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most commonly observed toxicities included hematologi-
cal, digestive and metabolic AEs. However, no tumor lysis 
syndrome has been reported in the study. Four patients 
achieved stable disease, and one patient achieved complete 
response according to 2008 iwCLL criteria at cycle 3. PK 
samples were collected from 5 patients, and no obvious 
interaction between dinaciclib and rituximab was observed.
Conclusions  Limited data from this study shows dinaci-
clib in combination with rituximab was well tolerated and 
revealed encouraging clinical activity in relapsed/refractory 
CLL patients.

Keywords  Dinaciclib · Chronic lymphocytic leukemia · 
Relapsed/refractory patients · Cyclin-dependent kinase · 
Rituximab

Introduction

Fludarabine, cyclophosphamide and rituximab are now 
considered standard treatment of physically fit chronic 
lymphocytic leukemia (CLL) patients in first line and are 
also often used in relapse [1–4]. Patients with purine ana-
logs refractory CLL, defined as failure to achieve partial 
response (PR) by NCI-WG criteria or progressive disease 
during treatment or within 6 months of the last treatment, 
have a dismal prognosis. These patients may benefit from 
treatment involving monoclonal antibodies. However, even 
with such options, responses are short-lived [5–7], empha-
sizing the need for novel therapeutic options in relapsed/
refractory CLL patients [8].

Dinaciclib (MK-7965, formerly SCH 727965) is a novel, 
potent, small molecule inhibitor of cyclin-dependent kinase 
(CDK) [9]. This molecule selectively inhibits CDK1, 
CDK2, CDK5, and CDK9 at IC50 values in the 1–4 nM 
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range. In murine xenograft models, dinaciclib has a supe-
rior therapeutic activity with an improved therapeutic index 
compared with the pan-CDK inhibitor flavopiridol [10–12]. 
CDK are serine/threonine kinases that regulate progression 
through the cell cycle and are bound by various cyclins 
that activate the CDKs in specific phases of the cell cycle. 
CDK1 participates in S, G2 and M-phase progression [13–
16]. CDK2 plays a critical role in regulating cell cycle pro-
gression through the G1/S transition and S and G2 phases. 
Altogether CDK1 and CDK2 regulate cell cycle progres-
sion and checkpoint control. CDK5 is involved in cytoskel-
etal regulation. Together with CDK7 and CDK8, CDK9 
has been shown to be involved in the phosphorylation of 
the RNA polymerase II carboxyl terminal domain, partic-
ipating to cellular transcription. Mcl-1 is a short half-life 
protein which is particularly sensitive to RNAPII inhibi-
tion following dinaciclib treatment [17–19]. In vitro studies 
have shown dinaciclib to be a potent inducer of apoptosis 
in tumor cell lines [20–22] and an effective inhibitor of 
tumor growth in murine xenograft models of human can-
cers, using tissue fragments of patient-derived xenografts 
grown in mice [10, 23–25].

Rituximab is a genetically engineered chimeric murine/
human IgG1 kappa anti-CD20 monoclonal antibody with 
high affinity for the CD20 surface antigen that is selec-
tively expressed on B lymphocytes. Rituximab binding to 
B cells results in sustained B cell depletion and has signifi-
cantly improved clinical outcome in patients with CD20-
positive B-cell malignancies, including CLL [26–28]. 
The mechanisms of antitumor effect of rituximab include 
antibody-dependent cellular cytotoxicity (ADCC), comple-
ment-dependent cytotoxicity (CDC) and direct antibody-
mediated apoptosis [29]. In vitro studies have shown that 
rituximab-mediated inhibition of cell survival signaling 
pathways and downregulation of anti-apoptotic Bcl2 fam-
ily members can sensitize resistant tumor cells to apopto-
sis by chemotherapeutic agents [30]. Furthermore, reduc-
tion of anti-apoptotic protein Mcl-1 by siRNA knockdown 
has been shown to enhance rituximab-mediated apoptosis 
in CLL patients [31]. The development of Mcl-1 targeted 
therapies may enhance the therapeutic benefit of rituximab. 
Altogether these results suggest the rationale for the clini-
cal development of the dinaciclib plus anti-CD20 monoclo-
nal antibody therapeutic combination.

Several in vitro studies show the benefit to combine 
rituximab and dinaciclib. Among anti-apoptotic Bcl2 
family members, Mcl-1, when downregulated, enhances 
rituximab-mediated apoptosis and CDC in CLL patient 
cells [30, 31]. A role for Mcl-1 in rituximab resistance 
in CLL is also supported by a significantly higher Mcl-
1/Bax expression ratio in nonresponsive rituximab-treated 
patients as compared to responsive patients [31]. In addi-
tion, dinaciclib exhibits a CDK9 inhibitory activity, thus 

blocking CDK9-dependent phosphorylation of RNAPII, 
which is required for transcriptional elongation [16, 32]. 
Mcl-1 is a short anti-apoptotic protein, particularly sensi-
tive to RNAPII inhibition, further emphasizing the benefit 
of combining anti-CD20 rituximab antibody and dinaci-
clib. Patients had previously received anti-CD20 treatment, 
including rituximab in 40 % and ofatumumab in 20 % of 
cases. The possibility to retreat patients with anti-CD20 
antibodies in combination with dinaciclib enhances thera-
peutic options in this heavily pretreated cohort of patients.

Phase I clinical studies of dinaciclib as single agent have 
demonstrated an acceptable safety profile [33, 34]. Most 
common adverse events (AEs) across all trials are neutro-
penia, leukopenia, anemia, thrombocytopenia, diarrhea, 
nausea, vomiting, fatigue, increased liver enzymes, hyper-
glycemia, hypocalcemia and hypotension.

In the P04629 study, dinaciclib as single agent was 
administered on a weekly schedule in patients with 
advanced solid tumors and hematological malignancies. 
Stable disease (SD) control was seen in some solid tumors 
and lymphoma patients; however, the most promising clini-
cal activity was seen in CLL. Overall response rate was 
58.3 % (according to NCI Working Group Response Crite-
ria, 28/48, all PR) [9]. Subjects assigned to dose regimens 
containing 14 mg/m2 (14, 10 → 14 and 7 → 10 → 14 mg/
m2 combined) had a response rate of 66.7 % (22/33, all PR). 
Based on safety and efficacy data, the 7 → 10 → 14 mg/m2 
was chosen as the recommended phase II dose.

In this trial, subjects with relapsed or refractory CLL/
small lymphocytic lymphoma (SLL) received dinaciclib 
in combination with rituximab. A modified 3 +  3 design 
was used to establish the MTD of dinaciclib when given 
in combination with rituximab. Rituximab 375  mg/m2 IV 
was administered on day 1, 8, 15 and 22 in cycle 1 (28 day 
cycle) and on day 1 in cycles 3–13 (28 day cycles). Rituxi-
mab was not administered in cycle 2.

We report our initial clinical experience with dinaciclib 
in combination with rituximab in relapsed and refractory 
CLL patients, along with pharmacokinetic (PK) studies.

Patients and methods

Eligibility criteria

This nonrandomized open-label phase I dose-escalation 
trial was designed to investigate the effect of dinaciclib 
when administered with rituximab. Patients with confirmed 
CLL or SLL, as defined by the 2008 International Work-
shop on CLL (iwCLL) criteria, who were 18 years of age 
or older, and had received at least one prior therapy includ-
ing either fludarabine or equivalent nucleoside analog, were 
eligible to enroll in the trial. Patients had to have Eastern 



1059Cancer Chemother Pharmacol (2014) 74:1057–1064	

1 3

Cooperative Oncology Group performance status of 0, 1, or 
2, as well as adequate organ function and laboratory param-
eters. Patients who received treatment with a cytochrome 
P450 3A4 (CYP3A4) inhibitor or inducer within 1  week 
prior to enrollment, or any chemotherapy or biological 
therapy within 4 weeks prior to enrollment, were excluded 
from the study. Patients who previously received an allo-
geneic bone marrow transplant or any prior treatment with 
a CDK inhibitor were excluded. Concomitant use of other 
drugs that are inhibitors or inducers of CYP3A4 were pro-
hibited while patients were enrolled in the study. Patients 
who had active autoimmune anemia or idiopathic throm-
bocytopenic purpura unless stable were also excluded from 
the study. Blood sample for FISH testing has been per-
formed at screening using probes for del17 (p13.1), del13 
(q14), del11 (q22.3) and trisomy 12. The study was con-
ducted in accordance with good clinical practice and the 
Declaration of Helsinki concerning written informed con-
sent and the protection of rights of human subjects partici-
pating in biomedical research. Before study initiation, the 
clinical study protocol, any amendments and the written 
informed consent forms were reviewed and approved by an 
independent review board at each study site. Each subject 
had to provide written informed consent before undergoing 
any study-related activities.

Study design and objectives

This was a phase 1b nonrandomized open-label multisite 
trial, designed to determine the tolerable dose of dinaci-
clib therapy in combination with rituximab in patients 
with relapsed and refractory CLL (ClinicalTrials.gov: 
NCT01650727; Study P07974). The study originally con-
sisted of two parts. The first part was to determine the 
MTD of dinaciclib when given in combination with rituxi-
mab, and the second part was to determine the overall 

response rate (ORR) of the combination therapy. Dinaciclib 
was administered intravenously (IV) over 2 h on days 1, 8 
and 15 in cycles 2–13 (28-day cycles) (Level−1). Dinaci-
clib was to be administered at a dose of 7 mg/m2 as a 2 h 
infusion on day 1, escalated to 10  mg/m2 beginning with 
day 8 and continuing thereafter (Level-1). Escalating doses 
of 7 → 10 → 14 mg/m2 in cycle 1 were administered and 
14  mg/m2 in cycle 2 and thereafter (Level 2). Rituximab 
was administered IV at 375 mg/m2 on day 1, 8, 15 and 22 
in cycle 1 and on day 1 during cycle 3 through 13. Rituxi-
mab was not administered in cycle 2. Both dinaciclib and 
rituximab drugs were only combined at cycle 3, allowing 
the first two cycles to reduce tumor burden and prevent 
tumor lysis syndrome (TLS) (Table  1). In order to mini-
mize the incidence of TLS, patients started at a lower dose 
of dinaciclib before increasing either to 10 or 14 mg/m2.

All premedication and supportive care could be used 
per institutional standard. Erythropoietin and G-CSF were 
not allowed for the first three cycles to ensure proper dose-
limiting toxicity assessment. Laboratory TLS work-up was 
performed prior to the start of infusion and at 3 and 5  h 
after the start of dinaciclib infusion at cycle 2.

Safety and response assessments

All patients enrolled in the study who received study medi-
cation were included in the safety analysis. AEs were mon-
itored throughout the study and were graded according to 
the National Cancer Institute Common Terminology Cri-
teria for Adverse Events (NCI-CTCAE, version 4.1) and 
characterized according to their relationship to study medi-
cation by the investigator. AEs were collected from the date 
of enrollment until the date of the post-study visit. Safety 
assessments also included clinical laboratory (hematology 
and chemistry) measurements, 12-lead electrocardiograms, 
vital signs performed at screening and on prespecified 

Table 1   Combination treatment schedule

All cycles are 28 days
a  Rituximab was administered at 375 mg/m2

b  The first cohort was administered dinaciclib Dose Level 1. Level–1: 7 mg/m2 as a 2 h infusion for all administrations; Level 1: 7 mg/m2 as a 
2 h infusion on day 1, escalated to 10 mg/m2 beginning with day 8 and continuing thereafter; Level 2: 7 mg/m2 as a 2 h infusion on day 1, esca-
lated to 10 mg/m2 on day 8, and to 14 mg/m2 on day 15 and continuing thereafter
c  Rituximab was infused prior to dinaciclib
d  Rituximab was given on day 1 and dinaciclib on day 2, 9 and 16 if the infusion rate for rituximab precludes administering both drugs on the 
same day

Study treatment Cycle 1 Cycle 2 Cycle 3–13c,d

Day Day Day

1 8 15 22 1 8 15 22 1 8 15 22

Rituximaba × × × × ×
Dinaciclibb × × × × × ×
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times throughout treatment. Disease response was assessed 
according to the 2008 iwCLL criteria. ORR (ORR = com-
plete response [CR] + PR) is defined as the proportion of 
patients whose best response is confirmed PR or CR as per 
the 2008 iwCLL. Computed tomography scans of the chest, 
abdomen and pelvis were obtained every 12 weeks after the 
patient began treatment (cycle 1 day 1) until completion of 
study treatment or until disease progression was assessed.

Pharmacokinetic assessments

Plasma dinaciclib concentrations were determined immedi-
ately prior to the start of the infusion (pre-dose) on day 1 of 
cycle 3 and at predefined intervals after the start of the infu-
sion. Timed blood PK samples were collected at 1, 2, 3 and 
5 h after the initiation of the infusion. The data and time of 
each sample collection were recorded.

Statistical analyses

Patient demographic data and baseline characteristics 
were summarized using descriptive statistics. Serious AEs 
(SAEs) were reviewed in real-time basis, and periodic 
reviews of AEs were performed during the trial. The num-
ber of patients reporting any AEs, the occurrence of spe-
cific AEs and discontinuation due to AEs were tabulated 
and summarized using descriptive statistics. Summary sta-
tistics (means, standard deviations) were calculated for the 
concentration data at each sampling time and the derived 
PK parameters. The log-transformed PK parameters were 
analyzed using an analysis of variance model extracting the 
effects due to treatment, period, sequence and patient. The 
point estimate of the relative exposure to dinaciclib, when 
administered with or without rituximab, was calculated 
along with the corresponding 90  % confidence interval. 
Figures were generated using Sigma Plot 10 (Systat Soft-
ware Inc., San Jose, CA) and S-PLUS 8 (TIBCO Software 
Inc., Palo Alto, CA).

Results

Patient characteristics

Five patients were enrolled and treated in the study. Their 
data were evaluable for PK parameters. Patient demograph-
ics and baseline characteristics are summarized in Table 2. 
The majority of patients enrolled in the trial were male 
(60  %), and the median age was 74  years [range 63–80]. 
Eighty percent of patients were older than 65 years, 40 % of 
patients had RAI stage 3 or 4, and 40 % had Bulky disease. 
Median number of prior treatments received was 2 [range 
1–6]. Eighty percent had previously received fludarabine 

and 60 % monoclonal antibody-based treatment. According 
to cytogenetic data, none of the patients had del17p.

Safety and tolerability

Treatment-related AEs are shown in Table  3. All patients 
experienced at least one AE (Table  4). Treatment-related 
AEs were reported in all patients. Among these, four 
patients presented with SAEs. Drug-related AEs as deter-
mined by the investigator were observed in all patients, 
with two of them presenting with SAEs exclusively 
observed in the cohort dinaciclib 7–10–10 mg/m2. None of 

Table 2   Characteristics of patients treated with dinaciclib

ECOG Eastern Cooperative Oncology Group

Baseline characteristics Number  
of patients (%)  
(n = 5)

Median 
[range] 
(n = 5)

Sex

 Female 2 (40)

 Male 3 (60)

Race

 White 5 (100)

 Nonwhite 0 (0)

Age (years) 74 
[63–80]

Age

 ≤65 1 (20)

 >65 4 (80)

RAI stage

 0 1 (20)

 II 2 (40)

 III 1 (20)

 IV 1 (20)

Bulky disease

 Yes 2 (40)

 No 3 (60)

ECOG performance status

 0 1 (20)

 1 4 (80)

Number of prior treatments 2 [1–6]

Prior treatments

 Fludarabine 4 (80)

 Rituximab 2 (40)

 Bendamustine 2 (40)

 Ofatumumab 1 (20)

Presence of cytogenetic abnormalities

 Del17p 0 (0)

 Del11q 0 (0)

 Del13q 2 (40)

 Trisomy 12 2 (40)
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the patients had to discontinue the study because of drug-
related AEs. Table  3 summarizes treatment-related AEs 
that occurred in at least one patient following treatment 
combining dinaciclib and rituximab. The most frequent 
treatment-related AEs were hematological, including ane-
mia, leukopenia, neutropenia and thrombocytopenia, with a 
frequency ≥40 %. Among digestive AEs, diarrhea was the 
most commonly observed. In this heavily pretreated cohort 
of patients, asthenia and pneumonia were also frequent. No 
TLS occurred in patients. One patient experienced acute 
kidney injury during cycle 7 with increase in serum creati-
nine from 83 µmol/L at baseline to 160 µmol/L. This was 
resolved with supportive care measures. The patient contin-
ued study treatment once serum creatinine returned to the 
baseline value. Altogether, the combination of dinaciclib 
and rituximab was well tolerated.

Clinical outcome and efficacy

Mean duration of exposure to dinaciclib was 127.4  days. 
Patients treated in the dinaciclib 7–10–10  mg/m2 cohort 

were treated for 105 days [range 35–189] whereas patients 
in the 7–10–14 mg/m2 cohort received 30.3 days [range 21–
42]. Shortly after the second cohort patients started treat-
ment, this study was stopped prematurely due to adminis-
trative reasons. As a result, analysis of safety and efficacy 
data for 7–10–14 mg/m2 cohort was for a shorter period of 
time. A listing of efficacy responses is provided in Table 5. 
One patient achieved CR according to iwCLL criteria. At 
cycle 3, 4 patients (80  %) achieved SD. Among patients, 
two were still in SD at cycle 6, while two had progressive 
disease. One patient was lost to follow-up.

Pharmacokinetics

Owing to sparse PK samples collected in the study, the sys-
temic exposure area under the curve (AUC) as well as half-
life (t1/2) for the patients could not be reported. However, 
the maximum plasma concentration (Cmax) and time to Cmax 
(Tmax) values were comparable, given variability with those 
observed in a previous phase I study in patients with CLL 
at similar dose levels (ClinicalTrials.gov: NCT00871663). 
The individual plasma concentration–time profiles for 
dinaciclib are presented in Fig. 1. Dinaciclib demonstrated 
similar PK profiles and exposure when administered alone 
or in combination with rituximab. The PK analysis from 
previous phase I studies showed that dinaciclib, as a single 
agent, was rapidly eliminated with t1/2 ranging from 2.31 to 
2.95 h.

Discussion

In this study, dinaciclib was administered in combina-
tion with rituximab in refractory CLL patients. Overall, 
combination treatment was well tolerated and observed 
AEs did not differ from known AEs when dinaciclib is 
used as a single agent. The most frequent treatment-
related AEs were hematological with a frequency 
≥40  %. Digestive AEs, including diarrhea, were also 
frequent. We did not observe any discontinuation of the 
study because of drug-related AEs. No TLS occurred. 

Table 3   Treatment-related 
adverse events (AEs) after 
dinaciclib treatment

a  Determined by the 
investigator to be related to the 
drug

Patients in population Dinaciclib 7–10–10  
mg/m2 (n = 3)

Dinaciclib 7–10–14  
mg/m2 (n = 2)

Total 
(n = 5)

Presented with

 ≥1 AE/serious AE 3/3 2/1 5/4

 Drug-relateda AE/serious drug-related AE 3/2 2/0 5/2

Died 0 1 1

Discontinued due to

 AE/serious AE 2/1 0/0 2/1

 Drug-relateda AE/serious drug-related AE 0/0 0/0 0/0

Table 4   Patients with adverse events (AEs)

Every patient is counted a single time for each row

AEs Patients, no. 
(%) (n = 5)

Anemia 3 (60)

Leukopenia 2 (40)

Neutropenia 2 (40)

Thrombocytopenia 1 (20)

Constipation 2 (40)

Diarrhea 3 (60)

Vomiting 1 (20)

Asthenia 4 (80)

Pneumonia 2 (40)

Hyperglycemia 1 (20)

Hypomagnesemia 2 (40)

Renal failure 1 (20)

Tumor lysis syndrome 0 (0)
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As in other phases I trials using dinaciclib [33–37], 
patients were treated according to a dose-titration explo-
ration. Altogether our data suggest that administration of 
dinaciclib and rituximab is a feasible combination with a 
manageable safety profile.

PK data from clinical studies show peak drug plasma 
concentrations were achieved at 1–2 h and dinaciclib exhib-
ited rapid distribution and elimination phases (t1/2 ranging 
from 1.5 to 3.3  h) [38]. Clearance was dose independent 
with no drug accumulation in plasma. Dinaciclib demon-
strated similar PK profiles and exposure when administered 
alone or in combination with rituximab. However, due to 
limited PK samples, the systemic exposure AUC as well as 
t1/2 for the patients could not be reported in our study.

Due to early termination of enrollment, planned efficacy 
analysis was not performed in our study. Despite a limited 
number of enrolled patients, one patient achieved CR in the 
lowest cohort. Among four patients (80 %) in SD at cycle 
3, two of them were still in SD at cycle 6. None of the five 
treated patients presented with unfavorable del17p cytoge-
netics. Despite preliminary data suggesting that dinaciclib 
is effective in high-risk CLL, according to chromosomal 
abnormalities [33, 34, 36], no conclusion could be drawn in 
the current study.

This phase I study investigated the effects of a novel 
selective CDK inhibitor, dinaciclib when administered with 
rituximab. Five relapsed/refractory CLL patients received 
rituximab alone in cycle 1, dinaciclib alone in cycle 2 and 

Table 5   Listing of individual 
efficacy response after 
dinaciclib treatment

NA not assessed

Patients in population Dinaciclib 7–10–10  
mg/m2 (n = 3)

Dinaciclib 7–10–14  
mg/m2 (n = 2)

Total 
(n = 5)

Sex

 Male 3 0 3

 Female 0 2 2

Cytogenetics del17p 0 0 0

Response (at cycle 3)

 Complete response 0 1 1

 Partial response 0 0 0

 Stable disease 3 1 4

 Progressive disease 0 0 0

Response (at cycle 6)

 Complete response 0 NA NA

 Partial response 0 NA NA

 Stable disease 2 NA 2

 Progressive disease 2 0 2

Fig. 1   Pharmacokinetics 
(plasma dinaciclib concentra-
tion–time profiles [semi-log 
scale] on cycle 3). Day 1 with a 
2 h intravenous infusion starting 
at time = 0 h to subjects with 
chronic lymphocytic leukemia. 
Note There is only one data 
point for Subject # 4203 at 5h



1063Cancer Chemother Pharmacol (2014) 74:1057–1064	

1 3

the combination of both, starting cycle 3. As shown in our 
study, the combination of dinaciclib and rituximab demon-
strated efficacy, with four patients achieving SD at cycle 3, 
but of short duration. Furthermore, this association seems 
to be well tolerated with no TLS reported. Altogether, 
this preliminary results warrant further studies combining 
dinaciclib to other anti-CD20 antibodies such as ofatu-
mumab in relapsed/refractory CLL.
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