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Recent advances in the understanding of the molec-
ular and genetic alterations underlying breast can-
cer development and progression have provided the
opportunity to develop novel therapeutic strategies
for this disease. None of these developments has
had a greater recent impact on clinicians and pa-
thologists than the recognition of the importance of
the HER-2/neu (c-erbB-2) oncogene. Located on
chromosome 17, this gene encodes a 185 kD trans-
membrane glycoprotein with tyrosine kinase activ-
ity that functions as a growth factor receptor. Am-
plification or overexpression of HER-2/neu is seen
in approximately 20 to 30% of invasive breast can-
cers and this has been considered to be an adverse
prognostic factor in many studies. However, recent
interest in HER-2/neu has largely been focused on
its role as a potential target for breast cancer treat-
ment. In particular, recognition of the role of HER-
2/neu in breast cancer growth led to the develop-
ment of a humanized monoclonal antibody directed
against the HER-2/neu protein as a therapeutic
agent (Herceptin). Clinical studies have further sug-
gested that HER-2/neu status can provide impor-
tant information regarding sensitivity to certain
forms of conventional systemic therapy, particu-
larly anthracyclines. As a result of these develop-
ments, there has been increasing demand for pa-
thologists to perform assays for HER-2/neu on
current and archived breast cancer specimens. Im-
munohistochemistry and fluorescence in situ hy-
bridization have emerged as the most viable assays
for evaluation of HER-2/neu in routine clinical
practice. However, each of these methods has its
advantages and disadvantages. Determining the rel-

ative merits of these assays and developing clini-
cally meaningful and reproducible systems to re-
port the results are challenges pathologists must
now address.The development of a therapeutic
agent that directly targets a protein involved in a
growth-signaling pathway represents a new para-
digm in breast cancer treatment. Therapeutic strat-
egies that target other molecules involved in breast
cancer development and progression are on the ho-
rizon. It is crucial that pathologists become aware of
these advances and assume a pivotal role in the
development and application of assays to evaluate
these new molecular targets.
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The traditional approaches to treating breast can-
cer include surgery, radiation therapy, chemother-
apy and hormonal therapy. Although these thera-
peutic modalities, singly and in various
combinations, are effective in many patients, they
do not specifically target the tumor.

Recent advances in the understanding of the mo-
lecular and genetic alterations underlying breast
cancer development and progression have initiated
a paradigm shift in the treatment of breast cancer.
In this new paradigm, the development of new
treatments for breast cancer will result from the
identification of specific molecular targets that are
discovered in studies designed to elucidate the
genes and molecules involved in breast tumorigen-
esis (1–3). This in turn will result in the identifica-
tion of molecularly defined patient subgroups. Of
particular importance to pathologists, the integra-
tion of diagnostic tests and therapeutics will be a
critical element in this scenario.

None of the recent developments in the under-
standing of the molecular events underlying breast
tumorigenesis has had a greater immediate impact
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on both clinicians and pathologists than the recog-
nition of the importance of the HER2/neu (c-
erbB-2) oncogene in breast cancer (4, 5). In partic-
ular, the recent development of a therapeutic agent
that directly targets the HER2 protein (Herceptin,
trastuzamab) represents a model for the future of
breast cancer treatment directed toward a specific
molecular target.

BACKGROUND

The HER2/neu gene is the human analog of the
rat neu gene identified in rat neuroblastomas in the
early 1980s (reviewed in Refs. 4 – 8). This gene has
been found to be amplified and/or overexpressed
in approximately 25 to 30% of invasive breast can-
cers in humans, most commonly in invasive ductal
carcinomas. Located on chromosome 17q21, the
HER2/neu gene encodes a 185 kD transmembrane
glycoprotein with tyrosine kinase activity that func-
tions as a growth factor receptor. This protein is a
member of the epidermal growth factor receptor
family of receptor tyrosine kinases, which includes
epidermal growth factor receptor, HER2, HER3, and
HER4. Ligand binding to one of these receptors
results in the formation of homodimers and het-
erodimers. Dimerization is followed by phosphory-
lation, which, in turn, results in a cascade of down-
stream signaling events that are important for cell
growth and maintenance of the transformed state.
Of note, although HER2 forms heterodimers with
other members of the family on interaction with
their ligands, it has no known ligand of its own and
is therefore considered an orphan receptor. How-
ever, at very high levels of overexpression, HER2
may undergo spontaneous homodimerization,
which can initiate downstream signaling, stimulat-
ing cell growth and maintaining cellular transfor-
mation. This may be clinically important in HER2-
overexpressing tumors.

CLINCIAL SIGNIFICANCE OF HER2/NEU

AMPLIFICATION AND OVEREXPRESSION

HER2/Neu as a Prognostic Factor (reviewed in
refs. 5, 9)

A prognostic factor is one that provides informa-
tion regarding patient outcome at the time of diag-
nosis. In 1987, Slamon and colleagues were the first
to report a relationship between HER2 and progno-
sis in patients with breast cancer. These investiga-
tors found that amplification of this gene was asso-
ciated with significantly reduced survival in a group
of patients with node-positive disease. Since that
time, there have been numerous studies assessing
the prognostic significance of HER2 amplification
and overexpression in patients with breast cancer.

Most studies have shown that HER2 amplification
and overexpression is a significant adverse prog-
nostic factor in patients with node-positive disease.
However, the prognostic significance in patients
with node-negative breast cancer is much more
controversial with approximately equal numbers of
studies indicating that this either is or is not an
independent prognostic factor. There are many is-
sues that have contributed to this controversy in-
cluding small patient numbers in many of the stud-
ies, patient selection, variations in treatment,
variations in length of follow-up, variations in sta-
tistical analysis, and variations in methodology
used to assess HER2 status. Because HER2 overex-
pression has been reported to be associated with
other adverse prognostic factors such as positive
lymph nodes, larger tumor size, high histologic
grade, high proliferation rate, and lack of expres-
sion of estrogen and progesterone receptors, some
studies have shown that HER2 is prognostically im-
portant in univariate analysis but loses its signifi-
cance in multivariate analysis. Nonetheless, the
weight of evidence suggests that HER2 overexpres-
sion is associated with an adverse clinical outcome
in patients with breast cancer. Whether it is a de-
pendent factor or an independent factor is probably
less important than understanding the biologic ex-
planation for this association.

HER2/Neu as a Predictive Factor (reviewed in
refs. 5, 9)

A predictive factor is one that provides informa-
tion regarding the likelihood of response to a given
therapeutic modality. In recent years, there has
been great interest in the interactions between
HER2 overexpression and various forms of systemic

FIGURE 1. Immunohistochemistry for HER2 protein. This case shows
intense circumferential tumor cell membrane staining for HER2 protein
and is readily categorized as positive for HER2 overexpression. Almost all
cases with this level of immunostaining show HER2 gene amplification.
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therapy in patients with breast cancer because this
could provide information that helps in the deter-
mining the most suitable systemic therapeutic reg-
imen in a given patient. The most compelling evi-
dence of such an interaction has been seen in
patients treated with chemotherapeutic regimens
containing anthracyclines. These studies have gen-
erally shown that HER2 overexpression is associ-
ated with increased sensitivity to anthracyclines.
Although some studies have indicated that HER2
overexpression is associated with resistance to cy-
clophosphamide, methotrexate and 5-fluorouracil
(CMF) chemotherapy, others have not. Similarly
studies evaluating the interaction between HER2
overexpression and taxanes have variously shown
both resistance to and sensitivity to this cytotoxic
agent. Finally, some studies have indicated that
HER2 overexpression is associated with tamoxifen
resistance whereas others have not found such an
association. In summary, there is fairly consistent
evidence that HER2 overexpression is predictive of
sensitivity to anthracyclines. Although patients with
HER2 overexpressing tumors may be somewhat less
responsive to CMF and to tamoxifen than those
with tumors that do not show HER2 overexpres-
sion, the data are insufficient to deny patients treat-
ment with either CMF or tamoxifen based on the
HER2 status of the tumor.

HER2/Neu as a Therapeutic Target
HER2 represents an ideal therapeutic target be-

cause it is functionally important in breast cancer
growth, it is accessible as a cell surface receptor, it
is expressed at high levels in breast tumors, and it is
expressed at low levels in normal tissue (reviewed

in Refs. 5, 9, 10). Preclinical studies showed that
monoclonal antibodies directed against HER2 were
capable of inhibiting both the in vitro proliferation
of HER2 overexpressing tumor cells and the in vivo
growth of HER2 overexpressing human breast can-
cer xenografts in nude mice. These experiments set
the stage for using an antibody to HER2 as a ther-
apeutic agent to treat patients with breast cancer.
However, it was not until scientists at Genentech
developed a humanized monoclonal antibody to
HER2 that it became feasible to use this strategy to
treat patients. This antibody, known as Herceptin
(trastuzamab), has been shown to be active as a
single agent in the treatment of patients with met-
astatic breast cancer who failed treatment with
prior chemotherapy (11). Furthermore, results of a
randomized clinical trial have demonstrated that
the combination of Herceptin plus chemotherapy
was more effective than chemotherapy alone as
first-line treatment in the metastatic setting (12). It
should be noted, however, that the likelihood of
response to Herceptin in this trial was related to the
level of HER2 overexpression. These studies have
further demonstrated that Herceptin is fairly well-
tolerated. The most important side effect is cardiac
toxicity, which is most common in patients who
received concurrent or prior anthracyclines (~25 to
30%) (13). Although this level of toxicity may con-
sidered acceptable in patients with metastatic dis-
ease, it is of greater concern if Herceptin is to be
used in the adjuvant setting. The beneficial effect of
Herceptin in the clinical studies conducted to date
has been modest. However, its activity in patients
with HER2-overexpressing tumors is proof of the
biologic principle that a therapeutic agent directed
toward a specific molecular target can be used to
treat patients with cancer.

FIGURE 2. Immunohistochemistry for HER2 protein. In this case, there
is weak membrane staining around some of the tumor cells. Cases such as
this are subject to considerable differences in interpretation. Only a
minority of cases with this level of HER2 staining show HER2 gene
amplification.

FIGURE 3. Fluorescence in situ hybridization for HER2 gene
amplification. In this case, only one or two fluorescent signals are present
in each tumor cell nucleus, indicating that the HER2 gene is not amplified.
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There are many unresolved issues regarding the
role of Herceptin as a therapeutic agent. Its role as
a single agent and in combination with chemother-
apy needs to be further defined. The role of Her-
ceptin in the adjuvant setting is an important clin-
ical question that is currently being evaluated in
clinical trials as is its role in patients with breast
cancers that do not overexpress HER2. The role of
Herceptin in the treatment of other cancers that
overexpress HER2 is also being evaluated. Finally,
there is an active effort to develop other treatments
targeting HER2 or its downstream effector mole-
cules, and vaccines against HER2 are currently be-
ing studied.

ASSESSMENT OF HER2 STATUS IN PATIENTS

WITH BREAST CANCER

There is currently great clinical demand for de-
termining the HER2 status of current and archived
breast cancer cases. Unfortunately, this clinical de-
mand has outpaced our ability to develop a single,
reliable, reproducible test that fulfills all of the clin-
ical needs. Although there are a variety of different
methods to assess HER2 status of breast cancers,
the two that are the most practical to perform in the
routine practice of pathology are immunohisto-
chemistry (IHC) to assess HER2 protein overexpres-
sion and fluorescence in situ hybridization (FISH)
to assess HER2 gene amplification (4, 9, 14 –16)
(Figs. 1– 4). Each of these methods has its advan-
tages and disadvantages, as indicated in Table 1.

Studies directly comparing IHC and FISH in the
same cases have demonstrated overall concordance
rates of approximately 80 to 95% (17). Concordance
between these two methods is excellent for cases
that are either completely negative or strongly pos-

itive by IHC. In contrast, only a minority of cases
that show weak staining by IHC show gene ampli-
fication by FISH (~10 –30%). The relative clinical
importance of IHC and FISH with regard to assess-
ing prognosis and predicting response to chemo-
therapy and Herceptin is not yet clear, and this is
currently under active investigation. Furthermore,
the clinical and biologic significance of discordant
cases merits further study.

Unfortunately, at the present time, there is con-
siderable confusion among pathologists and clini-
cians with regard to which method and which re-
agents are most appropriate to use for HER2 testing
in routine clinical practice (4, 9, 14 –17). There are
currently three FDA-approved assays for HER2
evaluation (Table 2). However, no one assay is FDA-
approved for all clinical purposes (i.e., assessing
prognosis, predicting response to standard chemo-
therapy, and determining suitability for Herceptin
treatment). Furthermore, for any given patient, the
clinical use of HER2 assay results may change over
time. For example, at the time of diagnosis, clini-
cians may use information regarding the HER2 sta-
tus to predict the likelihood of response of a given
patient to anthracyclines or to help assess progno-

FIGURE 4. Fluorescence in situ hybridization for HER2 gene
amplification. Numerous fluorescent signals are present in each
nucleus of this case, indicating amplification of the HER2 gene.

TABLE 1. Pros and Cons of Immunohistochemistry and

Fluorescence In Situ Hybridization for Determining HER2

Status in Breast Cancer

Immunohistochemistry
Pros:

Can be performed in most laboratories
Short procedure time
Interpretation employs light microscope and can be done rapidly
Inexpensive
Linked to clinical outcome and response to treatment

Cons:
Numerous antibodies available; vary in sensitivity and specificity
No uniformly accepted threshold for positivity
No standard scoring system (% positive cells, % strongly positive

cells, 0–31, etc.)
Fluorescence in situ hybridization

Pros:
Highly specific reagents commercially available
Standardized threshold for positivity
Results quantitative
Internal controls

Cons:
Only available in some laboratories
Technically more difficult than immunohistochemistry
Longer procedure time than immunohistochemistry
Interpretation requires fluorescence microscope and can be time

consuming
Linkage to response to Herceptin currently not known

TABLE 2. FDA-Approved Assays for HER2

Test Type Indication

Hercep Test (Dako) IHC Suitability for Herceptin
Path Vysion (Vysis) FISH Assessing prognosis

Predicting response to
standard chemotherapy

Inform (Oncor/Ventana) FISH Assessing prognosis

IHC, immunohistochemistry; FISH, fluorescence in situ hybridization.
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sis. However, when that same patient develops
metastatic disease some time after their initial di-
agnosis, the HER2 status may be used to determine
that patient’s suitability for Herceptin treatment.
Finally, FDA-approval does not obligate patholo-
gists to use that particular test.

The College of American Pathologists has re-
cently issued recommendations regarding HER2
testing for patients with breast cancer (18). These
are summarized in Table 3. These recommenda-
tions largely reflect the current lack of consensus
with regard to how best to evaluate HER2 status.

IMPLICATIONS FOR THE FUTURE

Although the role of HER2 as a prognostic factor
and as a factor predicting response to conventional
systemic therapy has been widely discussed, the
ultimate importance of the HER2 story is likely to
be that it represents a model for cancer treatment
using a therapeutic agent directed toward a specific
molecular target. The HER2-Herceptin story is cer-
tain to be only the first of many examples of mo-
lecularly targeted treatment of breast cancer. In
fact, there is a pressing clinical need to develop a
comprehensive profile of the biologic and molecu-
lar characteristics of a tumor, rather than assessing
one marker at a time. In the near future, the tools of
molecular biology, such as microarray technology
(19, 20), will permit such an assessment and will
dramatically alter the manner in which tumors are
classified and prognostic and predictive factors are
determined. For example, it is conceivable that in
the future, after a biopsy of a breast cancer is per-

formed, RNA will be isolated from the tumor cells,
and the RNA (or cDNA) applied to a microarray to
determine the gene expression pattern of the tu-
mor. A computerized profile of this gene expression
pattern will then be generated and provide the mo-
lecular fingerprint of the tumor with regard to be-
havior, resistance or responsiveness to various ther-
apeutic modalities, and biologic targets for
intervention. However, the new molecular biology
methods will need to be integrated with standard
methods of pathologic evaluation. Indeed, deter-
mining how best to integrate routine pathologic
evaluation with newer, molecular-based methods is
the most immediate challenge to pathologists as we
enter the 21st century.

NOTE ADDED IN PROOF

Recent data, presented in abstract form, have
suggested that HER2 gene amplification detected
by FISH may be a better predictor of response to
Herceptin than HER2 protein overexpression de-
tected by immunohistochemistry (Mass R, et al.
The concordance between the clinical trials assay
[CTA] and fluorescence in situ hybridization [FISH]
in the Herceptin pivotal trials. Presented at the
Annual Meeting of the American Society of Clinical
Oncology, May 2000).
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