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Background: Adjuvant trastuzumab with chemotherapy is standard treatment for HER2-positive breast cancer, defined as either
HER2 IHC3þ or IHC2þ and FISH amplified. The aim of this study was to investigate the degree to which HER2 amplification in
terms of HER2 gene copy numbers in HER2þ IHC2þ cancers affected the outcome in a community setting.

Methods: Case records of 311 consecutive patients with early breast cancer presenting between 1st January 2005 and 31st
December 2008 were reviewed. Progression-free survival and overall survival were calculated with the Kaplan–Meier method using
STATA 13.

Results: Among 3þ cases (n¼ 230) 163 received T vs 67 no-T. Among 2þ cases (n¼ 81) 59 received T vs 22 no-T. Among 59
IHC2þ -treated cases n¼ 28 had an average of 412, n¼ 13 had 46 to o12, and n¼ 18 had 42 to o6 HER2 gene copies,
respectively. The time of progression and overall survival of high and low copy number patients was similar and better than the
intermediate copy number and the untreated cohorts.

Conclusions: High HER2 copy number (412) appears to be associated with consistently better response compared with patients
with intermediate HER2 copy numbers (6–12). In light of emerging data of patients showing insensivity to trastuzumab therapy,
we propose that the HER2 gene copy number value should be included as an additional indicator for stratifying both the
management and the follow-up of breast cancer patients.

Trastuzumab is a humanised monoclonal antibody directed at the
human epidermal growth factor receptor 2 (HER2), which is
overexpressed in B15% of newly diagnosed invasive breast cancers
(HER2þ ) (Slamon et al, 1987). Adjuvant trastuzumab, in
conjunction with chemotherapy, is now the standard of care for
these patients, following the significantly improved outcomes
demonstrated in several large multinational clinical trials. (Piccart-
Gebhart et al, 2005, Romond et al, 2005, Slamon et al, 2006,

Joensuu et al, 2006). A similar magnitude of benefit has been
confirmed in a ‘community’ setting in a UK Cancer network
(Webster et al, 2012).

Accurate diagnosis of HER2þ cancers is important to
maximise the benefit of targeted therapy. All breast cancers should
now be tested for HER2 expression and two methods are used.
Firstly, immunohistochemistry detects HER2 protein expression
on the cell membrane, and is described on a scale of 0–3 based on
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the Hercept Test Score (Dowsett et al, 2003). Thus, scores 0 and
1þ are considered negative, and score 3þ , meaning that 430%
of invasive tumour cells demonstrate uniform intense membrane
staining, considered to be positive. An equivocal result represented
by score 2þ , requires further tests for confirming the presence or
absence of HER2 gene amplification and this is achieved using
the second method, in situ hybridisation or most commonly
fluorescent in situ hybridisation (FISH). The most recent guide-
lines produced by the American Society of Clinical Oncology/
College of American Pathologists (ASCO/CAP) (Wolff et al, 2007)
define a FISH result of more than six copies of the HER2 gene per
nucleus, or a FISH ratio (HER2 gene signals to chromosome
17 signals) of more than 2.2 as a positive result. A ratio of HER2/
CEP17 42.0 was required to enter the large adjuvant trastuzumab
trials, and was approved by the US FDA.

Despite the undoubted benefits of trastuzumab relapses do still
occur and clearly not all patients derive the same benefit from
treatment. HER2 gene amplification in those cancers considered
HER2þ is variable and raises the question—does the degree of
HER2 amplification influence outcome?

To answer this question, researchers have looked to the data sets
of the original landmark adjuvant studies. For example, a retro-
spective analysis of the HERA trial dataset (Dowsett et al, 2009)
investigated whether IHC status (2þ vs 3þ ), the degree of FISH
amplification or polysomy of chromosome 17 affected clinical
outcome and the conclusion was that there was no evidence for
reduced benefit for adjuvant trastuzumab in IHC2þ FISHþ cases.

This study is a follow on to the previously published South East
Wales Network experience (Webster et al, 2012), and our aim was
to examine, again in a ‘community’ setting, whether the degree of
HER2 positivity affected the outcome of adjuvant treatment.

MATERIALS AND METHODS

Patients diagnosed with HER2þ early breast cancer (defined as
IHC3þ , or IHC2þ FISH amplified with a HER2/CEP17
ratio42.0) in the South East Wales Cancer Network between
1 January 2005 and 31 December 2008 were identified via the
histopathology department records in the University Hospital of
Wales, where all testing was carried out. All patients considered
eligible for adjuvant treatment were included in the study. The
electronic case record, CANISC, was reviewed to record the HER2
IHC result. The cancers with IHC grade 2þ results underwent FISH
analysis and were reported as HER2 amplified. The HER2 gene copy
number and HER2/CEP17 ratio did not feature in the issued reports
but this information was recorded in the pathology department
records and was retrieved manually for each IHC2þ case.

The date of disease recurrence or death from any cause was
updated and follow up censored at the date of the last entry in the
electronic case record.

STATA 13 (StataCorp LP, www.stata.com) was used to generate
Kaplan–Meier survival curves.

RESULTS

A total of 311 patients were included in the study. The patient
characteristics are described in Figure 1A and included a
preponderance of high grade ductal cancers mostly of early stage
I and II, and a high proportion of ER-negative cancers.

Of these, 230 were diagnosed as HER2þ on the basis of grade
3þ IHC results, whilst 81 scored IHC2þ and were HER2
amplified on FISH (HER2/CEP17 ratio 42.0). Of the 311 patients,
222 received trastuzumab, of whom 163 were IHC3þ , and 59 were
IHC2þ FISHþ , as illustrated in Figure 1B.

Figure 2A shows the disease free survival and overall survival for
all 311 patients according to whether trastuzumab treatment was
given or not. Trastuzumab resulted in a statistically significant
improvement is DFS and OS which was maintained over a long
duration of follow up.

To determine whether the IHC status had an effect on outcome,
an analysis was performed comparing treated IHC2þ FISHþ
patients with treated IHC3þ , illustrated in Figure 2B. This showed
no significant difference between the two groups.

To further investigate if HER2 gene amplification had any effect
on outcome in IHC2þ FISHþ cases, the 59 cases who received
trastuzumab were split into 3 groups according to average copy
number: low copy number cases, between 2.0 and 6.0; intermediate
copy number, average between 46.0 and 12.0; and high copy
number 412.0. The low copy number group were all defined as
HER2þ on the basis of a HER2/CEP17 ratio 42.0, according to
the standard practice of HER2 testing prevalent at the time.

The results are shown in Figure 2C. These clustered into three
groups according to HER2 gene copy number. The low copy
number group, with between 2.0 ando6.0 HER2 gene copies per
nucleus appeared to have a good prognosis. The high copy number
group also did well. This was in striking contrast to the
intermediate copy number group which appeared to have a worse
outcome with a lower DFS and OS when compared with the other
two groups.
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Figure 1. (A) Patient characteristics. (B) Patient numbers in each
treatment arm according to IHC result.
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DISCUSSION

We have previously published our local community level
experience of adjuvant trastuzumab treatment of breast cancer
patients, showing that outcomes similar to those derived from large

scale multinational trials can be reproduced in a community setting
and this updated study confirms those benefits with extended
follow up.

In the present study we have examined whether the degree of
HER2 overexpression had influenced the outcome in our cohort of
patients which reflected the typical spread of HER2þ patients
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Figure 2. Progression free and overall survival according to (A) trastuzumab vs no trastuzumab (P¼ 0.27) (B) IHC3þ vs IHC2þFISHþ
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seen in other studies, with a preponderance of high grade ductal
cancers mostly of early stage I and II, and as expected, given the
inverse relationship between ER and HER2 expression (Konecny
et al, 2003), a high proportion of ER negative cancers.

When considered together, there was no apparent difference in
DFS or OS between IHC2þ FISHþ and IHC3þ , as reported in
the HERA trial analysis (Dowsett et al, 2009). However, when the
IHC2þ FISHþ groups were further analysed according to HER2
gene copy number intriguing differences were observed, suggesting
there may be a group with a low degree of HER2 amplification who
derive less benefit from trastuzumab.

Although the numbers of patients in each of the three groups
described above were small, there was a difference demonstrated
between the three groups according to HER2 gene copy number.
The low copy number group, with between 2.0 and 6.0 HER2 gene
copies per nucleus appeared to have a good prognosis and this
could reflect the fact that if defined by copy number alone (rather
than HER2/CEP17 ratio 42.0) these cancers would be considered
HER2 non amplified and therefore essentially HER2 negative with
generally a better prognosis compared with HER2-positive cases.
The high copy number group (412 copies on average) also did
well presumably owing to a consistently good response to
trastuzumab. The intermediate copy number group appeared to
have a worse outcome with a lower DFS and OS when compared
with the other two groups.

The precise degree of HER2 overexpression that translates into
benefit from trastuzumab has remained controversial since the
emergence of this treatment in the early 2000s. In 2002 a single
agent trastuzumab study was reported in women with metastatic
breast cancer overexpressing HER2 and no found improvement for
patients whose cancers were graded IHC2þ compared with those
graded IHC3þ (Vogel et al, 2002). Conversely, an analysis of the
NSABP B31 trial (Paik et al, 2007) showed that 174 patients who
were considered centrally HER2 negative by IHC and FISH
appeared to derive a benefit from trastuzumab. A similar
retrospective analysis of N9831 (Perez et al, 2010) showed no
difference in outcome between IHC3þ and FISHþ cases, but also
suggested an apparent benefit for centrally HER2-negative cases by
IHC and FISH, although this was not significant and the numbers
were small.

In the neoadjuvant setting, Guiu et al (2010) demonstrated that
the level of HER2 gene amplification influenced the pathological
complete response rate (pCR), with high amplified cancers (410.0
HER2 gene copies per cell) showing a significantly improved pCR
rate, although this did not translate into a RFS or OS benefit.

Since a definition of HER2 positivity is a HER2/CEP17 ratio of
42.0 (or 2.2 as more recently stipulated), therefore the number
of copies of chromosome 17 per nucleus is also important, as a
cancer with polysomy of chromosome 17 as well as HER2
amplification will have a lower HER2/CEP17 ratio than a similarly
HER2-amplified cancer in the presence of monosomy 17. The
influence of chromosome 17 polysomy was studied in both the
retrospective analyses of HERA and N9831 (Perez et al, 2010) and
no correlation between polysomy 17 and benefit from trastuzumab
was found.

Our small-scale study contrasts with the large scale retrospective
analyses cited above, in that it has the advantage of a longer period
(up to 5 years) of follow up compared with, for example, the HERA
study with the median follow up to only 2 years. We also took a
different approach to the other studies by examining the IHC2þ
FISHþ cases in isolation, rather than analysing by FISH ratio
including IHC2þ and 3þ cases, and this may account for the
discrepancy between the two studies.

We hypothesise that low amplified HER2 cancers, as defined by
an average HER2 gene copy number 46 and o12 in our study,
may represent a different subset of HER2-positive breast cancers,
characterised by polysomy of chromosome 17 and intra-tumoural

heterogeneity (Figure 3). The well recognised presence of G2 cells
or/and polyploidization owing to chromosomal instability often
justify, at least in part, the DNA ploidy count variation and the
consequent skewing of the expected value from the two wild
molecular signals.

As for the unexpected better response observed in the low HER2
copy number group, we speculate that these cases apart from
representing false negative results on technical grounds, may relate
to the observations of Paik et al (2008) demonstrating a subset of
patients who are HER2 negative benefiting from trastuzumab
therapy. At pathological level, there are emerging data to suggest
that at least some of the observed discordance may be owing to an
inappropriate selection of patients who could benefit from
antiHER2 treatments. Cumulative worldwide experience gained
over a decade of HER2 testing of breast cancer patients has
suggested that a subset of patients scoring negative (score 0, 1þ )
may show gene amplification (Dendukuri et al, 2007; Starczynski
et al, 2010; Iorfida et al, 2012; Brunello et al, 2013). This has led to
the need for an alternative way of interpreting such discordances
(Starczynski et al, 2012).

There is the potential to answer these questions by re-examining
the existing datasets from the large adjuvant studies, and work is
planned to try and validate our results within the HERA trial. As
the number of IHC2þ FISHþ patients in each trial are small
conducting a meta-analysis would be ideal.

All these examples serve to emphasise the importance of
recognising the wide variation of HER2 overexpression and
amplification associated with ‘HER2-positive’ breast cancer.
This could help the clinicians treating the HER2-positive-women
to better appreciate the variable responses to anti HER2 therapy
observed in routine practice. The data of the present study suggest
that a small proportion of the patients with HER2 IHC2þ /
intermediate HER2 copy number amplification status are not likely
to derive the full benefit expected from adjuvant trastuzumab.

Resistance to targeted agents is an emerging feature, and
understanding of the molecular mechanisms predicting response
or failure has become a crucial issue to optimise treatment and
select patients who are the best candidates to respond (Tortora,
2011). Although the actual study is based on small number of
patients, we think the inclusion of the HER2 gene copy number
value may be an additional useful indicator (side-by-side with
other clinicopathological parameters) to stratify both the manage-
ment and follow up of breast cancer patients treated with
trastuzumab.

HER2 – emerging unusual patterns
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Figure 3. Pictorial representation of heterogeneity within HER2
IHC2þ /low HER2-amplified cancers (courtesy of Dr Matteo Brunelli,
University of Verona).
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