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IMPORTANCE More than 90% of well-differentiated or dedifferentiated liposarcomas
(WD/DDLS) have CDK4 amplification. The selective CDK4 and CDK6 inhibitor palbociclib
inhibits growth and induces senescence in liposarcoma cell lines and xenografts. Our prior
phase 2 study demonstrated that treatment with palbociclib (200 mg daily for 14 days every
21 days) resulted in clinical benefit in WD/DDLS but moderate hematologic toxic effects. It is
important to understand whether palbociclib at a new dose and schedule—125 mg daily for 21
days every 28 days—results in clinical benefit and manageable toxic effects.

OBJECTIVE To determine the progression-free survival (PFS) at 12 weeks of patients with
WD/DDLS treated with palbociclib (PD0332991).

DESIGN, SETTING, AND PARTICIPANTS In this phase 2, nonrandomized, open-label clinical trial
conducted at the Memorial Sloan Kettering Cancer Center, 60 patients 18 years and older
with advanced WD/DDLS and measurable disease by RECIST 1.1 were enrolled from December
2011 to January 2014 and followed to March 2015. Patients received oral palbociclib at 125 mg
daily for 21 days in 28-day cycles.

MAIN OUTCOMES AND MEASURES Primary end point was PFS. Secondary end points included
response rate and toxic effects.

RESULTS Overall, 30 patients were enrolled in the initial cohort and 30 more in an expansion
cohort. Median (range) age was 61.5 (35-87) years; 31 patients (52%) were male; median
(range) Eastern Cooperative Oncology Group score was 0 (0-1). Progression-free survival at
12 weeks was 57.2% (2-sided 95% CI, 42.4%-68.8%), and the median PFS was 17.9 weeks
(2-sided 95% CI, 11.9-24.0 weeks). There was 1 complete response. Toxic effects were
primarily hematologic and included neutropenia (grade 3, n = 20 [33%]; grade 4, n = 2 [3%])
but no neutropenic fever.

CONCLUSIONS AND RELEVANCE In patients with advanced WD/DDLS, treatment with
palbociclib was associated with a favorable PFS and occasional tumor response. This dose and
schedule appears active and may have less toxic effects than 200 mg for 14 days.
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W ell-differentiatedordedifferentiatedliposarcoma(WD/
DDLS) is one of the most common types of soft tissue
sarcoma.1 Chemotherapy has minimal activity, and

other than surgery, there are limited options for patients with re-
current disease.2 Recent work has identified the oncogene cyclin-
dependent kinase 4 (CDK4) as a potential therapeutic target since
it is highly amplified in greater than 90% of WD/DDLS.3-6

Palbociclib is a potent oral inhibitor of CDK4 and CDK6 that
prevents downstream phosphorylation of the retinoblastoma
protein.7,8 Palbociclib inhibits the growth of CDK4-amplified li-
posarcoma cell lines and xenograft models.9 We previously per-
formed a phase 2 study that demonstrated that treatment with
palbociclib(200mgdailyfor14daysevery21days)results inclini-
cal benefit in patients with advanced WD/DDLS but moderate he-
matologic toxic effects.10 Thirty patients were enrolled, and the
median progression-free survival (PFS) was 18 weeks. Aiming to
reduce toxic effects, we conducted a phase 2 study to assess PFS
and toxic effects with palbociclib (PDO332991) at a new dose and
schedule: 125 mg daily for 21 days every 28 days.

This was a nonrandomized, open-label phase 2 study per-
formed at a single institution. The primary end point was PFS at
12weeks;PFSat12weeksgreaterthan60%wasconsideredprom-
ising and PFS less than 35% was considered not promising. With
a 1-stage design, the study would be positive if at least 14 of the
first 28 patients were progression-free at 12 weeks, with a type I
errorof0.07andtypeIIof0.10.11 Aftertheinitialcohortcompleted
accrual, the study was extended to include additional patients in
an expansion cohort to learn more about the activity of palboci-
clib in WD/DDLS and to obtain tumor biopsies.

Methods
Eligible patients were patients 18 years and older with advanced
WD/DDLS, Eastern Cooperative Oncology Group (ECOG) perfor-
mance status of 0 or 1, and measurable disease by RECIST 1.1.12

In the initial cohort, patients must have received at least 1 prior
systemic treatment; however, this was not required in the expan-
sion cohort. In the initial cohort, patients were required to have
CDK4amplificationbyfluorescenceinsituhybridizationandreti-
noblastoma protein expression by immunohistochemistry. (The
methods and criteria were described previously.10) Since CDK4
amplification is highly prevalent, all of the patients were positive.
Thus the requirement for testing was removed for patients in the
expansion cohort.

The protocol was approved by the institutional review
board of Memorial Sloan Kettering Cancer Center and all
patients provided written informed consent.

Treatment
Patients were treated with 125 mg of palbociclib once daily for
21 days every 28 days. If a cycle had to be delayed by more than
7 days or grade 4 hematologic toxic effects occurred, the dose
was reduced to 100 mg, then 75 mg.

Response Assessment
Clinical examinations and laboratory testing were performed
at the start of each 28-day cycle for the first 12 cycles, then
every other cycle. Tumor response was assessed by a refer-

ence radiologist by computed tomography (CT) scan every 6
weeks for 36 weeks, then every 12 weeks. Toxic effects were
graded according to the National Cancer Institute’s Common
Terminology Criteria for Adverse Events (CTCAE) version 4.0.13

Results
Between December 2011 and April 2013, 30 patients were en-
rolled in the initial cohort. One patient withdrew consent and
was inevaluable for response or PFS. Between April 2013 and
January 2014, an additional 30 patients were enrolled in the
expansion cohort (eFigure in the Supplement).

In total 60 patients were treated with palbociclib. All were in-
cluded in the analysis of safety and adverse events. One patient
was inevaluable for response and thus 59 evaluable patients were
included in the analysis of response and PFS. The characteristics
of all 60 patients enrolled are shown in the Table. The primary
site of disease was the abdomen and retroperitoneum for 58 pa-
tients (97%) and 47 patients (78%) had dedifferentiated disease.
Median (range) age was 61.5 (35-87) years, 31 patients (52%) were
male, and median (range) ECOG score was 0 (0-1). All patients in
the initial cohort had received at least 1 prior systemic treatment;
however, in the expansion cohort 22 patients (73%) had received
no prior systemic treatment. The prior treatments included doxo-
rubicin or liposomal doxorubicin (n = 8), doxorubicin and ifos-
famide (n = 6), gemcitabine (n = 5), gemcitabine and docetaxel
(n = 13), MDM2 inhibitors (n = 3), and other drugs (n = 11). All of
the patients in the initial cohort had CDK4 amplification. In the
expansioncohort,5patientshadCDK4amplification,andtherest
were not tested.

Toxic Effects
The incidence of grade 2 to 4 adverse events possibly, prob-
ably, or definitely attributed to palbociclib is shown in the
eTable in the Supplement. The most common toxic effects were
neutropenia (grade 3, n = 20 [33%]; grade 4, n = 2 [3%]), ane-
mia (grade 3, n = 13 [22%]), and thrombocytopenia (grade 3,
n = 3 [5%]; grade 4, n = 1 [2%]). Despite the frequency of
neutropenia, there were no episodes of neutropenic fever.

Only 3 patients (5%) required dose reduction to 100 mg,
and only 1 patient (1.7%) required a second dose reduction to
75 mg, all cases owing to hematologic toxic effects. Serious
nonhematologic toxic effects were very rare.

Key Points
Question What is the effect of treatment with palbociclib, a
selective CDK4 inhibitor, in patients with well-differentiated or
dedifferentiated liposarcoma?

Findings In this nonrandomized, open-label phase 2 study that
included 60 patients, the progression-free rate at 12 weeks was
57%, and treatment was well-tolerated with primarily hematologic
toxic effects.

Meaning Treatment with palbociclib is associated with favorable
progression-free survival and occasional tumor response in
patients with advanced liposarcoma.
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Efficacy
In the initial cohort, 14 of the first 28 patients were progression
free at 12 weeks. Thus, the study met its primary end point
(Figure 1). The overall PFS at 12 weeks was 57.2% (2-sided 95% CI,

42.4%-68.8%). The median PFS was 17.9 weeks (2-sided 95% CI,
11.9-24.0 weeks).

The best response by RECIST for 57 evaluable patients is
shown in Figure 2. There was 1 complete response lasting over

Figure 1. Progression-Free Survival
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Figure 2. Tumor Response in Patients Treated With Palbociclib
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Waterfall plot showing best tumor
response in patients treated with
palbociclib.

Table. Patient Characteristics

Characteristic

No. (%)

Initial Cohort Expansion Cohort Total
No. 30 30 60

Male 17 (57) 14 (47) 31 (52)

Female 13 (43) 16 (53) 29 (48)

Median age (range), y 61.5 (39-86) 60.5 (35-87) 61.5 (35-87)

ECOG score

0 27 (90) 25 (83) 52 (87)

1 3 (10) 5 (17) 8 (13)

Primary site

Retroperitoneum or abdomen 29 (97) 29 (97) 58 (97)

Extremity 1 (3) 1 (3) 2 (3)

Histology

Well-differentiated 3 (10) 10 (33) 13 (22)

Dedifferentiated 27 (90) 20 (67) 47 (78)

Prior systemic treatments, No.

0 0 22 (73) 22 (37)

1 23 (77) 6 (20) 29 (48)

≥2 7 (23) 2 (7) 9 (15)
Abbreviation: ECOG, Eastern
Cooperative Oncology Group.
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2 years. Two patients did not have follow-up CT scans on study
due to clinical deterioration. There was no significant differ-
ence in PFS between patients who had or had not received prior
systemic therapy (P = .70).

Discussion
We previously demonstrated that treatment with palbociclib
at the 200 mg dose for 14 days every 21 days was associated
with favorable PFS and occasional responses in WD/DDLS. The
current study confirms those results. Palbociclib was gener-
ally well tolerated with asymptomatic reversible neutropenia
as the most common adverse effect. The median PFS at the 125
mg dose was 18 weeks, comparable to the 18 weeks reported
in the trial of the 200 mg dose.10 We note that the 125 mg dose

has since been approved by the US Food and Drug Adminis-
tration for breast cancer and is commercially available.

Nine patients in the expansion cohort underwent paired tu-
mor sample biopsies. The results of these biopsies showed that
a clinical benefit from palbociclib treatment was associated with
down-regulation of MDM2 mediated by ATRX.14 These data will
be crucial to establishing a potential biomarker which could
predict which patients may benefit from CDK4 inhibitors.

Conclusions
In patients with advanced well-differentiated or dedifferen-
tiated liposarcoma, treatment with palbociclib is associated
with favorable PFS, manageable toxic effects, and occasional
tumor responses.
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