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Interobserver reproducibility in the diagnosis of benign intraductal proliferative lesions has been poor.

The aims of the study were to investigate the inter- and intraobserver variability and the impact of the addition of

an immunostain for high- and low-molecular weight keratins on the variability. Nine pathologists reviewed 81

cases of breast proliferative lesions in three stages and assigned each of the lesions to one of the following

three diagnoses: usual ductal hyperplasia, atypical ductal hyperplasia and ductal carcinoma in situ.

Hematoxylin and eosin slides and corresponding slides stained with ADH-5 cocktail (cytokeratins (CK) 5, 14.

7, 18 and p63) by immunohistochemistry were evaluated. Concordance was evaluated at each stage of the

study. The interobserver agreement among the nine pathologists for diagnosing the 81 proliferative breast

lesions was fair (j-value¼ 0.34). The intraobserver j-value ranged from 0.56 to 0.88 (moderate to strong).

Complete agreement among nine pathologists was achieved in only nine (11%) cases, at least eight agreed in 20

(25%) cases and seven or more agreed in 38 (47%) cases. Following immunohistochemical stain, a significant

improvement in the interobserver concordance (overall j-value¼ 0.50) was observed (P¼ 0.015). There was a

significant reduction in the total number of atypical ductal hyperplasia diagnosis made by nine pathologists

after the use of ADH-5 immunostain. Atypical ductal hyperplasia still remains a diagnostic dilemma with wide

variation in both inter- and intraobserver reproducibility among pathologists. The addition of an immunohis-

tochemical stain led to a significant improvement in the concordance rate. More importantly, there was an 8%

decrease in the number of lesions classified as atypical ductal hyperplasia in favor of usual hyperplasia; in clinical

practice, this could lead to a decrease in the number of surgeries carried out for intraductal proliferative lesions.
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Significant progress has been made in the diagnosis
and treatment of breast cancer in the last few
decades. Screening mammograms have made it
possible to detect many tumors at an earlier stage
and provide prompt treatment. Mammography has
led to detection of increased numbers of breast
lesions and subsequent diagnostic biopsies.1 A
spectrum of lesions from benign (usual ductal
hyperplasia), borderline (atypical ductal hyper-
plasia), pre-invasive (ductal carcinoma in situ) to

invasive (invasive ductal carcinoma)2–5 is identified
on these biopsies. As usual, ductal hyperplasia
carries minimal or no increased risk of breast cancer;
these patients do not undergo any additional
procedures. On the other hand, atypical ductal
hyperplasia and ductal carcinoma in situ progress
to invasive carcinoma in nearly 4–5% and 8–10% of
cases, respectively.6 Patients with these lesions are
advised excision with the addition of radiation for
those with ductal carcinoma in situ. Although the
clinical guidelines are well laid out, the histological
differentiation between atypical ductal hyperplasia
and ductal carcinoma in situ has been difficult.
Several previous studies have shown that the
concordance among pathologists in diagnosing
atypical ductal hyperplasia especially is very poor,
giving rise to potential misclassifications in treat-
ment protocols.7–11 Since atypical ductal hyperpla-
sia and ductal carcinoma in situ comprise 10%12
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and 15–20%,13 respectively, of mammographically
detected breast lesions, it becomes important to
provide diagnostic aid to pathologists to recognize
these lesions, resulting in better reproducibility.

In this study, we investigated the reproducibility
in the interpretation of these intraductal prolifera-
tive breast lesions among university-based surgi-
cal pathologists. We also explored the observers’
consistency in diagnosing these lesions and the
impact of the addition of an immunohistochemical
marker as a potential tool to differentiate these
lesions and improve concordance rate.

Materials and methods
Design of the Study

After approval from the Institutional Review Board,
nine pathologists from Department of Pathology
and Laboratory Medicine of Indiana University
participated in this study and classified 81 challen-
ging cases of noninvasive breast lesions into one of
the following categories: usual ductal hyperplasia,
atypical ductal hyperplasia and ductal carcinoma
in situ. Pathologists analyzed one hematoxylin and
eosin (H&E) slide from each case in the first and
second round (stages 1 and 2) and one H&E slide
with the corresponding ADH-5 immunostain in the
third round (stage 3).

Selection of Cases

A set of 81 H&E stained slides, each containing a
challenging intraductal proliferative lesion, was
selected by one of the authors (SB). In each slide,
the representative ductal lesion was encircled and
the pathologists were asked to evaluate only the
tissue present in the circled area.

Immunohistochemical Assay

An immunohistochemical cocktail antibody,
ADH-5, which is composed of CK5, 14, 7, 18 and
p63 antibodies, was used to assist the analysis.
Immunohistochemistry was performed on the un-
stained slides of these 81 cases. ADH-5 immunohis-
tochemistry staining was performed as per the
manufacturer’s protocol. Briefly, after deparaffini-
zation, 4 mm sections were exposed to antigen
retrieval solution (citrate buffer (pH 6.0)) in a Dako
PT module (Dako, Carpinteria, CA, USA). The slides
were then incubated with ADH-5 antibody (IP-360;
Biocare Medical, Concord, CA, USA) and the
reaction was visualized using multiplex secondary
reagent (IPSC5004), (IP DAB and IP fast Red; Biocare
Medical). Counterstaining with hematoxylin was
performed.

Circulation of the Slides

The H&E slides of 81 cases were labeled with
code numbers and were circulated among the

participating pathologists in batches of 40 and 41
cases. At the end of this first stage of the study, the
results were collected from the pathologists. After a
period of at least 1 week, the slides labeled with
different code numbers were recirculated among the
pathologists in two batches of 40 and 41 cases.
At the end of this second stage, results were
collected from the pathologists. After another inter-
val of at least 1 week, 75 H&E cases, (in six cases,
the immunohistochemical slides did not have the
lesion) labeled with different code numbers along
with the corresponding ADH-5 immunostain
(third stage), were circulated in two batches of 37
and 38 cases. Each of the pathologists evaluated
only the marked lesions on the same H&E slides in
the first, second and third stages. Thus, discrepan-
cies in the evaluations among the pathologists
cannot be attributed to the dissimilarity of the
lesions. There was neither precirculation of a
training set of slides nor was any advice given
concerning the interpretation of the cases (except for
the Biocare Medical product literature on ADH-5).

Diagnostic Criteria

The participants were asked to apply criteria that
they use in their daily practice for diagnosing the
proliferative breast lesions. In the third stage of
the study, the participants were asked to evaluate
the H&E slides in combination with the ADH-5
immunostain.

Statistical Analyses

All statistical analyses were performed using SPSS
version 17.0. A k coefficient for multiple readers
was used to evaluate the interobserver reproduci-
bility.14 This coefficient is a measurement of agree-
ment, taking into account the amount of expected
agreement due to chance. If the agreement is no
better than expected by chance, the value of
k coefficient is zero; while in a case of perfect
agreement, it is one. Agreement is considered poor,
fair, moderate, good, or very good when k coeffi-
cients range from o0.2, 0.2 to 0.39, 0.4 to 0.59, 0.6
to 0.79, or 0.8 to 1, respectively.15 Differences in
k-values across different categories were tested
using paired t-test or ANOVA as appropriate.

Results

In stage 1 of the study, complete agreement among
nine pathologists was achieved in only nine (11%)
cases: seven usual ductal hyperplasia and two ductal
carcinoma in situ. At least eight agreed in 20 (25%)
cases and seven or more agreed in 38 (47%) cases. The
k-values for all possible comparisons among the nine
pathologists are shown in Table 1. In these compar-
isons, the k-value ranged from a minimum of 0.15
(poor) to a maximum of 0.56 (moderate). The mean
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overall k-value for each pathologist ranged between
0.25 and 0.40 and the overall k-value of all the
pathologists was 0.34 (fair). Global k-value was
calculated to test the agreement between each
pathologist’s diagnosis and the majority diagnosis.
It ranged from 0.39 (fair) to 0.63 (good) (Table 2).

Out of 81 cases, agreement among the majority of
pathologists was observed in 34 lesions of usual
ductal hyperplasia, 29 lesions of atypical ductal
hyperplasia and 13 lesions of ductal carcinoma
in situ. Equivocal agreement (cases in which an
equal number of diagnoses were identified for more
than one lesion) was obtained for five lesions. Table
3 shows the cumulative distribution of diagnoses
reported by individual pathologists compared with
the majority diagnosis for stage 1. Category specific
crude agreement was 76% for usual ductal hyper-
plasia, 73% for ductal carcinoma in situ and 63% for
atypical ductal hyperplasia. Overall, the percentage
agreement was 70%. The category specific k-value
was lowest for atypical ductal hyperplasia (range
0.14–0.56, mean 0.43) and highest for usual ductal
hyperplasia (range 0.37–0.76, mean 0.65). In stage 2
of the study, similar results were obtained as stage 1
(Tables 1, 2 and 3).

In stage 3 of the study, an ADH-5 immunostain
was used along with the H&E slides of 75 cases.
Complete agreement among nine pathologists was
achieved in 24 (32%) cases: 23 usual ductal
hyperplasia and one ductal carcinoma in situ. At
least eight agreed in 39 (52%) cases and seven or
more agreed in 47 (63%) cases. This was an
improvement of agreement in 15 cases over
stage 1. The majority diagnosis was 39 of usual
ductal hyperplasia, 23 of atypical ductal hyperplasia
and 12 of ductal carcinoma in situ.

The interobserver variations among the patholo-
gists ranged from 0.02 (poor) to 0.83(very good). The
mean overall k-value for each pathologist ranged
between 0.29 and 0.61 and the overall k-value for all
pathologists was 0.50 (moderate) (Table 1). There
was a statistically significant improvement in the
overall agreement rate between stages 1 and 3
(P¼ 0.015) (Figure 1). The global k-values ranged
from 0.42 (moderate) to 0.89 (very good) (Table 2).

Table 3 shows the cumulative distribution of
diagnoses reported by individual pathologists com-
pared with the majority diagnosis for stage 3.
Category specific crude agreement was 92% for
usual ductal hyperplasia, 74.1% for ductal carcino-
ma in situ and 67% for atypical ductal hyperplasia.
Overall, the percentage agreement was 82%. The
category specific k-value was lowest for atypical
ductal hyperplasia (range 0.21–0.84, mean 0.58) and
highest for usual ductal hyperplasia (range 0.53–
0.95, mean 0.81). There was a change of the majority
diagnosis in seven cases from atypical ductal
hyperplasia in stage 1 to usual ductal hyperplasia
in stage 3 (P¼ 0.0015) (Figure 2).

The average duration between reviews of slides at
any stage in this study was 4 weeks. Table 4 showsT
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the less than perfect consistency of each pathologist
in reaching the same diagnosis on rereading the
same sections. The intraobserver agreement ranged
from a minimum of 0.39 (fair) to a maximum of 0.88
(very good).

Discussion

This study is based on a large number of cases
requiring a significant amount of pathologists’ time;

all evaluations were done by the pathologists in
addition to their daily busy sign-outs. The pathol-
ogists were aware that their interpretations would
not have any clinical impact and it is possible that
they spent significantly less time evaluating the
lesions than they would in clinical practice. The
artificial reading conditions, such as lack of levels
and evaluation being confined to a marked area,
could have affected the agreement rate in the series.
The size of the lesion has been shown to be an
important parameter in distinguishing atypical
ductal hyperplasia from ductal carcinoma in situ.
The use of a size criterion is strongly recommended
and an integral part of the atypical ductal hyperpla-
sia definitions proposed by Page et al16 and
Tavassoli et al.17 In spite of these limitations, the
reproducibility of breast histological diagnosis
among nine pathologists was fair (k of stages 1 and
2¼ 0.34 and 0.37). These results are still within the
range of observations seen in prior studies.7–11,18–20

The preselection of difficult/challenging cases
could also have had a significant impact on the
results of the study. This is illustrated by the low
number of cases (11%) with complete agreement, as
well as the low intraobserver agreement in stages 1
and 2 of the study. Similarly, Rosai9 observed no
agreement among the cases seen by five experienced
pathologists in his study. On the other hand, Wells
et al11 used a representative sample of diagnostic
categories seen routinely in general practice and

Table 2 Category specific and global k-values estimated between each pathologists and the majority diagnosis of breast lesions of stage
1/stage 2/stage 3

Pathologist UDH ADH DCIS Global k

P1 0.68/0.92/0.92 0.47/0.82/0.84 0.60/0.84/0.91 0.58/0.86/0.89
P2 0.65/0.74/0.95 0.49/0.65/0.78 0.51/0.84/0.76 0.55/0.73/0.84
P3 0.37/0.26/0.84 0.31/0.21/0.64 0.70/0.75/0.63 0.42/0.38/0.72
P4 0.76/0.80/0.92 0.52/0.51/0.79 0.54/0.61/0.79 0.62/0.65/0.84
P5 0.71/0.73/0.53 0.49/0.58/0.36 0.48/0.78/0.29 0.57/0.69/0.42
P6 0.76/0.73/0.89 0.56/0.34/0.21 0.54/0.43/0.32 0.63/0.50/0.51
P7 0.76/0.79/0.81 0.50/0.20/0.21 0.42/0.46/0.70 0.58/0.50/0.70
P8 0.65/0.51/0.89 0.14/0.09/0.56 0.35/0.54/0.76 0.39/0.38/0.80
P9 0.52/0.62/0.54 0.41/0.44/0.73 0.53/0.70/0.68 0.49/0.57/0.48
Median 0.68/0.73/0.89 0.49/0.44/0.28 0.53/0.70/0.70 0.57/0.57/0.72
Mean 0.65/0.68/0.81 0.43/0.43/0.58 0.52/0.66/0.65 0.54/0.58/0.69

Italic values represents stage 2.
Bold values represent stage 3.

Table 3 Cumulative distribution of histological diagnosis of breast lesions compared between the pathologists and the majority
diagnosis of stage 1/stage 2/stage 3

All pathologists Majority diagnosis

UDH (%) ADH (%) DCIS (%) Total

Stage 1 2 3 1 2 3 1 2 3 1 2 3
UDH 238 (76) 226 (76) 323 (92) 35 (14) 36 (13) 29 (14) 5 (5) 2 (1) 6 (6) 278 264 358
ADH 62 (20) 70 (24) 27 (8) 164 (63) 176 (65) 140 (68) 24 (22) 30 (20) 22 (20) 250 276 189
DCIS 15 (5) 1 (0) 1 (0) 61 (24) 58 (22) 38 (18) 79 (73) 121 (79) 80 (74) 155 180 119
Total 315 297 351 260 270 207 108 153 108 683 720 666

UDH: usual ductal hyperplasia; ADH: atypical ductal hyperplasia; DCIS: ductal carcinoma in situ.
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Figure 1 Graph demonstrating change in overall k-values through
each stage.
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observed a higher level of agreement (k¼ 0.71)
among the participating community pathologists.

In our analyses of the intraobserver variability, the
agreement rate (k) ranged from 0.39 to 0.88. Beck7

observed an overall agreement of 78% (k not
provided) in individual diagnoses of the patholo-
gists. Most of the inconsistencies in the current

study and their study were due to borderline
lesions. It is unlikely that with a large number of
cases and the relative long duration between reads
(average, 4 weeks) that ‘memory’ would have
contributed to the intraobserver reproducibility.

Schnitt et al10 concluded that the interobserver
variability could be reduced with the use of
standardized criteria for ductal lesions. By using
Page’s criteria and providing training slides, they
observed 58% complete agreement among the
participating pathologists. In contrast, Palazzo and
Hyslop20 documented a low k-value (0.36) in the
diagnosis of benign and malignant ductal lesions
when their study participants (community and
academic pathologists) used the same standardized
criteria. In our study, the participants were asked to
use their own criteria, which they use in their daily
practice, and no teaching slides were provided.

In the current study, a moderate level of agree-
ment (k¼ 0.54) was achieved for all diagnostic
categories. Among seven of nine observers, there
was a relatively good agreement in the diagnosis of

Figure 2 In (a), four pathologists interpreted this slide as usual ductal hyperplasia, three as atypical ductal hyperplasia and two as ductal
carcinoma in situ. In (b), two pathologists called it usual ductal hyperplasia, three as atypical ductal hyperplasia and four as ductal
carcinoma in situ. (c, d) represent the same lesion, where in stage 1, seven pathologists called it atypical ductal hyperplasia, while after
using immunohistochemistry, all nine pathologists called it usual ductal hyperplasia.

Table 4 Intraobserver variation among nine pathologists in three
stages (k-value)

Pathologists Stage 1 vs 2 Stage 1 vs 3 Stage 2 vs 3

P1 0.88 0.66 0.72
P2 0.66 0.53 0.68
P3 0.39 0.30 0.16
P4 0.59 0.48 0.65
P5 0.63 0.28 0.34
P6 0.66 0.47 0.39
P7 0.58 0.60 0.55
P8 0.61 0.48 0.34
P9 0.56 0.42 0.52
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usual ductal hyperplasia. However, in the two
intermediate categories (atypical ductal hyperplasia
and ductal carcinoma in situ), there were disagree-
ments resulting in k-values between fair to moder-
ate. Most of the studies investigating concordance
rates documented that high interobserver variation
was mostly due to problems in differentiating
atypical ductal hyperplasia and low-grade ductal
carcinoma in situ.8,11,19–22 The category specific
k-value was lowest for atypical ductal hyperplasia
(0.43 for stages 1 and 2) in this study. These results
are similar to studies by Palli et al8 and MacGrogan
et al,23 with the lowest category specific k-values for
the diagnosis of atypical ductal hyperplasia (0.38
and 0.36, respectively). We agree with Elston et al,21

who stated that the poor consistencies observed in
the diagnosis of atypical ductal hyperplasia lesions
raises serious concerns regarding the robustness of
the current diagnostic criteria. Their use of digitized
images serving the function of marked specific fields
did not improve the k-values.

In order to improve the concordance rate, we used
a recently commercialized immunohistochemical
breast marker cocktail (combination of CK5, 14, 7,
18 and p63) antibody. Myoepithelial/basal cells
express CK5, 7, 14, 17 and other specific markers
such as smooth muscle actin, calponin and p63,
while luminal cells express keratins such as 7, 8, 18
and 19.24–28 In usual ductal hyperplasia, with
variable architectural and cellular features, cytoker-
atins, particularly basal types, are stained hetero-
geneously showing a mosaic pattern. In contrast,
low-nuclear-grade ductal carcinoma in situ stains
positively for CK8/18 and CK19, while it is negative
for CK5/6 and/or CK14. These features are high-
lighted by the use of high-molecular weight cytoker-
atins like 34bE12, CK5/6 and CK14.25,29,30 With the
use of this combination of high- and low-molecular
weight cytokeratin antibodies along with the H&E
slides, we observed significant improvement in the
concordance rate among pathologists from fair (0.34
of stage 1) to moderate (0.50 of stage 3). Similar to
our study, Douglas-Jones et al31 have reported an
improvement in the diagnostic agreement of core
biopsy specimens with the use of immunohisto-
chemistry for CK5/6, calponin and p63. In contrast,
MacGrogan et al23 have not been able to show
significant improvement in the concordance rate
(k¼ 0.58) by CK5/6 and E-cadherin.

Apart from improving the concordance rate, we
also observed a significant reduction in the number
of atypical ductal hyperplasia diagnoses with the
immunostain. Prior studies have demonstrated that
40% of lesions diagnosed as atypical ductal hyper-
plasia on core biopsies consisted only of epithelial
hyperplasia or other benign lesions without atypia
on excision.32 This highlights an important issue of
overdiagnosis and misclassification of atypical
ductal hyperplasia, which has a different treatment
protocol compared with benign lesions. Misclassifi-
cation of benign lesions as atypical or malignant

results in excessive patient anxiety and treatment
costs. On the other hand, misdiagnosing a malignant
tumor as a benign tumor leads to inadequate
treatment. This misclassification was clearly de-
monstrated in a large screening study (NCI—Amer-
ican Cancer Society) where 9% of women who were
being treated for noninfiltrating carcinoma did not
have a malignant lesion.33–36 Our study achieved a
substantial decrease (8%) in the number of atypical
ductal hyperplasia diagnoses after the use of
immunostains. These lesions were equivocally
diagnosed in the benign category in stage 3.

Several criteria to differentiate these lesions exist;
however, it is not clear as to which criteria to apply
and what is the relative ‘weightage’ given to the
different features. Optimal tissue fixation and
processing has also been identified as major factors
in reducing interobserver variation in the histologic
grading of breast carcinomas.11 Formation of a
consensus building committee or review of all the
pathologic material through a central laboratory or
headquarters could also improve the concordance
rate,37 but is not practical. External quality assess-
ment, rereading or second evaluation of the slides,
examining further material including deeper levels
and additional tissue blocks, where appropriate,
could also improve the consistency. Immuohisto-
chemical stains like the breast cocktail marker in the
current study could also help in improving the
agreement rate and reduce overdiagnosis of atypical
ductal hyperplasia lesions. Newer technologies like
computer-aided diagnosis after validation could
assist pathologists in the analysis of the slides and
improve the diagnosis and management of intra-
ductal breast lesions.38

In summary, we have shown that the diagnostic
agreement for noninvasive epithelial breast prolif-
erations based on morphology is fair and it sig-
nificantly improved by the combination of high- and
low-molecular weight cytokeratins immunostain.
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