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Introduction

Breast cancer is a disease of global medical, social, and economic impact. For the year
2003 there will be an estimated 212,600 new cases in the U.S. with 40,200 deaths 1.
Breast cancer is the second leading cause of cancer death in women despite the fact that
overall death rates from this disease have declined worldwide since 1998.

Breast cancer treatment has evolved significantly over the past several decades.
Adjuvant chemo and hormonal therapies have reduced recurrence and death rates and
reflected in the Early Breast Cancer Trials-Collaborative Group Overviews 2. From the
1970’s throughout the 1990's multiple new chemotherapy drugs and combination
regimens were developed to improve breast cancer outcomes. Generally these
therapies interrupt or inhibit cell division and DNA repair or replication. Such
treatments are not tumor cell specific and can cause severe toxic side effects to normal
cells. The impetus has now shifted to develop therapies with greater effectiveness and
lesser toxicity. To achieve this goal, new therapies must target the molecular factors
and pathways controlling breast cancer cell growth and metastases. In 1987 Dennis
Slamon described a distinct subset of breast cancer patients whose tumor cells had
HER2 gene amplification and its protein overexpression on the cell membranes.
Amplification was a significant predictor of overall survival and time to relapse in these
patients 3. This observation and much subsequent work have spotlighted the role of the
EGF family of receptors, especially HER?2, in the biologic behavior and pathogenesis of
human breast cancer.

Research to develop anti HER2 therapy resulted in the development of Trastuzumab
(Herceptin®), a humanized murine monoclonal antibody directed against the HER2
extracellular domain. In 1998 the FDA approved Herceptin for the treatment of HER2
overexpressing metastatic breast cancer. Since then, a flurry of research has been
directed at understanding the biology and clinical uses of this targeted molecule.

The Epidermal Growth Factor Receptor Family

The human epidermal growth factor receptor (EGFR) family consists of four members
designated as HER1 (EGFR), HER2, HER3 and HER4. These four membrane associated
receptors share structural homology and each has an extracellular ligand binding
domain, a transmembrane domain and an intracellular domain with tyrosine kinase
catalytic activity. The receptors normally exist as monomers on the cell membrane but
after ligand binding they dimerize.
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Structurally dimers are either homo or heterodimers depending on the receptor partner.
After ligand binding and dimerization, tyrosine phosphorylation of the kinase domain
leads to activation of downstream transduction pathways and signaling through Ras, c-
Src, PI3K or phospholipase C to control cell proliferation and differentiation, invasion,
and migration 45.
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There are six ligands for HER1 - EGF, TGF «, amphiregulin, betacellulin, epiregulin
and Heparin binding EGF-like growth factor. HER2 has no known specific ligand.
HER3 and HER4 bind neuregulins a family of peptides signaling through MAPK ¢.




HER2 is the preferred partner for heterodimerization with the other three members of
the EGFR family and their ligands. Heterodimers containing HER2 have higher ligand
binding affinity and more signal potency than dimers without HER2. HER2 HER3 is
the most potent signaling heterodimers. HER3 has an inactive kinase domain so HER3
homodimers are inactive. HER2 homodimers have constitutive activation and signaling
despite lack of a ligand.

Additionally, the HER2 extracellular domain (ECD) can be proteolytically cleaved off
the cell membrane and circulate in the serum. The ECD shedding results in constitutive
activation of the remaining membrane associated HER2 domain (p95) leading to
increased signal transduction. The HER2 cleavage mechanism is not yet characterized
but is associated with a more aggressive cell phenotype 5.

After ligand binding, dimerization, phosphorylation and signal transduction, the ligand

dimer complex dissociates. The receptor may undergo endocytosis with membrane
recycling or liposomal transfer and degradation 75.

HER?2 Biology

The HER2 Receptor — Overexpression and Amplification

The HER2 protein receptor is a 185 KD transmembrane glycoprotein (p185) encoded by
the HER2 gene, a proto-oncogene located on chromosome 17q21. HER2 overexpression
is described in 20-25% of breast cancers with membrane protein levels 10 to 100 fold
greater than normal. The protein structure of overexpressed HER2 is not mutated
compared to normal. For breast cancer, gene amplification is the most common
mechanism causing overexpression. The factors inducing gene amplification are not
known. Gene amplification generates more than 2 normal gene copies per cell yielding
increased HER2 mRNA and increased synthesis of HER2 membrane protein. In 7% of
breast cancer, overexpression is not secondary to amplification but results from
transcriptional or post-transcriptional dysregulation. This situation is also true in lung,
bladder and esophagus cancers where overexpression is not linked to amplification.
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Relationship of HER2 and Breast Cancer

Oncogenic Transformation - lab evidence confirms that HER2 overexpression plays a
pathogenic role in malignant transformation of breast cells. A range of in vitro and
animal studies support a direct role of HER2 overexpression in oncogenic
transformation and tumorigenesis. In breast cancer cell lines and transformed cells,
HER2 gene amplification results in an aggressive phenotype with increased DNA
synthesis, cell growth and metastatic potential °12. This same behavior is seen clinically
in HER2 overexpressing breast cancer where survival curves display a difference in
long-term outcomes between HER?2 positive and negative patients.

Figure 4 Relationship of HER2 to Survival
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HER?2 as a Prognostic Factor in Breast Cancer

HER2 gene amplification has independent prognostic significance to predict decreased
disease-free and overall survival in multivariate analysis of node positive patients as
first reported in 1987 by Slamon 3. This observation was confirmed in a meta analysis of
47 studies of more than 15,000 patients demonstrating a positive correlation between
HER? positivity and poor prognosis 3. This prognostic effect is reported for both node
negative and node positive patients 1 and survival curves demonstrate poorer longer-
term outcomes for HER2 positive patients regardless of nodal status.
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HER?2 - The Therapeutic Target

Because of the clinical consequences of HER2 amplified breast cancer, investigators
spotlighted the HER2 protein as the logical therapeutic target for specific anticancer
agent development. HER? is functionally important in tumor growth, accessible on the
cell surface, homogeneously overexpressed in tumors and has only low-level expression
in normal tissue 5. Hence early studies focused on monoclonal antibody development
against HER2 protein. The murine monoclonal antibody 4D5 was selected for
development based on its growth suppression of human HER2 xenografts in murine
studies 1¢. The antibody was humanized to prevent a human immunologic response
(HAMA) against murine protein on repetitive administration. = Using genetic
engineering techniques, the antibody region of 4D5 was inserted into a human IgG
framework yielding trastuzumab (Herceptin®) 7.



Mechanism of Herceptin Inhibition

Multiple proposed mechanisms explain the anti-tumor effects of Herceptin.

1. Down regulation of HER2 cell surface expression with cell phenotype
transformation 18,

2. Acceleration of receptor endocytosis and lysosomal degradation. Possibly

monoclonal antibody tagging the HER2 receptor recruits CbL and ubiquitination

of HER2 1920,

HER?2 heterodimer disruption especially the HER2 HER3 heterodimer 2!.

4. Decreased downstream signaling with decreased VEGF levels and anti-
angiogenic activity.

5. Decreased HER2 dimer signaling down P13K pathway and decreased HER2
HER3 signaling via MAPK.

6. Initiation of G1 arrest and p27 induction blocking G1 to S transition by blocking
cyclin E CDK2 activity 22.

7. Prevention of ECD cleavage of HER2 protein thus blocking constitutive
activation of p95 the remaining membrane domain 23,

8. Induction of host immune response (antibody directed cell mediated cytotoxicity
- ADCC) against HER2 positive cells with human IgG bound to the membrane
receptor with NK cell recruitment and release of cytotoxic lymphokines 2425,

&
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9. Interaction with chemotherapeutic agents with additive or synergistic antitumor
effect due to DNA repair interference of chemo induced damage 6.

Selection of Patients for Herceptin Therapy

Tissue HER2 Evaluation

The antitumor effects of Herceptin appear to be related to the amount of HER2
expression on the invasive tumor cell component in the breast cancer. Breast cancer
specimens can be formalin fixed, paraffin embedded, frozen or fresh or tissue extracts.
On a practical basis clinical labs use paraffin embedded formalin fixed slides. Either the
primary tumor or metastatic site may be the source for tumor cells. Usually there is
HER? status concordance of the primary tumor and its metastasis. Simon reported a
95% concordance of a primary tumor and its axillary lymph node mets 2. However
Thor reported a nearly 20% discordance of the primary tumor and its distant visceral
mets 28. If a tumor is HER2 negative, 95% of its mets will be entirely negative for HER2.

While HER2 protein overexpression is seen in about 25% of invasive human breast
cancer, the highest overexpression frequency is noted in inflammatory breast cancer
(50%) and in up to 70% of DCIS particularly comedo and high grade DCIS subtypes 2.
In mixed tumors with an extensive intraductal component (EIC), the invasive tumor cell
component not the DCIS is evaluated for HER2 expression for decisions on therapy.

Serum HER2 Measurements

HER?2 extracellular domain (ECD) protein shed into the blood can be detected by an
enzyme linked immunosorption assay (ELISA). The test is not applicable in routine
clinical labs. The levels of shed ECD do not correlate with tumor burden but may
reflect clinical treatment responses. This method lacks validation for general clinical
use 530,

Clinical Methods for Detection of HER2 Status

A wide variety of assay methods are available to measure gene amplification or protein
overexpression. The target molecules for measurement include DNA, mRNA, cell
surface protein and shed HER2 ECD. Some assays are not suitable for routine
pathology labs. Examples are the Western, Southern, or Northern blotting test and pCR
as these require fresh or frozen breast cancer tissue and are expensive, tedious and
impractical for routine use 3. Slamon reported a correlation of results using blotting
assays with the results obtained by fluorescence in situ hybridization (FISH) reflecting
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gene copy number and immunohistochemistry (IHC) measuring membrane protein
levels. Both FISH and IHC are used in routine surgical pathology labs with the tests
performed on archival or formalin fixed paraffin embedded specimens or fresh/frozen
tissue. Both tests require only small amounts of tumor specimen and non-tumor
contents of the specimen do not affect test values. Routine HER?2 testing is part of the
diagnostic evaluation of invasive breast cancer.

Immunohistochemistry (IHC)

Detection of HER2 Membrane Protein

The most frequently used clinical lab assay to measure HER2 membrane protein is the
IHC test. Formalin fixed paraffin embedded tumor slides are used and membrane
staining intensity and numbers of stained cells are evaluated. The method is relatively
simple and inexpensive. Many variables influence IHC accuracy and reproducibility
including age of embedded tissue, tissue fixation technique, sensitivity and specificity
of the detection system antibody and subjective individual observer interpretation
without a standardized scoring system. Several commercial IHC kits for HER2 THC
testing are available. The FDA approved the HercepTest (Dako Corp) for selecting
metastatic breast cancer patients for Herceptin use. The HercepTest uses the A0435
polyclonal antibody and employs a scoring system to standardize interpretation with a
score of 1, 2 or 3+ compiled from the percentage of cells stained, pattern of membrane
staining (partial or complete) and the staining intensity. A computer assisted image
analyzer can be used to add objectivity to the score. The FDA also approved the CB11
monoclonal antibody test (Ventana Medical) for clinical use 323, For research purposes
antibody tests capable of detecting the phosphorylated activated receptor in a tumor
have been developed but are not for general clinical use.

Fluorescence in situ Hybridization

Detection of HER2 Gene Amplification

FISH detects the HER2 gene copy number in individual tumor cells using paraffin
embedded tissue sections. The test uses a fluorescent oligonucleotide probe
complimentary to the HER2 gene on chromosome 17 and requires a fluorescence
microscope making it more costly and labor intensive than IHC. Old or even poorly
fixed paraffin slides can be used as chromosomal DNA is more stable than membrane
protein antigen. The FDA has approved two commercial FISH kits - the Ventana
Inform® kit and the Vysis Path Vysion® kit. The Vysis test uses the direct labeled probe
for the gene and an internal control probe to correct for tumor aneuploidy. The control
probe detects the chromosome 17 centromere and a ratio of the HER2 probe number to
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centromere number is measured with values greater than 2 positive for amplification.
In general, FISH testing is highly sensitive and 100% specific for detecting gene
amplification.

Patient Therapy Selection - To FISH or Not

In breast cancer HER2 amplification directly relates to HER2 overexpression of mRNA
and protein. Only a small percent of overexpression lacks gene amplification.
Paradoxically, however, most reported clinical studies using Herceptin rely on IHC
values for HER2 measurement. When IHC is compared to FISH in the same specimen,
IHC 3+ levels are concordant with FISH positivity (80-100%) but 2+ cases have
concordance only 30% of the time. For IHC scores of 2+, common clinical practice is to
test the case by FISH. Retrospective data from multiple clinical trials in metastatic
breast cancer show that FISH positivity is the best predictor of clinical benefit from
Herceptin and supports the concept of FISH testing to select patients for Herceptin
therapy 3435,

Finally the reproducibility of both FISH and IHC testing in the community depends on
the assay volume performed per month by the individual lab. Large volume reference
labs have less discrepancy in results. Hence accuracy of lab results is paramount for
successful treatment outcomes.

Clinical Studies of Herceptin in Breast Cancer

Phase I and II Clinical Trials

After confirmation of Herceptin’s antitumor activity in preclinical studies, Phase I and II
clinical trials reconfirmed the safety and efficacy of Herceptin in humans.

Two large trials evaluated the effectiveness of Herceptin as monotherapy in patients
with HER2 overexpressing breast cancer. The first trial included 222 patients all heavily
treated with prior chemotherapy yet showed a response rate (complete and partial) of
15% with responses lasting 9.1 months 3¢. A second trial in patients with less advanced
disease reported a response rate (CR + PR) of 26% and clinical benefit in 38% of
patients. If stable disease greater than six months was added, the median duration of
response was 18.8 months 7. Hence, Herceptin alone is a reasonable choice for HER2
amplified patients with relatively limited metastatic disease. And when patients
progress while on single agent Herceptin, chemotherapy can be added without loss of
effectiveness 38.
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The Pivotal Trial

In the pivotal trial that led to FDA approval of Herceptin usage in the metastatic setting,
Slamon et al compared chemotherapy alone to chemotherapy plus Herceptin in 469
women as first line therapy for advanced metastatic disease . All patients had at least
2+ IHC seen in greater than 10% of their tumor cells. Chemotherapy was an
anthracycline (doxorubicin 60 mg/m? or epirubicin 75 mg/m?) plus cyclophosphamide
600 mg/m? for those patients who had not received anthracycline in their adjuvant.

For those patients previously treated with adjuvant anthracycline and failed, paclitaxel
175 mg/m? was used. All chemo was given every 3 weeks for 6 cycles or longer at
investigator discretion and Herceptin given weekly until disease progression. As
reflected in Table 1, improvements in time to progression, response rates and one-year
survival were seen with the addition of Herceptin to chemotherapy.

Table 1: Chemotherapy (C) vs. Chemotherapy Plus Herceptin (C + H)

M C+T
Response rate 32% 50% p = 0.001
Time to progression 4.6 mos 74 mos p=0.0001
Median survival 20.3 mos 251 mos p=0.046
One-year survival rate 67% 8% p=0.01
From Slamon D4, Leviand-Jones B, Shak 5, et al. Use of chemo-
therapy plus a monoclonat antibody against HERZ for metastatic
breast canger that overexpresses HERZ2. N Engl J Med. 2001;344:
783-792.

The majority of responses were seen in patients with a 3+ IHC value, which was 75% of
all patients. Also patients in the chemo only group were eligible to receive Herceptin
after disease progression. Two-thirds of this group progressed and crossed over to
Herceptin.

These findings of improved RR, TTP and OS are distinctly unusual for advanced breast

cancer response and have prompted the early use of Herceptin as 1s line therapy, for
HER?2 amplified metastatic breast cancer.

Herceptin Chemotherapy Combinations

The response data from the pivotal trial indicated a distinct clinical benefit from adding
Herceptin to standard chemotherapy. Preclinical findings from cell line and xenograft
models have defined pharmacologic interactions of Herceptin with various chemo
agents as being synergistic, additive or antagonistic. The molecular basis underlying
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synergistic cytotoxicity is unknown but postulated to be impaired repair of drug
induced DNA damage by the Herceptin 2640, This data is used as a guide to develop
clinical Herceptin/chemotherapy combinations for study. Pegram and colleagues
screened a series of chemotherapy agents to define their interaction with Herceptin as
shown in Table 2 41,

Table 2: Interactions of various chemotherapeutic drugs and trastuzumab - preclinical studies

INTERACTION AGENT

Synergy Cisplatin Carboplatin
Docetaxel Vinorelbine
Etoposide Thiotepa

Addition Radiation therapy Paclitaxel
Doxorubicin Vinblastine
Methotrexate

Antagonism 5-Fluorouracil

Oncogene 1999; 18:2241-2251

The taxanes (paclitaxel and docetaxel) have been extensively evaluated in combination
with Herceptin. Docetaxel, the most active single agent against breast cancer, exhibits
potent synergistic activity with trastuzumab across a range of doses with overall
response rates of 45 to 63% and time to progression of nine and twelve months in
clinical studies 4243,

Additionally Slamon and Pegram also showed a triple drug combination of docetaxel,
platinum and Herceptin (TCH) demonstrated the most highly synergistic interaction of
all regiments tested in preclinical studies 44.

Preliminary results from clinical trials of this 3 drug combination using either Cisplatin
(BCIRG 001) or carboplatin (BCIRG 002) revealed response rates of 79% and 56%
respectively with a low incidence of grade 3/ 4 toxicity 45.

The most synergistic single chemotherapy drug combined with Herceptin in preclinical
studies was vinorelbine (Navelbine). Two Phase II trials have evaluated vinorelbine in
HER?2 positive metastatic breast cancer. Both drugs were given weekly with overall
response rates 78% in the Burstein study and 73% in the Johanzeb trial. Toxicity was
mainly neutropenia and an added advantage was lack of drug-induced alopecia 4647,
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Herceptin Dose Schedule

Preclinical pharmacokinetic studies reveal a slow serum clearance and long terminal
half-life with a minimum serum trough concentration of 10 pg/ml to achieve
therapeutic responses in humans 748, Phase I and II trial data led to the pivotal trial
loading dose of 4 mg/kg IV with subsequent weekly doses of 2 mg/kg IV. This is now
the most commonly used clinical dose schedule with the loading dose given over 90
minutes and weekly doses over 30 minutes. Studies using higher loading and
maintenance doses do not have increased activity but do increase mean half life and
decrease Herceptin clearance #°.

Gelmon has reported that a loading dose of 8 mg/kg IV followed every 3 weeks by a
maintenance dose of 6 mg/kg give serum concentrations equivalent to standard weekly
doses with expected equal effectiveness . This regimen is more convenient than
weekly dosing and has been incorporated into standard clinical practice. Subcutaneous
administration of Herceptin is under current study to determine pharmacokinetics and
safety but is not yet used in clinical practice 5.

Duration of Therapy

In the metastatic setting when Herceptin is used either alone or combined with chemo,
usually the cytotoxic chemo agent in continued until best stable response and then
stopped and the Herceptin is continued. For some patients the Herceptin will be given
for long periods of time, even years. When the cancer does progress, if the patient is
still on Herceptin alone, then either a hormonal agent or another chemotherapy drug
can be added especially a drug of proven effectiveness like vinorelbine, docetaxel or
even a taxane/platin doublet.

For patients who progress on a Herceptin/chemo combination, a different
Herceptin/chemo combination is chosen as next line therapy. No good data exists to
direct what order to choose drugs for second or third line therapy so clinical judgment
is used. For no response to Herceptin either alone or in combination, then the
Herceptin is stopped 5253,

Herceptin Toxicity

Generally Herceptin is a well tolerated drug. Mild reported side effects include a
hypersensitivity infusion reaction of fever and chills usually confined to the first
infusion and controlled by antihistamines and acetaminophen. Mild airway congestion
and diarrhea are also noted. Life threatening acute respiratory failure can occur (even
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delayed by 24 hours) in patients with extensive pulmonary impairment. Hematologic
toxicity is mild and infrequent.

The side effect of greatest clinical concern is cardiac toxicity. In Phase II trials a 4% risk
of cardiac dysfunction was seen in patients treated with Herceptin alone. The highest
risk of cardiac dysfunction was seen in the pivotal trial in 27% of patients given
Herceptin plus anthracycline and cyclophosphamide %°. Dysfunction occurred in 13%
of patients treated with Herceptin and paclitaxel, in 8% receiving anthracycline plus
cyclophosphamide alone and in 1% of the paclitaxel alone group. This dysfunction was
manifested by a drop of systolic ejection fraction along with signs and symptoms of
CHF including gallop, resting tachycardia, palpitations, weight gain and dyspnea.

The pathogenesis of Herceptin associated cardiotoxicity is not fully understood. HER2
plays a role in embryonic cardiogenesis.

In erbB2 null allele mice, mutant embryos die before day 11 due to dysfunction
associated with a lack of cardiac trabeculae and failure of myocyte proliferation .

In normal cardiac tissue, HER?2 is expressed. But evaluation of HER2 status in heart
biopsy tissue from patients with decreased LVF does not show overexpression or
amplification. So the Herceptin toxicity is not a direct receptor blockade effect 5. The
Herceptin cardiac toxicity may be predicted by myocardial uptake of radiolabeled
trastuzumab as only patients with evidence of uptake developed cardiotoxicity in one
series 36,

Chen reported a ventricle restricted erbB2 knockout mouse model that developed
dilated cardiomyopathy and impaired response to B-agonists and stress 5. The mice
are rescued by overexpression of BcL-xL and salvage mechanism of apoptosis
suggesting that erbB2 plays a role in myocyte survival pathways and erbB2 impairment
creates a susceptibility for heart failure in response to a cardiotoxic insult. Based on this
data, one theory is that Herceptin amplifies an existing cardiotoxic effect. This may
explain why patients previously treated with anthracycline may be susceptible to CHF
induced by Herceptin. While anthracycline cardiotoxicity is a dose related side effect,
Herceptin associated cardiotoxicity is not dose dependent. Herceptin cardiotoxicity is
generally not severe, can be treated successfully and even reversed with discontinuation
of drug or by treatment with standard CHF meds even while Herceptin is continued.
Anthracyclines cause damage to the myocyte (vacuolization, drop out or frank necrosis)
while Herceptin lacks a morphological change on cardiac biopsy 58.

Risk factors for development of Herceptin cardiotoxicity are age > 60 yrs and
concurrent administration of Herceptin and Anthracycline. Some believe that any prior
anthracycline treatment, left-sided chest wall radiation, and pre-existing cardiac
dysfunction are also risk factors.
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Warning signs of dysfunction include unexplained tachycardia, weight gain of > 2 kg in
one week, and new onset DOE. Cardiac function is assessed by multigated acquisition
scanning (MUGA) for LVEF. Echocardiogram is also used to measure systolic and
diastolic dysfunction. Guidelines have been published for monitoring cardiac function
and to treat heart failure. Ace inhibitors, Beta blockers, digoxin and diuretics are all
used and most patients improve and can stay on Herceptin 5°.

Table 3
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HER2 and Hormonal Status

Clinically an inverse relationship between ER/PR expression and HER2 overexpression
has been noted. ER/PR positive tumors tend to lack HER2 overexpression and
conversely, HER2 overexpressing tumors tend to be ER/PR negative. Trial data
suggests that breast cancer patients who are ER/PR positive and HER2 positive may
have an impaired response to tamoxifen. That is tamoxifen therapy is less effective than
would be expected for HER2 overexpressors.

It is now recognized that there are complex interactions between HER2 and the ER.
That is, a cross talk exists between HER2 and the ER signal transduction pathways.
HER2 overexpression causes signaling with increased phosphorylation of tyrosine
residues in the ER with ligand independent ER activation and loss of the inhibitory
effect of tamoxifen.
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The logical deduction is to block both the ER and HER2 pathways, which has been done
in cell lines with results of greater growth inhibition that single pathway blockade ¢°.

This concept is further supported by a recent report that ER+, HER1+ and/or HER2+
primary breast cancer responded better to letrozole (aromatase inhibitor) than to

tamoxifen 61,

Herceptin Resistance

Even in patients with high levels of HER2 overexpression, the Herceptin response rate
is limited and in responders, resistance eventually occurs. The mechanisms of
resistance are poorly understood and are likely complex since there are multiple
explanations as to the antitumor activity of the antibody. Alterations of the HER2
receptor, other mutation changes in the downstream signaling pathway, decreased
immune function of patients limiting ADCC are all possible. Also likely is the fact that
for many breast cancers, the HER2 activation pathway in and of itself is not solely
responsible for the malignant growth, proliferation and survival of the cell. So targeting
one receptor will not be enough to achieve sustained clinical responses. It may be
important to target other members of the EGFR family simultaneously with HER2. For
instance, dual blockade of HER1 (EGFR) and HER2 results in improved growth
inhibition in breast cell lines 2. Additionally, there is evidence that the IGF-1R (insulin
like growth factor receptor 1) signaling inhibits the Herceptin response in HER2
overexpressing cells due to opposing effects on p27 levels. So treatments that decrease
IGF-1R signaling may prevent resistance to Herceptin 6.

Future Directions

There are many questions to be answered in the use of Herceptin:

1. The role of Herceptin in adjuvant and neoadjuvant chemotherapy

2. Which hormonal agents and in what sequence to combine with Herceptin?

3. Which chemotherapy drugs and what sequences are the most effective in
neoadjuvant, adjuvant and the metastatic setting?

4. What is the optimal duration of therapy?

5. How can cardiotoxicity be minimized and what will be the long term effects on
the heart?

6. What combination with other blockers of signal transduction are best to achieve
maximal tumor control?

7. How can we profile the patients best suited to different combinations of receptor
blockade?
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What is clear for now is that the development of Herceptin and its rapid introduction
into the clinical arena has opened the door in the search for biologically based and
individualized therapies in breast cancer.
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