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Background: In the primary analysis of the HER2CLIMB trial, tucatinib added to trastuzumab and capecitabine
significantly improved overall survival (OS) and progression-free survival (PFS) in patients with human epidermal
growth factor receptor 2 positive (HER2þ) metastatic breast cancer. We report efficacy and safety outcomes,
including the final OS and safety outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, double-blind, placebo-controlled trial in patients with locally
advanced or metastatic HER2þ breast cancer, including patients with brain metastases. Patients were randomized
2 : 1 to receive tucatinib or placebo, in combination with trastuzumab and capecitabine. After the primary analysis
(median follow-up of 14 months), the protocol was amended to allow for unblinding sites to treatment assignment
and cross-over from the placebo combination to the tucatinib combination. Protocol prespecified descriptive
analyses of OS, PFS (by investigator assessment), and safety were carried out at w2 years from the last patient
randomized.
Results: Six hundred and twelve patients enrolled in the HER2CLIMB trial. At a median OS follow-up of 29.6 months,
median duration of OS was 24.7 months for the tucatinib combination group versus 19.2 months for the placebo
combination group [hazard ratio (HR) for death: 0.73, 95% confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at
2 years was 51% and 40%, respectively. HRs for OS across prespecified subgroups were consistent with the HR for
the overall study population. Median duration of PFS was 7.6 months for the tucatinib combination group versus
4.9 months for the placebo combination group (HR for progression or death: 0.57, 95% CI: 0.47-0.70, P < 0.00001)
and PFS at 1 year was 29% and 14%, respectively. The tucatinib combination was well tolerated with a low rate of
discontinuation due to adverse events.
Conclusions: With additional follow-up, the tucatinib combination provided a clinically meaningful survival benefit for
patients with HER2þ metastatic breast cancer.
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INTRODUCTION

Human epidermal growth factor receptor 2 (HER2) over-
expression occurs in 20%-25% of all breast cancers.1-4 HER2-
positive (HER2þ) breast cancer has been historically
associated with a poor prognosis5,6 and most patients with
metastatic breast cancer ultimately die of their disease.7-10

Furthermore, HER2þ breast cancer has a propensity to
metastasize to the brain and there are limited treatment
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options for patients with brain metastases, as large mole-
cules, such as monoclonal antibodies, do not easily pene-
trate the blood-brain barrier.

Current treatment guidelines for patients with HER2þ
metastatic breast cancer recommend a taxane in combi-
nation with trastuzumab and pertuzumab, followed by
trastuzumab emtansine (T-DM1) for patients who have
disease progression.11,12 Recently, small molecule tyrosine
kinase inhibitors (TKIs) have shown promise in the meta-
static setting.10,13 Some HER2-directed TKIs, however, have
significant off-target effects on the epidermal growth factor
receptor (EGFR) leading to tolerability issues related to high
incidences of diarrhea, including severe diarrhea, and skin
toxicity.10,14 Tucatinib is highly selective for the HER2 re-
ceptor and only minimally inhibits other HER family re-
ceptors, including EGFR.15 Encouraging antitumor activity
was shown in a previous phase Ib study of tucatinib in
combination with trastuzumab and capecitabine in patients
with HER2þ metastatic breast cancer, including those with
brain metastases.16 Similar to other regimens for patients
with HER2þ metastatic breast cancer that utilize a dual
blockade of HER2 (e.g. trastuzumab and pertuzumab),17

tucatinib to date has been developed in combination with
another HER2-targeting agent.

The pivotal HER2CLIMB trial (Clinical Trial Registration:
NCT02614794) evaluated tucatinib compared with placebo,
each in combination with trastuzumab and capecitabine, for
HER2þ metastatic breast cancer after progression on trastu-
zumab, pertuzumab, and T-DM1 in any setting (neoadjuvant,
adjuvant, and/or metastatic).13 Patients with and without
brain metastases were enrolled, including those with active
(progressive and/or untreated) brain metastases. In the pri-
mary analysis (median 14.0 months of follow-up in the total
study population), HER2CLIMB met all primary and alpha-
controlled secondary endpoints, including a 46% reduction
in the riskof progression or death in the first 480 patients, 34%
reduction in risk of death in the total study population, and
52% reduction in the risk of progression or death in patients
with brainmetastases.13 The benefit of tucatinibwas observed
across all prespecified subgroups, and secondary endpoints
were met during the primary analysis.13 Median time to first
response was 1.4 months in each treatment group.

The addition of tucatinib to trastuzumab and capecitabine
was well tolerated. There was a low discontinuation rate of
tucatinib due to adverse events (6%). Severe diarrhea was
observed in 13% of patients, and most diarrhea was
manageable with short courses of antidiarrheal medications
(median of 3 days per cycle) in both the tucatinib and placebo
combination groups.13Additionally, rates of alopeciawere low,
there was no difference in left ventricular decline between the
tucatinib and placebo combination groups, and only one case
of interstitial lung disease (grade 1 pneumonitis) was reported
on the tucatinib combination group.18

Tucatinib is approved in combination with trastuzumab
and capecitabine in multiple regions of the world for pa-
tients with HER2þ metastatic breast cancer, including those
with brain metastases, whose cancers have progressed on
at least one prior HER2-directed treatment in the metastatic
322 https://doi.org/10.1016/j.annonc.2021.12.005
setting (United States) or two prior HER2-directed treat-
ment regimens in any setting [European Union (EU)].

We report final efficacy and safety outcomes after an
additional 15.6 months of overall survival (OS) follow-up in
patients from the HER2CLIMB trial. HER2CLIMB met statis-
tical significance for all primary and alpha-controlled sec-
ondary endpoints at the primary analysis; therefore, this
follow-up analysis is descriptive only.
METHODS

Patients and treatment

The methodology of the global, randomized, double-blind
HER2CLIMB trial has been described previously.13 Patients
with HER2þ metastatic breast cancer previously treated with
trastuzumab, pertuzumab, and T-DM1, in any setting, were
randomly assigned 2:1 to receive either tucatinib (300 mg) or
placebo orally twice daily, in combination with trastuzumab (6
mg/kg intravenously once every 21 days, with initial 8 mg/kg
loading dose; subcutaneous administration was allowed) and
capecitabine (1000 mg/m2 orally twice daily on days 1-14 of
each 21-day cycle). Patients with a history or presence of brain
metastases at baseline, including treated stable and active
(progressive and/or untreated) brain metastases, were
eligible. Patients were stratified at randomization based on
presence or history of brain metastases (yes or no), Eastern
Cooperative Oncology Group (ECOG) performance status
score (0 or 1) and region of world [USA, Canada (North
America), or rest of world]. The HER2CLIMB trial was con-
ducted in accordance with regulatory requirements and In-
ternational Council for Harmonisation Good Clinical Practice
guidelines. The protocol was approved by institutional review
boards and ethics committees, according to the practice at
each participating trial site, and informed consent was ob-
tained for experimentation with human patients.
Assessments

In the primary analysis, disease response and progression
were assessed by Blinded Independent Central Review in
accordance with RECIST criteria version 1.1.13 Protocol
prespecified analyses of OS, progression-free survival (PFS),
and safety in 612 patients (total population) were carried
out at w2 years from the last patient randomized in the
current analysis. Disease response and progression for this
analysis were assessed by the investigator in accordance
with RECIST criteria version 1.1.19 Adverse events were
defined according to the Medical Dictionary for Regulatory
Activities, version 22.0, and severity was graded according
to the National Cancer Institute Common Terminology
Criteria for Adverse Events, version 4.03.

Statistical analysis

KaplaneMeier methodology was used to estimate OS and
PFS and the associated 95% confidence intervals (CIs).
Hazard ratios (HRs) were computed from the Cox propor-
tional hazards model using stratification factors [ECOG
performance status (0 or 1), region of world (North America
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or rest of world)] at random assignment. All P values re-
ported are nominal and were obtained from the stratified
log-rank test.

After the primary analysis, patients were unblinded and
permitted to cross over from the placebo combination
group to receive tucatinib in combination with trastuzumab
and capecitabine (tucatinib combination group). The first
patient crossed over in February 2020, and this analysis
includes data up until the data cut-off on 8 February 2021.
The OS analysis reported here was based on the intention-
to-treat (ITT) principle, i.e. patients were analyzed per
randomization regardless of cross-over. In addition, three
sensitivity analyses were conducted to account for the
cross-over: (i) patients who cross over were censored at the
day of cross-over, (ii) inverse probability of censoring
weight, and (iii) rank preserving structural failure time. The
previously reported OS13 met the prespecified criteria for
significance. Herein, we report descriptive follow-up.

RESULTS

Six hundred and twelve patients enrolled in the HER2CLIMB
trial. As reported previously, baseline demographic and
disease characteristics were similar between treatment
groups; 48% of patients had brain metastases at baseline
and patients had received a median of four prior lines of
therapy, three in the metastatic setting.13 At the time of
data cut-off (8 February 2021), 36 patients remained on the
Received tucatinib combination
n = 404

Tucatinib combination
n = 410

Randomized
N = 612

In follow-up
n = 119

Remained on
tucatinib combination

n = 35

Discontinued study
Died: 229
Withdrew consent: 22
Lost to follow-up: 5

Figure 1. CONSORT diagram of HER2CLIMB study population.
Tucatinib combination: tucatinib, trastuzumab, and capecitabine. Placebo combinatio
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study treatment, of whom 35 were in the tucatinib com-
bination group. Among patients who were randomized to
receive placebo, 26 crossed over to the tucatinib combi-
nation group, of whom 9 remained on tucatinib as of data
cut-off. One hundred and sixty nine patients remain in
follow-up (Figure 1).

Median follow-up for OS was 29.6 months (an additional
15.6 months from the primary analysis). The median dura-
tion of OS was 24.7 months (95% CI: 21.6-28.9 months) for
the tucatinib combination group versus 19.2 months (95%
CI: 16.4-21.4 months) in the placebo combination group (HR
for death: 0.73, 95% CI: 0.59-0.90, P ¼ 0.004; Figure 2A).
The estimated OS rate at 2 years was 51% (95% CI: 46% to
56%) in the tucatinib combination group and 40% (95% CI:
33% to 47%) in the placebo combination group. HRs for OS
across all subgroups evaluated favored the tucatinib com-
bination group and were consistent with the HR in the
overall study population (Figure 3). The results of sensitivity
analyses accounting for cross-over were similar to the ITT
analysis, with estimated HRs ranging from 0.71 to 0.72.

Median duration of PFS was 7.6 months (95% CI: 6.9-8.3
months) for the tucatinib combination group versus 4.9
months (95% CI: 4.1-5.6 months) for the placebo combi-
nation group (HR for disease progression or death: 0.57,
95% CI: 0.47-0.70, P < 0.00001; Figure 2B). The estimated
PFS rate at 1 year was 29% (95% CI: 24% to 34%) in the
tucatinib combination group and 14% (95% CI: 9% to 20%)
Placebo combination
n = 202

 2 : 1

In follow-up
n = 50

Remained on
placebo combination

n = 1

Discontinued study
Died: 136
Withdrew consent: 5
Physician decision: 1

Patients who crossed over: 26
On tucatinib combination
after cross over: 9
Off tucatinib combination 
after cross over: 17

Received placebo combination
n = 197

n: placebo, trastuzumab, and capecitabine.
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Figure 2. KaplaneMeier estimates of (A) overall survival and (B) progression-free survival.
Tucatinib combination: tucatinib, trastuzumab, and capecitabine. Placebo combination: placebo, trastuzumab, and capecitabine.
CI, confidence interval; HR, hazard ratio; OS, overall survival; PFS, progression-free survival.
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in the placebo combination group. After progressing on
tucatinib combination, the majority of patients (77%) went
on to receive additional anticancer therapies. Among these
patients, 86% received �1 additional anti-HER2 regimens,
17% received �1 additional hormonal or cyclin-dependent
kinase inhibitor therapies, and 8% received �1 additional
programmed cell death protein 1/programmed death-ligand
1 inhibitor therapies. Comparable proportions of patients in
the placebo combination group (82%) received additional
anticancer therapies post-progression.

Patients in the tucatinib combination group completed a
median (min, max) of 10 (1, 74) treatment cycles compared
with 6 (1, 39) treatment cycles for patients in the placebo
324 https://doi.org/10.1016/j.annonc.2021.12.005
combination group. Median (min, max) duration of expo-
sure was 7.4 months (<0.1, 52.0) for the tucatinib combi-
nation group and 4.4 months (<0.1, 26.9) for the placebo
combination group. Rates of grade 3 or higher adverse
events, serious adverse events, and treatment discontinu-
ation due to adverse events were similar between the
treatment groups (Table 1). Beyond the primary analysis,
only one additional patient discontinued tucatinib due to an
adverse event.With additional follow-up, the most common
adverse events in patients on the tucatinib combination
[diarrhea, palmar-plantar erythrodysesthesia (PPE) syn-
drome, nausea, fatigue, and vomiting] continued to be
primarily grade 1 or 2 and their overall rates remained
Volume 33 - Issue 3 - 2022
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Figure 3. Forest plot of overall survival in prespecified subgroup analysis.
CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio.

G. Curigliano et al. Annals of Oncology
stable (Table 2). Rates of the most common grade 3 or
higher adverse events in patients on the tucatinib combi-
nation (PPE syndrome, diarrhea, elevations in alanine
aminotransferase and aspartate aminotransferase levels,
and fatigue) also remained stable with additional follow-up
(Table 2).
DISCUSSION

With an additional 15.6 months of follow-up, tucatinib,
added to trastuzumab and capecitabine, continues to
demonstrate a significant improvement in OS, with a median
survival benefit of 5.5 months. The median OS in patients
treated with tucatinib combination was 24.7 months
compared with 19.2 months for those treated in the placebo
combination group. This final analysis showed that treatment
with tucatinib combination continued to provide a robust
survival benefit in a HER2þ metastatic breast cancer popu-
lation that included patients with and without brain metas-
tases whose disease had been previously treated with
trastuzumab, pertuzumab, and T-DM1 in any treatment
setting. To our knowledge, this is the first treatment combi-
nation to show a clinically meaningful OS benefit for patients
in this disease setting. In addition, the benefit across all
prespecified subgroups was consistent with the primary
analysis13 and was maintained with additional follow-up.

These survival outcomes are particularly notable given
that nearly half of HER2CLIMB patients had brain metas-
tases, including those with active brain metastases at
baseline. This well represents the real-world population,
where up to 50% of patients with HER2þ metastatic breast
cancer will develop brain metastases at some point in their
Volume 33 - Issue 3 - 2022
metastatic course.20-24 In patients who undergo initial local
therapy with surgical resection, stereotactic radiosurgery,
and/or whole-brain radiation therapy,25 rates of intracranial
progression within 6-12 months remain high.26-28 Even with
the advances in HER2-targeted treatment, patients with
brain metastases continue to have a poor prognosis.29

Although clinical trials of treatments for HER2þ metasta-
tic breast cancer typically have excluded patients with brain
metastases, the American Society of Clinical Oncologye
Friends of Cancer Research Brain Metastases Working
Group and the 2019 Food and Drug Administration ‘Cancer
Clinical Trial Eligibility Criteria: Brain MetastasesdGuidance
for Industry’ have called for inclusion of patients with brain
metastases in clinical trials.30,31

In an exploratory analysis from HER2CLIMB, from an
earlier data cut-off date,32 the tucatinib combination
doubled the intracranial objective response rate, reduced
the risk of intracranial progression or death by two-thirds,
and reduced the risk of death by nearly one in all patients
with brain metastases. In this study population, the esti-
mated 1-year intracranial PFS (CNS-PFS) was 40% in the
tucatinib arm and 0% in the control arm. In patients with
untreated or treated and progressing (active) brain metas-
tases, estimated 1-year CNS-PFS was 35% in the tucatinib
arm and 0% in the control arm, and in patients with treated
(stable) brain metastases, it was 53% in the tucatinib arm
and 0% in the control arm. Finally, among the patients who
experienced isolated progression in the brain, the median
time to second progression or death was 16 months in the
tucatinib arm and 10 months in the control arm. These data
show that systemic treatment with tucatinib in combination
with trastuzumab and capecitabine provides consistent
https://doi.org/10.1016/j.annonc.2021.12.005 325
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Table 1. Adverse events summary

TEAEs

Tucatinib
combination
(N [ 404)

n (%)

placebo
combination
(N [ 197)

n (%)

Any TEAE 401 (99.3) 191 (97.0)
Grade �3 TEAE 245 (60.6) 101 (51.3)
Any serious TEAE 123 (30.4) 58 (29.4)

Death due to TEAE 6 (1.5) 5 (2.5)
Discontinued any study treatment due to
TEAE

52 (12.9) 23 (11.7)

Discontinued tucatinib/placebo due to
TEAE

24 (5.9) 8 (4.1)

Discontinued capecitabine due to TEAE 47 (11.6) 22 (11.2)
Discontinued trastuzumab due to TEAE 17 (4.2) 7 (3.6)

TEAEs are defined as events that are new or worsened on or after receiving the first
dose of study treatment (tucatinib/placebo, capecitabine or trastuzumab) and up
through 30 days after the last dose of study treatment (i.e. last dose of tucatinib/
placebo). Tucatinib combination: tucatinib, trastuzumab, and capecitabine. Placebo
combination: placebo, trastuzumab, and capecitabine.
TEAE, treatment-emergent adverse event.
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clinical benefit to patients with and without brain metas-
tases, which remains an area of high unmet need.

Overall, tucatinib combination was well tolerated with a
low rate of discontinuation due to adverse events. Although
patients in the tucatinib combination group were on
treatment longer than patients in the placebo combination
group, there was minimal impact of additional exposure on
safety, highlighting tolerability of the tucatinib combination.
The safety profile of tucatinib combination with added
follow-up was consistent with the primary analysis, with no
new safety signals reported and no deaths due to adverse
events. Furthermore, the additional follow-up showed no
notable increase in the rates of adverse events, and only
one additional patient discontinued tucatinib due to an
adverse event in the time since the primary analysis.

Importantly, rates of liver laboratory abnormalities and
diarrhea did not increase with additional follow-up. Although
overall rates of PPE were higher in the tucatinib combination
group, PPE is a known side-effect of capecitabine, and the
higher rates of PPE may be partially explained by a longer
Table 2. Adverse events reported in ‡20% of patients in the tucatinib arm

Adverse event

Tucatinib comb
n

Any grade

Any adverse event 401 (99.3)
Diarrhea 331 (81.9)
Palmar-plantar erythrodysesthesia syndrome 264 (65.3)
Nausea 243 (60.1)
Fatigue 193 (47.8)
Vomiting 152 (37.6)
Decreased appetite 105 (26.0)
Stomatitis 105 (26.0)
Headache 96 (23.8)
Aspartate aminotransferase increased 89 (22.0)
Anemia 88 (21.8)
Alanine aminotransferase increased 85 (21.0)
Blood bilirubin increased 81 (20.0)

Tucatinib combination: tucatinib, trastuzumab, and capecitabine. Placebo combination: pla

326 https://doi.org/10.1016/j.annonc.2021.12.005
exposure to capecitabine in the tucatinib combination
group.18 Similarly, whereas overall rates of diarrhea were
higher in the tucatinib combination group for all grades, rates
of grade 3 or higher were similar between treatment groups,
which could be attributed to longer duration of treatment in
the tucatinib combination group.

Exploratory analysis of health-related quality of life in
HER2CLIMB further supports the tolerability of the tucatinib
combination. Using the EuroQol 5 Dimensions 5 Levels in-
strument, the tucatinib combination was found to preserve
health-related quality of life throughout treatment.33

Finally, the proportions of patients who received addi-
tional anticancer therapies post-progression in tucatinib
combination and placebo combination groups were high
and comparable, suggesting that tucatinib combined with
trastuzumab and capecitabine is sufficiently well tolerated
for patients to receive additional treatments.

This analysis had a few limitations. First, patients who
crossed over and received tucatinib were included in the
assessments of the placebo combination group, which
introduced a bias in the ITT analysis favoring the placebo
combination group. Several sensitivity analyses were car-
ried out, however, and did not show any significant differ-
ence from the ITT analysis. Second, the primary and key
secondary endpoints of the study met statistical significance
at primary analysis, therefore, the analyses reported here
were descriptive with no formal statistical comparisons.
Lastly, because disease status was not assessed by inde-
pendent central review after the primary analysis, only PFS
per investigator review was reported.
Conclusions

The continued OS benefit and tolerability of tucatinib in
combination with trastuzumab and capecitabine augments
data from the primary analysis and further supports the use
of this combination in patients with previously treated
HER2þ metastatic breast cancer after progression on two
HER2-targeted therapies. Tucatinib in combination with
trastuzumab and capecitabine is an important treatment
ination (N [ 404)
(%)

Placebo combination (N [ 197)
n (%)

Grade �3 Any grade Grade �3

245 (60.6) 191 (97.0) 101 (51.3)
53 (13.1) 106 (53.8) 17 (8.6)
57 (14.1) 105 (53.3) 18 (9.1)
16 (4.0) 88 (44.7) 7 (3.6)
22 (5.4) 87 (44.2) 8 (4.1)
13 (3.2) 51 (25.9) 8 (4.1)
3 (0.7) 41 (20.8) 0

10 (2.5) 28 (14.2) 1 (0.5)
3 (0.7) 40 (20.3) 3 (1.5)

19 (4.7) 22 (11.2) 1 (0.5)
17 (4.2) 24 (12.2) 5 (2.5)
23 (5.7) 13 (6.6) 1 (0.5)
4 (1.0) 21 (10.7) 5 (2.5)

cebo, trastuzumab, and capecitabine.
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