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Introduction

Overexpression of the human epidermal growth fac-
tor receptor-2 (HER2), or amplification of the HER2 gene,
is seen in approximately 15 to 25% of all breast cancer
patients.! Real-world data from hospital-based cohorts esti-
mated a prevalence of 23%.2 Far more patients in India present
with advanced disease when compared with high-income
countries. In this narrative review, we describe the current
landscape of HER2 targeting. We focus on how we treat
HER2-positive metastatic breast cancer (MBC).

What are the Therapeutic Options to Target
HER2 Receptor?

The first drug targeting the HER2 receptor, trastuzumab,
was approved for use in MBC in September 1998. In March
2007, lapatinib, a novel dual tyrosine kinase inhibitor
which inhibited both HER2 and EGFR - Epidermal Growth
Factor Receptor was approved. In June 2012, pertuzumab,
the second monoclonal antibody for HER2-positive MBC
was approved based on the CLEOPATRA trial.? It bound to
the HER2 receptor at a different epitope, thereby prevent-
ing heterodimerization of HER2 with HER3 receptors, as
compared with trastuzumab which inhibits the homodi-
merization of two HER2 receptors. In February 2013, a novel
antibody-drug conjugate, ado-trastuzumab emtansine
(T-DM1), was approved for use in MBC based on the EMILIA
trial. Recently, three new drugs were approved for use in
MBC: trastuzumab deruxtecan (T-DXd) in December 2019,
neratinib in February 2020, and tucatinib in April 2020. Of
note, there is no evidence to use HER2-targeted therapy in
patients with HER2-negative disease, even if HER2 test by
immunohistochemistry is scored at 2+ but Fluorescent In
Situ Hybridization test is negative.
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How We Treat HER2-Positive De Novo
Metastatic Breast Cancer?

First-Line Setting

For a patient with de novo HER2-positive MBC, we offer the
combination of trastuzumab, pertuzumab, and docetaxel
based on the CLEOPATRA Trial.? Addition of pertuzumab
to trastuzumab and docetaxel showed a significant
improvement in both PFS - Progression Free Survival
(18.7 vs. 12.4 months, p < 0.001 and OS - overall survival
(56.5 vs. 40.8 months, p < 0.001) as compared with the
use of placebo. Risk for cardiac toxicity (left ventricular
dysfunction) was lower in the pertuzumab arm (6.6 vs.
8.6%). If patient has responded to the treatment regimen,
we discontinue docetaxel after six to eight cycles.
Trastuzumab and pertuzumab are continued until progres-
sion or intolerability. There is no evidence with a strategy
to just use pertuzumab for a few doses. Financial consider-
ations must be factored in while taking a decision on adding
pertuzumab.

For patients with hormone receptor-positive and
HER2-positive disease (often referred as the triple positive
disease), antihormonal therapy is often added after the che-
motherapy is concluded (along with maintenance trastu-
zumab and pertuzumab). A high level of ER - Estrogen receptor
expression has several implications on the biology of the
tumor, as there is abundant evidence of numerous cross-talk
between the ER and HER2 signaling pathways. A subset anal-
ysis from a clinical trial showed that the efficacy of trastu-
zumab was lower in patients with triple positive disease
treated with trastuzumab and chemotherapy when compared
with patients with hormone receptor-negative disease.* As a
result, the prognosis for patients with triple positive disease
may be inferior compared with those patients with hormone
receptor-negative and HER2-positive disease.?
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For patients who are frail, we do offer achemotherapy-free
regimen comprising of just trastuzumab and pertuzumab.
There is no evidence for such a strategy in the metastatic
setting. However, data from the neoadjuvant NeoSphere
trial showed that trastuzumab and pertuzumab resulted
in producing pathologic complete response in around 17%
of patients with early-stage or locally advanced breast
cancer.® We extrapolate these findings to suggest that in a
situation where chemotherapy is absolutely or relatively
contra-indicated, targeted therapy with these monoclonal
antibodies could be considered. If such patients have hor-
mone receptor positive disease, we add anti-hormonal ther-
apy concurrently with anti-HER2 therapy.

We practice alternative approaches within a
resource-constrained setting. For instance, we use pertu-
zumab for a limited duration along with docetaxel and tras-
tuzumab with an aim to increase the response rate, unlike
the CLEOPATRA regimen where the drug is used indefinitely
until intolerability or progression ensues. Most often, we are
unable to add pertuzumab due to the significant cost bur-
den to the patient. In situations where patients cannot afford
trastuzumab, we recommend any tolerable chemotherapy
option, preferably as monotherapy. Some patients may con-
sider anti-HER2 targeting using lapatinib (generic versions
are cheaper than biosimilar trastuzumab). For patients
who have large tumor burden in visceral organs, we may
often use doublet chemotherapy with a goal to reverse the
impending visceral crisis, especially if we are unable to use a
HER?2 targeting agent. Doublet chemotherapy produces more
tumor response than monotherapy but may not always pro-
vide an overall survival benefit.

Subsequent Lines of Therapy

Geyer et al randomized 324 patients with advanced
HER2-positive breast cancer who had progressed follow-
ing treatment that included an anthracycline, a taxane, and
trastuzumab to either capecitabine alone (2,500 mg/m?/day
D1-D14 Q21d) or capecitabine (2,000 mg/m?/day D1-D14 Q
21d) plus lapatinib (1,250 mg/day continuously).” The pri-
mary endpoint, time to progression (TTP), was 8.4 months in
the lapatinib arm versus 4.4 months in the capecitabine only
arm (hazard ratio = 0.47; p < 0.001). There were no symptom-
atic cardiac events with lapatinib. Diarrhea and rash were
more commonly seen in patients receiving lapatinib and
capecitabine compared with capecitabine alone. With the
publication of this trial, lapatinib plus capecitabine became
the best second-line treatment option.

The results of the EMILIA trial, a phase-IIl trial with
991 patients randomized to receive either trastuzumab
emtansine (T-DM1) or lapatinib plus capecitabine created
a new standard of care for second-line setting.® PFS (9.6 vs.
6.4 months, p<0.001) and OS (30.9 vs. 25.1 months, p <0.001)
were significantly prolonged with the use of T-DM1. It was
also better tolerated than lapatinib and capecitabine. But for
the vast majority of patients in India, T-DM1 is unaffordable.

Another option for patients who progress on trastuzumab
is to continue trastuzumab and add pertuzumab along
with chemotherapy, extrapolating from the positive results
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of the CLEOPATRA trial.> Continuing trastuzumab beyond
the progression and changing the chemotherapy back-
bone is a viable alternative approach. In the German Breast
group/BIG 03-05 study, patients with disease progression
while receiving trastuzumab were randomized to capecit-
abine plus continuation of trastuzumab versus capecitabine
alone. A significant benefit in median TTP of 8.2 versus
5.6 months was noted (p = 0.033).° The EGF104900 study
investigated the addition of lapatinib to trastuzumab ver-
sus lapatinib alone.'® The results in this heavily pretreated
HER2-positive MBC cohort revealed a significant PFS and
0OS benefit with an absolute improvement in overall sur-
vival of 10% at 6 months and 15% at 12 months. There was a
significant4.5-month OS advantage with dual HER2 blockade.

Neratinib (a novel small molecule TKI with
anti-HER2 activity) plus capecitabine is another alternative
for patients with HER2-positive MBC who have received at
least two prior lines of HER2-directed treatment. The NALA
trial, which compared neratinib plus capecitabine with lapa-
tinib plus capecitabine, found significant PFS benefit (hazard
ratio [HR] = 0.76; 95% confidence interval [CI]: 0.63-0.93; p =
0.0059) for the newer drug." Currently, neratinib is not avail-
able in India outside of compassionate use.

Likewise, two new promising anti-HER2 drugs, tucatinib
and trastuzumab deruxtecan, which were recently approved
in the United States, are not available in India.

The HER2CLIMB trial was a phase II trial conducted in
heavily pretreated HER2 positive MBC patients who had
progressed on trastuzumab, pertuzumab, and T-DM1. Either
tucatinib or placebo were added to trastuzumab plus capecit-
abine and continued till progression. Primary endpoint, PES,
at 1 year was 33.1 versus 12.3% (p < 0.001) and median PFS
was 7.8 versus 5.6 months. Overall survival was also bet-
ter at 2 years with 44.9% in the tucatinib arm as compared
with 26.6% in the placebo arm.!? Tucatinib was also noted
to be very effective in patients with brain metastases. PFS
at 1 year in this subset of patients was 24.9% as compared
with 0% in the placebo arm. The risk of disease progression
or death was 52% lower in the tucatinib arm (HR = 0.48; 95%
CI: 0.34-0.69; p < 0.001). This finding was particularly signif-
icant as brain metastases is an important cause of morbidity
and mortality in HER2-positive MBC.

Trastuzumab deruxtecan is a new antibody-drug con-
jugate which uses a proprietary tetrapeptide-based linker
which combines the anti-HER2 antibody with a cytotoxic pay-
load, a potent topoisomerase-I inhibitor. This new drug has a
higher drug-to-antibody ratio than T-DM1 and the linker is
stable in plasma. It is selectively cleaved at the tumor site by
cathepsins which are upregulated specifically in tumor cells.
The single-arm phase-1I DESTINY-BreastO1 trial found an
overall response rate of 60.3% with a 4.3% complete response
rate and 56% partial response rate.'*> No comparative trials
with this molecule have been published till date. Incidence
of interstitial lung disease (ILD) was observed in 2.6% of the
study population.

For patients who have hormone receptor positive disease,
there is an option to change the antiestrogen therapy with
disease progression. There are no trials that will guide the
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decision-making in such an instance. Repeat biopsy (tissue or
liquid) to look for any evidence of hormone resistance muta-
tions may be a clinically beneficial strategy.

How We Treat HER2-Positive Metastatic
Breast Cancer Progressed after Adjuvant
Therapy?

These days, most HER2-positive nonmetastatic patients
receive at least one HER2 directed agent as part of adjuvant
therapy. Although most doctors in high-income countries use
adjuvant trastuzumab for 1 year, its incremental benefit over
a shorter course is probably marginal. The results from the
PERSEPHONE trial showed that 6 months of adjuvant tras-
tuzumab could be noninferior to 1 year of therapy in early
stage breast cancer.™ In India, it is not uncommon to see even
shorter duration of trastuzumab. A 9-week course of trastu-
zumab based on the FinHer trial is often used in resource lim-
ited settings.!® In some settings, patients who cannot access
trastuzumab due to affordability or lack of financial assis-
tance programs are treated with just chemotherapy.

The key question in the setting of progression following
adjuvant therapy is to determine if the patient has trastu-
zumab resistance. In the BOLERO-3 trial, trastuzumab resis-
tance was defined as recurrence during or within 12 months of
completing adjuvant treatment or progressive disease within
4 weeks of treatment in the metastatic setting.’® However,
this definition is widely debated and there is a lack of con-
sensus regarding the treatment-free interval (TFI) necessary
to define resistance. The U.S. Food and Drug Administration
(FDA) uses a cut-off of 6 months of TFI to determine trastu-
zumab resistance. The European ABC-4 guidelines suggest a
TFI of 12 months to define resistance to trastuzumab.

First-Line Setting

TFI > 6 months: Patients with a treatment-free duration of
6 months or more following adjuvant trastuzumab would
likely benefit from dual HER2 blockade (trastuzumab plus
pertuzumab) plus a taxane, based on the CLEOPATRA Trial.° It
would still be a good choice if disease progression occurs after
6 months of stopping adjuvant T-DM1 (a new option for adju-
vant treatment if neoadjuvant anti-HER2 treatment is given
with trastuzumab and a pathologic complete response [pCR]
is not achieved). However, if disease progression occurs after
6 months of stopping adjuvant pertuzumab (a new option
for adjuvant treatment if neoadjuvant anti-HER2 treatment
is given with trastuzumab and a pCR is not achieved), we
suggest either a rechallenge with CLEOPATRA regimen or
switching to T-DM1 based on EMILIA trial regimen.

TFI < 6 months: Patients with a treatment-free duration
of less than 6 months following adjuvant trastuzumab would
likely benefit from trastuzumab emtansine (T-DM1). This is
based on the phase-III trials, EMILIA, and TH3RESA which led
to the FDA approval of T-DM1.5'7 The former trial compared
T-DM1 with the combination of lapatinib plus capecitabine
and the latter compared it with treatment of physician’s
choice of which most patients received trastuzumab plus
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chemotherapy. Both trials showed significant PFS and OS
benefit of T-DM1 over the comparator. However, in the sub-
set of patients who may have received T-DM1 as adjuvant
therapy as mentioned above, other options involving cyto-
toxic chemotherapy may have to be sought. Newer options
such as trastuzumab deruxtecan or tucatinib (in combination
with capecitabine and trastuzumab) are unavailable in India
as of now.

Subsequent Lines of Therapy

The best option for patients who have received prior tras-
tuzumab (with or without pertuzumab) would be to use
T-DM1. Beyond that, various cytotoxic chemotherapy options
with trastuzumab or lapatinib may need to be used. Both
trastuzumab deruxtecan (DESTINY-BreastO1 trial)"* and
tucatinib (HER2CLIMB trial)'? have shown benefit in heavily
pretreated HER2-positive advanced breast cancer patients,
all of whom had prior exposure to T-DM1. The NALA trial for
neratinib had only approximately 50% of patients who had
prior exposure to T-DM1." These drugs are not easily acces-
sible in India.

“Triple-positive” breast cancer: There has been little con-
sensus on the addition of hormonal agents in this subset of
patients. A recent trial called the ALTERNATIVE trial, ran-
domized 355 postmenopausal patients with prior treatment
with both trastuzumab and endocrine therapy either in the
adjuvant or metastatic setting, to three arms, namely, lapa-
tinib plus trastuzumab plus Al - Aromatase Inhibitor versus
lapatinib plus Al versus trastuzumab plus AL' Any one of
the three Als (letrozole, anastrozole, and exemestane) could
be used. All three arms did not receive chemotherapy. The
primary endpoint was PFS. The updated results showed that
dual HER2 blockade along with an Al had significant PFS
benefit over the combination of Al with Trastuzumab (11 vs.
5.6 months; HR = 0.62 [95% CI: 0.45-0.88]; p = 0.0063).

Another  breakthrough in the treatment of
hormone-positive advanced breast cancer has been the
discovery of CDK4/6 inhibitors. However, data regarding
the use in so-called triple-positive advanced breast can-
cers are scanty. A recent three-arm, phase-II trial called
monarcHER looked into the possibility of incorporating
CDK4/6 inhibitors with HER2-directed therapy in patients
with hormone-positive, HER2-positive advanced breast
cancer who have already undergone treatment with at
least two anti-HER2 agents.!® Patients were randomized to
receive either abemaciclib plus trastuzumab plus fulves-
trant (group A) or abemaciclib plus trastuzumab (group B)
or the standard-of-care chemotherapy (as per physician’s
choice) plus trastuzumab (group C). The most common che-
motherapeutic agents used were vinorelbine, capecitabine,
eribulin, or gemcitabine. The primary endpoint, median PFS,
was 8.3 months (group A) versus 5.7 months (group C); HR
=0.67, p = 0.051. Of note, all patients in the study had prior
exposure to trastuzumab and T-DM1, with approximately 54%
exposed to pertuzumab as well. There was no difference in
PES between groups B and C. The overall survival data were
not mature.
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These two trials open a possibility to wuse a
chemotherapy-free regimen in such “triple-positive” breast
cancer patients, even in heavily pretreated settings.

What Are the Pertinent Side Effects of
HER2-Targeted Therapies?

Targeted therapy generally has fewer side effects when com-
pared with cytotoxic chemotherapy. However, there are some
unique side effects associated with HER2-targeted therapies.
Cardiac toxicity is the major concern with trastuzumab.
The incidence rate in adjuvant trials are less than 2%, major-
ity is asymptomatic. Trastuzumab cardiotoxicity is reversible
if recognized early and intervened appropriately. A drop in
left ventricular ejection fraction (LVEF) warrants withhold-
ing trastuzumab (>16% absolute reduction in left ventricular
ejection fraction from baseline values or if the ejection frac-
tion is already lower than the lower limit of normal, a >10%
absolute drop in ejection fraction). But the drug can be rein-
troduced cautiously if the heart function recovers. Further
drop in LV dysfunction, in our opinion, necessitates perma-
nent discontinuation of trastuzumab. The safety of reintro-
ducing trastuzumab in such a setting has not been studied.
Although there are no contraindications for the use of trastu-
zumab, we recommend against its use in patients with heart
failure or in patients with persistent drop in heart function,
even after withholding the drug for 4 weeks. In the adjuvant
setting, all patients receiving trastuzumab should have their
LVEF recorded at baseline and once every 3 months while on
treatment. However, we generally avoid such stringent mon-
itoring of LVEF when trastuzumab is used in a metastatic
setting. The risk-benefit balance for detecting asymptomatic
drop in heart function is different in a curative setting versus
a metastatic setting. Therefore, we primarily rely on clinical
assessment for heart failure.

The side-effect profile and incidences of most adverse
events with pertuzumab were like trastuzumab. The inci-
dence of any LV dysfunction was slightly lesser in the taxane
plus pertuzumab plus trastuzumab arm (6.6%) than in the
taxane plus trastuzumab arm (8.6%) in the CLEOPATRA trial.’

Lapatinib, an oral tyrosine kinase inhibitor, has a higher
incidence of diarrhea and skin toxicities especially when
combined with capecitabine. There was also around 10%
incidence of low-grade musculoskeletal events. Around 40 to
50% of patients developed some amount of hepatotoxicity
but only 4% were of grade-3 and <1% with grade- 4 toxicity.

T-DM1 has a higher incidence of thrombocytopenia (28%
overall and 12.9% grade 3/4 in EMILIA trial). There was also
a 22% incidence of deranged liver enzymes with around 4%,
being grade 3/4. In view of this, monitoring LFT - liver func-
tion test monthly for the first 3 months and then once in
3 months is recommended.

Trastuzumab deruxtecan has a side-effect profile like
T-DM1. Neutropenia was slightly more common than throm-
bocytopenia and was the most common grade 3/4 adverse
event. However, interstitial lung disease was diagnosed in 9%
of the study population in the DESTINY-Breast01 trial and led
to death in 2.6% of patients.
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Neratinib has a high incidence for grade 3/4 diarrhea, as
high as 40% in the ExteNET trial.?° Therefore, intensive lop-
eramide prophylaxis should be used for all patients simulta-
neous with the start of therapy. Patients also had vomiting,
rash, fatigue, and stomatitis but were very rarely severe.
Hepatotoxicity was also concerning with around 9% report-
ing elevated liver enzymes.

Diarrhea is the most common side effect with the use
of tucatinib with an incidence of 81% (grade 3/4, 12.5%).
Vomiting, rash, and hepatotoxicity (42% overall and 9%
grade 3/4) were also reported with the drug.

What Is New?

Drug Resistance Mechanisms

Resistance to trastuzumab may be intrinsic or acquired.
Intrinsic resistance develops before application of therapy
and is usually related to a fault in the target receptor (e.g.,
a truncated HER2 receptor lacking the extracellular binding
domain for trastuzumab or epitope masking by MUC4 or
CD44/hyaluronan polymeric complex) or alterations in the
PI3K/AKT/mTOR downstream signaling pathway. Acquired
resistance usually involves target signaling and the target
receptor. This includes upregulation of the signaling path-
ways downstream to HER2 or activation of an alternative
signaling pathway (e.g., insulin-like growth factor-1 recep-
tor, c-MET receptor, reduced levels of p27 expression, CXCR4
overexpression, EGFR - Epidermal Growth Factor Receptor
homodimers, and EGFR/HER3 heterodimers). Receptor
“cross-talk” between ER and HER2 have been studied exten-
sively and the interactions between these have been found to
be bidirectional and complex. Several trials (TanDEM, eLEc-
TRA, and EGF30008) have demonstrated significant PFS ben-
efit in the metastatic setting for inhibiting both ER and HER2
pathways rather than ER inhibition alone.?'->> However, an OS
benefit has not been demonstrated in these trials.

Finally, it has been discovered that certain genetic poly-
morphisms (e.g., those producing the phenotype expression
of valine (V) or phenylalanine (F) at amino acid 158 on the
FcyRIlla) may influence the affinity of immunoglobulin (Ig)-
G1 to the Fcy receptor thereby reducing the ability to gen-
erate an adequate antibody-dependent cellular cytotoxicity
(ADCC) from the effector cells. This was found to significantly
reduce both response rates and PFS in the metastatic setting
in patients treated with trastuzumab.?*

Immunotherapy

In the NeoSphere trial, the expression of PD-1 receptor and
its ligand PDL-1 was associated with a lower rate of patholog-
ical complete response.® A genomic analysis study revealed
that certain immune function genes are linked to clinical
outcome in patients receiving trastuzumab.” Several clin-
ical trials combining HER2-directed therapy with immune
checkpoint inhibitors are now underway.

Studies have also shown that HER2-positive breast can-
cer tends to have higher percentage of PDL-1 expression
and hence was associated with high TILs and better overall
survival.?® Lymphocyte-predominant breast cancer (LPBC) is
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defined as tumors with more than 50 to 60% of TILs, and have
a better prognosis even if they belong to a less-favorable sub-
type such as HER2+ or TNBC.?” LPBC is seen in 20% of TNBC,
16% of HER2 subtype, and only 6% of hormone-positive
subtypes.?® However, trials so far have not shown defin-
itive benefits. Two phase-II trials, PANACEA (pembroli-
zumab + trastuzumab) and KATE2 (atezolizumab + T-DM1)
showed no significant benefit in pretreated HER2-positive
patients.?®3% As with most instances of immunotherapy, an
ideal biomarker for patient selection seems to be the key to
greater response.

New Therapeutic Options

Newly engineered HER2-directed therapies are being devel-
oped. Margetuximab is a chimeric IgGlantibody with a
Fab fragment identical to trastuzumab but an Fc fragment
modified to provide increased affinity for high-affinity
and low-affinity isoforms of FcyR-IIIA and decreased affin-
ity toward FcyR-IIIB in immune cells. This is postulated to
improve cell kill through Fc-dependent methods like ADCC.

T-cell bispecific antibodies are novel molecules which
can bind to both the CD3 chain of T-cell receptor and to
tumor-specific antigens. A novel molecule MCLA-128 has
been developed which targets both HER2 and HER3 receptors
with enhancement in ADCC. It was designed to overcome
HER3-mediated resistance to HER2-directed therapy. It was
also found to have improved efficacy targeting tumor cells
with low amounts of HER2 expression.

Complex immunotherapy combinations are another area
of active interest. The ongoing AVIATOR TBCRC045 trial is
comparing utomilumab (a novel CD137/4-1BB agonist) plus
avelumab versus a combination of trastuzumab, vinorel-
bine, and avelumab in HER2-positive patients who have pro-
gressed after both trastuzumab and pertuzumab.’! It is one
of the earliest trials to test the use of a costimulatory agonist
with a PD-L1 inhibitor.

New Routes of Administration

FDA recently approved the subcutaneous formulation of
trastuzumab called Herceptin Hylecta which combines
trastuzumab with hyaluronidase based on the neoadjuvant
HannaH trial which showed similar pCR rates to intravenous
trastuzumab.?? There is no loading dose. The standard dose
is 600-mg trastuzumab and 10,000 units of hyaluronidase
(600/10,000) subcutaneously over 2 to 5 minutes once every
3 weeks.

Intrathecal trastuzumab has also been of interest, espe-
cially in patients with leptomeningeal disease which is not an
uncommon site of metastasis in HER2-positive patients.** In
therare situation where there is leptomeningeal disease in the
presence of excellent extra-cranial disease control or absence
of extracranial disease, as well as brain parenchymal disease,
we have used intrathecal trastuzumab. There are no prospec-
tive trials that test such a therapeutic strategy.
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Conclusion

From a relatively hard-to-treat and poor prognosis subtype
of breast cancer, the past two decades have seen a quan-
tum leap in the understanding, approach, management,
and survival in HER2-positive disease. With the newer tar-
geted agents currently available, it is not unreasonable to
expect similar survival in HER2-positive MBC as compared
with HER2-negative MBC. By unravelling newer mecha-
nisms of interaction and resistance to the HER2 signaling
pathway, we may be able to improve quality of life and
survival. However, the cost of care is a major hurdle. In a
resource-poor country, such as ours, access to first-line
trastuzumab, even with cheaper generic options, is unaf-
fordable for many, let alone the exorbitant costs of newer
targeted therapies. Generic formulations of trastuzumab,
including an FDA-approved biosimilar, as well as multiple
generic formulations of lapatinib, have greatly improved
cost effectiveness and compliance in India. It is now possi-
ble to obtain a 440-mg vial of trastuzumab for around Rs.
20,000 (U.S. $250-300) and a month of lapatinib for around
Rs. 10,000 (U.S. $150). Hopefully, newer advances and incre-
mental reduction of costs may make these highly effective
molecules accessible to all.
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