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ABSTRACT
◥

Purpose: The monarcHER trial has shown that abemaciclib, a
cyclin-dependent kinase 4 and 6 inhibitor, combined with ful-
vestrant and trastuzumab, improves progression-free survival
(PFS) in hormone receptor–positive (HRþ), HER2-positive
(HER2þ) advanced breast cancer (ABC) compared with stan-
dard-of-care (SOC) chemotherapy combined with trastuzumab.
We report the final overall survival (OS) analysis, updated safety
and efficacy data, and exploratory biomarker results from
monarcHER.

Patients and Methods: monarcHER (NCT02675231), a ran-
domized, multicenter, open-label, phase II trial, enrolled 237
patients across Arm A (abemaciclib, trastuzumab, fulvestrant),
Arm B (abemaciclib, trastuzumab), and Arm C (SOC chemother-
apy, trastuzumab). Following the statistical plan, OS and PFS were
estimated in all arms. RNA sequencing (RNA-seq) was performed
on archival tissue.

Results:Median OS was 31.1 months in Arm A, 29.2 months in
Arm B, and 20.7 months in Arm C [A vs. C: HR, 0.71; 95%
confidence interval (CI), 0.48–1.05; nominal two-sided P value
0.086; B vs. C: HR 0.83 (95% CI, 0.57–1.23); nominal two-sided
P value 0.365]. Updated PFS and safety findings were consistent
with previous results. The most frequently reported treatment-
emergent adverse events included diarrhea, fatigue, nausea, neu-
trophil count decrease, and anemia. In exploratory RNA-seq
analyses, Luminal subtypes were associated with longer PFS
[8.6 vs. 5.4 months (HR, 0.54; 95% CI, 0.38–0.79)] and OS
[31.7 vs. 19.7 months (HR, 0.68; 95% CI, 0.46–1.00)] compared
with non-Luminal.

Conclusions: In this phase II trial, abemaciclib þ trastuzu-
mab � fulvestrant numerically improved median OS in women
with HRþ, HER2þ ABC compared with SOC chemotherapy þ
trastuzumab.

Introduction
Breast cancer is the most frequently diagnosed cancer in

females in the United States and globally (1–3), with hormone
receptor–positive (HRþ), HER2-positive (HER2þ) breast cancer
making up an estimated 10% of all breast cancer subtypes in the
United States (4). Combining HER2-directed therapies with stan-
dard-of-care (SOC) chemotherapy has improved outcomes for
patients with HER2þ breast cancer (5, 6). Current therapy for

metastatic HER2þ breast cancer often consists of first-line ther-
apy with a taxane combined with trastuzumab and pertuzumab,
followed by therapy with trastuzumab deruxtecan, and then
sequenced with either trastuzumab emtansine or capecitabine
plus trastuzumab and pertuzumab. After progression on these
standard therapies, patients then often receive sequential chemo-
therapy with trastuzumab or with margetuximab. (7–9). There are
multiple mechanisms of resistance against HER2-directed thera-
pies, notably those regulated by effectors downstream of the HER2
receptor (10). Patients with HRþ, HER2þ tumors that progress on
an anti-HER2 therapy, in combination with a cytotoxic or endo-
crine therapy (ET), should be offered additional anti-HER2 agents
to achieve ongoing suppression of HER2 pathway signaling (11). In
this setting, HER2-directed therapy combined with cytotoxic che-
motherapy agents offer modest clinical benefit without increased
toxicities (12, 13).

Abemaciclib is an oral, selective cyclin-dependent kinase 4 and 6
(CDK4 and 6) inhibitor, approved for HRþ, HER2-negative early
breast cancer in combination with ET and advanced breast cancer
(ABC) as monotherapy for endocrine-refractory disease (United
States; ref. 14) and in combination with ET for initial treatment and
after progression on ET (15, 16). Abemaciclib is also active in HER2þ
disease. In a phase I study of abemaciclib, 4 of 11 patients with HRþ,
HER2þABC (3 ofwhom received ET) achieved a partial response [PR,
36%; 95% confidence interval (CI), 10.9–69.2; ref. 17]. Median pro-
gression-free survival (PFS) for this subpopulation was 7.2 months
(95% CI, 2.8–12.0). These results provided clinical rationale to inves-
tigate abemaciclib in HER2þABC. Preclinical studies also suggested a
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biological rationale supporting the study of abemaciclib in HER2þ
ABC. For example, studies demonstrated theCDK4 and 6 pathway can
mediate resistance to HER2-directed therapies, and that this can be
overcome by abemaciclib (18, 19). In addition, it was demonstrated
that adding ET to abemaciclib further enhances the efficacy of
abemaciclib plus trastuzumab in models of HRþ, HER2þ breast
cancer (19).

In the monarcHER trial, with a median follow-up of 19.0 months,
abemaciclib, trastuzumab, and fulvestrant improved PFS in patients
withHRþ, HER2þABCversus SOC chemotherapy plus trastuzumab,
while also showing a tolerable safety profile (20). Here, we present
overall survival (OS) results from the monarcHER trial comparing the
efficacy of abemaciclib plus trastuzumab with or without fulvestrant
versus SOC chemotherapy plus trastuzumab in women with HRþ,
HER2þ ABC, with a median follow-up of 52.9 months. This final
analysis also reports updated PFS and safety outcomes, as well as
exploratory biomarker analyses.

Patients and Methods
Study design and patients

ThemonarcHER trial is a phase II, randomized, 3-group, open-label
trial across 14 countries, including 75 hospitals, clinics, and medical
centers. Female patients≥ 18 years of agewith a confirmed diagnosis of
HRþ, HER2þ breast cancer and unresectable, locally advanced,
recurrent or metastatic disease were eligible. Detailed inclusion and
exclusion criteria have been previously published (20). Briefly, patients
must have received ≥ 2 prior HER2-directed therapies for ABC. Prior
trastuzumab emtansine and a taxane in any setting were required, and
prior pertuzumab was permitted. Women were required to have
postmenopausal status (pre- or perimenopausal patients received a
gonadotropin-releasing hormone agonist initiated at least 28 days
before Day 1, Cycle 1). All patients were CDK4 and 6 inhibitor- and
fulvestrant-na€�ve and had no untreated or symptomatic central ner-
vous system metastases.

This study was conducted in accordance with consensus ethics
principles derived from the international ethics guidelines, the Dec-
laration of Helsinki, and the International Conference on Harmoni-
zation of Good Clinical Practice guidelines. This study was approved
by ethical and institutional review boards. All patients provided
informed, written consent.

Random assignment and treatment
Patients were randomly assigned 1:1:1 among 3 groups; ran-

domization was stratified by the number of previous systemic
regimens excluding single-agent ET (2–3 vs. >3) and disease status
(measurable vs. nonmeasurable). Arm A patients received abema-
ciclib, trastuzumab, and fulvestrant. Arm B patients received
abemaciclib plus trastuzumab. Arm C patients received trastuzu-
mab plus SOC single-agent chemotherapy (physician’s choice).
Abemaciclib was administered orally at 150 mg twice daily.
Trastuzumab was administered intravenously at 8 mg/kg on Day
1 of Cycle 1, then maintained at 6 mg/kg on Day 1 of each
subsequent 21-day cycle, per SOC at time of study design. Ful-
vestrant was intramuscularly administered at 500 mg on Days 1
and 15 of Cycle 1, and on Day 29 (Day 8 of Cycle 2 if no dose
suspension for trastuzumab occurred), then once every 4 weeks,
per fulvestrant label. SOC single-agent chemotherapy was selected
from a set of approved breast cancer chemotherapies and admin-
istered per product label. Patients received study treatment in the
assigned treatment arm until disease progression per RECIST
version 1.1 or unacceptable toxicity.

Central hematology, chemistry, and cystatin C were completed
before Day 1 of each cycle. Adverse events (AE) were monitored at
each patient visit and graded according to the NCI Common Termi-
nology Criteria version 4.03.

Endpoints
Investigator-assessed PFS, the primary study endpoint, was mea-

sured from randomization to the date of objective cancer progression,
per RECIST 1.1, or death from any cause. Secondary endpoints
included OS, overall response, duration of response, the proportion
of patients achieving disease control, clinical benefit rate (CBR), and
safety. OSwasmeasured from randomization to the date of death from
any cause. Patients alive at the analysis cut-off date were censored at
the date of last contact. Overall response was a summary measure of
best overall response (BOR) and defined by RECIST 1.1. BOR was
derived from timepoint responses observed while on study treatment
and during short-term follow-up, but prior to post-discontinuation
therapy initiation, except for patients who received surgery, radio-
therapy, or both for ABC. Duration of response was measured from
the date of first evidence of complete response (CR) or PR to the
date of objective progression or death due to any cause, whichever
occurred first. CBR was defined as CR plus PR plus stable disease
≥6 months.

Biomarker analyses
Extracted RNA from formalin fixed, paraffin embedded tumor

samples was sequenced utilizing Illumina’s Truseq RNA sequencing
(RNA-seq; San Diego, CA) as described previously (21). To facil-
itate the subtype classification (Basal-like, Luminal A, Luminal B,
HER2-enriched, and normal-like), a published 2-step normalization
process was applied using data from The Cancer Genome Atlas and
Molecular Taxonomy of Breast Cancer International Consortium
(22–24). Intrinsic subtyping was then performed using the pub-
lished PAM50 classifier and Genefu (“pam50” and “ssp2006”), and
voting made final predictions based on the most frequent
one (25, 26). To identify candidate genomic features associated
with response, we compared patients with clinical benefit (respon-
ders) to those without clinical benefit (nonresponders), across the
abemaciclib-containing arms (Arms A and B). Responders were
defined as having CR or PR by RECIST V.1.1; nonresponders were
defined as having progressive disease (PD). Continuous molecular

Translational Relevance

Hormone receptor–positive (HRþ), HER2-positive (HER2þ)
breast cancer makes up 10% of all breast cancers in the United
States. Abemaciclib, a potent oral cyclin-dependent kinase 4 and 6
(CDK4 and 6) inhibitor, is approved for HRþ, HER2-negative
early and advanced breast cancer (ABC), in combination with
endocrine therapy. In this update to the phase II monarcHER
study, we report that abemaciclib in combinationwith trastuzumab
� fulvestrant resulted in a numerical improvement in overall
survival (OS) in patients with HRþ, HER2þ ABC compared with
patients treated with standard-of-care chemotherapy and trastu-
zumab. In addition, exploratory analysis of intrinsic subtypes
suggested that Luminal subtypes were associated with longer
progression-free survival and OS than non-Luminal subtypes. The
efficacy and safety data indicate abemaciclib has potential as a
therapy for HRþ, HER2þ ABC.

Tolaney et al.

Clin Cancer Res; 30(1) January 1, 2024 CLINICAL CANCER RESEARCH40



| |
| |

|
|

|

|

| |

| | || || | | | || | ||| | | ||

|

| |
|

|

|
| ||

|

| | | | || | |
|| | | | |

||||| |

|
||

||

|

|

| | | | | | | ||
|

|

#Patients
79
79
79

#Events
50
54
53

Median
31.1
29.2
20.7

HR
0.71 (0.48, 1.05)
0.84 (0.57, 1.23)

Log−rank P value
0.086 (A vs. C)
0.365 (B vs. C)

0.0%

10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

70.0%

80.0%

90.0%

100.0%

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64
Time (months)

O
S

|
|
|

Arm A
Arm B
Arm C

79 69 60 55 49 42 37 35 33 31 25 21 19 13 7 4 2
79 69 62 56 51 42 36 33 29 26 23 22 16 9 6 2 0
79 65 55 45 38 33 27 24 21 18 15 13 13 10 7 1 0Arm C

Arm B
Arm A

Number at risk

OS on ITT Population

|| |
|| | || | |

||
|

|
| ||

| |
|

|| || ||| ||| ||||| | | || | || | | ||| | | | | ||

||||| |

|
||

||

|

|

| | | | | | | ||
|

|

#Patients
158
79

#Events
104
53

Median
30.3
20.7

HR
0.77 (0.55, 1.08)

Log-rank P value
0.127

0.0%

10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

70.0%

80.0%

90.0%

100.0%

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64
Time (months)

O
S

|
|

Arm A&B
Arm C

158 138 122 111 100 84 73 68 62 57 48 43 35 22 13 6 2

79 65 55 45 38 33 27 24 21 18 15 13 13 10 7 1 0Arm C

Arm A&B

Number at risk

OS on Pooled ITT Population

A

B

|
|

|

|
|

|

|
| |

|

|

|
|

|

|

|

|

| |

|

| |

|

|
||

| |
|

|

| |

#Patients
79
79
79

#Events
68
65
60

Median
 8.3 
 5.7 
 5.7 

HR
0.72 (0.50, 1.04)
0.91 (0.64, 1.30)

Log−rank P value
0.078 (A vs. C)
0.306 (B vs. C)

0.0%

10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

70.0%

80.0%

90.0%

100.0%

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56
Time (months)

P
FS

|
|
|

Arm A
Arm B
Arm C

79 53 36 29 22 14 11 11 4 4 4 4 3 2 1
79 49 25 18 12 9 8 6 4 3 3 3 2 1 0
79 44 22 17 13 11 9 4 2 2 1 1 1 1 0Arm C

Arm B
Arm A

Number at risk

PFS on ITT PopulationC

Figure 1.

OS and PFS in monarcHER for the ITT popu-
lation. A, Shows all study arms separately.
B, Shows the pooled abemaciclib arms (Arms
A þ B) versus Arm C. C, Shows the updated
PFS in all study arms separately. HR, hazard
ratio.
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variables were compared between responder versus nonresponder
groups using the non-parametric Mann-Whitney Wilcoxon test.
The Cancer Hallmark gene set enrichment analysis (GSEA) was
performed using the R package “fgsea” (27, 28).

Statistical analysis
The study was designed to test the superiority of abemaciclib,

trastuzumab, and fulvestrant (Arm A) or abemaciclib and trastu-
zumab (Arm B) to SOC chemotherapy and trastuzumab (Arm C) in
improving PFS in the intention-to-treat (ITT) population, using the
log-rank test stratified by the randomization strata. OS, the key
secondary endpoint, was tested inferentially for significance only if
PFS was significantly improved in the abemaciclib arms (A and B),
to control the overall type I error in the trial at the two-sided
significance level of 0.20. Given that PFS was only improved in arm
A versus C, the OS was not formally tested for statistical significance;
PFS and OS were estimated using the Kaplan–Meier method. Final
OS analysis was planned after approximately 158 deaths occurred in
the ITT population. The Kaplan–Meier method was used to estimate
the OS and PFS curves. HRs and 95% CIs were estimated by means
of the Cox proportional hazards regression model stratified by
randomization strata. The effects of prognostic variables (stratifi-
cation factors, intrinsic, and extrinsic factors) on treatment response

were established by means of an unstratified Cox proportional
hazards regression model in a prespecified subgroup analysis.
Efficacy analyses and a description of patient and disease character-
istics were based on the ITT population. The safety analysis pop-
ulation included all enrolled patients receiving at least 1 dose of any
study drug. SAS version 9.4 was used for all statistical analyses. This
trial is registered at ClinicalTrials.gov, NCT02675231.

Data availability
Eli Lilly and Company provides access, after anonymization, to

all individual participant data collected during the trial, except
for pharmacokinetic and genetic data. Data can be requested
6 months after the indication studied has been approved in the
United States and EU or after primary publication acceptance,
whichever is later. No expiration date for data requests is set once
the data are made available. Access is provided after a proposal
has been approved by an independent review committee identified
for this purpose and after receipt of a signed data-sharing agree-
ment. Data and documents, including the study protocol, statistical
analysis plan, clinical study report, and blank or annotated
case report forms, will be provided in a secure data-sharing envi-
ronment. For details on submitting a request, see instructions at
https://vivli.org.
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OS by subgroups of interest. Subgroups include number of previous regimens, measurable disease at baseline, number of organs involved, progesterone receptor
status, baseline ECOGperformance status, age, region, race, baseline disease setting, and prior HER2-directed therapy. ECOG, Eastern CooperativeOncology Group;
HR, hazard ratio.
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Results
The study enrolled 237 patients (1:1:1), with 79 patients in each arm

and the 227 patients who received at least 1 dose of study treatment
were included in the safety population. At the time of data cutoff
(March 31, 2022), 157 deaths had occurred across treatment arms: 50
(63.3%) in Arm A, 54 (68.4%) in Arm B, and 53 (67.1%) in Arm C.
Median follow-up was 52.9 months.

Efficacy
OS was estimated in all three arms (Fig. 1A). Median OS was

31.1 months in Arm A (HR, 0.71; 95% CI, 0.48–1.05; two-sided
nominal P value 0.086 Arm A versus Arm C) and 29.2 months in
Arm B, versus 20.7 months in Arm C (HR, 0.84; 95% CI, 0.57–1.23;
two-sided nominal P value 0.365). The arms in which abemaciclib was
administered (Arms A and B) showed numerical OS improvement of
10.4 months and 8.5 months, respectively, over SOC single-agent
chemotherapy (Arm C). Similar OS results were observed when OS
was estimated in pooled abemaciclib Arms (A þ B) compared with
SOC in Arm C (Fig. 1B). Median OS was 30.3 months in Arms AþB
versus 20.7 months in Arm C (HR, 0.77; 95% CI, 0.55–1.08; two-sided
nominal P value 0.127), giving an OS improvement of approximately
10 months.

Updated investigator-assessed PFS data in an ITT analysis indicated
the hazard of progression in Arm A was reduced by approximately
28.0% compared with Arm C (8.3 months vs. 5.7 months; HR, 0.72;
95% CI, 0.50–1.04; two-sided nominal P value 0.077). The updated
median PFS in both Arms B and C was 5.7 months (Fig. 1C).

Additional subgroup analyses of Arms A þ B versus Arm C were
generally consistent with overall results (Fig. 2).

In the analysis of overall response in the ITT population, patients in
Arm A had a PR rate of 34.2%, patients in Arm B had a PR rate of
13.9%, and patients in Arm C had a PR rate of 12.7% (Supplementary
Table S1). One patient in both Arms A and C (1.3%) achieved a CR.
The CBR was 58.2%, 45.6%, and 38.0%, and the duration of response
was 9.9, 7.6, and 4.2 months in Arms A, B and C, respectively. Finally,
the ORR, defined as CR plus PR, was 35.4% (95% CI, 24.9–46.0) in
Arm A, and 13.9% (95% CI, 6.3–21.6) in both Arms B and C
(Supplementary Table S1).

Safety
Most patients in all arms had at least 1 treatment-emergent adverse

event (TEAE; Supplementary Table S2), and 98.7%, 98.7%, and 94.4%
of patients in Arms A, B, and C, respectively, had at least 1 TEAE,
regardless of causality. InArmA, 59 (75.6%) patients had≥ 1Grade≥ 3
TEAE, regardless of causality, compared with 43 (55.8%) in Arm B,
and 39 (54.2%) in Arm C. The most frequently reported TEAEs,
regardless of arm and grade, included diarrhea (62.1%), fatigue
(50.7%), nausea (41.9%), neutrophil count decrease (40.5%), and
anemia (30.0%; Table 1). Twenty-four (30.8%) patients in Arm A
had at least 1 serious adverse event (SAE), regardless of causality,
compared with 15 (19.5%) in Arm B, and 14 (19.4%) in Arm C.
Four patients (5.1%) in Arm A discontinued study treatment due to
an SAE, compared with 2 patients in Arm B (2.6%) and 3 patients in
Arm C (4.2%).

Table 1. Updated TEAEs.

Abemaciclib þ
Trastuzumab þ
Fulvestrant
(N ¼ 78)

Abemaciclib þ
Trastuzumab
(N ¼ 77)

Trastzumab þ
Chemotherapy

(N ¼ 72)
Total

(N ¼ 227)
Any
grade

Grade
3/4/5

Any
grade

Grade
3/4/5

Any
grade

Grade
3/4/5

Any
grade

Grade
3/4/5

MedDRA preferred term n % n % n % n % n % n % n % n %

Subjects with ≥ 1 TEAE 77 98.7 59 75.6 76 98.7 43 55.8 68 94.4 39 54.2 221 97.4 141 62.1
Diarrhea 63 80.8 7 9.0 60 77.9 6 7.8 18 25.0 2 2.8 141 62.1 15 6.6
Fatigue 43 55.1 3 3.8 40 51.9 5 6.5 32 44.4 1 1.4 115 50.7 9 4.0
Nausea 37 47.4 3 3.8 32 41.6 2 2.6 26 36.1 0 0.0 95 41.9 5 2.2
Neutrophil count decreased 38 48.7 21 26.9 27 35.1 18 23.4 27 37.5 17 23.6 92 40.5 56 24.7
Anemia 30 38.5 8 10.3 21 27.3 3 3.9 17 23.6 4 5.6 68 30.0 15 6.6
Abdominal pain 23 29.5 1 1.3 18 23.4 0 0.0 14 19.4 1 1.4 55 24.2 2 0.9
Vomiting 21 26.9 1 1.3 22 28.6 2 2.6 11 15.3 1 1.4 54 23.8 4 1.8
Platelet count decreased 22 28.2 8 10.3 23 29.9 5 6.5 5 6.9 2 2.8 50 22.0 15 6.6
Decreased appetite 18 23.1 0 0.0 17 22.1 0 0.0 13 18.1 1 1.4 48 21.1 1 0.4
Cough 21 26.9 0 0.0 12 15.6 0 0.0 9 12.5 0 0.0 42 18.5 0 0.0
Headache 14 17.9 1 1.3 12 15.6 0 0.0 15 20.8 2 2.8 41 18.1 3 13.3
White blood cell count decreased 18 23.1 8 10.3 9 11.7 3 3.9 10 13.9 7 9.7 37 16.3 18 7.9
Dyspnea 14 17.9 4 5.1 8 10.4 1 1.3 13 18.1 2 2.8 35 15.4 7 3.1
Constipation 10 12.8 1 1.3 8 10.4 0 0.0 16 22.2 0 0.0 34 15.0 1 0.4
Stomatitis 9 11.5 2 2.6 10 13.0 0 0.0 15 20.8 1 1.4 34 15.0 3 1.3
Pyrexia 15 19.2 2 2.6 6 7.8 0 0.0 11 15.3 2 2.8 32 14.1 4 1.8
Upper respiratory tract infection 16 20.5 1 1.3 5 6.5 0 0.0 8 11.1 0 0.0 39 12.8 1 0.4
Myalgia 8 10.3 0 0.0 8 10.4 0 0.0 10 13.9 0 0.0 26 11.5 0 0.0
Pain 9 11.5 0 0.0 8 10.4 1 1.3 8 11.1 0 0.0 25 11.0 1 0.4
Pruritus 12 15.4 0 0.0 10 13.0 0 0.0 3 4.2 0 0.0 25 11.0 0 0.0

Abbreviations: N, number of subjects in I3Y_MC_JPBZ; n, number of subjects in the specified category; MedDRA, Medical Dictionary for Regulatory Activities.
N¼ 78 (abemaciclib 150mgþ trastuzumab 8mg/kgþ fulvestrant 500mg),N¼ 77 (abemaciclib 150mgþ trastuzumab 8mg/kg), N¼ 72 (trastuzumab 8mg/kgþ
chemotherapy), N ¼ 227 (total).
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Thirty-nine patients (50.0%) in ArmA had at least 1 dose reduction
of abemaciclib, compared with 32 (41.6%) in Arm B (Supplementary
Table S3). Reasons leading to dose reduction included AEs for 38
(48.7%) patients in ArmA, and 31 (40.3%) patients in ArmB; protocol
was cause for dose reduction in 1 (1.3%) patient in both Arms A and B.

The AEs leading to dose reduction included diarrhea (10 patients in
ArmA; 12 patients in Arm B) and neutropenia (8 patients in Arm A; 9
patients in Arm B) in both arms, anemia (4 patients) in Arm A, and
leukopenia (3 patients) in ArmB. Three (3.8%) deaths due to AEwhile
on study treatment, regardless of causality, were reported in Arm A,
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Figure 3.

PFS and OS in Luminal versus non-Luminal disease. A, Shows the PFS in Luminal and non-Luminal breast cancer subtypes. B, Shows the OS in Luminal and non-
Luminal breast cancer subtypes. HR, hazard ratio.
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and 1 each was reported in Arms B (1.3%, respiratory failure) and C
(1.4%, febrile neutropenia).

Exploratory RNA-seq analysis
RNA-seq data were available for 153 patients within the ITT

population, including 51 patients in Arm A, 56 patients in Arm B,
and 46 patients in Arm C. A Reporting Recommendations for Tumor
Marker Prognostic Studies (REMARK) diagram is available in Sup-
plementary Fig. S1. The RNA-seq data were then used to determine
intrinsic subtypes using the Parker PAM50 classifier and Genefu. The
final consensus subtypewas assigned on the basis of the subtype having
the most frequent prediction across the methods. A high concordance
was observed between the predictions from the Parker PAM50 clas-
sifier and Genefu, with higher concordance for Basal, HER2-enriched,
and Luminal B subtypes compared with Luminal A and normal-like
subtypes. The predicted intrinsic subtypes were analyzed to determine
if therewas an association between subtype and clinical efficacy.Of 153
samples, 8%were of the normal-like subtype, 8%were Basal, 24%were
HER2-enriched, 34% were Luminal A, and 26% were Luminal B.
Luminal subtypes were associated with longer PFS and OS compared
with non-Luminal. The median PFS in Luminal subtypes was
8.6 months versus 5.4 months in non-Luminal subtypes (HR, 0.54;
95% CI, 0.38–0.79); median OS was 31.7 months in Luminal subtypes
versus 19.7 months in non-Luminal subtypes (HR, 0.68; 95%CI, 0.46–
1.00; Figs. 3A and B). Supplementary Figure S2 shows the PFS and OS
for each intrinsic subtype in Arms A and B or Arms A, B, and C
combined; Supplementary Fig. S3 shows the PFS and OS for each
intrinsic subtype in Arm C alone.

GSEA was also performed, including an assessment of 50 hallmark
pathways in responders (defined as patients with CR or PR as BOR
versus nonresponders (defined as patients with PD as BOR) in the
abemaciclib-containing arms (Arms A and B). Oxidative phosphor-
ylation, androgen response, and DNA repair were highly enriched
in tumors from the patients with response, while epithelial-to-
mesenchymal transition (EMT) and multiple immune and inflamma-
tory response gene sets were highly enriched in tumors from patients
with resistance (Fig. 4).

Differential gene expression was assessed between responders
and nonresponders in the abemaciclib-containing arms (Arms A
and B), resulting in the identification of 216 differentially expressed
genes (DEG). Upregulation of 104 genes was seen in responsive
tumors, while 112 genes were upregulated in the progressive
tumors. Pathway overrepresentation analysis revealed differentially
upregulated genes in sensitive tumors were mainly involved in
Hallmark Androgen Response. Upregulated genes in resistant
tumors were not significantly enriched in any of the hallmark gene
sets, according to our criteria (FDR < 0.1; Supplementary Table S4).
This gene set was then applied to assign Arm A and Arm B tumor
samples to 1 of 2 groups, G1 or G2, using the single sample
prediction method, with the nearest centroid generated from
monarcHER. The G1 group had a median PFS of 3.9 months
(95% CI, 2.8–7.0) compared with 10.6 months for the G2 group
(95% CI, 8.3–14.8; HR, 0.48; 95% CI, 0.31–0.72; Fig. 5A) and a
median OS for the G1 group of 17.9 months (95% CI, 14.7–31.8)
compared with 37.6 months for the G2 group (95% CI, 32.7–NA;
HR, 0.49; 0.30–0.78; Fig. 5B).
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GSEA identifies DEG sets in responder tumors compared with nonresponder tumors in Arms A and B. GSEA results for NES versus the total list of GSEA hallmark
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The above analysis was repeated in tumor samples from patients
with a BOR of stable disease (SD) and those for whom response
was not evaluable, resulting in a median PFS of 5.3 months for the
G1 group (95% CI, 3.9–10.4) compared with 10.1 months for the
G2 group (95% CI, 7.2–14.8; HR, 0.50; 0.28–0.89; Fig. 5C).
The G1 group also had a median OS of 31.8 months (95% CI,
19.7–54.2) compared with 36.6 months in the G2 group (95% CI,
20.7–NA; HR, 0.78; 0.42–1.44; Fig. 5D). When repeating the above
analysis for Arm C, there was no significant difference in median PFS
or OS between the G1 and G2 groups, indicating that the gene set had
no prognostic utility in ArmC (Supplementary Fig. S4). Finally, a table
describing the representativeness of study participants is available in
Supplementary Table S5.

Discussion
In a previous monarcHER report, abemaciclib, a CDK4 and 6

inhibitor, in combinationwith trastuzumab and fulvestrant, was shown

to improve PFS for patients with HRþ, HER2þ ABC, compared with
patients who received SOC chemotherapy and trastuzumab (20). In
this pre-specified final analysis of monarcHER, abemaciclib treatment
numerically improved median OS in both abemaciclib-containing
arms: Arm A (abemaciclib þ trastuzumab þ fulvestrant) and Arm
B (abemaciclibþ trastuzumab), versus Arm C (SOC chemotherapyþ
trastuzumab). The updated PFS results in this current analysis, with an
additional median 34.0 months of follow-up, showed a consistent
relationship, demonstrating improved PFS in Arm A compared with
ArmC. The updated ORRwas improved in ArmA versus C, similar to
the previous report (20). The duration of response was higher in Arms
A and B compared with Arm C. The disconnect between improved
PFS in the abemaciclib, fulvestrant, and trastuzumab triplet and
increased OS seen in both the triplet and the abemaciclib þ trastuzu-
mab doublet could potentially be due to immune-mediated effects of
abemaciclib as a CDK4 and 6 inhibitor, leading to a carryover benefit
not seen while patients are on therapy (29). Safety findings in this
analysis were also consistent with previously reported results (20).
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Figure 5.

PFS and OS for Arm A and Arm B after differ-
ential gene expression analysis of tumor
samples. A and B, Show PFS (A) and OS
(B) in G1 and G2 groups within respon-
ders and nonresponders in Arms A and B.
(Continued on the following page.)
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Breast cancer can be classified into 5 major intrinsic subtypes:
Luminal A or B, HER2 over-expression, Basal, or normal-like (25).
Recently, palbociclib in combination with trastuzumab with or with-
out ET was assessed in patients with HER2þ breast cancer, and a
longer median PFS was reported among patients with Luminal disease
compared with patients with non-Luminal disease (median PFS
10.6 vs. 4.2 months, adjusted HR 0.40, P ¼ 0.003; ref. 30). Another
study analyzed the genomic and molecular features of triple-positive
breast cancers (TPBC) treated with trastuzumab, revealing patients
with Luminal A–like TPBC had a better prognosis compared with
other TPBC subtypes (multivariate survival analysis HR, 0.33; 95% CI,
0.11–0.97), and a reduced benefit when compared with patients with
Luminal A–like TPBC not treated with trastuzumab (31). The results
from monarcHER are consistent with these reports, as intrinsic
subtype analysis demonstrated Luminal breast cancer subtypes were
associated with longer PFS and OS, compared with non-Luminal
subtypes, indicating a possible prognostic role for intrinsic subtypes.
Exploratory GSEA in this study also identified that genes associated
with oxidative phosphorylation, androgen response, and DNA repair

pathways were associated with response in the abemaciclib arms, while
genes associated with EMT and immune and inflammatory responses
were associated with resistance. Analysis of differential gene expres-
sion further identified a set of genes differentially expressed between
responders and nonresponders, which also was enriched for genes in
the androgen response hallmark.

The results of this study should be considered within the context of
potential limitations. Study design did not allow assessment of the
isolated treatment effect of fulvestrant, which would have required a
fourth treatment group examining the combined treatment of fulves-
trant and trastuzumab. Although the administration of abemaciclib
numerically improved OS, it had a greater impact on response rate
when given in combination with fulvestrant and trastuzumab than
when it was given in combination with trastuzumab alone. Of note, the
response rate in Arm A is almost double the response rates in both
Arms B andC. Given the fulvestrant plus trastuzumab doublet was not
a SOC therapy when this trial was designed, such a treatment arm was
not included. Recently, a study investigating fulvestrant and trastu-
zumab combination therapy found fulvestrant and trastuzumab
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combined led to amedianPFS of 6.4months (95%CI, 3.5–8.2),median
OS of 35.3 months (95% CI, 20.0–46.7), and a disease control rate of
64% (32). These results are similar to those seen in Arm A of the
updatedmonarcHER study: abemaciclib, trastuzumab, and fulvestrant
combination therapy led to amedian PFS of 8.3 months, and amedian
OS of 31.1 months (Fig. 1A amd C). An additional study design
limitation was monarcHER was designed with an experimental two-
sided alpha of 0.2, rather than the more rigorous alpha of 0.05 often
used in phase III clinical trials. Another limitation of the study could be
the samples for biomarker analyses were not available fromall patients.
Moreover, the inclusion criterion did not mandate previous pertuzu-
mab treatment for patients before enrollment into the monarcHER
study. When the study was enrolling between May 31, 2016 and
February 28, 2018, pertuzumab was not widely available to patients
outside of the United States. As a result, 119 (50%) patients had
previous exposure to pertuzumab, reflecting the global availability of
pertuzumab at study enrollment time. In addition, other novel strat-
egies to treat metastatic HER2þ breast cancer have emerged since this
trial was enrolled, including agents like trastuzumab deruxtecan and
tucatinib (9, 33, 34). While patients in this trial had not received these
prior therapies, this study demonstrates that in heavily pretreated
patients, a non-chemotherapy–based strategy can lead to improve-
ments in PFS and a clinically meaningful difference in OS compared
with standard chemotherapy and trastuzumab.

Conclusions
In the updated monarcHER study results, abemaciclib þ tras-

tuzumab � fulvestrant numerically improved OS in patients with
HRþ, HER2þ ABC compared with SOC chemotherapy plus tras-
tuzumab. In exploratory analysis of intrinsic subtypes, Luminal
subtypes were associated with longer PFS and OS compared with
non-Luminal subtypes. Exploratory gene analysis identified path-
ways enriched in patients deemed as responders and demonstrated
potential prognostic utility for patients in the abemaciclib arms
(Arm A and Arm B).
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