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Abstract
Background: Pancreatic ductal adenocarcinomas (PDAC) are characterized by 
frequent cell cycle pathways aberrations. This study evaluated safety and efficacy 
of abemaciclib, a cyclin-dependent kinase 4 and 6 inhibitor, as monotherapy or in 
combination with PI3K/mTOR dual inhibitor LY3023414 or TGFβ inhibitor gal-
unisertib versus standard of care (SOC) chemotherapy in patients with pretreated 
metastatic PDAC.
Methods: This Phase 2 open-label study enrolled patients with metastatic PDAC 
who progressed after 1–2 prior therapies. Patients were enrolled in a safety lead-in 
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1   |   INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is highly le-
thal and the fourth leading cause of cancer deaths world-
wide, with a 5-year survival of only 10%.1,2 The majority 
of PDAC patients are initially diagnosed with locally 
advanced or metastatic disease.3 Pancreatic ductal ad-
enocarcinoma is predominantly a chemotherapy-resis-
tant disease, partly due to multiple genetic aberrations 
and an immunosuppressive environment, among other 
factors. Overall survival for metastatic disease ranges 
between 8.5 and 14 months with first-line multiagent 
chemotherapy,4–7 6–8 months with second-line thera-
pies,8–10 and 3–5 months with third-line therapies.10–12 
Despite therapeutic advances, the optimal second-line 
strategy remains unknown, and currently, no standard 
third-line treatment exists.13 Thus, novel targeted thera-
pies geared towards the most common molecular alter-
ations are needed.14

KRAS mutations occur in nearly 95% of PDACs early 
in tumorigenesis.15 Clinical trials exploring the efficacy 
of agents targeting the RAS pathway have been largely 
unsuccessful, with the exception of KRAS G12C inhib-
itors, mainly due to downstream compensatory mech-
anisms.16 Additionally, G1/S cell cycle transition is 
commonly activated due to loss, mutation, or epigenetic 
silencing of the cyclin-dependent kinase (CDK) inhibitor 

2A (CDKN2A) or activating mutations or overexpres-
sion of CDK4, CDK6, or D-type cyclins.15–17 CDKN2A 
encodes the tumor suppressor protein p16INK4A, an en-
dogenous inhibitor of CDK4 and CDK6, which results 
in reduced Rb phosphorylation and G1 cell cycle arrest. 
Moreover, many oncogenes, including KRAS, lead to 
G1/S pathway activation.15–17

Preclinical data with the CDK4/6 inhibitors, pal-
bociclib and abemaciclib, demonstrated variable sin-
gle-agent efficacy in PDAC models.18,19 While modest 
activity was observed, inhibition of CDK4/6 led to 
adaptive responses with increased mammalian target 
of rapamycin (mTOR) expression promoting resistance 
to palbociclib, remedied by dual inhibition of CDK4/6 
and mTOR.20 In addition, preclinical pancreatic cancer 
models demonstrated increased epithelial-to-mesenchy-
mal transition and cell invasion driven by transforming 
growth factor beta (TGFβ).21 Inhibition of the type-1 
TGFβ receptor (TGFβ-R1) kinase in combination with 
CDK4/6 decreased cell invasion and inhibited tumor 
growth in cell line models. CDK4/6 inhibitors in com-
bination with phosphatidylinositol 3-kinase (PI3K)/
mTOR or TGFβ receptor type I (TGFβ-RI) inhibitors 
have confirmed efficacy in preclinical pancreatic cancer 
models.21,22

Abemaciclib is a potent, selective small-molecule 
CDK4/6 inhibitor and is FDA-approved as monotherapy 

(abemaciclib plus galunisertib) followed by a 2-stage randomized design. Stage 1 
randomization was planned 1:1:1:1 for abemaciclib, abemaciclib plus LY3023414, 
abemaciclib plus galunisertib, or SOC gemcitabine or capecitabine. Advancing 
to Stage 2 required a disease control rate (DCR) difference ≥0 in abemaciclib-
containing arms versus SOC. Primary objectives for Stages 1 and 2 were DCR 
and progression-free survival (PFS), respectively. Secondary objectives included 
response rate, overall survival, safety, and pharmacokinetics.
Results: One hundred and six patients were enrolled. Abemaciclib plus galuni-
sertib did not advance to Stage 1 for reasons unrelated to safety or efficacy. Stage 
1 DCR was 15.2% with abemaciclib monotherapy, 12.1% with abemaciclib plus 
LY3023414, and 36.4% with SOC. Median PFS was 1.7 months (95% CI: 1.4–1.8), 
1.8 months (95% CI: 1.3–1.9), and 3.3 months (95% CI: 1.1–5.7), respectively. No 
arms advanced to Stage 2. No new safety signals were identified.
Conclusion: In patients with pretreated metastatic PDAC, abemaciclib-based 
therapy did not improve DCRs or PFS compared with SOC chemotherapy. No 
treatment arms advanced to Stage 2. Abemaciclib remains investigational in pa-
tients with PDAC.

K E Y W O R D S

Abemaciclib, metastatic pancreatic cancer, PI3K/mTOR, TGFβ, second-line therapy, third-line 
therapy
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and in combination with endocrine therapy for hormone 
receptor positive (HR+) and human epidermal growth 
factor receptor 2 negative (HER2-) advanced breast 
cancer,23–25 and for the adjuvant treatment of HR+, 
HER2-, node-positive, early breast cancer at high risk of 
recurrence.26,27

Given the relevance of the CDK4/6 pathway in 
PDAC, the preclinical activity of CDK4/6 inhibition in 
PDAC models, including in KRAS mutant pancreatic 
cancer cell lines,19 acceptable safety and tolerability, and 
the unmet medical need for refractory PDAC, this study 
aimed to explore the safety, efficacy, and pharmacoki-
netics (PK) of abemaciclib monotherapy and in com-
bination with agents targeting PI3K/mTOR or TGFβ 
pathways compared to standard of care (SOC) chemo-
therapy in second- or third-line treatment of patients 
with metastatic PDAC.

2   |   METHODS

2.1  |  Study design

Study I3Y-MC-JPCJ was an international, multicenter, 
adaptive, randomized, open-label, Phase 2 study in pa-
tients with metastatic PDAC who had disease progres-
sion after 1 or 2 prior therapies. The study aimed to 
evaluate the safety and efficacy of abemaciclib mono-
therapy or in combination with targeted agents versus 
standard chemotherapy of physician's choice, using a 
2-stage design (Figure S1). Prior to initiating the 2-stage 
randomization portion, a safety lead-in was planned to 
assess the initial safety of abemaciclib plus galunisertib 
in up to 12 patients. However, testing of this combina-
tion was stopped by the sponsor for reasons unrelated to 
safety. Following an amendment, no additional patients 
were enrolled in the safety lead-in, and the 2-stage ran-
domization phase was initiated without the abemaciclib 
plus galunisertib arm.

Dose selection for abemaciclib as monotherapy and in 
combination with LY3023414 or with galunisertib, as well 
as doses for LY3023414 and galunisertib were based on pre-
viously reported Phase 1 studies.28–31 Stage 1 is planned to 
randomize approximately 25 patients each 1:1:1 to receive 
either abemaciclib monotherapy (Arm A), abemaciclib 
plus LY3023414 (Arm B), or physician's choice SOC with 
either gemcitabine or capecitabine (Arm D). Following 
completion of Stage 1, any treatment arms that demon-
strated a higher disease control rate (DCR = complete re-
sponse [CR] + partial response [PR] + stable disease [SD]) 
than was achieved in the SOC arm were to advance to 
Stage 2 and randomize an additional 50 patients to each 

respective arm. Enrollment in non-advancing arms would 
be discontinued.

2.2  |  Patients

Eligible patients were ≥18 years of age with metastatic 
PDAC and disease progression following 1 or 2 prior 
lines of therapy. Patients were required to have meas-
urable disease as defined by RECIST v1.1, an Eastern 
Cooperative Oncology Group (ECOG) performance 
status (PS) of 0 or 1, adequate organ function, and be 
considered appropriate candidates for single-agent 
chemotherapy with capecitabine or gemcitabine. 
Patients with insulin-dependent diabetes mellitus, 
symptomatic central nervous system metastases, or 
those previously treated with CDK4/6, PI3K, and/or 
mTOR inhibitors were not eligible.

The study protocol was approved by the appropriate in-
stitutional review boards and ethics committees and con-
ducted in accordance with the Good Clinical Practice of 
the Declaration of Helsinki. All patients provided written 
informed consent. Patients were enrolled at 32 sites in 8 
countries.

2.3  |  Randomization and treatment

An interactive web response system assigned treat-
ment. Investigational treatments were administered 
orally with or without food on a 28-day cycle, unless 
otherwise noted. Standard chemotherapy was adminis-
tered according to prescribing label recommendations. 
Treatment was continued until progressive disease 
(PD), unacceptable toxicity, death, or withdrawal from 
the study.

In the safety lead-in, patients received abemaciclib 
continuously (150 mg twice daily [BID]) plus galunisertib 
(150 mg BID) for 14 days followed by a 14-day rest period. 
In Stage 1, patients were randomized 1:1:1 to receive abe-
maciclib monotherapy (200 mg twice daily), abemaciclib 
(150 mg BID) plus LY3023414 (150 mg BID), or SOC che-
motherapy of the physician's choice with gemcitabine 
(1000 mg/m2 on Days 1, 8, 15, and 22 [Cycle 1 only], fol-
lowed by Days 1, 8, and 15) or capecitabine (1250 mg/m2 
BID within 30 min after a meal [morning and evening] on 
Days 1–14 on 21-day cycles). The same dosing schedules 
were to be used in Stage 2 for any advancing treatment 
arm(s). Stratification was based on the number of prior 
systemic therapies.

Dose modifications of investigational agents were 
allowed for treatment-related toxicities and followed 
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protocol guidance. Standard chemotherapy dose modifi-
cations followed on-label recommendations.

Patients received full supportive care during the 
study per institutional guidelines. The use of granu-
locyte-colony stimulating factors and erythropoietin 
was permitted in accordance with American Society 
of Clinical Oncology/American Society of Hematology 
guidelines.32,33

2.4  |  Safety and efficacy assessments

Adverse events (AEs) were collected and graded using the 
National Cancer Institute Common Terminology Criteria 
for Adverse Events Version 4.0.34 Tumor assessments 
were conducted using computed tomography or magnetic 
resonance imaging scans according to RECIST v1.1 at 
screening (within 28 days prior to randomization) and ap-
proximately every 8 weeks thereafter.35

2.5  |  Pharmacokinetics

For patients receiving abemaciclib, PK samples were col-
lected on Cycle 1 Day 1 approximately 2 h after dosing and 
pre-dosed on Day 1 of Cycles 2, 3, and 4. During the safety 
lead-in, PK samples were collected pre-dose on Cycle 
1 Days 1 and 14, and at 0.5-, 1-, 2-, 4-, 6-, and 8-h post-dose. 
Pharmacokinetics samples were analyzed for galunis-
ertib, abemaciclib, and its metabolites (LSN2839567 [M2] 
and LSN3106726 [M20]) (Q2 Solutions) and LY3023414 
(Covance Laboratories Inc.) using validated liquid chro-
matography with tandem mass spectrometric (LC/MS/
MS) methods.

For the safety lead-in, non-compartmental analysis 
methods were used to compute standard PK parameters 
of abemaciclib, M2, M20, and galunisertib. For Stage 1, 
average concentrations of abemaciclib, M2, M20, and 
LY3023414 were reported at each planned PK sampling 
time.

2.6  |  Endpoints

Stage 1 primary endpoint was disease control rate (DCR) 
defined as the proportion of patients with a best tumor 
response of CR, PR, or SD (DCR = CR + PR + SD) in the 
intent-to-treat population. Responses and SD did not re-
quire confirmation. Secondary endpoints included ORR 
(CR + PR), pharmacokinetics (PK) of abemaciclib, its me-
tabolites and LY3023414, and safety.

Stage 2 primary endpoint of progression-free sur-
vival (PFS) was defined as the time from randomization 

until progression or death from any cause. Secondary 
endpoints included DCR, clinical benefit rate 
(CR + PR + SD ≥6 months), ORR, duration of response 
(time from response until progression or death), and over-
all survival (OS).

2.7  |  Statistical analyses

The study had a two-stage design. During Stage 1, ap-
proximately 25 patients per arm were planned to provide 
a preliminary assessment of DCR and safety. The DCR of 
abemaciclib (Arm A) and abemaciclib plus LY3023414 
(Arm B) were compared to SOC chemotherapy (Arm 
D). The null hypothesis assumed the DCR with SOC 
or abemaciclib treatment to be 50%. The probability of 
stopping at the end of Stage 1 was 11% if the DCR with 
abemaciclib treatment was 65% (i.e., DCR difference of 
abemaciclib vs. SOC was +15%). Conversely, the prob-
ability of stopping at the end of Stage 1 was 72% if the 
DCR with abemaciclib was 40% (i.e., DCR Difference 
of abemaciclib vs. SOC was −10%). At the end of Stage 
1, an additional 50 patients were planned to enroll in 
each treatment arm with a DCR at least as good as SOC 
(i.e., DCR difference of abemaciclib vs. SOC ≥0), total-
ing approximately 75 patients in each arm. All efficacy 
analyses were performed on the intent-to-treat (ITT) 
population (all randomized patients). Stage 1 analysis 
was performed approximately 16 weeks after the last pa-
tient entered treatment.

All tumor assessments were used to determine DCR 
and ORR. Each of these rates, point estimates, and con-
fidence intervals (CIs) (using the normal approximation 
to the binomial) were calculated by the treatment arm. 
Kaplan–Meier (KM) method was used to estimate the 
PFS and OS for each treatment arm.36 Comparison be-
tween abemaciclib-containing arms and SOC were done 
using the log-rank test stratified by randomization strata. 
Stratified Cox proportional hazard model was used to esti-
mate the HR and its corresponding 95% CI.

The safety population included all patients who re-
ceived any study treatment. Safety data were summarized 
by treatment arms. The PK population included patients 
who had ≥1 evaluable PK sample.

3   |   RESULTS

3.1  |  Patients

From January 2017 to December 2017, 7 patients 
were treated with abemaciclib plus galunisertib 
(safety lead-in), and 99 patients were randomized to 
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receive abemaciclib (Arm A: n = 33), abemaciclib plus 
LY3023414 (Arm B: n = 33), or SOC chemotherapy (Arm 
D: n = 33) (Figure  1). Patients already in screening at 
the time of enrollment closure were allowed to continue 
and enroll if eligible; thus, more than 25 planned pa-
tients were enrolled in each arm. A total of 91 patients 
received study treatment (Arm A: n = 32, Arm B: n = 33, 
Arm D: n = 26); 8 patients were randomized but did not 
receive treatment, of which most were due to patient 
withdrawal of consent from the SOC arm after randomi-
zation (Arm D: n = 7) and 1 physician decision (Arm A) 
(Figure  1). The data cutoff date was April 20th, 2018. 
Baseline and disease characteristics were well balanced 
(Table 1). Most patients (84.9%) received prior gemcit-
abine-based therapy, and 60.4% received prior fluoro-
pyrimidine-based therapy. Forty-eight patients (45.3%) 
received 1, and 58 (54.7%) had two previous lines of sys-
temic therapy for metastatic disease.

3.2  |  Treatment

Median duration of abemaciclib treatment was 7.9 weeks 
(galunisertib safety lead-in), 6.7 weeks (Arm A), 4.1 weeks 
(Arm B), 10.6, and 5.1 weeks with gemcitabine and 
capecitabine (Arm D), respectively. At the data cutoff, a 
total of 86 patients (86.9%) had discontinued study treat-
ment. Reasons for treatment discontinuation are summa-
rized in Figure 1.

3.3  |  Efficacy

Sixty-one of 99 patients enrolled (61.6%) were evaluable 
for response, and 38 patients (38.4%) did not have a post-
baseline scan and were considered non-evaluable. Of 
these non-evaluable patients, 8 (21.1%) were randomized 
but never treated, 21 (55.3%) died before imaging assess-
ment, and 9 (23.7%) withdrew consent or refused follow-
up prior to the first disease response assessment.

In the ITT population (N = 99), the DCR with abemac-
iclib, abemaciclib plus LY3023414, and SOC were 15.2%, 
12.1%, and 36.4%, respectively, favoring SOC chemother-
apy (Table 2). Patients receiving abemaciclib or SOC and 
pretreated with 1 prior systemic therapy (n = 15 in both 
Arms A and D; n = 16 in Arm B) for metastatic disease had 
a better DCR compared to patients who received 2 prior 
systemic therapies (n = 18 in both Arms A and D; n = 17 in 
Arm B) (Arm A: 20.0% vs. 11.1%; Arm B: 6.3% vs. 17.6%; 
Arm D: 46.7% vs. 27.8%, respectively). Given no improve-
ment in DCR with abemaciclib treatment compared to 
SOC, Stage 1 futility criteria were met. No treatment arms 
advanced to Stage 2. Available data were used to analyze 
all endpoints in the study.

The best percentage change in tumor size relative to 
baseline was greater for those in Arm D than in any of the 
abemaciclib arms (Figure 2). One partial response was ob-
served in Arms A and D, respectively. ORR was 3.0% (95% 
CI: 0.0–8.9) in Arm A, 0.0% (95% CI: N/A) for Arm B, and 
3.0% (95% CI: 0.0–8.9) for Arm D (Table 2).

F I G U R E  1   Summary of patient disposition.
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Median PFS was 1.7 months (95% CI: 1.35–1.84) for 
abemaciclib, 1.8 months (95% CI: 1.28–1.91) for abemac-
iclib plus LY3023414, and 3.3 months (95% CI: 1.05–5.65) 
for SOC (Figure 3A).

At the time of data cutoff, 22 deaths (66.7%) occurred 
in Arm A, 21 (63.6%) in Arm B, and 12 (36.4%) in Arm D. 

Median OS was 2.7 months (95% CI: 1.97–5.36) in Arm A 
and 3.3 months (95% CI: 1.97–5.03) in Arm B. Median OS 
was not reached in Arm D (Figure 3B). A stratified Cox 
model yielded a HR of 1.60 (95% CI: 0.78, 3.27) in Arm A 
and 1.53 (95% CI: 0.75, 3.15) in Arm B compared to SOC, 
indicating an unfavorable trend for the abemaciclib arms.

T A B L E  1   Demographics and baseline characteristics (safety lead-in and ITT population).

Abemaciclib + Galunisertib 
(N = 8)a

Abemaciclib 
(N = 33)

Abemaciclib + LY3023414 
(N = 33)

Gemcitabine or 
capecitabine (N = 33)

Sex, n (%)

Female 4 (57.1) 18 (54.5) 16 (48.5) 19 (57.6)

Male 3 (42.9) 15 (45.5) 17 (51.5) 14 (42.4)

Age, (years)

Median (range) 62 (57–77) 61 (47–79) 61 (44–80) 67 (39–85)

Race, n (%)

White 7 (100) 26 (78.8) 26 (78.8) 25 (75.8)

Asian 0 7 (21.2) 5 (15.2) 4 (12.1)

Black or African 
American

0 0 (0.0) 1 (3.0) 3 (9.1)

Missing 0 0 (0.0) 1 (3.0) 1 (3.0)

Region, n (%)b

Europe 0 15 (45.5) 14 (42.4) 14 (42.4)

Asia 0 9 (27.3) 8 (24.2) 8 (24.2)

North America 7 (100) 8 (24.2) 10 (30.3) 8 (24.2)

Australia 0 1 (3.0) 1 (3.0) 3 (9.1)

ECOG PS, n (%)b

0 6 (85.7) 15 (45.5) 11 (33.3) 8 (24.2)

1 1 (14.3) 15 (45.5) 18 (54.5) 15 (45.5)

Missing 0 3 (9.1) 4 (12.1) 10 (30.3)

Stage at diagnosis, n (%)b,c

Stage IB 0 0 1 (3.0) 0

Stage IIA 1 (14.3) 2 (6.1) 1 (3.0) 2 (6.1)

Stage IIB 0 8 (24.2) 10 (30.3) 6 (18.2)

Stage III 0 6 (18.2) 4 (12.1) 4 (12.1)

Stage IV 5 (71.4) 15 (45.5) 17 (51.5) 18 (54.5)

Prior lines of systemic therapy for metastatic disease, n (%)b

1 2 (28.6) 15 (45.5) 16 (48.5) 15 (45.4)

2 5 (71.4) 18 (54.5) 17 (51.5) 18 (54.5)

Prior systemic treatments, n (%)d

Gemcitabine-based 
therapy

6 (85.7) 28 (84.8) 28 (84.8) 28 (84.8)

Fluoropyrimidine-
based therapy

3 (42.9) 17 (51.5) 22 (66.7) 22 (66.7)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; N, number of patients in arm; n, number of patients within category.
aBaseline characteristics are missing for 1 patient.
bSome categories do not add up to 100% due to rounding.
c6 patients (1 in abemaciclib plus galunisertib, 2 in abemaciclib monotherapy arm, and 3 in SOC arm) had missing stage at diagnosis.
dCategories do not add up to 100% as nearly half of the patients previously received both gemcitabine- and fluoropyrimidine-based therapies.
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3.4  |  Safety

Treatment-emergent adverse events (TEAEs) occurred in 
>99% of the treated patients (n = 98). The most commonly 
reported TEAEs, occurring in ≥15% of patients, are listed 
in Table 3. Grade 3 neutropenia and fatigue occurred in 1 
patient each (14%) in the safety lead-in. Gastrointestinal 
disorders were reported more frequently in Arm B com-
pared to Arms A or D; no other marked differences were 
observed between arms.

In Stage 1, 84.4%, 75.8%, and 88.5% of patients treated 
with abemaciclib, abemaciclib plus LY3023414, and SOC, 
respectively, experienced at least 1 Grade ≥3 TEAE, mostly 
hematologic toxicity and fatigue (Table 3).

Serious AEs regardless of causality were observed 
in 55.1% of patients. Two patients (28.6%) in the safety 
lead-in, 4 (12.5%) in Arm A, 11 (33.3%) in Arm B, and 7 
(26.9%) in Arm D experienced SAEs related to treatment. 

Nine patients (9.2%) died due to AEs while on treatment 
(n = 4; Arm B:3, Arm D:1) or within 30 days of discontinu-
ation (n = 5; Arm A:2, Arm B:2, Arm D:1). Of these, 1 pa-
tient (Arm B) died due to tumor lysis syndrome, reported 
as possibly related to treatment. Dose adjustments due to 
AEs are summarized in Table S1.

3.5  |  Pharmacokinetics

The PK parameters for abemaciclib and galunisertib in the 
safety lead-in arm and for abemaciclib plus LY3023414 in 
Arm B were consistent with the PKs observed in single 
agent studies (Table S2; Figure S2).

Similarly, steady-state exposures for abemaciclib, its 
metabolites, galunisertib, and LY3023414 (Figure S3) were 
consistent with those observed in respective single-agent 
studies.28–31

T A B L E  2   Summary of best overall response (ITT population).

Best overall response
Abemaciclib 
(N = 33)

Abemaciclib + LY3023414 
(N = 33)

Gemcitabine or 
capecitabine (N = 33)

Disease control rate (CR/PR/SD), n (%) 5 (15.2) 4 (12.1) 12 (36.4)

Objective response rate (CR/PR), n (%) 1 (3.0) 0 1 (3.0)

Note: Response criteria used was RECIST 1.1.
Abbreviations: CR, complete response; N, number of patients in intent-to-treat population; n, number of patients within category; PR, partial response; SD, 
stable disease.

F I G U R E  2   Best percentage change in tumor size in patients with measurable disease.
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4   |   DISCUSSION

KRAS-mutated tumors, representing most pancreatic can-
cers, have overactive G1-S cell cycle signaling, which drives 
cellular proliferation and tumor growth. Preclinical models 
demonstrated encouraging activity with CDK4/6 inhibitors, 
including synergism when dosed sequentially with taxane 
chemotherapy, by preventing DNA damage repair.19 This 
study aimed to improve DCRs and PFS with abemaciclib-
based therapies compared to SOC chemotherapy with gem-
citabine or capecitabine. Given no data identifying cell cycle 
pathway aberrations predicting response to CDK4/6 inhibi-
tors, our study enrolled an unselected patient population 
regarding CDK genomic alterations.

Following a safety lead-in of abemaciclib plus galuni-
sertib, testing of this combination was stopped by the 

sponsor for reasons unrelated to safety, and it did not ad-
vance to Stage 1. In Stage 1, no abemaciclib-containing 
arms demonstrated DCRs superior to SOC chemotherapy 
in the ITT population (15.2% and 12.1% vs. 36.4%). Thus, 
no treatment arms advanced to Stage 2 and the study was 
closed early due to futility. Our primary endpoint was the 
DCR in the ITT population rather than the response-eval-
uable population, due to our intent not to exclude patients 
who discontinued study treatment early due to clinical 
deterioration for either toxicities or cancer progression. 
In this study, 12 patients withdrew consent after starting 
treatment, some possibly due to clinical deterioration, 
14 discontinued due to disease-related adverse events or 
treatment-related toxicities, and 7 patients died while on 
study treatment. This reflects an advanced cancer popula-
tion with grim prognosis.

F I G U R E  3   (A) Progression-free survival in ITT population. (B) Overall survival in ITT population. ARM A, abemaciclib 200 mg; ARM 
B, abemaciclib 150 mg plus LY3023414; ARM D, SOC (gemcitabine or capecitabine); HR, Hazard Ratio; NC, not calculable. Hazard ratio was 
calculated using stratified Cox model with number of prior systemic therapy as the stratification factor. 2-sided p-value.
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Median PFS was inferior with abemaciclib monother-
apy (1.7 months) and abemaciclib in combination with 
LY3023414 (1.8 months) compared to standard chemo-
therapy (3.3 months). Of note, SOC performed better than 
anticipated (assumed median PFS of 1.5 months). OS rates 
were similarly lower in the abemaciclib-containing arms 
compared with chemotherapy (abemaciclib: 2.7 months; 
abemaciclib plus LY3023414: 3.3 months; SOC: not 
reached). These results are comparable with those ob-
served in a phase 1 study (n = 12) with the CDK4/6 inhib-
itor ribociclib plus mTOR inhibitor everolimus in patients 
with pretreated metastatic PDAC (PFS 1.8 months, OS 
3.7 months).37 Additionally, palbociclib was studied in 
12 patients with metastatic pancreatic cancer harboring 
CDKN2A genetic abnormalities and reported a PFS of 
7.2 weeks and OS of 12.4 weeks.38 Altogether, these results 
are in line with those observed in the abemaciclib-con-
taining arms in our study.

To date, CDK4/6 inhibitors have been consistently in-
effective for metastatic PDAC, possibly due to resistance 
mechanisms such as compensatory activation of the 
PI3K/mTOR and RAF/MAPK pathways.37 Several stud-
ies, including the one described herein, attempted to com-
bine CDK4/6 blockade with PI3K/mTOR inhibition, but 
none have improved efficacy. More recently, preclinical 

and clinical reports suggested synergism between CDK4/6 
and RAF/MAPK pathway inhibitors, including modula-
tion of the tumor and immune microenvironment, and 
antitumor responses were observed in pancreatic cancer 
patients.38–41

Hematologic side effects were common, but no signif-
icant differences were observed compared to SOC. More 
patients withdrew from treatment in Arm B compared to 
Arms A or D, possibly due to toxicity with increased rates 
of gastrointestinal AEs. Most common treatment-related 
AEs with abemaciclib were fatigue, diarrhea, and nausea, 
whereas fatigue, anemia, and nausea were most common 
with SOC.

The PK profile of abemaciclib was consistent with pre-
vious evaluations in patients with advanced cancer,28 indi-
cating no drug–drug interactions of clinical concern.

5   |   LIMITATIONS

Patients with metastatic PDAC have rapidly progressive 
disease, and few clinical trials, especially in the absence 
of a chemotherapy backbone, have demonstrated clinical 
benefit for patients with such advanced disease and an 
absence of targetable molecular alterations.42,43 Our study 

T A B L E  3   Treatment-emergent adverse events occurring in ≥15% of patients (Safety Population).

Safety lead-in Randomized stage 1

Abemaciclib + Galunisertib 
(N = 7), n (%)

Abemaciclib (N = 32), 
n (%)

Abemaciclib + LY3023414 
(N = 33), n (%)

Gemcitabine or 
capecitabine (N = 26), 
n (%)

All grades Grade 3/4 All grades Grade 3/4 All grades Grade 3/4 All grades
Grade 
3/4

≥1 TEAE 7 (100.0) 5 (71.4) 31 (96.9) 25 (78.1) 33 (100.0) 20 (60.6) 26 (100.00) 21 (80.8)

Fatigue 5 (71.4) 2 (28.6) 19 (59.4) 5 (15.6) 17 (51.5) 6 (18.2) 12 (46.2) 3 (11.5)

Diarrhea 4 (57.1) 0 (0.0) 12 (37.5) 3 (9.4) 17 (51.5) 1 (3.0) 8 (30.8) 1 (3.8)

Nausea 5 (71.4) 0 (0.0) 9 (28.1) 0 (0.0) 16 (48.5) 2 (6.1) 10 (38.5) 2 (7.7)

Vomiting 2 (28.6) 0 (0.0) 10 (31.3) 2 (6.3) 16 (48.5) 1 (3.0) 9 (34.6) 4 (15.4)

Anemia 3 (42.9) 2 (28.6) 10 (31.3) 5 (15.6) 7 (21.2) 3 (9.1) 11 (42.3) 4 (15.4)

Thrombocytopenia 1 (14.3) 1 (14.3) 10 (31.3) 6 (18.8)b 11 (33.3) 7 (21.2)c 8 (30.8) 5 (19.2)d

Abdominal pain 4 (57.1) 0 (0.0) 9 (28.1) 2 (6.3) 6 (18.2) 1 (3.0) 9 (34.6) 1 (3.8)

Decreased appetite 4 (57.1) 0 (0.0) 9 (28.1) 1 (3.1) 9 (27.3) 1 (3.0) 8 (30.8) 1 (3.8)

Neutropenia 2 (28.6) 1 (14.3)a 8 (25.0) 8 (25.0) 2 (6.1) 2 (6.1) 4 (15.4) 4 (15.4)d

Stomatitis 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 13 (39.4) 5 (15.2) 7 (26.9) 1 (3.8)

Constipation 1 (14.3) 0 (0.0) 5 (15.6) 0 (0.0) 2 (6.1) 0 (0.0) 8 (30.8) 1 (3.8)

Abbreviations: N, number of patients in intent-to-treat population; n, number of patients within category; TEAE, treatment-emergent adverse event.
aGrade 4 neutropenia in 1 (14.3%) patient.
bGrade 4 thrombocytopenia in 1 (3.1%) patient.
cGrade 4 thrombocytopenia in 3 (9.1%) patients.
dGrade 4 thrombocytopenia and neutropenia in 2 patients each [7.7%], respectively.
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was limited by enrolling a heavily pretreated population. 
Consequently, though not unexpected, a large number of 
patients discontinued study treatment early, likely due to 
clinical deterioration and adverse events, and having died 
of progressive disease before having a post-baseline scan 
were non-evaluable for response. The observed overlap-
ping toxicities in the combination arm also contributed to 
early treatment discontinuations. Lastly, we were unable 
to perform biomarker studies due to the limited number 
of archival tumor samples; however, the lack of efficacy 
likely would have hindered any meaningful correlations.

6   |   CONCLUSION

Abemaciclib monotherapy or in combination with the 
PI3K/mTOR inhibitor LY3023414 did not improve DCR, 
PFS, or OS compared to standard chemotherapy in pre-
treated metastatic PDAC.

Given the aggressive nature of metastatic PDAC, mo-
lecularly guided interventions will need to account for 
complex signaling pathways and select biomarkers to 
identify patients most likely to benefit.44 While CDK4/6 
inhibitors remain investigational in metastatic PDAC, the 
search for rational and tolerable therapeutic strategies 
that target resistance mechanisms continues.
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