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HER2 gene over-expression and/or amplification in

breast carcinoma has been repeatedly documented as a
very important prognostic and predictive parameter, 1,2

with special emphasis on its role for the accurate selection
of candidate patients to trastuzumab and to other HER2-
targeting therapies. 3−7 Accordingly, all primary breast
carcinomas should be tested for HER2 status assessment
at the time of the diagnosis or at the time of the
recurrence, if not previously tested.
Several assays are currently available for the as-

sessment of HER2 status, either on formalin-fixed and
paraffin-embedded tissue sections, or on extracted DNA
and mRNA. Immunohistochemistry (IHC) and in situ
hybridisation assays with fluorochrome-labelled probes
(FISH) or chromogenic reactions (CISH and SISH) are
most widely used in the clinical practice, 8,9 and their
results are highly correlated, with >90% concordance
among the results of different assays. IHC is more
commonly adopted as the screening test, because it
is easier to perform, less expensive and less time-
consuming, while in situ hybridisation assays (either
FISH, CISH or SISH) are mainly used to clarify equivocal
IHC results, or to confirm the reliability of the IHC
results.
Despite the number of available assays and the

publication of several guidelines and recommendations
for an optimal HER2 testing by national and international
agencies, 10 it must be admitted that the current intra-
and inter-laboratory reproducibility of HER2 status as-
sessment still is very unsatisfactory, with a false-positive
rate of 20% to 30% for immunohistochemistry and of
almost 12% for FISH assays. 11,12 Data on the actual
false-negative rate of the assays are not easily obtainable,
but it may well be that it is of the same magnitude as for
the false-positive counterpart.
The reasons for these discordant results may be

manifold, and include pre-analytical, analytical, and
interpretative issues. In the pre-analytical phase, the most
critical step is the type and length of fixation, while the
choice of the reagents and of the tissue pre-treatments
may be important variables of the analytical phase. The
incorrect interpretation of the assay results, however, is
by far the most common cause of discrepancy in the
assessment of HER2 status. A weak to moderate staining

of the tumour cells, or an incomplete decoration of the
cell membranes or an purely cytoplasmic immunoreac-
tivity are often misinterpreted as a truly positive IHC
result, whereas false-positive in situ hybridisation assays
are more often due to the detection of gene amplification
in the intraductal component of the tumour, that may be
associated with a non amplified invasive component, or to
a non-specific binding of the probes to the cell nuclei.
To avoid an incorrect assessment of the HER2 status,

special attention should be paid first to the proper
fixation of the tissue specimens. Surgical specimens
(mastectomy, quadrantectomy or lumpectomy specimens)
must be promptly sliced (3−5 mm thick slices) and placed
in neutral buffered formalin for 6 to 48 h. A shorter
fixation will increase the risk of false-positive IHC result,
whereas a prolonged fixation may lead to false negative
IHC and FISH assays. It is necessary to use validated
assays for both IHC and in situ hybridisation experiments.
Commercially-available kits for these assays have been
extensively tested, validated, and eventually approved by
the United States Food and Drug Administration. These
kits must be used strictly following the recommendations
of the manufacturers, without modifications. The use of
home-brewed assays requires their preliminary validation
against a validated assay.
Whenever possible, the tissue sections submitted to

the assay should include both a representative component
of the invasive tumour (avoiding necrotic and highly
inflamed areas) and at least a minor component of non
neoplastic breast tissue as a built-in internal control. In
evaluating the results, the examiner should first assess
the reliability of the assay by checking the normal tissue
for the expected reactivity. Non neoplastic breast epithelia
should exhibit a very faint membrane immunoreactivity
and a normal copy number of the HER2 gene. The assay
results are not reliable in case of moderate to strong
immunoreactivity of the normal breast tissue, or if in situ
hybridisation signals are fewer or more than expected.
The HER2 status of any intraductal or in situ com-

ponent of the tumour may be different from that of the
invasive component, thus the results of the assays must be
based on the evaluation of the invasive component only.
High-grade invasive ductal carcinomas with a negative

hormone receptor status are more likely to carry HER2
gene over-expression and amplification, whereas well
differentiated carcinomas, both of ductal and lobular
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histotype, very rarely – if ever – show an abnormal
HER2 status. This should always be kept in mind when
evaluating the results of any HER2 assays to avoid many
misdiagnoses.
HER2 status of breast carcinoma is a very important

prognostic and predictive parameter, so that all efforts
should be made to improve the consistency and the
reproducibility of the testing results. It is mandatory that
the final report be validated by a pathologist with a proper
knowledge of breast pathology and with sound expertise
in the technical and interpretative issues of the testing
procedures. The adoption and continuous implementation
of internal and external quality assurance and quality
control programmes are very helpful in achieving and
maintaining an adequate reliability of the testing results.
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