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ARTICLE INFO ABSTRACT

Keywords: Human epidermal growth factor receptor 2 oncogene (HER2-positive) overexpression/amplification occurs in
HER2 less than 20% of breast cancers and has traditionally been associated with poor prognosis. Development of
Advanced breast cancer therapies that target HER2 has significantly improved outcomes for patients with HER2-positive advanced breast

Monoclonal antibody
Brain metastasis
Tyrosine kinase inhibitor
Antibody-drug conjugate

cancer (ABC). Currently available HER2-targeted agents include the monoclonal antibodies trastuzumab, per-
tuzumab, and margetuximab, the small-molecule inhibitors lapatinib, tucatinib, neratinib, and pyrotinib, as well
as the antibody-drug conjugates trastuzumab emtansine and trastuzumab deruxtecan. Optimal sequencing of
these agents in the continuum of the disease is critical to maximize treatment outcomes. The large body of
clinical evidence generated over the past 2 decades aids clinicians in treatment decision-making. However,
patients with HER2-positive ABC and specific disease characteristics and/or comorbidities, such as lep-
tomeningeal disease, brain metastases, or cardiac dysfunction, are generally excluded from large randomized
clinical trials, and elderly or frail patients are often underrepresented. In addition, there is great inequality in the
accessibility of approved drugs across countries. This article addresses various challenging clinical situations
when treating patients with HER2-positive ABC. The objective is to provide guidance to clinicians on how and
when HER2-targeted therapies and additional treatments can be best implemented in routine clinical practice, on
the basis of existing clinical evidence and expert opinion where needed.

cohort studies of “non-trial” patients receiving such treatments
Purpose of this paper including important populations such as older patients and patients with
brain metastases.
The paper has the aim of providing support for clinical decision

making in patients who do not meet the eligibility criteria from the 1. Introduction
pivotal trials which have led to the registration of the discussed drugs
and is a complement to existing guidelines. This required review of Breast cancer is one of the most prevalent types of cancer worldwide,
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Abbreviations

adj adjuvant

Anthr  anthracycline

Cap capecitabine

carbo carboplatin

D docetaxel

d day

dox doxorubicin

ERBB erythroblastic leukemia viral oncogene homolog
HT hormonal therapy

L lapatinib

M margetuximab

MCBS  magnitude of clinical benefit scale
med median

N neratinib

neo neoadjuvant

PL paclitaxel

PN peripheral neuropathy

T trastuzumab

representing 11.7% of all new cancer cases in 2020, and responsible for
6.9% of cancer-related deaths [1]. In Europe, with a total of 84,900
predicted deaths for 2021, the breast-cancer age-standardized mortality
rate was expected to decline by 7.8% in 2021 compared with 2015 [2];
however, the effects of the COVID-19 pandemic on health care may have
influenced patients’ survival [3,4].

Human epidermal growth factor receptor 2 overexpression or
amplification of the HER2/neu oncogene (HER2-positive) occurs with
variable incidence. For example, in the US, approximately 19% of pa-
tients under 50 years of age and 15% of patients aged 50 and older have
HER2-positive breast cancer [5]. Among patients with early
HER2-positive breast cancer, 16%-24% will progress and develop
metastatic disease, with the major sites of distant metastasis being bone,
liver, lung, and brain [6,7]; approximately 50% of patients with
advanced breast cancer (ABC) develop brain metastases [8].

HER2-targeted therapies have significantly improved disease prog-
nosis [9-12], with median overall survival (OS) longer than 60 months
in patients with inoperable and previously untreated ABC [13]. HER2
expression, assessed at diagnosis and progression by immunohisto-
chemistry and/or in situ hybridization (for detection of HER2/neu copy
number) can predict potential responsiveness to HER2-targeted agents
[14,15]. The quality of the samples used is key for accurate HER2
testing, and additional factors, such as intratumoral heterogeneity or
changes in HER2 status at progression, can confound the interpretation
of HER2 test results [16]. A review dedicated to the treatment of patients
with HER2-low tumors has recently been published and will not be
discussed in this article [17].

Multiple agents that target HER2 have been developed over the past
decades (Table 1). Trastuzumab, the first anti-HER2 humanized mono-
clonal antibody, is key for treatment of HER2-positive breast cancer and
has been included in the World Health Organization (WHO) Global
Action Plan for Noncommunicable Diseases List of Essential Medicines
[18]. The use of trastuzumab significantly improved disease-free sur-
vival and OS among patients with HER2-positive ABC [9,19]. A second
anti-HER2 monoclonal antibody, pertuzumab, binds to different HER2
epitopes, making these agents complementary by providing increased
HER2 blockade [20,21]. Consequently, dual HER2 targeting with tras-
tuzumab and pertuzumab is the current standard of care for first-line
ABC. However, pertuzumab is not available in routine practice for
most patients in many countries [22] and there is existing or emerging
resistance to anti-HER2 agents. As a result, anthracyclines, despite their
cardiotoxicity and potential for development of secondary malignancies,
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Table 1
Targeted agents/regimens for HER2-positive locally advanced or metastatic
breast cancer approved by EMA and/or FDA.

Agent(s) Mechanism of Mode of Approved regimen
action administration
Trastuzumab Anti-HER2 Iv/sC e Monotherapy after >2
mADb CT regimens
e In combination with
paclitaxel or
docetaxel
e In combination with
Al in HR-positive ABC
Trastuzumab + Anti-HER2 v e Trastuzumab +
Pertuzumab mAb pertuzumab +
docetaxel in 1L ABC
Margetuximab- Anti-HER2 v e Margetuximab + CT
cmkb chimeric Fc- after >2 anti-HER2
engineered regimens (at least 1
mAb for ABC)
Trastuzumab ADC (anti- v e Monotherapy after
emtansine HER2 mAb + taxanes +
DM1) trastuzumab in 2L
ABC or in 1L ABC for
patients relapsing <6
m after adjuvant
therapy
Trastuzumab ADC (anti- v e Monotherapy after >2
deruxtecan HER2 mAb + anti-HER2 regimens
DXd)
Lapatinib Reversible PO e In combination with
ERBBI and capecitabine after 1L
ERBB2 TKI with anthracycline +
taxanes +
trastuzumab
e >2L: In combination
with trastuzumab in
HR-negative patients
who progressed to CT
-+ trastuzumab
e In combination with
Al in patients with
HR-positive ABC (pa-
tients did not previ-
ously receive Al or
trastuzumab
Neratinib Irreversible PO e In combination with
pan-ERBB TKI capecitabine after >2
anti-HER2 regimens
for ABC
Tucatinib ERBB2 TKI PO e In combination with

trastuzumab +
capecitabine after >2
anti-HER2 regimens

ABC, advanced breast cancer; ADC, antibody-drug conjugate; Al, aromatase
inhibitor; CT, chemotherapy; EMA, European Medicines Agency; ERBB, eryth-
roblastic leukemia viral oncogene homolog; FDA, US Food and Drug Adminis-
tration; HER2, human epidermal growth factor receptor 2; HR, hormone
receptor; HT, hormonal therapy; IV, intravenous; L, line; mAb, monoclonal
antibody; PO, oral; SC, subcutaneous; TKI, tyrosine kinase inhibitor.

are still used for many patients. The newest anti-HER2 monoclonal
antibody, margetuximab, is engineered to induce CD16-mediated cyto-
toxicity and increase innate and adaptive immunity relative to trastu-
zumab and pertuzumab. Margetuximab has recently been approved by
the US Food and Drug Administration (FDA) [23] on the basis of results
from a phase III study showing marginally higher median
progression-free survival (PFS; 5.8 vs 4.9 months) compared with tras-
tuzumab, both plus chemotherapy, in pretreated patients with ABC [24].
Additionally, 2 antibody-drug conjugates (ADCs), trastuzumab emtan-
sine (T-DM1), composed of the cytotoxic agent DM1 conjugated to
trastuzumab [11], and trastuzumab-deruxtecan (T-DXd), which consists
of trastuzumab and the topoisomerase I inhibitor DXd [25], are
approved by the European Medicines Agency (EMA) and FDA. Finally,
the HER2 tyrosine kinase inhibitors (TKIs) lapatinib and tucatinib (EMA-
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and FDA-approved), neratinib (only FDA-approved for ABC) [26], and
pyrotinib (approved in China only) have shown antitumor activity in
patients with HER2-positive ABC [27,28]. Importantly, because of their
low molecular weight, TKIs may pass through the blood-brain barrier
and are potentially effective for patients with brain metastases [29].
Data from ongoing trials and approval of new drugs will further shape
the treatment of patients with HER2-positive and HER2 low ABC.

The European School of Oncology (ESO)/European Society for
Medical Oncology (ESMO) ABC5 guidelines for patients with HER2-
positive ABC recommend the pertuzumab-trastuzumab and chemo-
therapy combination for patients who have not received previous HER2-
targeted therapy or who were treated with a HER2-targeted agent in the
(neo)adjuvant setting with a disease-free interval (DFI) over 12 months
[30]. For second-line therapy, T-DM1 previously was the preferred op-
tion for patients who have progressed after at least 1 previous trastu-
zumab + pertuzumab-based treatment. However, preliminary results
from the DESTINY-Breast03 phase III trial in patients previously treated
with trastuzumab and a taxane, where approximately half of the patients
received T-DXd as second-line treatment and the other half in later lines
[31], are reshaping the standard sequence of anti-HER2-targeted
agents. Patients in the T-DXd cohort had a substantial PFS benefit
compared with those receiving T-DM1 (hazard ratio = 0.28; P = 7.8 x
10722 median PFS, not reached vs 6.8 months) and a trend toward an
OS benefit (hazard ratio = 0.56; P = 0.0072 did not cross the preset
boundary for significance of 0.000265). On the basis of these new data,
the ABC6 guidelines [32] now state that, where approved, T-DXd is the
preferred treatment option in the second-line setting, after
pertuzumab-trastuzumab, and T-DM1 remains as first choice where
T-DXd is not available or when patients cannot tolerate T-DXd. For pa-
tients who have been pretreated with pertuzumab-trastuzumab and
T-DM1, treatment with T-DXd as monotherapy [31,33] or tucatinib in
combination with trastuzumab and capecitabine have to be considered
[34] according to their FDA- or EMA-approved indications [35-38].
Recent recommendations from the ABC6 [32] panel note that, if not
used in the second line, T-DXd is the preferred treatment option in later
lines of therapy, on the basis of its antitumor activity in heavily pre-
treated patients (median lines of previous therapy: 6) [33]. Dual
blockade with tucatinib and trastuzumab in combination with capeci-
tabine has shown a 2-month increase in median PFS and a 4-month in-
crease in median OS compared with trastuzumab and capecitabine alone
in patients previously treated with trastuzumab, pertuzumab, and
T-DM1, including those with brain metastases [34,39]. Besides T-DXd
and tucatinib, there is low-level evidence for any specific treatment
option after second line and patients are encouraged to enroll in clinical
trials, when available. Trastuzumab plus lapatinib or combinations of
these drugs with chemotherapy or endocrine therapy (ET) may also be
an option [40,41]. The main pivotal trials with approved HER2-targeted
agents are represented in the Fig. 1 [9-11,19,20,24,33,34,42-54] and
key results are summarized in Table 2 [9-11,19,20,24,31,33,34,42-57].

Novel drugs are evaluated in clinical trials, which enroll homoge-
neous patient populations and are strictly controlled under conditions
that do not always reflect daily clinical practice. In general, patients
with specific disease characteristics or comorbidities are excluded from
clinical trials. Moreover, because of the lag period from drug approval to
their inclusion in the guidelines and uptake by clinicians, patients’
treatment history in daily practice does not always match that of the
populations in pivotal studies. As a result, there are several clinical sit-
uations not covered by current evidence-based clinical practice guide-
lines (eg, elderly patients), which creates differences and
misconceptions in clinical practice. Furthermore, unavailability of
several HER2-targeted drugs in many countries contributes to treatment
inequality and leads to unacceptable differences in clinical outcomes
among patients worldwide. Herein, we discuss and provide expert rec-
ommendations for treatment in real-world patients with HER2-positive
ABC for whom there are no specific clinical practice guidelines.
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2. Methods

The focus of the manuscript, the selection of topics, and clinical
scenarios for discussion were agreed by the co-authors during 5 online
meetings. The topics were chosen on the basis of an author consensus,
deleting many topics for which there was even less information.

The relevant literature was selected on the basis of the ESO/ESMO
ABC5 guidelines [30] and authors’ records (see Fig. 1). Searches of
recent literature with keywords pertinent to the topics to be discussed
were performed with a focus on HER2-positive ABC in PubMed and
EMBASE databases (January 2020 through October 2021), including full
manuscripts and congress abstracts. This search was performed for the
authors and collection, analysis, and interpretation of data was done by
the authors.

Authors’ input on the existing evidence and their personal experi-
ence in the management of the defined clinical scenarios were collected
and discussed during the meetings. All data and opinions were consol-
idated in a single draft, which was discussed until approved by all au-
thors in its final version.

Access to specific treatments at the readers’ respective country must
be considered, and readers should adapt the recommendations
accordingly.

3. Clinical scenarios

The treatment options for patients with HER2-positive ABC in the
following specific clinical situations are discussed:

1. Resistance/progression to HER2-targeted therapies

Q1: For patients whose disease progresses during HER2-targeted
maintenance therapy — should the last chemotherapy be resumed?
(Per ABC guidelines, maintenance is defined as “the continuation of anti-
HER2 therapy after discontinuation of chemotherapy” [30].)

— Available data: Evidence in support of rechallenge with the last
chemotherapy is scarce and comes from a case series of 4 patients
receiving pertuzumab-trastuzumab and docetaxel whose disease had
progressed while on maintenance with pertuzumab-trastuzumab.
Following rechallenge with paclitaxel, in 3 patients complete
tumor response was achieved [58]. Following T-DM1 discontinua-
tion, treatment with chemotherapy plus trastuzumab + pertuzumab
has shown limited antitumor activity [59]. Other options are rein-
troducing standard chemotherapy in combination with anti-HER2
treatment with trastuzumab-lapatinib [48] and
pertuzumab-trastuzumab if patients have not previously been
exposed to pertuzumab [46].

— Expert opinion: Experts do not recommend the use of the previous
chemotherapy for patients who had a short DFI (<12 months) after
the last therapy. After progression to trastuzumab + pertuzumab
plus chemotherapy, switching to treatment with T-DM1, T-DXd, or
tucatinib is advised and rechallenging should be considered only if
there is no other option. Because the total duration of disease control
comes from the added benefit of sequential treatments, the
maximum potential from each line should be exhausted before
switching to the next. Trials to address this question are needed.

Q2: For patients whose disease progresses under dual HER2 blockade
—is rechallenging or continuing HER2 blockade beyond progression still
a valid option?

— Evidence: HER2 expression levels play a role in the binding of anti-
HER2 agents to cancer cells, limiting their antitumor activity. A
preclinical study in HER2-positive breast cancer cell lines and in
tumor biopsies from 4 patients treated with pertuzumab-
trastuzumab has suggested that pertuzumab-trastuzumab
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Aromatase inhibitor and/or trast
if therapy completed >1 yr ago

Anthr, tax, trast regimens
Med 4 prior CT regimens
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PD on anthr, tax for 22 cycles

Surgery % CT, HT, RT

Surgery * CT, HT, RT

CT (68%)

I Chemotherapy
. Trastuzumab
" Lapatinib

L

7

L

7

8 Trastuzumab + pertuzumab
¥ Trastuzumab emtansine
. Trastuzumab deruxtecan

1L T-DM1

21L T-DM1

21L T-DM1

21L T-DM1

PD to trast for ABC

1L pertu + trast + D

Anthr, tax regimens PD
on trast + CT
Med 3 prior trast therapies

Anthr, tax regimens
PD on anthr, tax 22 cycles
26 wk trast £ CT

1L trast (3-weekly)
P + carbo/D

1L trast (weekly) £
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(if HR-positive)

1L CT (32%); 22L CT
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>2L nerat +
cap (prior 22
anti-HER2
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22L tucat + trast + cap
(prior 22 anti-HER2
therapies)

22L pertu + trast

22L trast (weekly)

|:| Tucatinib

Neratinib

B Margetuximab

Fig. 1. Summary of trials of anti-HER2 agents approved by EMA and/or FDA for treatment of patients with locally advanced/metastatic breast cancer. We indicate
the inclusion criteria to allow the reader to understand the typology of patients and the last arrow indicates the line of treatment of the actual trial. ABC, advanced
breast cancer; adj, adjuvant; anthr, anthracycline; cap, capecitabine; carbo, carboplatin; CT, chemotherapy; D, docetaxel; d, day; EBC, early breast cancer; EMA,
European Medicines Agency; FDA, US Food and Drug Administration; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; HT, hormonal
therapy; L, line; lap, lapatinib; marge, margetuximab; med, median; neo, neoadjuvant; nerat, neratinib; P, paclitaxel; PD, progressive disease; pertu, pertuzumab; RT,
radiotherapy; tax, taxanes; T-DM1, trastuzumab emtansine; T-DXd, trastuzumab deruxtecan; trast, trastuzumab; tucat, tucatinib.
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ABC

Disease-free
interval

e ETin 1L

e Progressed to T

<2L: 66 vs 67%
o >2L: 34 vs 33%

14%; ET, 47 vs 49%

Prior therapies in neo/adj or ABC: Tax, 95 vs 92%;
Anthr, 44 vs 41%; Platinum, 13 vs 15%; T, 100 vs
100%; P, 100 vs 100%; T-DM1, 91 vs 92%; L, 15 vs

e Progressed <6 m after neo/
adj treatment or during/
after prior ABC treatment

e T in neo/adj and/or ABC:
84 vs 84%

e CT not allowed

>24 m: 40 vs 36%

e >1L prior CT

Table 2
Trials of targeted agents/regimens for HER2-positive locally advanced/metastatic breast cancer approved by EMA and/or FDA.
Agent Trastuzumab
Regimen Weekly Three-weekly
Study Cobleigh [54] (T) Vogel [52] (T) Slamon [9] (T + CT vs Slamon [9] (T + PL Marty [19] (T + D vs D) Kaufman [53] Baselga [49] (T) Robert [50] (T + PL + Herceptin SmPC [51] (T +
CT) vs PL) (T + carboplatin vs T + PL) D)
anastrozole vs
anastrozole)
N 222 114 235 vs 234 92 vs 96 (68 vs 92 vs 94 103 vs 104 105 98 vs 98 110
77%)
MCBS score - - - - - - - - -
Previous Neo/ e CT: 68% e CT, 68% e CT: 72 vs 62% e CT:97 vs 100% e CT, 71 vs 68% e Adj/ABCCT e CT, 72% e Surgery, 80 vs 76% -
treatment Adj e RT, 46% e ET e RT, 64 vs 66% > 6 m prior, e ET, 38% e CT: 49 vs 46%
e ET, 37% e RT o ET, 44 vs 47% 53vs60% e RT, 62% o RT: 38 vs 42%
e SCT, 12% e Adj/ABC ET, e ET: 40 vs 51%
ABC o CT > 1L:100% (1L, e CT not allowed e Adj/ABCET:58 vs e Adj/ABCET: 55 e CT not allowed 60 vs 66% e CT, ET, RT not e CT not allowed e CT not allowed
32%; >2L, 68%) 55% vs 56% allowed
e Adj/ABCRT: 55vs e Adj/ABC RT: 67
63% vs 76%
Disease-free interval ¢ <12 m, 37% e <12 m, 28% e Med: 22.4-24.5vs e Med: 22.4 vs - - - - -
e 12-24 m, 22% e 12-24 m, 32% 18.9-22.8 m 189 m
e >24m, 40% e >24m, 39%
Patients excluded e Bilateral BC o Bilateral BC o Bilateral BC o Bilateral BC e Brain/lepto- e Brain e Brain metastases e Congestive heart failure e History of significant
e Brain/only bone e Brain/leptomenin-geal/ e Brain/osteoblastic e Brain/only bone = meningeal metastases e LVEF <50% e Uncontrolled brain cardiac or CNS disorders
metastases only bone metastases bone metastases metastases metastases e LVEF <50% e Uncontrolled metastasis e LVEF <50%
e LVEF <50% e Uncontrolled  cardiac disease
e Uncontrolled cardiac  cardiac
disease disease
Efficacy
ORR, % 15 26 50 vs 32 41 vs 17 (49 vs 61 vs 34 20vs 7 23 52 vs 36 73
17%)
CR, % 4 6 8vs3 8vs2 7vs2 OvsO 2 10vs 3 -
Median TTP, m 3.1 3.5-3.8 7.4 vs 4.6 6.9vs3.0(7.1vs 11.7vs6.1 48vs24 34 - 13.6
3.0%)
Median OS, m 13 24.4 25.1 vs 20.3 22.1vs18.4 (24.8 31.2vs 22.7 28.5vs 23.9 — 35.7 vs 32.2 47.3
vs 17.9%)
Regimen Trastuzumab + pertuzumab Margetuximab Trastuzumab emtansine (T-DM1)
Study Baselga [20]; Swain Baselga [46] (P + T) Rugo [24] (M + CT vs T + CT) Verma [11] (T-DM1 vs L +  Hurvitz [43] (T-DM1  Burris [45] (T-DM1) Krop [44] (T-DM1)
[55](P+T+DvsT Cap) vs T + D)
+D)
N 402 vs 406 66 266 vs 270 495 vs 496 67 vs 70 112 110
MCBS score 4 - - 4 - - -
Previous Neo/ e CT +T (TFI >12 e <3L of prior CT: 59 vs 54% e T:16 vs 16% o T:18 vs 27% e >1L prior HER2 o T
treatment Adj m: 46 vs 47%) Anthr, 70%; Tax, e D: 33 vs 40% therapy oL
41% tax e Anthr: 45 vs 49% e Progressed while on e Platinum
HER2 therapy/<60 e Tax
d after last T dose e Anthr

>2 L prior HER2 therapies and
progressed to last

Med 7 prior agents: T, 100%; L,
100%; Platinum, 100%; Anthr,

100%; Tax, 99%; RT, 86%; ET,

48%

(continued on next page)
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Table 2 (continued)

Regimen

Trastuzumab + pertuzumab

Margetuximab

Trastuzumab emtansine (T-DM1)

Patients excluded

e Brain metastases

e Brain metastases

e Prior brain metastases were allowed if treated and e

Brain metastases

e Brain metastases -

Progressed <6 m

e Prior dox dose e Congestive heart stable e Prior T-DM1, L, Cap after neo/adj CT e PNG>3
>360 mg/m2 failure e PNG>3 e T < 21 d prior e LVEF <50%
e LVEF <50% e LVEF <55% and if e LVEF <50% e Prior dox dose >500 e Serious cardiac disease
<50% during T o Serious cardiac disease mg/m2
e Brain metastases
e PNG>3
e Uncontrolled
cardiovascular
disease
Efficacy
ORR, % 80 vs 69 24 22vs 16 44 vs 31 64 vs 58 26 35
CR, % 6vs 4 8 3vs2 4vs2 10vs 4 0 0
Median PFS, m 18.7 vs 12.4 5.5 5.8 vs 4.9 9.6 vs 6.4 14.2vs 9.2 4.6 6.9
Median OS, m 57.1 vs 40.8 (Prior T: — 21.6 vs 19.8 30.9 vs 25.1 - - -
53.8 vs 46.6) 29.9 vs 25.9'
Agent Trastuzumab deruxtecan (T-DXd) Lapatinib Tucatinib Neratinib
Study Modi [33] (T-DXd) Cortes [31] (T-DXd vs Geyer [10]; Cameron Blackwell [48,56] Johnston [47] (L + letrozole vs Murthy [34] (tucatinib + T + Cap Saura [42] (N + Cap vs L + Cap)
T-DM1) [57] (L + Cap vs Cap) (L+ TvsL) letrozole; hormone receptor-positive, ~ vs T + Cap)
HER2-positive)
N 184 524 198 vs 201 148 vs 148 111 vs 108 410 vs 202 307 vs 314
MCBS score 2 - - 4 - 3 -
Previous Neo/ e Med 6 prior therapies: T, 100%; — - - e >1 yr prior: CT, ET, AL, and/or T e Med prior therapies: 4 vs 4 e Neo, 17 vs 23%
treatment Adj T-DM1, 100%; P, 66%; Other e Med prior ABC therapies: 3vs 3 o Adj, 48 vs 48%
ABC anti-HER2, 54% e T+CT e Med 3 prior T e None e T, 100 vs 100%; e Med 2L, 70 vs 69%
therapies e P, 100 vs 100%; e Med >3L, 30 vs 32%
e T-DM1, 100 vs 100%; o T only: 40 vs 36%
o L,6vs5% e T,P+T:8vs7%
e T, T-DM1: 19 vs 20%
e T,P + T, T-DM1: 33 vs 36%
Disease-free - - - 27 vs 25d - - -

interval
Patients excluded

Efficacy

ORR, %

CR, %

Median PFS, m

Median OS, m

e History of cardiac disease

61

16.4

At 12 m: 86.2%

Prior T-DM1 for ABC
Uncontrolled/
significant cardiac
disease

Active brain

.

.

.

metastases

79 vs 34

e History of cardiac
disease

e Abnormal LVEF

e Unstable brain
metastases

22vs 14
1vsO

Med 16 m follow-up: Not Med TTP: 8.4 vs 4.4

reached vs 6.8

At 12 m: 94.1 vs 85.9%

17.3 vs 14.9

e Abnormal LVEF -

10vs7
1vs2
2.8vs 19

14 vs 9.5

28 vs 15
5vs4
8.2vs3

Med >7.5 yr follow-up: Hazard ratio

0.97; P = 0.848

Prior Cap or HER2 TKI for ABC e Prior brain metastases were
(L allowed if > 12 m before) allowed unless symptomatic or

e Leptomeningeal disease unstable
41 vs 23 33 vs 27
09vs1l.2 1.6 vs 0.4
7.8 vs 5.6 8.8 vs 6.6
Atlyr:

33.1vs12.3%

219vs17.4 24 vs 22.2

At 2 yr: 44.9 vs 26.6%

*Herceptin SmPC [51]. Subanalysis of patients with HER2 IHC3+ signal intensity.
fLong-term follow-up; 27.4% of patients had crossed from L + Cap to T-DM1 arm.
-, not specified; 1L, first-line; 2L, second-line; 3L, third-line; ABC, advanced breast cancer; adj, adjuvant; Anthr, anthracycline; BC, breast cancer; Cap, capecitabine; CNS, central nervous system; CR, complete response; CT,
chemotherapy; D, docetaxel; dox, doxorubicin; EMA, European Medicines Agency; ET, endocrine therapy; FDA, Food and Drug Administration; G, grade; HER2, human epidermal growth factor receptor 2; HR, hormone
receptor; IHC, immunohistochemistry; L, lapatinib; LVEF, left ventricular ejection fraction; M, margetuximab; m, months; MCBS, magnitude of clinical benefit scale; med, median; N, neratinib; neo, neoadjuvant; ORR,
overall response rate; OS, overall survival; P, pertuzumab; PFS, progression-free survival; PL, paclitaxel; PN, peripheral neuropathy; RT, radiotherapy; SCT, stem cell transplantation; SmPC, summary of product char-
acteristics; T, trastuzumab; T-DM1, trastuzumab emtansine; TFI, treatment-free interval; TKI, tyrosine kinase inhibitor; TTP, time to progression.

‘I 32 0udDy W

9SI-SHI (220Z) 99 1sv2.g Y],



M. Aapro et al.

pretreatment can reduce the levels of HER2 receptors on cancer cells
for subsequent T-DM1 targeting [60]. Additionally, T-DM1 efficacy
has been suggested to be reduced in patients who received
pertuzumab-trastuzumab in the previous line compared with those
who received trastuzumab alone [61,62]. However, a phase III trial
of pertuzumab retreatment (PRECIOUS; NCT02514681) has shown
that pertuzumab-trastuzumab plus chemotherapy retreatment in
third or fourth line is feasible [63]. Currently, switching to T-DXd is
the preferred option for patients previously treated with trastuzumab
plus taxane [31] and after T-DM1 [33]. Alternatively, retreatment
with trastuzumab plus chemotherapy can be considered when T-DXd
is not available [40,41,64].

Expert opinion: It is crucial to keep blocking the HER2 pathway until
the end of anticancer therapy, since progression of disease is much
faster without blockade. If there is progression to dual blockade,
rechallenge with the same agents is not recommended and other
treatment options should be undertaken. Rechallenge may be
considered if treatment was stopped for reasons other than pro-
gression, or if other therapy options have been exhausted or are not
available. Maintained use of the HER2-targeted agent beyond pro-
gression (except trastuzumab [64]) is not recommended. Experts
recommend use of other options before retreatment with
pertuzumab.

Q3: For patients whose disease progresses under HER2-targeted

therapy, is there a need to rebiopsy metastatic lesions?

— Expert opinion: After biopsy at presentation of ABC, rebiopsy may be
performed at first progression or after “unexpected” evolution of the
disease.

4. Third-line therapy and beyond

Q: For patients without brain metastases — what are the recom-

mended third-line therapies?

- Evidence: T-DXd has recently been approved and has shown durable

antitumor efficacy in heavily pretreated patients, including those
who previously received T-DM1 [30,33]. Additionally, treatment
with tucatinib in combination with trastuzumab and capecitabine
has shown improvement in PFS and OS compared with trastuzumab
plus capecitabine in heavily pretreated patients [34]. Other TKIs
have also shown antitumor activity in patients with HER2-positive
disease who had received various therapies in the metastatic
setting. In retrospective analyses, lapatinib provided clinical benefit
[65]; however, in phase III randomized clinical trials (NCIC CTG
MA.31 [66,67] and CEREBEL [68] studies) combinations of chemo-
therapy and lapatinib were inferior to combinations of chemo-
therapy and trastuzumab in terms of OS. For this reason, the ABC
guidelines consider the role of lapatinib as secondary and better used
in combination with trastuzumab, without chemotherapy, in pa-
tients pretreated with several lines of therapy [48]. Notwithstanding
the above, in countries without access to trastuzumab beyond pro-
gression, lapatinib remains a therapeutic option for patients who
received prior trastuzumab, pertuzumab, and T-DM1. Additionally,
neratinib provides a small improvement in PFS vs lapatinib (both in
combination with capecitabine) in patients treated with >2 previous
anti-HER2 therapies for ABC, but with the expenses of higher toxicity
with diarrhea being the most relevant [42]. Marginal improvement
in median PFS has been shown in a phase III trial of margetuximab vs
trastuzumab (both in combination with chemotherapy [24]). Pyro-
tinib showed a benefit in median PFS vs lapatinib, both in combi-
nation with capecitabine [69]. Finally, preliminary results of an
ongoing phase III trial with trastuzumab duocarmazine have shown
slightly improved PFS in heavily pretreated patients (median 4 prior
therapies for ABC) compared with physician’s choice [70], but with
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important toxicity. Addition of everolimus to trastuzumab plus
chemotherapy provides only minimal benefit in PFS [71], and is not
recommended.

- Expert opinion: Upon progression while on second-line anti-HER2

therapy, treatment with TKI tucatinib, T-DM1 (if it was not used
previously), and T-DXd should be considered, depending on avail-
ability and the risk-benefit ratio. The ABC6 guidelines do not
recommend neratinib, pyrotinib, or margetuximab in this setting.

. CNS metastases

Q1: For patients with progressive disease in the brain after double-

blocking with pertuzumab-trastuzumab followed by T-DM1 — what are
the treatment options?

- Evidence: The HER2CLIMB trial has shown that tucatinib added to

trastuzumab plus capecitabine provides a survival advantage over
trastuzumab plus capecitabine in patients with brain metastases and
additional disease outside the brain [34]. A subgroup analysis in
heavily pretreated patients with brain metastases enrolled in the
HER2CLIMB trial showed that the tucatinib-trastuzumab-capecitabine
combination was superior to trastuzumab-capecitabine in terms of
PFS (68% reduction in the risk of progression or death) and OS (42%
reduction in the risk of death) [39]. The phase II LANDSCAPE study
showed that lapatinib plus capecitabine was active in patients with
advanced disease and brain metastases not previously treated with
radiotherapy [72]. The phase III randomized trial CEREBEL, of lapati-
nib plus capecitabine, was inferior in terms of OS to trastuzumab plus
capecitabine and no difference was in seen in the primary endpoint of
central nervous system (CNS) metastases [68]. Recently, T-DM1 [73,
74] has shown some activity in patients pretreated with trastuzumab +
pertuzumab, while T-DXd has demonstrated preliminary activity in
patients previously treated with T-DM1 [75,76]. For patients with
stable systemic disease, the same systemic therapy is recommended
(ABC6). When recurrence only involves brain metastases, following
complete resection of 1-3 lesions, stereotactic radiotherapy (SRT)
significantly reduced local recurrence compared with observation, with
acceptable toxicity [77]. In a phase III study in patients with 1 resected
brain metastasis, SRT showed similar OS and improved cognitive out-
comes compared with whole brain RT (WBRT) and represented a less
toxic option [78]. In patients eligible for SRT, addition of chemotherapy
is not advised (ABC6).

— Expert opinion: The ABC6 recommendation for patients with pro-

gressive extracranial disease and without option for local therapy is
to change the systemic therapy, with tucatinib plus trastuzumab and
capecitabine being the preferred option (ABC6). Alternatively, pa-
tients can be treated with T-DM1, and preliminary evidence suggests
that T-DXd can be used in patients pretreated with pertuzumab-
trastuzumab and T-DM1 who had prior RT. For patients with
controlled disease outside the brain, the advice is to treat the intra-
cranial disease locally with surgery and/or SRT, when feasible, and
to continue or resume treatment with the same HER2-targeted agent
(ABC6). For patients with CNS progression after excision of brain
metastases, the preferred option is local treatment, ie, surgery and/or
SRT, when indicated. WBRT is an alternative with higher cognitive
adverse events.

Q2: How has the use of SRT (eg, CyberKnife) changed the manage-

ment of brain metastases?

- Evidence: WBRT has been the standard treatment for patients with

brain metastasis, but its use has declined due to treatment-related
toxicities, mostly cognitive impairment. Currently, WBRT use is
mostly restricted to patients with numerous brain metastases and
poor performance status. SRS, due to its highly conformal nature,
spares a significant volume of healthy brain tissue and provides high



M. Aapro et al.

local control rates compared with WBRT. Two trials comparing SRS
demonstrated no significant differences in OS and a lower risk of
cognitive decline [79,80]. The risk of toxicity is related to the global
volume, rather than the total number, of brain metastases. When
compared with SRS alone, the addition of WBRT increases the risk of
neurocognitive toxicity without conferring a benefit in OS.

- Expert opinion: In patients with up to 10 metastases and a volume of
less than 30 cm? SRS is the recommended treatment option.
Guidelines recommend against adjuvant WBRT following complete
resection or SRS in favor of close monitoring for patients with a
limited number of brain metastases.

Q3: For patients with leptomeningeal disease — what are the treat-
ment options?

- Evidence: There is limited clinical evidence because this patient
population is generally excluded from clinical trials, even from those
enrolling patients with brain metastases. Results from 2 retrospective
studies with low numbers of patients suggested that treatment with
intrathecal trastuzumab [81] and intrathecal chemotherapy [82]
might improve the prognosis of these patients. Treatment with
T-DM1 and WBRT resulted in clinical and radiologic response in a
single case-report [83]. While currently there are no data from
clinical trials of TKIs in leptomeningeal disease, tucatinib in partic-
ular provides OS benefit for patients with brain metastases when in
combination with trastuzumab and capecitabine [34,84]. An
ongoing phase I study (NCT03501979) of  the
tucatinib-trastuzumab-capecitabine combination in patients with
HER2-positive ABC and leptomeningeal disease should provide
insight into the treatment options for this difficult-to-treat patient
population.

— Expert opinion: Although there is no standard of care, ESO/ESMO
ABC5 guideline recommendations include focal radiotherapy for
patients with symptomatic lesions, WBRT for patients with extensive
nodular or symptomatic disease, and intrathecal therapy for those
with stable systemic disease and normal cerebrospinal fluid flow
[30]. However, due to its toxicity and limited efficacy, intrathecal
chemotherapy is rarely used. In general, the same treatments as for
brain metastases discussed above could be used, despite the absence
of direct evidence in patients with leptomeningeal disease [39].
Because of the small numbers of patients who develop lep-
tomeningeal metastases, collection of real-world data would aid in
the development of more specific and robust treatment recommen-
dations. The prognosis of these patients remains dismal regardless of
treatment.

6. Special populations

Q1: For frail patients, defined as patients with decreased physiologic
and functional reserve resulting in increased predisposition to stressors
and adverse outcomes, who are at risk of complications [85] — what are
the treatment options? Is anti-HER2 therapy recommended?

- Evidence: Various HER2-targeted regimens without chemotherapy
have shown antitumor activity and good tolerability, such as trastu-
zumab alone with addition of chemotherapy at disease progression
[86], T-DM1 alone in first-line ABC [87], pertuzumab-trastuzumab
followed by T-DM1 [88], or trastuzumab with lapatinib in heavily
pretreated patients [48]. For elderly and frail patients, addition of
metronomic cyclophosphamide to pertuzumab-trastuzumab led to
benefits in PFS compared with the HER2 dual blockade alone, with an
acceptable toxicity profile [89]. Additionally, for patients who cannot
tolerate docetaxel or who have previously received docetaxel in the
(neo)adjuvant setting, treatment with pertuzumab-trastuzumab and
vinorelbine is a feasible option [90]. Lastly, treatment with trastuzu-
mab plus ET was noninferior and was associated with fewer toxicities
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than trastuzumab plus chemotherapy in patients with HER2-positive,
hormone receptor-positive ABC [91].

— Expert opinion: Chemotherapy should be omitted in these patients to
reduce treatment-related toxicities, especially cardiotoxicity. HER2-
targeted agents either as monotherapy or in various chemotherapy-
free combinations are feasible options for frail patients. Alterna-
tively, they can be combined with single-agent metronomic chemo-
therapy. For patients with hormone receptor-positive tumors, HER2-
targeted agents in combination with ET should be considered.

Q2: For elderly fit patients — what are the treatment options? Is
HER2-targeted therapy recommended?

- Expert opinion: Because fit elderly patients can tolerate standard
treatment as younger patients do, age alone should not determine the
choice of therapy [30,85]. Therefore, recommendations include the
use of pertuzumab-trastuzumab plus a taxane (if the patient has
adequate cardiac function) in first line, T-DXd in second line, and
T-DM1 in later lines. Appropriate monitoring for occurrence of side
effects (in particular diarrhea) associated with any type of regimen is
strongly advised.

Q3: For patients with cardiac dysfunction — what are the treatment
options?

- Evidence: Most pivotal trials exclude patients with cardiac dysfunc-
tion at baseline; thus, the cardiotoxicity of HER2-targeted agents
may be underestimated. Among TKIs, tucatinib has not been asso-
ciated with effects on left ventricular ejection fraction (LVEF) [34],
while lapatinib and neratinib were reported to decrease LVEF in 2%
and 4% of patients, respectively [42]. There is no evidence of
increased long-term cytotoxicity following treatment with neratinib
[92]. Anthracyclines are effective and used in breast cancer therapy
despite their well-known cardiotoxicity [93], with liposomal for-
mulations being associated with a much lower risk of cardiotoxicity
than traditional anthracyclines. In patients with previously un-
treated ABC, liposomal doxorubicin monotherapy was well toler-
ated, with substantial antitumor effects [94].

— Expert opinion: Patients with severe cardiac dysfunction should in
principle not be treated with anti-HER2 antibodies or ADCs, per the
manufacturers’ recommendations [35,36,51,95-99]. In cases of
moderate cardiac dysfunction and metastatic disease with imminent
risk of death, these agents may be considered with possibly simul-
taneous use of cardioprotective agents and with close monitoring by
a cardiologist. TKIs can be used, since they have not been associated
with cardiac toxicity if the manufacturers’ instructions are followed.
Finally, anthracyclines continue to play an important role, in
particular for patients without access to anti-HER2 antibodies and
TKIs.

7. Oligometastatic disease and low-burden disease highly
sensitive to systemic therapy

Oligometastatic disease, according to the ABC guidelines [30], is
defined as “low-volume metastatic disease with limited number and size
of metastatic lesions (up to 5 and not necessarily in the same organ),
potentially amenable for local treatment, aimed at achieving a complete
remission status.” A different clinical situation is low burden of disease
highly sensitive to systemic therapy, as is the case of HER2-positive
disease. These 2 clinical situations can be managed in a similar way,
as discussed below.

Q: For patients with oligometastatic disease or low-burden disease
highly sensitive to systemic therapy — should a multidisciplinary treat-
ment approach with a curative intention be used?



M. Aapro et al.

- Evidence: Sporadic reports with low numbers of patients and patient
cases from international registries have shown positive outcomes
with surgery (complete resection of metastases [100,101]), radio-
therapy (including stereotactic ablative body radiotherapy [102]),
and systemic chemotherapy followed by surgery with or without
radiation [103]. A small, randomized phase II trial enrolling patients
with different types of cancers has shown substantial survival benefit
when all metastases were treated locally [104]. However, more
robust evidence from prospective randomized trials is needed.
Expert opinion: In selected cases, for patients with oligometastatic
disease or low-burden disease highly sensitive to systemic therapy
who had a good response to systemic therapy, local therapy to the
metastatic sites is an appropriate treatment option. The main treat-
ment goal is to achieve long-term complete remission, which is
associated with better survival [103].

. Circulating tumor cells or DNA

Q: Does circulating tumor DNA (ctDNA) and circulating tumor cell
evaluation have a role in treatment decision-making?

- Evidence: While available data are promising, the clinical applica-
bility of these techniques is still experimental [105].

- Expert opinion: Their usefulness in individual decision-making is not
established. However, ctDNA might be used to assess HER2 status in
situations when expression cannot be detected with conventional
methods or tumor material for repeat-biopsy is not available [106].

9. Conclusions/future perspectives

The prognosis of patients with HER2-positive ABC has improved
dramatically since the introduction of HER2-targeted therapies. How-
ever, treatment of these patients remains an important medical chal-
lenge, as eventually most patients will progress while on treatment with
approved HER2-targeted agents.

As a result of the fast development of this field, with constant
approval of new drugs or new indications for the old ones, the treatment
history of patients seen in daily practice usually does not correspond
with that of patients who were enrolled in the registration trials. How-
ever, treatment paradigms, with HER2-targeted therapies as the back-
bone, are clear. When it is indicated and possible, upfront dual HER2
blockade is the standard. After progression, ADCs and TKIs may help
overcome resistance to classical anti-HER2 monoclonal antibodies.
Treatment selection will be guided by patients’ comorbidities, disease
presentation, and previous treatments and the toxicity profile of the
drugs. Patients with specific disease characteristics and/or comorbid-
ities (eg, leptomeningeal disease, cardiac dysfunction) are traditionally
excluded from large randomized clinical trials, and particular pop-
ulations, including elderly-frail and elderly-fit patients, are insuffi-
ciently represented in those trials. Consequently, the evidence of
efficacy and safety with currently available HER2-targeted therapies in
these populations is scarce, and real-world data are critical to aid in the
treatment choice. In this article, we addressed some of the challenging
situations when treating patients with HER2-positive ABC. The aim is to
provide clinicians with treatment proposals that are based not only on
clinical evidence but also on expert opinion, filling the gaps when evi-
dence is not available.

With the expanded indication and use of available HER2-targeted
therapies in the (neo)adjuvant setting, patients are already more
heavily pretreated in the perioperative setting, making it a smaller but
increasingly difficult-to-treat population when there is disease relapse.

New immunotherapies, such as anti-programmed death (PD)-1/PD-1
ligand 1 inhibitors and adoptive transfer of T cells expressing chimeric
antigen receptors targeting HER2, as well as combinations of available
anti-HER2 agents with cyclin-dependent kinase 4/6 inhibitors, and
phosphoinositide-3 kinase inhibitors, are under investigation. How the
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new drugs will shape the landscape of HER2-positive ABC treatment and
how they will fit in the sequencing of therapies remains to be seen.

Finally, progress in the management of HER2-positive ABC can only
be accomplished if effective drugs are available to everyone. However,
accessibility to essential drugs is not equal across countries, and it
largely depends on the country’s economic development [22], while
inequalities within each country are also increasing. Trastuzumab,
included in the WHO Model List of Essential Medicines for treatment of
early and advanced breast cancer, is usually free (fully reimbursed) or
available at reduced cost in high- and upper/middle-income countries,
but only available at full cost for patients in lower/middle- or
low-income countries [22]. Furthermore, even if available in some low-
and middle-income countries, it is usually only for early breast cancer,
and patients with advanced/metastatic disease do not have access to this
essential medicine. The recent availability of trastuzumab biosimilars
may improve global access to HER2-targeted therapy and reduce the
inequality gap between countries [107]. Similarly, the availability of
TKIs, pertuzumab, and T-DM1 differs substantially according to the
economic level of the country [22]. New strategies are needed to ensure
equal access of essential medicines and promote global equity in health
care. Even the best drugs are only beneficial if they are accessible to
patients. A full discussion of this important topic is unfortunately not
possible in this paper.

Role of the funding source

The development of this manuscript was funded by the Daiichi
Sankyo-AstraZeneca Alliance and Pierre Fabre. The funding sources
were not involved in study design; collection, analysis, and interpreta-
tion of data; in the writing of the report; or in the decision to submit the
article for publication.

Declaration of interest statements

Matti Aapro: Advisor for Eisai, Helsinn, Merck, Mundipharma,
Roche, and Tesaro; honoraria from Eisai, Helsinn, Merck, Mundi-
pharma, Roche, and Tesaro; grants from Helsinn, Merck, Roche, and
Tesaro.

Fatima Cardoso: Consultancy fees for: Amgen, Astellas/Medivation,
AstraZeneca, Celgene, Daiichi Sankyo, Eisai, GE Oncology, Genentech,
Gilead, GlaxoSmithKline, IQVIA, MacroGenics, Medscape, Merck Sharp,
Merus BV, Mylan, Mundipharma, Novartis, Pfizer, Pierre Fabre, prIME
Oncology, Roche, Sanofi, Samsung Bioepis, Seagen, Teva, touchIME.

Giuseppe Curigliano: Personal fees from Roche, Pfizer, Novartis,
Lilly, Foundation Medicine, Samsung, AstraZeneca, Daichii Sankyo,
GSK, Seagen; non-financial support from Roche, Pfizer; grants from
Merck; other from Ellipses, outside the submitted work.

Alexandru Eniu: Grants/Research support from AstraZeneca, Roche
Celltrion, Pfizer, and Novartis; honoraria or consultation fees from
Merck Sharp & Dohme, Gilead, Seagen, Novartis, and Janssen.

Joseph Gligorov: Grants, personal fees and non-financial support for
clinical trials, travel support, advisory boards, and speakers’ bureaus
from Roche-Genentech, Eisai, Exact Sciences, and Pfizer; personal fees
and nonfinancial support for clinical trials, travel support, advisory
boards, and speakers’ bureaus from Novartis and Lilly; personal fees and
nonfinancial support for clinical trials and advisory boards from Daiichi
Sankyo and MSD; grants and personal fees for travel support, advisory
boards, and speakers’ bureaus from Mylan; personal fees and nonfi-
nancial support for travel support, advisory boards, and speakers’ bu-
reaus from Pierre Fabre; and personal fees for advisory boards and
speakers’ bureaus from AstraZeneca, outside the submitted work.

Nadia Harbeck: Honoraria for lectures and/or consulting: Amgen,
AstraZeneca, Daiichi Sankyo, Exact Sciences, Gilead, Lilly, MSD,
Novartis, Pierre Fabre, Pfizer, Roche, Sandoz, and Seagen.

Andreas Mueller: Stock and other ownership interests from Vifor
Pharma; honoraria from Eli Lilly and Novartis; consulting or advisory



M. Aapro et al.

role for Novartis, Eli Lilly, Pfizer, Genomic Health, AstraZeneca, Roche,
Daiichi Sankyo, Merck Sharp & DohmeMerck Sharp & Dohme, Pierre
Fabre, Exact Sciences, Myriad Genetics, Gilead Sciences, GlaxoSmithK-
line; research funding from Eisai; travel, accommodations, expenses
from Roche.

Olivia Pagani: Participation in advisory boards for Roche, Eli Lilly,
Novartis, Takeda, Pfizer, Debiopharm, Ipsen. Educational activity for
Takeda, Pfizer, and Ipsen.

Shani Paluch-Shimon: Speaker’s bureau, honoraria, advisory board
and consultancy for Roche, Pfizer, AstraZeneca, Novartis, Medison,
Lilly.

Elzbieta Senkus: Honoraria from Amgen, AstraZeneca, Cancérodi-
gest, Clinigen, Curio Science, Egis, Eli Lilly, Genomic Health, Gilead,
high5md, Novartis, Oncompass Medicine, Pfizer, Pierre Fabre, Roche,
Sandoz, TLC Biopharmaceuticals; fees for travel support from Amgen,
AstraZeneca, Egis, Novartis, Pfizer, and Roche; grants from Amgen,
AstraZeneca, Eli Lilly, Novartis, Pfizer, Roche, and Samsung; stock from
AstraZeneca, Eli Lilly, and Pfizer.

Beat Thiirlimann: Holds stock of Roche, Merck, and Novartis; advi-
sory board member for Pierre Fabre, Pfizer, Roche, AstraZeneca, Eli
Lilly; honoraria Oncogenomics, Daiichi Sankyo, Merck Sharp & Dohme,
and InnoMedica.

Khalil Zaman: Participation in advisory board or talk: AstraZeneca,
Daiichi, Exact Sciences, Eli Lilly, Pierre Fabre, Gilead, Merck Sharp &
Dohme, Novartis, Pfizer, Roche, Seagen, and Viatris/Mylan.

Acknowledgments

Editorial and medical writing assistance was provided by Iratxe
Abarrategui, PhD, CMPP, from Aptitude Health, The Hague, the
Netherlands, and funded by Sharing Progress in Cancer Care, a not for
profit organization registered in Bellinzona, Switzerland. The authors
are fully responsible for all content and editorial decisions for this
manuscript. The expert opinion reflects the authors’ clinical practice
experience. Specific regulatory limitations in each country must be
applied.

References

[1] International Agency for Research on Cancer. World Health Organization.
International Agency for Research on Cancer. Globocan 2020. Breast. https://gco.
iarc.fr/today/data/factsheets/cancers/20-Breast-fact-sheet.pdf. Accessed March
16, 2022.

Carioli G, Malvezzi M, Bertuccio P, Boffetta P, Levi F, La Vecchia C, et al.
European cancer mortality predictions for the year 2021 with focus on pancreatic
and female lung cancer. Ann Oncol 2021;32(4):478-87. https://doi.org/
10.1016/j.annonc.2021.01.006.

European Society for Medical Oncology. ESMO management and treatment
adapted recommendations in the COVID-19 era: breast cancer. https://www.es
mo.org/guidelines/cancer-patient-management-during-the-covid-19-pandemic/
breast-cancer-in-the-covid-19-era. [Accessed 16 March 2022].

Sheng JY, Santa-Maria CA, Mangini N, Norman H, Couzi R, Nunes R, et al.
Management of breast cancer during the COVID-19 pandemic: a stage- and
subtype-specific approach. JCO Oncol Pract 2020;16(10):665-74. https://doi.
org/10.1200/0P.20.00364.

Cronin KA, Harlan LC, Dodd KW, Abrams JS, Ballard-Barbash R. Population-
based estimate of the prevalence of HER-2 positive breast cancer tumors for early
stage patients in the US. Cancer Invest 2010;28(9):963-8. https://doi.org/
10.3109/07357907.2010.496759.

Wu Q, Li J, Zhu S, Wu J, Chen C, Liu Q, et al. Breast cancer subtypes predict the
preferential site of distant metastases: a SEER based study. Oncotarget 2017;8
(17):27990-6. https://doi.org/10.18632/oncotarget.15856.

Masci G, Agostinetto E, Giordano L, Bottai G, Torrisi R, Losurdo A, et al.
Prognostic factors and outcome of HER2+ breast cancer with CNS metastases.
Future Oncol 2020;16(7):269-79. https://doi.org/10.2217/fon-2019-0602.
Pestalozzi BC, Holmes E, de Azambuja E, Metzger-Filho O, Hogge L, Scullion M,
et al. CNS relapses in patients with HER2-positive early breast cancer who have
and have not received adjuvant trastuzumab: a retrospective substudy of the
HERA trial (BIG 1-01). Lancet Oncol 2013;14(3):244-8. https://doi.org/
10.1016/51470-2045(13)70017-2.

Slamon DJ, Leyland-Jones B, Shak S, Fuchs H, Paton V, Bajamonde A, et al. Use of
chemotherapy plus a monoclonal antibody against HER2 for metastatic breast
cancer that overexpresses HER2. N Engl J Med 2001;344(11):783-92. https://
doi.org/10.1056/NEJM200103153441101.

[2

—

[3

=

[4

=

[5]

[6]

[7

—

[8

—

[9

—

154

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]
[33]

The Breast 66 (2022) 145-156

Geyer CE, Forster J, Lindquist D, Chan S, Romieu CG, Pienkowski T, et al.
Lapatinib plus capecitabine for HER2-positive advanced breast cancer. N Engl J
Med 2006;355(26):2733-43. https://doi.org/10.1056/NEJMoa064320.

Verma S, Miles D, Gianni L, Krop IE, Welslau M, Baselga J, et al. Trastuzumab
emtansine for HER2-positive advanced breast cancer. N Engl J Med 2012;367
(19):1783-91. https://doi.org/10.1056/NEJMoal209124.

Deluche E, Antoine A, Bachelot T, Lardy-Cleaud A, Dieras V, Brain E, et al.
Contemporary outcomes of metastatic breast cancer among 22,000 women from
the multicentre ESME cohort 2008-2016. Eur J Cancer 2020;129:60-70. https://
doi.org/10.1016/j.ejca.2020.01.016.

Miles D, Ciruelos E, Schneeweiss A, Puglisi F, Peretz-Yablonski T, Campone M,
et al. Final results from the PERUSE study of first-line pertuzumab plus
trastuzumab plus a taxane for HER2-positive locally recurrent or metastatic
breast cancer, with a multivariable approach to guide prognostication. Ann Oncol
2021;32(10):1245-55. https://doi.org/10.1016/j.annonc.2021.06.024.

Wolff AC, Hammond MEH, Allison KH, Harvey BE, Mangu PB, Bartlett JMS, et al.
Human epidermal growth factor receptor 2 testing in breast cancer: American
Society of Clinical Oncology/College of American Pathologists clinical practice
guideline focused update. J Clin Oncol 2018;36(20):2105-22. https://doi.org/
10.1200/JC0O.2018.77.8738.

Bates M, Sperinde J, Kostler WJ, Ali SM, Leitzel K, Fuchs EM, et al. Identification
of a subpopulation of metastatic breast cancer patients with very high HER2
expression levels and possible resistance to trastuzumab. Ann Oncol 2011;22(9):
2014-20. https://doi.org/10.1093/annonc,/mdq706.

Ahn S, Woo JW, Lee K, Park SY. HER2 status in breast cancer: changes in
guidelines and complicating factors for interpretation. J Pathol Transl Med 2020;
54(1):34-44. https://doi.org/10.4132/jptm.2019.11.03.

Tarantino P, Hamilton E, Tolaney SM, Cortes J, Morganti S, Ferraro E, et al.
HER2-low breast cancer: pathological and clinical landscape. J Clin Oncol 2020;
38(17):1951-62. https://doi.org/10.1200/JC0O.19.02488.

World Health Organization. WHO Technical Report Series. The selection and use
of essential medicines — TRS 1021. https://www.who.int/publications/i/item/9
789241210300. [Accessed 16 March 2022]. Accessed.

Marty M, Cognetti F, Maraninchi D, Snyder R, Mauriac L, Tubiana-Hulin M, et al.
Randomized phase 1II trial of the efficacy and safety of trastuzumab combined
with docetaxel in patients with epidermal growth factor receptor 2-positive
metastatic breast cancer administered as first-line treatment: the M77001 study
group. J Clin Oncol 2005;23(19):4265-74. https://doi.org/10.1200/
JCO.2005.04.173.

Baselga J, Cortés J, Kim SB, Im SA, Hegg R, Im YH, et al. Pertuzumab plus
trastuzumab plus docetaxel for metastatic breast cancer. N Engl J Med 2012;366
(2):109-19. https://doi.org/10.1056/NEJMoal113216.

Bachelot T, Ciruelos E, Schneeweiss A, Puglisi F, Peretz-Yablonski T,
Bondarenko I, et al. Preliminary safety and efficacy of first-line pertuzumab
combined with trastuzumab and taxane therapy for HER2-positive locally
recurrent or metastatic breast cancer (PERUSE). Ann Oncol 2019;30(5):766-73.
https://doi.org/10.1093/annonc/mdz061.

Cherny NI, Sullivan R, Torode J, Saar M, Eniu A. ESMO International Consortium
Study on the availability, out-of-pocket costs and accessibility of antineoplastic
medicines in countries outside of Europe. Ann Oncol 2017;28(11):2633-47.
https://doi.org/10.1093/annonc/mdx521.

Margenza (margetuximab-cmbk) [prescribing information]. Rockville, MD:
MacroGenics, Inc.; 2020. https://www.accessdata.fda.gov/drugsatfda_docs/labe
1/2020/761150s0001bl.pdf. [Accessed 16 March 2022].

Rugo HS, Im SA, Cardoso F, Cortés J, Curigliano G, Musolino A, et al. Efficacy of
margetuximab vs trastuzumab in patients with pretreated ERBB2-positive
advanced breast cancer: a phase 3 randomized clinical trial. JAMA Oncol 2021;7
(4):573-84. https://doi.org/10.1001/jamaoncol.2020.7932.

Bartsch R. Trastuzumab-deruxtecan: an investigational agent for the treatment of
HER2-positive breast cancer. Expet Opin Invest Drugs 2020;29(9):901-10.
https://doi.org/10.1080/13543784.2020.1792443.

Nerlynx (neratinib) [prescribing information]. 2020. Los Angeles, CA: Puma
Biotechnology, Inc.; 2021. https://www.accessdata.fda.gov/drugsatfda_docs/la
bel/2021/208051s0091bl.pdf. [Accessed 16 March 2022].

Schlam I, Swain SM. HER2-positive breast cancer and tyrosine kinase inhibitors:
the time is now. npj Breast Cancer 2021;7(1):56. https://doi.org/10.1038/
541523-021-00265-1.

Blair HA. Pyrotinib: first global approval. Drugs 2018;78(16):1751-5. https://
doi.org/10.1007/s40265-018-0997-0.

Duchnowska R, Loibl S, Jassem J. Tyrosine kinase inhibitors for brain metastases
in HER2-positive breast cancer. Cancer Treat Rev 2018;67:71-7. https://doi.org/
10.1016/j.ctrv.2018.05.004.

Cardoso F, Paluch-Shimon S, Senkus E, Curigliano G, Aapro MS, André F, et al.
5th ESO-ESMO international consensus guidelines for advanced breast cancer
(ABC 5). Ann Oncol 2020;31(12):1623-49. https://doi.org/10.1016/j.
annonc.2020.09.010.

Cortés J, Kim S, Chung W, Im S, Park YH, Hegg R, et al. Trastuzumab deruxtecan
(T-DXd) vs trastuzumab emtansine (T-DM1) in patients (Pts) with HER2+
metastatic breast cancer (mBC): results of the randomized phase III DESTINY-
Breast03 study. Ann Oncol 2021;32(suppl 5):51287. https://doi.org/10.1016/
annonc/annonc741. Abstract LBA1.

Cardoso F, et al. submitted for publication.

Modi S, Saura C, Yamashita T, Park YH, Kim SB, Tamura K, et al. Trastuzumab
deruxtecan in previously treated HER2-positive breast cancer. N Engl J Med
2020;382(7):610-21. https://doi.org/10.1056/NEJMoal914510.


https://gco.iarc.fr/today/data/factsheets/cancers/20-Breast-fact-sheet.pdf
https://gco.iarc.fr/today/data/factsheets/cancers/20-Breast-fact-sheet.pdf
https://doi.org/10.1016/j.annonc.2021.01.006
https://doi.org/10.1016/j.annonc.2021.01.006
https://www.esmo.org/guidelines/cancer-patient-management-during-the-covid-19-pandemic/breast-cancer-in-the-covid-19-era
https://www.esmo.org/guidelines/cancer-patient-management-during-the-covid-19-pandemic/breast-cancer-in-the-covid-19-era
https://www.esmo.org/guidelines/cancer-patient-management-during-the-covid-19-pandemic/breast-cancer-in-the-covid-19-era
https://doi.org/10.1200/OP.20.00364
https://doi.org/10.1200/OP.20.00364
https://doi.org/10.3109/07357907.2010.496759
https://doi.org/10.3109/07357907.2010.496759
https://doi.org/10.18632/oncotarget.15856
https://doi.org/10.2217/fon-2019-0602
https://doi.org/10.1016/S1470-2045(13)70017-2
https://doi.org/10.1016/S1470-2045(13)70017-2
https://doi.org/10.1056/NEJM200103153441101
https://doi.org/10.1056/NEJM200103153441101
https://doi.org/10.1056/NEJMoa064320
https://doi.org/10.1056/NEJMoa1209124
https://doi.org/10.1016/j.ejca.2020.01.016
https://doi.org/10.1016/j.ejca.2020.01.016
https://doi.org/10.1016/j.annonc.2021.06.024
https://doi.org/10.1200/JCO.2018.77.8738
https://doi.org/10.1200/JCO.2018.77.8738
https://doi.org/10.1093/annonc/mdq706
https://doi.org/10.4132/jptm.2019.11.03
https://doi.org/10.1200/JCO.19.02488
https://www.who.int/publications/i/item/9789241210300
https://www.who.int/publications/i/item/9789241210300
https://doi.org/10.1200/JCO.2005.04.173
https://doi.org/10.1200/JCO.2005.04.173
https://doi.org/10.1056/NEJMoa1113216
https://doi.org/10.1093/annonc/mdz061
https://doi.org/10.1093/annonc/mdx521
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/761150s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/761150s000lbl.pdf
https://doi.org/10.1001/jamaoncol.2020.7932
https://doi.org/10.1080/13543784.2020.1792443
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/208051s009lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/208051s009lbl.pdf
https://doi.org/10.1038/s41523-021-00265-1
https://doi.org/10.1038/s41523-021-00265-1
https://doi.org/10.1007/s40265-018-0997-0
https://doi.org/10.1007/s40265-018-0997-0
https://doi.org/10.1016/j.ctrv.2018.05.004
https://doi.org/10.1016/j.ctrv.2018.05.004
https://doi.org/10.1016/j.annonc.2020.09.010
https://doi.org/10.1016/j.annonc.2020.09.010
https://doi.org/10.1016/annonc/annonc741
https://doi.org/10.1016/annonc/annonc741
https://doi.org/10.1056/NEJMoa1914510

M. Aapro et al.

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

Murthy RK, Loi S, Okines A, Paplomata E, Hamilton E, Hurvitz SA, et al.
Tucatinib, trastuzumab, and capecitabine for HER2-positive metastatic breast
cancer. N Engl J Med 2020;382(7):597-609. https://doi.org/10.1056/
NEJMoal914609.

Enhertu (fam-trastuzumab deruxtecan-nxki) [prescribing information]. Basking
Ridge, NJ: Daiichi Sankyo, Inc.; 2021. https://www.accessdata.fda.gov/drugsa
tfda_docs/label/2021/761139s0111bl.pdf. [Accessed 16 March 2022]. Accessed.
Enhertu [summary of product characteristics]. Munich, Germany: Daiichi Sankyo
Europe GmbH; 2021. https://www.ema.europa.eu/en/documents/product-infor
mation/enhertu-epar-product-information_en.pdf. [Accessed 16 March 2022].
Accessed.

Tukysa (tucatinib) [prescribing information]. Bothell, WA: Seagen, Inc.; 2020.
https://www.tukysahcp.com/pdf/TUKYSA Full Ltr Master.pdf. [Accessed 16
March 2022]. Accessed.

Tukysa [summary of product characteristics]. the Netherlands: Schiphol; 2021.
Seagen B.V. https://www.ema.europa.eu/en/documents/product-information/tu
kysa-epar-product-information_en.pdf. [Accessed 16 March 2022]. Accessed

Lin NU, Borges V, Anders C, Murthy RK, Paplomata E, Hamilton E, et al.
Intracranial efficacy and survival with tucatinib plus trastuzumab and
capecitabine for previously treated HER2-positive breast cancer with brain
metastases in the HER2CLIMB trial. J Clin Oncol 2020;38(23):2610-9. https://
doi.org/10.1200/JC0.20.00775.

von Minckwitz G, du Bois A, Schmidt M, Maass N, Cufer T, de JonghEduard
Maartense FE, et al. Trastuzumab beyond progression in human epidermal
growth factor receptor 2-positive advanced breast cancer: a German Breast Group
26/Breast International Group 03-05 study. J Clin Oncol 2009;27(12):
1999-2006. https://doi.org/10.1200/JC0O.2008.19.6618.

von Minckwitz G, Schwedler K, Schmidt M, Barinoff J, Mundhenke C, Cufer T,
et al. Trastuzumab beyond progression: overall survival analysis of the GBG 26/
BIG 3-05 phase III study in HER2-positive breast cancer. Eur J Cancer 2011;47
(15):2273-81. https://doi.org/10.1016/j.ejca.2011.06.021.

Saura C, Oliveira M, Feng YH, Dai MS, Chen SW, Hurvitz SA, et al. Neratinib plus
capecitabine versus lapatinib plus capecitabine in HER2-positive metastatic
breast cancer previously treated with > 2 HER2-directed regimens: phase III
NALA trial. J Clin Oncol 2020;38(27):3138-49. https://doi.org/10.1200/
JCO.20.00147.

Hurvitz SA, Dirix L, Kocsis J, Bianchi GV, Lu J, Vinholes J, et al. Phase II
randomized study of trastuzumab emtansine versus trastuzumab plus docetaxel in
patients with human epidermal growth factor receptor 2-positive metastatic
breast cancer. J Clin Oncol 2013;31(9):1157-63. https://doi.org/10.1200/
JCO.2012.44.9694.

Krop IE, LoRusso P, Miller KD, Modi S, Yardley D, Rodriguez G, et al. A phase II
study of trastuzumab emtansine in patients with human epidermal growth factor
receptor 2-positive metastatic breast cancer who were previously treated with
trastuzumab, lapatinib, an anthracycline, a taxane, and capecitabine. J Clin Oncol
2012;30(26):3234-41. https://doi.org/10.1200/JC0O.2011.40.5902.

Burris 3rd HA, Rugo HS, Vukelja SJ, Vogel CL, Borson RA, Limentani S, et al.
Phase II study of the antibody drug conjugate trastuzumab-DM1 for the treatment
of human epidermal growth factor receptor 2 (HER2)-positive breast cancer after
prior HER2-directed therapy. J Clin Oncol 2011;29(4):398-405. https://doi.org/
10.1200/JC0O.2010.29.5865.

Baselga J, Gelmon KA, Verma S, Wardley A, Conte PF, Miles D, et al. Phase II trial
of pertuzumab and trastuzumab in patients with human epidermal growth factor
receptor 2-positive metastatic breast cancer that progressed during prior
trastuzumab therapy. J Clin Oncol 2010;28(7):1138-44. https://doi.org/
10.1200/JC0O.2009.24.2024.

Johnston S, Pippen Jr J, Pivot X, Lichinitser M, Sadeghi S, Dieras V, et al.
Lapatinib combined with letrozole versus letrozole and placebo as first-line
therapy for postmenopausal hormone receptor-positive metastatic breast cancer.
J Clin Oncol 2009;27(33):5538-46. https://doi.org/10.1200/JC0O.2009.23.3734.
Blackwell KL, Burstein HJ, Storniolo AM, Rugo H, Sledge G, Koehler M, et al.
Randomized study of lapatinib alone or in combination with trastuzumab in
women with ErbB2-positive, trastuzumab-refractory metastatic breast cancer.

J Clin Oncol 2010;28(7):1124-30. https://doi.org/10.1200/JC0.2008.21.4437.
Baselga J, Carbonell X, Castaneda-Soto NJ, Clemens M, Green M, Harvey V, et al.
Phase II study of efficacy, safety, and pharmacokinetics of trastuzumab
monotherapy administered on a 3-weekly schedule. J Clin Oncol 2005;23(10):
2162-71. https://doi.org/10.1200/JC0O.2005.01.014.

Robert N, Leyland-Jones B, Asmar L. Belt R, Ilegbodu D, Loesch D, et al.
Randomized phase III study of trastuzumab, paclitaxel, and carboplatin compared
with trastuzumab and paclitaxel in women with HER-2-overexpressing
metastatic breast cancer. J Clin Oncol 2006;24(18):2786-92. https://doi.org/
10.1200/JCO.2005.04.1764.

Herceptin (trastuzumab) [summary of product characteristics]. Germany:
Grenzach-Wyhlen; 2010. Roche Registration GmbH, https://www.ema.europa.
eu/en/medicines/human/EPAR /herceptin. [Accessed 16 March 2022].

Vogel CL, Cobleigh MA, Tripathy D, Gutheil JC, Harris LN, Fehrenbacher L, et al.
Efficacy and safety of trastuzumab as a single agent in first-line treatment of
HER2-overexpressing metastatic breast cancer. J Clin Oncol 2002;20(3):719-26.
https://doi.org/10.1200/JC0.2002.20.3.719.

Kaufman B, Mackey JR, Clemens MR, Bapsy PP, Vaid A, Wardley A, et al.
Trastuzumab plus anastrozole versus anastrozole alone for the treatment of
postmenopausal women with human epidermal growth factor receptor 2-positive,
hormone receptor-positive metastatic breast cancer: results from the randomized
phase III TAnDEM study. J Clin Oncol 2009;27(33):5529-37. https://doi.org/
10.1200/JCO.2008.20.6847.

155

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

The Breast 66 (2022) 145-156

Cobleigh MA, Vogel CL, Tripathy D, Robert NJ, Scholl S, Fehrenbacher L, et al.
Multinational study of the efficacy and safety of humanized anti-HER2
monoclonal antibody in women who have HER2-overexpressing metastatic breast
cancer that has progressed after chemotherapy for metastatic disease. J Clin
Oncol 1999;17(9):2639-48. https://doi.org/10.1200/JC0O.1999.17.9.2639.
Swain SM, Miles D, Kim SB, Im YH, Im SA, Semiglazov V, et al. Pertuzumab,
trastuzumab, and docetaxel for HER2-positive metastatic breast cancer
(CLEOPATRA): end-of-study results from a double-blind, randomised, placebo-
controlled, phase 3 study. Lancet Oncol 2020;21(4):519-30. https://doi.org/
10.1016/S1470-2045(19)30863-0.

Blackwell KL, Burstein HJ, Storniolo AM, Rugo HS, Sledge G, Aktan G, et al.
Overall survival benefit with lapatinib in combination with trastuzumab for
patients with human epidermal growth factor receptor 2-positive metastatic
breast cancer: final results from the EGF104900 study. J Clin Oncol 2012;30(21):
2585-92. https://doi.org/10.1200/JC0O.2011.35.6725.

Cameron D, Casey M, Oliva C, Newstat B, Imwalle B, Geyer CE. Lapatinib plus
capecitabine in women with HER-2—positive advanced breast cancer: final
survival analysis of a phase III randomized trial. Oncol 2010;15(9):924-34.
https://doi.org/10.1634/theoncologist.2009-0181.

Cito P, Rinaldi A, Pisconti S, Longo V. Taxane-rechallenge in HER2-positive breast
cancer patients who develop an oligo-progression during pertuzumab-
trastuzumab maintenance therapy. Ann Oncol 2017;28(suppl 6):vi43. https://
doi.org/10.1093/annonc/mdx424.065. Abstract C66.

Yokoe T, Kurozumi S, Nozawa K, Ozaki Y, Maeda T, Yazaki S, et al. Clinical
benefit of treatment after trastuzumab emtansine for HER2-positive metastatic
breast cancer: a real-world multi-centre cohort study in Japan (WJOG12519B).
Breast Cancer 2021;28(3):581-91. https://doi.org/10.1007/512282-020-01192-
y.

Bon G, Pizzuti L, Laquintana V, Loria R, Porru M, Marchio C, et al. Loss of HER2
and decreased T-DM1 efficacy in HER2 positive advanced breast cancer treated
with dual HER2 blockade: the SePHER study. J Exp Clin Cancer Res 2020;39(1):
279. https://doi.org/10.1186/s13046-020-01797-3.

Dzimitrowicz H, Berger M, Vargo C, Hood A, Abdelghany O, Raghavendra AS,
et al. T-DM1 activity in metastatic human epidermal growth factor receptor 2-
positive breast cancers that received prior therapy with trastuzumab and
pertuzumab. J Clin Oncol 2016;34(29):3511-7. https://doi.org/10.1200/
JCO.2016.67.3624.

Fabi A, Giannarelli D, Moscetti L, Santini D, Zambelli A, De Laurentiis M, et al.
Ado-trastuzumab emtansine (T-DM1) in HER2+ advanced breast cancer patients:
does pretreatment with pertuzumab matter? Future Oncol 2017;13(30):2791-7.
https://doi.org/10.2217/fon-2017-0336.

Yamamoto Y, Iwata H, Naruto T, Masuda N, Takahashi M, Yoshinami T, et al.
A randomized, open-label, phase III trial of pertuzumab re-treatment in HER2-
positive, locally advanced/metastatic breast cancer patients previously treated
with pertuzumab, trastuzumab, and chemotherapy: the Japan Breast Cancer
Research Group-MO05 (PRECIOUS) study. Cancer Res 2021;81(4 suppl). https://
doi.org/10.1158/1538-7445.SABCS20-PD3-11. abstract PD3-11.

Han Y, Wang J, Liu W, Yuan P, Li Q, Zhang P, et al. Trastuzumab treatment after
progression in HER2-positive metastatic breast cancer following relapse of
trastuzumab-based regimens: a meta-analysis. Cancer Manag Res 2019;11:
4699-706. https://doi.org/10.2147/CMAR.S198962.

Baez-Vallecillo L, Raghavendra AS, Hess KR, Barcenas CH, Moulder SL,
Tripathy D, et al. Lapatinib activity in metastatic human epidermal growth factor
receptor 2-positive breast cancers that received prior therapy with trastuzumab,
pertuzumab, and/or ado-trastuzumab emtansine (T-DM1). Breast Cancer Res
Treat 2019;176(1):227-34. https://doi.org/10.1007/5s10549-018-05081-z.
Gelmon KA, Boyle FM, Kaufman B, Huntsman DG, Manikhas A, Di Leo A, et al.
Lapatinib or trastuzumab plus taxane therapy for human epidermal growth factor
receptor 2-positive advanced breast cancer: final results of NCIC CTG MA.31.

J Clin Oncol 2015;33(14):1574-83. https://doi.org/10.1200/JC0O.2014.56.9590.
National Institutes of Health. U.S. National Library of Medicine. ClinicalTrials.
gov. Chemotherapy and lapatinib or trastuzumab in treating women with HER2/
Neu-positive metastatic breast cancer. 2022. https://clinicaltrials.gov/ct2/show/
results/NCT00667251. [Accessed 16 March 2022].

Pivot X, Manikhas A, Zurawski B, Chmielowska E, Karaszewska B, Allerton R,
et al. Cerebel (EGF111438): a phase III, randomized, open-label study of lapatinib
plus capecitabine versus trastuzumab plus capecitabine in patients with human
epidermal growth factor receptor 2-positive metastatic breast cancer. J Clin Oncol
2015;33(14):1564-73. https://doi.org/10.1200/JC0O.2014.57.1794.

Xu B, Yan M, Ma F, Hu X, Feng J, Ouyang Q, et al. Pyrotinib plus capecitabine
versus lapatinib plus capecitabine for the treatment of HER2-positive metastatic
breast cancer (PHOEBE): a multicentre, open-label, randomized, controlled,
phase 3 trial. Lancet Oncol 2021;22(3):351-60.

Saura Manich C, O’Shaughnessy J, Aftimos PG, van den Tweel E, Oesterholt M,
Escriva-de-Romani S, et al. Primary outcome of the phase III SYD985.002/TULIP
trial comparing [vic-]Jtrastuzumab duocarmazine to physician’s choice treatment
in patients with pre-treated HER2-positive locally advanced or metastatic breast
cancer. Ann Oncol 2021;32(suppl 5):5S1288. Abstract LBA15.

André F, O’Reagan R, Ozguroglu M, Toi M, Xu B, Jerusalem G, et al. Everolimus
for women with trastuzumab-resistant, HER2-positive, advanced breast cancer
(BOLERO-3): a randomised, double-blind, placebo-controlled phase 3 trial. Lancet
Oncol 2014;15(6):580-91. https://doi.org/10.1016/51470-2045(14)70138-X.
Bachelot T, Romieu G, Campone M, Diéras V, Cropet C, Dalenc F, et al. Lapatinib
plus capecitabine in patients with previously untreated brain metastases from
HER2-positive metastatic breast cancer (LANDSCAPE): a single-group phase 2


https://doi.org/10.1056/NEJMoa1914609
https://doi.org/10.1056/NEJMoa1914609
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/761139s011lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/761139s011lbl.pdf
https://www.ema.europa.eu/en/documents/product-information/enhertu-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/enhertu-epar-product-information_en.pdf
https://www.tukysahcp.com/pdf/TUKYSA_Full_Ltr_Master.pdf
https://www.ema.europa.eu/en/documents/product-information/tukysa-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/tukysa-epar-product-information_en.pdf
https://doi.org/10.1200/JCO.20.00775
https://doi.org/10.1200/JCO.20.00775
https://doi.org/10.1200/JCO.2008.19.6618
https://doi.org/10.1016/j.ejca.2011.06.021
https://doi.org/10.1200/JCO.20.00147
https://doi.org/10.1200/JCO.20.00147
https://doi.org/10.1200/JCO.2012.44.9694
https://doi.org/10.1200/JCO.2012.44.9694
https://doi.org/10.1200/JCO.2011.40.5902
https://doi.org/10.1200/JCO.2010.29.5865
https://doi.org/10.1200/JCO.2010.29.5865
https://doi.org/10.1200/JCO.2009.24.2024
https://doi.org/10.1200/JCO.2009.24.2024
https://doi.org/10.1200/JCO.2009.23.3734
https://doi.org/10.1200/JCO.2008.21.4437
https://doi.org/10.1200/JCO.2005.01.014
https://doi.org/10.1200/JCO.2005.04.1764
https://doi.org/10.1200/JCO.2005.04.1764
https://www.ema.europa.eu/en/medicines/human/EPAR/herceptin
https://www.ema.europa.eu/en/medicines/human/EPAR/herceptin
https://doi.org/10.1200/JCO.2002.20.3.719
https://doi.org/10.1200/JCO.2008.20.6847
https://doi.org/10.1200/JCO.2008.20.6847
https://doi.org/10.1200/JCO.1999.17.9.2639
https://doi.org/10.1016/S1470-2045(19)30863-0
https://doi.org/10.1016/S1470-2045(19)30863-0
https://doi.org/10.1200/JCO.2011.35.6725
https://doi.org/10.1634/theoncologist.2009-0181
https://doi.org/10.1093/annonc/mdx424.065
https://doi.org/10.1093/annonc/mdx424.065
https://doi.org/10.1007/s12282-020-01192-y
https://doi.org/10.1007/s12282-020-01192-y
https://doi.org/10.1186/s13046-020-01797-3
https://doi.org/10.1200/JCO.2016.67.3624
https://doi.org/10.1200/JCO.2016.67.3624
https://doi.org/10.2217/fon-2017-0336
https://doi.org/10.1158/1538-7445.SABCS20-PD3-11
https://doi.org/10.1158/1538-7445.SABCS20-PD3-11
https://doi.org/10.2147/CMAR.S198962
https://doi.org/10.1007/s10549-018-05081-z
https://doi.org/10.1200/JCO.2014.56.9590
https://clinicaltrials.gov/ct2/show/results/NCT00667251
https://clinicaltrials.gov/ct2/show/results/NCT00667251
https://doi.org/10.1200/JCO.2014.57.1794
http://refhub.elsevier.com/S0960-9776(22)00128-X/sref69
http://refhub.elsevier.com/S0960-9776(22)00128-X/sref69
http://refhub.elsevier.com/S0960-9776(22)00128-X/sref69
http://refhub.elsevier.com/S0960-9776(22)00128-X/sref69
http://refhub.elsevier.com/S0960-9776(22)00128-X/sref70
http://refhub.elsevier.com/S0960-9776(22)00128-X/sref70
http://refhub.elsevier.com/S0960-9776(22)00128-X/sref70
http://refhub.elsevier.com/S0960-9776(22)00128-X/sref70
http://refhub.elsevier.com/S0960-9776(22)00128-X/sref70
https://doi.org/10.1016/S1470-2045(14)70138-X

M. Aapro et al.

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

study. Lancet Oncol 2013;14(1):64-71. https://doi.org/10.1016/51470-2045
(12)70432-1.

Montemurro F, Delaloge S, Barrios CH, Wuerstlein R, Anton A, Brain E, et al.
Trastuzumab emtansine (T-DM1) in patients with HER2-positive metastatic
breast cancer and brain metastases: exploratory final analysis of cohort 1 from
KAMILLA, a single-arm phase IIIb clinical trial. Ann Oncol 2020;31(10):1350-8.
https://doi.org/10.1016/j.annonc.2020.06.020.

Fabi A, Alesini D, Valle E, Moscetti L, Caputo R, Caruso M, et al. T-DM1 and brain
metastases: clinical outcome in HER2-positive metastatic breast cancer. Breast
2018;41:137-43. https://doi.org/10.1016/j.breast.2018.07.004.

Jerusalem Ghm, Park YH, Yamashita T, Hurvitz SA, Modi S, Andre F, et al.
Trastuzumab deruxtecan (T-DXd) in patients with HER2+ metastatic breast
cancer with brain metastases: a subgroup analysis of the DESTINY-Breast01 trial.
J Clin Oncol 2021;39(suppl 15). https://doi.org/10.1200/JC0.2021.39.15_
suppl.526. abstract 526.

Bartsch R, Berghoff AS, Furtner J, Bergen ES, Roider-Schur S, Marhold M, et al.
Intracranial activity of trastuzumab-deruxtecan (T-DXd) in HER2-positive breast
cancer patients with active brain metastases: results from the first stage of the
phase II TUXEDO-1 trial. Ann Oncol 2021;32(suppl 5):5486. https://doi.org/
10.1016/j.annonc.2021.08.563. Abstract 280P.

Mahajan A, Ahmed S, McAleer MF, Weinberg JS, Li J, Brown P, et al. Post-
operative stereotactic radiosurgery versus observation for completely resected
brain metastases: a single-centre, randomised, controlled, phase 3 trial. Lancet
Oncol 2017;18(8):1040-8. https://doi.org/10.1016/51470-2045(17)30414-X.
Brown PD, Ballman KV, Cerhan JH, Anderson SK, Carrero XW, Whitton AC, et al.
Postoperative stereotactic radiosurgery compared with whole brain radiotherapy
for resected metastatic brain disease (NCCTG N107C/CEC-3): a multicentre,
randomised, controlled, phase 3 trial. Lancet Oncol 2017;18(8):1049-60. https://
doi.org/10.1016/51470-2045(17)30441-2.

Bailleux C, Eberst L, Bachelot T. Treatment strategies for breast cancer brain
metastases. Br J Cancer 2021;124(1):142-55. https://doi.org/10.1038/541416-
020-01175-y.

Mills MN, Figura NB, Arrington JA, Yu HHM, Etame AB, Vogelbaum MA, et al.
Management of brain metastases in breast cancer: a review of current practices
and emerging treatments. Breast Cancer Res Treat 2020;180(2):279-300. https://
doi.org/10.1007/5s10549-020-05552-2.

Figura NB, Long W, Yu M, Robinson TJ, Mokhtari S, Etame AB, et al. Intrathecal
trastuzumab in the management of HER2-+ breast leptomeningeal disease: a
single institution experience. Breast Cancer Res Treat 2018;169(2):391-6.
https://doi.org/10.1007/s10549-018-4684-3.

Jo JC, Kang MJ, Kim JE, Ahn JH, Jung KH, Gong G, et al. Clinical features and
outcome of leptomeningeal metastasis in patients with breast cancer: a single
center experience. Cancer Chemother Pharmacol 2013;72(1):201-7. https://doi.
org/10.1007/s00280-013-2185-y.

Ricciardi GRR, Russo A, Franchina T, Schifano S, Mastroeni G, Santacaterina A,
et al. Efficacy of T-DM1 for leptomeningeal and brain metastases in a HER2
positive metastatic breast cancer patient: new directions for systemic therapy — a
case report and literature review. BMC Cancer 2018;18(1):97. https://doi.org/
10.1186/512885-018-3994-5.

Pellerino A, Brastianos PK, Ruda R, Soffietti R. Leptomeningeal metastases from
solid tumors: recent advances in diagnosis and molecular approaches. Cancers
2021;13(12):2888. https://doi.org/10.3390/cancers13122888.

Biganzoli L, Battisti NML, Wildiers H, McCartney A, Colloca G, Kunkler IH, et al.
Updated recommendations regarding the management of older patients with
breast cancer: a joint paper from the European Society of Breast Cancer
Specialists (EUSOMA) and the International Society of Geriatric Oncology (SIOG).
Lancet Oncol 2021;22(7):e327-40. https://doi.org/10.1016/51470-2045(20)
30741-5.

Pagani O, Klingbiel D, Ruhstaller T, Nole F, Eppenberger S, Oehlschlegel C, et al.
Do all patients with advanced HER2 positive breast cancer need upfront-chemo
when receiving trastuzumab? Randomized phase III trial SAKK 22/99. Ann Oncol
2017;28(2):305-12. https://doi.org/10.1093/annonc/mdw622.

Perez EA, Barrios C, Eiermann W, Toi M, Im YH, Conte P, et al. Trastuzumab
emtansine with or without pertuzumab versus trastuzumab with taxane for
human epidermal growth factor receptor 2-positive advanced breast cancer: final
results from MARIANNE. Cancer 2019;125(22):3974-84. https://doi.org/
10.1002/cncr.32392.

Huober J, Ribi K, Weder P, Li Q, Vanlemmens L, Gerard MA, et al. Pertuzumab (P)
+ trastuzumab (T) with or without chemotherapy both followed by T-DM1 in
case of progression in patients with HER2-positive metastatic breast cancer
(MBC) - the PERNETTA trial (SAKK 22/10), a randomized open label phase II
study (SAKK, UNICANCER, BOOG). Ann Oncol 2019;30(suppl 3):iii47. https://
doi.org/10.1093/annonc/mdz100.001. Abstract 1500_PR.

Wildiers H, Tryfonidis K, Dal Lago L, Vuylsteke P, Curigliano G, Waters S, et al.
Pertuzumab and trastuzumab with or without metronomic chemotherapy for
older patients with HER2-positive metastatic breast cancer (EORTC 75111-
10114): an open-label, randomised, phase 2 trial from the Elderly Task Force/

156

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

The Breast 66 (2022) 145-156

Breast Cancer Group. Lancet Oncol 2018;19(3):323-36. https://doi.org/10.1016/
S$1470-2045(18)30083-4.

Andersson M, Lopez-Vega JM, Petit T, Zamagni C, Easton V, Kamber J, et al.
Efficacy and safety of pertuzumab and trastuzumab administered in a single
infusion bag, followed by vinorelbine: VELVET cohort 2 final results. Oncol 2017;
22(10):1160-8. https://doi.org/10.1634/theoncologist.2017-0079.

Yuan Z, Huang JJ, Hua X, Zhao JL, Lin Y, Zhang YQ, et al. Trastuzumab plus
endocrine therapy or chemotherapy as first-line treatment for metastatic breast
cancer with hormone receptor-positive and HER2-positive: the sysucc-002
randomized clinical trial. J Clin Oncol 2021;39(suppl 15). https://doi.org/
10.1200/JC0.2021.39.15_suppl.1003. abstract 1003.

Martin M, Holmes FA, Ejlertsen B, Delaloge S, Moy B, Iwata H, et al. Neratinib
after trastuzumab-based adjuvant therapy in HER2-positive breast cancer
(ExteNET): 5-year analysis of a randomised, double-blind, placebo-controlled,
phase 3 trial. Lancet Oncol 2017;18(12):1688-700. https://doi.org/10.1016/
S$1470-2045(17)30717-9.

Earl HM, Hiller L, Dunn JA, Vallier AL, Bowden SJ, Jordan SD, et al. Adjuvant
epirubicin followed by cyclophosphamide, methotrexate and fluorouracil (CMF)
vs CMF in early breast cancer: results with over 7 years median follow-up from
the randomised phase III NEAT/BR9601 trials. Br J Cancer 2012;107(8):1257-67.
https://doi.org/10.1038/bjc.2012.370.

Yardley DA, Burris III HA, Spigel DR, Clark BL, Vazquez E, Shipley D, et al.

A phase II randomized crossover study of liposomal doxorubicin versus weekly
docetaxel in the first-line treatment of women with metastatic breast cancer. Clin
Breast Cancer 2009;9(4):247-52. https://doi.org/10.3816/CBC.2009.n.042.
Herceptin (trastuzumab) [prescribing information]. South San Francisco, CA:
Genentech, Inc.; 2018. https://www.accessdata.fda.gov/drugsatfda_docs/label/
2018/103792s53451bl.pdf. [Accessed 16 March 2022].

Perjeta (pertuzumab) [prescribing information]. South San Francisco, CA:
Genentech, Inc.; 2020. https://www.accessdata.fda.gov/drugsatfda_docs/label /2
020/125409s1241bl.pdf. [Accessed 16 March 2022].

Perjeta (pertuzumab) [summary of product characteristics]. Germany: Grenzach-
Whylen; 2017. Roche Pharma AG, https://www.ema.europa.eu/en/document
s/product-information/perjeta-epar-product-information_en.pdf. [Accessed 16
March 2022].

Kadcyla (ado-trastuzumab emtansine) [prescribing information]. South San
Francisco, CA: Genentech, Inc.; 2020. https://www.accessdata.fda.gov/drugsa
tfda_docs/label/2020/125427s1081bl.pdf. [Accessed 16 March 2022].

Kadcyla [summary of product characteristics]. Germany: Grenzach-Wyhlen;
2021. Roche Registration GmbH, https://www.ema.europa.eu/en/documents/pr
oduct-information/kadcyla-epar-product-information_en.pdf. [Accessed 16
March 2022].

Friedel G, Pastorino U, Ginsberg RJ, Goldstraw P, Johnston M, Pass H, et al.
Results of lung metastasectomy from breast cancer: prognostic criteria on the
basis of 467 cases of the International Registry of Lung Metastases. Eur J Cardio
Thorac Surg 2002;22(3):335-44. https://doi.org/10.1016/51010-7940(02)
00331-7.

Abbott DE, Brouquet A, Mittendorf EA, Andreou A, Meric-Bernstam F, Valero V,
et al. Resection of liver metastases from breast cancer: estrogen receptor status
and response to chemotherapy before metastasectomy define outcome. Surgery
2012;151(5):710-6. https://doi.org/10.1016/j.surg.2011.12.017.

Milano MT, Katz AW, Zhang H, Huggins CF, Aujla KS, Okunieff P, et al.
Oligometastatic breast cancer treated with hypofractionated stereotactic
radiotherapy: some patients survive longer than a decade. Radiother Oncol 2019;
131:45-51. https://doi.org/10.1016/j.radonc.2018.11.022.

Kobayashi T, Ichiba T, Sakuyama T, Arakawa Y, Nagasaki E, Aiba K, et al. Possible
clinical cure of metastatic breast cancer: lessons from our 30-year experience with
oligometastatic breast cancer patients and literature review. Breast Cancer 2012;
19(3):218-37. https://doi.org/10.1007/5s12282-012-0347-0.

Palma DA, Olson R, Harrow S, Gaede S, Louie AV, Haasbeek C, et al. Stereotactic
ablative radiotherapy versus standard of care palliative treatment in patients with
oligometastatic cancers (SABR-COMET): a randomised, phase 2, open-label trial.
Lancet 2019;393(10185):2051-8. https://doi.org/10.1016/50140-6736(18)
32487-5.

Hrebien S, Citi V, Garcia-Murillas I, Cutts R, Fenwick K, Kozarewa I, et al. Early
ctDNA dynamics as a surrogate for progression-free survival in advanced breast
cancer in the BEECH trial. Ann Oncol 2019;30(6):945-52. https://doi.org/
10.1093/annonc/mdz085.

Turner NC, Kingston B, Kilburn LS, Kernaghan S, Wardley AM, Macpherson IR,
et al. Circulating tumour DNA analysis to direct therapy in advanced breast
cancer (plasmaMATCH): a multicentre, multicohort, phase 2a, platform trial.
Lancet Oncol 2020;21(10):1296-308. https://doi.org/10.1016/51470-2045(20)
30444-7.

Tesch ME, Gelmon KA. Targeting HER2 in breast cancer: latest developments on
treatment sequencing and the introduction of biosimilars. Drugs 2020;80(17):
1811-30. https://doi.org/10.1007/540265-020-01411-y.


https://doi.org/10.1016/S1470-2045(12)70432-1
https://doi.org/10.1016/S1470-2045(12)70432-1
https://doi.org/10.1016/j.annonc.2020.06.020
https://doi.org/10.1016/j.breast.2018.07.004
https://doi.org/10.1200/JCO.2021.39.15_suppl.526
https://doi.org/10.1200/JCO.2021.39.15_suppl.526
https://doi.org/10.1016/j.annonc.2021.08.563
https://doi.org/10.1016/j.annonc.2021.08.563
https://doi.org/10.1016/S1470-2045(17)30414-X
https://doi.org/10.1016/S1470-2045(17)30441-2
https://doi.org/10.1016/S1470-2045(17)30441-2
https://doi.org/10.1038/s41416-020-01175-y
https://doi.org/10.1038/s41416-020-01175-y
https://doi.org/10.1007/s10549-020-05552-2
https://doi.org/10.1007/s10549-020-05552-2
https://doi.org/10.1007/s10549-018-4684-3
https://doi.org/10.1007/s00280-013-2185-y
https://doi.org/10.1007/s00280-013-2185-y
https://doi.org/10.1186/s12885-018-3994-5
https://doi.org/10.1186/s12885-018-3994-5
https://doi.org/10.3390/cancers13122888
https://doi.org/10.1016/S1470-2045(20)30741-5
https://doi.org/10.1016/S1470-2045(20)30741-5
https://doi.org/10.1093/annonc/mdw622
https://doi.org/10.1002/cncr.32392
https://doi.org/10.1002/cncr.32392
https://doi.org/10.1093/annonc/mdz100.001
https://doi.org/10.1093/annonc/mdz100.001
https://doi.org/10.1016/S1470-2045(18)30083-4
https://doi.org/10.1016/S1470-2045(18)30083-4
https://doi.org/10.1634/theoncologist.2017-0079
https://doi.org/10.1200/JCO.2021.39.15_suppl.1003
https://doi.org/10.1200/JCO.2021.39.15_suppl.1003
https://doi.org/10.1016/S1470-2045(17)30717-9
https://doi.org/10.1016/S1470-2045(17)30717-9
https://doi.org/10.1038/bjc.2012.370
https://doi.org/10.3816/CBC.2009.n.042
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/103792s5345lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/103792s5345lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/125409s124lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/125409s124lbl.pdf
https://www.ema.europa.eu/en/documents/product-information/perjeta-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/perjeta-epar-product-information_en.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/125427s108lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/125427s108lbl.pdf
https://www.ema.europa.eu/en/documents/product-information/kadcyla-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/kadcyla-epar-product-information_en.pdf
https://doi.org/10.1016/s1010-7940(02)00331-7
https://doi.org/10.1016/s1010-7940(02)00331-7
https://doi.org/10.1016/j.surg.2011.12.017
https://doi.org/10.1016/j.radonc.2018.11.022
https://doi.org/10.1007/s12282-012-0347-0
https://doi.org/10.1016/S0140-6736(18)32487-5
https://doi.org/10.1016/S0140-6736(18)32487-5
https://doi.org/10.1093/annonc/mdz085
https://doi.org/10.1093/annonc/mdz085
https://doi.org/10.1016/S1470-2045(20)30444-7
https://doi.org/10.1016/S1470-2045(20)30444-7
https://doi.org/10.1007/s40265-020-01411-y

	Current challenges and unmet needs in treating patients with human epidermal growth factor receptor 2-positive advanced bre ...
	Purpose of this paper
	1 Introduction
	2 Methods
	3 Clinical scenarios
	4 Third-line therapy and beyond
	5 CNS metastases
	6 Special populations
	7 Oligometastatic disease and low-burden disease highly sensitive to systemic therapy
	8 Circulating tumor cells or DNA
	9 Conclusions/future perspectives
	Role of the funding source
	Declaration of interest statements
	Acknowledgments
	References


