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HER2-positive breast cancer represents 15%-20% of breast malignancies and is characterized by an aggressive behavior
and high recurrence rates. Anti-HER2-directed agents represent the mainstay of treatment of patients with HER2-
positive metastatic breast cancer (MBC). In this review we propose a treatment algorithm for patients with HER2-
positive MBC based on the currently available literature on the topic. The combination of trastuzumab, pertuzumab
and a taxane (THP) remains the preferred first-line therapy in most scenarios. Results of trials recently presented at
the European Society for Medical Oncology (ESMO) Congress 2021 might have direct clinical impact in the second-
and later-line settings. The randomized DESTINY-BREAST03 study compared trastuzumab deruxtecan (T-DXd) with
trastuzumab emtansine (T-DM1) in patients previously treated with trastuzumab and a taxane. T-DXd significantly
improved progression-free survival and showed a trend towards improved overall survival, establishing this agent as
preferred second-line therapy. Treatment with T-DM1, or the combination of tucatinib, trastuzumab and
capecitabine, are considered reasonable options after second-line therapy. For subsequent lines, trastuzumab
duocarmazine, neratinib plus capecitabine or the continuation of trastuzumab with different chemotherapy partners
are valid options. For patients experiencing disease relapse up to 6 months after completion of adjuvant therapy, as
well as for those relapsing within 12 months from the completion of pertuzumab-based adjuvant treatment, we
recommend T-DXd as preferred first-line option. For those relapsing between 6 and 12 months after non-
pertuzumab-based adjuvant treatment, we recommend first-line THP. Finally, for patients with active brain
metastasis, tucatinib-based combination represents a suitable second-line option.
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BACKGROUND

Approximately 15%-20% of breast cancers (BC) harbor hu-
man epidermal growth factor receptor 2 (HER2) over-
expression and/or amplification, defining a subset of BC
historically associated with aggressive behavior, high recur-
rence rates, and worse prognosis.1 The development of
HER2-targeted therapies altered the natural course of HER2-
positive early and metastatic breast cancer (MBC) by signif-
icantly decreasing relapse rates for patients treated with
curative intent and prolonging survival of patients with
metastatic disease.2,3 Since the introduction of trastuzumab,
several HER2-targeted agents have been developed and
demonstrated clinical activity.4 These new alternatives in-
crease the complexity of the decision-making process,
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especially regarding the different treatment sequence pos-
sibilities for each clinical setting. In this editorial, we sum-
marize the currently available evidence for the systemic
treatment of HER2/neu-overexpressing MBC, considering the
time elapsed since the completion of adjuvant treatments
and the presence of central nervous system (CNS) metasta-
ses, with a particular focus on recently presented data.

DISEASE RELAPSE 12 MONTHS AFTER COMPLETING
ADJUVANT TREATMENT OR DE NOVO METASTATIC
DISEASE

For patients with disease relapse 1 year after completing
adjuvant treatment or ‘de novo’ HER2-positive MBC, the
combination of trastuzumab, pertuzumab, and a taxane
(THP) is usually the preferred treatment regimen based on
data from the CLEOPATRA study.5 In this phase III trial, 808
patients with HER2-positive MBC were treated with trastu-
zumab and docetaxel and were randomly assigned to
receive pertuzumab or placebo. Afterw8 years of follow-up,
the overall survival (OS) was improved by 16.3 months in the
pertuzumab arm [median OS 57.1 versus 40.8 months,
hazard ratio (HR) 0.69, 95% confidence (CI) 0.58-0.8].5 This
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OS benefit was also observed in the subgroup of 376 pa-
tients that received (neo)adjuvant treatment (HR 0.70, 95%
CI 0.53-0.93). However, only 11% of the patients included in
this trial were previously exposed to trastuzumab in the
early setting. If well tolerated, we recommend at least six
cycles of docetaxel (or equivalent period of taxane-based
chemotherapy) followed by trastuzumab and pertuzumab
maintenance, combined with endocrine therapy for patients
with hormone receptor-positive disease.

In the second-line setting, ado-trastuzumab emtansine (T-
DM1) has been considered the standard therapeutic
approach after demonstrating improved progression-free
survival (PFS) and OS in comparison with lapatinib/capeci-
tabine in the EMILIA trial.6 Recently presented at the Eu-
ropean Society for Medical Oncology (ESMO) Congress
2021, DESTINYBreast-03 is a phase III trial in which 524
patients with HER2-positive MBC previously treated with a
taxane and trastuzumab (60% with prior exposure to per-
tuzumab) were randomly assigned to receive T-DM1 or fam-
trastuzumab deruxtecan-nxki (T-DXd), an antibody-drug
conjugate (ADC) composed of an anti-HER2 antibody and
a cytotoxic topoisomerase I inhibitor. With a median follow-
up of 16.2 months for T-DXd and 15.3 months for T-DM1,
treatment with T-DXd resulted in a significant improvement
in PFS (HR 0.28, 95% CI 0.22-0.37, P ¼ 7.8 � 10-22), with a
12-month PFS rate of 75.8% with T-DXd versus 34.1% with
T-DM1, providing compelling evidence of the activity of a
new agent in this setting. The PFS superiority of T-DXd was
sustained across subgroups. A strong trend for OS benefit
was also observed favoring the T-DXd arm (HR 0.56, 95% CI
0.36-0.86, P ¼ 0.0071). The rate of all-grade treatment-
related adverse events (AEs) was numerically higher in the
T-DXd arm (98.1% versus 86.6%), as did the rate of grade�3
AEs (45.1% versus 39.8%) and the proportion of patients
with drug-related AE associated with discontinuation
(12.8% versus 5.0%). Although drug-related interstitial lung
disease (ILD)/pneumonitis was reported in 10.5% of pa-
tients receiving T-DXd, with it being the most common
cause of treatment discontinuation in this arm, the number
of high-grade ILD was low, with two cases (0.8%) of grade 3
and no grades 4/5 ILD in the T-DXd arm.7 Based on these
results, T-DXd will replace T-DM1 as the standard second-
line therapy.

Although several studies have evaluated different thera-
peutic strategies after progression to two previous lines of
anti-HER2 therapy, there are currently no data to support
one preferred specific approach after progression to T-DXd.
Understanding the mechanisms of resistance to this agent,
as well the patterns of cross-resistance among different
ADCs (and other anti-HER2 agents), will have important
implications for optimizing treatment sequencing. Until
such data are available, different factors such as drug
availability, treatment costs, toxicity profile, presence of
comorbidities, prior exposure to different anti-HER2 agents,
site of metastasis, and personal preferences will influence
decision making.8
2 https://doi.org/10.1016/j.esmoop.2021.100343
In the phase III HER2CLIMB trial, tucatinib, an oral ty-
rosine kinase inhibitor (TKI), was compared with placebo,
both in combination with trastuzumab and capecitabine, in
612 patients previously treated with trastuzumab, pertu-
zumab, and T-DM1.9 After a follow-up of 29.6 months, the
tucatinib-containing arm was associated with a 5.5-month
improvement in OS (HR 0.73, P ¼ 0.004) and with
increased PFS (HR 0.57, P < 0.00001).10 Also during the
ESMO Congress 2021, results from the phase III
SYD985.002/TULIP were presented, evaluating another
ADC, [vic]trastuzumab duocarmazine, in comparison with
physician’s treatment choice (PTC), in patients who had
received at least two prior lines of treatment, or previous
treatment with T-DM1. In this trial, PFS was 7.0 months for
[vic]trastuzumab duocarmazine and 4.9 months for PTC (HR
0.64, 95% CI 0.49-0.84, P ¼ 0.002). At the time of this
analysis, OS difference favoring [vic]trastuzumab duo-
carmazine was not statistically significant (HR 0.83, 95% CI
0.62-1.09, P ¼ 0.153). Although rates of treatment-related
AE of any grade were similar between treatment arms
(96.5% versus 96.4%), rates of grade � 3 AEs were
numerically higher in the [vic]trastuzumab duocarmazine
arm (52.8% versus 48.2%). Importantly, 78.1% of patients
treated with [vic]trastuzumab duocarmazine experienced
eye toxicity, a significant proportion of which (21.2%) was
grade �3. Eye toxicity was also the cause of dose modifi-
cations in 22.9% of patients and led to treatment discon-
tinuation in 20.8% of the patients in this arm. These AEs
occurred despite several risk mitigation strategies imple-
mented in the trial, such as the exclusion of patients with
prior keratitis, use of prophylactic lubricating eye drops,
regular eye exams by an ophthalmologist, and treatment
discontinuation in case of grade �3 keratitis. Thus, eye
toxicity is a major factor to be considered when considering
[vic]trastuzumab duocarmazine since this class of AEs could
have significant impact on the quality of life. ILD/pneumo-
nitis was also observed with this agent in 7.6% of patients,
with 2.4% grade �3 events and two fatal cases (0.7%).11

Continued HER2 blockade is considered standard clinical
practice during the disease course and several options are
now available for the treatment of patients with trastuzu-
mab-, pertuzumab-, and ADC-pretreated HER2-positive
MBC. In the phase III NALA trial, neratinib, an irreversible
pan-HER TKI, in combination with capecitabine was
compared with lapatinib plus capecitabine in patients with
HER2-positive MBC with � 2 previous HER2-directed regi-
mens (41.7% and 54.3% with prior exposure to pertuzumab
and T-DM1, respectively).12 Neratinib was associated with
an improvement in PFS (HR 0.76, 95% CI 0.63-0.93), but no
significant OS benefit (HR 0.88, 95% CI 0.72-1.07).12 In the
phase III SOPHIA trial, patients experiencing progression
after two or more prior anti-HER2 therapies (91.2% and
>99% previously treated with T-DM1 and pertuzumab,
respectively) received PTC in combination with margetux-
imab, an Fc-engineered anti-HER2 monoclonal antibody
aiming at increasing activation of innate and adaptive
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Figure 1. Proposed treatment algorithm.
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anti-ERBB2 immune responses, or trastuzumab.13 Marge-
tuximab led to an improvement in PFS (HR 0.76, 95% CI
0.59-0.98, P ¼ 0.03) without significant impact in OS (HR
0.89, 95% CI 0.69-1.13, P ¼ 0.33) in the second planned
interim analysis.13 Although there is no direct evidence
supporting any ideal treatment sequence, neratinib, mar-
getuximab, lapatinib, or trastuzumab in combination with
different chemotherapy agents can be considered as later-
line options, while T-DXd, T-DM1, or tucatinib-based com-
bination may offer interesting alternatives, if not previously
used in earlier lines.14

DISEASE RELAPSE UP TO 12 MONTHS AFTER COMPLETING
ADJUVANT TREATMENT

For patients presenting disease relapse during or within 6
months after completing adjuvant therapy, the preferred
treatment option is T-DXd based on the data from the
DESTINYBreast-03 trial.7 For patients with MBC diagnosed
between 6 and 12 months after completing adjuvant ther-
apy, if the regimen used in the adjuvant setting included
pertuzumab, T-DXd would be the preferred treatment, also
based on the results of the DESTINYBreast-03 trial.7

Although both populations (so called ‘rapid progressors’)
were represented in DESTINYBreast-03, absence of head-to-
head comparison between T-DXd and THP precludes an
absolute exclusion of the role of THP in this setting. Inter-
estingly, a retrospective real-world cohort of early-relapsing
patients demonstrated PFS and OS superiority of THP over
T-DM1 in patients with time-to-relapse �6 months or be-
tween 6 and 12 months.15 In view of the lack of consensus
or compelling data regarding the standard treatment of
relapses with a treatment-free interval between 6 and 12
months after exposure to pertuzumab-free adjuvant regi-
mens (trastuzumab alone or T-DM1), our preferred
approach is to use THP in this first-line setting.
Volume 7 - Issue 1 - 2022
RELAPSE WITH CENTRAL NERVOUS SYSTEM METASTASES

Approximately one-third of patients with HER2-positive
MBC will ultimately develop CNS metastases. Despite this
high incidence of CNS metastases, the survival after CNS
involvement is higher in patients with HER2-positive MBC
compared to other subtypes, primarily due to better sys-
temic and cranial disease control provided by anti-HER2
agents. The initial treatment of symptomatic brain metas-
tases (BM) is traditionally local with neurosurgery and/or
radiotherapy, depending on the number of metastases,
performance status, and systemic disease control.16 These
techniques provide good local control but do not effectively
prevent future CNS events. An exploratory analysis of the
CLEOPATRA trial showed longer median time to develop-
ment of CNS metastases as first site of disease progression
in pertuzumab arm (15.0 versus 11.9 months, HR 0.58, 95%
CI 0.39-0.85),17 meaning that despite the low bloodebrain
barrier (BBB) permeability, these monoclonal antibodies
still play a role in first-line MBC with BM. Moreover, trials
evaluating ADC, such as EMILIA (T-DM1) and DESTINY-
Breast03 (T-DXd), included patients with CNS metastases
(19.8% and 23.8%, respectively).6,7 Presented at San Anto-
nio Breast Cancer Symposium 2021, the updated subgroup
analysis of 82 patients with stable BM at baseline in DES-
TINY-Breast03 demonstrated an improvement in median
PFS from 3 months with T-DM1 to 15 months with T-DXd
(HR 0.25, 95% CI 0.31-0.45). This finding positions this drug
as preferred second-line therapy after THP also in case of
CNS involvement.18 Small molecules such as anti-HER2TKI
consistently demonstrated the ability to penetrate the
BBB, showing activity in the CNS with intracranial overall
response rates from 47% to 66%.19-21 However, only
HER2CLIMB (tucatinib) included patients with active CNS
metastases, demonstrating survival benefit for the addition
of tucatinib to trastuzumab/capecitabine in patients with
https://doi.org/10.1016/j.esmoop.2021.100343 3
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BM (HR 0.58, 95% CI 0.40-0.85), even in the subpopulation
of patients with active BM (HR 0.49, 95% CI 0.30-0.80).
These data potentially place this agent after THP in case of
active CNS metastases not requiring immediate local
treatment, considering that head-to-head comparisons be-
tween tucatinib and ADC are not available.

CONCLUSION

Treatment of patients with HER2-positive MBC is rapidly
evolving as new agents demonstrate increased efficacy in
different clinical settings. While THP remains the standard
first-line, trastuzumab deruxtecan has now established its
role as the preferred therapy in the second-line setting.
Tucatinib in combination with trastuzumab/capecitabine
remains a valid option particularly in patients with BM. A
plethora of subsequent treatment options are then avail-
able for later lines. Further studies are required to better
understand mechanisms of resistance to these agents, thus
allowing treatment sequencing optimization.
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