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Background: Combinations of avelumab [anti-programmed death-ligand 1 (anti-PD-L1)] or talazoparib [poly(adenosine
diphosphate ribose) polymerase (PARP) inhibitor] with binimetinib (MEK inhibitor) were expected to result in additive
or synergistic antitumor activity relative to each drug administered alone. Here, we report phase Ib results from JAVELIN
PARP MEKi, which investigated avelumab or talazoparib combined with binimetinib in metastatic pancreatic ductal
adenocarcinoma (mPDAC).
Patients and Methods: Patients with mPDAC that had progressed with prior treatment received avelumab 800 mg every
2 weeks plus binimetinib 45 mg or 30 mg two times daily (continuous), or talazoparib 0.75 mg daily plus binimetinib 45
mg or 30 mg two times daily (7 days on/7 days off). The primary endpoint was dose-limiting toxicity (DLT).
Results: A total of 22 patients received avelumab plus binimetinib 45 mg (n ¼ 12) or 30 mg (n ¼ 10). Among
DLT-evaluable patients, DLT occurred in five of 11 patients (45.5%) at the 45-mg dose, necessitating de-escalation to
30 mg; DLT occurred in three of 10 patients (30.0%) at the 30-mg dose. Among patients treated at the 45-mg dose,
one (8.3%) had a best overall response of partial response. Thirteen patients received talazoparib plus binimetinib
45 mg (n ¼ 6) or 30 mg (n ¼ 7). Among DLT-evaluable patients, DLT occurred in two of five patients (40.0%) at the
45-mg dose, necessitating de-escalation to 30 mg; DLT occurred in two of six patients (33.3%) at the 30-mg dose.
No objective responses were observed.
Conclusions: Combinations of avelumab or talazoparib plus binimetinib resulted in higher-than-expected DLT rates.
However, most DLTs were single occurrences, and the overall safety profiles were generally consistent with those
reported for the single agents.
Clinical trial registration: ClinicalTrials.gov NCT03637491; https://clinicaltrials.gov/ct2/show/NCT03637491
Key words: immune checkpoint inhibitor, PD-L1, PARP inhibitor, MEK inhibitor, metastatic pancreatic ductal
adenocarcinoma
INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is a highly
aggressive cancer associated with a poor prognosis and
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limited efficacious treatment options. PDAC is typically
diagnosed at an advanced stage, once the disease has
progressed and metastasized1,2; the 5-year survival rate in
the United States for patients diagnosed with metastatic
pancreatic cancer is 3.1%.3 Mutations in RAS have been
reported in z90% of pancreatic cancers.4 RAS is a GTPase
that acts as a molecular switch in the control of pro-
proliferation signaling pathways.5,6 Aberrant activation of
RAS by mutation results in prolonged signaling through
kinase cascades, such as the RAFeMEKeERK pathway,
resulting in increased cell proliferation and survival.5,6

Increased signaling through the RAFeMEKeERK pathway
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has also been shown to upregulate the expression of genes
such as CD274, which encodes programmed death-ligand 1
(PD-L1).7

Binimetinib is an oral, potent, small-molecule MEK1/2
inhibitor that, in vivo, has been shown to inhibit ERK
phosphorylation by MEK, thereby inhibiting cell prolifera-
tion, particularly those harboring RAS mutations.8 Further-
more, in preclinical studies, binimetinib inhibited the
growth of tumor xenograft models, including pancreatic
cancer.8 Binimetinib is approved in combination with
encorafenib (a BRAF inhibitor) for the treatment of patients
with BRAF-mutant (V600E or V600K) unresectable or met-
astatic melanoma.9 However, despite promising preclinical
activity of various MEK inhibitors, early-phase trials of the
MEK inhibitors trametinib and pimasertib have failed to
show meaningful activity in combination with gemcitabine
in patients with PDAC.10,11

Avelumab, an anti-PD-L1 monoclonal antibody, selec-
tively binds PD-L1 and competitively blocks its interaction
with programmed cell death protein 1 (PD-1), interfering
with a key immune checkpoint inhibition pathway.12

Avelumab is approved in various countries as first-line
maintenance treatment for patients with locally advanced
or metastatic urothelial carcinoma that has not progressed
with first-line platinum-based chemotherapy and for pa-
tients with disease progression after platinum-based
chemotherapy; as monotherapy for patients with metasta-
tic Merkel cell carcinoma; and in combination with axitinib
as first-line treatment for patients with advanced renal cell
carcinoma.13,14

Talazoparib is a potent, orally bioavailable poly(adenosine
diphosphate ribose) polymerase (PARP) inhibitor that is
cytotoxic to cancer cell lines harboring gene mutations that
compromise DNA repair.15,16 Talazoparib is approved for
treatment of patients with germline BRCA-mutated, human
epidermal growth factor receptor 2-negative, locally
advanced or metastatic breast cancer.17

Combinations of avelumab, talazoparib, and binimetinib
were expected to result in additive or synergistic antitumor
activity relative to each drug alone. Studies suggest that
inhibition of MEK combined with immune checkpoint
blockade promotes T-cell and antitumor activity.18 In a
KRAS-mutant tumor model, the combination of a MEK in-
hibitor with an anti-PD-L1 antibody showed greater anti-
tumor activity than either agent alone.18 Furthermore, in
multiple RAS-mutant tumor models, combining talazoparib
with the MEK inhibitor trametinib induced synergistic
cytotoxic effects.19 Finally, in KRAS-mutant tumor models,
observed resistance to PARP inhibition and anti-PD-L1
therapy, attributed to KRAS mutation, was reversed by
the inclusion of an MEK inhibitor, with a triplet combination
resulting in substantial antitumor activity.20

We report safety, pharmacokinetics, pharmacodynamics,
and efficacy results from phase Ib of the JAVELIN PARP MEKi
trial, which evaluated avelumab or talazoparib in combina-
tion with binimetinib in patients with metastatic PDAC
(mPDAC). We also report exploratory biomarker analyses
from patients who received avelumab plus binimetinib.
2 https://doi.org/10.1016/j.esmoop.2023.101584
PATIENTS AND METHODS

Study design

JAVELIN PARP MEKi (NCT03637491) was a phase Ib/II, open-
label, multicenter trial designed to investigate combinations
of avelumab, talazoparib, and binimetinib in patients with
mPDAC and other locally advanced or metastatic KRAS- or
NRAS-mutant solid tumors. Initially it was planned that the
combination of avelumab plus binimetinib would be
investigated to identify a recommended phase II dose
(RP2D) before assessing the RP2D of a triplet combination
(avelumab þ talazoparib þ binimetinib), followed by phase
II. After a protocol amendment, an additional dose-finding
part of phase Ib was added for the doublet combination
of talazoparib plus binimetinib to identify the RP2D, fol-
lowed by the triplet combination and then phase II. Data
reported are from phase Ib in patients with mPDAC who
received avelumab or talazoparib plus binimetinib.

In phase Ib, eligible patients were aged �18 years and
had histologically confirmed mPDAC that had progressed
during or following one or two prior lines of treatment for
advanced or metastatic disease. Other eligibility criteria
were measurable disease per RECIST version 1.1; Eastern
Cooperative Oncology Group performance status (ECOG PS)
of 0 or 1; adequate bone marrow, renal, liver, and cardiac
function; and negative pregnancy test (in all females of
childbearing potential). Patients were excluded if they had
been previously treated with avelumab, a PARP inhibitor, or
an MEK inhibitor. Other key exclusion criteria were known
hypersensitivity to any of the study drugs; known history of
immune-mediated colitis, inflammatory bowel disease,
pneumonitis, pulmonary fibrosis, uveitis, or iritis; active
autoimmune disease that might deteriorate when receiving
an immunostimulatory agent (excluding type 1 diabetes,
vitiligo, psoriasis, or hypothyroid/hyperthyroid disease not
requiring immunosuppressive treatment); known symp-
tomatic brain metastases requiring steroids; clinically sig-
nificant cardiovascular, cerebrovascular, or thromboembolic
disease in the last 6 months; uncontrolled hypertension;
and retinal degenerative disease, retinal vascular occlusion,
or risk factors for retinal vascular occlusion. The trial was
conducted in accordance with the Declaration of Helsinki,
the International Council for Harmonisation Guideline for
Good Clinical Practice, and the International Ethical Guide-
lines for Biomedical Research Involving Human Subjects. All
patients provided written informed consent before enroll-
ment. The protocol, amendments, and informed consent
forms were approved by the institutional review board or
independent ethics committee at each center.
Study treatment

Patients received avelumab or talazoparib plus binimetinib.
For each combination, patients were enrolled in cohorts of
three to six patients. The starting dose for the avelumab
plus binimetinib combination was avelumab 800 mg by 1-
hour intravenous infusion every 2 weeks plus binimetinib
45 mg orally two times daily (continuous). To mitigate the
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potential for infusion-related reactions (IRRs), premed-
ication with an antihistamine and paracetamol (acetamin-
ophen) was mandatory before the first four infusions of
avelumab. The starting dose for the talazoparib plus bini-
metinib combination was talazoparib 0.75 mg orally one
time daily (continuous) plus binimetinib 45 mg orally two
times daily in a 7 days on/7 days off schedule. For both
combinations, dose-level selection was guided by the
escalation with overdose control (EWOC) criterion21 that
required that a dose level could only be used for newly
enrolled patients if the risk of excessive toxicity [i.e. dose-
limiting toxicity (DLT) rate �33%] was <25% [a posterior
probability of overdose (PrOD) of <0.25]. Patients received
study treatment until objective disease progression as
assessed by investigator, patient withdrawal, unacceptable
toxicity, loss to follow-up, or other criteria for discontinua-
tion occurred.
Endpoints and assessments

The primary endpoint for phase Ib was DLT during the DLT
evaluation period [cycle 1 (28 days)]. Secondary endpoints
were safety, confirmed objective response according to
RECIST version 1.1 per investigator, pharmacokinetics,
immunogenicity of avelumab [antidrug antibody (ADA)
levels], and biomarker analyses (including PD-L1 expression
and gene alterations). Adverse events (AEs) were graded
according to the National Cancer Institute Common Ter-
minology Criteria for Adverse Events, version 4.03, and
coded using the Medical Dictionary for Regulatory Activities
(MedDRA), version 23.1. DLT was defined as any of the
following events occurring in the DLT observation period
[cycle 1 (28 days)] if considered related to either or both
study drugs: grade 4 neutropenia (>5 days), febrile neu-
tropenia, neutropenic infection (absolute neutrophil count
<1000/mm3 or <1.0 � 109/L, and grade >3 infection),
grade �3 thrombocytopenia with bleeding, grade 4
thrombocytopenia, grade 4 anemia, grade �3 creatine
phosphokinase (CPK) increase that was associated with an
increase in creatinine �1.5 � the patient’s baseline level,
grade 3 troponin increase associated with any sign of car-
diac toxicity, and any potential Hy’s law cases. Other grade
�3 nonhematologic toxicities of any duration were also
defined as DLTs, except for certain AEs that were clinically
manageable and/or of short duration, and laboratory
anomalies without symptoms or clinical correlate. Addi-
tional DLTs included eye disorders (e.g. retinal vascular
disorder), cardiac disorders (e.g. absolute left ventricular
ejection fraction decrease >10% to below the lower limit of
normal), respiratory disorders (e.g. grade �2 interstitial
lung disease/pneumonitis), and skin disorders. Any
treatment-related AE (TRAE) resulting in a dose reduction of
talazoparib or binimetinib during the DLT observation
period or the inability to complete 75% of the planned
doses of any study drug during the DLT observation period
was also classified as a DLT. IRRs were identified using
prespecified lists of MedDRA terms in association with time
of onset and resolution. Objective response was defined as
Volume 8 - Issue 4 - 2023
a complete response (CR) or partial response (PR) per
RECIST version 1.1. Both CRs and PRs must have been
confirmed by repeat assessments carried out �4 weeks
after the criteria for response were first met. Tumor as-
sessments were carried out at baseline, every 8 weeks for
52 weeks, and every 16 weeks thereafter.

Blood samples for pharmacokinetic analyses were
collected before and after dose on days 1 and 15 of cycles 1
and 2, after dose on day 7 of cycle 1, and before dose on
day 1 of cycles 3, 5, 9, and 12 for avelumab; before dose on
days 1, 8 (talazoparib þ binimetinib combination only), and
15 of cycle 1 and on day 1 of cycles 2 and 3 for talazoparib
and binimetinib; and 1, 2, and 3 hours post-binimetinib
dosing on days 1 and 8 of cycle 1 in patients receiving
the talazoparib plus binimetinib combination for binimeti-
nib and metabolites. Analyses were quantified using vali-
dated bioanalytical methods. Pharmacokinetic parameters
of interest were directly observed from data.

For the avelumab plus binimetinib combination, blood
samples for avelumab immunogenicity (ADA) testing were
collected prior to dosing on days 1 and 15 of cycles 1 and 2
and day 1 of cycles 3, 5, 9, and 12. ADA detection was
conducted using an avelumab homogenous bridging elec-
trochemiluminescence ADA assay (QPS; Newark, DE, USA).

Biomarker analyses

For biomarker assessments in the avelumab plus binimeti-
nib groups, tumor biopsies were taken prior to study
treatment, either during screening or within 1 year prior to
enrollment (if the patient had not received any subsequent
systemic anticancer treatment), and blood samples were
collected prior to dosing on days 1, 8, and 15 of cycle 1, day
1 of cycles 2-5, and at end of treatment. CD8þ tumor-
infiltrating lymphocytes (TILs) in baseline tumor samples
were assessed by immunohistochemistry using the SP239
(Abcam) antibody. PD-L1 expression was analyzed by
immunohistochemistry (Ventana SP263 assay) using a
combined positivity score (number of PD-L1-stained im-
mune and tumor cells divided by the total number of viable
tumor cells, multiplied by 100). Molecular alterations were
assessed by next-generation sequencing of plasma circu-
lating tumor DNA using the Guardant Health OMNI assay
(500-gene panel; 2.1 MB).

Statistical analysis

Safety and antitumor activity were assessed in all patients
who received one or more dose of study treatment. DLTs
were evaluated in all patients who received one or more
doses of combination treatment and either experienced DLT
during the DLTobservation period (cycle 1) or completed this
period without DLT. Patients without DLTs who withdrew
from study treatment before receiving �75% of the planned
dose in cycle 1 for reasons other than toxicity attributable to
study treatment were not evaluable for DLT. Planned
enrollment and dose assignment for each doublet combi-
nation in phase Ib were guided by a Bayesian logistic
regression model. The posterior distribution for the risk of
https://doi.org/10.1016/j.esmoop.2023.101584 3
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DLT was evaluated and summarized to provide the posterior
probability that the risk of DLT lay within the following in-
tervals: underdosing (0-0.16), target toxicity (0.16-0.33), and
excessive toxicity (0.33-1). Objective response rate (ORR) was
defined as the proportion of patients with a confirmed CR or
PR among all treated patients per investigator assessment
according to RECIST version 1.1; patients with inadequate
data for tumor assessment (e.g. no baseline assessment or
follow-up assessments) were considered nonresponders.
Two-sided 95% confidence intervals (95% CIs) for ORRs were
calculated using the ClopperePearson method.

RESULTS

The initial cohort of patients with mPDAC received avelu-
mab plus binimetinib 45 mg; however, because the level of
DLTs exceeded prespecified criteria, the binimetinib dose
was de-escalated to 30 mg for subsequent patients. The
protocol was amended, and an additional dose-finding part
of phase Ib was planned to investigate the doublet com-
bination of talazoparib plus binimetinib to identify an RP2D
before proceeding to assessment of the RP2D of the triplet
combination to continue to phase II. In addition, because of
observed DLT associated with continuous dosing of bini-
metinib in the initial avelumab plus binimetinib combina-
tion, the dosing schedule for binimetinib in the talazoparib
plus binimetinib combination was modified to a 7 days on/7
Table 1. Baseline characteristics of patients in the avelumab plus binimetinib a

Avelumab D
binimetinib
45 mga (n [ 12)

Avelumab D
binimetinib
30 mga (n [ 10)

A
b
p

Age, median (range), years 66.0 (53.0-80.0) 66.0 (42.0-83.0) 6
Sex, n (%)
Male 9 (75.0) 6 (60.0) 1
Female 3 (25.0) 4 (40.0)

Race, n (%)
White 12 (100) 9 (90.0) 2
Asian 0 (0) 1 (10.0)
Not reported 0 (0) 0 (0)

Pooled geographic region, n (%)
North America 12 (100) 8 (80.0) 2
Europe 0 (0) 1 (10.0)
Asia 0 (0) 1 (10.0)

ECOG PS, n (%)
0 0 (0) 3 (30.0)
1 12 (100) 7 (70.0) 1

Primary diagnosis, n (%)
Pancreatic ductal adenocarcinoma 12 (100) 10 (100) 2

TNM stage,22 n (%)
IV 10 (83.3) 10 (100) 2
Not reported 2 (16.7) 0 (0)

Prior regimens of anticancer
therapy, n (%)c

1 0 (0) 1 (10.0)
2 9 (75.0) 4 (40.0) 1
3 2 (16.7) 4 (40.0)
�4 1 (8.3) 1 (10.0)

Prior radiotherapy, n (%)
Yes 2 (16.7) 4 (40.0)
No/not reported 10 (83.3) 6 (60.0) 1

ECOG PS, Eastern Cooperative Oncology Group performance status; TNM, tumourenodee
aDosing schedule: avelumab every 2 weeks plus binimetinib two times daily (continuous).
bDosing schedule: talazoparib once daily (continuous) plus binimetinib two times daily (7 d
cIncluding regimens of neoadjuvant, adjuvant, advanced/metastatic, or locoregional disease

4 https://doi.org/10.1016/j.esmoop.2023.101584
days off intermittent dosing schedule in an attempt to
mitigate potential toxicities. However, an excess of DLTs was
also observed at the talazoparib plus binimetinib 45-mg
dose level, leading to the binimetinib dose being de-
escalated to 30 mg (7 days on/7 days off). Subsequently,
the JAVELIN PARP MEKi trial was terminated before an
RP2D was established, the triplet combination was not
explored, and phase II was not initiated. Therefore, only
phase Ib results for the two doublet combinations are re-
ported within this article.

Avelumab plus binimetinib

Patients. A total of 22 patients with mPDAC were enrolled
and treated with avelumab 800 mg plus binimetinib 45 mg
(n ¼ 12) or 30 mg (n ¼ 10). Most patients (95.5%) had
received two or more prior regimens of anticancer therapy
(Table 1). The majority were male (68.2%) and had an ECOG
PS of 1 (86.4%). All patients discontinued study treatment
(Supplementary Table S1, available at https://doi.org/10.
1016/j.esmoop.2023.101584). The most common reason
for discontinuation of either drug was disease progression
at both the avelumab plus binimetinib 45-mg dose [avelu-
mab, n ¼ 8 (66.7%); binimetinib, n ¼ 7 (58.3%)] and the
avelumab plus binimetinib 30-mg dose [avelumab, n ¼ 6
(60.0%); binimetinib, n ¼ 4 (40.0%)]. The median duration
of treatment was 13.0 weeks (range, 2.0-80.1) for avelumab
nd talazoparib plus binimetinib combination groups

velumab D
inimetinib
ooleda (n [ 22)

Talazoparib D
binimetinib
45 mgb (n [ 6)

Talazoparib D
binimetinib
30 mgb (n [ 7)

Talazoparib D
binimetinib
pooledb (n [ 13)

6.0 (42.0-83.0) 67.5 (51.0-78.0) 69.0 (51.0-81.0) 68.0 (51.0-81.0)

5 (68.2) 3 (50.0) 1 (14.3) 4 (30.8)
7 (31.8) 3 (50.0) 6 (85.7) 9 (69.2)

1 (95.5) 5 (83.3) 6 (85.7) 11 (84.6)
1 (4.5) 0 (0) 0 (0) 0 (0)
0 (0) 1 (16.7) 1 (14.3) 2 (15.4)

0 (90.9) 4 (66.7) 7 (100) 11 (84.6)
1 (4.5) 2 (33.3) 0 (0) 2 (15.4)
1 (4.5) 0 (0) 0 (0) 0 (0)

3 (13.6) 4 (66.7) 1 (14.3) 5 (38.5)
9 (86.4) 2 (33.3) 6 (85.7) 8 (61.5)

2 (100) 6 (100) 7 (100) 13 (100)

0 (90.9) 6 (100) 7 (100) 13 (100)
2 (9.1) 0 (0) 0 (0) 0 (0)

1 (4.5) 1 (16.7) 3 (42.9) 4 (30.8)
3 (59.1) 2 (33.3) 1 (14.3) 3 (23.1)
6 (27.3) 2 (33.3) 0 (0) 2 (15.4)
2 (9.1) 1 (16.7) 3 (42.9) 4 (30.8)

6 (27.3) 2 (33.3) 2 (28.6) 4 (30.8)
6 (72.7) 4 (66.7) 5 (71.4) 9 (69.2)

metastasis.

ays on/7 days off).
/recurrence drug therapies.
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and 9.0 weeks (range, 2.0-30.7) for binimetinib at the
avelumab plus binimetinib 45-mg dose and 7.9 weeks
(range, 2.0-32.1) for avelumab and 5.9 weeks (range,
2.0-31.6) for binimetinib at the avelumab plus binimetinib
30-mg dose (Supplementary Table S1, available at https://
doi.org/10.1016/j.esmoop.2023.101584).

Safety. Of 11 DLT-evaluable patients, DLT occurred in five
patients (45.5%) at the avelumab plus binimetinib 45-mg
dose (Table 2); the DLTs in individual patients were CPK
increased (grade 4); pustular rash (grade 3); hypertension
(grade 3); retinal pigment epithelium detachment (grade 3);
and abdominal pain, nausea, vomiting (all grade 2), and
diarrhea (grade 1). The PrOD at the binimetinib 45-mg dose
was 0.535, exceeding the EWOC criterion of PrOD <0.25;
therefore the dose was de-escalated to 30 mg for subse-
quent patients. DLT occurred in three of 10 patients (30.0%)
at the avelumab plus binimetinib 30-mg dose and included
mucosal inflammation (mucositis), acneiform dermatitis, and
CPK increase (all grade 3 and n ¼ 1). The PrOD at the 30-mg
dose was 0.238.

Across both doses, any-grade treatment-emergent AEs
(any causality) occurred in all 22 patients. Grade �3 AEs
occurred in nine of 12 patients (75.0%) at the avelumab
plus binimetinib 45-mg dose and 10 (100%) at the avelumab
plus binimetinib 30-mg dose. Any-grade TRAEs occurred in
all 22 patients (Table 3). Grade �3 TRAEs occurred in four
patients (33.3%) at the avelumab plus binimetinib 45-mg
dose and eight (80.0%) at the avelumab plus binimetinib
30-mg dose. The most common grade �3 TRAE at both
doses was CPK increased [45 mg, n ¼ 2 (16.7%); 30 mg, n ¼
3 (30.0%)]. TRAEs led to discontinuation of avelumab in one
patient (8.3%) at the avelumab plus binimetinib 45-mg dose
Table 2. Summary of DLTs in DLT-evaluable patients in the avelumab plus binim

Avelumab D
binimetinib
45 mga (n [ 11)

Avelumab D
binimetinib
30 mga (n [ 10)

Av
bin
po

Patients with DLT, n (%) 5 (45.5) 3 (30.0) 8 (
Anemia 0 (0) 0 (0) 0 (
Detachment of retinal pigment

epithelium
1 (9.1) 0 (0) 1 (

Abdominal pain 1 (9.1) 0 (0) 1 (
Diarrhea 1 (9.1) 0 (0) 1 (
Nausea 1 (9.1) 0 (0) 1 (
Vomiting 1 (9.1) 0 (0) 1 (
Fatigue 0 (0) 0 (0) 0 (
Mucosal inflammation 0 (0) 1 (10.0) 1 (
Rash pustular 1 (9.1) 0 (0) 1 (
Blood creatine phosphokinase

increased
1 (9.1) 1 (10.0) 2 (

Neutrophil count decreased 0 (0) 0 (0) 0 (
Platelet count decreased 0 (0) 0 (0) 0 (
Myalgia 0 (0) 0 (0) 0 (
Pulmonary embolism 0 (0) 0 (0) 0 (
Dermatitis acneiform 0 (0) 1 (10.0) 1 (
Deep vein thrombosis 0 (0) 0 (0) 0 (
Hypertension 1 (9.1) 0 (0) 1 (

DLT, dose-limiting toxicity.
aDosing schedule: avelumab every 2 weeks plus binimetinib two times daily (continuous).
bDosing schedule: talazoparib once daily (continuous) plus binimetinib two times daily (7 d
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(pneumonitis) and one (10.0%) at the avelumab plus bini-
metinib 30-mg dose (mucosal inflammation). TRAEs led to
discontinuation of binimetinib in three patients at the
avelumab plus binimetinib 45-mg dose [25.0%; CPK
increased, detachment of retinal pigment epithelium,
abdominal pain, and diarrhea (n ¼ 1 each)] and three pa-
tients at the avelumab plus binimetinib 30-mg dose [30.0%;
CPK increased (n ¼ 2) and mucosal inflammation (n ¼ 1)].
One patient at the avelumab plus binimetinib 30-mg dose
discontinued both study drugs (mucosal inflammation). No
treatment-related deaths occurred. IRRs occurred in one
patient (8.3%) at the avelumab plus binimetinib 45-mg dose
and in three patients (30.0%) at the avelumab plus bini-
metinib 30-mg dose; all were grade 2, and none led to
discontinuation of avelumab.

Efficacy. At the avelumab plus binimetinib 45-mg dose, one
patient had a confirmed PR [ORR, 8.3% (95% CI 0.2-38.5)]
and six (50.0%) had a best overall response of stable disease
(SD; Supplementary Table S2, available at https://doi.org/
10.1016/j.esmoop.2023.101584). No objective responses
were observed at the avelumab plus binimetinib 30-mg
dose; one patient (10.0%) had SD.

Pharmacokinetics. Avelumab concentrations at the end of
the dosing interval (Ctrough) and maximum concentrations
(Cmax) were consistent with expected exposures
(Supplementary Figure S1A, available at https://doi.org/10.
1016/j.esmoop.2023.101584); steady state was achieved by
cycle 2 day 1. Binimetinib Ctrough concentrations were within
the range of predicted concentrations (Supplementary
Figure S1B, available at https://doi.org/10.1016/j.esmoop.
2023.101584); steady-state exposures were achieved by the
first pharmacokinetic assessment after day 1.
etinib or talazoparib plus binimetinib combination groups

elumab D
imetinib
oleda (n [ 21)

Talazoparib D
binimetinib
45 mgb (n [ 5)

Talazoparib D
binimetinib
30 mgb (n [ 6)

Talazoparib D
binimetinib
pooledb (n [ 11)

38.1) 2 (40.0) 2 (33.3) 4 (36.4)
0) 1 (20.0) 0 (0) 1 (9.1)
4.8) 0 (0) 0 (0) 0 (0)

4.8) 0 (0) 0 (0) 0 (0)
4.8) 1 (20.0) 0 (0) 1 (9.1)
4.8) 0 (0) 0 (0) 0 (0)
4.8) 0 (0) 0 (0) 0 (0)
0) 0 (0) 1 (16.7) 1 (9.1)
4.8) 0 (0) 0 (0) 0 (0)
4.8) 0 (0) 0 (0) 0 (0)
9.5) 0 (0) 1 (16.7) 1 (9.1)

0) 1 (20.0) 0 (0) 1 (9.1)
0) 1 (20.0) 0 (0) 1 (9.1)
0) 0 (0) 1 (16.7) 1 (9.1)
0) 1 (20.0) 0 (0) 1 (9.1)
4.8) 0 (0) 0 (0) 0 (0)
0) 1 (20.0) 0 (0) 1 (9.1)
4.8) 0 (0) 0 (0) 0 (0)

ays on/7 days off).
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Table 3. Most common TRAEs in the pooled avelumab plus binimetinib or talazoparib plus binimetinib combination groups

Avelumab D
binimetinib 45 mga

(n [ 12)

Avelumab D
binimetinib 30 mga

(n [ 10)

Avelumab D
binimetinib pooleda

(n [ 22)

Talazoparib D
binimetinib 45 mgb

(n [ 6)

Talazoparib D
binimetinib 30 mgb

(n [ 7)

Talazoparib D
binimetinib pooledb

(n [ 13)

Any grade Grade �3 Any grade Grade �3 Any grade Grade �3 Any grade Grade �3 Any grade Grade �3 Any grade Grade �3

Any TRAE, n (%) 12 (100) 4 (33.3) 10 (100) 8 (80.0) 22 (100) 12 (54.5) 6 (100) 3 (50.0) 7 (100) 0 (0) 13 (100) 3 (23.1)
Rash 7 (58.3) 0 (0) 4 (40.0) 0 (0) 11 (50.0) 0 (0) 1 (16.7) 0 (0) 2 (28.6) 0 (0) 3 (23.1) 0 (0)
Blood creatine phosphokinase increased 4 (33.3) 2 (16.7) 3 (30.0) 3 (30.0) 7 (31.8) 5 (22.7) 0 (0) 0 (0) 3 (42.9) 0 (0) 3 (23.1) 0 (0)
Dermatitis acneiform 3 (25.0) 0 (0) 4 (40.0) 1 (10.0) 7 (31.8) 1 (4.5) 3 (50.0) 1 (16.7) 2 (28.6) 0 (0) 5 (38.5) 1 (7.7)
Aspartate aminotransferase increased 2 (16.7) 0 (0) 4 (40.0) 1 (10.0) 6 (27.3) 1 (4.5) 1 (16.7) 0 (0) 0 (0) 0 (0) 1 (7.7) 0 (0)
Nausea 4 (33.3) 0 (0) 1 (10.0) 0 (0) 5 (22.7) 0 (0) 4 (66.7) 0 (0) 2 (28.6) 0 (0) 6 (46.2) 0 (0)
Vomiting 3 (25.0) 0 (0) 1 (10.0) 0 (0) 4 (18.2) 0 (0) 2 (33.3) 1 (16.7) 1 (14.3) 0 (0) 3 (23.1) 1 (7.7)
Diarrhea 3 (25.0) 0 (0) 1 (10.0) 0 (0) 4 (18.2) 0 (0) 3 (50.0) 1 (16.7) 1 (14.3) 0 (0) 4 (30.8) 1 (7.7)
Pruritus 2 (16.7) 0 (0) 2 (20.0) 1 (10.0) 4 (18.2) 1 (4.5) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Alanine aminotransferase increased 1 (8.3) 0 (0) 3 (30.0) 1 (10.0) 4 (18.2) 1 (4.5) 1 (16.7) 0 (0) 0 (0) 0 (0) 1 (7.7) 0 (0)
Infusion-related reaction 1 (8.3) 0 (0) 3 (30.0) 0 (0) 4 (18.2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Edema peripheral 2 (16.7) 0 (0) 1 (10.0) 0 (0) 3 (13.6) 0 (0) 0 (0) 0 (0) 1 (14.3) 0 (0) 1 (7.7) 0 (0)
Retinopathy 3 (25.0) 0 (0) 0 (0) 0 (0) 3 (13.6) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Fatigue 1 (8.3) 0 (0) 2 (20.0) 1 (10.0) 3 (13.6) 1 (4.5) 1 (16.7) 0 (0) 4 (57.1) 0 (0) 5 (38.5) 0 (0)
Hypertension 1 (8.3) 1 (8.3) 1 (10.0) 1 (10.0) 2 (9.1) 2 (9.1) 1 (16.7) 1 (16.7) 0 (0) 0 (0) 1 (7.7) 1 (7.7)
Mucosal inflammation 1 (8.3) 0 (0) 1 (10.0) 1 (10.0) 2 (9.1) 1 (4.5) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Myalgia 0 (0) 0 (0) 1 (10.0) 0 (0) 1 (4.5) 0 (0) 0 (0) 0 (0) 2 (28.6) 0 (0) 2 (15.4) 0 (0)
Anemia 1 (8.3) 0 (0) 0 (0) 0 (0) 1 (4.5) 0 (0) 2 (33.3) 1 (16.7) 1 (14.3) 0 (0) 3 (23.1) 1 (7.7)
Pneumonitis 1 (8.3) 1 (8.3) 0 (0) 0 (0) 1 (4.5) 1 (4.5) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Detachment of retinal pigment epithelium 1 (8.3) 1 (8.3) 0 (0) 0 (0) 1 (4.5) 1 (4.5) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Rash pustular 1 (8.3) 1 (8.3) 0 (0) 0 (0) 1 (4.5) 1 (4.5) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Lipase increased 0 (0) 0 (0) 1 (10.0) 1 (10.0) 1 (4.5) 1 (4.5) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Platelet count decreased 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (33.3) 1 (16.7) 1 (14.3) 0 (0) 3 (23.1) 1 (7.7)
Decreased appetite 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (33.3) 0 (0) 0 (0) 0 (0) 2 (15.4) 0 (0)
Deep vein thrombosis 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (16.7) 0 (0) 1 (14.3) 0 (0) 2 (15.4) 0 (0)
Vision blurred 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (33.3) 0 (0) 0 (0) 0 (0) 2 (15.4) 0 (0)
Pulmonary embolism 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (16.7) 1 (16.7) 0 (0) 0 (0) 1 (7.7) 1 (7.7)
Neutrophil count decreased 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (16.7) 1 (16.7) 0 (0) 0 (0) 1 (7.7) 1 (7.7)

Any-grade TRAEs occurring in �10% of patients and all grade �3 TRAEs in the pooled avelumab plus binimetinib or talazoparib plus binimetinib combinations.
TRAE, treatment-related adverse event.
aDosing schedule: avelumab every 2 weeks plus binimetinib two times daily (continuous).
bDosing schedule: talazoparib once daily (continuous) þ binimetinib two times daily (7 days on/7 days off).
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Figure 1. Best percentage change in tumor size in patients receiving the avelumab plus binimetinib combination by (A) PD-L1 expression and (B) number of CD8D

TILs.
*Number of PD-L1þ cells (using a combined positivity score including expression on immune and tumor cells) divided by total number of viable tumor cells, multiplied
by 100.
NE, not evaluable; PD, progressive disease; PD-L1, programmed death-ligand 1; PR, partial response; SD, stable disease; TIL, tumor-infiltrating lymphocyte.
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Immunogenicity. Of the 22 patients who received the
avelumab plus binimetinib combination, three (13.6%)
developed treatment-induced ADAs. Of these, two patients
(9.1%; both at the 30-mg dose) had a persistent ADA
response. Because of the low incidence of ADA, analysis of
Volume 8 - Issue 4 - 2023
neutralizing antibodies against avelumab was not
conducted.

Biomarker analyses. In 14 biomarker-evaluable patients
across both doses, tumor shrinkage correlated with higher
https://doi.org/10.1016/j.esmoop.2023.101584 7
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Figure 2. Best percentage change in tumor size in patients receiving the avelumab plus binimetinib combination by alterations in (A) MEK1/2, (B) PIK3CA, (C)
RNF43, and (D) ERBB4.
Note: P values are based on the Wilcoxon rank sum test. Diamonds represent the mean, and X symbols represent the median.
*The same three patients had alterations in both PIK3CA and RNF43 (B and C).
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baseline PD-L1 expression (using a combined positivity
score including expression on immune and tumor cells) and
a higher number of CD8þ TILs (Figure 1). Plasma circulating
tumor DNA analysis of baseline samples from both doses
(n ¼ 19) identified different genetic alterations that
appeared to correlate with changes in tumor size (Figure 2).
Alterations in MEK1/2, PI3KCA, and RNF43 were associated
with tumor shrinkage, whereas alterations in ERBB4 corre-
lated inversely with changes in tumor size. Of note, the
patient who had a PR had high tumor PD-L1 expression; a
high number of CD8þ TILs; mutations in ARID1A, CDKN2A,
KRAS, LRP1B, MEK2, PCDH15, PIK3CA, TP53, and TRAF3; and
also an amplification in RNF43.
Talazoparib plus binimetinib

Patients. A total of 13 patients with mPDAC were enrolled
and treated with talazoparib 0.75 mg plus binimetinib 45
mg (n ¼ 6) or 30 mg (n ¼ 7). Most patients (69.2%) had
received two or more prior regimens of anticancer therapy
(Table 1). The majority were female (69.2%) and had an
ECOG PS of 1 (61.5%); the median age was 68.0 years.
Because of observed DLTs with continuous binimetinib
dosing in the avelumab plus binimetinib combination, the
dosing schedule for binimetinib for this combination was
modified to a 7 days on/7 days off intermittent dosing
schedule in an attempt to mitigate potential toxicities. All
patients discontinued study treatment (Supplementary
8 https://doi.org/10.1016/j.esmoop.2023.101584
Table S1, available at https://doi.org/10.1016/j.esmoop.
2023.101584). The most common reason for discontinua-
tion of either drug was disease progression at both the
talazoparib plus binimetinib 45-mg dose [talazoparib, n ¼ 4
(66.7%); binimetinib, n ¼ 4 (66.7%)] and the talazoparib
plus binimetinib 30-mg dose [talazoparib, n ¼ 4 (57.1%);
binimetinib, n ¼ 4 (57.1%)]. The median duration of treat-
ment was 6.9 weeks (range, 2.0-20.0) for talazoparib and
6.6 weeks (range, 1.1-19.0 weeks) for binimetinib at the
talazoparib plus binimetinib 45-mg dose and 5.1 weeks
(range, 2.3-9.6 weeks) for talazoparib and 5.1 weeks (range,
2.3-9.1 weeks) for binimetinib at the talazoparib plus bini-
metinib 30-mg dose (Supplementary Table S1, available at
https://doi.org/10.1016/j.esmoop.2023.101584).

Safety. Among five DLT-evaluable patients, DLT occurred in
two patients (40.0%) at the talazoparib plus binimetinib 45-
mg dose (Table 2); the DLTs in individual patients were
pulmonary embolism (grade 3) and deep vein thrombosis
(grade 2); and anemia, neutrophil count decrease, platelet
count decrease, and diarrhea (all grade 3). The PrOD at the
45-mg dose was 0.359, exceeding the EWOC criterion of
PrOD <0.25, leading to de-escalation of the binimetinib
dose to 30 mg for subsequent patients. At the talazoparib
plus binimetinib 30-mg dose, DLT occurred in two of six
evaluable patients (33.3%; Table 2). The DLTs in individual
patients were myalgia (grade 2), CPK increase (grade 1), and
fatigue (grade 2). The PrOD at the 30-mg dose was 0.219.
Volume 8 - Issue 4 - 2023
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Any-grade treatment-emergent AEs (any causality)
occurred in all 13 patients across both doses. Grade �3 AEs
occurred in five of six patients (83.3%) at the talazoparib
plus binimetinib 45-mg dose and in four of seven patients
(57.1%) at the talazoparib plus binimetinib 30-mg dose.
Any-grade TRAEs occurred in all 13 patients receiving the
talazoparib plus binimetinib combination (Table 3). At the
talazoparib plus binimetinib 45-mg dose, grade �3 TRAEs
occurred in three patients (50.0%); these included anemia,
dermatitis acneiform, diarrhea, hypertension, neutrophil
count decrease, platelet count decrease, pulmonary em-
bolism, and vomiting [n ¼ 1 each (16.7%)]. No grade �3
TRAEs occurred at the talazoparib plus binimetinib 30-mg
dose. At the talazoparib plus binimetinib 45-mg dose,
TRAEs led to discontinuation of both talazoparib and bini-
metinib for one patient (16.7%; pulmonary embolism and
deep vein thrombosis). No TRAEs led to discontinuation of
either study drug at the talazoparib plus binimetinib 30-mg
dose. No treatment-related deaths occurred.

Efficacy. No objective responses were observed at either
talazoparib plus binimetinib dose (Supplementary Table S2,
available at https://doi.org/10.1016/j.esmoop.2023.101584).
At the talazoparib plus binimetinib 45- and 30-mg doses, two
patients (33.3%) and one patient (14.3%), respectively, had a
best overall response of SD.

Pharmacokinetics. Talazoparib Ctrough concentrations
were at expected levels, although data were limited
(Supplementary Figure S2A, available at https://doi.org/10.
1016/j.esmoop.2023.101584). Binimetinib concentrations
were similar to those observed with the avelumab plus
binimetinib combination (Supplementary Figure S2B, avail-
able at https://doi.org/10.1016/j.esmoop.2023.101584).
The concentration of binimetinib and the metabolite
AR00426032 when binimetinib was given in a 7 days on/7
days off schedule was assessed at 1, 2, and 3 hours post
dose on days 1 and 8 of cycle 1. The median plasma con-
centrations of binimetinib were characterized by a rapid
absorption phase, typically reaching peak plasma levels
within 1-2 hours post dose, and was quickly converted to
AR00426032, with peak AR00426032 plasma levels occur-
ring within 2 hours post dose. One patient at the talazoparib
plus binimetinib 30-mg dose had low exposures of bini-
metinib on day 8, which were not explained by dosing re-
cords or other factors. Following the 7-day off-treatment
period, most binimetinib and metabolite concentrations
were below the limit of quantitation.
DISCUSSION

The JAVELIN PARP MEKi trial was terminated before an
RP2D was established. In patients with mPDAC treated with
combinations of avelumab plus binimetinib or talazoparib
plus binimetinib, the starting dose of binimetinib 45 mg was
associated with DLT rates (PrODs of 0.535 and 0.359,
respectively) that necessitated investigation of a lower dose
(30 mg). These PrODs suggested that the combination of
either avelumab or talazoparib with binimetinib 45 mg may
Volume 8 - Issue 4 - 2023
have exceeded the maximum tolerated dose. Although the
EWOC criterion was not exceeded with the binimetinib 30-
mg dose in either combination, proceeding with a triplet
combination did not appear to be feasible, even with
intermittent binimetinib dosing.

Most DLTs were single occurrences, except for diarrhea
and CPK increase, which were reported as DLTs for two and
three patients, respectively, across the different doses.
Despite the higher-than-expected rates of DLT at both
binimetinib doses, the overall safety profiles of the combi-
nations were generally consistent with those reported for
the agents when given as monotherapy,15,23,24 and no new
safety concerns were observed for any drug. Antitumor
activity for both combinations was limited. As a result, a
high proportion of patients discontinued study treatment
due to disease progression, and the median duration of
treatment for all drugs was short (5.1-13.0 weeks). With the
caveat of small numbers, for the avelumab plus binimetinib
combination, a higher dose of binimetinib (45 mg) had a
higher number of patients with SD and one confirmed PR
compared with the lower dose (30 mg). Pharmacokinetic
data, although limited, indicated that avelumab, talazo-
parib, and binimetinib exposures were within the range of
those in previous monotherapy studies.12,25,26 There was no
evidence of a pharmacokinetic-mediated drug interaction
between avelumab and binimetinib, and, despite limited
trial data, a pharmacokinetic-mediated drug interaction was
neither observed nor expected for talazoparib plus bini-
metinib based on their metabolic profiles. A low incidence
of ADA in patients receiving the avelumab plus binimetinib
combination was observed that did not appear to impact
the pharmacokinetics of avelumab or the safety of the
combination treatment.

Results from biomarker analyses of the avelumab plus
binimetinib combination provide insights into potential
mechanisms of treatment response and resistance. Tumor
shrinkage correlated with higher baseline PD-L1 expression;
higher number of CD8þ TILs; and alterations in MEK1/2,
PI3KCA, and RNF43. However, patient numbers were small,
hindering definitive conclusions. Biomarker analyses were
not conducted for the talazoparib plus binimetinib combi-
nation due to the limited clinical benefit observed.

Based on results from the phase Ib part of this trial,
phase II was not initiated due to the low probability of
achieving target doses with a triplet combination while
maintaining acceptable tolerability and the limited anti-
tumor activity observed in patients with mPDAC.
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