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Abstract
Aim—To carry out an objective assessment
of two systems of scoring immuno-
histochemical staining, evaluating inter-
observer and intraobserver error.
Methods—92 cervical tumours underwent
immunohistochemical staining for p53
and epidermal growth factor receptor.
Staining was assessed using two methods:
a standard 4 point scale and a descriptive
method, performed by three observers.
Interobserver and intraobserver error
were assessed for both scoring methods.
Results—In terms of interobserver error
between three observers, no diVerence
was found between a simple 4 point scale
method of evaluation and the use of a
highly circumscribed method. In all
evaluations, interobserver error was
scored as moderate (êw 0.48–0.49). How-
ever, evaluation of immunohistochemical
staining by a panel of observers led to a
marked improvement in the interobserver
error scores (êw 0.63).
Conclusions—There should be standardi-
sation of immunohistochemical staining
and scoring methods. More attention
should be paid to measurement of inter-
observer and intraobserver error in stud-
ies. Use of a panel of tissue control slides
and consensus scoring by several observ-
ers can lead to improvement in reproduc-
ibility.
(J Clin Pathol 1999;52:75–77)
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Immunohistochemical staining techniques are
an important research tool, and an increasing
array of antibodies is being produced which
can identify a range of tissue antigens, tumour
markers, and oncogene products in both frozen
and archival material. However, these tech-
niques share a colour reaction as the end point
of the experiment, which is both subjective and
diYcult to quantitate, thus limiting the power
of the technique. Most researchers use a form
of 3 or 4 point scale to define intensity and dis-
tribution of staining. Measurement of interob-
server error is rarely carried out and conse-
quently comparison of results from diVerent
centres is diYcult to achieve. The task force of
the EORTC–GCCG has recently reported on
a protocol for immunohistochemical staining
but actual scoring systems were not specifically
addressed.1 We report an objective comparison
between a widely used 4 point scale and a scor-
ing system which was originally proposed by
Fisher for the detection of nuclear p53 protein

in tissue sections, based on highly circum-
scribed definitions.2 We adapted the Fisher
scoring system for use with the cell membrane
localised epidermal growth factor (EGF)
receptor.

Methods
Following identification of cases by the re-
gional cancer registry, a series of 277 paraYn
embedded cervical carcinomas was obtained
from Arrowe Park Hospital, Wirral, which had
been diagnosed in Wirral Health District
between 1981 and 1992. Thirty samples of
normal cervix were also obtained to act as con-
trols, and these were processed alongside the
tumour samples. The original H&E slides for
each tumour were reviewed by a single
consultant pathologist, following which rep-
resentative paraYn embedded blocks of each
case were selected to provide the maximum
amount of tumour for analysis. Between 1981
and 1992, all tissues received at Arrowe Park
Hospital histopathology department had
undergone fixation in 10% buVered formol-
saline for 24 hours before paraYn embedding.
Of the 277 tumours in the study, scoring data
for both scoring systems were available for the
first 92 consecutive cases, and our analysis is
based on these tumours.

Sections from each block of 5 µm thickness
were cut and floated on a water bath at 55°C
before being placed on to plain glass slides and
dried at 37°C overnight. Haematoxylin and
eosin (H&E) stains were repeated and mucin
stains were carried out using the PAS/diastase
method to confirm the histological diagnosis in
each case, according to the criteria of Buckley
and Fox.3 Immunohistochemical staining was
carried out on all tumour samples to identify
p53 and epidermal growth factor receptor
(EGFr) protein expression.

The avidin–biotin–peroxidase method of
immunohistochemistry4 was used for both pro-
teins. Following dewaxing and dehydration
through alcohols, endogenous peroxidase ac-
tivity was blocked with 3% hydrogen peroxide.
The antibody used to stain p53 protein was a
rabbit polyclonal antibody, CM-1 (Novocas-
tra), which reacts with both mutant and
wild-type p53, and the positive control tissue
used was a preparation of paraYn embedded
monkey Cos cells, transfected with a plasmid
containing the human p53 gene (provided by
Dr J Jenkins, Marie Curie Institute, Oxted,
UK). The CM-1 antibody was optimised at a
concentration of 1:600, diluted in phosphate
buVered saline (PBS) with bovine serum albu-
min (BSA), and then incubated with the
tumour sections for 30 minutes at room
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temperature. E30, a mouse monoclonal anti-
body to the protein portion of the extracellular
domain of the EGF receptor (Biogenix), was
used to identify EGF receptor expression, and
the positive control tissue for EGFr was normal
human placental membrane. Before adding
E30 antibody, pepsin digestion was necessary,
using a solution of 0.1% pepsin in 0.01 N HCl
for 10 minutes at 37°C. E30 antibody was used
as supplied by the manufacturers in a 1:20
dilution, and required a two hour incubation at
37°C. Negative controls were included in each
staining run—for CM-1, normal rabbit serum
was applied to positive control slides; E30 anti-
body is supplied as a kit containing an
appropriate negative control serum, derived
from mouse ascites. A further negative control
was PBS containing 0.1% BSA on positive
control sections.

The resulting slides were reviewed inde-
pendently by three experienced observers.
Intensity was assessed by comparison with the
positive control sections and by review of a

series of tissue controls, which were tumour
slides which had been selected by the three
observers as examples of each of the scores.

The intensity and distribution of positive
staining was evaluated using two scoring
systems, performed six months apart by the
three observers. The first evaluation employed
a standard 4 point scale for intensity, with
slides being scored as negative, +, ++, or +++,
with the positive control slide being taken as
+++. The second evaluation employed a more
circumscribed scoring system, originally pro-
posed by Fisher,2 with a modified score being
used for EGFr staining to take account of the
localisation of EGFr to the cell membrane
rather than the nucleus or cytoplasm. As shown
in table 1, this scoring system combines both
the intensity and distribution of positive stain-
ing as a one word score.

Following the independent evaluation of the
immunohistochemical staining, there was wide
variation between the observers in scoring 16
tumours. These slides were discussed at a
separate evaluation in order to reach a consen-
sus on the correct score. In the subsequent
analysis, the interobserver error was calculated
using both the original and the consensus
scores.

All scores provided by the three observers
were entered into a database using Lotus 1-2-3
Approach software, and were analysed using
the weighted ê statistic (êw) for interobserver
error.5 Intraobserver error was also assessed.

Results
Strong p53 staining was identified in 7% of the
tumours, moderate staining in 21%, scattered
staining in 2%, weak staining in 40%, and
negative staining in 27%. Pure cytoplasmic p53
staining was found in 4% of the tumours. All
samples of normal cervix were negative for
p53. Strong EGFr staining occurred in 10% of
the tumours, moderate staining in 25%, weak
staining in 43%, and negative staining in 23%.
There were no scores of “scattered” for this
antibody. The majority of normal cervices
showed negative staining, with 39% having
weak or moderate EGFr positivity, which was
confined to the epithelium of the cervix. Since
the EGF receptor is found at low levels on the
surface of all normal cell types (except nerve
tissue), a degree of positive staining was
expected. This has been described previously.6

The interobserver agreement between the
three observers was calculated for each of the
two scoring systems and both antibodies for the
first 92 tumours. The degree of agreement
between each of the observers, both before and
after panel discussion, and the mean weighted
ê values, are shown in table 2. The mean
weighted ê value for intraobserver variation
was 0.32 (range 0.24 to 0.47).

Discussion
The level of p53 positivity identified is slightly
lower than that reported by some investigators,
but diVerences in scoring methods often make
comparisons between studies diYcult. For
example Holm et al reported 62% of 238 inva-
sive cervical tumours to be positive for p53

Table 1 p53 and EGFr immunocytochemical scoring system (adapted from Fisher et al,
19942)

p53 Immunocytochemistry
Strong Dark nuclear staining that is easily visible with a low power

objective and involves > 50% of cells
Moderate Focal darkly staining areas (< 50% of cells) or moderate

nuclear staining of > 50% of cells
Weak Focal moderate staining in < 50% of cells, or pale nuclear

staining in any proportion of cells not easily seen under a low
power

Scattered Dark nuclear staining of widely scattered cells
Cytoplasmic Tumours that only show cytoplasmic staining
Negative Tumours that show none of the above

EGF receptor immunocytochemistry
Strong Dark membrane staining that is easily visible with a low power

objective and involves > 50% of cells
Moderate Focal darkly staining areas, (< 50% of cells) or moderate

membrane staining of > 50% of cells
Weak Focal moderate staining in < 50% of cells, or pale membrane

staining in any proportion of cells not easily seen under a low
power

Scattered Dark membrane staining of widely scattered cells
Negative Tumours that show none of the above

Table 2 Weighted ê for 4 point scoring system compared with Fisher scoring system

(A) 4 Point system

Observers
Type of
stain

Weighted ê
score Mean ê score

1 v 2 p53 0.47
3 v 1 p53 0.43 0.43
2 v 3 p53 0.38

1 v 2 EGFr 0.63
3 v 1 EGFr 0.44 0.55
2 v 3 EGFr 0.59

Overall mean
ê score EGFr/p53 0.49

(B) Fisher scoring system
Before discussion After discussion

Observers
Type of
stain

Weighted ê
score Mean ê score

Weighted ê
score Mean ê score

1 v 2 p53 0.46 0.54
3 v 1 p53 0.45 0.49 0.61 0.61
2 v 3 p53 0.57 0.69

1 v 2 EGFr 0.37 0.62
3 v 1 EGFr 0.49 0.47 0.60 0.65
2 v 3 EGFr 0.51 0.73

Overall mean
ê score EGFr/p53 0.48 0.63
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expression, using the antibodies CM-1 and
PAb 1801.7 However, their study included
many tumours in which only an occasional
nucleus was positive and only 9% of tumours in
the study showed strong staining involving
more than 5% of the tumour cells. Oka et al
examined 192 stage III squamous carcinomas
of the cervix using CM-1 antibody and
employed a graded scoring system similar to
the one used in our study.8 They identified 7%
of the tumours as having strongly positive
staining, while 51% were negative.

The level of EGFr overexpression found in
this study is similar to that described by Kohler
et al,9 who found that 40% (16 of 42 cervical
tumours) were positive by immunocytochemis-
try and EGF binding assay.

The relevance of ê statistic values has been
described by Landis and Koch.10 Values of less
than 0.2 are described as “poor,” those
between 0.2 and 0.4 are “fair,” and values
between 0.4 and 0.6 indicate moderate agree-
ment; values of 0.6 to 0.8 show good
agreement, while those between 0.8 and 1.0
show excellent agreement. In practice, any
value above 0.5 indicates reasonable agreement
between the observers.

No diVerence was found between the mean
weighted ê value for the 4 point scoring scale
(êw 0.49) and the Fisher scoring system (êw
0.48). However, a marked improvement in
weighted ê was found as expected when the
more widely varying scores were discussed by
the panel of observers and a consensus score
agreed (êw 0.63). Interindividual variation was
marked, with an average ê statistic of 0.32
(fair), but this may have been exacerbated by
the use of two scoring systems.

Variation in weighted ê score between the
two immunohistochemical methods was noted
for the 4 point scoring method, with better
scores for EGF receptor staining (mean êw
0.55) than for p53 staining (mean êw 0.43).
This may reflect diYculties in using the 4 point
scoring system for p53 nuclear staining, which
is evaluated above the background colour of
the nucleus. Both antibodies produced similar
scores when evaluated with the Fisher scoring
system. In both scoring systems, better agree-
ment was obtained between observers in scor-
ing the “negative” or “0+” and “weak” or “1+”
slides than those which showed stronger stain-
ing. This phenomenon of positive staining
leading to greater interobserver variation has
been noted before.11 It is likely to be due to the
ease of distinguishing no staining versus the
presence of a gradation of colour. It has been
suggested as a result that the 4 or 5 point scor-
ing system could be reduced to zero for no

staining, 2+ for strong staining, and 1+ for any
staining between these levels.11 However, in our
study, the three observers found that the Fisher
scoring system subjectively provided a better
framework for scoring and was much easier to
use than a 4 point scale because of the rigidly
prescribed definitions provided.

Since immunohistochemical staining tech-
niques are in such widespread use, it is of con-
cern that interobserver error measurements
indicate only moderate agreement between
observers. In recognition of this, computer
assisted image analysis has been employed in
some studies. However, it is an expensive and
laborious procedure at present and has not yet
been validated.1

CONCLUSIONS

Until the technology for computer assisted
image analysis is validated and becomes wide-
spread, we would recommend the following
strategy to ensure reproducible scoring (in
conjunction with the EORTC–GCCG task
force recommendations):
+ Use a panel of tissue control slides to

compare with scored slides;
+ Use a panel of two or three observers;
+ Use highly circumscribed scoring systems,

in view of their ease of application;
+ Calculate interobserver error, so that the

validity of any conclusions is placed in a
proper context.
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