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Summary

Purpose. To evaluate the concordance between HER2 gene amplification, determined by fluorescence in situ
hybridization (FISH), and HER2 protein overexpression assessed by an immunohistochemical (IHC) assay. The
IHC protocol used was a research assay, known as the Clinical Trial Assay (CTA), developed to select women with
metastatic breast cancer (MBC) for three pivotal clinical trials of trastuzumab therapy.

Methods. A direct-labeled, dual-probe FISH assay was used to determine HER2 amplification in 623 fixed breast
cancer tissue specimens. These specimens had been stored as paraffin-embedded sections for 2–5 years. All speci-
mens had been analyzed for HER2 protein expression by the CTA. To assess the reproducibility of FISH results in
archived material, we evaluated a separate group of 617 breast cancer tissue specimens at two different laboratories.

Results. Informative FISH results were available for 529 (85%) of the 623 specimens. Overall concordance
between FISH and IHC results was 82% (95% CI; 78–85%). Assay agreement between FISH results and specimens
with immunostaining scores of 0, 1+, and 3+ were 97, 93 and 89%, respectively. However, only 24% of specimens
with 2+ immunostaining scores had HER2 amplification by FISH; there was assay disagreement in 76% of
specimens in this IHC subgroup. Interlaboratory FISH concordance was 92% (95% CI; 89–94%), indicating very
good assay reproducibility in these archived specimens.

Conclusion. HER2 status determined by CTA-IHC and FISH are significantly correlated; however, differences
between these two assays can affect patient selection for trastuzumab therapy.

Introduction

The human epidermal growth factor receptor type 2
(HER2) proto-oncogene, located on chromosome
17q21, encodes a 185-kDa transmembrane protein that
is a member of the epidermal growth factor receptor
family of tyrosine kinases [1–3]. The HER2 gene is
amplified in 20–30% of human breast cancers, and
amplification is directly linked to overexpression of the
HER2 protein product [4–7]. In breast cancer, HER2
gene amplification and protein overexpression are
associated with a poor clinical prognosis in terms of
shorter disease-free and overall survival for women with
node-positive or node-negative disease [4, 6, 8–11].

Trastuzumab (Herceptin, Genentech Inc., South San
Francisco, CA) is a humanized monoclonal antibody
directed against an epitope on the extracellular domain
of the HER2 protein. In preclinical studies, trastuzumab
was most effective against tumor cells with HER2
amplification and protein overexpression [12, 13]. The
eligibility criteria for the three initial pivotal clinical

trials of trastuzumab in women with metastatic breast
cancer (MBC) required documentation of HER2 protein
overexpression [14–16]. A research immunohistochemi-
cal (IHC) assay (the Clinical Trial Assay [CTA]) was
developed to help select patients for entry to these piv-
otal clinical trials. The CTA involved two murine
monoclonal antibodies, 4D5 (the murine precursor of
trastuzumab) and CB11, each directed against different
epitopes on the HER2 protein. The assay was subjec-
tively evaluated for HER2 protein expression using a
scoring scale of 0, 1+, 2+, or 3+ to reflect increasing
degrees of protein immunostaining. Only patients with
tumors having HER2 immunostaining scores of 2+ or
3+ were eligible for the clinical trials.

While its commercial development was considered
impractical, the CTA served as a prototype assay for
two other IHC assays for HER2 that have Food and
Drug Administration (FDA) approval: the DAKO
HercepTest (DAKO Corporation, Carpinteria, CA) and
the Ventana Pathway (Ventana Medical Systems, Tuc-
son, AZ) assay. The DAKO HercepTest was compared
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directly with the CTA to demonstrate concordance of
greater than 75% and obtained FDA approval. The
Ventana Pathway assay uses one of the antibodies,
CB11, specified in the CTA, and was compared with the
FDA-approved DAKO HercepTest to show concor-
dance. Clinicians now use these IHC assays routinely to
select patients for trastuzumab therapy. However, there
is still much controversy over the reliability of IHC as-
says to accurately assess HER2 protein expression in
routine clinical specimens [11, 17–34]. It is well known
that a number of factors can affect IHC assay results,
including tissue fixation and processing, reagent vari-
ability, interpretation, and scoring. For example, IHC
assays are much less able to accurately determine HER2
protein overexpression in paraffin-embedded tissue
specimens than in fresh frozen tissues specimens [6].

The FDA has also approved assays using fluorescence
in situ hybridization (FISH) for HER2 assessment in
clinical samples. These assays directly assess HER2 gene
amplification. In a study comparing FISH and IHC
assays for the detection of HER2 in a group of molecu-
larly characterized breast cancer tissue specimens, FISH
was the most sensitive and accurate assay method cur-
rently approved by the FDA for HER2 evaluation in
clinical specimens [35]. While there are a number of
published papers [23, 35, 36] comparing FDA-approved
IHC assays (DAKO HercepTest and Ventana Pathway
assay) with FISH assays, there are no published
comparisons of the CTA (used to screen women for entry
to the trastuzumab pivotal trials) and FISH.

In this study, we evaluated the concordance between
HER2 gene amplification determined by FISH and
HER2 protein overexpression previously determined by
IHC in breast cancer tissue specimens from women
screened for three pivotal clinical trials of trastuzumab.
Because the samples used for the FISH analysis had
been archived for several years, we also assessed the
reproducibility of FISH results by evaluating a series of
specimens at two different laboratories.

Methods

Tissue specimens

As part of the eligibility screening for the three initial
pivotal clinical trials of trastuzumab in MBC, 5998 tu-
mor tissue specimens were submitted to a central refer-
ence laboratory (Laboratory Corporation of America,
Research Triangle Park, NC) (Laboratory 1). Ten to 12
sections (4 to 6 lM) were cut from each tissue specimen
and mounted on positively charged slides. One section
was stained with hematoxylin and eosin to confirm the
presence of a tumor. Remaining sections were either used
for IHC assays to determine HER2 protein expression
using the CTA (methods below) and estrogen- and pro-
gesterone-receptor status, or archived. Assay results for
each tissue specimen were recorded, and all processed
and unused sections were archived at room temperature.

Specimen selection and statistical analysis

Specimens were first reviewed to identify those with at
least two remaining unstained tissue sections. Based on
previous immunostaining scores, specimens were di-
vided into two groups: those with immunostaining
scores of 0 or 1+ (considered negative for HER2 protein
overexpression) and those with immunostaining scores
of 2+ or 3+ (considered positive for HER2 protein
overexpression). Approximately 300 specimens from
each group were randomly selected to determine HER2
amplification using FISH (methods below). These FISH
analyses were performed at Laboratory 1, with investi-
gators blinded to the previous CTA scores.

Using the premise that assay concordance of less
than or equal to 75% was unacceptable, it was estimated
that a sample size of 600 specimens would provide 90%
power to detect a level of concordance 5% higher than
the unacceptable level at a 5% significance level using a
one-sided test of proportion. Concordance was defined
as the proportion of specimens with CTA immuno-
staining scores of 0 or 1+ and negative for HER2 gene
amplification by FISH, plus the proportion of specimens
with CTA immunostaining scores of 2+ or 3+ and
positive for HER2 gene amplification by FISH. Overall
assay concordance was calculated and the value of the j
statistic estimated [37].

Fluorescence in situ hybridization (FISH) concordance
between laboratories

To assess possible variability in FISH results between two
laboratories, a separate group of 617 archived breast
cancer tissue specimenswere analyzedboth atLaboratory
1 and at the University of Southern California (USC, Los
Angeles, CA) (Laboratory 2). The original paraffinblocks
from which the specimens were cut were no longer avail-
able. Laboratory 1 performed FISH analysis using excess
4 to 6 lMsections collected from the blocks at the time of
the original screening. These sections were stored at
ambient temperature on glass slides in their paraffinized
state. Laboratory 2 performed FISH analysis using pre-
viously immunostained tissue sections (methods below).
These sections had been used as negative controls for the
CTA or estrogen and progesterone receptor IHC assays
and had been stored on coverslipped slides at ambient
temperature. Concordance between FISH results from
the two laboratories was calculated and the j statistic was
evaluated. Only samples that yielded informative results
at both laboratories were included in the concordance
analysis.

Clinical Trials Assay (CTA)

The CTA was first developed as a single IHC analysis
using the monoclonal antibody 4D5 (Genentech, Inc.,
South San Francisco, CA). This antibody is the murine
precursor of trastuzumab and binds to an extracellular
epitope of the HER2 protein near the surface of the cell
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membrane. In response to data suggesting that 4D5 is a
potentially sub-optimal IHC reagent when used in pro-
tocols without antigen retrieval [19], a second murine
monoclonal antibody, CB11 (Novocastra Laboratories,
Ltd., Newcastle upon Tyne, UK), was added to the
CTA. The CB11 antibody binds to an intracellular epi-
tope near the C-terminus of the HER2 protein. The 4D5
and CB11 IHC assays differ in antigen retrieval meth-
ods, but both use a similar visualization method
involving a biotinylated horse anti-mouse antibody and
a standard avidin-biotin horseradish peroxidase com-
plex.

All analyses for the CTA were performed at Labo-
ratory 1; staining procedures were done with a Tech-
Mate 1000 autostainer (Biotek Solutions, Inc., Santa
Barbara, CA). In brief, tissue sections were deparaffi-
nized through xylene-graded alcohols and rinsed. For
the 4D5 assay, a hydrogen peroxide blocking step was
followed by antigen retrieval involving limited protease
digestion for 10 min at 37 �C. After rinsing, a routine
serum block was performed and the sections incubated
overnight with the 4D5 antibody. For visualization,
sections were incubated first with a biotinylated horse
anti-mouse antibody (PK-6100, Vector Laboratories,
Burlingame, CA), followed by incubation with a stan-
dard avidin-biotin horseradish peroxidase enzyme
complex and the chromogen 3,3¢-diaminobenzidine tet-
rachloride (DAB). Slides were then counterstained with
Harris hematoxylin.

For the CB11 assay, antigen retrieval involved boil-
ing deparaffinized tissue sections in pH6 citrate buffer in
a microwave oven twice for 5 min each. Following a
normal serum block, sections were incubated with the
CB11 antibody for 25 min at room temperature and
processed using the same visualization procedures as
above.

A pathologist evaluated all specimens and used the
same staining interpretation criteria for both 4D5 and
CB11 assays. A score of 0 was assigned to specimens
with no membrane staining or staining in less than 10%
of tumor cells. Specimens with staining in more than
10% of tumor cells were scored as 1+ for partial
membrane staining, 2+ for weak to moderate complete
membrane staining, and 3+ for moderate to strong
complete membrane staining. If either antibody showed
positive immunostaining the case was scored according
to the stronger staining reaction. The human breast
cancer cell lines MDA-MB-231, MDA-MB-175, and
SK-BR-3 were used as performance control standards in
every assay (both 4D5 and CB11), with corresponding
IHC staining scores of 0, 1+, and 3+, respectively.
Patients were deemed eligible for the trial if their biopsy
specimen scored 2+ or 3+ by either assay.

Fluorescence in situ hybridization (FISH)

FISH was performed at Laboratory 1 using the PathVy-
sion assay kit (Vysis, Inc., Downers Grove, IL), which
includes two directly labeled DNA probes; a locus-spe-

cific probe for the HER2 gene labeled with SpectrumOr-
ange and an alpha satellite probe targeting the centromere
region of chromosome 17 (CEP17) labeled with Spec-
trumGreen. The assay was performed according to the
manufacturer’s instructions, with minor modifications in
the pretreatment and protease digestion incubation times
to optimize conditions for archived tissue specimens.
Assays were performed either manually or using the
VP2000 automated platform (Vysis, Inc., Downers
Grove, IL).

In brief, archived hematoxylin and eosin stained
tissue sections were reviewed for presence and location
of tumor. The tumor location was marked and a cor-
responding location etched on a FISH slide for post-
hybridization scoring. Following deparaffinization,
specimens were pretreated by incubation in 0.2N HCl
for 20 min, rinsed, incubated in pretreatment solution
(80 �C, 60 min), rinsed again, and then digested with
protease (37 �C, 30 min). Specimens were rinsed, dried,
and fixed in 10% neutral buffered formalin, followed by
incubation in 70% formamide/2x standard sodium cit-
rate (70 �C, 5 min), then dehydrated with graded alco-
hols and air-dried. The HER2:CEP17 probe cocktail
(10–20 ll) was applied, a coverslip sealed to the
slide, and the specimens hybridized overnight at 37 �C.
Slides were then washed and counterstained with
4¢,6-diamidino-2-phenylindole (DAPI) fluorochrome
stain. Sections not evaluated immediately were stored at
)20 �C.

Presence of the two probes was evaluated using
appropriate band-pass filters on an epifluorescence
microscope. Average copy numbers of HER2 and
CEP17 from 40 tumor cell nuclei were counted and the
signal ratio calculated. Specimens with a HER2:CEP17
ratio of greater than or equal to 2 were considered
amplified (FISH-positive), while those with a HER2:
CEP17 ratio of less than 2 were considered non-ampli-
fied (FISH-negative). For specimens that were clearly
non-amplified (signal ratio less than 1.8) or clearly
amplified (signal ratio of greater than 2.2) after assess-
ment of 40 cells, there was no further counting. For
specimens with borderline signal ratios of 1.8 to 2.2, 20
more cells were counted and the ratio recalculated. All
results were verified by independent slide review.

Laboratory 2 also used the PathVysion assay for
FISH analyses. The assay was performed on previously
immunostained tissue sections using the procedures de-
scribed above with the following modifications. Slide
coverslips were first removed by immersion in xylene for
72–96 h, followed by an ethanol rinse. Specimens were
incubated in pretreatment solution for 30 min at 80 �C
and digested with protease for 10–60 min at 37 �C. The
volume of the HER2:CEP17 probe cocktail (10–35 ll)
was adjusted according to the coverslip size required by
the specimen. Average copy numbers of HER2 and
CEP17 were found by counting 60 tumor cell nuclei in
all cases, and specimens with a HER2:CEP17 ratio of
greater than or equal to 2 were considered positive for
HER2 gene amplification.

Determination of HER2 gene amplification 5



Validation experiments (data not shown) performed
by both Laboratory 1 and Laboratory 2 confirmed
coverslip size and probe volume across the ranges being
used should not influence FISH scores. In specimens
with uninformative FISH results, efforts were made at
Laboratory 2 to optimize conditions and the assay was
repeated, provided tissue sections remained intact or
more sections were available.

Results

Of the 5998 breast cancer tissue specimens submitted to
Laboratory 1 for HER2 screening between 1994 and
1997, 5251 (87%) had at least two unstained tissue
sections. The distribution of immunostaining score fre-
quencies determined by the CTA for the entire 5998
specimens were: 0, 58%; 1+, 9%; 2+, 10%; and 3+,
23%. The 5251 tissue specimens with unstained tissue
sections had a similar IHC score frequency distribution
to the whole group.

A total of 623 specimens were selected for FISH
analysis, with 306 (49%) specimens negative for HER2
protein overexpression (immunostaining scores of 0 or
1+) and 317 (51%) specimens positive for HER2 protein
overexpression (immunostaining scores of 2+ or 3+) by
prior CTA analysis. An informative FISH result was
obtained in 529 (85%) of these specimens. The most
common reason for non-informative results was an
inability to achieve hybridization of one or both probes
with consequent lack of fluorescence signals.

A total of 11 of the 529 informative cases (2%)
representing the screened population had FISH ratios
between 1.8 and 2.2. When 20 additional cells were
counted in these 11 cases at Laboratory 1 to give a total
of 60 cells evaluated, none of the cases showed a change
in the amplification status. Those cases with a FISH
ratio less than 2.0 after scoring 40 cells continued to
have a ratio less than 2.0 after 60 cells were scored.
Similarly, those cases with a FISH ratio greater than or
equal to 2.0 after scoring 40 cells continued to have a
ratio greater than 2.0 after scoring 60 cells.

There was a high level of concordance between
HER2 gene amplification determined by FISH and
HER2 protein overexpression determined by the CTA.
In total, 235 FISH-negative and 9 FISH-positive speci-
mens were among those with immunostaining scores of
0 or 1+ determined by the CTA, and 88 FISH-negative
and 197 FISH-positive specimens were among those
with CTA scores of 2+ or 3+. The overall concordance
between FISH-negative specimens with CTA scores of 0
or 1+, combined with FISH-positive specimens with
CTA scores of 2+ or 3+, was 82% (95% CI; 78–85%),
significantly higher than the pre-specified unacceptable
level ( p < 0.0004). The j statistic was 0.63 (95% CI;
0.57–0.69), indicating fair to good assay agreement.

The rate of FISH-positive specimens within each
CTA score subgroup varied from 3 to 89% (Table 1).
There was good assay agreement in the 3+ immuno-
staining subgroup; 89% of specimens were positive for
HER2 amplification. Similarly, 235 (96%) of the 244
specimens negative for HER2 protein overexpression
(CTA score 0 or 1+) were also FISH-negative. The
greatest discrepancy was in specimens with 2+
immunostaining by the CTA; only 24% of these speci-
mens were positive for HER2 amplification by FISH.
There was assay disagreement between FISH and im-
munostaining in 67 (76%) of the 88 specimens with CTA
scores of 2+, suggesting false positive results by the
CTA.

Table 1. Rate of HER2 amplification determined by fluorescence

in situ hybridization according to immunohistochemical score

FISH amplification IHC score

0 1+ 2+ 3+ Total

Negative 207 28 67 21 323

Positive 7 2 21 176 206

Total 214 30 88 197 529

Rate of positive FISH

amplification

3% 7% 24% 89% 39%

FISH, fluorescence in situ hybridization; IHC, immunohistochemistry.

Table 2. Predicted incidence of HER2 amplification in 5998 patients with metastatic breast cancer previously screened by the Clinical Trial Assay

for entry to Genentech pivotal clinical trials

CTA IHC score Observed IHC score Observed HER2

amplification rate

Predicted HER2 amplification per IHC category

No. of

patients

Percentage of total

group (%)

(By CTA IHC score

from Table 1)

No. of cases Percentage of total group

showing gene amplification (%)*

0 3479 58 3% 104 1.73

1+ 540 9 7% 38 0.63

2+ 600 10 24% 144 2.40

3+ 1379 23 89% 1227 20.46

Total 5998 100 1513 25.22

*The rate is the number of predicted cases divided by the total number of patients (5998) and expressed as a percentage.

CTA, Clinical Trials Assay; IHC, immunohistochemistry.
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The study was designed to give an approximately
equal distribution of specimens with positive and nega-
tive immunostaining scores for HER2 protein overex-
pression. To predict the incidence of HER2 gene
amplification in the women with MBC screened by the
CTA, we extrapolated the observed rates of HER2
amplification determined by FISH to the underlying
population of 5998 women originally screened by the
CTA for entry to the pivotal clinical trials (Table 2).
Using the observed HER2 amplification rates, the inci-
dence of positive HER2 amplification in this population
is predicted to be 25%. Of the predicted 1513 FISH-
positive patients, 1227 (81%) would be expected to have
3+ immunostaining, 144 (10%) to have 2+ immuno-
staining, 38 (2%) to have 1+ immunostaining, and 104
(7%) to have an immunostaining score of 0. Figure 1
shows the predicted relative rates of FISH-positive
and FISH-negative scores within each immunostaining
subgroup in patients screened by the CTA. The over-
all concordance rate between FISH and CTA results
using these extrapolated data was 88% (95% CI; 85 to
91%).

To establish the level of concordance among FISH
assays, a second cohort of 617 patients entered in
Genentech pivotal clinical trials [38] was used and
independently analyzed in both laboratories. These
FISH comparison cases are not the same cases ran-
domly selected from the 5998 women screened for entry
to clinical trials to determine the CTA-FISH concor-
dance rate. Sufficient tissue was not available from all of
these for a second series of FISH assays. Informative
FISH results were obtained in both laboratories for 488
of 617 cases. Seventy-eight (13%) cases were non-
informative at Laboratory 1 and 51 (8%) cases were
non-informative at Laboratory 2.

Laboratory 1 performed a single FISH assay attempt
for each case without repeating the assay in cases that
were initially unsuccessful. Laboratory 2 repeated the
FISH assay for any case that initially gave a non-
informative result, with trouble-shooting and individual
optimization of FISH conditions for that particular
case. As expected, the FISH success rate for Laboratory
2 (92%) was higher than for Laboratory 1 (87%).
Among the 488 informative cases used to show con-
cordance between FISH at the two laboratories, 7
(<2%) had a FISH ratio between 1.8 and 2.2 and the

amplification status was not altered when additional
tumor cells were assessed.

The overall level of agreement between FISH results
was 92% (95% CI; 89–94%), and the j statistic was
calculated to be 0.79, indicating good to excellent
agreement (Table 3). There were 37 cases determined to
be FISH-negative by Laboratory 1 and FISH-positive at
Laboratory 2. Review of the CTA scores of these cases
showed 3+ immunostaining in 35 of 37 specimens.

Discussion

Accurately determining HER2 status in clinical speci-
mens is essential to select appropriate patients for ther-
apy with trastuzumab. Currently, IHC and FISH are the
most widely used methods for assessing HER2 status in
clinical specimens [39]. The FDA has approved assays
using each of these methods to help select patients for
trastuzumab therapy. We found an overall level of con-
cordance of 82% between HER2 amplification deter-
mined by FISH and IHC scores from the CTA; however,
the discordance between FISH results and IHC scores
has clinically important implications for trial design and
selection of patients for trastuzumab therapy.

It is now appreciated that IHC assays have signifi-
cant shortcomings when used to subjectively evaluate
HER2 protein expression in clinical specimens. False
negative or false positive results with IHC techniques
can be caused by variations in specimen processing, re-
agents, and staining interpretation [6, 18, 19, 39–42]. In
contrast, direct evaluation of HER2 gene amplification
using FISH is an accurate and reliable method of eval-
uating HER2 gene amplification status in clinical spec-
imens [35]. HER2 gene amplification also correlates with
response to trastuzumab therapy; patients with FISH-
positive MBC have higher response rates and survive
longer than patients with FISH-negative MBC [38].

HER2 overexpression is closely correlated with
HER2 gene amplification in frozen tissue specimens;
about 98% of specimens show either non-amplified, low
expression breast cancers or amplified, overexpression
breast cancers [17, 23]. Therefore, assays of HER2
overexpression would be expected to identify gene
amplification almost exclusively. However, we did not
see this level of concordance in our study. Although
there was significant agreement between FISH results

Figure 1. Extrapolated relative frequency rates of HER2 gene ampli-

fication in patients with metastatic breast cancer screened by the

Clinical Trial Assay.

Table 3. Comparison of fluorescence in situ hybridization assay results

Laboratory 1 FISH results Laboratory 2 FISH results

Negative Positive Total

Negative 106 37 143

Positive 3 342 345

Total 109 379 488

Overall concordance = 92% (95% CI; 89–94%); j statistic = 0.79

(95% CI; 0.72–0.85).

FISH, fluorescence in situ hybridization.
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and IHC by CTA (p < 0.0004), the agreement rate
between CTA and FISH varied by scoring category.
Overall, 96% of the specimens with immunostaining
scores of 0 or 1+ were negative for gene amplification.
In specimens with 3+ immunostaining, 89% were po-
sitive for HER2 amplification. However, there was
substantial assay disagreement among specimens with
2+ immunostaining scores; only 24% of these specimens
were positive for gene amplification.

These data suggest that 76% of the specimens with
2+ immunostaining by the CTA were potentially false
positive IHC results. These observations agree with a
number of other reports of a high rate of FISH-negative
results in samples with 2+ immunostaining using a
number of IHC assays [18, 20–33]. It was speculated that
a subgroup of potentially false positive IHC 2+ tumors
may have true HER2 overexpression in the absence of
gene amplification because of aberrant translation or
transcription [6]. However, further analysis of these cases
showed nearly complete agreement between the HER2
gene amplification status and expression status [17, 23].

Our study results are similar to those recently re-
ported by Owens and colleagues who compared FISH
assay results with IHC performed using the HercepTest
in 6556 breast cancer specimens [43]. The rate of FISH-
positive results was 4% for specimens with IHC scores
of 0, 7% for IHC 1+, 23% for IHC 2+, and 92% for
IHC 3+. Our results were also similar to recent data
from the Breast Cancer International Research Group
(BCIRG), which compared FISH results from two
central reference laboratories with HercepTest or Path-
way IHC assay results from outside referral laboratories
[44]. The agreement rate for IHC 3+ breast cancer
specimens was 79% between FISH and the HercepTest
and 78% between FISH and the Pathway assay.

Because our specimens were potentially suboptimal,
(having been archived for 2–5 years) the reliability of
FISH results was evaluated by analyzing 617 samples by
FISH at two laboratories; 488 gave informative results
at both laboratories. The concordance rate between
laboratories was 92%, indicating that FISH results were
reproducible in these archived specimens, even when
they had been previously processed using IHC staining.
Data from the BCIRG also indicate that FISH results
are highly reproducible, as the group observed an assay
agreement rate of 92% between FISH results from its
central laboratory and outside laboratories [44]. Primary
tumor tissue was used to analyze HER2 status in the
Genentech pivotal clinical trials, but metastatic disease
was the therapeutic target for treatment. This was con-
sidered the correct strategy because of tissue availability
of metastatic tumors and the highly stable nature of
HER2 status throughout the progression of invasive
breast cancer. Several investigators have shown that the
overexpression of HER2 is unchanged in most tumors
when comparing primary and metastatic sites in the
same patient [45–48].

The data from this study were extrapolated to predict
the expected incidence of HER2 amplification among

women with MBC screened by the CTA for the Genen-
tech pivotal clinical trials of trastuzumab. The incidence
of HER2 gene amplification in these patients was esti-
mated to be 25%, consistent with previous reports of
HER2 amplification rates in breast cancer tissue speci-
mens [4, 6, 7]. The 25% expected incidence rate of HER2
amplified specimens is also in agreement with recent re-
ports of HER2 amplification rates by FISH in large co-
horts of breast cancer specimens. The incidence of HER2
positive specimens was 23% in over 6500 cases evaluated
by Owens and colleagues, and 26% in over 2500 breast
cancer specimens screened by the BCIRG central labo-
ratory for clinical trials of adjuvant trastuzumab [43, 44].

Although the concordance data from this study
indicated that most of the patients with 0, 1+ and 3+
immunostaining by the CTA would also be similarly
classified as ‘negative’ or ‘positive’ by FISH (Table 2,
Figure 1), the disagreements in these immunostaining
categories is important to note. Based on the predicted
HER2 gene amplification rate, 2.36% of all breast
cancers screened by the CTA would be expected to have
immunostaining scores of 0 or 1+, but, nevertheless,
have HER2 gene amplification by FISH. These patients
would account for about 9.44% of all women with
HER2-amplified breast cancers. This is an important
group of women that would be denied treatment with
trastuzumab, either in clinical trials or in clinical prac-
tice. The disagreements between CTA and FISH in the
3+ category are also interesting. If 3+ immunostaining
were used as a criterion for treatment with trastuzumab,
then 12% of women treated would be FISH-negative
and unlikely to respond to therapy [16, 38]. The CTA
was performed and interpreted at a single centralized
laboratory. If in other clinical settings these IHC assays
were performed in multiple laboratories (as is common)
the proportion of women with IHC 3+, FISH-negative
biopsies might be expected to be higher due to inter-
laboratory variability. More disagreement between an
IHC score of 3+ relative to FISH status, when the
results are obtained from multiple local laboratories, has
been reported in the B-31 trial of the National Surgical
Adjuvant Breast and Bowel Project. In the B-31 trial the
rate of HER2 false positives decreased from 21% at
local laboratories to 2% when the analyzes were per-
formed at a central laboratory [49].

Clinical diagnostic assays should satisfy a number of
criteria, particularly test accuracy and test reproduc-
ibility. Concordance between assay methods does not
necessarily ensure their accuracy [50]. Accuracy is the
ability of a clinical test to provide results giving the
‘true’ status of the sample. Detection of HER2 overex-
pression/amplification in clinical specimens has already
been shown to be less accurate for FDA-approved IHC
assay methods than for FDA-approved FISH assays
[23,35]. Hence, FISH is expected to provide results on
HER2 status that are more similar to the actual HER2
status observed in frozen tissue samples using other
methods than would be expected from IHC [23, 35]. If
this is correct, the results observed here indicate that a
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substantial proportion of the women whose breast
cancers were screened as HER2-positive by the CTA
and were, therefore, candidates for entry to trastuzumab
pivotal clinical trials did not, in fact, have HER2 gene
amplification. Because women with false-positive HER-
2 status are not expected to respond to trastuzumab,
their inclusion in these clinical trials would be expected
to result in an underestimation of the response rate and,
therefore, efficacy of trastuzumab.

Reproducibility is the ability of a test result to be
reproduced either in the hands of other investigators or
in other laboratories. Because of variation in tissue
processing methods, IHC staining methods, and sub-
jective interpretation of test results, IHC is recognized as
difficult to reproduce when quantitative or semi-quan-
titative results are required. Detection of HER2 over-
expression by IHC assays has shown a relatively low
level of reproducibility between clinical laboratories
[51–53]. The College of American Pathologists (CAP),
through the CAP survey of clinical testing methods,
found considerable variability in IHC assay results for
HER2 status and a remarkably high level of reproduc-
ibility for FISH assay results [51]. This higher level of
reproducibility for FISH is consistent when we compare
the FISH concordance results reported here for Labo-
ratory 1 to those from Laboratory 2.

Currently, there are several large clinical trials inves-
tigating trastuzumab for breast cancer in both adjuvant
and metastatic settings. Our data suggest that FISH may
identify a significant number of patients who could be
eligible for trastuzumab who would not otherwise be se-
lected due to negative IHC assay results. Our results also
suggest that FISH would exclude a significant number of
women from clinical trials in both the IHC 2+ and IHC
3+ categories whose breast cancers do not have HER2
gene amplification. Including these patients could lead to
an underestimation of the efficacy of trastuzumab.
Overall, while we found a statistically significant level of
concordance betweenHER2 amplification determined by
FISH and the HER2 protein overexpression determined
by the CTA, the disagreements between these assay
methods are worth considering when designing a clinical
trial, to minimize both the false-negative exclusions and
false-positive inclusions in a study population. These re-
sults suggest that although IHC is significantly correlated
with HER2 status determined by FISH, there are
important differences in clinical samples that could have
an impact on patient entry to clinical trials of HER2-
targeted therapies. Recent data indicate that FISH is
currently the most accurate method of determining
HER2 status, and is therefore the preferable method for
selecting patients for trastuzumab therapy.
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