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ABSTRACT

Introduction: Many patients with human epi-
dermal growth factor receptor-2-positive meta-
static breast cancer (HER2? mBC) require
subsequent lines of therapy (LOTs) after being
treated with pertuzumab and trastuzumab-
based regimens in the first line (1L). Although
the efficacy of the second-line (2L) therapies has
been demonstrated in clinical trials, the real-
world effectiveness of these treatments is
understudied. This retrospective cohort study
assessed the real-world treatment patterns and
outcomes for patients with HER2? mBC fol-
lowing 1L therapy with pertuzumab and tras-
tuzumab-based regimens in the United States
(US) during 2015–2019.

Methods: Adults with HER2? mBC in the US
who initiated 1L pertuzumab and trastuzumab-
based regimens between 01/01/2015 and 09/30/
2019 and had C 60 days of follow-up after 1L
initiation were identified from the IQVIA
Oncology Electronic Medical Records database.
The regimens utilized in 2L following 1L per-
tuzumab and trastuzumab-based regimens were
described. Median treatment duration and time
to treatment failure were reported for 2L based
on Kaplan–Meier analyses.
Results: Of the 710 eligible patients who
received pertuzumab and trastuzumab-based reg-
imens in 1L (median age: 57.0 years [interquartile
range: 48.0–65.0]; median follow-up: 20.3
months; median 1L duration: 15.3 months), 222
(31.3%) initiated 2L. The most common regimens
in 2L were ado-trastuzumab emtansine (T-DM1)-
based regimens (n = 159 [71.6%]), followed by
lapatinib-based (n = 21 [9.5%]) and neratinib-
based (n = 18 [8.1%]) regimens. The median
treatment duration and time to treatment failure
were 5.9 (95% CI: 5.0, 8.7) and 8.6 (7.3, 11.5)
months, respectively, among patients initiating
2L, and 5.7 (4.7, 7.8) and 7.9 (6.5, 10.0) months
among those receiving 2L T-DM1.
Conclusions: Most patients with HER2? mBC
requiring additional treatments after 1L per-
tuzumab and trastuzumab-based regimensutilized
T-DM1 in 2L during 2015–2019. The shortmedian
treatment duration and time to treatment failure
highlight an unmet need that can potentially be
fulfilled by recently approved treatment options.
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Key Summary Points

Why carry out the study?

The real-world effectiveness of treatments
after first-line (1L) pertuzumab and
trastuzumab for patients with human
epidermal growth factor receptor-2-
positive metastatic breast cancer
(HER2? mBC) is understudied.

What was learned from the study?

This retrospective cohort study assessed
the real-world treatment patterns,
treatment duration, and time to treatment
failure of second-line (2L) therapies for
patients with HER2? mBC following 1L
pertuzumab and trastuzumab-based
regimens in the United States during
2015–2019. Among patients on 1L
trastuzumab and pertuzumab based
regimen, about 31% progressed and
moved to 2L and about 5% died on 1L.

The most common therapies used in 2L
were ado-trastuzumab emtansine (T-
DM1)-based regimens, irrespective of a
brain metastasis diagnosis prior to the
initiation of 2L, while 2L T-DM1 was
associated with a short treatment duration
(around 6 months) and a short time to
treatment failure (8 months).

The short median treatment duration and
time to treatment failure highlight an
unmet need that can potentially be
fulfilled by recently approved treatment
options. More recent 2L treatments with
better efficacy results will offer the
opportunity to improve the outcomes of
patients with HER2? mBC who failed 1L
trastuzumab and pertuzumab-based
regimen.

INTRODUCTION

Breast cancer (BC) is the most common malig-
nancy among women in the United States (US),
accounting for approximately 15% of all new
cancer cases and 7% of cancer deaths in 2021
[1]. Approximately 5% of patients with BC have
metastatic disease (mBC) at diagnosis, while
30% of patients initially diagnosed with early-
stage BC ultimately develop metastases [2, 3].

The prognosis and survival of patients with
mBC are influenced by the presence of human
epidermal growth factor receptor-2 (HER2), a
receptor tyrosine kinase expressed in normal
tissues as well as in some cancers [2]. Approxi-
mately 14% of US women with mBC have HER2
overexpression (HER2?), which is associated
with rapid cell growth, but the advent of anti-
HER2 therapies has dramatically improved
clinical outcomes of HER2? mBC [4–7]. In
2011–2017, the 5-year survival rate for
HER2? mBC in the US was estimated at 44.7%
for hormonal receptor (HR)-positive disease and
37.9% for HR-negative disease [4]. Despite the
improved prognosis, disease recurrence in
HER2? BC still imposes a heavy economic
burden on healthcare systems and society; it
was estimated to incur $240 million to $1.7
billion in lifetime costs in a systematic literature
review [8].

To date, three types of anti-HER2 therapies
have been approved by the US Food and Drug
Administration (FDA) for the treatment of
HER2? mBC: monoclonal antibodies, includ-
ing trastuzumab (approved by the FDA in 1998
[9]), pertuzumab (2012 [10]), and margetux-
imab (2020 [11]); tyrosine kinase inhibitors
(TKIs), including lapatinib (2007 [12]), neratinib
(2017 [13]), and tucatinib (2020 [14]); and
antibody–drug conjugates (ADCs), includ-
ing ado-trastuzumab emtansine (T-DM1; 2013
[15]), and trastuzumab deruxtecan (2019 [16]).
The current guidelines from the National
Comprehensive Cancer Network� (NCCN�;
v.4.2023) and the American Society for Clinical
Oncology (ASCO; 2022) recommend a combi-
nation of pertuzumab, trastuzumab, and a tax-
ane as a preferred first-line (1L) regimen option
and trastuzumab deruxtecan as a preferred
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second-line (2L) regimen option for HER2? re-
current unresectable or stage IV disease [17, 18].

A recent analysis using a prospective obser-
vational registry (SystHERs) showed that 75% of
the patients with HER2? mBC received per-
tuzumab and trastuzumab combination therapy
in 1L, with a median treatment duration of 17.2
months [19]. While T-DM1 and other anti-HER2
therapies have demonstrated efficacy in
patients progressing on 1L trastuzumab-based
regimens in clinical trials [20–24], data on the
real-world outcomes associated with these
treatments in a broader US population are lim-
ited [25, 26]. Such real-world effectiveness data
could complement clinical trial data to assist
healthcare decision-makers regarding patient
management, resource allocation, and the
identification of unmet needs among these
patients.

The objective of this study was to assess the
real-world treatment patterns and outcomes
(i.e., treatment duration and time to treatment
failure) for patients with HER2? mBC following
1L therapy with pertuzumab and trastuzumab
in US oncology practices.

METHODS

Data Source

Patients with HER2? mBC in the US who ini-
tiated 1L pertuzumab and trastuzumab-based
regimens between January 1, 2015 and
September 30, 2019 were identified in the
IQVIA Oncology Electronic Medical Records
(EMR) database. This database includes EMR
records from a representative network of com-
munity and academic oncology practices cov-
ering at least one million oncology patients
from 2012 onward treated by approximately
950 practicing oncologists in over 40 US states.
Data elements include patient demographics,
oncology and non-oncology therapy adminis-
trations and medication orders, diagnoses, and
lab test results (including HER2 status).
Although vital status was available, data on the
date of death were not documented in the
database and were imputed using the last
encounter in the EMR as a proxy, as suggested

by previous literature [27]. Since this study used
deidentified pre-existing data in the EMR data-
base, no ethical approval was required. This
study was performed in accordance with the
Helsinki Declaration of 1964 and its later
amendments.

Study Design

Study Sample
This study used a retrospective cohort design.
The study sample included female and male
patients with HER2? mBC who initiated 1L
pertuzumab and trastuzumab-based regimens
after January 1, 2015 and had C 60 days of fol-
low-up (i.e., at least one clinical activity) after
1L initiation. Patients who died within 60 days
of 1L initiation were also included. BC was
identified using the International Classification
of Diseases, 9th edition, Clinical Modification
(ICD-9-CM) codes of 174.xx and 175.xx, and
the International Classification of Diseases,
10th edition, Clinical Modification (ICD-10-
CM) codes of C50.x. The mBC diagnosis date
was defined as the date of the first secondary
malignant neoplasm diagnosis record (ICD-9-
CM: 196–198; ICD-10-CM: C77–C79) in the
EMR data. Patients with HER2? status were
identified by a positive HER2 test result during
the study period. Pertuzumab and trastuzumab-
based regimens were defined as those including
pertuzumab and trastuzumab ± other systemic
treatments not targeting HER2. The date of 1L
initiation was defined as the index date.

Identification of Lines of Therapy
The lines of therapy (LOTs) after the HER2?
mBC diagnosis date were defined using an
algorithm adapted from Dalal et al. [28]. Treat-
ments for mBC were identified through
administration and order records in the EMR
and included the following: HER2-targeted
agents available during the study period (tras-
tuzumab, pertuzumab, T-DM1, lapatinib, and
neratinib); chemotherapy (e.g., taxanes, plat-
inum-based, antimetabolites, and anthracycli-
nes); hormonal therapy; immuno-oncology
therapy (nivolumab, pembrolizumab, and ate-
zolizumab); and other targeted therapy
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(alpelisib, bevacizumab, cetuximab, everolimus,
olaparib, and palbociclib). A treatment regimen
was defined as all concomitant anticancer
treatments used within 14 days of the initiation
of an index intravenous therapy or all anti-
cancer treatments used within 30 days of the
initiation of an index oral drug in a LOT.

LOT discontinuation was defined as the ini-
tiation of a new LOT, a treatment gap of C 365
days without an anti-HER2 treatment (for regi-
mens including anti-HER2 agents) or without
any mBC treatments (for the remaining regi-
mens), or death. A new LOT was initiated when
a new anti-HER2 agent was initiated, the patient
switched to a different class of chemotherapy,
or the same regimen was re-initiated after a gap
of at least 365 days.

Outcomes

Baseline Characteristics and Treatment
Patterns After a 1L Trastuzumab
and Pertuzumab-Based Regimen
Patient demographics as of the index date (age,
sex, and US region of residence); HR status (i.e.,
with estrogen or progesterone receptors); and
the Eastern Cooperative Oncology Group
(ECOG) functional status score within ± 1
month of the index date were summarized. The
median treatment duration of 1L was also
reported.

Treatment patterns in 2L were assessed. In
addition, treatment patterns for 2L were com-
pared between patients with and without brain
metastases (BM) diagnoses (ICD-9-CM: 198.3;
ICD-10-CM: C79.31 and C79.32) prior to 2L
initiation.

Treatment Outcomes Associated with 2L
Therapies
Treatment outcomes, including treatment
duration and time to treatment failure, were
reported for patients receiving 2L therapies. To
be included in this analysis, patients were fur-
ther required to have C 60 days of follow-up
following the initiation of 2L to ensure suffi-
cient time for observation. Patients who died
within 60 days of 2L initiation were included.
Treatment duration was defined as the time

from the initiation to the discontinuation of 2L.
Time to treatment failure was defined as the
duration from the initiation of 2L until the
initiation of the next LOT or death. Patients
without a treatment discontinuation or treat-
ment failure event were censored at their last
follow-up date.

Statistical Analyses

Baseline patient characteristics and treatment
patterns were analyzed using descriptive statis-
tics. For treatment outcomes, the median time
to event was reported based on Kaplan–Meier
(KM) analyses. Outcomes analyses were also
conducted among patients with the most com-
mon regimens in 2L.

RESULTS

Baseline Characteristics

A total of 710 patients (median age: 57.0 years
[interquartile range: 48.0–65.0]) with HER2?
mBC were treated with 1L pertuzumab and
trastuzumab-based regimens (Fig. 1); the med-
ian follow-up was 20.3 months from 1L initia-
tion. Of these patients, 47.3% were HR positive,
26.5% were HR negative, and 26.2% had
unknown HR status (Table 1). The majority of
patients (n = 656 [92.4%]) received 1L per-
tuzumab and trastuzumab in combination with
other mBC treatments, including 569 (80.1%)
who received pertuzumab and trastuzumab in
combination with a taxane and 50 (7.0%) who
received pertuzumab and trastuzumab in com-
bination with hormonal therapy. The remain-
ing 54 (7.6%) patients received pertuzumab and
trastuzumab only, without other mBC treat-
ments. The median duration of 1L was 15.3
(95% confidence interval [CI]: 13.4, 17.6)
months.

2L Treatment Patterns After 1L
Pertuzumab and Trastuzumab

Among all 710 patients, 222 (31.3%) discon-
tinued 1L pertuzumab and trastuzumab-based
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Fig. 1 Sample selection flowchart. 1L first line, 2L second
line, BC breast cancer, EMR electronic medical records,
HER2 human epidermal growth factor receptor 2, ICD-9-
CM International Classification of Diseases, 9th revision,
Clinical Modification, ICD-10-CM International Classifi-
cation of Diseases, 10th revision, Clinical Modification,
LOT line of therapy, mBC metastatic breast cancer. aBC
was identified using ICD-9-CM codes 174.xx and 175.xx

and ICD-10-CM codes C50.x (both female and male BC).
bA primary malignancy other than BC was identified using
ICD-9-CM codes 140.0–172.9, 176, 179–195.8,
199.0–199.2, and 200.0–209.36 and ICD-10-CM codes
C00.0–C43.9, C4A.0–C49.A9, C51.0–C75.9, C7A.00 -
C7B.8, C76.0–C76.8, C80.0–C80.2, and C81.00–C96.Z.
cPatients who died within 60 days of the 1L start date were
also included
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Table 1 Baseline characteristics of HER2? mBC patients who initiated 1L and 2L

Patients with
1L, N = 710

Patients with
2L, N = 222

Patients with 2L
T-DM1, N = 159

Patients with 2L regimens
other than T-DM1, N = 63

Time from 1L initiation to end of

follow-up, median (months)

20.3 23.0 22.9 23.5

Time from 2L initiation to end of

follow-up, median (months)

- 9.6 9.9 8.4

Age at index date, median years

(Q1, Q3)

57.0 (48.0,

65.0)

59.0 (49.0,

65.0)

59.0 (50.0, 64.0) 59.0 (46.0, 66.0)

Female, n (%) 701 (98.7%) 219 (98.7%) 158 (99.4%) 61 (96.8%)

US region, n (%)

Midwest 274 (38.6%) 71 (32.0%) 43 (27.0%) 28 (44.4%)

Northeast 61 (8.6%) 19 (8.6%) 14 (8.8%) 5 (7.9%)

South 264 (37.2%) 92 (41.4%) 74 (46.5%) 18 (28.6%)

West 109 (15.4%) 40 (18.0%) 28 (17.6%) 12 (19.1%)

Unknown 2 (0.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Clinical profile, n (%)

ER/PR status measured 524 (73.8%) 152 (68.5%) 110 (69.2%) 42 (66.7%)

ER/PR status

ER? /PR? 249 (47.5%) 67 (44.1%) 44 (40.0%) 23 (54.8%)

ER? /PR- 72 (13.7%) 23 (15.1%) 21 (19.1%) 2 (4.8%)

ER-/PR? 15 (2.9%) 5 (3.3%) 5 (4.5%) 0 (0.0%)

ER-/PR- 188 (35.9%) 57 (37.5%) 40 (36.4%) 17 (40.5%)

ECOG score measureda 246 (34.6%) 92 (41.1%) 78 (49.1%) 14 (22.2%)

ECOG scoreb

0 110 (44.7%) 37 (40.2%) 34 (43.6%) 3 (21.4%)

1 102 (41.5%) 40 (43.5%) 32 (41.0%) 8 (57.1%)

2 31 (12.6%) 15 (16.3%) 12 (15.4%) 3 (21.4%)

3 3 (1.2%) 0 (0%) 0 (0.0%) 0 (0.0%)

1L first line, 2L second line, ECOG Eastern Cooperative Oncology Group, ER estrogen receptor, PR: progesterone receptor,
Q1 quartile 1, Q3 quartile 3, SD standard deviation, T-DM1 ado-trastuzumab emtansine, US United States
aECOG scores obtained within ± 1 month of the index date were identified; b if multiple scores were available, the closest
one to the index date was considered
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Table 2 Regimens used in 2L following 1L pertuzumab and trastuzumab-based regimens

Total
(N = 222)

Without BMa

(n = 172)
With BMa

(n = 50)

T-DM1-based regimen 159 (71.6%) 124 (72.1%) 35 (70.0%)

T-DM1 only 96 (43.2%) 70 (40.7%) 26 (52.0%)

T-DM1 ? chemotherapy ± hormonal therapy 23 (10.4%) 19 (11.0%) 4 (8.0%)

T-DM1 ? hormonal therapy 30 (13.5%) 25 (14.5%) 5 (10.0%)

T-DM1 ? othera 10 (4.5%) 10 (5.8%) –

Trastuzumab-based regimen 3 (1.4%) 3 (1.7%) –

Trastuzumab ? chemotherapy ± hormonal therapy 2 (0.9%) 2 (1.2%) –

Trastuzumab ? hormonal therapy 1 (0.5%) 1 (0.6%) –

Trastuzumab ? pertuzumab-based regimen 3 (1.4%) 2 (1.2%) 1 (2.0%)

Trastuzumab ? pertuzumab 1 (0.5%) 1 (0.6%) –

Trastuzumab ? pertuzumab ? chemotherapy ± hormonal

therapy

2 (0.9%) 1 (0.6%) 1 (2.0%)

TKI-based regimen 39 (17.6%) 26 (15.1%) 13 (26.0%)

Lapatinib-based regimen 21 (9.5%) 11 (6.4%) 10 (20.0%)

Lapatinib ? capecitabine ± hormonal therapy 11 (5.0%) 7 (4.1%) 4 (8.0%)

Lapatinib ? trastuzumab ? pertuzumab 5 (2.3%) 2 (1.2%) 3 (6.0%)

Trastuzumab ? lapatinib ? chemotherapy ± hormonal

therapy

2 (0.9%) 1 (0.6%) 1 (2.0%)

Trastuzumab ? lapatinib 1 (0.5%) – 1 (2.0%)

Lapatinib only 1 (0.5%) 1 (0.6%) –

Lapatinib ? otherb 1 (0.5%) – 1 (2.0%)

Neratinib-based regimen 18 (8.1%) 15 (8.7%) 3 (6.0%)

Neratinib 13 (5.9%) 11 (6.4%) 2 (4.0%)

Neratinib ? trastuzumab ? pertuzumab 3 (1.4%) 2 (1.2%) 1 (2.0%)

Neratinib ? trastuzumab 2 (0.9%) 2 (1.2%)

Other anti-HER2 regimens 10 (4.5%) 9 (5.2%) 1 (2.0%)

Trastuzumab ? pertuzumab ? T-DM1 8 (3.6%) 7 (4.1%) 1 (2.0%)

Trastuzumab ? T-DM1 2 (0.9%) 2 (1.2%) –

Other regimens 8 (3.6%) 8 (4.7%) –

Chemotherapy ? hormonal therapy 2 (0.9%) 2 (1.2%) –

Hormonal therapy only 2 (0.9%) 2 (1.2%) –
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therapy and initiated 2L therapy, 408 (57.5%)
remained on 1L on the last day of follow-up, 36
(5.1%) died on 1L treatment, and 44 (6.2%)
discontinued 1L but did not initiate a next line.
The observed characteristics of patients who
initiated 2L were similar to the patients in the
overall cohort (Table 1). Of the 222 patients
with 2L therapy (median follow-up post-2L
initiation: 9.6 months), 214 (96.4%) received
anti-HER2-based regimens. T-DM1-based regi-
mens were most commonly used in 2L (n = 159
[71.6%]), followed by TKI-based regimens (lap-
atinib-based regimen: 21 [9.5%]; neratinib-
based regimen: 18 [8.1%]) (Table 2).

The distribution of treatments among
patients with BM (n = 50 [22.5%]) was similar to
that for patients without BM (n = 172 [77.5%]),
with T-DM1 remaining a mainstay of treatment
for both groups (with BM: 70.0%, without BM:
72.1%) (Table 2). The utilization of TKIs was
slightly higher among patients with BM (26.0%)
compared to those without BM (15.1%).

Treatment Outcomes

Figure 2 illustrates the KM curves for the treat-
ment outcomes of treatment duration (Fig. 2a)
and time to treatment failure (Fig. 2b) for 2L
regimens overall (red line) and T-DM1-based
regimens (blue line). Overall, the median 2L
treatment duration was 5.9 (95% CI 5.0, 8.7)
months, and the median time to 2L treatment
failure was 8.6 (7.3, 11.5) months. For 2L
T-DM1, the median duration of treatment was
5.7 (95% CI: 4.7, 7.8) months, and the median
time to treatment failure was 7.9 (6.5, 10.0)
months.

DISCUSSION

This study reported the real-world treatment
patterns and treatment outcomes of patients
with HER2? mBC following 1L pertuzumab and
trastuzumab-based regimens among US oncol-
ogy practices between 2015 and 2019. The
median duration of 1L treatment was estimated
to be 15.3 months, which is comparable to that
reported in the CLEOPATRA trial for per-
tuzumab and trastuzumab (24 cycles; 3 weeks
per cycle) and is longer than that reported in
the French UNICANCER ESME (Epidemiological
Strategy and Medical Economics) study (11.3
months) [29, 30]. The treatment patterns anal-
ysis suggested that T-DM1-based regimens were
the most common 2L therapy after 1L per-
tuzumab and trastuzumab-based regimens,
while approximately 25% of the patients
received other anti-HER2 regimens in 2L, pre-
dominantly consisting of TKIs in the subgroup
of patients with BM. Previous literature has
suggested that anti-HER2 TKIs may have higher
central nervous system (CNS) exposure than
therapeutic antibodies [31]. However, the EMI-
LIA clinical trial showed that T-DM1 was asso-
ciated with significantly improved overall
survival (OS) compared to lapatinib plus cape-
citabine in patients with treated asymptomatic
CNS metastases [32]. A meta-analysis of clinical
trials also demonstrated a similar OS benefit
from anti-HER2-TKI-containing and non-TKI-
containing regimens in patients with stable and
asymptomatic BM [33]. It is impossible to
ascertain the reasons for selecting particular
anti-HER2 agents based on the limited clinical
information available in the EMR database. The
EMR database utilized for this study does not

Table 2 continued

Total
(N = 222)

Without BMa

(n = 172)
With BMa

(n = 50)

I/O or OTT only 4 (1.8%) 4 (2.3%) –

1L first line, 2L second line, BM brain metastases, HER2 human epidermal growth factor receptor 2, I/O immuno-oncology
therapy, OTT other targeted therapy, T-DM1 ado-trastuzumab emtansine, TKI tyrosine kinase inhibitor
aBM was identified before 2L initiation; b‘Other’ includes OTT and/or I/O with or without chemotherapy and/or
hormonal therapy
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offer sufficient clinical details to determine
whether the BM were stable or active in our
study sample. It is possible that patient prefer-
ence for an oral therapy such as a lapatinib and
capecitabine combination regimen and lim-
ited access to infusion clinics for chemotherapy
may have played a role in the choice of 2L
treatment regimen as well [34, 35]. Further
studies to understand the use of regimens other
than T-DM1 in patients following 1L per-
tuzumab and trastuzumab-based regimens are
warranted.

The results of this study complement those
from clinical trials by providing insights into
the real-world treatment outcomes of patients
with HER2? mBC who were treated with
T-DM1, lapatinib, and other anti-HER2-based
regimens after a 1L pertuzumab and trastuzu-
mab-based regimen in the US. Patients from the
US represented only 27% of the patients par-
ticipating in EMILIA [21]. Compared to patients
participating in EMILIA, our study sample of
patients receiving 2L treatment was older (me-
dian age = 59 years vs. 53 years) [21]. Notwith-
standing the differences in study population,
design, and follow-up period, the median time
to treatment failure for 2L T-DM1 patients in
the current study was numerically shorter than

that observed in the EMILIA trial [21]. Never-
theless, treatment outcomes for 2L T-DM1
observed in this study were generally similar to
results observed in two prior real-world data
studies [26, 29]. One US-based study utilized the
Flatiron EMR database and reported that the
median treatment duration of 2L T-DM1 was
3.5 (95% CI 2.1, 6.5) months in 2015–2016 and
7.0 (95% CI 4.9, 10.4) months in 2017–2018
among patients treated with 1L pertuzumab
and trastuzumab [26]. Our estimate of the
median treatment duration (5.7 [95% CI 4.7,
7.8]) for 2L T-DM1 between 2015 and 2019 is
within the range of the prior study. Another
French retrospective study (the UNICANCER
ESME mBC cohort) reported a median progres-
sion-free survival (PFS) from the initiation of 2L
T-DM1 of 7.1 (95% CI 5.7, 8.9) months among
patients treated with 1L pertuzumab, trastuzu-
mab, and taxane [29], which is similar to our
estimate of the median time to treatment failure
(7.9 [95% CI 6.5, 10.0]).

Since the data cut of the current study
(2015–2019), several new therapies have been
approved by the FDA for patients with
HER2? mBC who have received one or more
prior anti-HER2-based regimens. Trastuzumab
deruxtecan, an ADC composed of trastuzumab

Fig. 2 Treatment duration (a) and time to treatment
failure (b) for patients with 2L therapy and 2L T-DM1
following 1L pertuzumab and trastuzumab-based regi-
mensa. 1L first line, 2L second line, CI confidence interval,
T-DM1 ado-trastuzumab emtansine. aThirteen patients

with 2L and eight patients with T-DM1 in 2L were not
included in this analysis because they did not have at least
60 days of follow-up from the initiation of 2L. Patients
who died within 60 days from 2L initiation were included

Oncol Ther (2023) 11:481–493 489



linked to a topoisomerase I inhibitor, was
approved by the FDA in May 2022 for patients
with HER2? mBC who have received a prior
anti-HER2-based regimen. In the DESTINY-
Breast03 trial, compared to T-DM1, trastuzumab
deruxtecan showed a significant improvement
in OS (the median was not reached in either
arm; hazard ratio: 0.64; p\ 0.01) and was
associated with a significant and clinically
meaningful improvement in PFS (median 28.8
vs. 6.8 months; hazard ratio: 0.33; p\ 0.0001)
as well as higher rates of objective response
(79% vs. 35%) in patients with HER2? mBC
previously treated with trastuzumab and taxane
(median treatment duration: 18.2 vs. 6.9
months) [36]. Another new therapy is tucatinib,
a HER2-targeted small-molecule TKI that
potently inhibits signal transduction down-
stream of HER2/HER3 when used in combina-
tion with capecitabine and trastuzumab after
prior treatment with trastuzumab, pertuzumab,
and T-DM1 [14, 37]. In the HER2CLIMB trial,
tucatinib demonstrated superior outcomes ver-
sus placebo, with a median PFS of 7.8 months
and a median OS of 21.9 months [38]. Marge-
tuximab, an anti-HER2-receptor monoclonal
antibody used with chemotherapy following
two or more prior anti-HER2 regimens,
demonstrated prolonged PFS relative to
trastuzumab for previously treated patients with
HER2? mBC (median PFS: 5.8 vs. 4.9 months;
hazard ratio: 0.76, 95% CI 0.59–0.98), with
similar rates of OS [39]. According to NCCN
guidelines�, trastuzumab deruxtecan is now a
preferred 2L treatment option for HER2? mBC,
whereas T-DM1 and other recently approved
treatments (tucatinib and margetuximab) are
recommended as 3L and beyond, along with
other treatment options based on these clinical
trial findings [17]. Considering that patients in
real-world clinical practice may have different
characteristics from those participating in clin-
ical trials, further research is needed to examine
the effectiveness and tolerability of these new
treatment options in the future.

The results of this study should be consid-
ered in light of its limitations, some of which
are common to studies using EMR databases.
First, only treatment data received in the prac-
tices participating in the EMR networks were

captured by the database. Any treatments
received by patients outside the participating
practices would be missed. Treatment patterns
observed in the current study need to be con-
firmed by future studies. Second, the LOTs were
identified using an algorithm that was devel-
oped based on the input from clinical experts in
breast cancer; however, there may still be some
heterogeneous errors impacting the study
results. Future studies should consider incorpo-
rating a standardized comprehensive framework
for defining LOTs, as proposed by Saini and
Twelves for solid tumor oncology research [40].
Third, because the median follow-up from 1L
initiation in this study was relatively short at
20.3 months, long-term responders to 1L per-
tuzumab and trastuzumab-based regimens may
be underrepresented. The duration of 1L per-
tuzumab and trastuzumab-based regimens in
the real world may also be underestimated.
Fourth, date of death was unavailable in the
data, so the last follow-up activity date was used
as a proxy, which may have resulted in an
underestimation of time to treatment failure.
Finally, outcomes of 2L treatments, especially
T-DM1, may vary with the intensity of HER2
expression, as shown in previous studies [41].
However, we were not able to determine HER2
expression in our study population due to the
unavailability of the data. Further research
would be helpful to better understand this
question. In addition, comorbidities may not be
adequately captured in the oncology EMR
database, especially if they were diagnosed
outside the oncology practices, and ECOG
functional status data were missing for the
majority of patients. Due to the limited clinical
information available in the database, the
appropriateness of treatment and dosing and
the association between the clinical character-
istics and treatment selection could not be
assessed.

CONCLUSIONS

This study provides insights into the real-world
treatment patterns and outcomes of patients
with HER2? mBC in the US during 2015–2019
and highlights unmet needs that can
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potentially be fulfilled by recently approved
treatment options. Future real-world studies
will be helpful to confirm the generalizability of
the clinical trial findings in the diverse patient
population receiving treatment for HER2?
mBC in real-world clinical practice.
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González E, et al. Patient preference for oral
chemotherapy in the treatment of metastatic breast

and lung cancer. Eur J Cancer Care. 2019;28(6):
e13164.

35. Unger JM, Moseley A, Symington B, Chavez-
MacGregor M, Ramsey SD, Hershman DL. Geo-
graphic distribution and survival outcomes for rural
patients with cancer treated in clinical trials. JAMA
Netw Open. 2018;1(4): e181235-e.

36. Hurvitz SA, Hegg R, Chung W-P, Im S-A, Jacot W,
Ganju V, et al. Trastuzumab deruxtecan versus
trastuzumab emtansine in patients with HER2-
positive metastatic breast cancer: updated results
from DESTINY-Breast03, a randomised, open-label,
phase 3 trial. Lancet. 2023;401(10371):105–17.

37. Kulukian A, Lee P, Taylor J, Rosler R, de Vries P,
Watson D, et al. Preclinical activity of her2-selective
tyrosine kinase inhibitor tucatinib as a single agent
or in combination with trastuzumab or docetaxel in
solid tumor models. Mol Cancer Ther. 2020;19(4):
976–87.

38. 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.

39. Rugo HS, Im S-A, Cardoso F, Cortes J, Curigliano G,
PegramMD, et al. Abstract GS1–02: Phase 3 SOPHIA
study of margetuximab ? chemotherapy vs trastu-
zumab ? chemotherapy in patients with HER2?
metastatic breast cancer after prior anti-HER2
therapies: second interim overall survival analysis.
Cancer Res. 2020;80(4_suppl):GS1-02-GS1-.

40. Saini KS, Twelves C. Determining lines of therapy in
patients with solid cancers: a proposed new sys-
tematic and comprehensive framework. Br J Can-
cer. 2021;125(2):155–63.

41. Perez EA, Hurvitz SA, Amler LC, Mundt KE, Ng V,
Guardino E, et al. Relationship between HER2
expression and efficacy with first-line trastuzumab
emtansine compared with trastuzumab plus doc-
etaxel in TDM4450g: a randomized phase II study
of patients with previously untreated HER2-positive
metastatic breast cancer. Breast Cancer Res.
2014;16(3):R50.

Oncol Ther (2023) 11:481–493 493


	Real-World Treatment Patterns and Outcomes Following First-Line Pertuzumab and Trastuzumab Among Patients with HER2+thinspMetastatic Breast Cancer
	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Data Source
	Study Design
	Study Sample
	Identification of Lines of Therapy

	Outcomes
	Baseline Characteristics and Treatment Patterns After a 1L Trastuzumab and Pertuzumab-Based Regimen
	Treatment Outcomes Associated with 2L Therapies

	Statistical Analyses

	Results
	Baseline Characteristics
	2L Treatment Patterns After 1L Pertuzumab and Trastuzumab
	Treatment Outcomes

	Discussion
	Conclusions
	Author Contributions
	Open Access
	References




