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Trastuzumab (Herceptin) provides
clinical benefits for patients diag-
nosed with advanced breast cancers
that have overexpressed the HER2
protein or have amplified the HER2
gene. The National Surgical Adjuvant
Breast and Bowel Project (NSABP)
Protocol B-31 is designed to test the
advantage of adding Herceptin to the
adjuvant chemotherapeutic regimen
of doxorubicin and cyclophosphamide
followed by paclitaxel (Taxol) in the
treatment of stage II breast cancer
with HER2 overexpression or gene
amplification. Eligibility is based on
HER2 assay results submitted by the
accruing institutions. We conducted a
central review of the first 104 cases
entered in this trial on the basis of
immunohistochemistry (IHC) results.
We found that 18% of the commu-
nity-based assays, which were used to
establish the eligibility of patients to
participate in the B-31 study, could
not be confirmed by HercepTest™
IHC or fluorescence in situ hybridiza-
tion (FISH) by a central testing facil-
ity. This report provides a snapshot of
the quality of HER2 assays performed
in laboratories nationwide. [J Natl
Cancer Inst 2002;94:852–4]

Trastuzumab (Herceptin) is a human-
ized murine monoclonal antibody di-
rected against the HER2 growth factor
receptor, which provides clinical ben-
efits for patients with metastatic breast
cancer that overexpresses HER2 (1,2).

Several clinical trials are currently test-
ing this therapy in combination with
polychemotherapy in the adjuvant breast
cancer setting. National Surgical Adju-
vant Breast and Bowel Project (NSABP)
Protocol B-31 compares four cycles of
doxorubicin and cyclophosphamide fol-
lowed by four cycles of paclitaxel
(Taxol) to the same therapy combined
with weekly Herceptin for a period of
1 year, beginning with the first cycle of
paclitaxel (http://www.nsabp.pitt.edu/).

Eligibility for NSABP B-31 is based
on HER2 assay results submitted by the
accruing institutions. Until recently, as-
says from any accredited laboratory
were accepted. Eligibility required a
score of 3+ if the HercepTestTM (Dako
HercepTestTM; Carpinteria, CA) immu-
nohistochemistry (IHC) assay was used,
strong membrane staining of more than
33% of the tumor cells if other IHC as-
says were used, or gene amplification if
fluorescence in situ hybridization
(FISH) assays were used.

We tested the first 104 submitted
cases for which eligibility was deter-
mined by using either HercepTestTM

(n � 80) or other antibodies (n � 24)
in IHC as part of the B-31 quality assur-
ance program. Five-micrometer sections,
cut from paraffin-embedded tumor blocks
submitted by the accruing institutions,
were centrally assayed by both the
HercepTestTM and the PathVysionTM

FISH assay (PathVysionTM; Vysis, Inc.,
Downers Grove, IL) at Laboratory
Corporation of America, Inc. (Research
Triangle Park, NC). FISH results from
the reference laboratory were validated
by the NSABP Pathology Laboratory
using a tissue array generated from a
subset of cases (n � 81).

Assays submitted by the accruing in-
stitutions were confirmed to be strongly
positive (3+) by central HercepTestTM

in only 82 of 104 cases (79%; 95% con-
fidence interval [CI] � 70% to 86%)
(Table 1). They were confirmed positive
for gene amplification by central FISH in
82 of 104 cases (79%; 95% CI � 70% to
86%). In 19 of 104 cases (18%; 95% CI
� 11% to 27%), they were neither
strongly positive by the HercepTestTM

nor positive for gene amplification by
central review. Among these 19 cases,
10 were scored 0 or 1+ and nine were
scored 2+ by central HercepTestTM.

To explain the lack of reproducibility
between the accredited laboratory and
the central testing facility, we examined

the laboratories that performed the origi-
nal assays according to the average
volume of assays they perform (we used
a cut point of 100 cases per month).
There was less discrepancy with central
HercepTestTM results in the large-volume
laboratories (Table 1). Eighteen of 75
cases (24%) assayed as positive by the
small-volume laboratories were found
negative by both central assays, whereas
only 1 of 29 cases (3%) assayed as posi-
tive by larger volume laboratories was
found negative by the central assays. For
small-volume laboratories, IHC assays
other than the HercepTestTM could not
be confirmed as positive more fre-
quently (8 of 23 or 35% negative) than
the HercepTestTM (10 of 52 or 19%
negative). Large-volume laboratories
used the HercepTestTM for 28 of 29
cases.

Altogether, 58 small-volume laborato-
ries contributed 75 cases: 45 laboratories
each contributed one, 10 laboratories
each contributed two, two laboratories
each contributed three, and one labora-
tory contributed four. The 18 negative
assays came from 17 different laborato-
ries (one laboratory contributed two
cases). Nine large-volume laboratories
contributed 29 cases: three laboratories
each contributed one, three laboratories
each contributed two, one laboratory
contributed four, one laboratory contrib-
uted seven, and one laboratory contrib-
uted nine.

The concordance between central
testing for FISH and HercepTestTM was
good (98 of 104 cases in agreement;
Table 2, A). To validate the central test-
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ing results, the NSABP Pathology labo-
ratory also performed FISH on 81 of the
cases (Table 2, B). The concordance be-
tween the two FISH assays was 77 of 81
(95%).

This brief communication provides a
snapshot of the quality of HER2 assays
nationwide. We found that an appre-
ciable percentage of community-based
assay results, which were used to estab-
lish the eligibility of patients to partici-
pate in B-31, could not be confirmed
when tested in a central facility. These
results may be surprising considering
the studies (3–12) citing a high concor-
dance between scores of 3+ in IHC and
FISH. However, those studies were gen-
erally based on data obtained from labo-
ratories with special expertise in HER2
research or from large-volume laborato-

ries and, therefore, are consistent with
our results showing good agreement be-
tween large-volume laboratories and
central testing.

The reason for the trend favoring
larger volume laboratories cannot be ad-
dressed directly because we have not
performed a formal survey of laborato-
ries. IHC results can vary substantially
because of multiple factors, including
time to fixation, duration of fixation,
processing, antigen retrieval, staining
procedure, and staining interpretation
(13). Because strongly positive (3+)
cases represent only 15%–20% of newly
diagnosed breast cancer cases, patholo-
gists in small-volume laboratories may
over-anticipate positive cases, leading to
an interpretation bias. Such bias would
be less likely to occur in a large-volume

setting. Some U.S. laboratories have
also recently introduced image analysis
systems, which may improve the repro-
ducibility of scoring.

The poor reproducibility of non-
HercepTestTM IHC could be explained,
in part, by the eligibility criteria that
were used in the B-31 study. Some of
the cases were enrolled on the basis of
strong membrane staining of more than
33% of cells, which could have been 2+
intensity staining. Other antibodies can
produce excellent results when used by
qualified laboratories (4,8).

FISH is generally accepted to be
more reproducible than IHC for assess-
ing HER2 status. Although studies dem-
onstrate excellent portability when
tested in multiple laboratories (14,15),
they used sections from a small number
of cases or cell lines, which may not
fully address potential problems associ-
ated with the variations in fixation and
processing of tissue. In a real-world situ-
ation, where a limited number of cases
are processed in small-volume laborato-
ries, the reproducibility of FISH may re-
quire additional confirmation. Because
only four cases were enrolled in B-31 on
the basis of FISH assays that were per-
formed before the analyses reported in
this communication, it is not possible to
comment on its reliability.

Our data suggest a need to improve
quality control measures in laboratories
that use IHC assays, including periodic
testing for concordance with FISH.
Given the cost and potential cardiotox-
icity of Herceptin, it is reasonable to rec-
ommend that HER2 testing be done at
large-volume reference laboratories.
Since these data became available, we
have implemented a laboratory approval
process that considers both the labora-
tory volume and the quality of the assay.
To date, 22 laboratories, all of which are
experienced in both IHC and FISH, have
been approved through this process. By
performing both assays, quality can be
cross-validated. We believe that such
cross-validation may be the key to qual-
ity assurance of HER-2 assays per-
formed in the community. In addition,
all NSABP-approved laboratories use
automated assay systems, probably re-
ducing interassay variation. Accord-
ingly, the NSABP has amended eligibil-
ity criteria for B-31: only patients whose
tumors score 3+ by IHC performed by
NSABP-approved reference laboratories
or whose tumors demonstrate gene am-

Table 1. Results from a central testing facility confirming original IHC assay results submitted by
NSABP B-31 accruing institutions*

Test used for eligibility Type of laboratory used

No. of negative cases detected
by the central testing facility

HercepTest™† PathVysion FISH‡

HercepTest™ 3+ (n � 80) Small-volume§ 10 of 52 12 of 52
Large-volume� 1 of 28 1 of 28

Other IHC assays (n � 24)¶ Small-volume 11 of 23 9 of 23
Large-volume 0 of 1 0 of 1

*IHC � immunohistochemistry; NSABP � National Surgical Adjuvant Breast and Bowel Project;
FISH � fluorescence in situ hybridization.

†HercepTest™ immunohistochemistry is scored on a three-point scale. For eligibility in NSABP B-31,
a positive score of 3+ was required. A negative score was 0–2+.

‡PathVysion FISH is scored as either positive or negative for HER2 gene amplification.
§Small-volume laboratories were arbitrarily determined to perform no more than 99 tests per month.
�Large-volume laboratories were arbitrarily determined to perform at least 100 tests per month.
§Other IHC assays refers to any immunohistochemistry test that did not use the HercepTest™.

Table 2, A. Concordance between assays performed by the central testing facility (Lab Corp.)*

PathVysion FISH†

Not amplified Amplified

HercepTest™‡ 3+ 3 79
0–2+ 19 (18%) 3

B. Concordance between assays performed by the central testing facility (Lab Corp.) and those
performed by the NSABP pathology laboratory

PathVysion FISH by central testing facility

Not amplified Amplified

FISH assay by NSABP pathology laboratory
Not amplified 15 3
Amplified 1 62

*FISH � fluorescence in situ hybridization; NSABP � National Surgical Adjuvant Breast and Bowel
Project.

†PathVysion FISH is scored as either positive or negative for HER2 gene amplification.
‡HercepTest™ immunohistochemistry is scored on a three-point scale. For eligibility in NSABP B-31,

a positive score of 3+ was required. A negative score was 0–2+.
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plification by FISH from any laboratory
would be allowed entry.

It is our position that the question of
whether FISH or IHC is the better pre-
dictor of the response to Herceptin is
still unanswered. Although the analysis
of Mass et al. (16) suggested the supe-
riority of FISH, the IHC used in that
study was the Clinical Trials Assay. Ac-
cording to the package insert for Her-
ceptin™ (http://www.gene.com/gene/
products/information/oncology/herceptin/
insert.jsp), concordance between the
two assays is relatively poor, especially
when the immunostaining is scored as
2+. Furthermore, the response of micro-
metastatic tumor cells in the adjuvant
setting may be different from that of
cancer cells in advanced disease, espe-
cially when given in combination with
chemotherapy.
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