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Preclinical data demonstrated that combining an anti–programmed cell death 1 (PD-1)

inhibitor with a cyclin-dependent kinase 9 (CDK9) inhibitor provided enhanced

antitumor activity with no significant toxicities, suggesting this combination may be a

potential therapeutic option. The multicohort, phase 1 KEYNOTE-155 study evaluated the

safety and antitumor activity of the PD-1 inhibitor pembrolizumab plus the CDK9

inhibitor dinaciclib in patients with relapsed or refractory (rr) chronic lymphocytic

leukemia (CLL), diffuse large B-cell lymphoma (DLBCL) and multiple myeloma (MM).

Patients enrolled were $18 years of age with a confirmed diagnosis of CLL, DLBCL, or

MM. The study included 2 phases: a dose-evaluation phase to determine dose-limiting

toxicities and a signal-detection phase. Patients received pembrolizumab 200 mg every

3 weeks plus dinaciclib 7 mg/m2 on day 1 and 10 mg/m2 on day 8 of cycle 1 and 14 mg/m2

on days 1 and 8 of cycles 2 and later. Primary endpoint was safety, and a key secondary

endpoint was objective response rate (ORR). Seventy-two patients were enrolled and

received $1 dose of study treatment (CLL, n 5 17; DLBCL, n 5 38; MM, n 5 17).

Pembrolizumab plus dinaciclib was generally well tolerated and produced no unexpected

toxicities. The ORRs were 29.4% (5/17, rrCLL), 21.1% (8/38, rrDLBCL), and 0% (0/17,
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Key Points

� Treatment with
pembrolizumab plus
dinaciclib resulted in
antitumor activity with
acceptable safety for
patients with rrCLL
and rrDLBCL.

� A careful and
comprehensive
approach to explore
PD-1 inhibition and
CDK9 inhibition in
combination with
other agents is
needed.
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rrMM), respectively. At data cutoff, all 72 patients had discontinued treatment, 38 (52.8%)

because of progressive disease. These findings demonstrate activity with combination

pembrolizumab plus dinaciclib and suggest that a careful and comprehensive approach to

explore anti–PD-1 and CDK9 inhibitor combinations is warranted. This trial was registered at

www.clinicaltrials.gov as NCT02684617.

Introduction

Targeted therapies, including Bruton tyrosine kinase inhibitors (ibruti-
nib and acalabrutinib), BCL2 inhibitors (venetoclax), and phosphati-
dylinositol 3-kinase inhibitors (idelalisib and duvelisib), have been
clinically effective in patients with chronic lymphocytic leukemia
(CLL).1 However, relapse during or after initial therapy is common,
warranting alternative treatment options, among them targeted
immunotherapy.

Interactions between programmed cell death 1 (PD-1) receptor and
its ligand PD-L1 play a critical role in tumor immune evasion.
Anti–PD-1 therapy has demonstrated efficacy across several cancer
types, making it an important approach for treating hematologic
malignancies.2 In addition, cyclin-dependent kinase (CDK)-mediated
regulation of transcription and cell cycle progression represents
another attractive target for treating hematologic cancers, which are
usually more sensitive to inhibition of cellular proliferation and apo-
ptosis induction.3

Preclinical studies including murine syngeneic and human xenograft
studies have demonstrated that inhibitors of CDK9 effect durable
and even curative responses of lymphoma-bearing mice, which is
associated with the transcriptional reduction of short-lived onco-
genic MYC and antiapoptotic myeloid cell leukemia 1 (MCL1) RNA
and protein expression.4,5 Furthermore, preclinical studies from Hos-
sain et al demonstrated synergystic antitumor activity of the combi-
nation of anti–PD-1 therapy plus dinaciclib vs the single-arm
controls in immunocompetent but not immunocompromised murine
recipients when transplanted with MC38 tumors expressing PD-L1.6

Mechanistic studies revealed that dinaciclib improves tumor immune
response through increased T-cell proliferation and dendritic cell
activation, thus inducing immunogenic cell death and boosting the
effects of PD-1 blockade.6

As monotherapy, the PD-1 inhibitor pembrolizumab has demon-
strated high response rates and durable activity in relapsed or
refractory (rr) classical Hodgkin lymphoma (cHL) and primary medi-
astinal large B-cell lymphoma.7,8 In contrast, dinaciclib, a CDK1,
CDK2, CD5, and CDK9 inhibitor, provided modest clinical res-
ponses as a single agent in CLL, acute myeloid leukemia, acute lym-
phoid leukemia, multiple myeloma (MM), and diffuse large B-cell
lymphoma (DLBCL).9-12 These studies, however, were not pharma-
cokinetically optimized for targeting of short-lived oncogenic MYC
and MCL1, with infrequent dosing schedules to maximum tolerated
dose. Despite this, transient marked responses including reduction
in circulating blast numbers and tumor lysis syndromes in leukemias
were observed with progression prior to subsequent cycles of
treatment.

Proof of concept of combinatorial potential of pembrolizumab with
other agents in hematological malignancy was provided by the phase
2 clinical trial of pembrolizumab in combination with pomalidomide

and dexamethasone for rrMM, wherein responses were enriched for
those with enhanced T-cell infiltration or higher PD-L1 expression,13

thus providing a rationale suggesting the synergistic mechanism
observed in the Hossein preclinical studies may translate to efficacy
in the clinic.

The multicenter, open-label, nonrandomized phase 1b KEYNOTE-
155 (NCT02684617) study evaluated the safety and efficacy of
pembrolizumab plus dinaciclib in patients with rrCLL, rrDLBCL, and
rrMM. We present the final analysis of safety and efficacy in patients
from all disease cohorts.

Methods

This study was conducted in accordance with Good Clinical Prac-
tice guidelines and the Declaration of Helsinki, and the study
protocol was approved by institutional review boards or ethics com-
mittees at all participating sites. Before enrollment, all patients pro-
vided written informed consent to participate. All authors had
access to the primary clinical trial data. Enrollment into the study
was closed before the COVID-19 pandemic, but survivor follow-up
occurred during the pandemic. Study conduct, monitoring, and over-
sight continued during the pandemic, and a risk-based approach
was used to assess and mitigate the impact of the pandemic on
study conduct.

Inclusion criteria

Eligible patients were men or women $18 years of age on the day
they provided informed consent and who had a confirmed diagnosis
of one of the following: CLL as defined by International Workshop
on CLL guidelines (2008) and $1 previous therapy; active MM
with measurable disease defined as serum monoclonal protein
$0.5 g/dL, urine monoclonal protein $200 mg per 24 hours, or
abnormal serum-free light chain ratio and $2 previous therapies,
either alone or in combination with an immunomodulatory drug (ie,
pomalidomide, lenalidomide, or thalidomide) and/or a proteasome
inhibitor (ie, bortezomib or carfilzomib) alone or in combination;
DLBCL with measurable disease defined as $1 lesion of .15 mm
in the longest diameter and .10 mm in the short axis, disease pro-
gression after $2 previous therapies, including autologous stem cell
transplant or ineligibility for autologous stem cell transplant. Patients
had an Eastern Cooperative Oncology Group performance status
(ECOG PS) of 0 or 1, had cardiac function suitable for hydration
guidelines, were able to provide newly obtained lymph node or
bone marrow biopsy at screening or within 3 months of screening
without intervening therapy, had confirmed disease characteristics,
and had adequate organ function.

Patients with prior participation in a study with an investigational
agent or device within 28 days of treatment initiation; treatment with
an anticancer monoclonal antibody within 4 weeks of treatment initia-
tion; prior allogeneic stem cell transplant within 5 years; or prior treat-
ment with anti–PD-1/PD-L1, anticytotoxic T-lymphocyte–associated
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antigen-4 antibody, or a CDK inhibitor were excluded from the study.
The study was performed prior to routine standard-of-care use of dar-
atumumab (myeloma), venetoclax (CLL), or chimeric antigen receptor
T-cell transplantation (DLBCL).

Study design

The study included 2 phases: a dose-evaluation phase and a signal-
detection phase. Three dinaciclib dose levels ([DL]; 7 mg/m2,
10 mg/m2, and 14 mg/m2) were included in the study. Dosing
schedules analyzed in the study were DL-0 (7 mg/m2, 10 mg/m2,
and 14 mg/m2), DL-1 (7 mg/m2, 10 mg/m2, and 10 mg/m2), and
DL-2 (7 mg/m2, 7 mg/m2, and 7 mg/m2). The dose-evaluation
phase evaluated the safety of the combination of pembrolizumab
plus dinaciclib at DL-0. If $5 of 12 patients had dose-limiting
toxicity (DLT) in the dose-evaluation phase, the dinaciclib dose
would be deescalated, and the modified toxicity probability interval
design14 would be used to evaluate DL-0, DL-1, and DL-2 for an
additional 12 patients, totaling #24 patients overall. Expansion
cohorts were opened for the signal-detection phase if #4 of the first
12 DLT–evaluable patients experienced DLTs. Each treatment cycle
lasted 21 days. In the signal-detection phase, patients were enrolled
in separate cohorts depending on their disease (rrCLL, rrMM, or
rrDLBCL). The dose-evaluation phase and the signal-detection
phase evaluated safety and preliminary efficacy outcomes in all
patients who received $1 dose of pembrolizumab plus dinaciclib.

DLTs were defined from toxicities observed during cycles 1 and 2 if
judged by the investigator to be possibly, probably, or definitely
related to pembrolizumab or dinaciclib and were considered the fol-
lowing: grade 4 nonhematologic toxicity (not laboratory); grade 4
hematologic toxicity lasting .7 days, except thrombocytopenia
(grade 4 thrombocytopenia of any duration or if grade 3 thrombocy-
topenia is associated with bleeding); any grade 3 nonhematologic
toxicity (not laboratory), with the exception of grade 3 nausea, vomit-
ing, or diarrhea, which will not be considered a DLT unless lasting
more than 3 days despite optimal supportive care; any grade 3 or
grade 4 nonhematologic laboratory abnormality if medical interven-
tion is required or the abnormality leads to hospitalization, or the
abnormality persists for .1 week; febrile neutropenia grade 3 or
grade 4; any drug-related adverse event (AE) which caused subject
to discontinue treatment during cycle 1 or cycle 2; grade 5 toxicity;
any treatment-related toxicity which causes a .2 week delay in initi-
ation of cycle 2 or cycle 3. Patients with a reported AE of malignant
neoplasm progression will be discontinued from study treatment
either on their own or by physician decision with documented dis-
ease progression based on study-specified response criteria.

Patients received pembrolizumab 200 mg by IV infusion on day 1 of
each 21-day cycle plus dinaciclib 7 mg/m2 IV on day 1 and
10 mg/m2 on day 8 of cycle 1, then 14 mg/m2 IV on days 1 and 8 of
cycles 2 and later. Treatment continued for up to 35 cycles or until
disease progression or unacceptable toxicity.

Treatment assessments

AEs were collected throughout the study and for 30 days thereafter
(90 days for serious AEs) and were graded according to National
Cancer Institute Common Terminology Criteria for Adverse Events,
version 4.0.

Tumor response was assessed every 12 weeks for rrCLL and
rrDLBCL and at the beginning of each cycle for rrMM by

investigator review based on International Workshop on CLL guide-
lines (2008) for the rrCLL cohort,15 revised International Working
Group response criteria for malignant lymphoma (2007) for the
rrDLBCL cohort,16 and International Myeloma Working Group Uni-
form Response Criteria (2006) for the rrMM cohort.17

Patients continued treatment of 35 cycles (�2 years) or until dis-
ease progression or unacceptable toxicity. Patients who discontin-
ued treatment before disease progression, including patients who
discontinued treatment of bone marrow transplant or to receive any
other treatment, were followed up every 12 weeks until disease pro-
gression was documented.

In the dose-evaluation phase, at least 3 patients in each disease
group were enrolled in the initial cohort of 12. Safety analysis was
performed after the 12 patients in the dose-evaluation cohort
received $2 cycles of treatment, discontinued treatment, or died of
treatment-related toxicity. An interim analysis was performed for
each signal-detection cohort after those 12 patients underwent their
first disease response assessment.

Endpoints

Primary endpoints included safety and tolerability in both phases.
Secondary endpoints for both phases included objective response
rate (ORR), duration of response (DOR), and progression-free sur-
vival (PFS) for each disease type per investigator assessment and
overall survival (OS).

In the signal-detection phase, a futility analysis was conducted for
patients in each respective disease subgroup after the first 12
patients received $1 post–baseline disease assessment, and the
ORR was evaluated per disease-specific criteria. Enrollment was
paused for each disease cohort during the futility evaluation. If 0
responses in rrMM and rrDLBCL cohorts or #2 responses in the
rrCLL cohort were observed among the first 12 patients, the
respective cohort would be terminated. When the rrMM cohort was
closed to enrollment on 7 August 2017, because of lack of efficacy,
all patients with rrMM were discontinued from treatment. All remain-
ing participants proceeded to survival follow-up. When the rrCLL
cohort was closed to enrollment on 30 April 2019, because of lack
of accrual, all participants with rrCLL were discontinued from treat-
ment. All remaining participants proceeded to survival follow-up. The
rrDLBCL cohort completed enrollment.

Statistical analysis

In the dose-evaluation and signal-detection phases, safety and toler-
ability were assessed by clinical review of all relevant parameters,
including AEs, events of clinical interest, laboratory tests, and vital
signs.

The primary analysis population for efficacy and safety assessments
was the all-subjects-as-treated population, defined as all participants
who received $1 dose of study treatment (pembrolizumab or dinaci-
clib). The point estimate and a 2-sided exact 95% confidence inter-
val (CI) was calculated for ORR. DOR, PFS, and OS were analyzed
using the Kaplan-Meier method.

Results

Seventy-two patients were enrolled and received $1 dose of study
treatment (rrCLL cohort, n 5 17; rrDLBCL cohort, n 5 38; rrMM
cohort, n 5 17) between May 2016 and March 2019. The median
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age of patients was 65 years (range, 39-85); 40 (55.6%) had
ECOG PS of 1, and 47 (65.3%) had previously received $3 thera-
pies (Table 1). Eighteen patients (25.0%) previously received $5
therapies. Sixteen patients (21.9%) received bortexomib and 18
patients (24.7%) received lenalidomide prior to enrollment (Table 1).
No patients with DLBCL received chimeric antigen receptor therapy.
The median number of days (range) for combination treatment was
50 (1-492) for the rrCLL cohort, 51 (1-471) for the rrDLBCL cohort,
and 29 (8-71) for the rrMM cohort. Patients received a median of
3, 3, and 2 doses of pembrolizumab plus dinaciclib, respectively,
for the rrCLL, rrDLBCL, and rrMM cohorts (Table 1). By data cutoff
(5 May 2020), all patients discontinued treatment: 38 (52.8%)

because of progressive disease (PD) (8 [47.1%] rrCLL, 21 [55.3%]
rrDLBCL, 9 [52.9%] rrMM), 21 (29.2%) because of physician deci-
sion, 5 (6.9%) because of patient decision, and 8 (11.1%) because
of AEs.

Twelve patients were enrolled in the dose-evaluation phase, com-
prised of 3 patients each in the rrCLL and rrMM disease subtype
cohort and 6 patients in the rrDLBCL cohort. Of the 12 patients,
DLTs were observed in 3 patients; 1 patient in the rrCLL disease
subgroup had 2 DLTs (grade 4 nonserious neutropenia and
grade 4 serious pulmonary sepsis, both resolved), 1 patient in
the rrDLBCL disease subgroup had 1 DLT (grade 3 serious
tumor lysis syndrome, resolved), and 1 patient in the rrMM

Table 1. Baseline characteristics of patients receiving pembrolizumab plus dinaciclib

Characteristic

Pembrolizumab 1 dinaciclib

rrCLL, n 5 17 rrDLBCL, n 5 38 rrMM, n 5 17 All disease cohorts, N 5 72

Sex, n (%)

Male 14 (82.4) 23 (60.5) 6 (35.3) 43 (59.7)

Female 3 (17.6) 15 (39.5) 11 (64.7) 29 (40.3)

Age, y

,65, n (%) 4 (23.5) 19 (50.0) 12 (70.6) 35 (48.6)

$65, n (%) 13 (76.5) 19 (50.0) 5 (29.4) 37 (51.4)

Median (range) 69.0 (50-85) 64.5 (39-85) 62.0 (42-74) 65.0 (39-85)

Race, n (%)

White 16 (94.1) 32 (84.2) 14 (82.4) 62 (86.1)

Asian 0 (0.0) 4 (10.5) 0 (0.0) 4 (5.6)

Black or African American 1 (5.9) 2 (5.3) 3 (17.6) 6 (8.3)

Ethnicity, n (%)

Hispanic or Latino 0 (0.0) 4 (10.5) 1 (5.9) 5 (6.9)

Not Hispanic or Latino 17 (100.0) 34 (89.5) 16 (94.1) 67 (93.1)

Baseline ECOG PS, n (%)

0: normal activity 8 (47.1) 16 (42.1) 8 (47.1) 32 (44.4)

1: symptomatic but ambulatory 9 (52.9) 22 (57.9) 9 (52.9) 40 (55.6)

Primary diagnosis, n (%)

CLL, not otherwise specified 17 (100.0) 0 (0.0) 0 (0.0) 17 (23.6)

DLBCL, not otherwise specified 0 (0.0) 38 (100.0) 0 (0.0) 38 (52.8)

MM 0 (0.0) 0 (0.0) 17 (100.0) 17 (23.6)

Previous lines of therapy, n (%)

1 3 (17.6) 0 (0.0) 0 (0.0) 3 (4.2)

2 5 (29.4) 16 (42.1) 1 (5.9) 22 (30.6)

3 4 (23.5) 8 (21.1) 2 (11.8) 14 (19.4)

4 2 (11.8) 10 (26.3) 3 (17.6) 15 (20.8)

$5 3 (17.6) 4 (10.5) 11 (64.7) 18 (25.0)

Previous therapies

Antineoplastics, n (%)

Bortezomib 0 (0.0) 0 (0.0) 16 (94.1) 16 (21.9)

Immunosuppressants, n (%)

Lenalidomide 0 (0.0) 1 (2.6) 17 (100.0) 18 (24.7)

Pembrolizumab doses

Median number 3 3 2 3

Time on study treatment, d

Median (range) 50 (1-492) 51 (1-471) 29 (8-71) 49 (1-492)
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disease subgroup had 1 DLT (grade 4 nonserious neutropenia,
resolved with sequelae). Pembrolizumab 200 mg on day 1 of
each cycle coadministered with dinaciclib (7 mg/m2 and 10 mg/m2

days 1 and 8 of cycle 1 and 14 mg/m2 in cycles 2 and later)

showed an acceptable safety profile that allowed further explora-
tion of this dose in expansion cohorts. Sixty patients were enrolled
in the signal-detection phase (rrCLL, n 5 14; rrDLBCL, n 5 32;
rrMM, n 5 14).

Table 2. Summary of AEs in the total study population

AEs, n (%)

Pembrolizumab 1 dinaciclib

rrCLL, n 5 17 rrDLBC, n 5 38 rrMM, n 5 17 All disease cohorts, N 5 72

None 0 (0.0) 1 (2.6) 1 (5.9) 2 (2.8)

At least 1, any grade 17 (100) 37 (97.4) 16 (94.1) 70 (97.2)

Grade 3-4 13 (76.5) 28 (73.7) 10 (58.8) 51 (70.8)

Grade 5 1 (5.9) 2 (5.3) 0 (0.0) 3 (4.2)

Serious 13 (76.5) 17 (44.7) 6 (35.3) 36 (50.0)

TRAE, any grade 13 (76.5) 25 (65.8) 8 (47.1) 46 (63.9)

Grade 3-4 9 (52.9) 13 (34.2) 6 (35.3) 28 (38.9)

Grade 5 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Serious 5 (29.4) 5 (13.2) 2 (11.8) 12 (16.7)

Any AE leading to discontinuation of any study drug 4 (23.5) 0 (0.0) 2 (11.8) 6 (8.3)

Any TRAE leading to discontinuation of any study drug 1 (5.9) 0 (0.0) 2 (11.8) 3 (4.2)

Nonserious AEs up to 30 days after last dose and serious AEs up to 90 days after last dose are included.
TRAE, treatment-related adverse event.

Table 3. Summary of tumor response, duration of response, PFS rate, and OS rate in patients with rrCLL, rrDLBCL, and rrMM who

received pembrolizumab plus dinaciclib

Efficacy assessment

Pembrolizumab 1 dinaciclib, N 5 72

rrCLL, n 5 17 rrDLBCL, n 5 38 rrMM, n 5 17

Objective response 5 (29.4) 8 (21.1) 0 (0.0)

CR 0 (0.0) 4 (10.5) 0 (0.0)

PR 5 (29.4) 4 (10.5) 0 (0.0)

Stable disease 3 (17.6)* 3 (7.9) 8 (47.1)†

PD 6 (35.3) 16 (42.1) 8 (47.1)

Disease control rate‡ 8 (47.1) 11 (28.9) 8 (47.1)

Not evaluable 0 (0.0)§ 11 (28.9) 1 (5.9)§

Efficacy assessment 3 (17.6) 0 (0.0) 0 (0.0)

Median DOR, months (range)jj 10.3 (2.71 to 11.1) 4.9 (2.1 to 23.71) 0.0 (0.0-0.0)

Median PFS, months (range)jj 5.2 (1.4-12.4) 2.1 (1.8-2.6) 1.6 (0.7-2.8)

3-mo rate (%) 50.0 (24.5-71.0) 31.6 (17.7-46.4) 23.5 (7.3-44.9)

6-mo rate (%) 50.0 (24.5-71.0) 13.2 (4.8-25.8) 17.6 (4.3-38.3)

12-mo rate (%) 25.7 (6.9-50.1) 7.9 (2.0-19.1) 5.9 (0.4-23.5)

Median OS, months (range)jj 21.7 (9.5-NR) 7.9 (3.2-14.0) 10.5 (2.6-13.5)

3-mo rate (%) 88.2 (60.6-96.9) 68.4 (51.1-80.7) 70.6 (43.1-86.6)

6-mo rate (%) 82.4 (54.7-93.9) 57.9 (40.8-71.7) 64.7 (37.7-82.3)

12-mo rate (%) 63.3 (35.8-81.6) 39.5 (24.2-54.4) 41.2 (18.6-62.6)

Data are n (%) unless otherwise specified. Tumor response as assessed by investigator review per International Workshop on CLL guidelines (2008) for the rrCLL cohort, International
Myeloma Working Group Uniform Response Criteria (2006) for the rrMM cohort, and revised International Working Group response criteria for malignant lymphoma (2007) for the
rrDLBCL cohort. 95% CIs are based on the Clopper-Pearson CI method.
NR, not reached.
*Includes 1 patient with stable disease per investigator; however, the response was considered PD per International Workshop on CLL 2008 criteria.
†Includes 1 patient with stable disease per investigator who did not have measurable disease at baseline.
‡Includes stable disease, partial responses, and complete responses for patients in the rrCLL and rrDLBCL cohorts; includes stable disease, partial responses, very good partial

responses, stringent complete responses, and complete responses for patients in the rrMM cohort.
§Patients received only 1 cycle.
jjFrom product-limit (Kaplan-Meier) method for censored data.
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Seventy patients (97.2%) experienced $1 any-grade AE, and 54
patients (75%) experienced grade 3 to 5 AEs (Table 2). The
most common any-grade AEs (incidence $20%) in the total pop-
ulation were fatigue (40.3%), nausea (36.1%), anemia (27.8%),
constipation (27.8%), diarrhea (22.2%), decreased platelet count
(22.2%), and cough (20.8%). Forty-six of 72 (63.9%) patients
experienced $1 TRAE (Table 2), usually decreased neutrophil
count (19.4%), nausea (16.7%), fatigue (15.3%), or decreased

platelet count (15.3%) (supplemental Table 1). Twenty-eight
patients (38.9%) experienced grade 3 to 5 TRAEs, usually
decreased neutrophil (18.1%), platelet (9.7%), or lymphocyte
(6.9%) count (supplemental Table 1). Twelve patients (16.7%)
experienced $1 treatment-related serious AE, and 8 patients
(11.1%) experienced grade 3 to 4 treatment-related serious AEs.
TRAEs led to discontinuation in 3 patients (4.2%). Three patients
died of AEs considered by the investigators not to be related to
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Figure 1. Time on study and response duration* per investigator assessment. Patients with rrCLL (A), rrDLBCL (B), and rrMM (C). CR, complete response; PR, partial

response. *Tumor response as assessed by investigator review according to International Workshop on CLL guidelines (2008) for the rrCLL cohort, revised International Working

Group response criteria for malignant lymphoma (2007) for the rrDLBCL cohort, and International Myeloma Working Group Uniform Response Criteria (2006) for the rrMM cohort.
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study treatment: 1 in the CLL cohort (pneumonia) and 2 in the
rrDLBCL cohort (1 of unknown cause #90 days after last study
treatment and 1 of sepsis). No treatment-related deaths were
reported in any disease cohorts (Table 2). Immune-related AEs
and infusion-related AEs occurred in 6 patients (8.3%) (1 each
with hypothyroidism, hyperthyroidism, or pneumonitis; 3 with infu-
sion reactions) (supplemental Table 2).

The ORR was 29.4% (95% CI, 10.3-56.0) (0 complete response, 5
partial response) for the rrCLL cohort and 21.1% (95% CI, 9.6-37.3)
(4 complete response, 4 partial response) for the rrDLBCL cohort
(Table 3). Median DOR was 10.3 months (range, 2.71 to 11.1) and
4.9 months (range, 2.1 to 23.71), respectively (Figure 1; Table 3).

Three patients in the rrDLBCL cohort had a response of $12
months. No patients in the rrMM cohort responded (Figure 1;
Table 3).

The majority of responders in the rrCLL and rrDLBCL cohorts were
males (7 of 8 patients [80.0%] and 4 of 5 patients [87.5%],
respectively) and all were age $65 years. A higher proportion of
responders in the rrDLBCL cohort compared with those in the
rrCLL cohort had an ECOG PS of 1 (62.5% vs 40.0%) and all had
$2 prior lines of therapy (100.0% vs 40.0%). In comparing res-
ponders with rrDLBCL to all patients included in the rrDLBCL
cohort, the predominant DLBCL disease subtype was activated
B-cell type for both.
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Figure 2. Kaplan-Meier estimates of PFS. Patients with rrCLL (A), rrDLBCL (B), and rrMM (C).
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Thirteen patients (76.5%) in the rrCLL cohort, 36 (94.7%) in the
rrDLBCL cohort, and 17 (100%) in the rrMM cohort experienced
disease progression or death. Median PFS was 5.2 months (95%
CI, 1.4-12.4) in the rrCLL cohort, 2.1 months (95% CI, 1.8-2.6) in
the rrDLBCL cohort, and 1.6 months (95% CI, 0.7-2.8) in the rrMM
cohort. Twelve-month PFS rates were 25.7%, 7.9%, and 5.9%,
respectively (Figure 2; Table 3). Nine patients (52.9%) in the rrCLL
cohort, 32 (84.2%) in the rrDLBCL cohort, and 16 (94.1%) in the
rrMM cohort died. Median OS was 21.7 months (95% CI, 9.5-NR)
in the rrCLL cohort, 7.9 months (95% CI, 3.2-14.0) in the rrDLBCL
cohort, and 10.5 months (95% CI, 2.6-13.5) in the rrMM cohort.
Twelve-month OS rates were 63.3%, 39.5%, and 41.2%, respec-
tively (Figure 3; Table 3).

Discussion

In KEYNOTE-155, pembrolizumab plus dinaciclib had a manageable
safety profile as evidenced by relatively low proportion of discontinua-
tion related to TRAEs as compared with incidence of AEs. Limited effi-
cacy of treatment was observed in a treatment-refractory population of
patients with advanced hematologic malignancies. DLT incidence was
low, allowing for clear signal detection for expansion cohorts. The com-
bination demonstrated a safety profile consistent with that observed
for pembrolizumab and dinaciclib as single agents in other cancers.
Despite most patients experiencing $1 AE, no additional safety con-
cerns or TRAE-related deaths were reported. No new immune-
mediated events were associated with pembrolizumab plus dinaciclib.
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Figure 3. Kaplan-Meier estimates of overall survival. Patients with relapsed or refractory rrCLL (A), rrDLBCL (B), and rrMM (C).
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Prior antitumor experience with anti–PD-1 and dinaciclib alone or in
combination have been inconsistent overall in non-Hodgkin lym-
phoma (NHL) and MM. In the phase 1b KEYNOTE-013 study in
patients with rrMM (N 5 30), pembrolizumab monotherapy was
unable to produce any objective response (PR or CR) after 20
months (median) of follow-up.18 In the phase 1/2 study by Kumar
et al, in patients with rrMM and #5 prior lines of therapy (N 5 27),
ORR (PR or better) was 11% (3 of 27 patients) after 15 months
(median) of follow-up.11 Dinaciclib monotherapy for rrCLL associ-
ated with a modest overall response rate of 54% (28 of 52
patients) in the phase 1 study by Flynn et al.9

Ribrag et al noted that combination therapy with pomalidomide and
dexamethasone may enhance anti–PD-1 efficacy in rrMM.18 How-
ever, studies of combination therapies in rrMM are associated with
poor overall response rates.19-21 In the phase 2 CheckMate 436
study in patients with (rr) primary mediastinal large B-cell lymphoma
(PMBCL) (N 5 30), combination therapy with nivolumab plus bren-
tuximab vedotin demonstrated an ORR of 73% after 11 months of
follow-up.22 Furthermore, in a phase 1b study of combination nivolu-
mab and anti–CTLA-4 or killer-cell immunoglobulin-like receptor
blockade in patients with rrcHL, rrNHL, or rrMM (N 5 65), ORR
ranged from 9% to 22% in rrNHL and, as expected, no response
was seen in patients with rrMM.21

In the current study, combination therapy did not demonstrate effi-
cacy in rrMM but showed modest efficacy in rrCLL and rrDLBCL,
similar to prior experience with each agent alone or in combination.
ORRs for rrCLL and rrDLBCL were similar to prior experience with
combination therapies in NHL but not with cHL or PMBCL.21 Effi-
cacy results were immature in patients with rrCLL because enroll-
ment for this cohort was closed early given lack of accrual.
Enrollment into the rrMM cohort was closed early due to lack of effi-
cacy. All patients discontinued treatment by the data cutoff date,
with more than half the total population experiencing PD, possibly
limiting the clinical activity seen in the rrCLL and rrDLBCL cohorts.
Early discontinuation because of PD resulted in shortened follow-up
times, rendering this analysis underpowered for efficacy analysis. As
such, efficacy results presented here should be interpreted with
caution.

In conclusion, the observed ORRs and DORs from the rrCLL and
rrDLBCL cohorts (up to 11 and 23 months, respectively) demon-
strated limited antitumor activity of pembrolizumab plus dinaciclib in
these disease cohorts. Despite this, these findings are of relevance
within the rrDLBCL setting. Firstly, there is emerging evidence of a
subset of DLBCL with genomic similarity to PMBCL/cHL according
to copy number alterations affecting chromosome 9p24 with an
associated T-cell inflammatory phenotype.23 Furthermore, according
to concomitant somatic mutations present in that report, this entity
appears to be independent from the LymphGen classification
recently reported by the Staudt group.24 It is posited that these
DLBCLs would be enriched for response to PD-1 inhibition as is
the case for PMBCL and cHL.

Secondly, the development of more selective and more potent
CDK9 inhibitors and their validation of preclinical efficacy in solid
organ tumors and blood cancers is leading to renewed interest in
their clinical development. The findings described herein provide a
useful background with which to impact trials in progress of these
more potent and more selective CDK9 inhibitors. Despite relatively
high incidence of grade 3 or more AEs, discontinuation due to AEs

was infrequent, and no new treatment-related safety signals were
observed from the combination in comparison with AEs associated
with either agent as monotherapy. These findings advocate a careful
and comprehensive approach to exploring PD-1 inhibition and
CDK9 inhibition in combination with other agents, particularly for
treating patients with rrDLBCL.

Acknowledgments

The authors thank the patients and their families and all investi-
gators and site personnel. They also thank Jennifer Gwo
(employee of Merck Sharp & Dohme Corp., a subsidiary of
Merck & Co., Inc., Kenilworth, NJ, USA) for her statistical exper-
tise. Medical writing and editorial assistance were provided by
Matthew Grzywacz of ApotheCom (Yardley, PA, USA). This
assistance was funded by Merck Sharp & Dohme Corp., a sub-
sidiary of Merck & Co., Inc.
This study was supported by research funding from Merck

Sharp & Dohme Corp., a subsidiary of Merck & Co., Inc., Kenil-
worth, NJ, USA. No grant number is applicable.

Authorship

Contribution: G.P.G. conception, design or planning of the study,
acquisition of the data, interpretation of the results, and critically
reviewing/revising the manuscript for important intellectual content;
S.K. conception, design or planning of the study, acquisition of the
data, interpretation of the results, drafting of the manuscript, and crit-
ically reviewing/revising the manuscript for important intellectual con-
tent; D.W. analysis of the data, interpretation of the results, and
critically reviewing/revising the manuscript for important intellectual
content. D.M. acquisition and analysis of the data, interpretation of
the results, and critically reviewing/revising the manuscript for impor-
tant intellectual content; P.W. analysis of the data, interpretation of
the results, and critically reviewing/revising the manuscript for impor-
tant intellectual content; N.W.-J. acquisition of the data, interpreta-
tion of the results, and critically reviewing/revising the manuscript for
important intellectual content; C.E. acquisition of the data and criti-
cally reviewing/revising the manuscript for important intellectual con-
tent; R.B. acquisition of the data, interpretation of the results, and
critically reviewing/revising the manuscript for important intellectual
content; D.B. acquisition of the data and critically reviewing/revising
the manuscript for important intellectual content; J.C. acquisition of
the data and critically reviewing/revising the manuscript for important
intellectual content; F.J.H.-I. acquisition of the data and critically
reviewing/revising the manuscript for important intellectual content;
A.K. acquisition of the data, interpretation of the results, and critically
reviewing/revising the manuscript for important intellectual content;
J.M.P. acquisition and analysis of the data, interpretation of the
results, and critically reviewing/revising the manuscript for important
intellectual content; W.R. conception, design, or planning of the
study, acquisition and analysis of the data, interpretation of the
results, and critically reviewing/revising the manuscript for important
intellectual content; A.J.Y. acquisition of the data, interpretation of
the results, and critically reviewing/revising the manuscript for impor-
tant intellectual content; A.M. acquisition of the data, interpretation
of the results, and critically reviewing/revising the manuscript for
important intellectual content; M.H. analysis of the data and critically
reviewing/revising the manuscript for important intellectual content;
M.F. acquisition and analysis of the data, interpretation of the results,

1240 GREGORY et al 22 FEBRUARY 2022 • VOLUME 6, NUMBER 4

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/6/4/1232/1871811/advancesadv2021005872.pdf by guest on 06 M

ay 2024



and critically reviewing/revising the manuscript for important intellec-
tual content; P.M. analysis of the data, interpretation of the results
and critically reviewing/revising the manuscript for important intellec-
tual content; and H.Q. acquisition of the data, interpretation of the
results, drafting of the manuscript, and critically reviewing/revising
the manuscript for important intellectual content; and all authors pro-
vided final approval to submit the manuscript.

Conflict-of-interest disclosure: G.P.G. received honoraria from
Roche; is a member of the advisory boards for Roche, Janssen,
Novartis/Sandoz, and Gilead; and received research funding from
BeiGene, Janssen, Merck, and AbbVie. S.K. received research fund-
ing for clinical trials to the institution for AbbVie, Amgen, Bristol
Myers Squibb, Carsgen, Janssen, Kite, Merck, AstraZeneca, Novar-
tis, Roche/Genentech, Takeda, and Tenebio; is a consultant/advi-
sory board member (no personal payments) for AbbVie, Amgen,
Bristol Myers Squibb, Janssen, Roche/Genentech, Takeda, Kite,
AstraZeneca, and Bluebird Bio; and is a consultant/advisory board
member (with personal payment) for Oncopeptides, Beigene, and
Antengene. N.W.-J. is on advisory boards for Epizyme, Karyopharm,
Seattle Genetics, Grunenthal, Regeneron, ADC Therapeutics, and
Verastem. R.B. received clinical trial funding (to the institution) from
AbbVie, Roche, Genentech, Regeneron, and Pharmacyclics and
has a family member who is an employee of Sanofi-Pasteur. D.B.
received research funding from and is an advisory board member
for Sanofi Pharmaceuticals. F.J.H.-I. is a consultant for and received
honoraria from AstraZeneca, Amgen, Pharmacyclics, Seattle Genet-
ics, Kite Pharmaceuticals, Curio, Novartis, and Karyopharm. J.M.P. is

a consultant for AstraZeneca, Beigene, Gilead, Kite, Epizyme, Incyte,
Morphosys, MEI Pharma, Actinium, WebMD, Med Learning Group,
PrecisCa, and Peromius. W.R. is an advisory board member and
consultant for Merck and Spark Therapeutics (Roche) (funding and
personal payments). A.J.Y. is a consultant for Adaptive Biotechnolo-
gies, Amgen, Bristol Myers Squibb, Celgene, GlaxoSmithKline, Jans-
sen, Karyopharm, Oncopeptides, Sanofi, and Takeda and received
research funding from Amgen, Bristol Myers Squibb, Celgene, and
Janssen. M.H. is an employee of Merck Sharp & Dohme Corp., a
subsidiary of Merck & Co., Inc., Kenilworth, NJ, USA. M.F. is an
employee and stockholder of Merck Sharp & Dohme Corp., a sub-
sidiary of Merck & Co., Inc., Kenilworth, NJ, USA. P.M. is an
employee and stockholder of Merck Sharp & Dohme Corp., a sub-
sidiary of Merck & Co., Inc., Kenilworth, NJ, USA. H.Q. received
research funding from Amgen, Sanofi, Celgene, Bristol Myers
Squibb, GlaxoSmithKline, and Karyopharm and is on the advisory
boards for Amgen, Sanofi, Celgene, Bristol Myers Squibb, GlaxoS-
mithKline, Karyopharm, Janssen Cilag, Takeda, and CSL. The
remaining authors declare no competing financial interests.

ORCID profiles: G.P.G., 0000-0002-4170-0682; S.K., 0000-
0001-5392-9284; N.W-J., 0000-0001-6529-9793; R.B., 0000-
0002-0770-644X; D.B., 0000-0002-5482-7543; W.R., 0000-
0003-0396-5804; A.J.Y., 0000-0003-3623-7491; M.H., 0000-
0002-8399-7525; H.Q., 0000-0002-4796-3352.

Correspondence: Gareth P. Gregory, School of Clinical Sciences
at Monash Health, Monash University, 246 Clayton Rd, Clayton, VIC
3168, Australia; e-mail: gareth.gregory@monashhealth.org.

References

1. National Comprehensive Cancer Network. NCCN Clinical Practice Guidelines in Oncology. Version 1.2021. Chronic Lymphocytic leukemia/Small
Lymphocytic Lymphoma. Vol. 2020. Plymouth Meeting, PA: National Comprehensive Cancer Network; 2020.

2. Shi L, Chen S, Yang L, Li Y. The role of PD-1 and PD-L1 in T-cell immune suppression in patients with hematological malignancies. J Hematol
Oncol. 2013;6(1):74.

3. Bose P, Simmons GL, Grant S. Cyclin-dependent kinase inhibitor therapy for hematologic malignancies. Expert Opin Investig Drugs. 2013;22(6):
723-738.

4. Li L, Pongtornpipat P, Tiutan T, et al. Synergistic induction of apoptosis in high-risk DLBCL by BCL2 inhibition with ABT-199 combined with phar-
macologic loss of MCL1. Leukemia. 2015;29(8):1702-1712.

5. Gregory GP, Hogg SJ, Kats LM, et al. CDK9 inhibition by dinaciclib potently suppresses Mcl-1 to induce durable apoptotic responses in aggressive
MYC-driven B-cell lymphoma in vivo. Leukemia. 2015;29(6):1437-1441.

6. Hossain DMS, Javaid S, Cai M, et al. Dinaciclib induces immunogenic cell death and enhances anti-PD1-mediated tumor suppression. J Clin
Invest. 2018;128(2):644-654.

7. Chen R, Zinzani PL, Lee HJ, et al. Pembrolizumab in relapsed or refractory Hodgkin lymphoma: 2-year follow-up of KEYNOTE-087. Blood. 2019;
134(14):1144-1153.

8. Armand P, Rodig S, Melnichenko V, et al. Pembrolizumab in relapsed or refractory primary mediastinal large b-cell lymphoma. J Clin Oncol. 2019;
37(34):3291-3299.

9. Flynn J, Jones J, Johnson AJ, et al. Dinaciclib is a novel cyclin-dependent kinase inhibitor with significant clinical activity in relapsed and refractory
chronic lymphocytic leukemia. Leukemia. 2015;29(7):1524-1529.

10. Gojo I, Sadowska M, Walker A, et al. Clinical and laboratory studies of the novel cyclin-dependent kinase inhibitor dinaciclib (SCH 727965) in
acute leukemias. Cancer Chemother Pharmacol. 2013;72(4):897-908.

11. Kumar SK, LaPlant B, Chng WJ, et al; Mayo Phase 2 Consortium. Dinaciclib, a novel CDK inhibitor, demonstrates encouraging single-agent activity
in patients with relapsed multiple myeloma. Blood. 2015;125(3):443-448.

12. Baiocchi RA, Flynn JM, Jones JA, et al. Early evidence of anti-lymphoma activity of the cyclin dependent kinase inhibitor dinaciclib (sch 727965) in
heavily pre-treated low grade lymphoma and diffuse large cell lymphoma patients. Blood. 2010;116(21):3966.

22 FEBRUARY 2022 • VOLUME 6, NUMBER 4 PEMBROLIZUMAB PLUS DINACICLIB IN RR CLL/DLBCL/MM 1241

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/6/4/1232/1871811/advancesadv2021005872.pdf by guest on 06 M

ay 2024

https://orcid.org/0000-0002-4170-0682
https://orcid.org/0000-0001-5392-9284
https://orcid.org/0000-0001-5392-9284
https://orcid.org/0000-0001-6529-9793
https://orcid.org/0000-0002-0770-644X
https://orcid.org/0000-0002-0770-644X
https://orcid.org/0000-0002-5482-7543
https://orcid.org/0000-0003-0396-5804
https://orcid.org/0000-0003-0396-5804
https://orcid.org/0000-0003-3623-7491
https://orcid.org/0000-0002-8399-7525
https://orcid.org/0000-0002-8399-7525
https://orcid.org/0000-0002-4796-3352
mailto:gareth.gregory@monashhealth.org


13. Badros A, Hyjek E, Ma N, et al. Pembrolizumab, pomalidomide, and low-dose dexamethasone for relapsed/refractory multiple myeloma. Blood.
2017;130(10):1189-1197.

14. Ji Y, Wang SJ. Modified toxicity probability interval design: a safer and more reliable method than the 3 1 3 design for practical phase I trials.
J Clin Oncol. 2013;31(14):1785-1791.

15. Hallek M, Cheson BD, Catovsky D, et al; International Workshop on Chronic Lymphocytic Leukemia. Guidelines for the diagnosis and treatment of
chronic lymphocytic leukemia: a report from the International Workshop on Chronic Lymphocytic Leukemia updating the National Cancer Institute-
Working Group 1996 guidelines. Blood. 2008;111(12):5446-5456.

16. Cheson BD, Pfistner B, Juweid ME, et al; International Harmonization Project on Lymphoma. Revised response criteria for malignant lymphoma.
J Clin Oncol. 2007;25(5):579-586.

17. Durie BG, Harousseau JL, Miguel JS, et al; International Myeloma Working Group. International uniform response criteria for multiple myeloma
[published corrections appear in Leukemia. 2006;20(12):2220 and 2007;21(5):1134]. Leukemia. 2006;20(9):1467-1473.

18. Ribrag V, Avigan DE, Green DJ, et al. Phase 1b trial of pembrolizumab monotherapy for relapsed/refractory multiple myeloma: KEYNOTE-013.
Br J Haematol. 2019;186(3):e41-e44.

19. Usmani SZ, Schjesvold F, Oriol A, et al; KEYNOTE-185 Investigators. Pembrolizumab plus lenalidomide and dexamethasone for patients with
treatment-naive multiple myeloma (KEYNOTE-185): a randomised, open-label, phase 3 trial. Lancet Haematol. 2019;6(9):e448-e458.

20. Mateos MV, Blacklock H, Schjesvold F, et al; KEYNOTE-183 Investigators. Pembrolizumab plus pomalidomide and dexamethasone for patients
with relapsed or refractory multiple myeloma (KEYNOTE-183): a randomised, open-label, phase 3 trial. Lancet Haematol. 2019;6(9):e459-e469.

21. Armand P, Lesokhin A, Borrello I, et al. A phase 1b study of dual PD-1 and CTLA-4 or KIR blockade in patients with relapsed/refractory lymphoid
malignancies. Leukemia. 2021;35(3):777-786.

22. Zinzani PL, Santoro A, Gritti G, et al. Nivolumab combined with brentuximab vedotin for relapsed/refractory primary mediastinal large B-cell
lymphoma: efficacy and safety from the phase ii checkmate 436 study. J Clin Oncol. 2019;37(33):3081-3089.

23. Godfrey J, Tumuluru S, Bao R, et al. PD-L1 gene alterations identify a subset of diffuse large B-cell lymphoma harboring a T-cell-inflamed
phenotype. Blood. 2019;133(21):2279-2290.

24. Wright GW, Huang DW, Phelan JD, et al. A probabilistic classification tool for genetic subtypes of diffuse large B cell lymphoma with therapeutic
implications. Cancer Cell. 2020;37(4):551-568.e14.

1242 GREGORY et al 22 FEBRUARY 2022 • VOLUME 6, NUMBER 4

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/6/4/1232/1871811/advancesadv2021005872.pdf by guest on 06 M

ay 2024


	TF1
	TF2
	TF3
	TF4
	TF5
	TF6
	TF7
	TF8
	TF9


<<
	/CompressObjects /Off
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 300
	/GrayImageResolution 300
	/DoThumbnails false
	/ColorConversionStrategy /LeaveColorUnchanged
	/GrayImageFilter /FlateEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /Warning
	/ImageMemory 1048576
	/LockDistillerParams true
	/AllowPSXObjects false
	/DownsampleMonoImages false
	/PassThroughJPEGImages true
	/ColorSettingsFile (Color Management Off)
	/AutoRotatePages /None
	/Optimize false
	/MonoImageDepth -1
	/ParseDSCComments true
	/AntiAliasGrayImages false
	/GrayImageMinResolutionPolicy /Warning
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 30
		/TileWidth 256
	>>
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues true
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 1000
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth 8
	/OtherNamespaces [
		<<
			/IncludeSlug false
			/CropImagesToFrames true
			/IncludeNonPrinting false
			/OmitPlacedBitmaps false
			/AsReaderSpreads false
			/Namespace [
				(Adobe)
				(InDesign)
				(4.0)
			]
			/FlattenerIgnoreSpreadOverrides false
			/OmitPlacedEPS false
			/OmitPlacedPDF false
			/SimulateOverprint /Legacy
			/IncludeGuidesGrids false
			/ErrorControl /WarnAndContinue
		>>
		<<
			/IncludeProfiles false
			/AddBleedMarks false
			/ConvertColors /ConvertToCMYK
			/IncludeLayers false
			/FormElements false
			/FlattenerPreset <<
				/PresetSelector /MediumResolution
			>>
			/IncludeInteractive false
			/AddColorBars false
			/DestinationProfileSelector /DocumentCMYK
			/MultimediaHandling /UseObjectSettings
			/UseDocumentBleed false
			/AddCropMarks false
			/PreserveEditing true
			/PDFXOutputIntentProfileSelector /DocumentCMYK
			/DestinationProfileName ()
			/UntaggedRGBHandling /UseDocumentProfile
			/GenerateStructure false
			/AddRegMarks false
			/Namespace [
				(Adobe)
				(CreativeSuite)
				(2.0)
			]
			/Downsample16BitImages true
			/IncludeHyperlinks false
			/IncludeBookmarks false
			/AddPageInfo false
			/UntaggedCMYKHandling /LeaveUntagged
		>>
	]
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 300
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages false
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages false
	/ASCII85EncodePages false
	/PreserveEPSInfo true
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.3
	/MonoImageResolution 1200
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Error
	/AutoPositionEPSFiles true
	/PreserveOPIComments false
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 30
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile (None)
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 30
		/TileWidth 256
	>>
	/EmbedJobOptions true
	/MonoImageDownsampleType /Average
	/DetectBlends true
	/EncodeGrayImages true
	/ColorImageDownsampleType /Average
	/EmitDSCWarnings true
	/Namespace [
		(Adobe)
		(Common)
		(1.0)
	]
	/AutoFilterColorImages false
	/DownsampleGrayImages false
	/GrayImageDict <<
		/QFactor 0.15
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/QFactor 0.15
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /Warning
	/ColorImageResolution 300
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 30
		/TileWidth 256
	>>
	/ColorImageDepth 8
	/DetectCurves 0.0
	/PDFXTrapped /False
	/ColorImageFilter /FlateEncode
	/TransferFunctionInfo /Remove
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/ColorACSImageDict <<
		/QFactor 0.15
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DSCReportingLevel 0
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/PreserveCopyPage false
	/UsePrologue false
	/StartPage 1
	/MonoImageDownsampleThreshold 1.5
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Average
	/Description <<
		/ENU (DJS standard print-production joboptions; for use with Adobe Distiller v7.x; djs rev. 1.0)
		/PTB <>
		/FRA <>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NOR <>
		/DEU <>
		/SVE <>
		/ITA <>
		/DAN <>
		/JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/ESP <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /Default
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/QFactor 0.15
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts false
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		792.0
		1224.0
	]
	/HWResolution [
		2400
		2400
	]
>>
setpagedevice


