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Quantification of immunohistochemistry—issues concerning methods, utility and

semiquantitative assessment |

Immunohistochemistry is no longer a technique used
only for research but is employed increasingly for
diagnosis and for the assessment of therapeutic bio-
markers. The latter, in particular, often require a
semiquantitative evaluation of the extent of their pres-
ence. There are many factors that can affect this that
relate to the method: fixation of tissue, duration and type
of antigen retrieval, antibody specificity, antibody dilu-
tion and detection systems. Other complexities relate to
assessment. Different scoring systems are used for either
the same or different antigens. Cut-off levels for assessing
whether a tissue is ‘positive’ or ‘negative’ can vary for

the same antigen. Whilst there are quality assurance
schemes for the methodology that have improved
standards of staining, there are no similar schemes that
relate to interpretation, although errors here can create
as many problems. There have been improvements in
automated analysis but availability is limited and it is
still predominantly a research tool. In order for quan-
tification of immunohistochemistry to be a reliable and
reputable tool, there must be easy to use, reproducible,
standardized protocols for assessment which are inter-
national. Improvements in automated analysis with
wider applicability could lead to standardization.
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Introduction

Immunohistochemistry has been used increasingly
over the last 30—40 years, initially for research but
now for diagnosis and, highly relevant to this article,
for assessing therapeutic biomarkers. With this has
been the change from ‘is protein X present?’ to ‘how
much of protein X is present?’. The number of
laboratories undertaking the technique has markedly
increased, along with the number of people under-
taking the interpretations, but this has not solved the
problems that there can be with a method which can
vary for each antigen and its method of assessment.
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Methodology

The first critical component relates to the tissue and
type and duration of fixation. This is particularly
important for some antigens, e.g. oestrogen receptor
(ER), and has led to the recommendation® that breast
specimens are received as soon as possible after surgery
and sliced to allow rapid and even fixation. The rapid
fixation achieved with core biopsies is of benefit. If all
that is available for analysis is suboptimally fixed tissue
then there should be caution about interpretation and
any semiquantitative assessment. Although proteins
appear to be stable in wax blocks, there is evidence of
deterioration once paraffin sections have been cut.? In
a routine laboratory there should be no problem in
using sections that are cut and stained promptly, but it
will create problems for those clinical trials that have
requested sections that are then stored for subsequent
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analysis months to years later. Will any data obtained
be meaningful?

The next stage in the methodology is antigen
retrieval. Although many protocols relate to heating
in an acid buffer (either by pressure cooking, micro-
waving or water bath), there are some antigens where
enzymatic treatment is preferable.* The duration of
antigen retrieval needs to be optimized by laboratories
in relation to different antigens and fixation schedules.
Interlaboratory comparisons have identified insufficient
antigen retrieval as a major contributory factor to
variations in extent of staining of test sections,”™” with
microwave antigen retrieval causing particular prob-
lems.” This can result in low-level expressing tumours
being assessed as being negative, which for antigens
such as ER can affect therapeutic decisions and have an
impact on patients.

A recent study has demonstrated how variation of
antibody dilutions can affect results.® When a high
antibody concentration (1 : 500) was used to detect
HER-2, low expression was associated with poorer
survival (contrary to published data), but when a low
antibody concentration (1 : 8000) was employed, high
expression was associated with increased mortality.
This relationship was detected because an automated
quantitative analysis system was used. The effect of
antibody dilution when assessing the proportion of
positive cells has clearly been demonstrated for prolif-
eration markers’ and p53,'° emphasizing the problems
that relate to the method and the difficulties that can
arise in comparing findings from different studies unless
there is complete standardization in methodology.

Different antibodies directed against the same anti-
gen may give different results. This is due to differences
in the epitopes that they detect. Whilst in research it
could be of value to use several different antibodies
against the same protein, in routine practice, when
information is being provided that could influence or
determine treatment, it is necessary to know the
sensitivity and specificity of antibodies. This is possible
when immunohistochemical results can be related to a
‘gold standard’ such as comparing HER-2 staining with
gene amplification status. An early study by Press
et al."' demonstrated wide variations in both specificity
and sensitivity between 38 HER-2 antibodies, so
explaining differences in findings. The affinities of
different antibodies directed against p53 can influence
the extent of detection of the protein,'?'® making
comparisons between publications and potential clin-
ical utility difficult.'*

The other factors in methodology that can result in
variations between different laboratories include detec-
tion systems. Automated immunostaining should
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overcome some of the variability that can be due to
technical factors, but cannot overcome many of the
above factors—and this is before methods of assess-
ment, scoring systems and cut-off levels are considered.

Assessment

Immunohistochemical reactivity can be within cells—
membrane, cytoplasmic and/or nuclear—or in stroma.
Assessment of reactivity can range from being either
present or absent; in relation to the extent of staining;
in relation to intensity of staining; a combination of
extent and intensity. If intensity is being assessed then
there has to be a positive control having different levels
of staining that is included with each staining batch
and intensity in test cases is compared with this.
Having this standard should overcome the problem of
batch variation and allow comparisons. An arbitrary
‘weak, moderate and strong’, depending on how the
assessor feels, is not appropriate.

Assessing the extent of reactivity can also range from
careful counting to ‘the quick eye-ball’. It can involve
counting up to 1000 cells for reactivity to give a
percentage or counting number of positive cells in 10
high-power fields (HPF). Less precise is assessment of
proportion of cells staining throughout the tissue
section, with subdivisions into percentage ranges. If
tissue microarrays are being used with a smaller area
per sample, a more formal count would seem appro-
priate. There will be variations between antigens;
counting of nuclear reactivity is easier than cytoplas-
mic. Deriving a percentage as a method of assessment
of factors relating to cell cycle, e.g. MIB-1, p53, p21,
is appropriate to allow comparisons between tissues
of the same type and of different types (provided the
methodological factors considered above are stand-
ardized). A problem with dividing assessments into
percentage ranges is that different research groups can
have different ranges for the same antigen. These may
relate to the median and standard deviations, or
quarters or thirds. Comparison of results between
different studies then becomes difficult.

Scoring systems have been introduced in order to
overcome variations, particularly for markers that are
used for making therapeutic selections. The H-score'®
was introduced for assessment of ER but has been used
for a range of other markers.!®!” It takes into account
extent of reactivity and intensity and is the sum of the
percentage of cells with weak, moderate and strong
staining with a range from O to 300. It can be time
consuming to do if done accurately, and so other
scoring systems have been introduced. The quick
score!'® was based on percentage range of cells staining
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from 1 to 4 and overall intensity as 1-3, which were
added, but for ER has generally been replaced by the
Allred score,'® which has expanded the lower end of
the scale giving a range of 1-5. This was derived by
assessing a group of breast cancers that had previously
been analysed for ER by biochemical assays. One
criticism of these scoring systems is that extent and
intensity scores are added and that multiplying them
would more relevant.?° In practice, all scoring systems
have been shown to give statistically significant corre-
lations with clinical outcomes when used by those with
experience in this area.”'?? Although there has been
much effort to improve the quality of immunohisto-
chemical staining by the use of external quality
assurance schemes such as the National External
Quality Assessment Service, there is no equivalent
check on the ability of those undertaking assessment.
One study in Germany of 172 pathologists highligh-
ted the problems that can occur with interpretation,
with 24% of ER staining having a false-negative
assessment,

A completely different system has been introduced
for another marker used for therapeutic selection,
HER-2. This is the HercepTest United States Food and
Drug Administration-approved grading system of O,
1+, 2+, 3+. To be 3+ there must be strong mem-
brane staining of the complete cell in >10% of
tumour cells; 2+ is moderate staining, whilst 1+ is
weaker staining and the complete cell is not stained.
Cytoplasmic staining is not considered. Since this was
introduced there have been numerous papers con-
cerned with HER-2 testing, comparing immunohisto-
chemical assessment with HER-2 gene amplification
as determined by in situ hybridization (ISH) (either
fluorescence ISH or chromogenic ISH). Identification
of a very strongly staining tumour as 3+ is not
difficult. The problem comes with a proportion of the
1+ and the 2+,%*72® and this is more likely to arise
with laboratories doing smaller numbers of tests.?”
Even reference centres can have a variation in the
number of 2+ cases from 7% to 19%.2% Selection for
treatment is based on the presence of 3+ staining and
2+ with gene amplification as determined by ISH, so
false negatives and false positives could have the
wrong management.

What is positive?

This is not just a problem for immunohistochemistry,
but applies to any system that uses semiquantitative or
quantitative approaches such as ELISA or ligand
binding assays. It helps if the immunohistochemical
results can be compared with another analysis method

for which clinical data are available, e.g. ER immuno-
histochemistry with dextran-coated charcoal assays for
the same tumour!'® or for HER-2 with ISH for gene
amplification.*® This is not always the case and so
different studies can have different cut-off points
between positive and negative, e.g. moderate/strong
staining of 10% of breast cancer cells for p53*° or
anything above 0 using the Allred score.>® Comparison
of findings from different studies of the same molecule
can then become difficult, and researchers have to be
careful in considering what is positive.

Automated analysis

Interpretation of immunohistochemistry is usually
done manually and depends on the experience and
alertness of the interpreter. Since there are problems
in this component of the technique as well as the
methodology, can automated analysis improve on our
ability to quantify results? Computerized image analysis
systems have been used since the late 1980s>! and
have been shown to represent a more accurate means
of quantification of ER than the H-score, which showed
marked variability.>? One problem with using diamino-
benzidine as a chromogen is that there is only a linear
relationship between the amount of antigen and
staining intensity at low levels of the latter.>> Image
analysis systems assess the amount of staining by
measuring absorption, so the non-linear relationship
that occurs at higher levels between amount of antigen
and intensity can result in inaccurate readings. Recent
approaches have used antibody-conjugated fluoro-
phores and fluorescent microscope systems,®>* but
are still within the research rather than the diagnostic
arena. Image analysis has been proposed as a more
reliable method for assessing HER-2 immunostain-
ing,3>737 but seems feasible only if assays are central-
ized to a small numbers of centres due to cost of the
systems.

Conclusions

Advances have been made in immunohistochemistry,
particularly at the technical level, but there are still
issues around interpretation and quantification which
need to be addressed. This is of increasing importance
since it has become a routine assay for the assessment
of therapeutic selection markers, which are likely to
increase in number and be applicable to many common
cancers. There must be easy to use, reproducible,
standardized protocols for assessment which are inter-
national. Improvements in automated analysis with
wider applicability could lead to standardization.
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