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Background: Although core needle biopsy (CNB) is considered to be the standard technique for
histological diagnosis of breast lesions, it is less reliable for diagnosing atypical ductal hyperplasia
(ADH). We therefore assessed the characteristics of CNB-diagnosed ADH that are more likely to
be associated with more advanced lesions on subsequent surgical excision. Methods: We retro-
spectively examined 239 consecutive CNBs, 127 of which were diagnosed as ADH following sur-
gical excision, performed at Asan Medical Center between 1995 and 2010. Archival slides were
analyzed for the number of cores per specimen, the number of ADH foci, and the ratio of ADH
foci to number of cores (FC ratio). Results: We found that ADH foci in 3 or more cores (p=0.003)
and the presence of ADH in 3 or more foci (p=0.002) were correlated with malignancy following
excision lesion. Moreover, an FC> 1.1 was significantly associated with malignancy in the subse-
quent excision (p=0.000). Conclusions: Including the number of ADH foci, the number of cores
involved according to ADH, FC ratio, and histologic type in a pathology report of CNB may help
in making clinical decisions about surgical excision.
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Image-guided core needle biopsy (CNB) has become the pro-
cedure of choice to investigate mammographically “suspicious”
lesions of the breast and has been shown to be effective at ruling
out the possibility of cancer. Overall, histologic findings of CNB
are in agreement with surgical biopsy in more than 95% of pa-
tients." However, significant discordance has been reported in
the CNB diagnosis of atypical ductal hyperplasia (ADH), with
the likelihood of ductal carcinoma 7z situ (DCIS) or invasive cat-
cinoma on subsequent surgical excision ranging from 7% to
87%."

ADH is a proliferative breast lesion associated with an in-
creased risk of breast cancer with some, but not all, features of
low grade DCIS."” ADH is characterized by relatively small,
monomorphic cells with generally rounded nuclei that are even-
ly spaced and have well-defined borders. The cells may grow in
arcades, rigid bridges or bars of uniform thickness, as micropa-
pillae that are usually broader at the tips than at the base (club-
shaped), in solid patterns, or in fenestrated (cribriform) patterns
with cells polarized around the extracellular lumens within the
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proliferation.'” ADH lesions have also been defined as lesions
<2 mm in size with all the cytologic and architectural features
of low-grade DCIS." Distinguishing between ADH and low
grade DCIS can be difficult using the limited tissue samples
obtained by CNB. In addition, ADH foci may be present at the
periphery of areas of DCIS; thus, even an unequivocal diagnosis
of ADH does not preclude the presence of more advanced le-
sions in adjacent breast tissue. Due to the risks of false negative
biopsy results, it is currently recommended that surgery is not
undertaken on lesions diagnosed as ADH by CNB.'*"

The identification of patients with ADH diagnosed by CNB
who can be spared surgical excision is an area of active investi-
gation. Some of these studies have suggested that the extent
and histologic pattern of ADH present in CNB specimens can
be used to predict the likelihood of the presence of more advanc-
ed lesions (DCIS or invasive carcinoma).”” Although previous
studies have suggested that the number of ADH foci in core bi-
opsy specimens could be a predictor of malignancy in surgically
excised specimens,’ the number of ADH foci may be propor-
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tional to the number of cores obtained per lesion. The number
of biopsy cores can vary due to technical differences. To com-
pensate for this variability, we have devised a new parameter,
the ratio of ADH foci to number of cores (FC ratio), defined as
the ratio of the number of ADH foci to the number of biopsy
cores.

In addition to the extent and histologic pattern of ADH in
CNB specimens, Ki-67 concentrations in ADH may predict
breast cancer. A study examining Ki-67 levels and 10-year and
longer-term risk of breast cancer in a cohort of women with atyp-
ical hyperplasia reported that Ki-67 concentration is a time-
varying biomarker of the risk of breast cancer."* However, the
clinical significance of Ki-67 in ADH of CNB has not been de-
termined. We have therefore assessed the characteristics of CNB-
diagnosed ADH, including pathologic findings, FC ratio, and
Ki-67 labeling index, that are more likely to be associated with
more advanced lesions on subsequent surgical excision.

MATERIALS AND METHODS

We examined the surgical pathology files of Asan Medical
Center, Seoul, Korea, for all patients with CNB-diagnosed ADH
between January 1995 and August 2010. Of the 239 CNB-di-
agnosed patients, 62 were diagnosed with DCIS or invasive car-
cinoma in the same breast and were therefore excluded. Of the
177 patients diagnosed by CNB with ADH as the most signifi-
cant lesion, 127 underwent follow-up surgical excision, and 50
did not. Of the latter, some refused further surgery, and others
underwent excision at other institutions, with their slides un-
available for review; these patients were therefore excluded. Thus,
our study population consisted of 127 patients. All underwent
biopsies using a vacuum assisted device with an 11-gauge auto-
mated needle or nonvacuum assisted device with a 14-gauge
automated needle. All core biopsies and subsequently excised
tissue sections were fixed in 10% buffered formaldehyde, em-
bedded in paraffin, and stained with hematoxylin and eosin
(H&E).

All H&E-stained slides of the CNB specimens were reviewed
by two pathologists, blind to the results of subsequent excision-
al biopsy, to confirm the diagnosis of ADH using established
criteria.' !

Following the verification of the presence of ADH in CNB
specimens, the extent of involvement was determined by evalu-
ation of the number of large ducts and/or terminal duct lobular
units affected by ADH, as described previously.” When multi-
ple foci of ADH were present, the size of the largest focus was
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determined.

We also analyzed the predominant histologic pattern of ADH
(cribriform, micropapillary, papillary or solid) (Fig. 1), the pres-
ence of calcifications, number of tissue cores obtained, and num-
ber of tissue cores showing ADH involvement. Clinical param-
eters, including patient age, affected side, and mammographic
and ultrasonographic findings, were obtained from patients’ elec-
tronic medical records.

All H&E-stained slides of the subsequent surgical excisions
were reviewed by two additional pathologists, blind to the CNB
results, to confirm the final diagnosis. Surgically excised speci-
mens were evaluated for the presence of invasive carcinoma, DC-
IS, lobular carcinoma i situ (LCIS), and residual ADH, using
established criteria.'” The presence of a prior biopsy site was con-
firmed in all cases.

Samples from 79 patients were available for paraffin blocks.
Sections were cut at 3 pm thicknesses, deparaffinized in xylene,
and rehydrated with graded ethanol. Samples were assayed for
Ki-67 expression using a monoclonal mouse anti-human Ki-67
antibody (Zymed, San Francisco, CA, USA) using standard im-
munohistochemical methods and a Ventana BenchMark XT
immunostainer (Ventana Medical Systems, Tucson, AZ, USA).
These slides were evaluated by a pathologist blind to the clini-
cal data, who calculated the Ki-67 percentage (representing the
proportion of the nuclear positivity for Ki-67) in each ADH le-
sion.

The number of cores obtained, ADH foci, and cores showing
ADH involvement, the size of the largest ADH focus, and the
Ki-67 labeling index were compared using the Kruskal-Wallis
1-way analysis of variance by ranks. Other clinical and patho-
logical characteristics were cross-tabulated with diagnostic yield
ina CxR contingency table. Pearson chi-squared test statistics
were estimated for every contingency table to test the null hy-
pothesis that the diagnostic yields and clinical characteristics
were independent against the alternative that there was an asso-
ciation between them. A 2-sided p-value <0.05 was considered
statistically significant. All statistical analyses were performed
using SPSS ver.15 (SPSS Inc., Chicago, IL, USA).

RESULTS

The 127 women assessed ranged in age from 21 to 62 years
(mean, 44.33 years); their clinical and demographic data are sum-
marized in Table 1. Mammographic and/or ultrasonographic
evaluation showed that 25 lesions were microcalcifications, 70
were masses, 13 were combined masses with microcalcifications,
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Fig. 1. Histologic patterns of atypical ductal hyperplasia. (A) Cribriform. (B) Micropapillary. (C) Papillary. (D) Solid.

Table 1. Clinical features of the 127 patients with atypical ductal
hyperplasia

Features No. of patients (%)
Age (yr)
Mean 44.33
Range 21-62
Side of lesion
Left 52 (41)
Right 75 (59)

Positive family history
First-degree relative 6(5)
Other relative 2(1)
None 119 (94)

Radiologic findings
Microcalcifications 25 (2
Mass 70 (5
Microcalcifications and mass 13(1

19(1

0
5

cao

Others

o

and 19 showed other findings.
The number of cores obtained from each lesion ranged from
1 to 14 (median, 5), the aggregate length of cores obtained from
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each lesion ranged from 7 to 240 mm (mean, 51 mm) and the
median number of cores showing ADH involvement was 2.
The median number of ADH foci was 2, and the mean size of
ADH foci was 1.0 mm. The predominant histologic pattern of
ADH in CNB specimens was cribriform, observed in 88 pa-
tients (69.3%), followed by micropapillary in 19 (15.0%), pap-
illary in 9 (7.1%), and solid in 11 (8.7%) patients. The presence
of microcalcifications was confirmed histologically in 48 CNBs
(37.8%). The Ki-67 labeling index ranged from 0% to 30%
(mean, 4.3%).

Histologic evaluation of the surgically excised specimens show-
ed that 42 (33.1%) were benign breast tissue without evidence
of atypia, 54 (42.5%) were residual ADH, and 31 (24.4%) were
malignant, including DCIS in 25 patients, LCIS in 3, DCIS with
LCIS in 1, and invasive carcinoma in 2.

Utilizing the Nottingham modification of Scarff-Bloom-Ri-
chardson histologic grading system, 13 cases (52%) of DCIS
were nuclear grade 2, 11 cases (44%) of DCIS were nuclear grade
1, and one case (4%) of DCIS was nuclear grade 3. Two cases of
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Table 2. Correlation of clinicopathologic characteristics of ADH in
CNB specimens with diagnosis after surgical excision

Table 3. Correlation of the extent of ADH in CNB specimens with
diagnosis on surgical excision

Diagnosis after surgical

Variables excision p-value
Benign ADH  Malignancy

Age (yr) 0.0568*
<50 36 39 19
>50 6 15 12

Radiologic findings (No. of patients) 0.140°
Microcalcifications 4 8 13
Mass 27 33 10
Microcalcifications and mass 3 6 4
Others 8 7 4

No. of cores obtained® 464 541 5.81 0.067¢

Aggregate length of cores® (mm) 50.75 50.89  49.97 0.408°
No. of cores with ADH involvement®  1.79  2.39 2.68 0.082¢

No. of ADH foci® 217 257 3.39 0.048¢
ADH size® (mm) 1.75 177 2.41 0.048¢
ADH type 0.000°

Cribriform 30 47 11

Papillary 5 0 4

Micropapillary 6 4 9

Solid 1 3 7
Microcalcifications 0.5322

Present 13 22 13

Absence 29 32 18

Ki-67 labeling index® (%) 446 347 5.09 0.162°

ADH, atypical ductal hyperplasia; CNB, core needle biopsy.
2Chi-squared test; "Mean value; *Kruskal-Wallis test.

LCIS were accompanied with ADH, but one case of LCIS was
purely LCIS. Invasive carcinomas included invasive ductal car-
cinoma and papillary carcinoma which were nuclear grade 2 and
histologic grade 2.

The correlations between the extent and types of ADH le-
sions and other features of the CNB specimens with the results
of the surgical excisional specimens are summarized in Table 2.
There were no statistically significant differences related to the
side of the lesion, family history of breast cancer and radiologi-
cally observed microcalcifications. The number of ADH foci,
the number of cores showing ADH involvement and ADH size
differed significantly among the groups according to their diag-
nosis based on surgically excised specimens. In contrast, patient
age, number of cores obtained, aggregate length of cores, pres-
ence of microcalcification in CNB specimens and Ki-67 label-
ing index were not related to the diagnosis on excised specimens.

When the predominant histologic pattern of ADH seen in
the CNB specimens was correlated with the corresponding find-
ings on subsequent surgical excision, there was an association
between solid ADH and subsequent malignancy, as well as an
association between cribriform ADH and subsequent benign
lesions.

http://www.koreanjpathol.org

Diagnosis on surgical excision

Variables p-value*
Benign ADH/ALH Malignancy

No. of ADH foci 0.002
1-2 28 31 8
>3 14 23 23

No. of cores showing ADH involvement 0.003
1-2 34 33 13
>3 8 21 18

FC ratio 0.000
<11 42 54 26
>1.1 0 0 5

ADH, atypical ductal hyperplasia; CNB, core needle biopsy; ALH, atypical
lobular hyperplasia; FC ratio, ratio of ADH foci to number of cores.
aChi-squared test.

Among the 67 patients with ADH limited to 1 or 2 foci in
CNB specimens, 8 (12%) were diagnosed with malignancy, 31
(46%) with residual ADH, and 28 (42%) with lesions having
benign histologic features without atypia (Table 3). Among the
60 patients with ADH affecting 3 or more foci in CNB speci-
mens, 23 (38%) were diagnosed with malignancy, 23 (38%)
with ADH, and 14 (24%) with benign lesions without atypia.
The sensitivity and specificity of ADH involving 3 or more foci
in predicting the presence of a malignancy were 74.2% and
61.5%, respectively.

Similar results were observed when we considered the num-
ber of cores showing ADH involvement. The sensitivity and
specificity of ADH involving 3 or more cores in predicting wor-
se lesions (DCIS/LCIS or invasive carcinoma) were 58.1% and
69.8%, respectively.

We divided the CNB specimens into two groups. The cut off
value was an FC ratio of 1.1 based on the maximum area under
the receiver operating characteristic curve. Of the 122 patients
with CNB specimens having FC ratios< 1.1, 42 (35%) were di-
agnosed with malignancy, 54 (44%) with residual ADH, and
26 (21%) with benign lesions without atypia (Table 3). In con-
trast, of the 5 patients with CNB specimens having FC ratios>
1.1, all 5 (100%) were diagnosed with malignancy after surgi-
cal excision. The sensitivity and specificity of an FC ratio>1.1
in predicting the presence of a malignancy were 16.1% and
100%, respectively.

DISCUSSION

We have assessed the clinicopathological and radiological find-
ings of ADH diagnosed by CNB to determine the factors that
can distinguish between ADH and cancer, including DCIS,
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LCIS, and invasive carcinoma. ADH is a type of histologically
borderline lesion that is difficult to distinguish from low grade
DICS on small tissue samples provided by CNB. Because of
this difficulty, clinicopathologic and radiologic findings that
can distinguish between ADH and DCIS are valuable in plan-
ning patient management.

Several studies have examined various mammographic, clini-
cal, and pathologic factors that may predict the presence of a
more significant lesion following surgical excision after a CNB
diagnosis of ADH.™"' For example, the combination of a mass
with microcalcifications on ultrasonography has been associated
with an underestimation of cancer,” although we found no as-
sociation between microcalcifications, on ultrasonography or
mammography, and subsequent cancer on excision.

Although no universal agreement has been reached about the
number of cores necessary to achieve an accurate histologic di-
agnosis, previous studies have demonstrated that underestima-
tion of malignancy decreases as the average number of cores ob-
tained per lesion increases.”'® For example, underestimation at
CNB diminished as the mean number of cores per lesion in-
creased from 6.3 to 9.5, with an even further reduction in the
underestimation rate when more than 10 cores were acquired
per lesion."”” While acknowledging that a certain number of
tissue cores are needed for categorization of the lesion, other
studies found that the underestimation rate was not related to
the number of cores obtained, suggesting that numbers alone
may not accurately reflect how thoroughly the lesion is sampled
by CNB.”** In contrast to previous findings,'”* however, we
did not observe a statistically significant correlation between
the number of tissue cores removed and the results on final sur-
gical excision.

We found a significant correlation between the number of
cores showing ADH involvement and the likelihood of malig-
nant lesions after subsequent excision. The number of cores
showing ADH involvement has been shown to be significantly
higher in patients with a follow-up excisional diagnosis of DCIS
compared with patients with a benign lesion or an ADH by ex-
cisional biopsy.”

Although all patients with ADH limited to 1 or 2 foci did
not have more malignant lesions on open biopsy, patients with
ADH involving 4 or more foci had a higher probability of an
underlying, more advanced lesion on excision, with 86.6% of
the latter having DCIS or invasive carcinoma.” Moreover, we
found that ADH involving 3 or more foci in CNB is an indica-
tor of a more significant lesion after excision.

Although a previous study reported no association between
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largest ADH size and subsequent malignancy,” we found that
largest ADH size was correlated with subsequent malignancy
after surgical excision of the lesion. Moreover, a strong associa-
tion was observed between micropapillary ADH and subse-
quent DCIS,’> whereas another study found no association be-
tween increased risk of carcinoma on excision and a micropapil-
lary pattern of ADH.* We also observed an association between
solid ADH and subsequent cancer on excision, whereby 7 of
these 11 patients (64%) were diagnosed with malignancy.

Histologic examination has shown calcifications in mammary
ducts within areas of ADH, but without cell necrosis.”’ In DCIS,
the calcifications develop in secretions and are dystrophic calci-
fications secondary to necrotic tumor cells.”** Our findings were
not in agreement with these earlier results.

One study found an association between a high Ki-67 label-
ing index (>2%) in atypical hyperplasia and increased risk of
breast cancer within 10 years after atypia.”® The cumulative in-
cidence of breast cancer at 10 years was also high in patients with
a high Ki-67 labeling index.”** In contrast, we found that the
Ki-67 labeling index was not significantly correlated with the
short-term risk of breast cancer.

We also found that FC ratio, representing the number of ADH
foci divided by the number of cores, is an indicator for surgical
excision in patients with core biopsy samples of breast lesion
with ADH. An FC ratio> 1.1 is associated with a significantly
higher probability of malignancy on subsequent excisions (p=
0.000). The FC ratio compensates for the variability in the num-
ber of biopsy cores, is highly specific and is useful for predicting
malignancy on follow-up excision.

In summary, our study in a series of 127 cases of ADH diag-
nosed by CNB indicates that microcalcifications on ultrasonog-
raphy or mammography, determination of the extent (ADH
foci, cores involved with ADH), FC ratio, and solid histologic
type of ADH can be applied to predict the presence of malig-
nancy found by surgical excision. Including the number of ADH
foci, the number of cores involved according to ADH, FC ratio,
and histologic type in a pathology report may help in making
clinical decisions about surgical excision.
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