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LESSONS LEARNED

• Palbociclib demonstrated no detectable activity in molecularly unselected and heavily pretreated patients with advanced
grade 1/2 pancreatic neuroendocrine tumors.

• Predictive biomarkers that improve patient selection should be investigated in future studies of palbociclib.

ABSTRACT

Background. Palbociclib, a CDK4/6 inhibitor, has shown
in vitro activity in pancreatic neuroendocrine tumor (pNET) cell
lines. Here we prospectively assessed the activity and safety of
palbociclib in monotherapy in metastatic refractory pNETs.
Methods. This was a nonrandomized, open-label, phase II
study of patients with metastatic grade (G)1/2 pNETs rec-
ruited from 10 centers in Spain. Palbociclib 125 mg was
orally administered once daily for 21 of 28 days until dis-
ease progression or unacceptable toxicity.
Results. Twenty-one patients were included; 52.4% were men,
and median age was 57.4 years (range, 37.4–73.4). Patients had
previously received amedian of three prior lines of systemic ther-
apy (range, 1–10) for advanced disease (somatostatin analogues,
71.4%; sunitinib, 81.0%; everolimus, 47.6%; chemotherapy,
47.6%). Nineteen patients were evaluated for objective response

rate (ORR), with a median follow-up of 12.4 months (range,
7.53–19.33). No objective and confirmed responses were
observed (0%); 11 (57.9%) patients had stable disease, and 6 of
them lasted more than 6months; 8 (42.1%) patients had disease
progression as best response. Median progression-free survival
(PFS) was 2.6 months (95% confidence interval [CI], 0–14.4) and
median overall survival (OS) was 18.7 months (95% CI, 7.4–29.9;
Fig. 1). Most frequent toxicities of any grade were asthenia
(76.2%), neutropenia (42.9%), diarrhea (33.3%), and nausea
(33.3%). Five (23.8%) patients developed G3–4 neutropenia and
two (9.5%) patients developed G3–4 thrombocytopenia.
Conclusion. Lack of activity was observed with palbociclib as a
single agent in molecularly unselected and heavily pretreated
patients with advanced G1/2 pNETs. The Oncologist
2020;25:745–e1265
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DISCUSSION

The cyclin-dependent kinases (CDKs) regulating cell cycle pro-
gression have long been viewed as promising targets for can-
cer therapy. Third-generation CDK4/6 inhibitors are highly
selective and present limited toxicity and potent in vivo activ-
ity and include palbociclib, ribociclib, and abemaciclib among
others [1]. These drugs received US Food and Drug Adminis-
tration and European Medicines Agency approval for the
treatment of hormone receptor-positive and HER2-negative
breast cancer in combination with either aromatase inhibitors
or fulvestrant based on significant improvements in PFS [2].
In these studies, hazard ratios for PFS were similar for the
three drugs and ranged between 0.46 and 0.58 for pal-
bociclib, 0.55 and 0.59 for ribociclib, and 0.54 and 0.55 for
abemaciclib when compared with the standard hormonal
therapy [1]. Palbociclib has been also tested in monotherapy
in phase II trials in a variety of solid tumors, such as gastric
and esophageal cancer [3], advanced non-small cell lung
cancer [4], well-differentiated or dedifferentiated liposarcoma
[5, 6], urothelial carcinoma (ClinicalTrials.gov: NCT02334527),
and epithelial ovarian cancer [7].

Patients included in our study had been diagnosed with
well-differentiated G1-G2 pNETs (Ki-67 ≤ 20%) and presented
advanced or metastatic disease that had progressed to at least
one line of previous systemic treatment. However, although in
approved indications CDK4/6 inhibitors are used in combina-
tion with aromatase inhibitors or letrozole, here we analyzed
the efficacy and safety of palbociclib in monotherapy in molec-
ularly unselected patients. Furthermore, in our study the
patients were heavily pretreated, as the median time since ini-
tial diagnosis of the disease was 54.8 months and two-thirds of
the patients (66.7%) had received at least two prior lines of
systemic treatments, including 81% of patients who had been
pretreated with sunitinib and 47% with everolimus. This may
have selected a population of patients with poor prognosis
because of a high tumoral burden and advanced progressive

disease. In our study palbociclib did not meet the primary end-
point (ORR ≥5%), and median PFS was only 2.6 (95% CI,
0.0–14.4) months (Fig. 2). Although there were no objective
responses, a proportion of patients (57.9%) presented disease
stabilization, of which 54.5% lasted for ≥6 months. Current
targeted therapies approved for pNETs include sunitinib, which
showed a median PFS of 11.4 months versus 5.5 months of
placebo [8], and everolimus, with a median PFS of 11.4 months
versus 5.4 months of placebo [9]. Reported ORR in these trials
were 9.3% versus 0% for placebo and 4.8% for everolimus ver-
sus 2% for placebo.

Clearly there is a need for predictive biomarkers that
could allow better patient selection. No correlation
between the clinical outcome and the expression of RB1,
Ki-67, and p16 on the tumor tissue was observed [10].

TRIAL INFORMATION

Disease Neuroendocrine–pancreatic

Stage of Disease/Treatment Metastatic/advanced

Prior Therapy More than 2 prior regimens

Type of Study – 1 Phase II

Type of Study – 2 Single Arm

Primary Endpoint Overall response rate

Secondary Endpoint Progression-free survival

Secondary Endpoint Toxicity

Secondary Endpoint Time to progression

Secondary Endpoint Duration of the response

Secondary Endpoint Overall survival

Secondary Endpoint Biomarker predictive value evaluation

Additional Details of Endpoints or Study Design The primary endpoint was the ORR as assessed by RECIST 1.1
criteria. The evaluation of tumor disease response was made
by computed tomography (CT) scans every 8 weeks until week
24, and then every 12 weeks, regardless dose delay or interrup-
tions due to toxicity or other causes.

Figure 1. Kaplan-Meier curve for overall survival of patients
treated with palbociclib (n = 20).
Abbreviation: CI, confidence interval.
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The initial planned number of patients was 21 based on a two-
stage Simon’s phase II design in which palbociclib was consid-
ered as inactive in terms of ORR if <5% of patients responded
and had a top 20% ORR.

Patients received palbociclib until radiological progression was
confirmed according to RECIST 1.1 criteria, unacceptable toxic-
ity, noncompliance with the protocol, or patient withdrawal of
informed consent or until the interruption of treatment (deci-
sion based on reaching the maximum benefit with acceptable
tolerability). Dose reductions were permitted according to the
labeling of the product.

Investigator’s Analysis Palbociclib as a single agent failed to demonstrate antitumor
activity in pretreated metastatic pNETs.

DRUG INFORMATION

Drug 1

Generic/Working Name Palbociclib

Company Name Pfizer

Drug Type Small molecule

Drug Class CDK

Dose 125 mg per flat dose

Route p.o.

Schedule of Administration 125 mg per day for 21 days in cycles of 28 days

PATIENT CHARACTERISTICS

Number of Patients, Male 11

Number of Patients, Female 10

Stage Unresectable locally advanced or metastatic well-differentiated
G1 or 2 (Ki-67 ≤20%)

Age Median (range): 57.4 (37.4–73.4)

Number of Prior Systemic Therapies Median (range): 3 (1.0–10.0)

Performance Status: ECOG 0 — 9
1 — 11
2 —
3 —
Unknown — 1

Other Patients eligible for enrollment were 18 years of age or older
and had histologically or cytologically diagnosed, unresectable
locally advanced, or metastatic well-differentiated G1 or 2 pNET
(Ki-67 ≤20%), which had progressed on at least one line of prior
systemic therapy. Patients previously treated with somatostatin
analogs (SSAs), chemotherapy, antiangiogenics, mTOR inhibi-
tors, radionuclides, or interferon were permitted providing that
toxicity had resolved to grade ≤1 and 4 weeks had passed after
last administration. Concomitant treatment with SSAs was
allowed. Additionally, eligible patients had documented pro-
gression of disease by CT scan, magnetic resonance imaging, or
somatostatin receptor scintigraphy within 12 months of study
entry; ECOG performance status <2; and a life expectancy
>12 weeks.

Cancer Types or Histologic Subtypes Pancreatic neuroendocrine
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PRIMARY ASSESSMENT METHOD

Title New assessment

Number of Patients Enrolled 21

Number of Patients Evaluable for Toxicity 21

Number of Patients Evaluated for Efficacy 19

Evaluation Method RECIST 1.1

Response Assessment SD n = 11 (57.9%)

Response Assessment PD n = 8 (42.1%)

(Median) Duration Assessments PFS 2.6 months, CI: 0.0–14.4

(Median) Duration Assessments TTP 7.7 months, CI: 5.8–13.7

(Median) Duration Assessments OS 18.7 months, CI: 7.4–29.9

Outcome Notes Of the 21 patients enrolled, 19 were evaluated for response,
as one was lost to follow-up after the first cycle of treatment
and another one interrupted treatment after 0.7 months due
to overall health deterioration. Patients remained on treat-
ment a median time of 2.0 months (range, 1.8–13.8) and the
median follow-up was 12.4 months (range, 7.5–19.3). Of the
19 patients with follow-up, the reasons for study discontinua-
tion were disease progression in 16 (84.2%) patients, adverse
events (AEs) in 1 (4.8%) patient, death of 1 (4.8%) patient,
and other causes (diarrhea unrelated to treatment) in
1 patient (4.8%).

A total of 14 patients provided enough tumor tissue at the
time of initial diagnosis for immunohistochemical evaluation
(Table 1). An H-score >10 (at least 5% of cells with moderate
nuclear staining) was seen in 13 (93%), 8 (57%), and 2 (14%)
tumors for total pRB1, cyclin D1, and CDK4, respectively
(Fig. 3). No statistical differences were observed in any of the
biomarkers analyzed in patients with stable and progressive
disease.

ADVERSE EVENTS

Of Special Interest, All Cycles

Name NC/NA 1 2 3 4 5 All grades

Generalized muscle weakness 23% 29% 24% 19% 5% 0% 77%

Neutrophil count decreased 52% 5% 14% 24% 5% 0% 48%

Diarrhea 66% 24% 5% 0% 5% 0% 34%

Nausea 66% 24% 10% 0% 0% 0% 34%

Edema limbs 71% 24% 5% 0% 0% 0% 29%

Abdominal pain 75% 10% 5% 10% 0% 0% 25%

Constipation 81% 14% 0% 5% 0% 0% 19%

Anorexia 85% 10% 5% 0% 0% 0% 15%

Anemia 85% 10% 0% 5% 0% 0% 15%

Proteinuria 90% 0% 10% 0% 0% 0% 10%

Platelet count decreased 80% 10% 0% 5% 5% 0% 20%

Abbreviation: NC/NA, no change from baseline/no adverse event.

AEs of any grade occurred in 100% of treated patients, and the number of AEs reported per patient ranged from 2 to 31. The most frequent AEs
of any grade were asthenia (76.2% of patients), neutropenia (42.9%), diarrhea (33.3%), nausea (33.3%), and peripheral edema (28.6%). Tempo-
rary interruption of treatment because of AEs was reported for eight patients (38.1%), and four patients (19.0%) had to definitively discontinue
study medication.
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SERIOUS ADVERSE EVENTS

Name Attribution

Hypoglycemia Unrelated

Febrile neutropenia Probable

Cholangitis Unrelated

Thrombopenia Probable

Subarachnoid hemorrhage Unrelated

Depression of level of consciousness Unrelated

Lung abscess Unrelated

Confusion Unrelated

Tumor fever Unrelated

Deep venous thrombosis Unrelated

Thrombocytopenia Probable

Escherichia coli infection Unrelated

Acute coronary syndrome Unrelated

Abdominal pain Unrelated

Pneumonia Unrelated

Diarrhea Unrelated

A total of 19 serious AEs (SAE) were reported in 9 patients (42.9%).

ASSESSMENT, ANALYSIS, AND DISCUSSION

Completion Study completed

Investigator’s Assessment Palbociclib as a single agent failed to demonstrate antitumor
activity in pretreated metastatic pNETs

Palbociclib (PD0332991) is a small molecule with highly
specific and reversible inhibitory activity against cyclin-
dependent kinases (CDK) 4 (IC50, 0.011 μmol/L) and CDK6
(IC50, 0.016 μmol/L). It shows a potent antiproliferative activity
in RB-positive tumor cells in vitro, inducing G1 arrest [5,
11–13] in pNET cell lines overexpressing CDK4 [14]. Studies
have also demonstrated activity of palbociclib in colon cancer,
glioblastoma, breast cancer, and prostate tumor xenografts
[13, 15, 16]. Palbociclib (Ibrance, Pfizer) received accelerated
approval in 2015 by the US Food and Drug Administration, in
combination with letrozole, for the treatment of hormone
receptor-positive, human epidermal growth factor receptor
(HER2)-negative advanced breast cancer after endocrine-
based therapy [17, 18]. On the basis of these findings, the aim
of our study was to analyze the efficacy and safety of pal-
bociclib in monotherapy in patients with well-differentiated
(grade [G]1 or 2, Ki-67 ≤ 20%) advanced pNETs that had prog-
ressed on at least one line of previous systemic treatment.

However, we did not detect activity of palbociclib in
molecularly unselected and heavily pretreated patients with
advanced G1/2 pNETs. The adverse events observed were
consistent with previous reports.

In our view, the development of predictive biomarkers
for better patient selection is necessary if future palbociclib
studies are considered. The emergence of somatic RB1
inactivating mutations has been observed in patients after
exposure to palbociclib and ribociclib, suggesting that they
developed under selective pressure of therapy [19]. The use

of RB1 and p16 as predictive biomarkers of response to
CDK4/6 inhibitors has not been studied in detail, mainly
because most clinical trials avoided the inclusion of patients
with RB1-negative disease [20]. Resistance to palbociclib
has also been correlated with high levels of expression of
the CCNE1 gene encoding cyclin E1, suggesting that this is a
potential biomarker of resistance to this drug [21]. Transla-
tional studies correlating palbociclib activity with Ki-67 pro-
liferation index are ongoing.
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FIGURES AND TABLE

Figure 2. Kaplan-Meier curve for progression-free survival of
patients treated with palbociclib (n = 20).
Abbreviation: CI, confidence interval.
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Figure 3. Differences in expression of total pRB, cyclin D1 and CDK4 among pancreatic neuroendocrine tumors. An H-score > 10
(at least 5% of cells with moderate nuclear staining) was seen in 13 (93%), 8 (57%), and 2 (14%) tumors for total pRB1 (A, B), cyclin
D1 (C, D), and CDK4 (E, F), respectively. No statistical differences were observed in any of the biomarkers analyzed in patients with
stable and progressive disease.
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Click here to access other published clinical trials.

Table 1. Immunohistochemical results

Patient Cyclin D1, H-score pRb1, H-score CDK4, (H-score p53 Ki-67, % Response PFS, mo

U03004 0 190 0 WT 1 SS 25.1

U06001 10 70 0 WT 20 SS 14.1

U05001 1 45 0 WT 20 SS 8.8

U05005 0 120 0 WT 1 SS 7.8

U07001 100 40 0 WT 10 SS 1.8

U04002 210 13 30 WT 3 SS 16.7

U05003 100 160 100 WT 3 SS 16.0

U01002 40 6 0 WT 8 PD 1.8

U07004 240 50 3 WT 3 PD 1.9

U08001 240 110 0 WT 15 PD 1.9

U03005 10 150 0 WT 15 PD 1.5

U07002 0 170 0 WT 3 PD 1.7

U05002 40 125 0 WT 3 PD 1.4

U05004 270 200 0 WT 3 PD 1.8

Abbreviations: PD, progressive disease; PFS, progression-free survival; SS, stable disease; WT, wild-type.
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