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Targeted therapies forge ahead in multiple
breast cancer subtypes
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s our understanding of the biology of breast

cancer has improved, treatment has become

increasingly personalized. Targeted thera-
pies continue to significantly improve patient out-
comes in multiple subtypes, with several recent drug
approvals. Here, we discuss some of these latest
developments.

A disease of many faces

Clinically speaking, breast cancers can be divided
into at least 5 subtypes on the basis of the genes
they express (Figure 1). The luminal subtypes make
up the largest proportion and are characterized by
the expression of hormone receptor (HR) genes.
Luminal A tumors are negative for human epi-
dermal growth factor receptor 2 (HER2; HER2-
negative), whereas luminal B tumors often co-
express the HER?2 genes.!

The remainder of HER2-positive patients fall
into the HER2-enriched category, in which HER2
expression is the defining characteristic. Basal-like
tumors, meanwhile, represent the most heteroge-
neous subtype, overlapping to a large extent with
tumors dubbed “triple-negative” because of their
lack of either HER2 or ESR1 and PGR gene expres-
sion. The fifth subtype is known as normal breast-
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like and remains poorly characterized.

In recent years, there have been significant
advancements in the genomic characterization of
breast cancer that have begun to provide a more
comprehensive understanding of the driver molecu-
lar mechanisms, which has helped to explain some
of the limitations of current targeted approaches
and to reveal new possible treatments, with a shift
toward increasingly personalized strategies.?

HER2: what's neu?
An estimated 18%-20% of breast tumors are HER2
positive, displaying amplification of the HER2/
neu gene or overexpression of its protein prod-
uct.* Historically, HER2 positivity correlated with
a highly aggressive and metastatic form of disease,
conferring poor prognosis.*> The HER2-targeted
monoclonal antibody (mAb), trastuzumab serves as
a prime example of the power of personalized medi-
cine. Evidence suggests that trastuzumab has altered
the natural history of HER2-positive breast cancer,
such that trastuzumab-treated patients with HER2-
positive breast cancer now have a better prognosis
than do patients with HER2-negative disease.®’
Several additional HER2-targeted drugs have
joined trastuzumab on the market, including other
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FIGURE Breast cancer subtypes. There are 4 major subtypes of intrinsic breast cancer that are distinguished by their gene
expression profile. ‘HER2-positive’ tumors span the HER2-enriched and luminal B subtypes, the latter also expresses hor-
mone receptors. Tumors that fall into the luminal A subgroup and some in the luminal B group are HER2-negative. ‘Triple-
negative’ breast cancers lack expression of HER2, and the estrogen and progesterone receptors and around 85% of
these tumors fall into the basal-like subgroup, while the remainder are distributed across the other subtypes. Figure cre-

ated by Jane de Lartigue.
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TABLE 1 HER2-targeted therapies for breast cancer

Drug Manufacturer Class/mechanism of action

Trastuzumab (Herceptin) Genentech mAb/inhibits ligand-independent
HER2 and HERS3 signaling, prevents
HER2 cleavage, and might trigger
ADCC

Pertuzumab (Perjetal) Genentech mAb/inhibits ligand-dependent

Margetuximab

MacroGenics

signaling by blocking HER2/HER3
dimerization and induces ADCC

Chimeric Fe-modified mAb/binds to

the same epitope as trastuzumab but
Fc domain engineered for enhanced
immune effector function

Lapatinib (Tykerb) Novartis TK1/dual inhibitor of HER2 and EGFR
Neratinib (Nerlynx) Puma TKI/inhibits HER2, HER4 and EGFR
Tucatinib (ONT-380) Cascadian TKI1/selective inhibitor of HER2
Trastuzumab emfansine Genentech ADC /trastuzumab stably linked to a

(TDM1)

potent microtubule inhibitor

Approved indication/clinical testing

HER2-positive early and mefastatic disease

HER2-positive metastatic disease not already treated
with chemotherapy, or in combination with trastuzumab
and docetaxel for inoperable HER2-positive disease

Phase 3 clinical testing ongoing (SOPHIA,
NCT02492711)

HER2-positive metastatic disease in combination with
capecitabine, frastuzumab or an aromatase inhibitor

Extended adjuvant treatment of early-stage HER2-
positive disease after trastuzumab

Phase 2 clinical testing ongoing (HER2CLIMB,
NCT02614794)

HER2-positive advanced or mefastatic disease in adults
who previously received trastuzumab and a taxane

ADC, antibody-drug conjugate; ADCC, antibody-dependent cellular cytotoxicity; EGFR, epidermal growth factor receptor; Fc, fragment crystallizable; HER2, human epidermal
growth factor receptor 2; mAb, monoclonal antibody
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mAbs, small molecule tyrosine kinase inhibitors (TKIs),
and an antibody—drug conjugate that combines the speci-
ficity of a mAb with the anti-tumor potency of a cytotoxic
drug. These drugs have further improved patient outcomes
in both early and advanced disease settings (Table 1).

The most recent regulatory approval was for neratinib,
a potent TKI inhibiting all members of the HER pro-
tein family. On the basis of the phase 3 ExteNET study,
neratinib was granted approval by the US Food and Drug
Administration (FDA) for extended adjuvant treatment
of patients with HER2-positive, early-stage breast cancer
previously treated with trastuzumab. In a 5-year analysis of
the study, invasive disease-free survival (DFS) was 90.4%
with neratinib, compared with 87.9% with placebo (hazard
ratio [HR], 0.74; P = .017).5°

The tide of advancements in HER2-targeted therapy
looks set to continue in the coming years as potentially
practice-changing data emerges from ongoing clinical tri-
als and, as the patent on trastuzumab has expired, a number
of biosimilars, such as MYL-14010 have the potential to
help patients who may not have access to trastuzumab.

One of the biggest remaining challenges is identifying
drugs that can effectively treat patients with brain metas-
tases because the blood—brain barrier presents an impedi-
ment to the delivery of effective concentrations of antican-
cer drugs. Initially, it was hoped that the small molecule
inhibitors lapatinib and neratinib could cross the blood-
brain barrier and may be more effective in patients with
brain metastases, but that hypothesis has not borne out in
randomized clinical trials.™

Tucatinib (ONT-380) has shown significant promise
in this respect. In a phase 1 trial, ONT-380 had signifi-
cant efficacy in patients with and without central nervous
system metastases; the overall response rate (ORR) in the
CNS was 36%. ONT-380 is also notable for its specific-
ity for HER2, without significant inhibition of HER1 and
EGFR, which could translate into a better toxicity profile.'?

Doubling down on resistant tumors

Since the success of HER2-targeted therapy is limited by
the development of resistance, there has been significant
interest in assessing the potential of dual HER2 blockade,
exploiting the unique mechanisms of action of different
drugs in combination therapy, and ensuring more complete
inhibition of the HER2 pathway. Although numerous dif-
ferent combinations have been tested, a double antibody
combination has proved most effective.

In fact, dual HER2 targeting with trastuzumab and
pertuzumab in combination with chemotherapy has
replaced a trastuzumab-chemotherapy regimen as the
new standard of care in the metastatic setting. A 6-month
improvement in progression-free survival (PFS) sealed
FDA approval for the combination and in a recently pub-
lished final analysis of the trial overall survival (OS) was
also improved to a level unprecedented in the first-line
setting.'>*

The double antibody combination has also been success-
ful in the neoadjuvant setting. Approval followed the results
of the phase 2 NeoSphere trial, in which the combination
was associated with a significant improvement in patho-
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New Therapies

TABLE 2 Select targeted therapies being developed fo overcome resistance to endocrine therapy

Drug Manufacturer Class
Everolimus Novartis mTOR inhibitor
(Afinitor)

Palbociclib Pfizer CDK inhibitor
(Ibrance)

Ribociclib Novartis CDK inhibitor
(Kisqali)

Abemaciclib Eli Lilly CDK inhibitor
Dinaciclib Merck CDK inhibitor
AT7519 Astex CDK inhibitor
Buparlisib Novartis PI3K inhibitor
(BKM120)

Taselisib Roche PI3K inhibitor
Alpelisib Novartis PI3K inhibitor
(BYL719)

Approved indication/clinical testing

In combination with exemestane in postmenopausal women with
advanced HR-positive, HER2-negative breast cancer after failure of
letrozole or anastrozole

Phase 3 clinical trials ongoing (eg, MAIN-A/NCT02511639, FEVEX/
NCT02404051, NCT01805271)

In combination with an Al as initial endocrine based therapy in post-
menopausal women with HR-positive, HER2-negative advanced or
metastatic

Phase 3 clinical trials ongoing (eg, PALLAS/NCT02513394,
PEARL/NCT02028507, PALOMA-4/NCT02297438, PATINA/
NCT02947685, PENELOPE-B/NCTO1864746)

In combination with an Al as initial endocrine based therapy in post-
menopausal women with HR-positive, HER2-negative advanced or
metastatic disease

Phase 3 clinical trials ongoing (eg, EarlEE-1/NCT03078751,
EarlEE-2/NCT03081234, NCT03096847, NCT02941926)

Phase 3 clinical trials ongoing (eg, monarchE/NCT03155997,
MONARCHplus/ NCT02763566)

Phase 1 clinical trial ongoing (NCTO1676753)
Phase 1 clinical trials ongoing (NCTO1676753)

Phase 3 clinical trials ongoing (eg, BELLE-3/NCTO01633060, BELLE-2/
NCT01610284)

Phase 3 clinical trials ongoing (SANDPIPER/NCT02340221)
Phase 3 clinical trials ongoing (SOLAR-1/NCT02437318)

Al, aromatase inhibitor; CDK, cyclin-dependent kinase; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; PI3K, phosphatidylinositol 3-kinase

logic complete response (pCR) rate, a measure that acts as
a surrogate for improved survival in the neoadjuvant set-
ting. In a 5-year analysis of the NeoSphere trial, improved
pCR did indeed translate into improved PFS and DFS.'51¢

The results of the phase 3 APHINITY trial evaluat-
ing this combination in the adjuvant setting have been
hotly anticipated. In a presentation at the 2017 American
Society of Clinical Oncology (ASCO) meeting in June, the
study authors reported that in 4,085 patients with opera-
ble HER2-positive disease, it significantly reduced the risk
of disease recurrence or death compared with trastuzumab
and chemotherapy alone."”

There is an ongoing effort to determine if it is possi-
ble to de-escalate treatment by removing the chemother-
apy component. At least in the neoadjuvant setting, pCR
rates in the chemotherapy-free arms of several studies sug-
gest that a proportion of patients might benefit from this
strategy'™'®!? and the challenge now is to identify them.
To that end, the phase 2 PAMELA trial identified the
HER2-enriched subtype as a strong predictor of response
to neoadjuvant dual blockade (lapatinib and trastuzumab)
without chemotherapy. The pCR rate was 40.6% for the
combination in patients with the HER2-enriched sub-
type of breast cancer and only 10% in patients with non—
HER2-enriched tumors.?

Volume 15/Number 5

Targeting resistance to endocrine therapy
Another coup for personalized medicine in breast cancer
is the treatment of hormone receptor—positive cases with
endocrine therapy, which has become the cornerstone of
treatment in the metastatic and adjuvant settings. Those
drugs are designed to block the growth-stimulating effects
of the estrogen and progesterone hormones on tumor cells.
They include the selective estrogen receptor (ER) modula-
tor tamoxifen, aromatase inhibitors (Als) such as letrozole,
anastrozole, and exemestane, which work by blocking the
activity of the aromatase enzyme that converts androgens
into estrogens, and the selective estrogen-receptor down-
regulator fulvestrant.

As with HER2-targeted therapy, patients treated with
endocrine therapy often develop resistance. Activation
of alternate signaling cascades, such as the P13K-Akt—
mTOR  (phosphatidylinositol-3-kinase—Akt—mammalian
target of rapamycin) pathway, or downstream targets of ER
signaling, including the cyclin-dependent kinases, CDK4
and CDK®6, have emerged as important mechanisms of
resistance.??

Drugs directed against these secondary targets, aimed
to enhance the efficacy of endocrine therapies, have shown
significant promise (Table 2). The mTOR inhibitor evero-
limus received FDA approval in 2012 in combination with
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TABLE 3 PARP inhibitors in clinical development in breast cancer

Most advanced stage of clinical testing

Phase 3: as adjuvant treatment (OlympiA/NCT02032823) K vs physician’s choice of chemo-

therapy (OlympiAD/NCT02000622)° K as neoadjuvant treatment of triple-negative or other
BRCA-positive disease (PARTNER/NCT03150576)

Phase 3: plus carboplatin and paclitaxel in HER2-negative, BRCA-positive metastatic disease

K plus carboplatin in early-stage triple negative disease (NCT02032277)

Drug Manufacturer
Olaparib (Lynparza) AstraZeneca
Veliparib (ABT-888) AbbVie
(NCT02163694)
Talazoparib (BMN-673) Medivation

Rucaparib (Rubraca)
Niraparib

NCT01945775)
Clovis Oncology

Tesaro

NCT01905592)*

“Clinical trial ongoing, but not actively recruiting participants.
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exemestane for the treatment of advanced HR-positive,
HER2-negative breast cancer.”® More recently, everolimus
has also proven effective in combination with either fulves-
trant or letrozole, according to the phase 2 PrTECOG 0102
and BOLERO-4 studies, both doubling PFS compared
with endocrine therapy alone.?**

Buparlisib is an oral reversible pan-PI3K inhibitor, and
the results of the first phase 3 trial of this drug in meta-
static breast cancer (MBC) were recently reported. Among
1,147 postmenopausal women with HR-positive, HER2-
negative MBC that progressed on or after Al therapy, the
combination of buparlisib and fulvestrant prolonged PFS
compared with fulvestrant alone (median PFS, 6.9 vs 5
months; HR,0.78; P < .001). However, Novartis, which was
developing buparlisib, reported that the combination will
not be pursued further due to increased toxicity.*

Two other PI3K inhibitors are currently in phase 3
clinical trials; taselisib and alpelisib, both selective PI3K-
alpha inhibitors. The results of a phase 1 dose-escalation
study of taselisib were recently published and the ORR
among patients with PIK3CA-mutant solid tumors was
36%, including responses in 4 patients with breast cancer.?”
Meanwhile, alpelisib has also demonstrated early prom-
ise in combination with both letrozole and fulvestrant in
patients with ER-positive MBC refractory to endocrine
therapy. In combination with letrozole, the clinical ben-
efit rate was 35% overall (44% in patients with PIK3CA
mutations, compared with 20% in patients with wild-type
PIK3CA status). The combination of alpesilib and fulves-
trant produced an ORR of 27%, and both combinations
were well tolerated.?%

Another exciting therapeutic avenue is CDK4 and
CDKG6 inhibitors. These proteins are critical regulators of
cell cycle progression, ensuring transition from G1 to S
phase occurs at the appropriate time. The CDK pathway is
also a downstream target of ER activation and, unsurpris-
ingly, aberrant expression of the proteins involved in this

Phase 3: vs physician’s choice of treatment in BRCA-positive metastatic disease (EMBRACA/

Phase 2: in disease with a BRCAness genomic signature (RUBY/NCT020505048)
Phase 3: vs physician’s choice in HER2-negative, BRCA-positive disease (BRAVO/

pathway is commonly observed in breast tumors.

Palbociclib became the first FDA-approved member of
this drug class, receiving accelerated approval in patients
with HR-positive, HER2-negative metastatic breast can-
cer, in combination with letrozole in 2015. This became full
regulatory approval in combination with any Al earlier this
year, following the phase 3 PALOMA-3 study, in which
the combination of palbociclib and fulvestrant (acceler-
ated approval was based upon a trial testing palbociclib
and letrozole) improved PFS by 5 months (HR, 0.46; P
<.0001).%°

In addition, a second CDK4/6 inhibitor hit the market
this year. Ribociclib demonstrated a significant PFS ben-
efit in combination with letrozole; median PFS was 25.3
months, compared with 16 months for letrozole alone,
translating to a 44% reduction in the risk of disease pro-
gression or death.’!

Abemaciclib, which has greater selectivity for CDK4
than its predecessors, also appears to be heading towards
approval. It was granted priority review by the FDA based
on data from the MONARCHS-2 trial, showing a signifi-
cant improvement in PFS for the combination of abemaci-
clib and fulvestrant (median PFS, 16.4 vs 9.3 months for
fulvestrant alone; HR, 0.553; P < .001).%?

Teasing out ‘HER2-positive’ subtypes

Until recently, “HER2-positive” and “HR-positive” tumors
have been treated as separate subtypes, despite the fact that
about half of HER2-positive tumors fall into the luminal
A subtype and are also HR-positive. Patients were typi-
cally treated with HER2-targeted therapy regardless of
their endocrine status because of the aggressive nature of
HER2-positive disease.

Increasingly, researchers are reconsidering this view, espe-
cially as several studies have shown differential response
rates to HER2-targeted therapy in HR-positive compared
with HR-negative patients and accumulating evidence sug-
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gests that there is significant crosstalk between the HER2
and HR pathways, which may be responsible for the devel-
opment of resistance with both treatment paradigms.

Findings from several studies have shown a benefit to
combining HER2-targeted and hormonal therapies in
patients with luminal (HR-positive), HER2-positive dis-
ease. In the metastatic setting, the results of the phase 2
PERTAIN study, presented at the 2017 ASCO annual
meeting suggest that dual HER2 blockade could prove
even more effective. The addition of pertuzumab to a com-
bination of trastuzumab and an Al improved PFS by more
than 3 months (median PFS; 19.89 vs 15.8 months; HR,
0.65; P =.007).%

The clinical application of these combinations may be
limited by the additional cost — several studies have sug-
gested that they are not cost effective — and toxicity, but
have served to drive the development of new clinical trial
designs as the importance of considering luminal and non-
luminal HER2-positive tumors has become increasingly
apparent.

PARP inhibitors make a dent in BRCA1/2-
mutated cancers
The most renowned breast cancer genes, BRCAI and
BRCA?2 are present in about 5%-10% of all breast cancers.
They play a central role in the homologous recombina-
tion pathway that fixes double-strand breaks in the DNA.
Genome sequencing studies have revealed that the pres-
ence of the BRCA1/2 genes and other DNA repair defects
is highest among patients with the basal-like subtype of
breast cancer, in particular those who have triple-negative
disease.3*%

This type of breast cancer has proved stubbornly resis-
tant to efforts to improve patient outcomes with targeted
therapies. BRCA1/2 mutations and other DNA repair
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