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Introduction

Breast cancer is the most common
malignancy affecting women, with an estimated
1.67 million new cases diagnosed in 2012 (1).
Asia has experienced a more recent rise in the
incidence of breast cancer and now contributes
to around one third of the global disease burden
(1,2). Breast cancer accounts for more than
522,000 deaths worldwide each year (1). A
decline in breast cancer-associated mortality
has been observed in countries such as the US,
Canada and Australia, but this rate appears to
be increasing in many Asian countries (3.,4).
Compared with their counterparts in developed
nations, women with breast cancer in developing
Asian countries can expect a poorer prognosis,
in part due to a younger age and more advanced
disease at presentation (2,5). Owing to poor
awareness of the disease and a lack of organised
breast screening programs, women with breast
cancer in developing Asian countries continue

to be diagnosed with late stage disease (2). The

pathology of breast cancers in young Asian
women also differs from patients managed
elsewhere in the world, with higher rates of
oestrogen and progesterone receptor (ER,PR)
negative disease and this contributes to the

overall poorer outcomes (6).

Human epidermal growth factor
receptor 2 (HER?2) is a tyrosine kinase receptor
that mediates signalling pathways involved in
cell growth, division, motility and repair (7).
A well-established biomarker and drug target
in breast cancer, (8) overexpression of the
HER2 protein is associated with aggressive
disease, and shortened disease-free and overall
survival (9,10). Trastuzumab was the first
monoclonal antibody-based therapy developed
to target HER2. Numerous studies have
demonstrated improved survival in women
with HER2-positive breast cancer who received
treatment with trastuzumab, both in early (11-
15) and metastatic disease (16-19). Accurate
critical

determination of HER2 status is
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to ensure appropriate selection of patients
who are most likely to derive benefit from
trastuzumab and other anti-HER2 therapies.
Routine evaluation of HER2 status is performed
through analysis of breast cancer tissue using
immunohistochemistry (IHC) for HER2 protein
assessment and/or in situ hybridisation (ISH)
for HER2 gene amplification. Interlaboratory
variation is a challenge for both assay types and
central retesting in the context of therapy trials
has revealed a lack of reproducibility among
laboratories performing and interpreting HER2

tests (20;21).

Overexpression of the HER2 protein or
amplification of the HER2 gene is reported in
approximately 13-25% of early and metastatic
breast cancers (22-25). These data are primarily
based on studies performed in the US, Europe
and Australia, and may not reflect the incidence
of HER2-positive breast cancer among women
in Asia. While some reports have suggested
that ethnically Asian women with breast cancer
living outside of Asia are more likely to have
HER2-positive disease (26-28), there are
limited data on the incidence of HER2-positive
breast cancer among Asian women living in
Asia. In contrast to developed nations such as
Australia, where universal testing for HER2 in
breast cancer has recently been established, (29)
diagnostic testing for breast cancer in Asia does

not routinely include determination of HER2
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status (3). Patient access to HER2 testing, as
well as testing quality and reproducibility issues
associated with IHC and ISH assays, are barriers
to accurately determining the true incidence of
HER2-positive breast cancer in countries in this

region (3,22).

To ensure accuracy and reproducibility
of HER2 testing, it is necessary to establish,
validate and subsequently control all aspects
of the test from removal of the tissue
specimen from the patient to signing out of the
final report. In 2007 The American Society
of Clinical Oncology and the College of
American Pathologists issued guidelines for
the performance and interpretation of the test
(30). There is evidence to suggest that since the
publication of these guidelines testing accuracy
improved with a reduction in false positive and
negative cases (31). However in the intervening
5 or 6 years as HER2 testing became more
widespread, experience and publications
accumulated and new tests emerged, it was
necessary to update the guidelines. The
guidelines were revised in 2013 following
extensive review of the medical literature
by an international panel of pathologists and
oncologists (32). The aim was to update the
earlier guidelines in the light of increasing
experience of the tests. Also driving some of the
changes is data suggesting that testing accuracy
has improved since the 2007 Recommendations

were published in January 2007. Included in the
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revised recommendations are more details on
pre-analytical and analytical test performance,
the addition of new tests such as brightfield ISH
and the interpretation of problematic cases. A
data supplement was included to address the
more controversial and/or challenging case
scenarios and the publications have been made
freely available on both the ASCO and CAP

web sites.
Summary of recommendations

HER2 should be assessed for all breast
cancer patients, early, metastatic and recurrent
and the result expressed as HER2 positive
or negative on the basis of one or more tests.

In rare cases a result of “indeterminate” may
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be given. This category is used for cases in
which technical or interpretive issues prevent
a result being given. In this situation another
should be
alternative test employed. IHC and ISH are

specimen requested and/or a
both recommended test types as endorsed in the
2007 Recommendations. Immunohistochemistry
to assess protein overexpression is the most
commonly used first line test with ISH used to
retest equivocal cases. However ISH may also
be used as a first line test. Before commencing
routine testing, laboratories should demonstrate
high concordance with a representative set of
validated cases. All equivocal tests must be
retested by an alternative test whichever first

line test is used.

HER2 testing (invasive component) by validated IHC assay

Batch controls and on-slide controls show appropriate staining

Circumferential Circumferential
membrane staining membrane staining
that is complete, that is incomplete and/or
intense, and within
> 10% of tumor cells* > 10% of tumor cells*
or

Complete and

staining that is intense
and within = 10%
of tumor cells*

|
IHC 3+ IHC 2+
positive equivocal

weak/moderate and within

circumferential membrane

Incomplete No staining is observed*
membrane staining or
that is faint/barely Membrane staining that
perceptible and is incomplete and is
within > 10% of faint/barely perceptible

tumor cells* and within < 10% of
tumor cells
IHC 1+ IHC 0
negative negative

Must order reflex test (same specimen using ISH) or order a new test
(new specimen if available, using IHC or ISH)

Fig. 1a. HER2 testing algorithm by immunohistochemistry - Wolff AC et al. JCO 2013
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Great emphasis is placed upon
concordance between histological findings
and the HER2 result and repeat testing should
be considered when discordance is found. In
addition there is also emphasis placed upon
multidisciplinary communication particularly
between the pathologist and oncologist so that
the information from the written report is fully
explained and this is not only confined to difficult
cases or an unusual result. Testing should only
be performed in laboratories that have been
accredited by arecognised international, national
or other relevant authority. Membership of an
external Quality Assurance Program is strongly

recommended.

Figure 1b shows the different staining
patterns that may be seen in HER2 testing. A
positive HER2 status (3+) is achieved when
complete, intense, circumferential staining
1s seen in >10% of the cancer cells; revised
from 30% which was the threshold in the
2007 Recommendations. The reason for this
change is that in the original pivotal clinical
trials of trastuzumab in patients with metastatic
breast cancer, 10% was the threshold. It was
increased to 30% in the 2007 Recommendations
as a result of concern that the number of false
positive IHC 3+ results was high. Current
evidence suggests that this number has fallen

and reversion to a threshold for which clinical

evidence exists is now justified. An equivocal
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result (2+) is achieved when >10% of the cancer
cells show circumferential membrane staining

which is weak or moderate intensity. Included

Figure 1b. Different staining patterns seen in
HER2
(HER2 x400)

testing by immunohisto chemistry
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in the equivocal category are cases which show
incomplete circumferential staining that is weak
or moderate, visible at low power microscopy
and present in >10% of cancer cells. This change
from the previous recommendations has been
included to avoid the risk of a false negative
result and to highlight the fact that some rare
breast cancer subtypes may include HER2
positive cells that show “U” or cup-shaped
membrane staining reflecting the absence of
luminal staining in these cells. The addition of
advice concerning the microscope objective
follows the algorithm recommended for
gastric and gastro-oesophageal junction cancer
described by Ruschof et al (33). An equivocal
result is also reported if there is complete intense
circumferential staining in <10% of cancer cells.

In all these situations reflex ISH or a new test

must be requested to achieve a definite result
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and “2+ Equivocal” should not be reported as

the final result.
In-Situ Hybridisation

Both fluorescence and brightfield ISH are
now recommended test types. A positive result
is one in which the HER2 gene copy number is
>6 signals per cancer cell after counting at least
20 contiguous cells within an area representing

>10% of the tumour (Figure 2).
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Fig. 2. Apositive result in In-Situ Hybridisation
(ISH)

HER2 testing (invasive component) by validated single-probe ISH assay

Batch controls and on-slide controls show appropriate hybridization

[

I

Average HERZ copy number Average HERZ copy number Average HERZ copy number
= 6.0 signals/cell* = 4.0 and < 6.0 signals/cell* < 4.0 signals/cell
| I
ISH ISH
positive equivocal negative

Must order a reflex test (same specimen using dual-probe ISH or using IHC) or order a new test
(new specimen if available, using ISH or IHC)

Fig. 3a. HER2 testing algorithm by single probe in situ hybridisation Wolff AC et al JCO 2013
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HER2 testing (invasive component) by validated dual-probe ISH assay

Batch controls and on-slide controls show appropriate hybridization

|
I I
HER2/CEP17 HER2CEP17
ratio = 2.0* ratio < 2.0

Average HER2? Average HER2 Average HER2?
copy number 26.0  copy number 2 4.0 copy number

signals/cell* and <6.0 < 4.0 signals/cell
Average HERZ Average HER? signals/cell*
copy number 24.0 copy number <4.0
signals/cell* signals/cell*
I I
ISH ISH ISH ISH ISH
positive positivet positive equivocal negative

I
Must order a reflex test (same specimen using IHC), test with alternative ISH
chromosome 17 probe, or order a new test (new specimen if available, ISH or IHC)

Fig. 3b. HER?2 testing algorithm by dual probe in situ hybridisation Wolff AC et al JCO 2013

. Sy
A HERZ/CEPI7 ratio of 22 1s also and some combinations of HER2 copy number

considered a positive result. This is a change and HER2/CEP ratio. The recommendations

from the 2007 Recommendations which had are based on the best available evidence from

) - )
raised the threshold to 22.2 to avoid a false subgroup analysis primarily of the trastuzumab

iti It. Vari binati f HER2 . . .
POSIHVE Tesult. various combinations o adjuvant therapy trials and the desire to not

gene copy number and HER2/CEP17ratio may withhold anti-HER?2 treatment from any patient

be seen, the emphasis being on considering both who may benefit from it.
before a final result is given (Figures 3a and
3b). There is inevitably a lack of strong clinical

data to support some aspects of the algorithm

06



Journal of Diagnostic Pathology 2014;9(2):1-13 Leading article

Histopathological Concordance

Fig.4. Histopathologic features suggestive of possible HER?2 test discordance Wolff et al JCO 2013

New HER?2 test should not be ordered if the following histopathologic findings occur and
the initial HER2 test was negative:

Histologic grade 1 carcinoma of the following types:

* Infiltrating ductal or lobular carcinoma, ER and PgR positive

* Tubular (at least 90% pure)

* Mucinous (at least 90% pure)

* Cribriform (at least 90% pure)

* Adenoid cystic carcinoma (90% pure) and often triple negative

Similarly, a new HER2 test should be ordered if the following histopathologic findings
occur and the initial HER2 test was positive:

Histologic grade 1 carcinoma of the following types:

* Infiltrating ductal or lobular carcinoma, ER and PgR positive

* Tubular (at least 90% pure)

* Mucinous (at least 90% pure)

* Cribriform (at least 90% pure)

* Adenoid cystic carcinoma (90% pure) and often triple negative

If the initial HER2 test result in a core needle biopsy specimen of a primary breast cancer
is negative, a new HER2 test must be ordered on the excision specimen if one of the
following is observed:

* Tumor is grade 3

* Amount of invasive tumor in the core biopsy is small

* Resection specimen contains high-grade carcinoma that is morphologically
distinct from that in the core

* Core biopsy result is equivocal for HER2 after testing by both ISH and IHC

* There is doubt about the specimen handling of the core biopsy (long

ischemic time, short time in fixative, different fixative) or the test is
suspected by the pathologist to be negative on the basis of testing error

It is important that the result of the possible discordance and which should lead to
HER?2 test is concordant with other features of consideration of retesting. Most of these would

the cancer. Figure 4 lists features that suggest be acknowledged by pathologists routinely
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reporting breast cancer cases. For example
a histological grade 1 carcinoma which is a
tubular carcinoma should not be HER2 positive.
If a positive result is reported then a new test
should be ordered. Perhaps more controversial
and questioned by some reviewers of the
Recommendations (34), is the advice that if a
grade 3 carcinoma is found to be HER2 negative
in a core biopsy specimen, then the test must be
repeated on the excision specimen. The aim of
this and other possible discordant categories
in which re-testing is suggested, is to avoid
withholding anti-HER2 treatment from patients
who may benefit and also to emphasise the need
to correlate all the features of a cancer, including
grade, type and hormone receptor status in
providing comprehensive information about the

tumour.

This will inevitably entail duplicate
testing of cases which has significant financial
implications. It also raises logistical problems
for patients for whom core biopsy and surgical
excision are performed at different sites with
different laboratories performing the tests and
the result of a core biopsy not known to the
pathologist reporting the excision specimen.
However the emphasis on this correlation
step is applicable to all molecular testing of
histopathology specimens from tumours at

any site and ensures that there is integration of

comprehensive and reliable information about
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the tumour and molecular testing results are not
seen in isolation from the pathology findings. It
perhaps should be noted that similar rigorous
attention to the other pathology features
including grade and hormone receptor status are
assumed to be in place for this correlation to be

relevant.

Pre-analytical factors and the data

supplement

The Data Supplement is a comprehensive

document information  about

the

providing

background information used in the
Recommendations, offering guidance on the
interpretation and reporting of heterogeneity
and polysomy and outlining the rationale used to
develop the testing algorithms, and evidence is
provided to support these. Further information on
the identification and reporting of heterogeneity
and polysomy is also available in a separate

publication (35). The Data Supplement also has

sample report formats for use by laboratories.

These recommendations highlight
the importance of pre-analytical factors in
determining the accuracy of the result, in much
greater detail than those published in 2007. Poor
control of pre-analytical factors remains the
greatest threat to accurate testing. Specifically,
the time to commencement of fixation and
total time of fixation are recognised as being of

paramount importance. The time from removal
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of the specimen to commencement of fixation
should be no more than 1 hour. Fixation time
should be between 6 and 72 hours. In laboratories
globally but especially in the Asia-Pacific region
these times are often poorly controlled and not
documented. With the rapid increase in molecular
testing as an adjunct to standard pathology
reporting of tumours from many sites, recording
cold ischaemic time and total fixation time have
become essential. An issue again particularly
in the Asia-Pacific region, is the use of reliably
constituted 10% neutral buffered formalin; the
only fixative recommended for HER2 testing.
For centralised HER2 testing with laboratories
referring paraffin blocks or unstained slides to
a reference laboratory often at some distance
from where they were processed or where there
is some distance between the operating theatre
and the laboratory, this information may be
difficult to control and subsequently to collect,
but mechanisms should be put in place to ensure
that this data is recorded and forwarded to the

testing laboratory.
Future Directions

The Review Committee considered other
tests for HER2 including DNA expression by
microarray and mRNA expression by rtPCR.
Evidence in support of introducing these into
clinical practice is currently lacking but as
further studies are reported there is support for

introducing these into laboratories provided
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that appropriate validation testing has been

performed.
Conclusion

The revised recommendations provide
a comprehensive set of guidelines for HER2
testing from specimen acquisition to report sign-
off. Where strong evidence is lacking advice
has been offered based upon best available
information. The challenges facing pathology
laboratories particularly in the Asia Pacific
region include control of the pre-analytical
phases of the test and managing the financial
impact of the testing program. HER?2 testing can
be considered a prototype for the likely increase
in demand for molecular tests on a variety of
tumour types many of increasing complexity
compared to HER2. Putting in place robust
measures for HER2 testing will inevitably help
in managing future tests as they expand the

reach of personalised medicine.
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