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Abstract

It is now widely recognised that classifying ductal carcinoma in situ (DCIS) of the breast and diagnosing atypical ductal hyper-
plasia are associated with signi®cant interobserver variation. Two possible reasons for this inconsistency are di�erences in the
interpretation of speci®ed histological features and ®eld selection where morphology is heterogeneous. In order to investigate the

relative contribution of these two factors to inconsistent interpretation of intraductal proliferations, histological sections of 32
lesions were sent to 23 European pathologists followed 3 years later by images of small parts of these sections. Kappa statistics for
diagnosing hyperplasia of usual type, atypical ductal hyperplasia and ductal carcinoma in situ were 0.54, 0.35 and 0.78 for sections

and 0.47, 0.29 and 0.78 for images, respectively, showing that most of the inconsistency is due to di�erences in morphological
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interpretation. Improvements can thus be expected only if diagnostic criteria or methodology are changed. In contrast, kappa for

classifying DCIS by growth pattern was very low at 0.23 for sections and better at 0.47 for images, re¯ecting the widely recognised
variation in the growth pattern of DCIS. Higher kappa statistics were obtained when any mention of an individual growth pattern
was included in that category, thus allowing multiple categories per case; but kappa was still higher for images than sections.

Classifying DCIS by nuclear grade gave kappa values of 0.36 for sections and 0.49 for images, indicating that intralesional
heterogeneity has hitherto been underestimated as a cause of inconsistency in classifying DCIS by this method. More rigorous
assessment of the proportions of the di�erent nuclear grades present could lead to an improvement in consistency. # 2000 Elsevier

Science Ltd. All rights reserved.
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1. Introduction

The detection of ductal carcinoma in situ (DCIS) of
the breast and associated epithelial hyperplasia has
increased dramatically since the introduction of mam-
mographic screening. DCIS is a heterogeneous group of
proliferations varying in cytological and architectural
detail, some of which are thought to have a major
in¯uence on clinical outcome [1,2]. The ductal hyper-
plasias are associated with an increased risk of develop-
ing subsequent breast cancer, which is greater for
atypical ductal hyperplasia (ADH) than non-atypical
hyperplasia (hyperplasia of usual type Ð HUT) [3]. It is
therefore of considerable importance that pathologists
are able to make their diagnoses accurately, consistently
and reproducibly. However, the classi®cation of DCIS
and the epithelial hyperplasias are associated with sig-
ni®cant interobserver inconsistency [4±7], which makes
prognostication unreliable. The two major reasons for
pathological inconsistency are interpretation of the
morphological features and selection of appropriate
®elds for examination. In the former there is disagree-
ment among a group of observers about the diagnosis
or classi®cation of selected pathological changes. The
latter occurs when diagnoses are based on di�erent
parts of a heterogeneous lesion. Many intraduct epithe-
lial proliferations exhibit signi®cant intralesional
heterogeneity and the present study was designed to
investigate the relative roles of the interpretative and
®eld selection aspects on the lack of consistency in the
diagnosis of these lesions, using digitised images selected
from a group of previously circulated histological
sections.

2. Patients and methods

In the previous study [7] cases were submitted to the
co-ordinating centre at the University of Liverpool,
UK, and were selected according to certain pre-
determined diagnostic categories. No selection based on
histological appearances was made within the groups,
the cases being chosen in strict chronological sequence
following a speci®ed accession date. Care was taken to
exclude cases with suboptimal section quality and to

ensure that the 23 participants received virtually
identical sections without signi®cant di�erence in the
histological appearances. One haematoxylin and eosin
stained section from each case was sent to 23 members of
the European Commission Working Group on Breast
Screening Pathology (ECWGBSP) who reported them
using a standard proforma and following agreed
published guidelines [8]. The ECWGBSP comprises
pathologists with a specialist interest in breast pathology
from nearly all the member states of the European
Union. The slides were not marked in any way and no
speci®c areas were selected for examination. There was
no precirculation of a training set of slides nor was any
advice given concerning the interpretation of the guide-
lines.
The criteria for diagnosing epithelial hyperplasia of

usual type (HUT) and ADH were those of Page and
Rogers [9]. DCIS was classi®ed by nuclear grade fol-
lowing the criteria of the EC guidelines [8].
The present study was based on digitised images from

32 cases of intraductal proliferation from the original
study. The histological slides from these cases had been
circulated 3 years previously and it was considered
highly unlikely that the opinion of the participants then
would in¯uence their interpretation of the appearances.
One or two digitised images of colour photomicrographs
taken at medium or high magni®cation of one small area
were prepared from each of the 32 sections and printed
on high quality photographic paper. The areas were
selected by the pathologist at the co-ordinating centre
and were deemed to be the most representative of the
lesions in the sections. The participants were asked to
complete a similar proforma to that used in the original
study and the responses were analysed using kappa sta-
tistics [10] as detailed previously [7].

3. Results

The kappa values for diagnosing the major categories
of intraductal epithelial proliferation are shown in Table
1. The values for all categories were similar for each
type of preparation and almost identical to those
reported in previous studies of DCIS and ADH [4,6,7].
Kappa values for HUT have not been reported
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previously to our knowledge and are intermediate Ð
between those for ADH and DCIS.
The consistency of classifying DCIS by growth pat-

tern was analysed in two ways. The ®rst was to use a
single category per case by assigning to a `mixed' group
those cases where more than one pattern was reported.
This gave kappa statistics of 0.23 for histological sec-
tions and 0.47 for images, demonstrating an improve-
ment with the latter. In the second, any mention of an
individual growth pattern was included in that category,
thus allowing multiple categories per case. Notably
higher kappa statistics were generally obtained when the
analysis was conducted in this way, with values of 0.49
or more except for comedo (Table 2). Consistency was
better for images than for histological sections, with the
exception of the comedo pattern.
Finally, the kappa values for classifying DCIS

according to nuclear grade were also better for the
images than histological slides, although the di�erence
was less marked than with architectural pattern (Table
3).

4. Discussion

A number of important conclusions may be drawn
from these data. The poor consistency in the diagnosis
of ADH must raise serious doubts concerning the
robustness of the current diagnostic criteria. This has, of
course, been reported previously [4,6,11], although
Schnitt and colleagues [12] (whose study included some
of the participants in the Rosai publication) found

better agreement by using a training set and marking
speci®c areas on a slide. Our use of digitised images
ful®lled a similar function to marking speci®c ®elds and
yet this did not improve the kappa value. There were,
however, a larger number of pathologists in our group
and a training set was not used in order to make our
®ndings more representative of everyday practice. As
discussed in our previous study [7] there is no obvious
solution to the problem. External Quality Assessment
schemes such as this one are, in essence, somewhat arti-
®cial exercises and this must be borne in mind. In rou-
tine diagnostic practice, further material would be
examined, including deeper levels and additional tissue
blocks where appropriate. In our collective experience,
this usually resolves the problem, and often reveals
more extensive changes that permit a de®nite diagnosis
of DCIS rather than ADH. Nevertheless, it must be
recognised that some cases will remain unresolved and it
is clear that more robust, internationally agreed criteria
for making these diagnoses are required.
In the previous study [7], the participants achieved an

acceptably high kappa value for the overall classi®ca-
tion of DCIS (0.78) and it is, perhaps, not surprising
that an identical ®gure was obtained using digitised
images. Both results indicate very good agreement and
seem to show that the general diagnostic criteria for
DCIS are su�ciently robust. However, the sub-
classi®cation of DCIS remains problematical. This
study has shown that ®eld selection causes di�culties in
classifying DCIS by growth pattern (higher kappa value
for digitised images compared with that for histological
sections) and also for nuclear grade. The former is less
surprising than the latter since it is recognised that
growth patterns can vary considerably within lesions,
whereas nuclear grade is considered to be relatively
constant in the majority of cases. Even with the digitised
images, the overall kappa values were only in the aver-
age range (0.47 for growth pattern, 0.49 for nuclear
grade) and the ®gures for intermediate nuclear grade
with both methods of observation were poor. The data
for nuclear grade were close to those obtained recently
by Sneige and colleagues [13] in a similar study that
investigated the reproducibility of the `Lagios' nuclear

Table 1

Comparison of consistency of making overall diagnoses expressed as

kappa statistics for ductal carcinoma in situ (DCIS), epithelial hyper-

plasia of usual type (HUT), atypical ductal hyperplasia (ADH)

DCIS HUT ADH Overall

Sections:

k (number)a
0.78 (463) 0.54 (74) 0.35 (72) 0.60 (609)

Digitised images:

k (number)a
0.78 (514) 0.47 (100) 0.29 (92) 0.56 (706)

a The numbers in brackets are the total numbers of readings in each

category.

Table 2

Comparison of kappa values for architectural patterns in ductal car-

cinoma in situ (DCIS) when multiple patterns per case are analysed

Cribriform Micropapillary Solid Comedo

Sections:

k (number)a
0.49 (210) 0.56 (95) 0.50 (120) 0.38 (184)

Digitised images:

k (number)a
0.60 (265) 0.85 (82) 0.63 (184) 0.32 (254)

a The numbers in brackets are the total numbers of readings in each

category.

Table 3

Comparison of kappa values for the classi®cation of ductal carcinoma

in situ (DCIS) by nuclear grade

Nuclear grade

High Intermediate Low Overall

Sections:

k (number)a
0.41 (174) 0.19 (156) 0.51 (105) 0.36 (435)

Digitised:

k (number)a
0.57 (211) 0.33 (184) 0.61 (88) 0.49 (483)

a The numbers in brackets are the total numbers of readings in each

category.
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grading system for DCIS. There were fewer pathologists
(only six), a prior training set was circulated, diagnostic
criteria agreed at a consensus meeting and speci®c
marked areas on glass slides (essentially equivalent to
our digitised images) were assessed. Despite this atten-
tion to detail the participants only achieved an overall
kappa value of 0.46.
In contrast, our study has shown that individual

growth patterns can be recognised with moderate to
substantial consistency except, surprisingly, comedo
necrosis. There appear to be two main reasons for the
latter: ®rstly the di�culty in distinguishing comedo
from non-comedo necrosis, which suggests that more
de®ned criteria are required; secondly, the distinction
between necrosis and intraluminal secretion. The higher
kappa values for growth pattern recognition in the
digitised images compared with the slides suggests that
minority growth patterns tend to be overlooked or
ignored by observers in the latter. Furthermore, the
kappa value for selecting single categories of growth
patterns on slides (0.23) was identical to that previously
reported by the UK National Co-ordinating Group for
Breast Screening Pathology [6] and shows poor con-
sistency even when a mixed category is used. However,
it should also be pointed out that the relevance of these
data to clinical patient management will only become
apparent when the results of ongoing randomised clin-
ical trials are analysed. Present evidence indicates that
cytological features are of greater importance in pre-
dicting clinical outcome than architecture [2].
In general, the data from the analysis of the digitised

images are encouraging. They show that this medium
can generate images of su�ciently high quality for
teaching, consultation, consistency analysis and external
quality assessment. Field selection can, however, lead to
arti®cially high levels of consistency and overestimation
of performance unless an adequate number of repre-
sentative ®elds is selected. The study has suggested that
some improvement in the subclassi®cation of DCIS can
be achieved, although there may be a plateau in the level
of agreement among observers in the moderate/good
range. Indeed, it may be unrealistic to expect a higher
level of agreement until more clearly de®ned diagnostic
criteria are agreed or alternative methods are found.
For example, there needs to be more rigorous assess-
ment of the proportions of the di�erent elements
present, stricter adherence to classi®cation guidelines
and a clearer de®nition of comedo necrosis. In contrast,
it is di�cult to see how histological criteria for

diagnosing ADH can be improved using existing meth-
odology. The solution may lie in the application of
molecular pathology, as much is being learned about
the molecular changes associated with the early devel-
opment of human breast cancer [14,15].
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