383 (17) 19/105 (18)
Marked atypia 26/383 (7) 13/105(12)

By duct
ICMD 173/591 (29) 86/317 (27)
Mild atypia 771591 (13) 40/317 (13)
Marked atypia 28/591 (5) 16/317 (5)

1CMD: insufficient cellular material for diagnosis.

then it would occur at a high frequency in breasts with
an incident breast carcinoma. Marked atypia, in fact,
was more common in breasts with an incident breast
carcinoma (22%) than in unaffected breasts (6-8%).
This is a higher marked atypia rate than that reported
for a series of 28 mastectomy patients.’® In that study,
atypia rates were reported per lavage sample (ducts)
rather than by breast, and marked atypia was identi-
fied in only 4 of 29 (14%) adequate samples from
patients with an incident breast carcinoma. The ex-
clusion of patients who had insufficient samples from
the current series resulted in a marked atypia rate of 8
of 25 (32%) for breasts with an incident carcinoma
compared with 12 of 139 (9%) for unaffected breasts (P
= 0.003). In the prior study, the extent of carcinoma in
situ appeared to correlate with the degree of atypia
identified in the lavage samples, but DCIS was identi-
fied in 23 of 28 patients (82%), and it was not possible
to determine whether or not lavage atypia was asso-
ciated primarily with DCIS. Similarly, 29 of 36 patients
(81%) with incident breast carcinoma in the current
series had a DCIS component, but marked atypia was
identified in 3 of 7 patients (42%) who had no DCIS
component. It is clear that the marked atypia rate for
breasts with an incident breast carcinoma is consid-
erably higher than that previously reported and is
considerably higher than that observed for breasts
that are unaffected by breast carcinoma.

The prevalence of lavage atypia measured in our
series of patients, who were unselected for breast car-
cinoma risk, was nearly identical to that reported in
the first large validation series, a series that was lim-
ited to women who were at increased risk for breast
carcinoma® (Table 4). To make this comparison, we
have considered only breasts that were unaffected by
breast carcinoma (38 breasts contralateral to a breast
carcinoma and 134 breasts from women who were

unaffected with breast carcinoma). Results for 3
women with breast carcinoma who did not undergo
lavage of the contralateral breast were excluded, leav-
ing a total of 105 patients for comparison.

Atypia was reproduced on repeat lavage in only 8
of 42 ducts (19%), 11 of 32 breasts (34%), and 11 of 23
patients (48%). A recent series of duct lavages in 38
high-risk women reported an atypia prevalence of 23%
for those with an adequate sample and reproducibility
of the atypia in only 1 of the 4 patients who underwent
repeat lavage.!’ The reproducibility of any cytology-
based screening test will be related to the physiologic
factors that affect the cytologic features of the cells
collected, variability in the sampling procedure, and
variability in the cytologic interpretation. The breast is
an exquisitely hormone-responsive organ, and fluctu-
ations in the hormonal milieu may affect cytology-
based screening tests. Exogenous estrogens have been
associated with atypical hyperplasia in humans,?
monkeys,' and rodents,'* but it is not known whether
these lesions are reversible in humans when the hor-
mones are withdrawn. It is noteworthy that nine of our
patients who underwent repeat lavage were using hor-
monal medications at the time of the initial lavage.
Atypia was reproduced in 2 of the 4 patients (50%)
who discontinued these medications between the first
and second lavages. Endogenous estrogens also may
influence the cytologic appearance of breast epithelial
cells, although Mitchell et al. found no significant
changes in breast epithelial cells recovered from
weekly NAF samples that were collected over two
menstrual cycles.*®

Although every effort was made to recannulate the
same ducts that were diagnosed as atypical on the
initial lavage, technical problems with resampling
may have contributed to the low reproducibility. The
shear numbers of duct orifices clustered near the cen-
ter of the papilla (1148 orifices; median, 27 orifices)'®
presents a challenge for recannulation of a specific
duct. This may have been compounded by our study
design, which permitted cannulation of duct orifices
that were not producing NAF, because it is likely that
NAF production, in conjunction with location infor-
mation recorded on a grid, provides valuable visual
cues for reidentifying a specific duct orifice. The in-
sufficient sample rate on relavage for ducts that ini-
tially returned atypical cells was 12 of 42 samples
{(29%), essentially identical to the insufficient sample
rate for the initial series of lavages. Possible reasons
for the failure to obtain an adequate sample from
ducts initially yielding atypical cells include inadver-
tent cannulation of a different duct orifice, regression
of an atypical proliferative lesion either as a conse-
quence of the initial lavage procedure or for reasons
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unrelated to the initial lavage, and ductal injury at the
time of the initial lavage that precluded satisfactory
recannulation and lavage. The same operator per-
formed all of the lavage procedures, and insufficient
sample rates were stable over time (Fig. 1), excluding
differences in operator experience or technique as
factors in the assessment of reproducibility. It has
been suggested that the use of normal saline for NDL
can induce artifactual atypia and that plasmolyte is a
superior lavage solution. Because all initial and repeat
lavages were performed using normal saline, this is
unlikely to have influenced reproducibility rates.

Finally, interobserver and intraobserver variation
in cytology scoring can impact the reproducibility of
cytologic screening tests. Interobserver variability was
excluded by having the same cytopathologist evaluate
all of the samples from this study. It is possible that
atypia was over-called in the earliest period of the
study, resulting in lower atypia rates for the repeat
lavages, but this is unlikely, because the frequency of
diagnosis of mild or marked atypia for the initial la-
vages was stable over time (Fig. 1).

1t is likely that a combination of physiologic and
technical factors accounted for the low reproducibility
of repeat lavage measured in this series. Neither
marked atypia on the initial lavage nor a 5-year Gail
risk = 1.7% predicted atypia on repeat lavage, but
there was a trend toward improved reproducibility
when the atypia initially was diagnosed in a NAF-
producing duct. We previously reported that the fre-
quency of lavage atypia is similar for patients with a
5-year Gail risk < 1.7% and = 1.7% and for ducts that
produce NAF compared with ducts that do not pro-
duce NAF.'” The high prevalence of lavage atypia
noted in this and prior studies, combined with a low
reproducibility, makes it unlikely that a single NDL
demonstrating either mildly or markedly atypical cells
will predict a high risk for breast carcinoma. Adjunc-
tive tests, such as tumor suppressor gene methylation
status,'® loss of heterozygosity analysis,'® or chromo-
some copy number determination,®>*! are feasible for
NDL samples and may improve the predictive value of
NDL cytology.

Lavage atypia was associated with significant MRI
abnormalities in only 1 of 24 breasts. The atypia in this
breast was classified as marked and ultimately was
diagnosed as ductal carcinoma in situ. In 23 breasts
with atypical lavage results, there were no reproduc-
ible MRI findings. This is in marked contrast to a
recent series that identified MRI abnormalities in six
of seven breasts with atypical lavages.'’ Only one of
those breasts was biopsied, and the diagnosis was
atypical ductal hyperplasia. We performed MRI only in
women whose third-party payors agreed to reimburse

1135

for the test (17 of 32 women). This is likely to have
biased our results; however, given the low frequency
of MRI findings, we currently are performing MRI only
if marked atypia is confirmed on repeat lavage.

Ductal lavage is an excellent tool for retrieving
breast epithelial cells, but the reproducibility of serial
sampling is poor. In addition, lavage atypia is associ-
ated only infrequently with MRI findings but may
represent mammographically occult DCIS. Until pro-
spective studies validate lavage atypia as a marker for
breast carcinoma risk, it is best to use it in the context
of clinical trials.
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