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Introduction
The human epidermal growth factor receptor 2 (HER2) ERBB2 gene has 
been at the forefront of the therapeutic management of breast cancer since 
1998, following the US Food and Drug Administration (FDA) approval 
of trastuzumab. This drug was initially introduced into clinical practice 
for patients with metastatic breast cancer, and then subsequently used 
in patients with early-stage primary disease [1]. Positive confirmation 
of HER2 status, in conjunction with the wider clinicopathologic charac-
teristics of the patient and their disease, now determines eligibility for 
treatment with a range of HER2-targeted therapies.

The HER2 protein, a receptor tyrosine kinase molecule, spans the cell 
membrane with an N-terminus extracellular domain, transmembrane 
region, and nuclear carboxy-terminal fragments [2]. It is encoded for 
by the HER2 gene located on the long arm of chromosome 17 at posi-
tion 17q21 [3]. The normal function of HER2 is associated with cellular 
processes of differentiation, growth, development, and apoptosis via 
activation of tyrosine kinase activity through dimerization of HER2, with 
itself and other members of the epidermal growth factor receptor family 
[2]. Approximately 15% of patients with breast cancer overexpress the 
HER2 protein or show amplification of the gene [4]. It is this constituent 
link between gene amplification and protein overexpression, and the 
availability of the HER2 extracellular domain as a target for human-
ized monoclonal antibody-based therapies, which has driven the HER2 
therapeutic and testing rationale.
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The assessment of HER2 in clinical practice commonly takes place 
within a histopathology laboratory, and both the histopathology processes 
and the specialist area of HER2 testing are governed by regional regula-
tory bodies (eg, US College of American Pathologists HER2 proficiency 
programs; UK National External Quality Assurance Scheme for HER2). In 
2007, the American Society of Clinical Oncology (ASCO) and the College of 
American Pathologists (CAP) defined the histologic phases which span the 
HER2 testing process as pre-analytic (sample handling [fixation and tissue 
processing]), analytic (testing), and post-analytic (interpretation) [1].  
Of note, there has been a recent update of the ASCO/CAP recommenda-
tions for HER2 testing [5].

Pre-analytic phase: sample handling
HER2 assessment in breast cancer can be made using a variety of sample 
types, including primary core biopsies, resection specimens, and meta-
static biopsies. On rare occasion when no histological material is available, 
cytology cell blocks may be utilized. The HER2 protein in each of these 
sample types is subject to the stresses associated with histopathologic 
processing. The critical steps in the process include:
•	 Cold ischemic time: time taken from removal of the sample from 

the patient to fixing of the sample in an appropriate fixative (10% 
neutral buffered formalin) [1,6,7]. Prolonged cold ischemic times 
can result in degradation of the HER2 protein and other cellular 
structures [8]. 

•	 Fixation: stabilization of tissue structures and genetic material in 
preparation for tissue processing [9]. A fixation time of 6–72 hours 
is recommended for breast cancer samples, depending on size of 
the sample [1,5].

•	 Tissue processing: complete dehydration, clearing, and paraffin 
embedding of the tissue sample in preparation for sectioning [1,7]. 

•	 Slide preparation: tissue sectioning at 3–4 µm and adherence 
onto charged microscope slides via incubation of the slide at 37°C 
overnight (or 60°C for 1 hour) in preparation for staining [7]. 
Prolonged storage of cut paraffin sections can result in antigen 
degradation [1].
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Since the introduction of guidance in the pre-analytic phase for clinical 
practice, there has been a concerted development towards a more stand-
ardized approach to assessment of HER2 status across testing [1,10,11].

Analytic phase: HER2 testing methodologies
Pathologic assessment
Breast cancer is not one disease, but many different diseases. Even when 
tumors are classified together based on their morphology, they can act 
differently because of different genetic makeups. HER2-positive breast 
cancer is one form and is characterized by aggressive growth and a poor 
prognosis; it is caused by the overexpression or amplification of the HER2 
gene in tumor cells [1]. In approximately 15% of women with breast 
cancer, there is a genetic alteration in the HER2 gene that produces an 
increased amount of the growth factor receptor protein on the tumor cell 
surface [4]. A recent study also found a 14.9% rate of HER2 overexpres-
sion in men with breast cancer [12]; however, due to the low incidence 
of male breast cancer and variability of HER2 testing clinically in this 
demographic, further and wider studies to determine HER2 positivity 
rates in this setting are required.

In the UK, routine testing for HER2 is recommended for all patients 
diagnosed with invasive breast cancer because the results may affect 
treatment recommendations and care plan decisions [10]. All types of 
epithelial-derived invasive primary breast cancers should be tested at 
diagnosis for HER2 status by immunohistochemistry (IHC) in the first 
instance [13]. HER2 testing is not currently performed routinely for 
ductal carcinoma in situ [10].

Whenever breast cancer recurs or metastasizes, the tumor should 
be retested for HER2 as well as for hormone receptor (ie, estrogen 
receptor [ER] and progesterone receptor [PR]) status, as these change 
from the original primary cancer in up to 20–30% of cases [14]. In 
patients with metastatic breast cancer, accurate determination of 
HER2 status is critical for guiding treatment decisions. The National 
Comprehensive Cancer Network (NCCN) guidelines recommend HER2 
testing at relapse, particularly if HER2 expression was originally 
unknown or negative [13].
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Clinical testing methodologies 
In the UK, laboratories undertaking HER2 testing should have Clinical 
Pathology Accreditation, participate in the recognized national external 
quality assessment scheme, and carry out a formal annual audit of its 
testing services [10,11]. It is recommended that testing is restricted to 
laboratories undertaking a minimum of 250 tests per annum for IHC and 
100 tests per annum for in situ hybridization (ISH) techniques [10]. A 
similar level of accreditation and safety audits should be adhered to in 
all regions where possible.

Within the analytic phase, a number of testing methods have been 
developed. However, IHC and ISH remain the predominant methods used to 
assess HER2 status in the clinical setting [10]. These target the HER2 protein 
and gene, respectively, and are clinically validated, commercially available, 
and subject to regional regulatory clearance and control (eg, FDA) [1,15,16]. 
It has been shown via external quality assessment that the introduction of 
standardized and validated companion diagnostic assays have improved 
the quality of clinical HER2 testing. Examples of these include the Dako 
HercepTest (Dako Denmark A/S, Glostrup, Denmark) and Abbott PathVysion 
assays, co-approved on first approval of trastuzumab, and the widely used 
Ventana Pathway HER2 4B5 and DDISH assays (Ventana Medical Systems, 
Inc, Tucson, Arizona, USA), which have helped standardize HER2 testing in 
conjunction with fully automated laboratory instrumentation [1,2,15-17].

Within the laboratory, irrespective of which assay is used, testing is 
controlled by a mix of analyte control standards, which often come in 
the form of commercially available breast cancer cell lines or xenografts 
[1]. These are a constituent part of the diagnostic assays and, via locally 
prepared laboratory-specific tissue control slides, demonstrate each of 
the four HER2 pathologic scoring criteria (described below) on the indi-
vidual laboratories’ own prepared histologic material. Where possible, 
the use of a same-slide “control + test” is now seen as the gold standard 
in slide-based biomarker testing, controlling for individual slide positions 
on fully automated staining platforms. Internal structural controls with 
the test sample can also help guide assessment, with benign breast ducts 
showing little or no overexpression with IHC and expressing normal 
HER2:CEP17 gene ratios with ISH [1].
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Post-analytic phase: screening and interpretation 
Immunohistochemistry
The use of IHC in HER2 assessment requires input and governance by a 
specialist breast pathologist. The first stage of all HER2 assessments is to 
ensure that invasive breast carcinoma is being screened for, rather than 
carcinoma in situ. The sample is then tested for HER2. All regulatory-
cleared IHC assays target the intercellular domain of the HER2 protein. 
Although extracellular or external domain monoclonal antibodies exist 
and are readily available for use in IHC assays, none have been officially 
approved for use in clinical practice.

The scoring of HER2 IHC utilizes 4 distinct grades: 0, 1+, 2+ and 
3+ (Figure 2.1). Screening is based on percentage of invasive tumor 
cell staining, the completeness of the circumferential staining, and the 
intensity of the stain [18]. It is recognized that each tumor when viewed 
microscopically is a single “snapshot in time” of its activity and is repre-
sentative of a much larger three-dimensional biologically active structure. 

Immunohistochemical staining for HER2-positive breast cancer

Figure 2.1 Immunohistochemical staining for HER2-positive breast cancer. This figure 
illustrates the 4 distinct immunohistochemical grades: 0, 1+, 2+, 3+. 

3+ 2+

1+ 0
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Immunohistochemistry interpretation determines if patients are suitable 
for HER2-targeted therapy (positive, 3+) or not (negative, 0–1+). There 
is also an equivocal category (2+) to identify patients who require further 
confirmatory testing and analysis (Table 2.1) [5,10]. This second-line 
testing component of the clinical HER2 testing algorithm utilizes ISH 
methods to examine the HER2 gene and classifies patients for treat-
ment purposes. When samples are handled correctly in the pre-analytic 
phase and IHC testing is performed correctly, HER2 IHC staining can 
be localized to the cell membrane and can be accurately interpreted, as 
illustrated in Figure 2.1.

Recommended immunohistochemical scoring method

Score to 
report

HER2 protein 
overexpression 
assessment

Staining pattern

0 Negative No staining observed or membrane staining that is 
incomplete and is faint/barely perceptible and within 10% of 
the invasive tumor cells

1+ Negative Incomplete membrane staining that is faint/barely 
perceptible and within >10% of the invasive tumor cells

2+ Weakly positive* 
(equivocal)

Circumferential membrane staining that is incomplete and/or 
weak/moderate and within >10% of the invasive tumor cells 
or complete and circumferential membrane staining that is 
intense and within ≤10% of the invasive tumor cells

3+ Strongly positive** Circumferential membrane staining that is complete, intense 
and within >10% of  tumor cells

Table 2.1 Recommended immunohistochemical scoring method. *Weakly positive cases (2+): 
may be considered equivocal and reflexed to ISH testing. **Strongly positive cases (3+): based 
on recent testing guidelines, a 10% cut-off is recommended. FDA-approved scoring guidelines 
recommend a 10% cut-off for reporting positivity.  Adapted with permission from Wolff et al [5] 
©College of American Pathologists.

	 Reported variations in IHC screening results may be due to subtle 
differences between different assays (eg, epitope binding site, detec-
tion system sensitivity, sample heterogeneity, laboratory protocol, and 
pathologist/screener interobserver variation). Also, compromising 
the pre-analytic processes can often result in diffuse or granular IHC 
staining, which can be difficult to interpret. Despite all of these factors, 
IHC has proven to be an accurate, robust, and cost-effective method for 
assessing patients’ HER2 status.
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In recent times, difficult-to-interpret cases, or those that are suspected 
of having undergone suboptimal pre-analytic factors, are also referred 
for ISH testing. This may be to help clarify unique expression patterns 
as a result of heterogeneity or cases where tissue protein is damaged.

In situ hybridization screening
In situ hybridization screening methods (eg, fluorescence, chromogenic, 
or silver-based techniques) are all variations based on the same core ISH 
technology [1]. Utilizing either fluorophore- or hapten-labeled probes 
that are complementary to regions of the HER2 gene and chromosome 
17, ISH screening tests microscopically visualize HER2 and chromosome 
17 [10]. Standard practice includes assessing the HER2 and centrometric 
probe for chromosome 17 (CEP17) signals in 20–60 tumor nuclei to deter-
mine the average HER2 and CEP17 copy numbers per cell, followed by 
calculating the HER2:CEP17 gene ratio. Cases are then reported as [10]: 
•	 non-amplified negative (<1.80);
•	 borderline non-amplified negative (1.80–1.99);
•	 borderline amplified positive (2.00–2.20); or
•	 amplified positive (>2.20).

For cases which fall in the borderline region, a second review with addi-
tional cells (20–40) is performed. An overall result is then reported, with 
the definitive HER2:CEP17 gene ratio cut-off defined as ≥2.00 [1,10].

Testing in context
The review of HER2 expression, alongside ER and PR status, can aid in 
the treatment decision-making progress due to the (broadly speaking) 
inverse relationship between HER2 and ER/PR expression. For cases 
where distinguishing in situ from invasive breast cancer is necessary, 
additional stains and markers such as cytokeratin 5 can be invaluable 
[1]. To facilitate accurate quantification, it is useful if these markers are 
available for review at the time of HER2 protein and gene expression 
testing. The availability of the HER2 IHC-stained slide for ISH screening 
provides reviewers with the ability to define genuine areas of amplifi-
cation associated with focal overexpression and report it accordingly.
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Heterogeneity
Although it is not the predominant biologic pattern, intratumoral het-
erogeneity of the HER2 gene and its encoded protein may be observed. 
Intratumoral heterogeneity can be genuine and related specifically 
to clonal tumor cell populations within the mass, or it may have 
been introduced as an artifact through suboptimal sample handling at 
the pre-analytic stage [19].

Polysomy and co-amplification
Polysomy of CEP17 is when there is, on average, ≥3 signals or copies of 
the CEP17 probe per cell [1]. Cases which have high levels of both HER2 
and CEP17 have been traditionally classified as negative for treatment 
purposes based on a resultant negative HER2:CEP17 gene ratio (<2.00) 
[10]. This topic remains an area of interest for researchers and clinicians, 
with ongoing investigations into the clinical significance of gene ratio 
versus single copy number, with a recent suggestion that cases with HER2 
gene copy number ≥6 should be considered for treatment [5].

Distinctly different from polysomy, signal co-localization or co-amplifi-
cation is described when the HER2 and CEP17 probes microscopically co-
occupy spatially close regions on the chromosome, leading to an increase 
in the copy number of both HER2 and CEP17 signals. It is suggested that 
this observation may be due to the extension of the HER2 amplicon into the 
pericentromeric region of chromosome 17; in co-amplification, both the 
HER2 gene and this extension into the centromere visibly co-amplify [20].  
This genotype has a distinct profile under fluorescence examination, 
producing an intense yellow “fusion-like” color as a result of a color-
merging of HER2 (red) and CEP17 (green) signals [20]; this pattern is 
more difficult to detect using chromogenic ISH methods due to lack of 
fluorescent color merging. Research recommendations suggest that these 
unusual and rare cases should interpreted with caution, but patients may 
still be considered eligible for trastuzumab treatment (Figure 2.2) [20]. 

In order to help further accurately categorize gene amplification 
status, a number of models have been presented, such as those devel-
oped by Tse et al [21] and Mansfield et al [22] which utilize alternative 
markers to assess chromosome 17. Although in clinical practice there 
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are few cases of gene co-amplification, the Mansfield dual ISH model 
utilizes an alternative noncentromeric CEP (D17S122 locus [17p12]) in 
conjunction with the HER2 probe to provide a way of determining if co-
amplification is due to specific pericentromeric extension of HER2 and 
not polysomy of chromosome 17 [22]. 

Alternatively, methods such as multiplex ligation-dependent probe 
amplification may prove useful [23]. However, as with other nonmor-
phologic-based methods, there is an inherent risk of viewing the result 
out of its pathologic context. A consensus on how these cases are handled 
clinically has not yet been defined. Both local and international breast 
cancer guidelines should be periodically reviewed, as they provide direc-
tion as to test interpretation based on current scientific and clinical data.

Recent research recommendations from the UK National External 
Quality Assessment Service for these challenging and infrequently 
seen cases suggest that they should be reported as amplified, with co-
amplification of the centromere based on the HER2 copy number and 
associated balanced CEP17 copy number. Co-localization of the HER2 
and CEP17 signals should also be indicated, with further genetic inves-
tigations performed to clarify the genetic profile [20]. The alternative 
chromosome 17 marker may be useful in defining the observations of 

Co-localization of HER2 and CEP17 signals

Figure 2.2. Co-localization of HER2 and CEP17 signals. (A) Co-localization of HER2 and CEP17 
signals is represented in this figure by a yellow fusion signal. This differs from the independent  
(B) HER2 and (C) CEP17 signals. Reproduced with permission from Starczynski et al [20]. 

A B C
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both polysomy and co-amplification, both of which are currently reported 
and interpreted with an element of uncertainty. 

Alternate HER2 testing methodologies
Although IHC and ISH methods are by far the most widely used methods 
in clinical practice, others can be used to augment clinical testing and 
for research investigations.

Serum HER2 monitoring
The monitoring of serum HER2 relies on the detection of the soluble 
shed HER2 p95 extracellular domain (ECD) [24]. The cleavage of the 
ECD to produce shed HER2 p95 occurs through interactions of the HER2 
molecule with biologically active proteolytic enzymes present in the 
extracellular matrix [24,25]. Using an enzyme-linked immunosorbant 
assay, this method has mostly been used in research and trial settings in 
an attempt to monitor patient performance with HER2-targeted thera-
pies (via association with concentration of shed extracellular domain). 
However, a recent comprehensive review by Leyland-Jones and Smith 
looked at over 60 independent investigations and concluded that, based 
on inconsistent data, HER2 ECD analysis should not be used for patient 
management purposes and clinicians should instead follow standard 
clinical parameters and national guidelines [24].

Quantitative reverse transcription polymerase chain 
reaction methods
Quantitative reverse transcription polymerase chain reaction (PCR) 
methods for determining amplification of the HER2 gene have been 
shown to produce results similar to those seen with ISH [26]. However, the 
main area of concern which has prevented these assays from widespread 
adoption in clinical practice is that they rely on either micro- or macro-
dissection of the tumor and normalization of background HER2 [27].  
This can prove difficult in cases with mixed in situ and invasive compo-
nents, or impossible when assessing areas of microinvasion which cannot 
be dissected. Thus, various PCR-based methods have shown discordant 
results [28]. The ability to review amplification or overexpression in a 
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morphologic context still remains a key element to accurately assessing 
HER2 status. 

HER2 somatic mutation analysis
As previously discussed, clinical analysis of the HER2 gene and its result-
ant protein has focused primarily on the genetic abnormalities of gene 
amplification, copy number variation, and resultant protein overexpres-
sion. The completion of the human genome project and the evolution of 
sequencing technology to accurately characterize mutations in the HER2 
gene has led to HER2 genetic alterations as a rapidly developing area of 
interest. Current research suggests the need to include analyses of somatic 
HER2 mutations in clinical trials of HER2-targeted compounds [29],  
as well as for compounds which affect pathways that HER2 is a  
constituent part of.
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