Trastuzumab
Trastuzumab, sold under the brandname Herceptin 1 Medical use
among others,[1] is a monoclonal antibody that interferes
with the HER2/neu receptor. Its main use is to treat cer- The original studies of trastuzumab showed that it imtain breast cancers.
proved overall survival in late-stage (metastatic) HER2The HER receptors are proteins that are embedded in positive breast cancer from 20.3 to 25.1 months.[2] In
the cell membrane and communicate molecular signals early stage HER2-positive breast cancer, it reduces the
from outside the cell (molecules called EGFs) to inside risk of cancer returning after surgery. The absolute rethe cell, and turn genes on and oﬀ. The HER (human duction in the risk of cancer returning within 3 years was
epidermal growth factor receptor) protein, binds to hu- 9.5%, and the absolute reduction in the risk of death
man epidermal growth factor, and stimulates cell prolif- within 3 years was reduced by 3%. However, it ineration. In some cancers, notably certain types of breast creases serious heart problems by an absolute risk of
cancer, HER2 is over-expressed and causes cancer cells 2.1%, though the problems may resolve if treatment is
stopped.[8]
to reproduce uncontrollably.[2]
A 2014 Cochrane Review examined the safety and efﬁcacy of trastuzumab-containing combination therapies
(with chemotherapy, hormone blockers, or lapatinib) for
the treatment of metastatic breast cancer. The overall
hazard ratios for overall survival and progression free survival were 0.82 and 0.61, respectively. It was diﬃcult
to accurately ascertain the true impact of trastuzumab
on survival, as in three of the seven trials, over half of
the patients in the control arm were allowed to crossover and receive trastuzumab after their cancer began to
progress.[3] Thus, this analysis likely underestimates the
true survival beneﬁt associated with trastuzumab treatment in this population.[4] In these trials, trastuzumab also
increased the risk of heart problems, including heart failure (RR 3.49) and left ventricular ejection fraction decline (RR = 2.65).

Trastuzumab has had a “major impact in the treatment of
HER2-positive metastatic breast cancer”.[9] The combination of trastuzumab with chemotherapy has been shown
to increase both survival and response rate, in comparison
to trastuzumab alone.[10]

Trastuzumab is on the World Health Organization’s List
of Essential Medicines, the most important medications
needed in a basic health system.[6] The wholesale price is
between 1,800 and 1,955 USD per vial.[7]

demonstrated the superiority of one-year treatment over
none.[14][15] However, a small Finnish trial also showed
similar improvement with nine weeks of treatment over
no therapy.[16] Due to the lack of direct head-to-head
comparison in clinical trials, it is unknown whether a
shorter duration of treatment may be just as eﬀective
(with fewer side eﬀects) than the currently accepted practice of treatment for one year. Debate about treatment duration has become a relevant issue for many public health
policy makers due to the high ﬁnancial costs involved in

It is possible to determine the “erbB2 status” of a tumor,
which can be used to predict eﬃcacy of treatment with
trastuzumab. If it is determined that a tumor is overexpressing the erbB2 oncogene and the patient has no signiﬁcant pre-existing heart disease, then a patient is eligible for treatment with trastuzumab.[11] It is surprising
that although trastuzumab has great aﬃnity for HER2 and
high doses can be administered (due to its low toxicity),
70% of HER2+ patients do not respond to treatment. In
fact resistance to the treatment develops rapidly, in virtually all patients. A mechanism of resistance involves failIn early stage (curable) HER2-positive breast cancer, ure to downregulate p27 (Kip1) [12] as well as suppressing
trastuzumab-containing regimens improved overall sur- p27 translocation to the nucleus in breast cancer, enabling
vival (HR = 0.66) and disease-free survival (HR = 0.60) cdk2 to induce cell proliferation.[13]
relative to comparator arms involving treatment with
placebo or chemotherapy. Increased risk of heart failure
(RR = 5.11) and decline in left ventricular ejection frac- 1.1 Duration of treatment
tion (RR = 1.83) were seen in these trials as well. Two
trials involving shorter term treatment with trastuzumab The optimal duration of add-on trastuzumab is curdid not diﬀer in eﬃcacy from longer trials, but produced rently unknown. One year of treatment is generally
less cardiac toxicity.[5]
accepted based on current clinical trial evidence that
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the administration of trastuzumab for a year. Some countries with a taxpayer-funded public health system, such
as New Zealand, opted to fund only a limited amount of
adjuvant therapy as a result.[17] However subsequent revisions in New Zealand have increased the length of time
trastuzumab is funded for and it is now funded for up to
12 months.[18] Clinical trial data from Roche show that
one year of therapy balances eﬃcacy against adverse side
eﬀects.[19][20]

2

Adverse eﬀects

Some of the common side eﬀects of trastuzumab are
ﬂu-like symptoms (such as fever, chills and mild pain),
nausea and diarrhea.[21]

MECHANISM OF ACTION

makes it overexpress epidermal growth factor (EGF) receptors in the cell membrane.[26] In some types of cancer,
HER2 may send signals despite the absence of growth
factors arriving and binding to the receptor, making its
eﬀect in the cell constitutive; however, trastuzumab is not
eﬀective in this case.
The HER2 pathway promotes cell growth and division
when it is functioning normally; however, when it is overexpressed, cell growth accelerates beyond its normal limits. In some types of cancer, the pathway is exploited to
promote rapid cell growth and proliferation and hence tumor formation.[27] The EGF pathway includes the receptors HER1 (EGFR), HER2, HER3, and HER4; the binding of EGF to HER is required to activate the pathway.[27]
The pathway initiates the MAP kinase pathway as well
as the PI3 kinase/AKT pathway, which in turn activates
the NF-κB pathway.[28] In cancer cells the HER2 protein
can be expressed up to 100 times more than in normal
cells (2 million versus 20,000 per cell).[29] This overexpression leads to strong and constant proliferative signaling and hence tumor formation. Overexpression of HER2
also causes deactivation of checkpoints, allowing for even
greater increases in proliferation.

One of the more serious complications of trastuzumab
is its eﬀect on the heart, although this is rare.[21]
Trastuzumab is associated with cardiac dysfunction in
2-7% of cases[22] which includes congestive heart failure. As a result, regular cardiac screening with either
a MUGA scan or echocardiography is commonly undertaken during the trastuzumab treatment period. The deHER2 extends across the cell membrane, and carries sigcline in ejection fraction appears to be reversible.[23]
nals from outside the cell to the inside. Signaling comTrastuzumab downregulates neuregulin-1 (NRG-1), pounds called mitogens (speciﬁcally EGF in this case)
which is essential for the activation of cell survival arrive at the cell membrane, and bind to the extracelpathways in cardiomyocytes and the maintenance of lular domain of the HER family of receptors. Those
cardiac function. NRG-1 activates the MAPK pathway bound proteins then link (dimerize), activating the reand the PI3K/AKT pathway as well as focal adhesion ceptor. HER2 sends a signal from its intracellular dokinases (FAK). These are all signiﬁcant for the function main, activating several diﬀerent biochemical pathways.
and structure of cardiomyocytes. Trastuzumab can These include the PI3K/Akt pathway and the MAPK
therefore lead to cardiac dysfunction.[24]
pathway. Signals on these pathways promote cell proApproximately 10% of people are unable to tolerate the liferation and the growth of blood vessels to nourish the
drug because of pre-existing heart problems; physicians tumor (angiogenesis).[30]
are balancing the risk of recurrent cancer against the Normal cell division — mitosis — has checkpoints that
higher risk of death due to cardiac disease in this pop- keep cell division under control. Some of the proteins
ulation. The risk of cardiomyopathy is increased when that control this cycle are called cdk2 (CDKs). Overextrastuzumab is combined with anthracycline chemother- pression of HER2 sidesteps these checkpoints, causing
apy (which itself is associated with cardiac toxicity).
cells to proliferate in an uncontrolled fashion.[13] This is
caused by phosphorylation by Akt.

2.1

Contraception

Women having periods (or whose periods stopped due
to chemotherapy) may need to use barrier contraception
(such as condoms) while taking trastuzumab, and for at
least six months afterwards. This is because of the possibility of harming a developing foetus.[25]
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Mechanism of action

The HER2 gene (also known as HER2/neu and ErbB2
gene) is ampliﬁed in 20–30% of early-stage breast cancers[12] Trastuzumab activates p27 by simultaneously inhibiting PI3K/Akt, Mirk and hKIS pathways,[12] which

Trastuzumab binds to domain IV of the[31] extracellular
segment of the HER2/neu receptor. Cells treated with
trastuzumab undergo arrest during the G1 phase of the
cell cycle so there is reduced proliferation. It has been
suggested that trastuzumab does not alter HER-2 expression, but downregulates activation of AKT.[13] In addition, trastuzumab suppresses angiogenesis both by induction of antiangiogenic factors and repression of proangiogenic factors. It is thought that a contribution to the unregulated growth observed in cancer could be due to proteolytic cleavage of HER2/neu that results in the release
of the extracellular domain. One of the most relevant
proteins that trastuzumab activates is the tumor suppressor p27 (kip1), also known as CDKN1B.[12] Trastuzumab
has been shown to inhibit HER2/neu ectodomain cleav-
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age in breast cancer cells.[32]
Experiments in laboratory animals indicate that antibodies, including trastuzumab, when bound to a cell, induce
immune cells to kill that cell, and that such antibodydependent cell-mediated cytotoxicity is another important mechanism of action.[33]
There may be other undiscovered mechanisms by which
trastuzumab induces regression in cancer.
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Predicting response

Trastuzumab inhibits the eﬀects of overexpression of
HER2. If the breast cancer does not overexpress HER2,
trastuzumab will have no beneﬁcial eﬀect (and may
cause harm). Doctors use laboratory tests to discover
whether HER2 is overexpressed. In the routine clinical
laboratory, the most commonly employed methods for
this are immunohistochemistry (IHC) and either silver, chromogenic or ﬂuorescent in situ hybridisation
(SISH/CISH/FISH). HER2 ampliﬁcation can be detected
by virtual karyotyping of formalin-ﬁxed paraﬃn embedded tumor. Virtual karyotyping has the added advantage of assessing copy number changes throughout the
genome, in addition to detecting HER-2 ampliﬁcation
(but not overexpression). Numerous PCR-based methodologies have also been described in the literature.[34] It is
also possible to estimate HER2 copy number from microarray data.[35]
There are two FDA-approved commercial kits available for HER2 IHC; Dako HercepTest[36] and Ventana
Pathway.[37] These are highly standardised, semiquantitative assays which stratify expression levels into;
0 (<20,000 receptors per cell, no visible expression), 1+
(~100,000 receptors per cell, partial membrane staining,
< 10% of cells overexpressing HER-2), 2+ (~500,000 receptors per cell, light to moderate complete membrane
staining, > 10% of cells overexpressing HER-2), and 3+
(~2,000,000 receptors per cell, strong complete membrane staining, > 10% of cells overexpressing HER-2).
The presence of cytoplasmic expression is disregarded.
Treatment with trastuzumab is indicated in cases where
HER2 expression has a score of 3+. However, IHC has
been shown to have numerous limitations, both technical and interpretative, which have been found to impact
on the reproducibility and accuracy of results, especially
when compared with ISH methodologies. It is also true,
however, that some reports have stated that IHC provides
excellent correlation between gene copy number and protein expression.
Fluorescent in situ hybridization (FISH) is viewed as being the “gold standard” technique in identifying patients
who would beneﬁt from trastuzumab, but it is expensive and requires ﬂuorescence microscopy and an image capture system. The main expense involved with
CISH is in the purchase of FDA-approved kits, and as

it is not a ﬂuorescent technique it does not require specialist microscopy and slides may be kept permanently.
Comparative studies of CISH and FISH have shown that
these two techniques show excellent correlation. The
lack of a separate chromosome 17 probe on the same
section is an issue with regards to acceptance of CISH.
As of June 2011 Roche has obtained FDA approval
for the INFORM HER2 Dual ISH DNA Probe cocktail [38] developed by Ventana Medical Systems.[37] The
DDISH (Dual-chromagen/Dual-hapten In-situ hybridization) cocktail uses both HER2 and Chromosome 17 hybridization probes for chromagenic visualization on the
same tissue section. The detection can be achieved by
using a combination of ultraView SISH(silver in-situ hybridization) and ultraView Red ISH for deposition of distinct chromgenic precipitates at the site of DNP or DIG
labeled probes.[39]
Currently the recommended assays are a combination of
IHC and FISH, whereby IHC scores of 0 and 1+ are negative (no trastuzumab treatment), scores of 3+ are positive (trastuzumab treatment), and score of 2+ (equivocal
case) is referred to FISH for a deﬁnitive treatment decision. Industry best practices indicate the use of FDAcleared Automated Tissue Image Systems by laboratories
for automated processing of specimens, thereby reducing
process variability, avoiding equivocal cases, and ensuring maximum eﬃcacy of trastuzumab therapy.

5 Resistance
One of the challenges in the treatment of breast cancer patients by herceptin is our understanding towards herceptin
resistance. In the last decade, several assays have been
performed to understand the mechanism of Herceptin resistance with/without supplementary drugs. Recently, all
this information has been collected and compiled in form
of a database HerceptinR.[40] This database HerceptinR
is a collection of assays performed to test sensitivity or
resistance of Herceptin Antibodies towards breast cancer
cell lines. This database provides comprehensive information about experimental data perform to understanding factors behind herceptin resistance as well as assays
performed for improving Herceptin sensitivity with the
help of supplementary drugs. This is the ﬁrst database
developed to understand herceptin resistance that can be
used for designing herceptin sensitive biomarkers.

6 History
The drug was ﬁrst discovered by scientists including Dr.
Axel Ullrich and Dr. H. Michael Shepard at UCLA's
Jonsson Comprehensive Cancer Center,[41] Dr. Dennis
Slamon subsequently worked on trastuzumab’s development. A book about Dr. Slamon’s work was made into
a television ﬁlm called Living Proof, that premiered in
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2008. Genentech developed trastuzumab jointly with
UCLA, beginning the ﬁrst clinical trial with 15 women
in 1992.[42] By 1996, clinical trials had expanded to over
900 women, but due to pressure from advocates based on
early success, Genentech worked with the FDA to begin a
lottery system allowing 100 women each quarter access to
the medication outside the trials.[43] Herceptin was Fasttracked by the FDA and gained approval in September
1998.

7
7.1

Society and culture
Costs

Trastuzumab costs about US$70,000 for a full course of
treatment,[44] Trastuzumab brought in $327 million in
revenue for Genentech in the fourth quarter of 2007.
Australia has negotiated a lower price of A$50,000 per
course of treatment.[45]
Since October 2006 trastuzumab has been made available
for Australian women and men with early stage breast
cancer via the Pharmaceutical Beneﬁts Scheme. This is
estimated to cost the country over A$470 million for 4–5
years supply of the drug.[46]
Roche has inked a deal with Emcure in India to make
an aﬀordable version of this cancer drug available to the
Indian market.[47]
Roche has changed the trade name of the drug and has reintroduced an aﬀordable version of the same in the Indian
market. The new drug named Herclon would cost approximately RS 75,000 INR ($1,200 USD) in the Indian
market.Biocon Ltd, announced on 26 November 2013
that it has received Marketing Authorization from the
Drugs Controller General of India (DCGI) for its biosimilar Trastuzumab being developed jointly with Mylan, for
the treatment of Her 2+ metastatic breast cancer. The
regulatory approval for biosimilar Trastuzumab in India
is the world’s ﬁrst biosimilar version of trastuzumab to
be brought to the market. The biosimilar trastuzumab
will be marketed in India under the brand name of CANMAb™ by Biocon and is expected to be available to Indian patients in Q4 FY14.[48]
On September 16, 2014 Genentech notiﬁed hospitals
that as of October, trastuzumab could only by purchased
through their selected specialty drugs distributors not
through the usual general line wholesalers. By being
forced to purchase through specialty pharmacies, hospitals will lose rebates from the big wholesalers and
the ability to negotiate cost-minus discounts with their
wholesalers.[49]
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