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The human epidermal growth factor receptor 2
(HER2) is a member of the epidermal growth factor
receptor (EGFR) family of transmembrane protein
receptor tyrosine kinases, which mediate cell
growth, differentiation and survival in normal and
abnormal breast cells. HER2 over-expression,
which is observed in approximately 20-25% of
human breast cancers, confers significant prognostic
and predictive information.! Specifically, HER2
over-expression is associated with an increased risk
of breast cancer recurrence and poor outcomes
compared with non-over-expressing cohorts.'?
Furthermore, HER2 is an important predictive
factor not only for clinical responses to the
recombinant HER2 targeted monoclonal antibody
trastuzumab (Herceptin®) but also to other systemic
agents and hormonal therapy. Consequently,
accurate determination of HER?2 status is clinically
relevant, not only for determination of eligibility for
trastuzumab-based therapy but also for decisions
regarding other systemic strategies. The issues and
controversies surrounding HER2 status deter-
mination will be reviewed here.

HER2 Biology

HER2 (or ErbB2 or HER2neu) is a member of the
epidermal growth factor receptor (EGFR) family of
receptor tyrosine kinases which mediate cell growth,
differentiation and survival through complex signal
transduction pathways. Signalling cascades are
initiated with the binding of an as yet unspecified
ligand to the HERZ2 receptor. Ligand binding
induces homodimerisation of the HER2 receptor
with other HER2 receptors or heterodimerisation
with other members of the EGFR family. Receptor
dimerisation permits phosphorylation of intracellular
tyrosine kinase residues and the consequent initiation
of complex downstream signalling pathways, which

have not yet been completely elucidated.?
Methods of HER2 Detection

HERZ2 status is most frequently determined by either
immunohistochemistry (IHC) or fluorescence in situ
hybridisation (FISH). Since the HER2 protein is
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present in all breast epithelial cells, the HER2 IHC
assay is unique from many other IHC assays in that it
is a semi-quantitative, rather than qualitative, method
of protein level determination. Currently, two IHC
assays are US Food and Drug Administration (FDA)-
approved for HERZ2 status determination. The
DAKO HercepTest® and Ventana PATHWAY®
IHC assays utilise HER2-directed antibodies and
chemical detection methods to identify HER2
proteins, typically on formalin-fixed, paraffin-
embedded tissue samples.*> THC tests are scored on a
scale of 0 to 3+ based on the pathologistis
interpretation of staining intensity ( see fable 1). The
second FDA-approved method of HER2 detection
is FISH, whereby amplification of HER2 gene
copies is evaluated using fluorescently labelled probes
that are complimentary to the gene itself or the
centromere of chromosome 17 on which the target
gene is located. The PathVysion® method reports an
average ratio of HER2 gene copy number to
chromosome 17 copy number per cell with ratios of
1.8 to 2.2 considered ‘borderline’.®

The INFORM® method uses a single HER2 gene
probe and results are reported as the average number
of copies per cell, with values of 4-6 considered
‘borderline’.” The advantage of FISH compared with
IHC testing is a more objective scoring system.
However, FISH testing has the disadvantages of
higher cost, longer times required for slide scoring,
specific equipment requirements and the inability to
preserve slides for storage or later review. Another
method of HER2
chromogenic in situ hybridisation (CISH), which

status  determination  is
combines the advantages of THC (lower cost and
light microscopy) and FISH (DNA targeting,
subjective scoring, internal control). The CISH
method recently demonstrated 97% concordance
with FISH testing for HER?2 status determination
but is not yet FDA-approved.®
Standardisation Issues in HER2
Testing

Accurate HER?2 status determination is of critical
clinical importance, given that a false negative result
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denies patients the potential benefits of trastuzumab
therapy while a false-positive result unnecessarily
exposes patients to the potential toxicity of
trastuzumab therapy, including cardiotoxicity.
of HER2 status
determination has been difficult. This issue was

However, standardisation
highlighted in a central review of early participants
in the recently reported National Surgical Adjuvant
Breast and Bowel Project (NSABP) B31 study of
adjuvant trastuzumab. Investigators demonstrated
that 18% of community-based IHC determinations
could not be confirmed by centralised IHC or FISH
testing.” However, the NSABP investigators
subsequently demonstrated concordance rates
approaching 98% among laboratories performing
high volumes of HER2 testing when tumours
reported as 3+ by IHC were reanalysed by IHC and
FISH at a NSABP
Consequently, only certified laboratories have been

central laboratory. 1
permitted to perform HERZ2 testing on patients
accrued to NSABP adjuvant clinical trials of
HER2-targeted therapy. Similarly, the poor
concordance of 74% between local and central
laboratories for patients enrolling in the Intergroup
NO9831 adjuvant trastuzumab clinical trial led to

subsequent modifications in eligibility."!

The Breast Cancer International Research Group
(BCIRG) investigators also demonstrated a 79%
concordance rate between outside/local HER2
determination by IHC and centralised determ-
inations by FISH but a 92% concordance rate
between outside/local and centralised FISH
determinations.'? Consequently, methods for HER2
determination have varied between the pivotal
adjuvant trastuzumab studies. The NSABP B31,
Intergroup N9831 and HERceptin  Adjuvant
(HERA) eligibility criteria defined HER2 over-
expression as 3+ by IHC or FISH-positive while the
Breast Cancer International Research Group
(BCIRG) 006 investigators used FISH methodology
alone to define eligibility.!>!%!5 The clinical relevance
of these differences in HER2 determination have not
yet been determined.

Clinical Relevance of Accurate HER2
Status Determination

HER2 Status as a Prognostic Factor

Historically, HER2 over-expression has been
associated with adverse outcomes among trastu-
zumab-naive breast cancer patients."' However,
the independent prognostic impact of HER2 status
has not been consistent across studies, with several
studies reporting prognostic impact on univariate
analysis, but not multivariate analysis, and several
studies demonstrating no correlation between
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Table I. IHC (HercepTestTM) Scoring of HER2 Over-Expression

Staining pattern Score

Interpretation

No staining 0

Negative

Faint incomplete staining of cell
membrane in >10% of tumor cells I+

Trace Negative

Weak to moderate complete staining
of cell membrane in >10% of tumor cells 2+

Weak Positive

Strong complete staining of cell
membrane in >10% of tumor cells 3+

Positive

HER2  status and These

discrepancies may reflect variations in HER2 status

outcomes.'7-23

determination across studies.>242¢ Furthermore, the
prognostic impact of HER2 status has diminished
with the advent of HER2 targeted therapy.!3!415

HER2 Status as a Predictive Factor

HER2 status is also an important predictive factor,
not only for clinical responses to trastuzumab but
also for responses to other systemic agents. For
example, enhanced sensitivity has been observed in
models where trastuzumab is administered in
combination with taxanes or vinorelbine.?”?% In a
recent study among pre-menopausal women,
HER?2 over-expression was also associated with
increased clinical responsiveness to an adjuvant
anthracycline-containing regimen compared with a
non-anthracycline regimen.?” This enhanced
sensitivity is postulated to reflect co-amplification
HER2 and topoisomerase II-alpha, the DNA
replication and recombination enzyme targeted by
anthra-cyclines.’*3! However, co-amplification
studies have not demonstrated consistent results.

HER2 status may also confer important predictive
information about response to hormone therapy.
For example, HER 2-positive breast cancers appear
to be relatively resistant to tamoxifen therapy, but
not aromatase inhibitor therapy, although again,
these studies have not demonstrated consistent
results.’?3¢ However, in one recently reported
randomised clinical trial, significant progression-free
survival (PES) benefits were observed with the
addition of trastuzumab to anastrazole among post-
menopausal women with oestrogen receptor-
positive HER2-positive metastatic breast cancer.’’
Thus, accurate HER2 determination may have
important clinical implications beyond decisions

regarding trastuzumab therapy.
Conclusion

HER2 status determination is an integral component
of clinical decision-making,

about trastuzumab therapy, but also potentially for

not only for decisions

other systemic and hormonal therapeutic strategies.
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However, clinical decisions based on HER?2
determination  have been complicated by
inconsistencies in reporting between laboratories and
the variations in HER2 determination methodology
between clinical trials. Furthermore, there is no
clinical information available on the potential benefit
of HER2-targeted therapy among patients with
HER?2 positive breast cancer by FISH but IHC
scores of 0 or 1+. Similarly, there is little information
regarding the potential benefit of trastuzumab in

trastuzumab-based therapy when compared with

IHC determinations.

At present, the American Society of Clinical
Oncology (ASCO) and National Comprehensive
Care Network (NCCN) recommend HER?2
testing for all patients with invasive breast
cancer.’® The NCCN has also developed
algorithm-based recommendations for HER2
testing that include FISH confirmation for IHC 2+

-~

HER?2 status is also an important predfcf% actor, not

only for clinical responses to trastuzumab but also for

responses to other systemic agents.

patients with FISH-negative but IHC 3+ breast
cancers. Furthermore, whether a relationship exists
between the extent of HER2 gene amplification or
protein over-expression and degree of clinical benefit
has not yet been determined. Recently, FISH assays

have gained popularity as a result of the growing

'

determinations at laboratories which meet quality
assurance  standards  for HER2  testing
methodology. Certainly, as clinical decision-
making is becoming increasingly tailored to the
individual and the specific biology of their cancer,

the clinical relevance and methodology of accurate

body of evidence suggesting that HER2 status by HER2 determination will continue to be an active
FISH may more accurately predict response to area of investigation. M
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