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The vast majority of breast cancers begin in the epithelium
Background: Breast cancer originates in breast epithelium [ining the ductal system of the bred§t6). Invasive breast can-
and is associated with progressive molecular and morpho- cer originating in ductal epithelial cells is believed to result from
logic changes. Women with atypical breast ductal epithelial progressive molecular and morphologic changes, including, in
cells have an increased relative risk of breast cancer. In this the early phases, the phenotypic appearance of cellular atypia
study, ductal lavage, a new procedure for collecting ductal (7,8).

cells with a microcatheter, was compared with nipple aspi- Two prospective studie$9,10) with long-term follow-up
ration with regard to safety, tolerability, and the ability to  have shown that women with cellular atypia detected by the
detect abnormal breast epithelial cellsMethods: Women at cytologic examination of breast specimens have a higher relative
high risk for breast cancer who had nonsuspicious mammo- risk of developing breast cancer than women without cellular
grams and clinical breast examinations underwent nipple atypia. The specimens in these studies were collected by nipple
aspiration followed by lavage of fluid-yielding ducts. All sta- aspiration(9) or by random periareolar fine-needle aspiration
tistical tests were two-sided.Results: The 507 women en- (10).

rolled included 291 (57%) with a history of breast cancer ~ Ductal lavage is a procedure developed to enhance the ease
and 199 (39%) with a 5-year Gail risk for breast cancer of and efficiency of collecting breast epithelial cells for cytologic
1.7% or more. Nipple aspirate fluid (NAF) samples were analysis. The procedure involves the use of a microcatheter to
evaluated cytologically for 417 women, and ductal lavage cannulate ductal orifices on the nipple identified by fluid drop-
samples were evaluated for 383 women. Adequate sampledets elicited by nipple aspiration. Each fluid-yielding duct is
for diagnosis were collected from 111 (27%) and 299 (78%)
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cannulated to a maximum depth of 1.5 cm, and the ductal sys’[eliﬂ'ted or until the investigator determined that the breast would not yield fluid.
is infused with normal saline. Ductal effluent collected througﬁubjects whose breasts did not yield fluid on the first attempt were invited to

the microcatheter is then analyzed cytologically. These resuldum for up to three repeat attempts before being discontinued from the study

. . . . = 80). If NAF was elicited, it was pooled and collected into capillary tubes
which are Independent of the risk assessed by the Gail mo r?d deposited into CytoLyt cell preservative (Cytyc Corp., Boxborough, MA)

(11), should provide additional information to a woman abouygy fixation.
her risk of developing breast cancer.

This article reports the results of a prospective multicentBluctal Lavage
study designed to compare ductal lavage and nipple aspiratiopyctal lavage was attempted immediately after nipple aspiration on all ducts
with regard to safety, tolerability, and ability to detect abnormaiat yielded NAF. The patient was placed in the supine position, the skin in the
breast epithelial cells in women at high risk of breast cancer whigple area was cleansed with 70% alcohol, and a fenestrated sterile drape was

have nonsuspicious mammograms and clinical breast examiplaced over the nipple. Ductal orifices were sometimes enlarged with dilators to
facilitate cannulation. A separate microcatheter {Pract Health, Inc.) was used

tions. _ o ,
for each duct cannulation to prevent cellular cross-contamination between dif-

SUBJECTS AND M ETHODS ferent individual ductal systems. Sometimes, a 2% lidocaine jelly was used on
the catheter tip. After the microcatheter was inserted to a maximum depth of 1.5

Eligibility cm, a total of 1-3 mL of 1% lidocaine without epinephrine was infused intra-

ductally in most subjects. Approximately 2—6 mL of normal saline was then
Written informed consent was obtained from all subjects before enrolimentilfused, and the breast was compressed to facilitate recovery of ductal fluid into
the study. The protocol was approved by the institutional review boards/ethibg collection chamber. This lavage procedure (infusion, compression, and ef-
committees at all 19 participating sites. Women enrolled in the study werefltent collection) was repeated multiple times, instilling a total volume of ap-
high risk for breast cancer as determined by a 5-year risk of invasive breBEpximately 10 mL of normal saline per duct and recovering approximately 5 mL
cancer development of at least 1.7%, according to the model by Gail(@tiy. of ductal effluent per duct.
a personal history of invasive breast cancer, ductal carciriorsiu, or lobular The location of each fluid-yielding duct and of each cannulated duct was
carcinomain situ; or a documented genetic mutation in the BRCA1 gene or thearefully marked on a 64-square nipple grid. The recovered ductal effluent was
BRCA2 gene(12). In the calculation of risk, the Gail model includes the varilaced into tubes half filled with CytoLyt solution and individually labeled for
ables of current age, number of first-degree relatives with breast cancer, agéagh cannulated duct.
menarche, age at first live birth, number of breast biopsies, whether or not thdwo similar versions of the microcatheter were used in the study. The Duc-
woman has a personal history of atypical hyperplasia, and(f&eParticipants Wash microcatheter (PrBuct Health, Inc.) was used for the first two thirds of
were required to be at least 18 years old; there was no upper age limit.  the subjects enrolled, and the PBuict microcatheter was used for the remaining
All women were required to have had a mammogram and a clinical bregstojects. The DucWash catheter was often inserted after duct dilation with one
examination interpreted as not suspicious for breast cancer within 12 monighree external dilators. The Riuct catheter contained an internal tapered
before entry in the study. Women who had undergone lumpectomy withdlitator and, therefore, generally did not require other dilators to aid insertion.
radiation therapy for a prior breast cancer were eligible, and both breasts wergurgeons or surgical oncologists performed most of the ductal cannulations in
studied. Women who had undergone lumpectomy plus radiation therapy or mf&és trial. However, medical oncologists, an obstetrician-gynecologist, a radi-
tectomy for a prior breast cancer were also eligible, but only the contralate@®gist, a radiation oncologist, a nurse practitioner, and a physician’s assistant
breast was studied. Breasts that had undergone surgery within 2 cm of the nigplecessfully performed ductal lavage in the trial.
were excluded because of probable proximal disruption of the ductal system. . . N
Women undergoing chemotherapy within 6 months of enrollment or any tre(_:‘§yt0|0gIC Processing and Examination
ment with tamoxifen or raloxifene were not eligible. All samples were shipped overnight to the University of California, San Fran-
cisco, where the samples were prepared by use of the Millipore filtration tech-
nique (Millipore Corp., Bedford, MA) and standard Pap stainifig,15).

Seventy-two percent of the subjects underwent the study procedures ur%’émples from Istituto Europeo di Oncologia (Milan, Italy) were prepared at that
local anesthesia in the investigator’s office or outpatient facility. The method 8'Ite_ S cytopathol(_)gy !aboratory by_the same methods before shipment to the
local anesthesia was at the discretion of the investigator and the subject. Early/{AVeSItY ?f California, San Francisco, for evalua_tlo_rll. o
the study, subcutaneous periareolar injections, using a 30-gauge needle, of 1_3}31_9 cytology dlagnostlc categor'les_ Werg very similar to t e.1997 consensus
lidocaine without epinephrine or marcaine were used in 52% (150 of 291) of tﬁﬁte”a for breast_flne—needle aspiration biopsy samp‘Ies p_ubllshed by the Na-
subjects undergoing lavage; this practice was subsequently abandoned bect_ ; Cancer Institute (Bethes_da, MD‘?G)-Th,ere were five (_jlagnostlc_cat(_ego-
of subject discomfort. For most subjects who opted for anesthesia, EMLA creliigs: inadequate cellular material fgr dlagnqss (Samples \,N'th <1_0 epithelial cells
(i.e., 2.5% lidocaine—2.5% prilocaine; Astra USA, Westborough, MA) was ap€" Smple or unacceptable technical quality), benign, mild atypia, marked atyp-
plied topically and then covered with an occlusive dressing for approximatel))a.t and malignant. Markedly gtyplcal cells have features that raise S_e”‘?us con-
hour before the procedure. Sometimes, a 2% lidocaine jelly was used on ¢fENS about a possible malignant process but do not have all criteria for a
catheter tip. Approximately 1-3 mL of 1% lidocaine without epinephrine Wageﬂmuve diagnosis 'of n_1ahgnancy. Representative examples of the cellular cat-
infused into the duct after cannulation. Twenty-eight percent of the subje@lgor'es are shown in Fig. 1. . )
underwent the study procedures in an operating room while under general arEaCh NAF sample and ductal lavage sample were reviewed independently by

esthesia or sedation for a planned surgical procedure on the contralateral brgg{gt’cytopathologlgts, B.-M. Ljung ar‘1d‘ E. B. ng.‘When t‘he d|a_gnose_s were
such as an excisional biopsy or mastectomy. discordant, the slides were reread jointly to obtain a unified diagnosis. Cell

numbers were quantified by directly counting epithelial cell clusters (groups
Nipple Aspiration containing=10 cells), single cells, and cells in small groups (groups containing

nine or fewer cells). All cells within 10 representative epithelial cell clusters

For nipple aspiration, nonsedated subjects were seated and instructed in brgast counted and averaged. If more than 10 clusters were present, the cells

self-massage, which they then performed. Subjects who underwent nipple aggihin 10 randomly selected clusters were counted and averaged. The average
ration in the operating room were supine; breast massage was performed byntlmaber of cells was then multiplied by the total nhumber of clusters present.
physician. The nipple was dekeratinized with a mild abrasive gel (Omni Pr&ingle cells and cells in small groups were counted by selecting a representative
Skin Prep; D.O. Weaver & Co., Aurora, CO). After an approximately 1-minutgeld from each quadrant of the sample. The types and numbers of single cells
massage, nipple aspiration was performed by placing a suction cugD@eb and cells in small groups were determined by randomly selecting up to 200 cells
Health, Inc., Menlo Park, CA) fitted with a 20-mL syringe over the nipple andnd by counting and typing all observed cells. The percentage of epithelial cells
applying a small amount of suction (7-15 mL). If no nipple aspiration fluighresent alone and in small groups was determined by this method. The total
(NAF) appeared on the nipple, the lactiferous sinus was manually compressaegnber of epithelial cells was determined by adding the number of epithelial
Repeated efforts at breast massage and suction were attempted until fluid e&lls in clusters and the number of those present alone and in small groups.

Anesthesia
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Data Collection and Monitoring paired NAF and ductal lavage specimens. A flow chart showing the number of

subjects included in each analysis is presented in Fig. 2. All statistical tests were
Subjects, investigators, and study coordinators filled out case report forgg)-sided.

recording relevant information about the subjects’ medical history, eligibility,
study procedures, adverse events, and follow-up. Subjects were contacted 1IR®SULTS
and 2 weeks after the study day to collect information about adverse events. All
data were confirmed by source verification by the study sponsosDRii  Enrollment and Demographics
Health, Inc., and all data were double entered to ensure accuracy.
A total of 507 women were enrolled, and 700 of their breasts

Statistical Design were studied. Table 1 shows the distribution of patients accord-
Using McNemar's tesf17), we determined that a sample size of 300 breas#ld t0 their high-risk eligibility criteria. Fifty-seven percent (291
would be required to permit detection of a threefold difference between cytolo@ 507) of enrolled women had a history of breast cancer, either
diagnoses from ductal lavage and nipple aspiration, with a power in exces§@fasive or ductal carcinomia situ, and 39% (199 of 507) had
95% and anx value of .05. We assumed that NAF would be obtained from 75% 5-year Gail risk of breast cancer of 1.7% or more. Sixty-two
of the subjects. Therefore, approximately 500 women would need to be enrol Qrcent of the subjects in the study had one breast studied. and
to ensure 300 breasts for the within-breast comparison analysis between d g;d/ had t b ts studied. Subiect d hi l t, di
lavage and nipple aspiration. 0 Nad two Dreaslts stuaied. subject aemograpnics are liste _|n
o Table 2. The mean age was 51.9 years, and the mean 5-year risk
Statistical Analyses of breast cancer development according to the Gail model

Ductal lavage and nipple aspiration results were evaluated independently, gﬁmong SUbJeC.tS with a risk Pf at least 1'7%) Wa§ 3.3%. The
an analysis comparing ductal lavage results with nipple aspiration results WB&jority of subjects enrolled in the study were white. The dis-
also performed. McNemar's te7) was used to compare cytologic results fromtribution of subjects by race was consistent with the U. S. Bureau
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Table 2.Patient characteristics*

Enrolled subjects Characteristics
N = 507 subjects
N = 700 breasts Age,y 51.9 (26-81)
l Age at menarche, y 12.6 (7-25)
B ; . Age at first live birth, 25.3 (14-42
Subjects with low to no suspicion of 9 i y ) ) ( )
malignancy on mammogram and clinical No. of first-degree relatives with breast cancer 0.5 (0-5)
breast examination No. of previous breast biopsies 1.7 (0-18)
N = 500 subjects Previous diagnosis of atypical ductal hyperplasia, No. (%)
N = 683 breasts No 375 (74)
l Yes 96 (19)
Unknown 36 (7)
Subjects with nipple aspirate fluid (NAF) Racial heritage, No. (%)
specimen and any cytological result White 425 (84)
N =417 subjects (83% of 500) African-American 63 (12)
N = 536 breasts (78% of 683) Other 11(2)
i Asian 8(2)
. - 5-y Gail risk, % (n= 199) 3.3(1.7-11.0)
Subjects with ductal lavage
specimen and any cytological result *Data are either the mean (range) or number (%).

N =383 subjects (77% of 500)
N =479 breasts (70% of 683)

v “most severe pain.” Subjects were asked to complete the scale
immediately after each procedure. The median rating was 8 mm

Subjects with both NAF ; L
and ductal lavage specimens and cytological for nipple aspiration 24 mm for ductal lavage. When asked to
results from all NAF-yielding ducts compare the comfort of ductal lavage with the comfort of mam-
N = 330 subjects (66% of 500) mography, 49% (127 of 261) of the subjects responding to the
N = 395 breasts (58% of 683) guestion reported that ductal lavage was at least as comfortable

as mammography, including 29% reporting ductal lavage as
more comfortable and 20% reporting comfort to be about the
Fig. 2. Enrollment and number of subjects in the clinical trial and the number gfame. Fifty-one percent reported ductal |avage as less comfort-
subjects included in the major analyses. able than mammography.
No serious procedure-related adverse events were reported
during the clinical trial. Two subjects reported possible infec-
Table 1.Distribution of study subjects according to factors associated with §ions that were treated with oral antibiotics. The most common

high risk of breast cancer* adverse events among subjects who underwent both nipple as-
Total No. No. of subjects No. of subjects piration and attempted duct cannulation mcluqled br_east pain
(%) of with one with two (44%), ecchymoses (17% overall, but only 4% in subjects who
Risk type subjects  breast studied breasts studied did not receive periareolar injections of anesthetic), and breast
0 :
Prior breast cancer 201 (57) 282 9 engorgement (5%). Most adverse events were mild and of short
Invasive 202 200 2 duration.
DCIS 83 76 7 . o
Unknown 6 6 0 Nipple Aspiration
LCIS 10 (2) 4 6

All enrolled subjects underwent nipple aspiration. Fluid-

>y Gall fisk of =1.7% _ 199 (39) 28 1 yielding ducts were identified in 84% (427 of 507) of all sub-

BRCAL or BRCAZ mutation 3 (<1) 0 3 jects. Only 13 of the initial 85 subjects who did not yield fluid

Not high risk 4(<1) 0 4 on the first attempt underwent repeat attempts at nipple aspira-
All risk categories (%) 507 (100) 314 (62) 193(38) tion. Subsequent attempts were successful in five of the 13 sub-

jects. The percentage of NAF-yielding breasts was 96% (135 of
141) among women who underwent nipple aspiration during
general anesthesia in the operating room.

~Vi i i ifi I 0,
of the Census population estimates for women at the time tQﬁNAF yielding ducts were identified in 83% of parous women

study was conductell8). On data verification, four enrolled d in 87% of nulliparous women. Nipple aspiration identified

. Co NAF-yielding ducts in 90% of premenopausal and perimeno-
subjects were found not to have a high risk of breast cancer, éusal women and in 78% of postmenopausal women. The av-

ztre\gleiﬂi\clzvaelrgr]::srldet;akrlwa}\r/ngt?oiuspICIOUS or outdated mammog &rgge number of NAF-yieIding ducts per breast was 1.5. Women
' with both breasts studied had, on average, a total of 2.6 NAF-
Procedure Tolerability and Adverse Events yielding ducts.
Of the 427 women with fluid-yielding ducts, six did not meet
Subjects who underwent nipple aspiration and ductal lavathee entry criteria of low to no suspicion of malignancy on mam-
in the office setting completed a 100-mm visual analog scalaography and clinical breast examination, and four did not have

with O mm representing “no pain” and 100 mm representirtpeir NAF samples sent for analysis. Thus, NAF results are

*DCIS = ductal carcinoman situ; LCIS = lobular carcinoman situ.
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reported for 417 subjects. The results of NAF cytology are prgibility criteria, leaving 383 subjects and 591 ducts available for
sented in Table 3. The majority of subjects (73%) had NA&nalysis.
samples with inadequate cellular material for diagnosis, definedIn contrast to the NAF results, the majority (78%) of subjects
as fewer than 10 epithelial cells in the sample, or samples wiiad ductal lavage samples with adequate cellular material for
unacceptable technical quality. diagnosis (Table 3). The median cell count for the ducts in which
When NAF samples did have cellular material adequate ftavage was performed with the first version of the microcatheter
diagnosis, the samples contained a median of 120 epithelial c€bsicWash) was 4000 epithelial cells per duct (range, 24—
per breast (range, 10—74 300 epithelial cells per breast). Epithd3 000). The median cell count for the ducts in which lavage
lial cells represented a median of 13% of single cells or cellswas performed with the second version of the microcatheter
small groups, whereas foam cells represented 77%. Only 18%Bfo Duct Health, Inc.) was 13500 epithelial cells per duct
all of the NAF samples evaluated (96 of 536) contained clustdrange, 43—-492000). In contrast to NAF samples, 67% of the
of epithelial cells (groups of 10 or more epithelial cells). Amongingle cells and cells in small groups collected per duct were
the NAF samples with clusters, 81% (78 of 96) had five or fewepithelial cells, whereas only 17% of the cells collected were
epithelial cell clusters. foam cells. Of the 591 ductal lavage specimens evaluated, 397
Abnormal cells were detected in 10% of the subjects (41 (87%) contained epithelial cell clusters. In samples containing
417) undergoing nipple aspiration. The cytology results of NA€ell clusters, 68% contained more than 10 clusters per duct, and
specimens from all subjects undergoing nipple aspiration #&8% contained more than 100 clusters per duct.
presented in Table 3. NAF samples from 6% (27 of 417) of the Abnormal cells were detected in 24% (92 of 383) of all sub-
subjects had mildly atypical cells detected, and NAF samplgxts who underwent ductal lavage (Table 3). Of those subjects,
from 3% (12 of 417) had markedly atypical cells detected. NAE/% (66 of 383) had cells classified as mild atypia, and 6% (24
samples from two subjects contained malignant cells. The ovef-383) had cells classified as marked atypia. Two subjects had
all concordance between the initial independent cytologic diaguctal lavage samples with malignant cells. These data include
noses of the two cytopathologists in this study for both NAF arahly the highest grade (most severe) cytologic diagnosis per

ductal lavage specimens was 89%. subject. The identical dataset presented by duct, rather than by
subject, is also presented in Table 3.
Ductal Lavage Of the 114 subjects with any abnormal result on NAF and/or

) ) ductal lavage, nine (8%) had abnormal results in both breasts.

Ductal lavage was attempted in 426 subjects on a total of 7@fhe of these subjects had two abnormalities in the same breast:
NAF-yielding ducts. Successful cannulation, defined as succeggz qyct with markedly atypical cells and one with mildly atypi-
ful catheter insertion into the ductal orifice with ductal lavagg,; cells. Eight additional subjects had multiple ducts with ab-
fluid sent for cytology, was achieved in 82% of ducts (610 Q{qrma) results within a single breast. Two women had markedly
740). Ninety-two percent (392 of 426) of the subjects had SUSnical cells in two ducts in the same breast.
cessful pann_ulation of at It_'-zast.(_)ne duct. Unsuccessful attemptsrne median number of epithelial cells per duct for each of the
were primarily due to an inability to cannulate the duct or taysjogic diagnoses increased with increasing cytologic grade
fully seat the catheter. ) Kruskal-Wallis testP<.001). The median number of epithelial

Surgeons attempted the most duct cannulations (477 of 74Qljis collected per duct was as follows: benign 4000; mild

surgeons had successful cannulation rates of 87% overall ad%ia — 13400; marked atypia= 40000: and malignant
95% when subjects were under general anesthesia. The ca ’ '

lation success rate was 82% for all investigators and was simi arSubjects with abnormal findings on evaluation of ductal la-

for both versions of the microcatheter used in the study. ParQHfge specimens were not statistically significantly different from
women were canglulated successfully more often than nulliffipse with benign or inadequate cellular material for diagnosis
rous subjects (95% versus 84%s.001). with respect to history of breast cancer, number of first-degree

The mean volume of normal saline infused during ductdl|atives with breast cancer, age at menarche, biopsy history, or
lavage was 14 mL. The mean effluent volume collected Was Re of hormone replacement therapy.

mL. Cytologic samples were obtained from 610 ducts in 392
subjects. Samples from three subjects were lost, and six did @@mparison of Nipple Aspiration and Ductal Lavage
fulfill the mammography and/or clinical breast examination eli-
Twenty-seven percent of the subjects had at least one NAF
sample with adequate material for cellular diagnosis, whereas

Table 3.Overall cytologic diagnoses* 78% of the subjects had at least one ductal lavage sample with
adequate cellular material for diagnosis (McNemar’s test,
Frequency (%) P<.001). In samples adequate for diagnosis, the median number
Ductal lavage Ductal lavage Of epithelial cells coIIe_cted_ per breast by NAF was 120, and the
Cytologic NAF by subject by subject by duct median number of epithelial cells collected per duct by the sec-
diagnosis (n = 417) (n = 383) (n=1591)  ond version of the ductal lavage microcatheter was 13500
ICMD 306 (73) 84 (22) 173 (29) (KruskaI—WaII_is testzP<._OOl). Eighteen percent qf NAF
Benign 70 (17) 207 (54) 313(53) samples contained epithelial cell clusters compared with 67% of
M"dkatgp'a _ 27 (6) 66 (17) 77(13)  ductal lavage samples (Cochran—-Mantel-Haenszel Rest
mglrigenariwp'a 122((31)) 224((<61)) 226((:% .001), and when clusters were present, lavage samples contained

statistically significantly more clusters than did NAF samples

*ICMD = inadequate cellular material for diagnosis; NAFnipple aspirate  (Cochran—Mantel-Haenszel teBt,= .001).
fluid. To directly compare nipple aspiration and ductal lavage with
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respect to their ability to collect cells and to detect cellularzoncordant abnormal diagnoses plus the breasts with abnormal
atypia, cytologic diagnoses were compared in paired NAF adiéhgnoses detected by NAF alone.
ductal lavage samples. Only breasts in which all fluid-yielding When the comparison of nipple aspiration and ductal lavage
ducts were successfully cannulated were included in this comas broadened to include paired breasts in which cannulation of
parative analysis. Consequently, this analysis included 3&hy fluid-yielding duct was successful and unpaired breasts that
breasts from 330 subjects (Table 4). For the ductal lavage vgere missing either nipple aspiration or ductal lavage results, the
sults, the highest grade cytologic diagnosis per breast was uggflings were very similar to those described above. When all
Among these paired samples, adequate NAF samples were QAF results are compared with all ductal lavage results (Table
tained from 82 breasts, and adequate ductal lavage samples WgreyAF detected mildly atypical, markedly atypical, or malig-
obtained from 284 breasts. Thus, ductal lavage was 3.5 timiggt (abnormal) cytologic findings in 10% (41 of 417) of
more likely than nipple aspiration (McNemar’s teBt.001) to  women, whereas ductal lavage detected abnormal cytologic
result in a cytologic diagnosis (Table 4). findings in 24% (92 of 383) of women (Fisher's exact test,
When the comparison included breasts in which either nipqig_o()l)_ Twenty of the 41 women with abnormal cytologic
aspi_ration or ductal Iav_age resulte_d in a diagnosis of m”dh’ndings from NAF had normal findings from ductal lavage,
atypical, markedly atypical, or malignant cells, ductal lavagghereas 71 of 92 women with abnormal cytologic findings from
was 4.7 times more likely than nipple aspiration to result in @,cta) lavage had normal findings from NAF. More important,
higher grade abnormal diagnosis (66 versus 14 breasts; MClNeihis analysis, 27% of the subjects had an NAF sample ad-

mar's testP<.001). The complete concordance data for breasly, ate for diagnosis, whereas 78% of the subjects had a ductal
with an NAF sample and ductal lavage of all fluid-yielding d“CtPavage sample adequate for diagnosis.

are presented in Table 4.
Ductal lavage detected abnormal intraductal breast cells bet-
ter than NAF (79 versus 25 breasts, respectively; McNemalySCUSSION
test,P<.001). This difference was calculated by adding the num-
ber of breasts with concordant abnormal diagnoses to the num-Our findings demonstrate that ductal lavage is a safe and
ber of breasts with abnormal diagnoses detected by ductal lavagsl-tolerated procedure that can be used to collect and detect
alone and comparing the sum with the number of breasts witypical and malignant breast ductal epithelial cells in women at
high risk of developing breast cancer. A cytologic diagnosis of
Table 4. Paired nipple aspirate fluid (NAF) and ductal lavage results from atypical epithelial ceI_Is provides adqltlonal information to help a,
395 breasts* woman assess her risk for developing breast cancer and to assist

her in determining if she is a candidate for risk reduction therapy
Any diagnosis versus inadequate cellular material for diagnosis (ICMD)t or closer surveillance.

giaQ“IOISiS by exam?nationNOf The percentage of women in whom NAF was elicited in this
Diagnosis by examination uctal lavage specimen, No. study (84%) was higher than the percentage of women yielding
of NAF specimen ICMD Any diagnosis Total  NAF (50%) in the study by Wrensch et. 4B), the largest pre-
ICMD 97 216 313 viously reported series in which NAF was examined. The cur-
Any diagnosis 14 68 g2  rentstudy included only women at high risk for the development
Total 111 284 395  of breast cancer, whereas women in the study by Wrensch et al.

were not selected on the basis of breast cancer risk. In the study
Paired NAF versus ductal lavage cytologic diagnosis concordance (by breast)py Wrensch et al., women with NAF were found to have a higher
o b Diagnosis by examination of ductal lavage specimen, No.relative risk of developing breast cancer than women without
iagnosis by ; ; :
examination of Mild Marked NAF.. The h|gher pr(_avalence of NAF in the current s_tudy is
NAF specimen  ICMD Benign  atypia atypia Malignant ~ consistent with previous observations that women with NAF

have an increased risk of breast cancer and with the fact that

ICMD | 97 165 39 12 0 subjects in the current study were selected by their high-risk

Benign 11 32 12 2 0 status.. _

Mild atypia 3 7 5 1 0 Itis important to stress t_hat qnly ducts that yu_alded NAF were
) targeted for ductal lavage in this study. The rationale for focus-

Mar_kecj atypia 0 ! 3 3 0 ing ductal lavage on NAF-yielding ducts is based on the data

Malignant 0 0 0 0 # demonstrating that women with NAF have a higher relative risk

o _, of developing breast cancer than those without N@®f. In
*Concordance tables for 395 breasts distributed by NAF cytologic dlagnosgadition fluid-yielding ducts are easier to locate for cannulation

(rows) versus ductal lavage cytologic diagnoses (columns). This paired analysis ’ fluid-vieldi d Alth h it is h hesized

is performed by breast rather than by subject and includes only breasts that n are, nonf uid-yielding ducts. t_ 0”9 itis yPOt esize

an NAF sample and ductal lavage samples from all fluid-yielding ducts.  that pr0|.|ferat|ng abnormal dUCt?‘l eF)'thel'al cells will prqduce
tDuctal lavage resulted in any diagnosis in 72% [(216 + 68)/395] of breastgore fluid than normal intact epithelium, the rate of atypia has

whereas NAF resulted in any diagnosis in 21% [(14 + 68)/395] of breasts. Ductedt been studied in non-fluid-yielding ducts.

lavage was 3.5 times more Iikely_ than nipple_z as_piratio_n (284 versus 82 breasts;The much higher number of subjects with samples adequate

McNemar's te§tP<.OO;) to rgsult in a cytologic diagnosis. ICMB inadequate for diagnosis and the higher grade diagnoses obtained by ductal

cellular material for diagnosis. lavage demonstrate that ductal lavage is superior to nipple as-

fConcordant diagnoses for paired NAF and ductal lavage samples are lX - . . . "
boldface type.Ductal lavage resulted in higher grade diagnoses than NAF fgiration in detecting intraductal cellular abnormalities. Further-

the breasts whose values are above the diagonal, and NAF resulted in highé@'e, the marked increase in ductal epithelial cell recovery by
grade diagnoses for breasts whose values are below the diagonal. ductal lavage compared with nipple aspiration is a diagnostic
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advantage of ductal lavage. Table 4 shows a total of 66 woméfrensch et al.(9) followed 2300 women for an average of
who had a higher grade diagnosis by ductal lavage than by NAR2.7 years to examine the association between atypical
including 14 with markedly atypical cytology by ductal lavagefindings on analysis of NAF and subsequent development of
but either inadequate or benign samples by NAF. breast cancer. In their study, the finding of cellular atypia in
Ductal lavage collected statistically significantly more brea$tAF specimens was associated with a 4.9-fold increase in the
epithelial cells than did nipple aspiration. When NAF samplaglative risk of subsequently developing breast cancer. The com-
are abnormal, the atypical cells available for interpretation ap@ation of cellular atypia and a family history of breast cancer
typically very few, often fewer than 10 cells, and generallin that study raised the relative risk of developing breast cancer
represent fewer than 5% of the total cell population. Lavage 18-fold (9).
samples may also contain only 5% abnormal cells, but becauserhe current study was designed to replicate as much as
so many more cells are obtained, statistically significantly mop®ssible the cytologic diagnostic criteria for the analysis of
abnormal cells are available for study than that in NAF sampldije-needle aspirates and NAF samples. Specifically, the cri-
which allows for more confident cytologic diagnoses. Thederia used to evaluate ductal lavage specimens in this study
highly cellular ductal lavage samples should aid the assessmeate very similar to the consensus criteria of the National
of molecular marker§l9) and enable the progression of cellulaCancer Institute established in 199¥6) for the analysis of
changes associated with increased or decreased breast cdireeneedle aspirates and the criteria used for nipple aspirate
risk to be investigated over time. Of interest, samples with abytology described by King et a{28,29)and used by Wrensch
normal cells contained the highest total number of epitheliat al. (9).
cells, consistent with the presumption that the more abnormalCell preparation and staining methods used in the study by
the epithelium, the greater the number of exfoliated cells avaWWrensch et al. (Millipore filtration and Pap staining) were also
able to lavage. used in this study. Finally, one of the cytopathologists (E. B.
The epithelial cells seen in NAF samples and in ductal lavaggéng) who interpreted the specimens in this ductal lavage study
samples are morphologically indistinguishable. However, ductdko interpreted all of the specimens in the study by Wrensch et
lavage samples often contain many more clusters of cells thaln(9). The population of cells defined as “atypical” in the ductal
NAF samples, including clusters with architectural features tfvage specimens reported in this study is likely to represent a
terminal ductal lobular units. Similar clusters are not seen population of cells very similar to that referred to as “atypical
NAF specimens. If we had used nipple aspiration alone in thigperplasia” in referenc€9,28,29)above and are likely to have
study to screen women at high risk of breast cancer for celluksimilar prognostic value.
atypia, only 27% of the women would have had samples ad- Fabian et al(10) have reported recently that the relative risk
equate for diagnosis. Conversely, ductal lavage alone resultedirdeveloping breast cancer in a cohort of high-risk women with
at least one sample adequate for diagnosis in 78% of the womepithelial hyperplasia with atypia detected cytologically in ran-
More important, this adequate sample rate reflects the inclusidom breast fine-needle aspirates was fivefold higher than that of
of all training cases when investigators were less proficient witthtomen without such a diagnosis. In that study, 15% of high-risk
the ductal lavage technique. women with a 10-year Gail risk of greater than 4% and hyper-
Abnormal cytologic diagnoses, including mild atypiaplasia with atypia developed breast cancer within 3 years. More
marked atypia, or malignancy, were detected in 24% of afthportant, an elevated Gail risk and the finding of hyperplasia
high-risk women who underwent ductal lavage compared withith atypia on fine-needle aspiration were independent predic-
only 10% of all women who underwent nipple aspiration (Fishers of breast cancer rigi0).
er's exact testP<.001). In a previous study of random periareo- The similarity in the increased relative risk of developing
lar fine-needle aspirates in 480 women at high risk of bredsteast cancer conferred by the diagnosis of cellular atypia in the
cancei(10), hyperplasia with atypia was described in 21% of thstudy by Wrensch et a{9) (a 4.9-fold increase) and in the study
subjects, although no malignant cytologic findings were réy Fabian et al(10) (a 5.0-fold increase) is notable. Also of
ported. interest is the similarity between the increased relative risks
Only two subjects in the current study had markedly atypicabnferred by atypical cytology in these studies and the risk of
cells detected in more than one duct. When marked atypia wies/eloping breast cancer conferred by the pathologic diagnosis
present, it was not uncommon to also observe mild atypia @f atypical hyperplasia on biopsies documented in independent
other ducts, implying more widespread proliferative breast distudies(30-32). These studies report that the pathologic diag-
ease in some of these high-risk women. nosis of atypical hyperplasia confers a 3.7- to 5.3-fold increase
Nipple aspiration9,20-23) filling breast ducts with fluid to in the relative risk of developing breast cancer.
facilitate the collection of ductal epithelial cel(®0,24), and When coupled with a family history of breast cancer, atypical
breast cytology9,10,14,20-26xre not new concepts. Howeverhyperplasia confers an additional 11- to 22-fold increase in the
clinicians have previously been unable to routinely collect largelative risk of developing breast cand@0,32). This increase
numbers of cells for confident cytologic diagnosis. The curreagain parallels the increased relative risk observed for women
study demonstrates that ductal lavage is a safe and efficiaith atypical ductal cytology detected in NAF coupled with a
method for collecting breast ductal epithelial cells. While ducté&mily history of breast cancer (18-fold increase) in the study by
perforation may occur during lavage, it has been reported pk&¥ensch et al(9). The consistency and similarity of the relative
viously during galactography and has no known adverse conssks of developing breast cancer conferred by atypical ductal
quence(27). epithelial cell cytology and pathologic atypical hyperplasia in
Published studie9,10) with long-term follow-up clearly these independent studies are striking. These results strongly
demonstrate that women with atypical breast ductal epithgiggest that ductal epithelial cell atypia is associated with an
lial cells are at increased risk for developing breast cancéncreased risk of breast cancer. Thus, the identification of this
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atypia may be used to further stratify women at elevated risk dp) Wellings SR, Jensen HM, Marcum RG. An atlas of subgross pathology of
breast cancer. the human breast with special reference to possible precancerous lesions. J

The identification of cellular atypia by ductal lavage and the Nl Cancer Inst 1975,55:231-73.

. d relative risk it confers take on further potential im OI_(_6) Wellings SR. A hypothesis of the origin of human breast cancer from the
mcrea_se . o . p_ . P terminal ductal lobular unit. Pathol Res Pract 1980;166:515-35.

tance in light of the findings of the National Surgical Adjuvant7) waigman FM, Devries S, Chew KL, Moore DH'% Kerlikowske K,
Breast and Bowel Project P-1 Stud®). That study of 13388 Ljung BM. Chromosomal alterations in ductal carcinorimasitu and their
women who had a 5-year Gail risk of 1.7% or more demon- in situ recurrences. J Natl Cancer Inst 2000;92:313-20.

strated that administration of tamoxifen could reduce the risk dB) Lennington WJ, Jensen RA, Dalton LW, Page DL. Ductal carcinnsétu
invasive breast cancer by 49%><(_001)_ More important in of the breast. Heterogeneity of individual lesions. Cancer 1994;73:118-24.

women with a history of atypical hyperplasia, tamoxifen reduced V/rensch MR, Petrakis NL, King EB, Mike R, Mason L, Chew K, et al.
. Breast cancer incidence in women with abnormal cytology in nipple aspi-
the risk of breast cancer by 86%.

. . . rates of breast fluid. Am J Epidemiol 1992;135:130-41.
However, how to balance the benefits and risks of tamoxiffh) Fabian cJ, Kimler BF, zalles CM, Klemp JR, Kamel S, Zeiger S, et al.

is still a matter of debate, particularly for women 50 or more  Short-term breast cancer prediction by random periareolar fine-needle as-
years of age. Ductal lavage can provide a woman with some piration cytology and the Gail risk model. J Natl Cancer Inst 2000;92:
information about whether she has evidence of cellular changes 1217-27.

associated with increased breast cancer risk at the time shét}s Gail MH, Brinton LA, Byar DP, Corle DK, Green SB, Schairer C, et al.
weighing the risks and benefits of tamoxifen therapy. However, Projecting individualized probabilities of developing breast cancer for

. . . . . white females who are being examined annually. J Natl Cancer Inst 1989;
it must be emphasized that the relationship between a benign g;.1579_gg 9 Y

ductal lavage cytologic result and the likelihood that a womaiy) ciaus EB, Schildkraut JM, Thompson WD, Risch NJ. The genetic attrib-
will not develop breast cancer is unknown and warrants further utable risk of breast and ovarian cancer. Cancer 1996;77:2318-24.
study, (13) Costantino JP, Gail MH, Pee D, Anderson S, Redmond CK, Benichou J, et
Ductal lavage also offers the potential opportunity to follow al- Validation ;tugies for models projecting the risk of invasive and total

a specific ductal system over time and to identify it should breast.cancer |nC|dence.J.NatI Cancer Inst 1999;91:1541—3. .
surgical therapy be indicated. Indeed, in the current clinicdf? Papanicolaou GN, Holmaist DG, Bader GM, Falk EA. Exfoliative cytol-

. L A . ogy of the human mammary gland and its value in the diagnosis of cancer
trial, the _feaS|b|I|ty (_)f utilizing ductal lavage to_det_ect _and direct .14 other diseases of the breast. Cancer 1958:11:377—400.
the surgical resection of several ductal carcinonmasitu that (15 Barrett DL, King EB. Comparison of cellular recovery rates and morpho-
were occult on mammography and clinical breast examination |ogic detail obtained using membrane filter and cytocentrifuge techniques.
has been demonstrated. To date, 11 subjects with abnormal duc-Acta Cytol 1976;20:174-80.
tal lavage findings have had additional imaging and breast s(i6) The uniform approach to breast fine-needle aspiration biopsy. NIH Con-
gery to further evaluate their cytologic findings. Four of the Sensus Development Conference. Am J Surg 1997,174:371-85.
subjects have had a pathologically confirmed ductal carcinorftd ZCS'\:)?]':E"I;S Z;‘éczh"'og'ca' statistics: &d. New York (NY): John Wiley
in situ located in the Sam? r?gmn as_ th_e ductal system with th%) Population estimates program, Population Division, U.S. Bureau of the
abnormal ductal lavage findings. It is important to note, how- * censes. Washington (DC): July 1, 1999 (http://www.census.gov/
ever, that the sensitivity and specificity of ductal lavage for population/estimates/nation/intfil3—1.txt).
cancer detection have not yet been determined. Follow-up déi®) Evron E, Dooley WC, Umbricht CB, Rosenthal D, Sacchi N, Gabrielson E,
on all available subjects from this trial will be collected under et al. Detection of breast cancer cells in ductal lavage fluid by methylation-

institutional review board-approved research and published jn_SPecific PCR. Lancet 2001;357:1335-6. . .
the future (20) Sartorius OW, Smith HS, Morris P, Benedict D, Friesen L. Cytologic

. evaluation of breast fluid in the detection of breast disease. J Natl Cancer
In summary, ductal lavage is a safe and well-tolerated method |,¢; 1977:59:1073-80.

of accessing specific milk ducts to collect and detect atypic@h) Buehring GC. Screening for breast atypias using exfoliative cytology. Can-
and malignant cells within the breast. Ductal lavage is sta- cer 1979;43:1788-99.

tistically significantly more sensitive than nipple aspiratiof?2) King EB, Chew KL, Petrakis NL, Ernster VL. Nipple aspirate cytology
for the detection of cellular atypia. Detection of intraductal flolrltshezft“dy of breast cancer precursors. J Natl Cancer Inst 1983;71:
cellular abnormalities .Can prpylde WO”??” at.elevateq risk f;{ ) Sauter ER, Ross E, Daly M, Klein-Szanto A, Engstrom PF, Sorling A, et
breast cancer and their physicians additional information to |&

. L. . . . ..~ al. Nipple aspirate fluid: a promising non-invasive method to identify cel-
their decision about risk-reduction therapy and ongoing surveil- yjar markers of breast cancer risk. Br J Cancer 1997;76:494-501.

lance. (24) Hou M, Tsai K, Lin H, Chai C, Liu C, Huang T. A simple intraductal
aspiration method for cytodiagnosis in nipple discharge. Act Cytol 2000;
44:1029-34.
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