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Background: Evidence to date supports continued human epidermal growth factor receptor

2 (HER2) suppression beyond progression on HER2-directed therapy for advanced HER2-
positive breast cancer. Data from several phase Il and Il trials evaluating HER2-directed
therapy following second-line T-DM1 have recently become available.

Methods: We performed a systematic search of the published and presented literature to
identify phase Il and phase Il trials assessing novel HER2-targeted agents as third-line
therapy or beyond for HER2-positive advanced breast cancer using search terms ‘breast
cancer’ AND 'HER2" AND ‘advanced’ AND (‘phase II' OR ‘phase III').

Results: Eight clinical trials reporting efficacy outcomes on third-line or greater HER2-
directed therapy for HER2-positive advanced breast cancer were identified. In phase Ill trials,
margetuximab and neratinib combinations demonstrated significant 1.3-month (hazard

ratio, HR=0.71, p<0.001) and 0.1-month (HR=0.76, p=0.006) net improvements in median
progression-free survival [PFS), respectively, with no significant improvements in overall
survival (0S). Tucatinib added to trastuzumab and capecitabine demonstrated a significant
2.7-month improvement in median PFS (HR=0.57, p<0.00001) and a 5.5-month improvement
in median 0S (HR=0.73, p=0.004]) in a randomized phase Il trial, including significant clinical
benefit for patients with brain metastases. Finally, trastuzumab-deruxtecan, zenocutuzumab,
and poziotinib demonstrated benefit in phase Il trials with the most robust overall response
rate (62.0%) and median duration of response (18.2months) observed for trastuzumab-

deruxtecan among heavily pretreated patients.

Conclusion: Tucatinib plus trastuzumab and capecitabine significantly prolongs 0S, and
promising preliminary response outcomes for trastuzumab-deruxtecan suggest that
sequencing of these regimens following second-line therapy is reasonable.
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Introduction

Globally, breast cancer (BC) remains one of the
leading causes of morbidity and mortality among
women.! Approximately 15% to 20% of invasive
BCs are characterized by human epidermal growth
factor receptor 2 (HER?2) gene amplification and/
or HER?2 protein overexpression, translating to an
estimated global incidence of 340,000 to 450,000

new cases annually.!-3 Although often detected at
an early stage, approximately one-third of HER2-
positive BC patients present with or develop
regional or distant metastatic disease.*

HER2-directed therapies for advanced HER2-
positive disease have evolved dramatically over the
past two decades with the advent of monoclonal
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antibodies (MoAbs),>7 small molecule tyrosine
kinase inhibitors (TKIs),81! and antibody drug con-
jugates (ADCs).!2:13 Improved systemic control has
led to an increased prevalence of brain metastases,
possibly due to variable penetrance of MoAbs across
the blood-brain barrier.!* Patients with hormone
receptor negative, HER2-positive BC are nearly
three times more likely to present with brain metas-
tases,!> and approximately half of patients with met-
astatic HER2-positive BC are expected to develop
brain metastases over the course of their illness.!6-18

Currently, the recommended first-line treatment
for most patients with advanced HER2-positive
BC is trastuzumab plus pertuzumab and a taxane
based on results from CLEOPATRA,921 with
the ADC trastuzumab emtansine (T-DM1) con-
sisting of the humanized MoAb trastuzumab
covalently linked to the cytotoxic agent DMI1, a
standard second-line option based on the
EMILIA trial.!> The novel ADC trastuzumab-
deruxtecan (T-DXd), consisting of trastuzumab
and a cleavable linker to a potent topoisomerase I
inhibitor payload, has also demonstrated substan-
tial activity in the second-line setting.?2 Although
evidence supports continued HER2 suppression
after progression on HER2-directed ther-
apy,!1:23:2¢ no standardized treatment strategies
have been established following T-DM]1.20,21,25
Historically, candidate third-line and beyond reg-
imens have included lapatinib with capecitabine,
trastuzumab with capecitabine, or other chemo-
therapeutics with continued trastuzumab.10-11

More recently, data from several trials assessing
novel MoAbs, TKIs, and ADCs in the third-line
and beyond setting for HER2-positive advanced
BC have become available. The next generation
HER2-specific MoAb margetuximab is a frag-
ment crystallizable (Fc) engineered monoclonal
anti-HER2 antibody which binds with greater
affinity than trastuzumab to FcyRIIIa (CD16A)
expressed on immune effector cells, thereby
increasing antibody-dependent cellular cytotox-
icity, with demonstrated activity in a phase III
trial.26-2° Dual targeted bi-specific HER2 anti-
bodies are also in development, including those
targeting multiple HER2 epitopes, anti-HER2/
CD3, and anti-HER2/human epidermal growth
factor receptor 3 (HER3) MoAbs.2° While many
of these are still in early phase studies, the anti-
HER2/HER3 MoAb zenocutuzumab (MCLA-
128) in addition to the ADC T-Dxd have
demonstrated efficacy in phase II studies among

heavily pretreated patients.?>3% Three novel
HER2-targeted TKIs have also shown clinical
benefit in heavily pretreated patients, including
the irreversible pan-HER inhibitor neratinib in a
phase III trial,3! the highly selective HER2-
specific reversible inhibitor tucatinib in a rand-
omized phase II study,3? and the potent epidermal
growth factor receptor and HER2 exon 20 inser-
tion inhibitor poziotinib in a phase II study.33
Biosimilars are also being developed that mimic
existing biologic drugs to provide similarly active
and potentially more cost-effective HER2-
directed MoAb therapeutic options.?* This
review will summarize the efficacy and safety
outcomes of phase II and III trials evaluating
novel third-line and beyond HER2-directed ther-
apies for advanced HER2-positive BC and sug-
gest guidance on treatment selection and
sequencing.

Methods

A systematic search of published and presented lit-
erature was performed to identify phase II or III tri-
als assessing novel third-line or beyond
HER2-targeted therapy for HER2-positive advanced
BC. PubMed (all time to February 10, 2021) and
proceedings from the American Society of Clinical
Oncology (ASCO), the European Society for
Medical Oncology (ESMO), and the San Antonio
Breast Cancer Symposium (SABCS) 2019 and
2020 annual meetings were searched for phase II or
III trials using the search terms ‘breast cancer’ AND
‘HER2’ AND ‘advanced” AND (‘phase II’ OR
‘phase III") OR respective aliases or using the respec-
tive filters when appropriate [Figure 1 — Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA), Supplemental File S1]. A sup-
plemental bibliographic search of review articles and
pooled/meta-analyses was also conducted, in addi-
tion to directed searches after the database search
cutoff date to ensure that the most up-to-date reports
of eligible studies were considered.

English language records were vetted at abstract
level and confirmed at full text as needed. Non-
original research, preclinical, correlative science,
modeling or simulation, those in earlier stages of
disease or without BC patients, case reports, ret-
rospective, prospective studies of undefined
design, phase I trials, and those that did not assess
or report outcomes for HER2-directed therapies
in HER2-positive BC were excluded (PRISMA,
Figure 1). Trials with less than two prior lines of
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HER2-directed treatment, those restricted to low
HER2 expression levels, those with exclusively
hormone receptor-positive populations, or those
with fewer than 30 patients per cohort were also
excluded. Phase II trials were only eligible if the
majority of the patients were pretreated with two
or more HER2-directed agents.

Findings beyond second-line

HER2-directed therapy

The literature search identified a total of 1348
records. Selection criteria revealed eight phase II
or III trials reporting efficacy outcomes on third-
line or greater HER2-directed therapy for HER2-
positive advanced BC, which excluded the phase
I/II trial of ruxolitinib plus trastuzumab trial due
to size (n=26, PRISMA; Figure 1).

T-DM1

The phase III TH3RESA study randomized 602
patients treated with at least two prior lines of
HER2-directed therapy consisting of trastuzumab
and lapatinib [median 4 prior systemic therapies in
experimental arm (range=1-19) and no prior per-
tuzumab or T-DM1] 2:1 to receive either T-DM1
or treatment of physician’s choice (TPC; Figure
2). The co-primary endpoints were investigator-
assessed, progression-free survival (PFS) and over-
all survival (OS). At a median follow-up of
7.2months in the T-DMI1 arm and 6.5 months in
the TPC arm, significant improvements for
T-DM1 wversus TPC were observed in the co-pri-
mary endpoints of PFS — median 6.2 oversus
3.3 months, hazard ratio (HR)=0.53, 95% confi-
dence interval (CI)=[0.42-0.66], p<<0.0001 —
and OS - median 22.7 wversus 15.8months,
HR=0.68, 95% CI=[0.54-0.85], p=0.0007
(Table 1).353% Among patients with measurable
disease at baseline (7=508), objective response
rates (ORRs) were 31.3% versus 8.6% favoring
T-DMI1, with a median duration of response
(DoR) of 9.7months wersus not yet reached
(NYR).3> Adverse events (AEs) led to treatment
withdrawal in 14.6% of patients receiving T-DM1
and 10.9% of TPC patients (Table 2).3° Grade=3
AEFEs of any cause occurred in 40.0% of patients
receiving T-DM1 wversus 47.3% on TPC, with
thrombocytopenia (6.0%), anemia (3.5%), and
both dyspnea and aspartate aminotransferase ele-
vation (2.5% each) most commonly reported with
T-DMI1. Treatment-related deaths were reported
in 2.2% and 1.6% of patients in the T-DM1 and
TPC groups, respectively.

Margetuximab

The phase III SOPHIA trial randomized 536
patients with disease progression after at least two
prior lines of HER2-directed therapy (34% with
=3 lines) including pertuzumab (all patients
except 1) and T-DM1 (91.2%) to receive mar-
getuximab plus TPC or trastuzumab plus TPC
(Figure 2).26 Preliminary findings at a median fol-
low-up of 2.8 months showed a significant improve-
ment in the co-primary endpoint of centrally
assessed PFS for margetuximab plus TPC (median
5.8 wversus 4.9 months, HR=0.76, 95% CI=0.59—
0.98, »=0.03) which did not translate into
improved OS at the second planned interim analy-
sis (median 21.6 versus 19.8 months, HR=0.89,
95% CI=0.69-1.13, p=0.33) (Table 1), despite a
lack of cross-over and longer follow-up (median
15.6 months). Investigator assessed ORRs were
significantly greater for margetuximab wversus tras-
tuzumab (25.2% wversus 13.7%, p=0.0006),
although median DoRs were comparable (6.9
versus 7.0 months, p=0.74). Although data sug-
gested that presence of a CD16A-158F allele pre-
dicted margetuximab benefit over trastuzumab,
patients homozygous for the CD16A-158VV
allele saw no benefit. AEs leading to treatment
withdrawal (3.0% wversus 2.6%) and grade=3
AEs of any cause (53.8% versus 52.6%) were sim-
ilar (Table 2), with the most commonly reported
grade=3 AEs for margetuximab wversus trastu-
zumab being neutropenia (19.7% versus 12.4%),
neutrophil count decrease (8.7% versus 10.5%),
anemia (4.9% wversus 6.4%), and fatigue (4.9%
versus 3.0%). Any grade infusion-related reac-
tions were more common in the margetuximab
arm (13.3% wversus 3.4%). No treatment-related
deaths were reported.

Neratinib

The open label phase III NALA study rand-
omized 621 patients previously treated with at
least two prior lines of HER2-directed therapy
(31% with =3 prior lines, 42% and 54% had
received prior pertuzumab and T-DMI1, respec-
tively) to neratinib or lapatinib, both adminis-
tered with capecitabine (Figure 2).31 The
co-primary endpoints were centrally assessed
PFS and OS. At a median follow-up of
29.9months, PFS was significantly improved for
patients receiving neratinib (median 5.6 wversus
5.5months, HR=0.76, 95% CI=0.63-0.93,
p»=0.006) although no significant differences in
OS were observed (median 21.0 oversus
18.7months, HR=0.88, 95% CI=0.72-1.07,
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PUBMED

Conferences

(ASCO, ESMO, SABCS)

Bibliographic search of

reviews (n=3)

aliases)

Key Search Terms: breast cancer AND HER2 AND advanced AND pre-treated (OR respective

Filters: Clinical Trials - Phase Il and Phase Il filters (MEDLINE-indexed) or restricted by
keywords in search of unprocessed records
Time: All time to Feb 10, 2021

Key Search Terms: breast cancer
AND HER2 AND advanced (OR
respective aliases)

Time: 2019-2020

n=690

n=658

n=0°

Total records identified, n=1,348

Non-english articles, non-original clinical research articles (reviews,
meta-analyses, consensus, editorials, etc.), preclinical studies,
studies without original clinical outcome assessment (surveys,

protocol assessments, economic models, modeling and simulation

Studies in sites other than breast cancer and in early,

studies, etc.)
Exclude, n=128

Studies in HER2-negative or HER2-low patients

Studies exclusively in HR-positive patients

Exclude, n=507

> perioperative settings
Exclude, n=327

Studies not assessing HER2-directed therapy

Exclude, n=20

Case reports, retrospective cohorts, retrospective case series or
database reviews; diagnostic, prognostic, pathology and biomarker
studies; studies of undefined phase; observational studies including

phase llib; phase I studies; pooled analysis

Exclude, n=104

Exclude, n=41

Reports of studies in populations with less than two prior HER2-
directed treatment (first to second HER2-directed line of
treatment)

Exclude, n=182

Reports of subgroup, biomarker and other associated analyses that
do not include the most up-to-date efficacy findings; reports of trials | _

in progress
Exclude, n=23

Phase lll trials of HER2-directed agents in patients with

advanced HER2-positive breast cancer
and two or more prior HER2-directed treatments, n=4

) Reports of phase Il trials in populations not previously treated
with current HER2-directed therapy standards for HER2-positive
BC (pertuzumab, trastuzumab and T-DM1) or cohort size <30
patients
Exclude, n=8

Figure 1. PRISMA diagram of eligible studies.
ASCO, American Society of Clinical Oncology; BC, breast cancer; ESMO, European Society for Medical Oncology; HER2, human epidermal growth
factor receptor 2; n, number; SABCS, San Antonio Breast Cancer Symposium; T-DM1, trastuzumab emtansine.

aPrimary reports of eligible studies that were not identified through database.
bIncluding current standards of treatment, trastuzumab, pertuzumab, and T-DM1.

p=0.21) (Table 1). Median DoR was 8.5 versus
5.6months, significantly favoring neratinib
(HR=0.50, 95% CI=0.33-0.74, p=0.004) and
ORR was 32.8% wersus 26.7% (p=0.12).
Treatment-emergent AEs (TEAEs) led to treat-
ment withdrawal in 13.9% of patients receiving ner-
atinib versus 18.0% in the lapatinib arm (Table 2).
Grade =3 AEs of any cause occurred in 60.7%

Phase Il trials of HER2-directed agents in patients with

advanced HER2-positive breast cancer
and three or more prior HER2-directed agents,? n=4

versus 60.5% of patients overall, with the most
common grade 3/4 TEAEs in the neratinib versus
lapatinib arms being diarrhea (24.4% wversus
12.5%), palmar-plantar erythrodysesthesia (PPE,
9.6% wversus 11.3%), hypokalemia (4.6% wversus
6.4%), and nausea (4.3% versus 2.9%). Deaths
due to TEAEs were reported in 2.6% and 3.2%
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Eligibility Criteria®

Baseline patient and disease characteristics®

' e W N\ N\ "
Prior TRAS Prior PER Prior T-DM1 Prior LAP
LABC Metastatic BC N NS % % % %
] | || - | | | |||
(Margetuximab + CT vs. TRAS + CT)
I
(Neratanib + CAP vs. LAP + CAP)
(]
(Pertuzumab+ CT + TRAS vs. CT + TRAS)
DESTINY-BC-01, Phase |1 | [l PPV | IO ﬂ 700 n
(Trastuzumab-deruxtecan)
(MCLA-128 +VIN + TRAS)
SPI-POZ, Phase I -
] < [ 7
\ . 7 \ \ S

Figure 2. Clinical trial overview for HER2-directed therapy in third-line and beyond HER2-positive advanced breast cancer.
BC, breast cancer; CAP, capecitabine; CNS, central nervous system; CT, chemotherapy; LABC, locally advanced breast cancer; LAP, lapatinib; MCLA-
128, zenocutuzumab; n, number of patients; NR, not reported; PER, pertuzumab; ST, systemic therapy (physician’s choice); T-DM1, trastuzumab

emtansine; TRAS, trastuzumab; VIN, vinorelbine.

aLength of bars give an approximation of the proportion of patients with each treatment or disease characteristic.

of patients in the neratinib and lapatinib combi-
nation arms, respectively.

Pertuzumab retreatment

The phase III PRECIOUS trial randomized 217
patients previously treated with pertuzumab plus tras-
tuzumab (99%) and T-DM1 (98%) 1:1 to receive
retreatment with pertuzumab plus trastuzumab and
TPC or trastuzumab plus TPC.3” With a median
follow-up of 14.2months, the primary endpoint
of investigator-assessed PFS was significantly
improved for the addition of pertuzumab to tras-
tuzumab plus chemotherapy (median 5.3 versus
4.2months, HR=0.76, 95% CI=not reported,
NR-0.97, p=0.022). Median OS was 28.8 versus
23.4months with the addition of pertuzumab ver-
sus the doublet (HR=0.71, 95% CI=NR-1.03,
$»=0.062) and ORRs were 18.9% wversus 19.6%,
respectively. AEs leading to treatment discontin-
uation were NR, with grade =3 AEs of any cause
occurring in 61.9% versus 69.4% of patients (per-
tuzumab plus trastuzumab and TPC or trastu-
zumab plus TPC), and the most common in the
pertuzumab arm were febrile neutropenia (15.2%
versus 16.7%), anemia (13.3% wversus 6.5%),

infection (5.7% versus 1.9%), and diarrhea (2.9%
versus 0.9%). Deaths due to AEs were reported in
one patient receiving pertuzumab (1.0%) with
none in the control arm.

Tucatinib

The phase II HER2CLIMB study involved 612
patients previously treated with both pertuzumab
(99.7%) and T-DM1 (100%), including patients
with brain metastases (47.5%).32 Patients were
randomized in a 2:1 ratio to receive tucatinib
(n=410) or placebo (#=202), in combination
with trastuzumab and capecitabine (Figure 2).
With a median follow-up of 14.0months in the
total population, the primary endpoint analysis
conducted for the first 480 randomized patients
observed a significant improvement in centrally
assessed PFS favoring tucatinib over placebo
(median PFS 7.8 wversus 5.6 months, HR=0.54,
95% CI=0.42-0.71, p<0.001) as well as a dou-
bling of ORR (40.6% versus 22.8%, p<<0.001).
At a longer follow-up of 29.6 months, tucatinib
also demonstrated a statistically significant
improvement in investigator-assessed PFS
(median 7.6 versus 4.9 months, HR=0.57, 95%
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CI=0.47-0.70, p<0.00001; Table 1) and OS
(median 24.7 wersus 19.2months, HR=0.73,
95% CI=0.59-0.90, p=0.004) compared with
placebo.38 AEs led to discontinuation of tucatinib
versus placebo in 5.7% and 3.0% of patients,
respectively (Table 2). Grade=3 AEs of any
cause occurred in 55.2% versus 48.7% (tucatinib
versus placebo) with the most common grade=3
AEs in the tucatinib arm being PPE (13.1% versus
9.1%), diarrhea (12.9% wversus 8.6%), alanine
transaminase increase (5.4% versus 0.5%), and
fatigue (4.7% versus 4.1%).32 Deaths due to AEs
were reported in 1.5% and 2.5% of patients in the
tucatinib and placebo arms, respectively.

T-DXd

The single-arm phase II DESTINY-BreastO1
trial assessed T-DXd in 184 heavily pretreated
patients (100% prior T-DM1 and 66% prior per-
tuzumab; Figure 2).25 The primary endpoint was
ORR by independent central review. Updated
results at a median follow-up of 26.5months
observed an ORR of 62.0% (95% CI=54.5%—
69.0%) with a median DoR of 18.2 months (95%
CI=15.0-not estimable, NE) (Table 1).3°
Median PFS was 19.4months (95% CI=14.1-
25.0) and at a median follow-up of 31.1 months,
and median OS was 29.1 months (95% CI=24.6—
36.1). TEAEs led to T-DXd discontinuation in
15.2% of patients with grade=3 TEAEs occur-
ring in 57.1% (Table 2).?> The most common
grade 3/4 TEAEs were decreased neutrophil
count (23.7%), anemia (11.1%), and decreased
white blood cell (8.7%) and platelet (6.3%)
counts. Deaths due to TEAEs were reported in
nine patients (4.9%). Overall, 15.2% of patients
developed T-DXd-related interstitial lung disease
(ILD), with one grade 3 event (0.5%) and five
ILD-related deaths (2.7%).40

Zenocutuzumab and poziotinib

Zenocutuzumab and poziotinib were assessed in
two phase II trials (MCLA-128-CL02 and SPI-
POZ-201), both enrolling heavily pretreated
patients (100% prior T-DMI1 and pertuzumab in
MCLA-128-CL02 and 76% and 97%, respec-
tively, in SPI-POZ-201).3%33 The single-arm
MCLA-128-CL02 study evaluated zenocutu-
zumab plus trastuzumab and vinorelbine in 37
evaluable patients, observing an ORR of 18.9%
(secondary endpoint)?® and SPI-POZ-201
observed an ORR of 22.2% to 23.3% (primary
endpoint) among 57 evaluable patients at the two

different doses of poziotinib (Table 1).33 DoRs
were not reported in MCLA-128-CL02 and were
5.6 to 13.8months in SPI-POZ-201. Median
PFS was not reported in MCLA-128-CL02 and
were similar in both SPI-POZ-201 cohorts (3.0—
4.9 months).3%33 Discontinuation due to vinorel-
bine-related AEs occurred in 7.1% of patients
receiving the zenocutuzumab combination, which
was more common for those receiving poziotinib
(18.2%-29.4%; Table 2).

Discussion

Two lines of HER2-directed therapy are currently
approved in many jurisdictions for HER2-positive
advanced BC. Data on novel HER2-directed
agents in the third-line and beyond setting high-
light the importance of continuing HER2-
targeting beyond second-line treatment. Although
additional research is needed to determine opti-
mal sequencing of these agents, a proposed
approach informed by current data is outlined.

What is the clinical impact of HER2-directed
therapy for third-line line treatment and

beyond in HER2-positive advanced BC?

The phase III EMILIA study led to the US Food
and Drug Administration (FDA) approval of
T-DMI1 as second-line therapy following trastu-
zumab and a taxane in February 2013 (Table 3).1241
Continued HER2 targeting beyond second-line
therapy is standard of care for HER2-positive
advanced BC, with multiple lines of HER2-
directed agents common.20:21:42 Available data,
however, suggest that outcomes vary between
HER2-targeted strategies and optimal options are
beginning to evolve for third-line treatment and
beyond.

Studies addressing HER2-directed therapy in the
third-line setting and beyond include TH3RESA,
which reported a 32% reduced risk of death?® and
47% reduced risk of progression®> for T-DM1
among patients with prior trastuzumab, lapatinib,
and taxane exposure (Table 1). A second trial,
PRECIOUS, observed limited clinical benefit
from doublet re-challenge using pertuzumab
added to trastuzumab and chemotherapy for
patients with prior pertuzumab and trastuzumab
exposure (Table 1).37 The open label SOPHIA
and NALA trials assessed the benefit of replacing
established agents with novel HER2-directed
therapies, both combined with chemotherapy.26-3!
The anti-HER2 MoAb margetuximab replaced

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

Therapeutic Advances in Medical Oncology 14

Table 3. Regulatory status of later lines and beyond HER2-directed therapy for HER2-positive advanced breast cancer.

Regulatory agency Indication Level of data (primary Type of approval Date of approval
(search date) outcome)
Trastuzumab- FDA - HER2-positive metastatic breast Phase IIl (PFS and 0S) Approved February 2013
emtansine cancer following trastuzumab and a taxane
monotherapy used separately or in combination
EMA - HER2-positive advanced breast cancer  Phase Ill (PFS and 0S) Approved September 2013
following trastuzumab and a taxane used
separately or in combination
Margetuximab plus FDA - HER2-positive metastatic breast cancer Phase IIl (PFS and 0S) Approved December 2020
chemotherapy following two or more prior HER2-directed
therapies, with at least one for metastatic
disease
EMA - Not approved
Neratinib plus FDA - HER2-positive advanced breast cancer ~ Phase IIl (PFS and 0S) Approved February 2020
capecitabine following two or more prior anti-HER2
regimens for metastatic disease
EMA - Not approved
Tucatinib plus FDA - HER2-positive advanced breast cancer  Rd Phase Il (PFS) Approved April 2020
trastuzumab and following one or more prior anti-HER2
capecitabine regimens for metastatic disease
EMA - In combination with trastuzumab and Phase Il (PFS) Approved December 2020
capecitabine for HER2-positive advanced
breast cancer following at least two prior
anti-HER2 regimens
Trastuzumab- FDA - HER2-positive advanced breast cancer  Phase Il (ORR] Accelerated December 2019
deruxtecan following two or more anti-HER2-based approval
monotherapy regimens in metastatic setting
EMA - HER2-positive advanced breast cancer  Phase Il (ORR] Approved with December 2020
following two or more prior anti-HER2 conditions

regimens

EMA, European Medicines Agency; FDA, US Food and Drug Administration; HER2, human epidermal growth factor 2; NA, not approved; ORR, overall
response rate; 0S, overall survival; PFS, progression-free survival; Rd, randomized.
Regulatory data were collected through review of FDA and EMA news bulletins and product monographs.

trastuzumab in SOPHIA and the pan-HER TKI
neratinib replaced lapatinib in NALA. These tri-
als enrolled more than 500 and 600 patients,
respectively, and included similar proportions of
patients with baseline central nervous system
(CNS) metastases (13%-16%) and with Eastern
Cooperative  Oncology Group Performance
Status 1 (42%-46%) (Figure 2), although patients
in SOPHIA were more heavily pretreated.?¢ Both
agents demonstrated statistically significant PFS
improvements oversus established comparators,
with discontinuation rates due to toxicities of
3.0% for margetuximab and 13.9% for ner-
atinib.26:31 Substitution of margetuximab for tras-
tuzumab resulted in a 1.3-month improvement in
median PFS (29% reduced risk of progression,

$»<0.001) with a 0.1-month median PFS
improvement observed for neratinib when substi-
tuted for lapatinib (24% reduced risk of progres-
sion, p=0.006) (Table 1)26. Neratinib
significantly reduced the cumulative incidence of
CNS interventions compared with lapatinib
(n=621, 22.8% wversus 29.2%, p=0.043),3! con-
sistent with prior neratinib trial data.*34* Neither
agent resulted in a statistically significant OS ben-
efit (HR=0.89, p=0.33 and HR=0.88, p=0.21)
at median follow-ups of 15.6 and 29.9 months,
respectively,2%3! remaining non-significant for
margetuximab at the final OS analysis (HR=0.95,
$»=0.62).45> The phase III landscape is rapidly
changing with data on new agents continually
emerging, including recently presented results
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from the TULIP trial which demonstrated a PFS
benefit for the novel ADC SYD985 compared
with physician’s choice of therapy in heavily pre-
treated patients (87.6% prior T-DM1, HR=0.64,
95% CI=0.49-0.84, p=0.002).46

Four phase II trials assessed novel HER2-directed
therapies beyond second line,?5-30:32:33 with notable
benefits seen for tucatinib and T-DXd (Table 1).38:3°
The randomized phase II placebo-controlled
HER2CLIMB study evaluating tucatinib added
to trastuzumab and capecitabine showed a statis-
tically significant 46% reduced risk of progression
in the primary endpoint population (7=480,
$<<0.001)3? and a 27% reduction in risk of death
in the overall trial population with longer follow-
up (=612, p=0.004).38 Tucatinib and its
metabolites have been shown to effectively dis-
tribute to the cerebrospinal fluid*” and resulted in
a 68% reduced risk of intracranial progression or
death (p<<0.0001), a 42% reduced risk of death
(»p=0.005), and a 47.3% confirmed intracranial
ORR in patients with measurable active brain
metastases at baseline (#=55).48 The phase II
DESTINY-BreastO1 study (2=184) reported a
high ORR (62.0%), an estimated 85% 1-year OS
rate, and an 18.2-month median DoR for T-DXd
in a heavily pretreated patient population.?®* An
encouraging ORR of 58.3% was observed among
the 13.0% of patients with CNS disease with a
42.1% CNS response for patients with brain metas-
tases at baseline (7=17).254° T-DXd continues to
be assessed in pretreated patients in the ongoing
phase III DESTINY-Breast02 trial (NCTO
3523585). In addition, T-DXd is under study in
patients with pretreated HER2-low BC
(DESTINY-Breast04, NCT03734029) and in
patients with HER2-positive or HER2-low BC or
leptomeningeal carcinomatosis and brain metas-
tases (DEBBRAH, NCT04420598). T-DXd
received accelerated FDA approval in December
2019 and the tucatinib combination was
approved in April 2020 following at least one
prior anti-HER2 regimen for metastatic disease
(Table 3).50:51

Although both tucatinib and T-DXd were evalu-
ated in phase II trials,323° HER2CLIMB was a
large, placebo-controlled, randomized study
showing significant OS benefits for tucatinib and
clinically relevant CNS outcomes, including for
active CNS disease.3248 This study was novel for
enrolling these patients and paves the way for
their inclusion in future trials. DESTINY-
BreastO1, on the contrary, was a single-arm study

of T-DXd enrolling very heavily pretreated
patients (Table 1).3° Both agents have a role in
metastatic HER2-positive BC sequential therapy,
with further data awaited from the phase III
HER2CLIMB-02 (NCT03975647) and
CompassHER2 RD (NCT04457596) trials eval-
uating the efficacy of tucatinib in various settings
(Table 4). These findings and data from upcom-
ing trials will be critical to adjudicate the ultimate
benefit of both agents.

What is the safety of novel HER2-targeted

agents for the third-line line treatment of

HERZ2-positive advanced BC and beyond?

HER2-directed therapies in current usage are
generally well tolerated, with predictable and
manageable safety profiles. Anti-HER2 MoAbs
have been associated with a risk of generally
reversible left ventricular ejection fraction (LVEF)
decline, although event rates are low for trastu-
zumab in the absence of anthracyclines, with no
additional risk when pertuzumab is added and
low event rates for margetuximab.19:26:5253 . VEF
dysfunction was not observed in the tucatinib arm
of HER2CLIMB, although two patients died of
cardiac arrest or failure,32 and LVEF toxicity rate
was low for T-DXd (1.6% overall), with no symp-
tomatic events or LVEF-related cardiac failure.?>
Diarrhea and PPE or rash are often associated
with TKIs, with diarrhea and PPE being the most
common AEs in both arms of HER2CLIMB
(Table 2).32 Any grade diarrhea and PPE occurred
in well over half of patients in the experimental
arm, with grade 3/4 events, reported approxi-
mately 1.5 times more frequently in the tucatinib
versus control arm for both toxicities (Table 2).
Importantly, the chemotherapy backbone in both
arms was capecitabine which may also have con-
tributed to the higher rates of these two clinically
relevant toxicities. Grade=3 diarrhea was less
frequent for tucatinib compared with neratinib
across the relevant trials (12.9% wversus 24.4%)
even with more active mandatory primary proph-
ylaxis for neratinib in NALA, with both agents
requiring proactive patient education and early
intervention to optimize quality of life (QoL).31:32
T-DXd was associated with substantial hair loss
in DESTINY-Breast01,2> with nearly half of
patients experiencing alopecia of any grade. ILD
is a rare but potentially life-threatening treatment
complication of T-DXd, which was associated
with any grade ILD in 13.6% of patients includ-
ing four with grade 5 events (2.2%). Subsequent
analyses on ILD time course have observed a
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Figure 3. Proposed sequencing of HER2-directed therapy for HER2-positive advanced breast cancer.
HER2, human epidermal growth factor 2; HER2+, HER2-positive; Pertuzumab combination, pertuzumab plus trastuzumab
and a taxane; T-DM1, trastuzumab emtansine; T-Dxd, trastuzumab-deruxtecan; Tucatinib combination, tucatinib plus

trastuzumab and capecitabine.

“Especially if the patient has progressed on the adjuvant pertuzumab combination. If patient has progressed on adjuvant

TDM-1, suggest pertuzumab combination first line.

relapsed disease following adjuvant TDM-1 as a
strategy indicated by results from the
KATHERINE trial,! as well as patients with dis-
ease progression on first-line TDM-1, could be
candidates for the tucatinib combination or
T-Dxd. Results from the QoL components of
these trials and formal cost-utility analyses have
not yet been completed and will be important to
adjudicate optimal treatment decisions.

What upcoming trials will further

our understanding of novel

HERZ-directed therapy in BC?

There are many exciting areas of ongoing HER2-
directed research, including novel ADCs (ARX788
and RC48),55:%6 bi-specific antibodies,®?-® and chi-
meric antigen receptor T-cells.%%72 A number of
phase III trials exploring the role of new HER2-
directed agents for advanced and earlier stage BC
are also underway (Table 4). In the advanced set-
ting, a number of novel agents are being assessed
for patients with progressive disease on prior
HER2-directed therapy, including tucatinib
combined with T-DM1 (HER2CLIMB-02,
NCT03975647), T-DXd (DESTINY-Breast02,
NCTO03523585), and the trastuzumab ADC

BATS8001 (NCT04185649). For HER2-therapy
naive advanced disease, T-DXd with or without
pertuzumab (DESTINY-Breast09, NCTO
4784715), trastuzumab biosimilars [TQ-B211
(NCT04385563) and GB221 (INCT04164615)],
and pyrotinib (HR-BLTN-III-MBC-C, NCTO0
3863223) are also being evaluated. The rapidity
of early drug and clinical development in this area
suggests that promising agents like bi-specific
antibodies and chimeric antigen receptor T-cells
may become clinically relevant in the near
future.

In the (neo)adjuvant setting, pyrotinib, HER2
biosimilars, and a number of novel HER2-directed
agents are being assessed alone or in combination
with chemotherapy with or without trastuzumab
(Table4).Neoadjuvantpyrotinib INCT04290793)
and the highly selective vascular endothelial
growth factor receptor 2 TKI apatinib
(NCTO03580395) are being assessed and HER2-
directed biosimilars under development in this
setting include those of trastuzumab (EG12014,
NCT03433313 and SIBP-01, NCT03989037)
and pertuzumab (HS627, NCT04514419 and
QL1209, NCT04629846). Agents being evalu-
ated in patients with residual invasive disease
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following neoadjuvant treatment include T-DXd
(DESTINY-Breast05, NCT04622319), pyrotinib
(ATP, NCT04254263), and tucatinib added to
T-DM1 following HER2-directed neoadjuvant
therapy (CompassHER2 RD, NCT04457596).
Neoadjuvant HER2-directed therapy in combina-
tion with immune checkpoint blockade is also
being explored in a phase II trial (neoHIP,
NCT03747120).

Finally, we must acknowledge that there is sub-
stantial heterogeneity of BC which may include
variable HER2 expression within metastatic depos-
its and possible changes in HER2 expression over
time.”® Studies are underway to explore treatment
options for patients with advanced BC and low
HER?2 expression with or without co-expression of
hormone receptors (NCT03734029, NCTO04
494425, and NCT04400695).

Summary

The development of efficacious and generally
well-tolerated HER2-directed therapies has led to
clinically meaningful benefits for patients with
advanced HER2-positive BC and evidence con-
tinues to support continued HER2 suppression
beyond disease progression. Based on the OS
benefit in favor of the tucatinib plus trastuzumab
and capecitabine regimen in HER2CLIMB and
the magnitude of response observed in the
DESTINY-Breast01 study of T-DXd, either reg-
imen is an appropriate consideration for third-
and/or fourth-line treatment, with important
consideration for proactive toxicity management.
Further information on QoL and cost-effective-
ness, as well as optimal sequencing and toxicity
management strategies are awaited. Ongoing ran-
domized trials and real-world evidence will fur-
ther clarify the role of these agents in this rapidly
evolving field.
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