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Cytologic evaluation of ductal lavage or random periareolar fine-needle aspiration (FNA) specimens has been
proposed to improve risk stratification of women at high risk for breast cancer. However, cytologic assessment
of morphologic changes is subjective. To assess the utility of fluorescence in situ hybridization (FISH) in the
categorization of breast lesions, we prospectively evaluated 32 random periareolar FNA specimens from 27
women at high risk for breast cancer. Cytologic specimens were prepared using the thin preparation technique,
and diagnoses were made on the basis of previously published criteria. Specimens were also evaluated by FISH
for chromosomes 1, 8, 11, and 17. Monosomy was defined as the loss of one signal or both signals in 420% of
cells, and polysomy was defined as the presence of Z3 signals in 46% of cells. Cytologic smears from seven
invasive ductal carcinomas and nine benign breast specimens from women at low risk for breast cancer were
included for comparison. In the high-risk group, cytologic findings were nonproliferative epithelium (NPE) in 16
cases and hyperplasia in 16 cases. Chromosomal aberrations were detected in 11 (69%) of 16 NPE cases, 14
(89%) of 16 hyperplasia cases, seven (100%) of seven carcinoma cases, and none of the low-risk cases. High-
risk cases had significantly more monosomy of chromosomes 1, 11, and 17 and polysomy of chromosome 8
compared to low-risk cases and significantly less polysomy of chromosomes 1, 8, 11, and 17 compared to
patients with cancer. There were no significant differences in monosomy or polysomy of individual
chromosomes or a combination of chromosomes between the NPE and hyperplasia groups. This study shows
that aberrations of chromosome number are common in high-risk women irrespective of cytologic findings.
Studies evaluating the association between specific patterns of chromosomal polysomy and progression to
malignancy may be warranted.
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Cytologic evaluation of ductal lavage and periareolar
fine-needle aspiration (FNA) specimens has recently
been advocated as a new modality for improving the
risk stratification of women at high risk for breast

cancer.1,2 In the few studies that have examined the
breast cancer risk associated with cytologic atypia, a
finding of cytologic atypia was associated with a
breast cancer risk similar to that reported in women
with a finding of atypical hyperplasia on examina-
tion of histologic sections.2,3

Although the cytologic criteria used to categorize
intraductal epithelial changes are well defined, they
have not been uniformly applied, and they have not
been proven to be reproducible.4,5 In studies that
have compared cytologic findings of atypia with
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histologic findings from corresponding tissue, the
correlation was poor and the rate of false-positive
results high.1,5 Consequently, ancillary studies to
better assess cellular changes are being sought.6

Breast cancer progression is characterized by the
accumulation of numeric changes on many chromo-
somes, particularly early or frequent increases in the
copy numbers of chromosomes 1, 8, 11, and 17.7–16

Fluorescence in situ hybridization (FISH) evaluation
of chromosomal aberrations in ductal lavage speci-
mens may be more sensitive and specific than
conventional cytologic evaluation for categorization
of breast lesions.17–19 To determine the utility of
FISH in categorizing breast epithelial changes, we
used this technique to evaluate numeric changes
in chromosomes 1, 8, 11, and 17 in breast FNA
specimens from 27 women at high risk for breast
cancer. For comparison, we used cytologic smears
from seven invasive ductal breast carcinomas and
nine specimens of nonproliferative epithelium
(NPE) from women at low risk for breast cancer.

Materials and methods

Fine-Needle Aspiration

The patients from whom FNA specimens were
obtained had been enrolled in an institutional review
board-approved prospective protocol to determine
the feasibility of cytologic evaluation and evaluation
of biomarkers in ductal lavage and periareolar FNA
specimens for stratification of patients at high risk
for breast cancer. For this study, patients were
considered at high risk for breast cancer if they had
any of the following: a 5-year predicted risk of at
least 1.66% by the Gail model,20 a history of lobular
carcinoma in situ (LCIS), or a history of breast cancer
(T1 or T2, N0) with no evidence of recurrence for the
last 2 years. In the calculation of risk, the Gail model
includes the variables of current age, number of first-
degree relatives with breast cancer, nulliparity or
age at first live birth, number of breast biopsies,
pathologic diagnosis of atypical hyperplasia, and age
at menarche.

We prospectively evaluated 32 breast FNA speci-
mens from 27 women (five women each had two
FNA specimens, one from each breast). Woman
ranged in age from 39–71 years (mean, 57 years). In
all women, random periareolar FNA was performed
four times each at the 3 o’clock and 9 o’clock
positions in each breast as previously described.2

Briefly, a 1.5-inch, 23-gauge needle attached to a 10-
ml syringe was used. The needle was inserted
approximately 1–2 cm away from the areola, at
3 o’clock and later at 9 o’clock. Following injection
of 2ml of 1% lidocaine, the aspiration needle was
moved in multiple directions to ensure sampling of
most of the breast tissue, with emphasis on areas of
dense breast tissue, where proliferative glandular
tissue is often present. All the FNA samples were
pooled in 5ml of Cytolyte solution. After each

aspiration, firm pressure was applied to the aspira-
tion site to prevent hematoma formation. A cold pack
was also applied to the breast for approximately
10min after completion of FNA. Cytologic specimens
were prepared using the thin preparation (ThinPrep)
technique (Cytyc Corporation, Boxborough, MA,
USA). Six to eight slides were prepared from each
pooled FNA specimen. One slide was stained with
Papanicolaou stain for cytologic diagnosis; the
remaining slides were saved in the tissue bank for
marker studies per the protocol. Cytologic diagnosis
was made on the basis of previously published
criteria.4 The categories used were NPE, hyperplasia
(with or without atypia), and malignant lesion.

Touch preparation smears from seven cases of
invasive carcinoma and nine cases of NPE from
women at low risk for breast cancer (women with no
history of breast cancer or LCIS or with a Gail
model-predicted 5-year breast cancer risk of less
than 1.66%) were also included for comparison.

FISH

For FISH, thin preparation slides were processed
according to the manufacturer’s pretreatment and
hybridization protocol. A DNA locus-specific iden-
tifier probe complementary for 1p12 (LSI1) and
chromosome enumeration probes complementary
for chromosome 8-, 11-, and 17-specific pericentro-
meric repetitive sequences (Vysis Inc., Downers
Grove, IL, USA) were directly labeled with Spec-
trumGold, SpectrumRed, SpectrumGreen, and Spec-
trumAqua fluorophores, respectively, and combined
with human placental blocking DNA in LSI/whole
chromosome paint hybridization buffer (Vysis Inc.).
Ten microliters of probe-hybridization mix was
applied to each slide, and then slides were covered
with 22-mm circular cover slips (Fisher Scientific,
Pittsburgh, PA, USA). Slides were then placed into a
HyBrite Denaturation/Hybridization System (Vysis
Inc.) for simultaneous probe/target DNA denatura-
tion at 731C for 5min, followed by an overnight
hybridization at 371C. After hybridization, slides
were washed in 2� standard saline citrate (SSC)/
0.3% NP-40 at 731C for 2min and 2� SSC/0.3% NP-
40 at room temperature for 1min. After air-drying,
slides were mounted with DAPI (4,6-diamidino-2-
phenylindole; Vysis Inc.), cover-slipped, and eval-
uated using an Olympus fluorescence microscope.

FISH Scoring

FISH scoring was performed without knowledge of
the cytologic findings according to the method
described by King et al.17 Briefly, the entire field
was initially viewed using DAPI filter and � 10
microscope objective to confirm the presence of
adequate numbers of epithelial cell nuclei. As
epithelial cells were largely present in clusters, they
were easily distinguished from foam cells, which
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also retain prominent fluorescent background stain-
ing in their cytoplasm. The entire field was next
examined using the � 60 objective to scan for the
presence of epithelial cell clusters with large and/or
irregular nuclei. If present, such nuclei were
examined with the appropriate filters for each
fluorophore-labeled probe set in a fluorescence
microscope according to the manufacturer’s instruc-
tions (Single Bandpass Filter Sets, Vysis Inc.). The
numerical changes in chromosomes 1, 8, 11, and 17
were analyzed in all the clusters of epithelial cells.
In individual cells, polysomy was defined as the
presence of three or more signals per nucleus, and
monosomy was defined the loss of one or both
signals per nucleus. Aneusomy was defined as
monosomy in 420% of cells or polysomy in 46%
of cells. If aneusomy was detected on the initial
� 60 scan of the entire field, 60 consecutive large,
nonoverlapping epithelial cell nuclei were scored
for signal copy number using the appropriate filters
for all four probes. If atypical nuclear findings or
aneusomy was not detected on the initial � 60 scan
of the entire field, 60 consecutive large, nonover-
lapping epithelial cell nuclei were scored for
signal copy number.

Statistical Analysis

We compared monosomy and polysomy of chromo-
somes 1, 8, 11, and 17 between patient groups. The
percentages of monosomic and polysomic cells were
summarized by the median, mean, and range and
compared between groups with the Wilcoxon rank
sum test.

We considered two combinations of chromo-
somes—1, 8, and 17 and 1, 8, 11, and 17—because
of a previous study by Fehm et al20 in which they
indicated that certain chromosomal patterns are
associated with malignancy. As previously noted,
specimens with polysomy in 46% of cells were
considered to be polysomic. We also performed a
second analysis in which specimens with polysomy
in 43% of cells were considered to be polysomic.
If a specimen was polysomic for all chromosomes
in a combination, it was considered positive for the
combination. The number of patients with polysomy
for each combination was compared between patient
groups using Fisher’s exact test. P values of 0.05 or
less were considered statistically significant.

Results

The cytologic findings for the 32 FNA specimens in
the high-risk group were NPE in 16 cases and
hyperplasia in the other 16 cases. None of the high-
risk women had a cytologic finding of ‘malignant
lesion’. Generally, aspirates of NPE were mildly
cellular, with the epithelial cells arranged in small
clusters or flat sheets with uniform, small, rounded
nuclei, and moderate to abundant cytoplasm. Apoc-

rine cells and histiocytes were present in some
of the cases (Figure 1a). Hyperplastic epithelial
changes were moderately cellular, with the epithe-
lial cells forming complex or three-dimentional
clusters. Nuclei were enlarged and overlapping,
with dense chromatin and an irregular nuclear
membrane (Figure 2a).

Hybridization of the FISH probes to the DNA
revealed changes in chromosome number in 11
(69%) of the 16 cases of NPE and 14 (89%) of the 16
cases of hyperplasia (Figures 1b and 2b and c).
Changes in chromosome number were also detected
in seven (100%) of the seven carcinoma specimens
and none of the nine breast epithelium specimens
from low-risk women.

In both the NPE and hyperplasia groups, chromo-
somal loss was more frequent than chromosomal
gain (Table 1). In contrast, in the cancer group,
chromosomal gain was more common. The number
of chromosomes with polysomy ranged from 0 to 1
in the NPE group, 1–4 (average 2.4) in the hyper-
plasia group, and 2–4 (average 3) in the cancer
group.

In the high-risk group, there were no significant
differences in monosomy or polysomy of chromo-
somes 1, 8, 11, and 17 between patients with
NPE and those with hyperplasia (Table 2). On the
other hand, high-risk patients had significantly
more monosomy of chromosomes 1, 11, and 17
(P¼ 0.001 to 0.004) and significantly more polysomy
of chromosome 8 compared to low-risk patients
(Table 3). High-risk patients also had significantly
less polysomy of chromosomes 1, 8, 11, and 17
(P¼ 0.03–0.001) compared to patients with cancer
(Table 4).

No patients had monosomy (monosomy in 420%
of cells) for the combination of chromosomes 1,
8, and 17 or for the combination of chromosomes 1,
8, 11, and 17. When polysomy was defined as
polysomy in 46% of cells, five patients had
polysomy for the combination of chromosomes 1,
8, and 17, and four patients had polysomy for the
combination of chromosomes 1, 8, 11, and 17. The
proportion of patients with polysomy of chromo-
somes 1, 8, and 17 combined was significantly
higher in the cancer group than in the hyperplasia
group (Table 5). When polysomy was defined as
polysomy in 43% of cells, seven patients had
polysomy for the combination of chromosomes 1,
8, and 17, and five patients had polysomy for the
combination of chromosomes 1, 8, 11, and 17. For
both combinations, the proportion of patients with
polysomy was significantly higher in the cancer
group than in the hyperplasia group (Table 5).

Fourteen of the 27 patients had prior biopsy
findings of atypical ductal hyperplasia (n¼ 7)
or LCIS (n¼ 7). Chromosomal aberrations were
detected in nine of the 14 patients with a history
of atypical ductal hyperplasia or LCIS and in 12 of
the 14 patients with no known history of atypical
ductal hyperplasia or LCIS.
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Discussion

The development and progression of breast cancer
are characterized by the accumulation of numeric
changes of many chromosomes and, in particular,
by early and/or frequent increases in copy levels
of chromosomes 1, 8, 11, and 17. In our series,
numerical aberrations of chromosomes 1, 8, 11,
and 17 were commonly found in the breast epithe-
lium of women at high risk for breast cancer. High-
risk patients had significantly more monosomy in
chromosomes 1, 11, and 17 and polysomy in
chromosome 8 compared to patients at low risk.
These findings are in agreement with findings
reported previously9–11 and suggest that detection

of aneusomy may be a useful marker for increased
risk of breast cancer development.

In our series, the number of chromosomes with
polysomy increased as atypia progressed. No NPE
specimens had polysomy in more than one chromo-
some, whereas the hyperplasia and cancer cases had
on average polysomy in 2.4 and 3.0 chromosomes,
respectively. Among the high-risk group, however,
there were no significant differences in aneusomy
between the NPE and hyperplasia groups. The lack
of correlation between aneusomy and cell morpho-
logy may be partly due to the use of a separate slide
preparation for FISH analysis, which prevented
direct correlation of aneusomy with cell morpho-
logy, or to the fact that high-risk patients harbor

Figure 1 (a) Papanicolaou ThinPrep preparation of a breast fine-needle aspiration sample showing a group of epithelial cells in a
monolayer arrangement interpreted as nonproliferative. (b) Epithelial cells hybridized with centromeric probes for chromosomes 1, 8, 11,
and 17 showing diosomy for chromosomes 8 and 17 (1 and 11 are not shown) in the majority of the cells. Fewer than 20% of the cells
were monosomic.
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Figure 2 (a) Papanicolaou ThinPrep preparation of a breast fine-needle aspiration sample showing a group of epithelial cells with
irregular nuclei, nuclear overlap, and hyperchromasia interpreted as hyperplasia. A macrophage is present (upper right). (b) and (c)
Clusters and individual epithelial cells hybridized with centromeric probes for chromosomes 1, 8, 11, and 17 showing polysomy for all
chromosomes (1 and 11 are not shown in b).
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chromosomal aberrations irrespective of cell mor-
phology.11

Previous studies suggest that certain patterns of
aneusomy are indicative of malignancy.16,21 In a
study by Fehm et al,21 several aneusomic patterns in

Table 1 Frequency of gain or loss of chromosomes 1, 8, 11, and
17 combined in the different diagnostic groups

Patient
group

No. of
cases

analyzed

Total no. of
chromosomes

analyzed

No. of
chromosomal

gain (%)

No. of
chromosomal

loss (%)

High risk,
NPE

16 64 7 (11) 10 (16)

High risk,
hyperplasia

16 64 16 (25) 17 (27)

Breast
cancer

7 28 21 (75) 4 (14)

Low risk 9 36 0 0

NPE, nonproliferative epithelium.

Table 2 Percentages of cells with abnormalities of chromosome
number in specimens from high-risk women

Abnormality and
affected chromosome

% Of cells affected, median (range)

NPE Hyperplasia P-value

Monosomy
1 19.5 (2.5–47.5) 18.75 (0–39.1) 0.88
8 7.75 (2.1–18.2) 6.25 (0–19.6) 0.51
11 10 (5–25) 11.25 (0–26.1) 0.82
17 16 (7.5–29.1) 22 (0–31.2) 1

Polysomy
1 0 (0–7.5) 0 (0–100) 0.93
8 3.3 (0–20) 5 (0–100) 0.16
11 2.5 (0–10) 2.5 (0–92) 0.79
17 0 (0–14) 0.8 (0–88) 0.68

NPE, nonproliferative epithelium.

Table 3 Percentages of cells with abnormalities of chromosome
number in specimens from low-risk and high-risk women

Abnormality and
affected chromosome

% Of cells affected, median (range)

Low risk High riska P value

Monosomy
1 3.0 (2.0–7.0) 19.5 (0.0–47.5) 0.001
8 5.0 (4.0–10.0) 7.5 (0.0–19.6) 0.25
11 4.0 (2.0–5.0) 10.0 (0.0–26.1) 0.001
17 9.0 (5.0–14.0) 17.25 (0.0–31.2) 0.004

Polysomy
1 0.0 (0.0–4.0) 0.0 (0.0–100.0) 0.74
8 1.0 (0.0–3.0) 5.0 (0.0–100.0) 0.01
11 1.0 (0.0–3.0) 2.5 (0.0–92.0) 0.20
17 1.0 (0.0–2.0) 0.0 (0.0–88.0) 0.89

a
The high-risk group included all 32 specimens from 27 women with
a high risk of breast cancer: 16 specimens with nonproliferative
epithelium and 16 with hyperplasia.

Table 4 Percentages of cells with abnormalities of chromosome
number in specimens from high-risk women and breast cancer
patients

Abnormality and
affected chromosome

% Of cells affected, median (range)

High riska Cancer P-value

Monosomy
1 19.5 (0–47.5) 15 (0–52.9) 0.56
8 7.5 (0–19.6) 4 (0–37.5) 0.30
11 10 (0–26.1) 11.7 (0–16.7) 0.5
17 17.25 (0–31.2) 8.3 (0–21) 0.02

Polysomy
1 0 (0–100) 10 (0–94.1) 0.003
8 5 (0–100) 38.3 (10–100) 0.001
11 2.5 (0–92) 7.5 (0–97.1) 0.03
17 0 (0–88) 25 (4–100) 0.001

a
The high-risk group included all 32 specimens from 27 women with
a high risk of breast cancer: 16 specimens with nonproliferative
epithelium and 16 with hyperplasia.

Table 5 Incidence of polysomy in chromosome combinations

Low risk High risk P-value High risk, NPE High risk, hyperplasia P-value High risk Cancer P-value

Polysomy defined as polysomy in 4 6% of cells
Combination of 1, 8, and 17
No 9 30 16 14 30 4
Yes 0 2 1.00 0 2 0.48 2 3 0.03

Combination of all four
No 9 30 16 14 30 5
Yes 0 2 1.00 0 2 0.48 2 2 0.14

Polysomy defined as polysomy in 43% of cells
Combination of 1, 8, and 17
No 9 30 16 14 30 2
Yes 0 2 1.00 0 2 0.48 2 5 0.0007

Combination of all four
No 9 30 16 14 30 4
Yes 0 2 1.00 0 2 0.48 2 3 0.03

NPE, nonproliferative epithelium.
The overall high-risk group included all 32 specimens from 27 women with a high risk of breast cancer: 16 with NPE and 16 with hyperplasia.
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individual tumor cells were reported to indicate
malignancy; the most common were polysomy for
chromosomes 1, 8, and 17 (detected in 44% of
cases), polysomy for chromosomes 1 and 8 (31%
of cases), and polysomy for chromosome 1 (31% of
cases). In our study, two of the hyperplastic speci-
mens exhibited polysomy in chromosomes 1, 8, and
17, and this combination of polysomy was signifi-
cantly more common in the cancer group than in the
hyperplasia group. This difference was more sig-
nificant when the cutoff value for polysomy was
lowered to polysomy in 43% of cells. Whether our
finding is an early indication of malignancy in these
two cases will require follow-up for confirmation.
Correlation with other markers of increased risk
will also be necessary to determine the biologic
significance of these changes.

Both chromosomal gains and chromosomal losses
were noted in the high-risk group, while chromoso-
mal gain was the most frequent aberration in the
cancer cases. These findings are similar to those
reported by others.9,13,21 It must be noted that criteria
for defining monosomy and polysomy have varied
in the literature, making comparison among differ-
ent series difficult. This problem is compounded
when tissue sections rather than cytologic prepara-
tions are used because of nuclear truncation, which
results in less accurate signal scoring. In a study by
Yamamoto et al,19 in which they evaluated ductal
lavage specimens, none of the 54 benign lesions (not
specified as to cancer risk) demonstrated aneusomy
for chromosomes 1, 11, and 17, whereas all six
malignant lesions were aneusomic. However, that
study used a more stringent definition of aneusomy:
polysomy was defined as greater than 20% of nuclei
having three or more signals specific for chromo-
somes 1, 11, and 17, and monosomy was defined as
greater than 15% of nuclei having only one or fewer
signals specific for chromosomes 1, 11, and 17.
Similar findings were reported by Ichikawa et al:16

95.9% of their breast cancer cases demonstrated
aneusomy of at least one of the three chromosomes
studied, but none of the phyllodes tumors or benign
cases showed evidence of aneusomy. Using the same
cutoff values for polysomy, only three (10%) of the
32 cases in our high-risk group would be considered
polysomic, in addition to 100% of the malignant
cases.

Botti et al11 used threshold values of 40% of cells
showing signal loss and 13% of cells showing signal
gain in their study of tissue imprints of primary
tumors and their surrounding uninvolved paren-
chyma. They found that primary breast tumor and
adjacent uninvolved breast parenchyma shared the
same pattern of chromosome 1 and 17 aneusomy
in 66.7% of patients, and that contralateral benign
breast samples were not different from samples of
primary breast tumor or adjacent tissue. The results
of their study further support the concept that
aneusomy is frequently found in normal appearing
breast tissue in patients who are at high risk for

breast cancer. It remains to be seen, however,
whether certain aneusomic patterns are associated
with a higher risk of progression to frank malig-
nancy and as a result can be used for predicting
progression to a higher-risk lesion.

In summary, our findings indicate that aberra-
tions of chromosomal number are common in
women at high risk for breast cancer. There were
no significant differences between the NPE and
hyperplasia groups with respect to gain or loss of
individual chromosomes. However, high-risk cases
had significantly more monosomy of chromosomes
1, 11, and 17, and significantly more polysomy
of chromosome 8 compared to low-risk cases.
Although aneusomy may be a useful marker for
separating low-risk from high-risk groups, using
aneusomy this way in the clinical setting is
impractical, because there are easier and lower cost
methods available (eg the Gail model) for risk
stratification. However, follow-up studies evalua-
ting the association between specific patterns
of chromosomal aneusomy and progression to
malignancy would be of interest.
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