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ABSTRACT

Introduction: Abemaciclib is an oral, selective small-
molecule CDK 4 and 6 inhibitor. In preclinical
models, abemaciclib synergized with programmed cell
death protein-1 blockade to enhance antitumor effi-
cacy. Here, we report the safety and anticancer ac-
tivity of abemaciclib plus pembrolizumab in two
cohorts with NSCLC.

Methods: This nonrandomized, open-label, phase 1b study
included patients with previously untreated programmed
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Results: Each cohort enrolled 25 patients. Grades greater
than or equal to 3 treatment-emergent adverse events in
cohorts A and B were reported by 20 (80%) and 19 patients
(76%), respectively. Six patients in cohort A (24.0%) and
two patients in cohort B (8.0%) had a confirmed partial
response; disease control rate was 56% and 64%, respec-
tively. Median progression-free survival was 7.6 months
(95% confidence interval [CI]: 1.6–not estimable) and 3.3
months (95% CI: 1.4–5.2); median overall survival was 27.8
months (95% CI: 9.9–not estimable) and 6.0 months (95%
CI: 3.7–13.1) in cohorts A and B, respectively.

Conclusions: The combination of abemaciclib and pem-
brolizumab in stage IV NSCLC resulted in greater toxicity
compared with that previously reported for each individual
treatment. Risk-benefit profile does not warrant further
evaluation of the combination in this population.

� 2021 THE AUTHORS. Published by Elsevier Inc. on behalf
of the International Association for the Study of Lung Can-
cer. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Keywords: Abemaciclib; KRAS-mutant; PD-L1 positive non–
small cell lung cancer; Pembrolizumab; Squamous

Introduction
A hallmark of cancerous growth is uncontrolled cell

division. Constitutive or deregulated activity of cell
cycle regulatory proteins including CDK leads to rapid
progression through the cell cycle.1 CDK 4 and 6
participate in a complex with D-type cyclins to initiate
the transition through the G1 restriction point.1

Inhibiting CDK 4 and 6 may prevent cell cycle pro-
gression, thus arresting tumor growth.1,2 In addition to
cell cycle deregulation, cancer cells have the ability to
escape immune surveillance. One such approach is
through the immune checkpoint including the pro-
grammed cell death protein-1 (PD-1) or programmed
death-ligand 1 (PD-L1) pathway to inhibit immune
activation.3 Thus, inhibition of PD-1 and PD-L1 can lead
to restoration of antitumor immunity.

Lung cancer is the second most often diagnosed
cancer and the leading cause of cancer death in the
world.4 NSCLC represents 80% to 85% of all lung
cancer cases, of which approximately 20% is squamous
cell carcinoma.5,6 Treatment options for squamous
NSCLC present challenges and have poorer outcomes
because of the lack of driver mutations responding to
approved agents.7,8 For patients with advanced NSCLC
without an oncogenic driver mutation, platinum-based
therapy or immune checkpoint inhibitor–containing
regimens are the standard first-line therapy. Never-
theless, not all patients respond to first-line therapy.
Furthermore, KRAS is the most often mutated oncogene
in NSCLC and has long been associated with poor
prognoses.9–11 Hence, developing treatment for pa-
tients with advanced NSCLC remains a considerable
unmet medical need.12

Abemaciclib is an oral, potent, and selective small-
molecule inhibitor of CDK 4 and 613,14 and has been
found to have activity in multiple human xenograft
models, including NSCLC.1,15 Synthetic lethal inter-
action between KRAS mutation and CDK 4 inhibition
indicates a potential therapeutic application for CDK
4 and 6 inhibitors in KRAS-mutant NSCLC.16 Several
preclinical studies conducted with KRAS-mutant
NSCLC models revealed increased activity either
alone or in combination with other cytotoxic or tar-
geted agents suggesting increased sensitivity to abe-
maciclib in the presence of activated KRAS
oncogenes.1,15,16

Pembrolizumab is a humanized immunoglobulin G4
monoclonal antibody with high specificity of binding to
the PD-1 receptor.17 Pembrolizumab is approved for
treatment of metastatic NSCLC in a variety of set-
tings.17,18 Abemaciclib and pembrolizumab each have
single-agent activity and acceptable safety profiles in
metastatic NSCLC with minimal overlapping toxicity.17,19

Preclinical and preliminary clinical data support the
investigation of whether the combination of abemaciclib
and pembrolizumab could provide treatment options for
patients with stage IV NSCLC.

In part E of the I3Y-MC-JPBJ study, which enrolled
and treated 20 patients with stage IV NSCLC with
abemaciclib and pembrolizumab, the maximum toler-
ated dose of abemaciclib (150 mg twice daily) and
pembrolizumab (200 mg infused intravenously on day
1 of 21-d cycles) was determined.20 This study was
designed to further evaluate the safety and preliminary
anticancer activity of this combination in patients with
stage IV NSCLC or HRþ, HER2� metastatic breast
cancer (MBC).

Here, we report the safety and efficacy results from a
phase 1b study of abemaciclib plus pembrolizumab as
initial treatment in patients with KRAS-mutant, PD-L1–
positive nonsquamous NSCLC (cohort A) or in pretreated
squamous NSCLC (cohort B). Results of the MBC cohorts
will be reported separately.
Materials and Methods
Study Design and Treatment

JPCE was a multicenter, nonrandomized, open-label,
phase 1b study of abemaciclib in combination with
pembrolizumab. The study was conducted using a par-
allel design in four tumor-specific cohorts, which are the
following: stage IV KRAS-mutant, PD-L1–positive (PD-L1
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tumor proportion score [TPS] � 1%), nonsquamous
NSCLC (cohort A); stage IV squamous NSCLC previously
treated by one platinum-containing chemotherapy
regimen (cohort B); and two cohorts of HRþ, HER2�
patients with MBC who were treatment naive or who
were pretreated for metastatic disease. Here, we report
the safety and efficacy in cohorts A and B.

Patients received abemaciclib (150 mg orally
twice daily) on days 1 to 21 in combination with
pembrolizumab (200 mg infused intravenously in
approximately 30 min) on day 1 of a 21-day cycle.
Abemaciclib dose reduction was required for drug-
related hematologic toxicity that was recurrent
grade 3 or grade 4 or that required administration of
blood cell growth factors; persistent or recurrent
grade 2 or grade 3 to 4 diarrhea or any-grade
diarrhea requiring hospitalization; persistent or
recurrent grade 2 or grade 3 alanine aminotrans-
ferase (ALT) or aspartate aminotransferase (AST)
increased without total bilirubin greater than 2 times
from the upper limit of normal; grade 2 interstitial
lung disease (ILD) or pneumonitis; or any grade 3 to
4 nonhematologic toxicity not mentioned previously.
Abemaciclib was discontinued for grade 3 ALT
increased with total bilirubin greater than 2 times
from the upper limit of normal or grade 4 ALT
increased and for recurrent grade 2 or grade 3 to 4
ILD or pneumonitis.

Pembrolizumab was withheld (dose reductions were
not permitted) for prespecified drug-related toxicities
and severe or life-threatening adverse events (AEs)
including permanent discontinuation for the following:
grade 4 diarrhea or colitis; grade 3 to 4 AST, ALT, or
increased bilirubin; grade 4 hyperthyroidism; grade 3 to
4 infusion reaction; grade 3 to 4 or recurrent grade 2
pneumonitis; grade 3 to 4 renal failure or nephritis;
grade 3 to 4 myocarditis; and grade 4 or recurrent grade
3 immune-related toxicities and for any severe or grade
3 (grade 2 for pneumonitis) drug-related AE that recurs
or any life-threatening event.

Treatment continued until patients experienced dis-
ease progression, unacceptable toxicity, or another cri-
terion for discontinuation. Study completion occurred
after the final analysis of overall survival (OS), approxi-
mately 1 year after the last patient entered treatment in
the study. Patients who remained on the study treatment
at the time of study completion could continue receiving
the study treatment if they were experiencing clinical
benefit with no undue risks.

The study protocol was approved by institutional
review boards and ethics committees before initiation
and conducted in accordance with the Declaration of
Helsinki. All patients provided written informed consent.
Study Objectives
The primary objective was to characterize the safety

profile of abemaciclib in combination with pem-
brolizumab. Secondary objectives were to evaluate the
preliminary anticancer activity of abemaciclib in combi-
nation with pembrolizumab defined as objective
response rate (ORR), disease control rate (DCR), and
progression-free survival (PFS), according to the
Response Evaluation Criteria In Solid Tumors version 1.1
(RECIST v.1.1)21 and OS.
Safety and Efficacy End Points

Safety outcomes were evaluated by physical exami-
nation results, clinical laboratory findings, and vital
signs. AE terms and severity grades were assigned by the
investigator using Common Terminology Criteria for
Adverse Events version 4.0 and coded using the Medical
Dictionary for Regulatory Activities. End points included
treatment-emergent AEs (TEAEs), defined as an event
that first occurred or worsened in severity after baseline,
and serious AEs (SAEs).

Efficacy end points included ORR, DCR, and PFS ac-
cording to RECIST v.1.1 and OS. On the basis of the
definition of target lesions at baseline, tumor response
was evaluated by the investigator, according to RECIST
v.1.1 every 6 weeks (±7 d) from cycle 1, day 1 for 48
weeks, and then every 9 weeks thereafter. The same
methods of assessment and technique were to be used
at baseline and for each consecutive assessment. A
designation of partial response (PR) or complete
response (CR) required the changes in tumor mea-
surements to be confirmed by repeat assessments that
were performed no less than 4 weeks after the criteria
for response were met. Best overall response (BOR)
was the best response recorded from the start of
treatment until disease progression. ORR was defined
as the proportion of treated patients achieving a BOR of
PR or CR. DCR was defined as the proportion of treated
patients achieving a BOR of CR plus PR plus stable
disease. PFS was defined as the time from the date of
first treatment until the date of radiographic docu-
mentation of progression (as defined by RECIST v.1.1)
on the basis of investigator assessment or the date of
death owing to any cause, whichever occurred earlier.
At the data cutoff date, living patients for whom no
disease progression was observed had a PFS censoring
date corresponding to the last tumor evaluation date.
OS was defined as time from the date of first treatment
to the date of death from any cause. For each patient
who was not known to have died as of the data cutoff
date, OS was censored at the date of last contact date
before the cutoff date.
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Patient Population
Patients accrued in cohort A were previously untreated,

hadmetastatic nonsquamous NSCLCwith a KRASmutation,
and had a tumor PD-L1 TPS greater than or equal to 1%.
Patients accrued in cohort B had metastatic squamous
NSCLC and must have received only one previous therapy
containing platinum-based chemotherapy for advanced or
metastatic NSCLC. Previous therapy in the neoadjuvant or
adjuvant setting was considered as a previous line of sys-
temic chemotherapy if the disease of the patient progressed
less than or equal to 6 months since last dose.

Patients in both cohorts were at least 18 years old
and were required to have measurable disease as
defined by RECIST v.1.1, an Eastern Cooperative
Oncology Group performance status of less than or equal
to 1,22 and adequate organ functions.

Baseline PD-L1 protein expression was evaluated by
an immunohistochemistry assay in tumor tissue samples
using DAKO PD-L1 22C3 immunohistochemistry
PharmDx (catalog #SK006, Dako, Agilent Technologies,
Carpinteria, CA) performed at NeoGenomics Labora-
tories.17,23 Baseline PD-L1 TPS greater than or equal to
50% was defined as strong TPS, and a PD-L1 TPS of 1%
to 49% was defined as weak TPS. Allele-specific poly-
merase chain reaction or next-generation sequencing
was used to locally determine KRAS mutation status.

Key exclusion criteria included a history of or current
pneumonitis or ILD, an active autoimmune disease, or
previous treatment with an anti–PD-1 or PD-L1 or any
CDK 4 and 6 inhibitor.

Statistical Analyses
This was a nonrandomized, open-label, phase 1b study

of abemaciclib in combination with pembrolizumab with
safety as the primary end point. A sample size of 25 pa-
tients per cohort was planned to enroll in the study.

The safety and efficacy analyses were conducted on
the safety population, which included all patients who
received at least one dose of study treatment (abema-
ciclib or pembrolizumab). Baseline characteristics and
safety data were summarized by each cohort. ORR and
DCR were summarized by cohort and included exact
95% confidence intervals (CIs) using Clopper-Pearson
method. Median OS and PFS were estimated for each
cohort with 95% CIs using the Kaplan-Meier method.24

Individual changes in tumor burden over time are pre-
sented graphically (as waterfall plots).

Results
Patient Demographics, Treatment, and
Disposition

A total of 25 patients with NSCLC from six countries
(n ¼ 4 Belgium, n ¼ 2 Spain, n ¼ 4 France, n ¼ 5 Italy,
n ¼ 2 Turkey, n ¼ 8 United States) were enrolled in
cohort A and 25 patients from seven countries (n ¼ 2
Belgium, n ¼ 4 Spain, n ¼ 7 France, n ¼ 1 Italy, n ¼ 4
Turkey, n ¼ 5 Taiwan, n ¼ 2 United States) were
enrolled in cohort B. All patients received treatment with
abemaciclib in combination with pembrolizumab (safety
population). Most patients from both cohorts were white
(n ¼ 33; 66.0%) and male (n ¼ 32; 64.0%) with an
Eastern Cooperative Oncology Group performance status
of 1 (n ¼ 33; 66%) (Table 1). The most frequent KRAS
mutation was G12C (52%) followed by G12V (20%) in
cohort A. Most patients in cohort B (21 [84.0%])
received chemotherapy in the metastatic setting
(Table 1), and four patients had disease progression
within 6 months on chemotherapy in the (neo)adjuvant
setting.

In cohort A and B, the median duration of abemaciclib
treatment was 9.7 weeks (range: 0.6–112.6) and 12.9
weeks (range: 0.3–159.0), respectively. The median
duration of pembrolizumab treatment was 12.0 weeks
(range: 3.0–112.6) and 13.1 weeks (range: 1.3–159.0) in
cohort A and B, respectively. In both cohorts, all patients
completed greater than or equal to 1 cycle. In cohort A,
the patients received a median of three cycles (range: 1–
38 cycles) of abemaciclib and a median of three cycles
(range: 1–35) of pembrolizumab. In cohort B, the pa-
tients received a median of three cycles (range: 1–53) of
abemaciclib and a median of four cycles (range: 1–35) of
pembrolizumab.

At the time of data cutoff (August 19, 2020), 24 pa-
tients (96.0%) in each cohort had discontinued study
treatment.

In cohort A, the main reasons for treatment discon-
tinuation were AE (n ¼ 7, 28.0%), progressive disease
(PD) (n ¼ 7; 28.0%), physician decision (n ¼ 5; 20.0%),
and withdrawal by patient’s decision (n ¼ 4; 16.0%). In
cohort B, the most common reason for treatment
discontinuation was PD (n ¼ 17; 68.0%) followed by AE
or death (n ¼ 2 each).
Safety

An overview of TEAEs by cohort is presented in
Table 2. A total of 13 patients (52.0%) in each cohort (A
and B) had greater than or equal to 1 SAE, six (24.0%)
and four (16.0%) of which were deemed related to
treatment, respectively. In cohort A, eight patients (32%)
discontinued study treatment owing to an AE, three
(12%) owing to AST or ALT increased, and two (8%)
owing to pneumonitis. In cohort B, four patients (16%)
discontinued study treatment owing to an AE, one (4%)
each owing to cardiogenic shock, dyspnea, acute hepa-
titis, and thrombocytopenia. In cohort A, one patient
experienced a study treatment-related death of



Table 1. Baseline Patient Demographics and Disease Characteristics

Characteristics Cohort A, KRAS-mt NSCLC (N ¼ 25) Cohort B, Squamous NSCLC (N ¼ 25)

Sex, n (%)
Male 11 (44.0) 21 (84.0)
Female 14 (56.0) 4 (16.0)

Age, y
Median (range) 62 (36–80) 60 (42–73)

Race, n (%)
White 21 (84.0) 12 (48.0)
Asian 0 5 (20.0)
Black or African American 0 1 (4.0)
Not reported 4 (16.0) 7 (28.0)

ECOG PS, n (%)
0 9 (36.0) 8 (32.0)
1 16 (64.0) 17 (68.0)

Smoking status, n (%)
Current 7 (28.0) 4 (16.0)
Past 17 (68.0) 21 (84.0)
Never 1 (4.0) 0

Duration of disease from initial diagnosis, mo
Median (range) 1.9 (0.7–27.1) 7.4 (2.0–50.9)

Previous systemic therapy, n (%) NA 25 (100.0)
Metastatic disease, n (%) NA 21 (84.0)a

PD-L1 status, n (%)
Strong (�50%) 13 (52.0) 2 (8.0)
Weak (1%–49%) 12 (48.0) 3 (12.0)
Negative 0 16 (64.0)
NA 0 4 (16.0)

KRAS mutation status
G12C 13 (52.0) NA
G12V 5 (20.0) NA
Others 7 (28.0) NA

aFour patients had disease progression within 6 months since the last dose of chemotherapy in the (neo)adjuvant setting.
ECOG PS, Eastern Cooperative Oncology Group performance status; KRAS-mt, KRAS-mutant; n, number of subjects in the specified category; N, number of
subjects in safety population; NA, not applicable; PD-L1, programmed death-ligand 1.

Table 2. Safety Overview

Number of Patients,a n (%)

Cohort A,
KRAS-mt
NSCLC (N ¼ 25)

Cohort B, Squamous
NSCLC (N ¼ 25)

Patients with �1 TEAE 25 (100.0) 25 (100.0)
Related to study treatmentb 22 (88.0) 23 (92.0)

Patients with �1 grade � 3 TEAE 20 (80.0) 19 (76.0)
Related to study treatmentb 16 (64.0) 13 (52.0)

Patients with �1 SAE 13 (52.0) 13 (52.0)
Related to study treatmentb 6 (24.0) 4 (16.0)

Patients on treatment 1 (4.0) 1 (4.0)
Patients who discontinued study treatment owing to AE 8 (32.0) 4 (16.0)
Related to study treatmentb 6 (24.0) 2 (8.0)

Patients who died owing to AE on study treatment or within 30 d of discontinuation
from study treatmentc

2 (8.0) 3 (12.0)

Related to study treatmentb 1 (4.0) 0
aPatients may be counted in more than one category.
bIncluded events that were considered related to study treatment as judged by the investigator.
cDeaths also included as SAEs and discontinuations owing to AEs.
AE, adverse event; KRAS-mt, KRAS-mutant; n, number of subjects in the specified category; N, number of subjects in safety population; SAE, serious adverse
event; TEAE, treatment-emergent adverse event.

November 2021 Abemaciclib + Pembrolizumab for NSCLC 5



Table 3. TEAEs (All-Causality) in Greater Than or Equal to 20% Patients (in Either Cohort, Any Grade)

MedDRA Preferred Term

Cohort A KRAS-mt
NSCLC (N ¼ 25), n (%)

Cohort B Squamous
NSCLC (N ¼ 25), n (%)

Any Grade Grade �3 Any Grade Grade �3

Patients with �1 TEAE 25 (100) 20 (80) 25 (100) 19 (76)
Diarrhea 15 (60) 3 (12) 16 (64) 0
Vomiting 10 (40) 2 (8) 5 (20) 1 (4)
Abdominal pain 10 (40) 1 (4) 2 (8) 0
Nausea 10 (40) 2 (8) 8 (32) 0
Decreased appetite 9 (36) 1 (4) 10 (40) 0
Fatigue 9 (36) 0 15 (60) 2 (8)
Pneumonitis 8 (32) 3 (12) 1 (4) 0
AST increased 8 (32) 3 (12) 1 (4) 0
Dyspnea 8 (32) 0 11 (44) 3 (12)
ALT increased 7 (28) 6 (24) 1 (4) 0
Neutropenia 6 (24) 3 (12) 3 (12) 0
Lung infection 6 (24) 2 (8) 4 (16) 3 (12)
Anemia 6 (24) 1 (4) 5 (20) 0
Leukopenia 5 (20) 1 (4) 1 (4) 0
Muscular weakness 5 (20) 1 (4) 4 (16) 1 (4)
Pruritus 5 (20) 1 (4) 8 (32) 0
Dizziness 5 (20) 0 0 0
Pain 5 (20) 0 0 0
Pain in extremity 5 (20) 0 0 0
Cough 4 (16) 0 9 (36) 0
Thrombocytopenia 4 (16) 0 8 (32) 3 (12)
Headache 4 (16) 0 5 (20) 0
Hypophosphatemia 1 (4) 1 (4) 6 (24) 3 (12)
Myalgia 1 (4) 0 5 (20) 2 (8)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; KRAS-mt, KRAS-mutant; MedDRA, Medical Dictionary for Regulatory Activities; n, number of
subjects in the specified category; N, number of subjects in safety population; TEAE, treatment-emergent adverse event.
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pneumonitis. In cohort B, three patients (12.0%) died
owing to TEAEs while on study treatment or within 30
days of discontinuation, none of which were considered
related to the treatment.

In cohort A, the most frequent all-grade TEAEs
regardless of causality that occurred in greater than or
equal to 20% of patients were diarrhea (n ¼ 15; 60.0%);
abdominal pain, vomiting, and nausea (n ¼ 10 each;
40.0%); decreased appetite and fatigue (n ¼ 9 each;
36.0%); and pneumonitis, AST increased, and dyspnea
(n ¼ 8 each; 32.0%) (Table 3). Grade greater than or
equal to 3 TEAEs were reported in 20 patients (80.0%)
with the most common being ALT increased (n ¼ 6;
24.0%), followed by cardiac disorders (atrial fibrillation,
cardiac arrest, pericardial effusion, n ¼ 1 each) and
diarrhea, AST increased, pneumonitis, and neutropenia
(n ¼ 3 each; 12.0%).

In cohort B, the most frequent all-grade TEAEs
regardless of causality were diarrhea (n ¼ 16; 64.0%);
fatigue (n ¼ 15; 60.0%); dyspnea (n ¼ 11; 44.0%);
decreased appetite (n ¼ 10; 40%); cough (n ¼ 9;
36.0%); and nausea, thrombocytopenia, and pruritis
(n ¼ 8 each; 32.0%) (Table 3). Grade greater than or
equal to 3 TEAEs were reported in 19 patients (76.0%)
with the most common being dyspnea, lung infection,
thrombocytopenia, and hypophosphatemia (n ¼ 3 each;
12.0%) (Table 3).

In cohort A, abemaciclib and pembrolizumab dose
adjustments occurred for 16 (64.0%) and 13 patients
(52.0%), respectively. Abemaciclib dose adjustments
included dose reductions (n ¼ 9; 36.0%) and dose
omissions (n ¼ 15; 60.0%). Pembrolizumab dose ad-
justments included dose delays (n ¼ 10; 40.0%) and
dose omissions (n ¼ 8; 32.0%). In cohort B, abemaciclib
and pembrolizumab dose adjustments occurred for 15
(60.0%) and 12 patients (48.0%), respectively. Abema-
ciclib dose reductions occurred for seven patients
(28.0%) and dose omissions for 14 patients (56.0%).
Pembrolizumab dose adjustments included dose delays
for 10 patients (40.0%) and dose omissions for two
patients (8.0%). The most common reason for abema-
ciclib and pembrolizumab dose adjustments was having
AEs in both cohorts.

Anticancer Activity
In cohort A, six patients (24.0%) had a BOR of PR and

eight patients had a BOR of stable disease (32.0%) for a
DCR of 56% (Table 4). Two patients (8.0%) achieved



Table 4. Summary of Anticancer Activity (Safety Population)

Response

Cohort A KRAS-mt
NSCLC (N ¼ 25)
n (%)

Cohort B Squamous NSCLC
(N ¼ 25)
n (%)

n (%) 95% CIa n (%) 95% CIa

Best overall response
CR 0 NA 0 NA
PR 6 (24.0) 9.4–45.1 2 (8.0) 1.0–26.0
Stable disease 8 (32.0) 15.0–53.5 14 (56.0) 34.9–75.6
PD 5 (20.0) 6.8–40.7 7 (28.0) 12.1–49.4
Nonevaluable 6 (24.0) 9.4–45.1 2 (8.0) 1.0–26.0

Overall response rate (CR þ PR) 6 (24.0) 9.4–45.1 2 (8.0) 1.0–26.0
Disease control rate (CR þ PR þ stable disease) 14 (56.0) 34.9–75.6 16 (64.0) 42.5–82.0
PFS, median mo (95% CI) 7.6 (1.6–NE) 3.3 (1.4–5.2)
OS, median mo (95% CI) 27.8 (9.9–NE) 6.0 (3.7–13.1)
aCIs were based on the Clopper-Pearson method.
CI, confidence interval; CR, complete response; KRAS-mt, KRAS-mutant; n, number of subjects in the specified category; N, number of subjects in safety
population; NA, not applicable; NE, not estimable; OS, overall survival; PD, progressive disease; PFS, progression-free survival; PR, partial response.
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stable disease that persisted for more than or equal to 6
months. The best percent change in tumor size (ac-
cording to RECIST v.1.1 criteria for treated patients in
cohort A) is illustrated in Figure 1A. Anticancer activity
in cohort A was also evaluated by baseline PD-L1 TPS.
The median PFS was 7.6 months (95% CI: 1.6–not esti-
mable), and the 12-month PFS rate was 44.6% (95% CI:
21.2–65.7). At the time of data cutoff, the median follow-
up time for OS was 34.7 months. The median OS was
27.8 months (95% CI: 9.9–not estimable), and the 12-
month survival rate was 69.6% (95% CI: 46.6–84.2).

The subgroup of patients in cohort A with strong PD-
L1 TPS (n ¼ 13) had an ORR of 30.8% (95% CI: 9.1–
61.4). Patients with weak PD-L1 TPS (n ¼ 12) had an
ORR of 16.7% (95% CI: 2.1–48.4). Patients with strong
PD-L1 TPS had a PFS and OS of 14.8 months (95% CI:
1.4–not estimable) and 25.9 months (95% CI: 5.0–not
estimable), respectively; those with weak PD-L1 TPS had
a PFS and OS of 5.5 months (95% CI: 0.4– not estimable)
and 27.8 months (95% CI: 2.4–not estimable), respec-
tively. The subgroup of patients with KRAS G12C muta-
tion (n ¼ 13) had an ORR of 23.1% (95% CI: 5.0–53.8)
and a PFS and OS of 15.9 months (95% CI: 0.39–not
estimable) and 25.9 months (95% CI: 3.7–not estimable),
respectively. The analyses of patients with other KRAS
mutations were limited owing to the small sample size.

In cohort B, two patients (8.0%) had a BOR of PR and
14 had stable disease (56.0%) (Table 4). In four patients
(16.0%), stable disease persisted for more than or equal
to 6 months. ORR and DCR were 8.0% and 64.0%,
respectively (Table 4). The median PFS was 3.3 months
(95% CI: 1.4–5.2), and the 12-month PFS survival rate
was 13.8% (95% CI: 3.5–31.0). The best percentage
change in tumor size according to RECIST v.1.1 criteria
for treated patients in cohort B is illustrated in
Figure 1B. At the time of data cutoff, the median follow-
up time for OS was 35.5 months. The median OS was 6.0
months (95% CI: 3.7–13.1), and the 12-month survival
rate was 35.3% (95% CI: 17.0–54.3).
Discussion
This phase 1b study evaluated the safety and pre-

liminary efficacy of abemaciclib in combination with
pembrolizumab for patients with metastatic NSCLC or
HRþ, HER2� MBC. Reported here are the results for the
two cohorts of patients with either PD-L1–positive,
KRAS-mutant, previously untreated, nonsquamous stage
IV NSCLC (cohort A) or with previously treated squa-
mous NSCLC (cohort B). Abemaciclib in combination
with pembrolizumab was associated with a higher rate
of transaminase elevation and pneumonitis in cohort A
than has previously been reported for either drug alone.
Evidence of anticancer activity was observed in both
cohorts.

The overall safety profile of abemaciclib in combi-
nation with pembrolizumab in cohort A was similar to
the single-agent safety profiles, with exceptions for
transaminase elevations and ILD or pneumonitis.
Compared with JUNIPER, a phase 3 study that evaluated
monotherapy abemaciclib versus erlotinib in pretreated
patients with stage IV NSCLC with a KRAS mutation, in
the study presented here, we observed a higher inci-
dence of pneumonitis (32%), AST increased (32%), and
ALT increased (28%) in cohort A (versus <10% from
JUNIPER).25 Observed pneumonitis and transaminase
elevation incidences were higher when compared with
monotherapy pembrolizumab for patients with



Figure 1. Best percentage change in tumor size from baseline according to RECIST version 1.1. Best percentage change in
tumor size from baseline is presented for the safety populations in (A) cohort A and (B) cohort B. The PD-L1 TPS in cohort A
was evaluated by an IHC assay in tumor tissue samples (see the Materials and Methods section). Strong PD-L1 TPS was
greater than or equal to 50%, and weak PD-L1 TPS was 1% to 49%. Best overall responses presented here are confirmed
responses. Note: Patients without any postbaseline data are not included in the graphs. aThe patient did not meet stable
disease criteria. IHC, immunohistochemistry; PD-L1, programmed death-ligand 1; RECIST, Response Evaluation Criteria In
Solid Tumors; TPS, tumor proportion score.
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untreated advanced NSCLC in the KEYNOTE-042 study
(ALT increased, 7%; AST increased, 6%; and pneumo-
nitis, 8%).26 This contributed to the higher discontinu-
ation rate owing to AE observed in cohort A when
compared with that of JUNIPER and KEYNOTE-042 (32%
versus 12% and 9%, respectively).25,26 These compared
similarly to the data reported previously in the phase 1b
study JPBJ (NCT02079636) part E in which 10 of 20
patients (50%) experienced an SAE, five (25%) of which
were treatment-related events of hepatic toxicity, hepa-
titis, pneumonitis, ALT or AST increased, and neu-
tropenia (n ¼ 1 each).20 Similarly, the NEWFLAME trial,
which investigated abemaciclib in combination with
another anti–PD-1 immune checkpoint inhibitor, nivo-
lumab, plus endocrine therapy in patients with MBC,
reported similar safety findings to this study, including
high rates of treatment discontinuation, elevated liver
function tests, and ILD or pneumonitis.27

The ORR observed from this study in cohort A (24%,
95% CI: 9.4–45.1) compares well with that observed
with monotherapy pembrolizumab versus platinum-
based chemotherapy (KEYNOTE-042) as first-line treat-
ment for patients with advanced NSCLC and PD-L1 TPS
greater than or equal to 1% (27% for pembrolizumab).26

An exploratory analysis from KEYNOTE-042 suggests
that the subgroup of patients with KRAS-mutant NSCLC
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had a higher response rate of 56.7% (95% CI: 37.4–74.5)
with pembrolizumab versus 18% (95% CI: 7.5–33.5) in
the chemotherapy arm.28 In the study presented here,
patients with KRASG12C mutation had greater PFS but
similar ORR and OS relative to the intent-to-treat pop-
ulation. It is noteworthy that this exploratory analysis is
based on a small sample size. The most frequent onco-
genic driver mutation in NSCLC is in the KRAS gene.
Recently, a KRASG12C inhibitor (sotorasib) has been
found to have a tolerable safety profile and encouraging
anticancer activity in pretreated patients with NSCLC.29

This expanded phase 1 study accrued 59 patients
suffering from KRASG12C-mutant NSCLC who experienced
PD although having been heavily pretreated and
receiving single-drug daily sotorasib (dose escalation up
to 960 mg): the ORR, DCR, and median PFS were 32%,
88%, and 6.3 months, respectively. These promising
features deserved an ongoing phase 3 trial comparing
sotorasib with docetaxel (ClinicalTrials.gov identifier:
NCT04303780). In a mouse model, it has been found that
CDK 4 inhibition could induce selective death of KRAS-
mutant cancer cells.16 Taking into account the acceptable
safety profile of both abemaciclib and sotorasib, the
combination of a CDK 4 and 6 inhibitor with a KRASG12C

inhibitor may provide a potential therapeutic opportu-
nity for patients with NSCLC harboring the KRASG12C

mutation.
A prespecified exploratory analysis from KEYNOTE-

042 revealed that patients in the pembrolizumab arm
with a PD-L1 TPS of greater than or equal to 50% had an
ORR of 39% versus 33% in patients with PD-L1 TPS of
greater than or equal to 20%.30 This is consistent with
the higher response rates observed here in the subgroup
of patients with tumors that had a strong PD-L1 TPS
versus weak PD-L1 TPS in cohort A.

In cohort B of this study, patients with pretreated
squamous NSCLC had a low response rate of 8% (95%
CI: 1.0–26.0) and a median OS of 6.0 months (95% CI:
3.7–13.1), which aligns with the subgroup analyses of OS
from the KEYNOTE-010 study. KEYNOTE-010 enrolled
patients with previously treated nonsquamous and
squamous NSCLCs with PD-L1 expression of at least 1%
of tumor cells who were treated with different doses of
pembrolizumab (2 mg/kg or 10 mg/kg) or docetaxel.
Although the study reported a significant OS benefit for
the intent-to-treat population and the subgroup of pa-
tients with nonsquamous NSCLC, the post hoc explor-
atory subgroup analyses of OS from patients with
squamous NSCLC did not reveal a statistically significant
survival benefit in the pooled pembrolizumab arms
versus docetaxel (OS hazard ratio ¼ 0.74, 95% CI: 0.50–
1.09).17 Nevertheless, CheckMate 017 revealed a sur-
vival benefit with nivolumab versus docetaxel for pre-
viously treated patients with squamous cell NSCLC.31
This study was limited by the small sample size
making it difficult to extrapolate results to the clinical
population. In addition, this phase 1b study was a single-
arm trial without a randomized control arm. Data should
be hypothesis generating, and results should be inter-
preted with caution.

In conclusion, the combination of abemaciclib and
pembrolizumab resulted in a higher rate of transaminase
elevations, pneumonitis, and treatment discontinuation
owing to AE in PD-L1–positive, KRAS-mutant, non-
squamous NSCLC. Although evidence of anticancer ac-
tivity was observed in both treatment naive
nonsquamous and pretreated squamous NSCLC cohorts,
further evaluation of the combination of abemaciclib and
pembrolizumab for the treatment of patients with stage
IV NSCLC is not supported by the totality of the current
benefit-risk analysis.
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