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Aims: To assess the levels of agreement between
histopathologists for a two-class nominal categori-
zation process—the discrimination between hyper-
plastic and adenomatous colorectal polyps. Meth-
ods: Fifty hyperplastic and 50 adenomatous polyps
received consecutively in the laboratory were cate-
gorized by nine histopathologists, and the level of
agreement between all observers and the original
diagnosis was assessed using kappa statistics. Re-
sults: For the eight observers with 11 months or
more experience in histopathology, there was a high
level of agreement with kappa statistics ranging
from 0.84 to 0.98. This process was performed rap-
idly with an average of 13 to 22 seconds spent on
each case. One observer with only 6-weeks’ experi-
ence of histopathology had a lower overall level of
agreement with kappa statistics ranging from 0.46
to 0.54, but the performance on the later cases was
much higher. Conclusions: The level of agreement
in the distinction between hyperplastic and adeno-
matous colorectal polyps is high among his-
topathologists with at least moderate amounts of
experience in histopathology. The one virtually
naive observer showed a marked learning response
during the study without feedback on case outcome.
This suggests that histopathologists are very reliable
in assigning cases to distinct nominal categories
and that learning of these processes occurs early in
a histopathologist’s career.
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Histopathology is often used as the basis for diag-
nosis in the treatment of patients, but we know that
it is still an imperfect method of diagnosis (1, 2).
Many studies have emphasised the lack of repro-
ducibility of histopathology diagnosis by studying
the assignment into arbitrary categories of cases
from a biological spectrum, e.g., the grading of in
situ carcinoma of the breast (3), or by selecting a
population of “difficult” cases, such as equivocal
melanocytic skin tumors (4). The most common
form of assessment of agreement in these studies
has been the use of kappa statistics, which give a
value of 1 for perfect agreement and a value of 0 for
the level of agreement to be expected by chance
alone (5, 6). The values of kappa vary according to
the area studied, but have included 0.17 and 0.18
for the grade of gastric atrophy (7, 8), 0.23 to 0.37 for
grading of dysplasia in colorectal adenomas (9),
0.41 for Gleason scoring of prostatic carcinoma
(10), 0.44 for the classification of mammary ductal
carcinoma in situ (3), and 0.50 for the benign or
malignant distinction in cutaneous melanocytic le-
sions (4). The poor levels of agreement in these
studies have been noted by publications making
evidence-based recommendations for medical
practice that have included titles such as “Pathol-
ogy as Art Appreciation” (11). We have not identi-
fied any published studies in which a clear-cut as-
signment between two nominal categories has been
investigated for interobserver agreement.

In this study, we use the distinction between
hyperplastic and adenomatous colorectal polyps
(with the exclusion of serrated adenomas) (12) as
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an example of such a two-class nominal categori-
zation problem. The distinction does have clinical
importance because, although hyperplastic colo-
rectal polyps do have reproducible genetic muta-
tions, the risk of subsequent colorectal cancer in
patients who have only hyperplastic polyps is lower
than it is for those with adenomatous polyps (13).

MATERIALS AND METHODS

Slides of 50 consecutively received, endoscopi-
cally resected colorectal polyps originally reported
as hyperplastic polyps and 50 consecutively re-
ceived colorectal polyps originally reported as tu-
bular, villous, or tubulovillous adenomas were re-
trieved from the files of the Department of
Histopathology, Royal Hallamshire Hospital, from
the beginning of April 1998. Serrated adenomas
were not represented in this series. There was a
single hematoxylin- and eosin-stained slide for
each case. By chance, exactly 50 of each type were
received during the same time period.

The observers were all histopathology consul-
tants or trainees working in the Department of His-
topathology, Royal Hallamshire Hospital. The
length of time that each had spent in histopathol-
ogy was recorded. Each observer was given the 100
slides in the order in which they were received in
the laboratory. The observer was asked to assign
each polyp to the category of hyperplastic or ad-
enomatous after light microscopic examination,
but to make no other assessment (such as grade of
dysplasia). The observers were asked to carry out
the assignment as accurately as possible. The time
taken for each observer to make all the categoriza-
tions was recorded. The agreement between all the
observers and the original diagnosis was assessed

using kappa statistics with 95% confidence intervals

(6).

RESULTS

The results are summarized in Tables 1 and 2 and
Figures 1 and 2.

DISCUSSION

The results of this study show that for this dis-
crimination task with two nominal categories, the
level of agreement between histopathologists of 11
months or more training is very high. Although the
study could not be performed under conditions
that were exactly the same as the routine working
environment, the task was presented in a very sim-
ilar format. The polyps were a consecutive series
presented in the same order as they were received
in the histopathology laboratory. It is very probable
that similar levels of performance occur in routine
practice, so clinicians can be very confident in the
histopathology diagnosis of colorectal polyps and
can implement different follow-up procedures for
patients with solely hyperplastic or adenomatous
polyps. Studies would be required to confirm these
results for other specific areas of histopathology,
but it is likely that where there are distinct nominal
categories there will be high level of agreement
between histopathologists with a corresponding
high degree of confidence in the histopathology
diagnosis. This contrasts with studies on agreement
in allocation to arbitrarily defined categories within
a biological spectrum, such as tumor grade or de-
gree of inflammation (14). The average time taken
for all observers, except Observer 7, was short (in

TABLE 1. Kappa Statistics for Each Observer Compared with Each Other Observer and the Original Diagnosis?

ergma} Observer 1 Observer 2 Observer 3
Diagnosis
Original diagnosis 0.94 0.88 0.90
(0.87-0.99) (0.79-0.97) (0.81-0.99)
Observer 1 0.90 0.92
(0.81-0.99) (0.84-0.99)
Observer 2 0.94
(0.87-0.99)
Observer 3
Observer 4
Observer 5
Observer 6
Observer 7
Observer 8
Observer 9

Observer 4 Observer 5 Observer 6 Observer 7 Observer 8 Observer 9
0.92 0.86 0.86 0.48 0.90 0.90
(0.84-0.99) (0.76-0.96) (0.76-0.96) (0.31-0.65) (0.81-0.99) (0.81-0.99)
0.98 0.92 0.88 0.50 0.92 0.96
(0.94-0.99) (0.84-0.99) (0.79-0.97) (0.33-0.67) (0.84-0.99) (0.91-0.99)
0.88 0.90 0.94 0.52 0.90 0.86
(0.79-0.97) (0.81-0.99) (0.87-0.99) (0.35-0.69) (0.81-0.99) (0.76-0.96)
0.90 0.88 0.96 0.54 0.92 0.88
(0.81-0.99) (0.79-0.97) (0.90-0.99) (0.37-0.70) (0.84-0.99) (0.79-0.97)
0.94 0.86 0.52 0.90 0.98
(0.87-0.99) (0.76-0.96) (0.35-0.69) (0.81-0.99) (0.94-0.99)

0.88 0.50 0.88 0.96
(0.79-0.97) (0.33-0.67) (0.79-0.97) (0.91-0.99)
0.54 0.88 0.84
(0.37-0.70) (0.79-0.97) (0.73-0.95)
0.46 0.50
(0.28-0.63) (0.33-0.67)
0.88
(0.79-0.97)

“95% confidence intervals in parentheses.
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TABLE 2. The Length of Experience in Histopathology of
Each Observer and the Average Time Taken to View and
Assign Each Case to a Category

Months Experience Average Time Taken

Observer in Histopathology per Case (seconds)
1 180 17
2 84 14
3 24 25
4 54 17
5 11 16
6 36 13
7 1.5 122
8 195 13
9 54 13
Observer 1
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FIGURE 1. Graph showing the kappa statistics for subgroups of 10
cases and the cumulative kappa statistics for Observer 1.

the range 13 to 25 seconds per case) and includes
the time taken to place the slide on the microscope
and write down the category. This suggests that the
process of category assignment is occurring by a
recalled pattern-recognition mechanism rather
than a reasoned heuristic (15). The high-level
agreement of category assignment at high speed is
not surprising given the high level of visio-spatial
skills that humans exhibit in many other aspects of
life and the volume of the brain that has been
evolutionarily allocated to visual interpretation.
The results for the observer with only 6-weeks’
experience of histopathology (Observer 7) are inter-
esting. The overall agreement with the other ob-
servers and the original diagnosis was only moder-
ate (16) and was significantly lower than all the
other results. However, the overall kappa statistic
on the 100 cases hides a variation in performance
that is revealed by analysis of subsets. Figure 2
shows that the performance of Observer 7 im-
proved significantly as more cases were observed
and was approaching the level of the other observ-
ers by the end of the observations. This suggests
that Observer 7 was learning to discriminate be-
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FIGURE 2. Graph showing the kappa statistics for subgroups of 10
cases and the cumulative kappa statistics for Observer 7.

tween the two classes during the observations even
without knowing the specific outcome for each
case. Observer 7 did know of the existence of hy-
perplastic and adenomatous polyps before the
study and had seen a few examples that had been
routine specimens and therefore would have some
concept of the entities and would be likely to attach
the correct nominal label to easily distinguished
examples. It is likely that during the process of
making the assignments, Observer 7 adjusted the
concepts of the two categories, thus improving per-
formance. The greatly increased time that Observer
7 took to complete the study may reflect this learn-
ing process.

The improvement in performance with increas-
ing numbers of cases raises an important issue that
should be addressed by all studies that seek to
define levels of performance in histopathology (or
any other task). Most studies in histopathology are
designed to estimate the level of performance that
would occur in a routine laboratory situation, but
the study itself is not part of routine work and may
ask observers to make assignments to categories
that they do not routinely use (e.g., when assessing
the validity of a new classification or grading sys-
tem). It is possible that overall kappa statistics from
such studies may show low levels of agreement, as
the results from Observer 7 did in this study. How-
ever, unless the additional analysis of performance
with different numbers of observed cases is made, it
is not possible to identify situations in which learn-
ing is occurring. If this analysis does show that
learning is occurring during the course of the study
(as illustrated by Observer 7 in Fig. 2), then the
results cannot be taken to be the best that will be
achieved. In such situations, further training should
be undertaken until the performance reaches a
steady state, as illustrated by Observer 1 in Figure 1.
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Although the level of agreement between experi-
enced histopathologists was high, it was not per-
fect. The observer with the highest level of agree-
ment with the original diagnosis (Observer 1, kappa
statistic 0.94) still disagreed with the original diag-
nosis on three cases. There is no perfect standard in
this study because the distinction between adeno-
matous and hyperplastic polyps is only made by
histopathology examination. However, if the perfor-
mance of Observer 1 is compared with the original
diagnosis, this gives a sensitivity for the diagnosis of
adenomatous polyps of 96% (95%; confidence inter-
val, 91 to 99%) and a specificity of 98% (94 to 99%). It
could be argued that an apparent false-negative rate
of 4% is too high for a condition that has a recognized
follow-up protocol with the aim of early detection of
colorectal cancer. This rate could be reduced by the
observer lowering their internal threshold for the di-
agnosis of adenomatous polyps, but this would in-
crease the false-positive rate. A higher false-positive
result would mean that patients with only hyperplas-
tic polyps would be subject to follow-up procedures
(such as colonoscopy) that have a recognized mor-
bidity and small, but definite, mortality rate. The rea-
sons for nonperfect agreement can be understood by
analogy with another pattern recognition process: or-
nithology. Most keen amateur ornithologists would
identify common species of birds with perfect accu-
racy from clear photographs or pictures, but would
not always produce a perfect performance in the field.
The decrease in performance would be due to imper-
fect views of the birds due to movement, poor light-
ing, and obscuring vegetation. In a similar way, the
colorectal polyps in this series have factors that make
identification difficult, including diathermy artifact,
incomplete sampling, and suboptimal planes of sec-
tioning. Another possible confounding factor in this
two-class discrimination problem could be serrated
adenomas because these may have a morphology
that is intermediate between adenomas and hyper-
plastic polyps. However, these lesions are not as fre-
quent as adenomatous or hyperplastic polyps and
none were represented (to the best of our diagnostic
expertise) in this study.
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