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A B S T R A C T

Purpose
CDK4 is amplified in � 90% of well-differentiated (WDLS) and dedifferentiated liposarcomas (DDLS).
The selective cyclin-dependent kinase 4 (CDK4)/CDK6 inhibitor PD0332991 inhibits growth and
induces senescence in cell lines and xenografts. In a phase I trial of PD0332991, several patients with
WDLS or DDLS experienced prolonged stable disease. We performed an open-label phase II study to
determine the safety and efficacy of PD0332991 in patients with advanced WDLS/DDLS.

Patients and Methods
Patients age � 18 years experiencing disease progression while receiving systemic therapy before
enrollment received PD0332991 200 mg orally once per day for 14 consecutive days in 21-day
cycles. All were required to have CDK4 amplification by fluorescence in situ hybridization and
retinoblastoma protein (RB) expression by immunohistochemistry (� 1�). The primary end point
was progression-free survival (PFS) at 12 weeks, with 12-week PFS of � 40% considered
promising and � 20% not promising. If � nine of 28 patients were progression free at 12 weeks,
PD0332991 would be considered active.

Results
We screened 48 patients (44 of 48 had CDK4 amplification; 41 of 44 were RB positive). Of those,
30 were enrolled, and 29 were evaluable for the primary end point. Grade 3 to 4 events included
anemia (17%), thrombocytopenia (30%), neutropenia (50%), and febrile neutropenia (3%). At 12
weeks, PFS was 66% (90% CI, 51% to 100%), significantly exceeding the primary end point. The
median PFS was 18 weeks. There was one partial response.

Conclusion
Treatment with the CDK4 inhibitor PD0332991 was associated with a favorable progression-free
rate in patients with CDK4-amplified and RB-expressing WDLS/DDLS who had progressive
disease despite systemic therapy.

J Clin Oncol 31:2024-2028. © 2013 by American Society of Clinical Oncology

INTRODUCTION

Liposarcomas are malignant mesenchymal tumors
that are classified into three main biologic groups:
well-differentiated (WDLS) and dedifferentiated li-
posarcomas (DDLS), myxoid/round-cell liposar-
coma, and pleiomorphic liposarcoma.1 WDLS/
DDLS are considered a biphasic disease. The
dedifferentiated component, which can be rapidly
growing, aggressive, and metastatic, is thought to
arise from the well-differentiated component, which
can grow slowly.2 Both WDLS and DDLS are rela-
tively resistant to chemotherapy, and few viable
treatments exist for patients with locally advanced or
metastatic disease.3

The oncogene cyclin-dependent kinase 4
(CDK4) is amplified in � 90% of WDLS/DDLS,4,5

and it is also highly amplified.6 Gene expression
array studies have shown that that CDK4 expression
is � 10� as high in WDLS/DDLS as in normal fat
tissue.7 Inhibition of CDK4 expression with short
hairpin RNA inhibits growth of WDLS/DDLS cells
in vitro.8

PD0332991 is a potent oral inhibitor of CDK4
and CDK6 that prevents downstream phosphoryla-
tion of the retinoblastoma (RB) protein.9,10 The
drug inhibits the growth of WDLS/DDLS cells in
vitro and in xenograft models.8 In a phase I study of
PD0332991, two patients with RB-positive WDLS/
DDLS had prolonged stable disease lasting several
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years.11 We performed a single-arm phase II clinical trial of
PD0332991 in patients with progressive advanced WDLS/DDLS.

PATIENTS AND METHODS

To be eligible, patients had to be adults (age � 18 years) with locally advanced or
metastaticWDLS/DDLS.Inaddition,patientshadtohaveCDK4amplification,as
detected by fluorescence in situ hybridization (FISH), and RB expression by im-
munohistochemistry, both determined on an archival tumor specimen.

Main inclusion criteria were histologically confirmed WDLS/DDLS, ad-
equate organ and marrow function, Eastern Oncology Cooperative Group
(ECOG) performance status of 0 or 1, and measurable disease by RECIST
(version 1.1).12 Patients must have received at least one other systemic treat-
ment for advanced disease. All patients had evidence of clinical disease pro-
gression before enrolling onto this trial. The protocol was approved by the
institutional review board of Memorial Sloan-Kettering Cancer Center, and all
patients provided written informed consent.

Study Design and Statistical Analysis

This was a single-institution nonrandomized open-label phase II study.
The primary end point was progression-free survival (PFS) at 12 weeks. On the
basis of historical controls, PFS � 40% at 3 months was considered promising
for second-line therapy, and PFS � 20% was considered not promising.13 A
one-stage design was used.14 The initial study design called for a sample size of
28. The study would meet its primary end point if at least nine patients were
progression free at 12 weeks. This design has a type I error rate of 0.09 and a
type II error rate of 0.15.

CDK4 and RB Assessment

CDK4 amplification testing by FISH was performed using a probe com-
prising BAC clones RP11-571M6 (Wellcome Trust Sanger Institute, Hinxton,
United Kingdom) and RP11-970A5 (BACPAC Resources, Oakland, CA)
spanning CDK4, labeled with red deoxyuridine triphosphate, together with
chromosome 12 centromeric clone p�12H8, labeled with green deoxyuridine
triphosphate (Enzo Life Sciences, Farmingdale, NY; supplied by Abbott Mo-
lecular, Chicago, IL).

FISH was performed on formalin-fixed, paraffin-embedded sections
according to standard procedures. Briefly, paraffin sections were dewaxed in
xylenes, microwaved in 10 mmol/L sodium citrate (pH, 6.0) solution for
approximately 10 minutes, cooled to room temperature, rinsed, and treated
with approximately 150 units/mL pepsin–hydrochloric acid for approxi-
mately 5 minutes at 37°C before being rinsed and dehydrated. Prewarmed
probe mixture was applied to the slides, and a coverslip was sealed in place with
rubber cement. The slides were then denatured at 80°C for 8 minutes on a
HYBrite automated hybridizer (Vysis, Des Plaines, IL) and incubated over-
night at 37°C. After standard nonformamide posthybridization washes, the
slides were stained with 4�,6-diamidino-2-phenylindole and mounted in anti-
fade (Vectashield; Vector Laboratories, Burlingame, CA).

Analysis was performed using a Zeiss Axioplan epifluorescence micro-
scope (Carl Zeiss Microscopy, Thornwood, NY) with motorized stage and Isis
5 imaging software (MetaSystems Group, Waltham, MA). Image records
consisted of collapsed stacks captured at 0.5-micron intervals through the
depth of the tissue. Amplification was defined as CDK4-to-centromere
ratio � 2.5, with a ratio � 10 representing high-level amplification.

RB expression by immunohistochemistry was determined using stan-
dard methods (RB [4H1] mouse monoclonal antibody; Cell Signaling Tech-
nology, Danvers, MA). Tumor samples were required to express RB at a
level � 1� (above background).

Treatment

Patients were treated with 200 mg of PD0332991 once per day for 14 days,
followedby7daysofrest.Thiswasthemaximum-tolerateddosedeterminedinthe
phaseIstudy.11 Cycleswererepeatedevery3weeks,providedthefollowingcriteria
were met on the first day of the next cycle: platelet count � 50,000/�L, absolute
neutrophil count � 1000/�L, and hemoglobin � 8.0 g/dL. If these criteria were
not met, the start of the cycle was delayed up to 7 days to allow for hematologic

recovery. If the start of the next cycle had to be delayed � 7 days, the dose was
reduced to 150 mg. In addition, the dose was reduced to 150 mg for grade 4
hematologictoxicityoccurringatanytime.Ifaseconddosereductionwasrequired
for the same reasons, the dose was reduced to 100 mg.

Response Assessment

Clinical examinations and laboratory testing were performed at a screening
visit, at the start of treatment, and at the start of each cycle of therapy for the first 12
cycles and thereafter at every other cycle. In addition, a complete blood count was
performed once per week during the first cycle. Tumor response was assessed by a
reference radiologist by computed tomography (CT) scan once every 6 weeks
(regardless of dose delays) for 36 weeks and once every 12 weeks thereafter. Toxic-
ities were assessed and graded according to the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events (version 4.0).

RESULTS

Between October 2010 and November 2011, 51 patients gave consent
to the protocol. The flow of patients and tumor testing is described

Consent obtained
(n = 51)

Tested for CDK4
(n = 48)

Tested for RB
(n = 44)

CDK4 amplified and RB expressed
(n = 41)

Treated on study
(n = 30)

Analyzed for the primary end point
(n = 29)

Patients excluded (n = 3)
)1 = n( sedils oN  

  Ineligible (n = 2; patients with disease
 other than WD/DD LPS)

No CDK4 amplification detected
(n = 4)

RB not detected (n = 3)
)1 = n( eruliaf tseT  

  Test not completed (n = 2)

Patients not treated (n = 11)
  No prior systemic therapy (n = 6)
  No disease progression (n = 2)

)3 = n( eciohc tneitaP  

Excluded from analysis of (n = 1)
  primary end point
  Withdrew consent before (n = 1)
    completing one cycle of 
    treatment

Fig 1. Diagram showing flow of patients and testing for CDK4 and retinoblastoma
protein (RB). DD, dedifferentiated; LPS, liposarcoma; WD, well differentiated.
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(Fig 1). CDK4 amplification was detected in 44 (92%) of 48 tumors
tested. Of these 44 patients, two did not complete RB testing because of
clinical deterioration rendering them ineligible for the study. For one
patient, there was a technical failure with the test. Of the remaining 41
patients, all had RB expression, and thus, all were eligible for treatment
in the study. Eleven patients did not start study treatment either
because they had not yet shown evidence of disease progression during
prior systemic therapy or because of patient choice.

Thirty patients were treated with PD0332991. The characteristics
of these patients are listed in Table 1. The primary site of disease was
the retroperitoneum in 97% of patients. Only five patients (17%) had
purely well-differentiated tumors. The remaining 83% had either ded-
ifferentiated or well-differentiated plus dedifferentiated disease on
pathology review. All had received at least one prior regimen of sys-
temic therapy, and some had received up to five prior regimens.
Nineteen (63%) had received prior doxorubicin-based treatment.

Toxicity

The incidence of grade 2 to 4 adverse events possibly, probably, or
definitely related to treatment is summarized in Table 2. Most toxici-
ties were hematologic. Grade 3 to 4 toxicities included anemia (17%),
neutropenia (50%), and thrombocytopenia (30%). Despite the fre-
quency of neutropenia, there was only one episode of neutropenic
fever, which resolved without complications. The drug was otherwise

well tolerated, with no other common serious adverse events. Dose
reduction for hematologic toxicity was required for 24% of patients.

Efficacy

One patient withdrew consent before completing the first cycle of
treatment after experiencing nausea, diarrhea, and fatigue (all grade
1). This patient did not have a repeat CT scan during the study and was
not evaluable for the primary end point. Of 29 patients evaluable for
the primary end point, one died 3 weeks after starting treatment. This
was probably related to advanced disease and unlikely related to treat-
ment. Three patients had clinical deterioration and were considered to
have progressed even though scans did not show objective progression
per RECIST. An additional six patients had progression by RECIST on

Table 1. Demographic and Clinical Characteristics of Patients Treated With
PD0332991 (n � 30)

Characteristic No. %

Sex
Male 16 52
Female 14 48

Age, years
Median 65
Range 37-83

ECOG PS
0 20 67
1 10 33

Primary site
Retroperitoneum 29 97
Extremity 1 3

Histology
Well differentiated 5 17
Dedifferentiated 25 83

No. of prior systemic treatments
Median 1
Range 1-5

Prior systemic treatments
Doxorubicin or liposomal doxorubicin 19
Gemcitabine 4
Gemcitabine and docetaxel 4
Ifosfamide 5
Trabectedin 3
Other cytotoxics (dacarbazine, cyclophosphamide,

irinotecan) 3
Other targeted agents (imatinib, sunitinib, brivanib,

flavopiridol, and inhibitors of notch, hedgehog,
MDM2) 18

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance
status; MDM2, mouse double minute 2 homolog.

Table 2. Incidence of Grade 2 to 4 Adverse Events Possibly, Probably, or
Definitely Related to Treatment

Toxicity

Grade

Total2 3 4

Hematologic
Anemia 6 5 11
WBC decreased 13 13 1 27
Platelet count decreased 2 5 4 11
Lymphocyte count decreased 4 6 2 12
Neutrophil count decreased 13 13 2 28
Febrile neutropenia 1 1

Nonhematologic
Anorexia 1 1
Constipation 1 1
Diarrhea 1 1
Dry skin 1 1
Epistaxis 1 1
Fatigue 1 2 3
Hematuria 1 1
Upper respiratory infection 1 1
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Fig 2. Kaplan-Meier curve of progression-free survival. Dashed lines indicate
95% CI.
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or before week 12. Thus, 19 patients were progression free at 12 weeks.
The estimated 12-week PFS rate was 66%, with a one-sided 90% CI of
51% to 100%. This significantly exceeded the 12-week PFS rate of 40%
to consider the study positive. A Kaplan-Meier curve of PFS is shown
in Figure 2. The median PFS was 17.9 weeks. At data cutoff, four
patients remained in the study, at 48 to 74 weeks of follow-up.

The duration of study treatment for each patient is depicted in
Figure 3. One patient (3%) achieved a partial response according to
RECIST at 74 weeks and remains in the study. Three other patients
had evidence of favorable response to treatment that did not meet
RECIST, specifically, decreases in tumor size of at least 10%. For
example, one patient had gradual regression of a component of DDLS
within a larger well-differentiated tumor (Fig 4). This occurred over a
period of � 1 year of treatment with PD0332991. At the point of
maximal response, the patient had a 30% decrease in tumor size per

RECIST; however, the patient developed a new enlarging nontarget
lesion, which was considered progressive disease.

DISCUSSION

To our knowledge, this is the first phase II clinical trial performed
specifically for patients with WDLS/DDLS. In addition to testing a
targeted therapy in a set of patients with a single biologic group of
sarcomas characterized by CDK4 amplification, this study specifically
enriched for patients with a molecularly defined target. As expected,
RB expression was common, and CDK4 amplification was detected
in � 90% of samples, consistent with prior published series.5

Treatment with PD0332991 was generally well tolerated. Although
myelosuppression was common, this rarely resulted in serious sequelae.
Only a minority of patients required dose reductions or delays. Overall,
74% of cycles were administered on schedule. Moreover, myelosuppres-
sionwasan isolatedadverseeffect,withnosignificant systemicsymptoms
suchasnausea,diarrhea,oralopecia,whicharecommonlyassociatedwith
conventional myelosuppressive chemotherapy.

The natural history of WDLS/DDLS can be highly variable. To ad-
dress this heterogeneity, all patients in the study were required to have
evidence of disease progression despite systemic therapy. Most patients
hadexperiencedpriortreatmentfailurewithdoxorubicin-containingreg-
imens. This eligibility criterion selected for patients with advanced and
progressive disease and increases the importance of the prolonged PFS
that was observed. A potential weakness is that progression at the time of
study entry was not formally defined but rather was assessed by the treat-
ing physician. A future randomized study would obviate this concern.
Retrospective review of the scans of patients treated in this study showed
that all had enlarging tumors before enrollment. Representative tumors
grew by an average of 25% over serial CT scans performed on average 10
weeks apart. In most cases, this growth occurred while patients were
receiving other systemic therapy, thus demonstrating that the disease was
refractory and progressive.

This study met its primary end point. The 12-week PFS of 66%
significantly exceeded the expected PFS rate of 40% for an active second-
line agent and even further exceeded the expected PFS rate of 20% for an
inactive agent.13 The expected PFS rates were derived from an assessment
of pretreated patients with soft tissue sarcoma across 12 clinical trials. The
patients constituting these historical controls, like those in our study, all
had progressive sarcoma despite prior chemotherapy and similar ECOG

Time (weeks)

100 20 30 40 706050 80

Fig 3. Time in study for all evaluable patients. Gold bars represent patients with
purely well-differentiated liposarcoma; blue bars represent dedifferentiated tu-
mors. Arrows indicate patients who remained in study at the data cutoff. Star
indicates patient with partial response.

shtnom 31enilesaB

BA

Fig 4. Computed tomography scans at
(A) baseline and (B) after 13 months of
treatment with PD0332991, demonstrat-
ing favorable tumor response (arrows) in
dedifferentiated liposarcoma surrounded
by well-differentiated liposarcoma.
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performance status. However, the historical controls encompassed mul-
tiple sarcoma types, not just WDLS/DDLS. Also, as with any historical
controls, comparisons were hindered by the possibility of changes in the
patient population and treatment practices. Nevertheless, the 12-week
PFS in our study was as high as, or higher than, those in recent studies of
two agents commonly used as second-line treatment for soft tissue
sarcoma—ifosfamide (PFS, 65%) and trabectedin (PFS, 40% to 56%).15

Prolonged stable disease and responses seem possible, but the
onset of response may be late (74 weeks for the one partial response).
Patients with WDLS as well as dedifferentiated tumors were able to
achieve prolonged stable disease (Fig 3). However, objective tumor
regression tended to occur in dedifferentiated tumors (partial re-
sponse in Fig 3; Fig 4), suggesting the possibility of greater activity in
dedifferentiated tumors.

A second phase II study is ongoing at our institution to evaluate
PD0332991 at a different dose and schedule (125 mg once per day for
21 days, every 28 days), which may be associated with less hematologic
toxicity. Tumor biopsies will also be performed to study mechanisms
of acquired drug resistance in patients who have disease progression
after initial benefit.

Targeting CDK4 in WDLS/DDLS has been of interest for several
years. A previous clinical trial of the pan-CDK inhibitor flavopiridol in
combination with doxorubicin demonstrated some clinical benefit in
WDLS/DDLS (stable disease for � 3 months in seven of 12 patients).16

However, our study, with a more potent and selective CDK4/CDK6 in-
hibitor, is the first to our knowledge to show objective tumor regression
andthusprovides importantproofofprinciple.Recentdatashowthat the
rare cases of WDLS/DDLS without CDK4 amplification often involve
other genetic abnormalities in the same pathway, such as amplification of
the cyclin D1 gene (CCND1) or loss of the p16 gene (CDKN2A).17 Thus,
CDK4 inhibition may be effective in those tumors as well. WDLS/DDLS
are complex tumors with multiple chromosomal abnormalities, so inhi-
bition of a single oncogene would not be expected to effectively treat all
patients. However, this study demonstrates that treatment with a selective
CDK4 inhibitor is associated with favorable PFS and can lead to radio-

graphic response, at least in a subset of patients with this disease, and
provides an important foundation for future studies.
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