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Quality control in immunocytochemistry:
Experiences with the oestrogen receptor assay

F T Bosman, A F P M de Goeij, M Rousch

Abstract
Aims: To evaluate the feasibility of an
interlaboratory quality control pro-
gramme in immunohistochemistry.
Methods: Several pathology laboratories
were asked to carry out immunohisto-
chemical oestrogen receptor staining on a
set of freeze dried cryostat sections of
breast cancer tissue. The sections and
protocols for staining and semi-
quantitative scoring were mailed to the
participating laboratories in two trials.
The oestrogen receptor content of the
breast cancer samples was determined by
radioligand binding assay on the tumour
cytosol.
Results: In the first trial 11 laboratories
(response rate 60%) participated. Eight
(73%) of the participants scored within a
95% confidence interval and all but one
correctly classified thetumour as receptor
positive. In the second trial all 20 partici-
pating laboratories (response rate 55%)
correctly scored one tumour sample as
negative and 18 of them (90% of respon-
dents) correctly classified the two other
tumour samples as receptor positive. In a
quantitative evaluation a histochemical
score within 95% confidence interval
limits was provided by eight (40%) and 12
(60%) of the participants.
Conclusions: Semiquantitative scoring of
immunocytochemical staining is valu-
able for performing correlative inter-
laboratory studies, although this scoring
protocol may not be required for diag-
nosis or prognosis. Significant inter-
laboratory variability exists, leading to
qualitatively correct receptor classifica-
tion in 100% ofreceptor negative and 80%
of receptor positive cases, and quanti-
tative agreement in only about half of the
cases. The perceived variability is not
caused by systematic differences in the
choice of the immunocytochemical tech-
nique, or the mailing of freeze dried
sections. Quality control programmes
should be included in the standard pro-
cedures of each diagnostic immunohisto-
chemistry laboratory.

Over the past decade immunocytochemistry
has become essential in surgical pathology. The
methodological requirements of repro-
ducibility and specificity have beenmet with the
hybridoma technique, which allows large
quantities of monoclonal antibodies with selec-

ted specificity to be produced, and the develop-
ment of very sensitive second step reagents. As
a consequence, almost every surgical pathology
laboratory routinely uses immunocyto-
chemistry on a daily basis. As recently
indicated by Elias et al, ' however, an important
source of variability in the performance of
immunocytochemistry techniques is the vari-
ation among laboratories in tissue processing
and histochemical procedures. This could be
improved by standardisation, monitored by
quality control programmes.
A typical example of an immunocyto-

chemical test which requires such an approach
is the evaluation of the oestrogen receptor
content in breast cancer. About 60% of
patients with an oestrogen receptor positive
tumour will respond to some form of endocrine
treatment; less than 10% of oestrogen receptor
negative neoplasms respond.23 Expression of
oestrogen receptor protein may also be regar-
ded as a hallmark of a differentiated state,4 and
many studies have shown that the prognosis in
terms of disease free interval and survival in
oestrogen receptor positive breast cancer is
more favorable than that of oestrogen receptor
negative breast cancer.5

In order for it to be clinically useful a reliable
technique for oestrogen receptor determina-
tion is required. For two decades now, the
standard steroid receptor assay has been the
dextran coated charcoal (DCC) assay, used on
cytosols of tumour tissue. Although reliable in
principle, this ligand binding assay has been
shown to lead to high inter- and intra-assay
variability. Only the introduction of quality
control programmes in the clinical chemistry
laboratories in Europe, under the auspicies of
the EORTC has led to a steroid receptor assay
with reasonable widescale reproducibility.67
Replacement of this technique with an
immunocytochemical assay, which would be
preferable in view of the lesser quantity of
tissue required, avoidance of the use of
radiolabelled ligands, the possibility of locating
the receptor protein specifically in tumour cells,
and the ability to take tumour heterogeneity in
receptor content into account have all been
emphasised repeatedly."'0 The development of
monoclonal antibodies has allowed steroid
receptor assays based on antigen-antibody
interactions to be introduced." It is clear,
however, that immunocytochemical receptor
determination can only be justified if: (a) the
results of the immunocytochemical assay have
been validated against those of the ligand
binding assay; and (b) similar quality control
programmes validate the intra- and inter-
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laboratory reproducibility of the technique.
The first requirement has repeatedly been
met.41213 This study was designed to test the
feasibility of a quality control programme to
meet the second requirement.

Methods
TISSUES AND MAILING OF THE SECTIONS
Samples of breast cancer tissue were snap-
frozen in isopentane, cooled with dry ice.
Tumours with a high, intermediate, or zero
receptor content, as determined by radio-
chemical (DCC) assay on cytosol, were selec-
ted. Frozen sections (6.um) were cut on a
cryostat microtome and mounted on gelatin
chromealum coated slides. The slides were
freeze dried and subsequently stored in a
plastic airtight container over silica gel at room
temperature. Each participating laboratory
received four sections of each tumour and one
section of a rabbit uterus which served as a
receptor positive standard tissue. This was
found to be an acceptable approach after it was
shown that when kept absolutely dry, the
sections could be kept at ambient temperatures
for up to several weeks without deterioration of
the immunoreactivity of oestrogen receptor
protein.

In the first trial 11 pathology laboratories
participated, 20 in the second trial. This
represented a response rate of 60% and 55%,
respectively.

IMMUNOHISTOCHEMISTRY
Together with the mailing of the sections a
staining protocol was provided that differed
from the protocol included in the ERICA kit
with respect to the working dilution of the anti-
oestrogen receptor serum (1 in 4 instead of
undiluted) and to the conditions of incubation
with this antibody (overnight at 4°C instead of
one hour at room temperature).

Before immunostaining, the sections were
fixed (10 minutes at 4°C) in picric acid-para-
formaldehyde'4 or in phosphate buffered 4%
paraformaldehyde (pH 7 4). Subsequently the
sections were rinsed (three times for five
minutes at room temperature) in phosphate
buffered saline (PBS). Before incubation the
sections were exposed to 20% normal goat
serum (15 minutes at room temperature). After
blotting the section, the primary antibody
(ERICA kit, kindly provided by Abbott
Laboratories, Diagnostic Division, The
Netherlands) was applied (diluted 1 in 4 in 1%
bovine serum albumin in PBS) and the sections
were incubated overnight in a humid chamber
at 4°C. Subsequently the sections were washed
in PBS (three times for five minutes each) and
incubated (30 minutes at room temperature)
with goat-anti rat IgG (included in the ERICA
kit or from Dako). After washing in PBS (three
times for five minutes each) the sections were
incubated (30 minutes at room temperature)
with undiluted rat peroxidase-antiperoxidase
complex (included in the ERICA kit or from
Dako). After a final wash the immunoreactivity
was visualised in a diaminobenzidine-H202
mixture (seven minutes at room temperature).

The sections were weakly counterstained in
diluted haematoxylin and mounted in Entellan.

After the sections had been returned 11 of
the 20 laboratories indicated that they had used
the ERICA staining protocol, as outlined in the
instructions supplied with the commercial kit
(ERICA, Abbott Laboratories). One partici-
pant indicated that the protocol used was a local
modification ofthe ERICA protocol. In the first
pilot study two participants used the ERICA
(Abbott) protocol.

SEMIQUANTITATIVE ANALYSIS
The stained sections were scored semiquanti-
tatively, according to a modification of the
scoring by McCarty et al,15 as described
earlier.'6 The resulting histochemical score was
obtained as follows:

i=4
Histochemical score = I P(i) x i

i=O
where i = staining intensity, which may vary
between 0 (no staining) and 4 (strongest stain-
ing), and Pi = percentage of stained tumour
cell nuclei in category i (0-100). The maximum
attainable score is 400 by definition. For reliable
visual scoring at least three cohorts of 100
tumour cells had to be scored in different high
power fields (objective x 40).
A receptor score of less than 35 was regarded

as negative, based on earlier correlative
studies'6 between immunohistochemical recep-
tor assays and radioligand binding assays. In
these studies a cut-offvalue of 10 fmol oestrogen
receptor/mg cytosol protein was used.

OESTROGEN RECEPTOR ANALYSIS IN CYTOSOL
TISSUE
Oestrogen receptors were quantitated in
tumour cytosols, prepared from a tumour sam-
ple directly adjacent to the sample used for
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Figure I Semiquantitative immunohistochemical scoring
of oestrogen receptor staining in cryostat sectionsfrom a
human breast cancer sample distributed to 11
participating laboratories.
Scores of thisfirst trial are presented as mean (SD) score
calculated over three tumour cell cohorts. The dashed
lines indicate the 95% confidence interval. Participants 4
and 5 used the Abbott protocol, the other laboratories used
the Maastricht protocol.
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Table I Overall results (second test)

Sections histochemical score* Cytosol (fmol receptor/mg protein)

Total Maastricht Abbott
Sample (n = 20) (n = 9) (n = 10) DCC EIA

1 0 0 0 Negative Negative
2 145 (67) 163 (64) 148 (74) 86 72
3 180(90) 211 (100) 164(71) 103 128

*Results include one laboratory that used a different staining protocol.

cryostat sectioning, using both radiochemical
and immunochemical assays. The radio-
chemical receptor determination was done with
a standard DCC assay according to the
guidelines of the EORTC. 7 The immuno-
chemical oestrogen receptor assay was carried
out with the enzyme immunoassay kit obtained
from Abbott Laboratories according to the
manufacturer's instructions.'3 Both types of
assay were performed in the laboratory of Dr
Th Benraad of the University of Nijmegen,
Academic Hospital, while participating in a
steroid receptor assay quality control
programme in Europe under the auspices ofthe
EORTC.6

Results
In the first pilot study a single sample of breast
cancer tissue was distributed to 11 pathology
laboratories. The mean histochemical score
(with standard deviations), calculated over the
three scored tumour cell cohorts for each
participant is shown in fig 1. An average histo-
chemical score of210 was obtained on a sample
with a cytosolic oestrogen receptor content of
519 fmol/mg protein. Eight of the 11 partici-
pants scored within a 95% confidence interval.
All except one laboratory correctly classified the
tumour as receptor positive.

The results of the immunohistochemical,
radiochemical, and immunochemical oestrogen
receptor assays of the second test are summar-
ised in table 1. One tumour sample was
oestrogen receptor negative by DCC assay as
well as by enzyme immunoassay and was
correctly scored negative by all laboratories.
The other two tumour samples contained
oestrogen receptor by both cytosol techniques
and both immunohistochemistry protocols. On
average, sample 3 yielded higher histochemical
scores than sample 2, which corresponded with
the results of the cytosol assay. The slides
stained with the Maastricht staining protocol
tended to show somewhat higher histochemical
scores than those of the Abbott protocol, al-
though the differences were not significant
(p < 0-0001). One participant (15) scored sig-
nificantly lower than the other using a modified
staining protocol.

Striking differences in immunohistochemical
results occurred (figs 2 and 3). Figure 2 shows
photomicrographs of the two tumour samples,
stained intensely in one laboratory (2A and C)
and only weakly in another (2B and D). This is
quantitatively represented in fig 3, which shows
the plots of the histochemical scores. For
sample 2, the histochemical scores varied bet-
ween 0 and 280 (fig 3A) and for sample 3
between 10 and 330 (fig 3B). Table 2 shows that

Figure 2 Illustration of
immunohistochemical
staining ofhuman breast
cancer samples by different
pathology laboratories.
(A) and (C): laboratory
1, samples 2 and 3; (B)
and (D): laboratory 2,
samples 2 and 3.
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Figure 3
Semiquantitative
immunohistochemical
scoring of oestrogen
receptor staining in
cryostat sectionsfrom two
human breast cancer
samples, distributed to 20
participating laboratories.
Scores of this second trial
are presented as mean
(SD) score. (A) sample 2
and (B) sample 3.
Participants 2, 5, 6, 8, 10,
11, 13, 16, 17, 18 and 19
used the Abbott protocol,
participant 15 its own
procedure, the others
applied the Maastricht
protocol.
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samples 2 and 3 were correctly classified as
oestrogen receptor positive by 18 (90%) of the
20 laboratories by obtaining a histochemical
score ofmore than 35. A quantitative classifica-
tion based on a histochemical score within 95%
confidence interval limits was provided by 40%
and 60% of the participants for samples 2 and
3, respectively. To test the hypothesis that
deterioration of oestrogen receptor immuno-
reactivity over time might have influenced the
results, the participating laboratories were
asked to supply the date that the sections were
stained, which allowed us to calculate the
elapsed time interval. In fig 4 the histochemical
scores are plotted against time. It is clear that
there is no correlation between immunostain-
ing and time interval.

Discussion
Our results clearly indicate that the chosen
approach, circulation of the freeze dried cryo-
stat sections by normal post is adequate, given
the fact that immunoreactivity did not
deteriorate over time. A problem with the
circulation of tissue sections obtained from a
block of (tumour) tissue is that tissue samples
might be heterogeneous, which may lead to
differences among laboratories because of
biological var'iation rather than technical
inadequacies. This problem can be overcome
by monitoring the composition of the tissue
sample by examining sections at regular
intervals. It does, however, limit the number of
laboratories which might be included in a
single quality control programme, probably
not more than 50 and optimally, about 25.
To perform an interlaboratry quality control

Table 2 Tumour classification (second test)

Quantitative* Qualitativet

Sample Correct Incorrect Correct Incorrect

2 8 12 18 2
3 12 8 18 2

*Within 95% confidence interval.
tHistochemical score ofmore than 35.

study on receptor immunocytochemistry a
reliable scoring procedure for the immunoreac-
tion should be established. Several approaches
have been described for the semiquantitative
evaluation of the receptor staining, such as the
assessment of the percentage of positive
cells,2 18-20 classification of varying numbers of
staining categories,15 1-21 and various ways of
mathematical analysis.'51612' For this study
we chose a quantitation method based on

counting a fixed number of cells, classified
according to staining intensity, which resulted
in low intra- and interobserver vari-
abilities. 51622
Our results show that very significant dif-

ferences exist among laboratories in the results
of the immunocytochemical oestrogen receptor
assay. Comparison ofthe stained sections (fig 2)
shows that this is largely due to variability in
staining intensity and not to differences in the
semiquantitative evaluation as reflected in the
histochemical score.
The interlaboratory variability does not

seem to be attributable to the choice of tech-
nique: no significant differences were found
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Figure 4 Semiquantitative immunohistochemical scoring
of oestrogen receptor staining as afunction of time
interval between sectioning and staining.
D sample 2; A sample 4.
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between the two main staining protocols used.
In terms of overall assignment of the tumours
to oestrogen receptor positive or negative
categories a fair score was reached (correct
assignment in 100% for oestrogen receptor
negative and of 80% for oestrogen receptor
positive samples). In terms of the quantitative
evaluation, however, only 40% and 60%, res-
pectively of the oestrogen receptor positive
samples were rated within a 95% confidence
interval.
Our results lead to the following conclusions:

1 Circulation of freeze dried sections is an
adequate approach for the quality control of
oestrogen receptor immunohistochemistry.
2 Semiquantitative scoring of immunocyto-
chemical staining is valuable for performing
correlative interlaboratory studies, although
this scoring protocol may not be required for
diagnosis or prognosis.
3 Significant interlaboratory variability exists,
leading to a qualitatively correct oestrogen
receptor classification in 100% negative but
80% in positive oestrogen receptor cases and
quantitative agreement of only 45% (95%
confidence interval).
4 The perceived variability is not caused by
systematic differences in the choice of the
immunocytochemical technique.
5 Quality control programmes should be
included in the standard procedures of every
diagnostic immunohistochemistry laboratory.
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