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Abstract

Objectives—To test the safety of the CDK4/6 inhibitor palbociclib with cetuximab in patients 

with recurrent/metastatic head and neck squamous cell carcinoma(HNSCC).

Materials and Methods—A phase I trial using 3+3 design was performed to determine the 

dose limiting toxicity(DLT) and maximum tolerated dose(MTD) of palbociclib with standard dose 

weekly cetuximab. Palbociclib was administered orally days 1-21 every 28 days:dose level 1(100 

mg/d) and 2(125 mg/d;approved monotherapy dose). Pharmacokinetic assessments were 

performed on cycle 2, day 15. Cyclin D1,p16INK4a,and Rb protein expression were measured on 

pre-treatment tumor. Tumor response was assessed using RECIST1.1.

Results—Nine patients(five p16INK4a negative;four positive) were enrolled across dose levels 

1(n=3) and 2(n=6) and none experienced a DLT. A MTD of palbociclib was not reached. 

Myelosuppression was the most common adverse event. Six of nine patients had cetuximab-
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resistant and 4/9 had platin-resistant disease. Disease control(DC) occurred in 89%,including 

partial response(PR) in two(22%) and stable disease in six(67%) patients. PRs occurred in 

p16INK4a negative HNSCC. Five patients(56%) had measurable decreases in tumor target lesions. 

In cetuximab-resistant HNSCC, best tumor response was PR in 1 and DC in 5 and median TTP 

was 112 days(range:28-168). In platin-resistant HNSCC, best tumor response:PR in 1, DC in 3 

and median TTP was 112 days(range:28-112). The Cmax and AUC0-24h appeared comparable in 

patients receiving 125vs100 mg dose of palbociclib.

Conclusion—This trial, the first to evaluate a CDK4/6 inhibitor in HNSCC, determined that 

palbociclib 125 mg/day on days 1-21 every 28 days with cetuximab was safe. Tumor responses 

were observed, even in cetuximab- or platin-resistant disease.
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INTRODUCTION

Activation of the epidermal growth factor receptor (EGFR) is the most common event in 

head and neck squamous cell carcinoma (HNSCC), resulting in cellular proliferation, 

angiogenesis, and radiation resistance[1]. The importance of EGFR signaling was 

demonstrated by trials that showed improvement in overall survival (OS) when the EGFR 

inhibitor cetuximab was added to radiation or chemotherapy[2,3]. However, the clinical 

benefit of cetuximab monotherapy is surprisingly modest, with a time to progression (TTP) 

of 70 days in platin-resistant recurrent/metastatic (RM) disease[4].

HNSCC is a heterogeneous disease[5,6]. Based on unique gene expression signatures, at 

least four subgroups have been defined; each with distinct signaling pathways[5-12]. Despite 

this heterogeneity, aberrant cell cycle regulation is a ubiquitous event. The mechanism 

underlying unrestrained proliferation varies depending on the tumor’s transcriptionally-

active human papillomavirus (HPV) status. In HPV-related HNSCC, E7 viral protein drives 

unrestrained proliferation by promoting Rb degradation[13]. In HPV-unrelated HNSCC, Rb 

inactivation occurs through hyperactivation of the Rb inhibitory complex CDK4/cyclin D. 

CCND1 (encoding cyclin D1, the regulatory subunit of the complex) is amplified and/or the 

CDK4/6 inhibitor p16INK4a is inactivated in nearly all of these cancers[14-16]. Alterations 

of CCND1 and p16INK4a are rare in HPV-related HNSCC. As a result, p16INK4a is 

overexpressed in HPV-related HNSCC and underexpressed in HPV-unrelated HNSCC.

The genetics of HPV-unrelated HNSCC influences the clinical course. CCND1 amplification 

and p16 INK4a inactivation are poor prognostic factors in HNSCC[15,17], in part because 

cyclin D1 overexpression adversely affects tumor response to EGFR inhibitors and cisplatin. 

In HNSCC cell lines, cyclin D1 amplification and/or overexpression correlated with 

resistance to these drugs[18-20]. Studies in HNSCC reveal that cyclin D1 overexpression is 

predictive of resistance to cisplatin[21].

The essential roles of CDK4/6 and cyclin D1 in driving cell cycle progression from G1 into 

S phase motivated intense investigation into blocking this regulatory complex[22-24]. In pre-
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clinical models, CDK4/6 inhibition inhibits both Rb hyperphosphorylation and cell cycle 

progression[25], and the efficacy of inhibition in some models correlated with increased 

cyclin D1 and decreased p16INK4a expression[24]. Palbociclib is the first approved selective 

inhibitor of the CDK4/6 kinases. Palbociclib exerts potent anti-proliferative effects on Rb-

positive cell lines and human breast and colon xenografts[23]. Palbociclib results in 

decreased Rb phosphorylation and Ki-67 expression in Rb-positive models but has no 

activity in Rb-negative tumor xenografts[23]. As such, phase I trials restricted the evaluation 

of palbociclib to patients with Rb-positive cancers[24,25]. These studies determined that the 

dose-limiting toxicity (DLT) of palbociclib was neutropenia and the maximum tolerated 

dose (MTD) was 125 mg once daily, administered for 21 days of each 28 day cycle[26,27]. 

The efficacy of palbociclib was demonstrated in estrogen receptor positive breast cancer[28] 

and in mantle cell lymphoma[29], tumors in which cyclin D contributes to their 

pathogenesis.

Because the genetics of HNSCC suggest a crucial role for CDK4/cyclin D in this disease, 

we performed a phase I trial to determine the DLT and MTD of palbociclib combined with 

standard weekly doses of cetuximab in patients with RM HNSCC. We built upon the 

cetuximab platform because palbociclib targets a pathway associated with resistance to 

EGFR inhibitors[18]. We report the results of the trial along with pharmacokinetic (PK) and 

biomarker studies and efficacy assessments of this novel combination of targeted agents.

MATERIALS AND METHODS

Patient Inclusion and Exclusion Criteria

Eligibility required RM HNSCC, defined as distant metastases or unresectable, previously 

irradiated local/regional recurrence. Prior cetuximab or platin for RM disease was allowed. 

Prior cytotoxic chemotherapy for RM disease was not required because some patients are 

poor candidates for or decline such therapy. Patients were ≥ 18 years, had Eastern 

Cooperative Oncology Group performance status of ≤ 2, adequate marrow/organ function 

(absolute neutrophil count ≥ 1500/mm3, platelet count ≥ 100,000/mm3, creatinine and 

bilirubin < 1.5x upper limits of normal [ULN], and aspartate transaminase, alanine 

transaminase, and alkaline phosphatase < 2.5x ULN), and QTc < 480 msec. Patient selection 

based on p16INK4a, cyclinD1, or Rb status was not performed because this was a phase I 

trial. Exclusion criteria included inability to swallow and concurrent use of CYP3A4 

inhibitors/inducers.

The protocol was approved by the Institutional Review Board. All patients provided signed 

consent to participate (NCI-2014-01079).

Study Design

Palbociclib was administered orally with food on days 1-21 of each 28 day cycle. 

Palbociclib doses were level 1 (100 mg/d), level 2 (125 mg/d; the approved monotherapy 

dose), and level -1 (75 mg/d, if de-escalation needed). Intra-patient dose escalation was not 

permitted. Cetuximab 400 mg/m2 was given intravenously on cycle 1 day 1, then 250 mg/m2 

weekly.
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A 3+3 design was employed. Three patients were enrolled per dose level, expanded to 6 if 1 

of 3 developed a DLT. If 0 of 3 patients within a dose level developed a DLT, the dose was 

escalated; if ≥ 2 of 6 within a dose level developed a DLT, the dose below was considered 

the MTD. DLT and MTD were assessed during cycle one. If a MTD was not established at 

the maximum dose level, the latter was the recommended phase II dose of palbociclib. Six 

patients were enrolled at the recommended phase II palbociclib dose.

Hematologic DLT was defined as: grade 4 neutropenia, grade 4 infection with grade 3/4 

neutropenia or grade 4 thrombocytopenia with bleeding. Non-hematologic DLT was defined 

as palbociclib-related grade 3/4 toxicity except: sub-optimally treated nausea/vomiting/

diarrhea or grade 3 metabolic abnormalities.

Criteria to initiate subsequent cycles included an absolute neutrophil count (ANC) ≥1 000/

mcL, platelets ≥ 50 000/mcL, and non-hematologic toxicities ≤ grade 1. If not met, 

palbociclib was delayed one week; however, cetuximab was continued. After a 2 week delay, 

palbociclib was discontinued.

Dose Modifications

Adverse events (AE) were monitored weekly during cycle 1, and then monthly. AEs were 

graded using NCI-CTCAE version 4.0.

Palbociclib dose was adjusted for selected AEs. A dose decrease by 25 mg/d was 

recommended for: grade 4 neutropenia/thrombocytopenia, grade 3 neutropenia with 

infection/fever, grade ≥ 3 non-hematologic toxicity, or treatment delay > 1 week due to 

persisting AE if recovery occurs within 2 weeks. Patients who required more than two dose 

reductions were treated with cetuximab alone. The lowest dose permitted was 75 mg/d. 

Doses omitted for AEs were not replaced within the same cycle.

Tumor Response Assessments

Tumor response assessments were performed every two cycles with neck/chest CT scans 

using RECIST criteria1.1. Treatment was continued until: disease progression, death, severe 

AE, or patient withdrawal.

Best overall tumor response was recorded from the start of treatment until disease 

progression. Disease control was defined as complete response (CR), partial response (PR), 

stable disease. Efficacy was measured by overall tumor response rate (CR+PR) and time-to-

progression (TTP) measured from start of initiation of treatment until progression. OS was 

defined as the time from start of treatment to death.

Biomarker Assessment Performed on Archived Tumor Tissue

Archival tumor tissue obtained at diagnosis (n= 4) or recurrence (n= 5) were used to assess 

p16INK4a, cyclin D1, and p-Rb expression in tumor, determined by immunohistochemistry 

(IHC)[15,30,31]. Anti-cyclin D1 antibody (clone SP4-R) and anti-p16 antibody (clone 

E6H4) were obtained from Ventana Inc. The Rb antibody (clone G3-254) was purchased 

from Becton-Dickinson Biosciences. Tumors with no staining were scored as p16INK4a 

negative and tumors with strong and diffuse p16INK4a staining were scored as positive since 
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HPV-related oropharyngeal (OP) SCC are nearly always strongly/diffusely positive whereas 

HPV-unrelated HNSCC are nearly always negative. However, focal staining for p16 was 

scored as negative. Optimal methodology and validated thresholds for a positive or negative 

result for cyclin D1 and Rb expression as related to palbociclib effect have not been defined. 

Therefore, any staining was defined as positive and no staining as negative.

Pharmacokinetic Analysis for Palbociclib

Blood samples were collected to obtain PK variables for palbociclib on cycle 2 day 15, when 

steady state levels were expected [26]. Whole blood samples (2 ml) were collected into an 

EDTA tube before dosing and at 1, 2, 4, and 8 hours after dosing. Plasma samples were used 

to determine the concentrations of palbociclib using a validated proprietory assay based on 

liquid chromatography-tandem mass spectrometry with a dynamic range from 1 to 250 

ng/mL (AB Sciex API4000™).

PK parameters (area under the plasma concentration-time curve from 0 to 24 hours after 

dosing, AUC0-24h using the drug concentration obtained before dosing as a steady-state 

concentration; maximum plasma concentration, Cmax; time at which Cmax occurred, Tmax) 

were obtained using non-compartmental analyses (WinNonLin version 5.0.1, Pharsight, 

Mountain View, CA).

Objectives and Statistical Analyses

The primary objective was to determine the MTD of palbociclib combined with standard 

doses of cetuximab. Secondary objectives were to assess the AEs of palbociclib with 

cetuximab and to assess for an efficacy signal by reporting tumor response and disease 

control rates, and TTP. We explored the relationship between platin- or cetuximab-

resistance, expression of p16INK4a, cyclin D1, and Rb status, and efficacy endpoints. 

Cetuximab-resistant or platin-resistant disease was defined as RM HNSCC that progressed 

(RECIST criteria1.1) on either agent.

RESULTS

Patient and Tumor Characteristics

Nine patients enrolled on this trial. Most patients had a smoking history, distant metastases, 

and received ≥ 1 prior therapies for RM disease (Table 1). Six of the nine patients had 

cetuximab-resistant disease and four of the nine had platin-resistant disease.

DLT, MTD, and Adverse Events

Three patients enrolled on dose level 1 (100 mg/day) of palbociclib and six patients enrolled 

on dose level 2 (125 mg/day), none experienced a DLT. An MTD of palbociclib was not 

reached.

Table 2 shows the most frequent AEs that occurred in each dose level of palbociclib. 

Myelosuppression was the most common AE. Other potential AEs were infrequent and 

mild. The AEs attributed to palbociclib were different than those attributed to cetuximab, 

and the non-overlapping AEs of the combination were well tolerated.
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Dose Delivery of Palbociclib and Cetuximab

The median delivered dose of palbociclib per patient during the first two cycles 

(administered dose divided by scheduled dose) was 41/42 doses (98%, range 74-100%) in 

dose level 1 and 38/42 doses (91%, range 50-100%) in dose level 2. Doses were not given 

due to early progression(1 patient), AE(2), non-compliance(3) and pharmacy delay(1). The 

median delivered dose of cetuximab per patient during the first two cycles, was 8/8 doses 

(100%) in both dose levels 1 (range: 88-100%) and 2 (range: 50-100%). Doses were not 

given due to early progression (1 patient) and AE(2). Intra-patient dose reductions of 

palbociclib and cetuximab did not occur.

Tumor Response Assessment, TTP, and OS

Best tumor response observed with palbociclib and cetuximab was PR in 2 patients (22%), 

stable disease in 6 (67%), and progressive disease in 1 (11%). The disease control rate was 

88%. Figure 1 shows representative CT images of partial responses of target lesions to 

palbociclib and cetuximab in patient #4 and #8. Patient #4 had cetuximab- and platin-

resistant disease and patient #8 had no prior therapy for RM disease.

Overall, 5 of 9 patients (56%) had measureable decreases in target lesions following two 

cycles of palbociclib and cetuximab (Figure 2). In the 6 of 9 patients with cetuximab-

resistant HNSCC, the best tumor response was PR in 1, disease control in 5, and the median 

TTP was 112 days (range: 28-168). In the 4 of 9 patients with platin-resistant HNSCC, the 

best tumor response was PR in 1, disease control in 3, and the median TTP was 112 days 

(range: 28-112).

Overall, the median TTP was 112 days (range: 28-224). All patients came off study due to 

progressive disease. The median OS was 361 days (range: 124-588+) and four patients 

remain alive.

Biomarker Studies

Table 3 shows the results of p16INK4a, cyclin D (nuclear) and Rb IHC staining on the 

patients’ pre-treatment tumor sections. Nine tumors were evaluable for p16INK4a and eight 

for cyclin D and Rb expression. p16INK4a expression was either strongly and diffusely 

positive (n=4; 3 were OPSCC) or completely negative (n=5). The two PRs occurred in 

p16INK4a negative HNSCC. However, three of the four patients with p16INK4a positive 

tumors had stable disease with palbociclib and cetuximab although two were cetuximab/

platin-resistant. Cyclin D expression was positive in seven and Rb expression was positive in 

eight tumors. Thus, statistical analysis of correlations of cyclin D and Rb expression to 

tumor response and TTP could not be performed.

Pharmacokinetics of Palbociclib

The descriptive PK parameters for palbociclib after oral daily dosing of 100 or 125 mg on 

day 15 of cycle 2 are summarized in Table 4. Six patients were evaluable for PK analysis. 

Three patients were not evaluable due to failure to collect the pre-dose specimen (1), early 

progression (1), or missing multiple doses due to a SAE (1). In the plasma samples collected 

immediately before palbociclib dosing, all patients had detectable pre-dose levels (Ctrough) 
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of palbociclib (Table 4). These Ctrough values were used to obtain AUC0-24h values. When 

dose-normalized, the Cmax and AUC0-24h values appeared to be comparable between the 

patients receiving daily oral palbociclib doses of 100 and 125 mg (Table 4).

DISCUSSION

This trial, the first to evaluate a selective CDK 4/6 inhibitor in HNSCC, established the 

feasibility of combining palbociclib with cetuximab. The palbociclib dose recommended for 

phase II trials is 125 mg/day on days 1-21 of a 28 day cycle with standard doses of weekly 

cetuximab. Higher doses were not evaluated because phase I trials of palbociclib 

monotherapy established the tolerable dose recommended for phase II trials was 125 mg/

day[26] and this dose demonstrated anti-tumor activity in patients with HNSCC and other 

cancer types[28,29].

AEs observed on this trial were those expected for each drug and no overlapping or 

unexpected AEs were observed. Hematologic AEs were the most common toxicities 

associated with palbociclib[26] and non-hematologic AEs (rash, hypomagnesemia) were 

most commonly associated with cetuximab[28].

We assessed the efficacy of palbociclib and cetuximab in RM HNSCC, acknowledging the 

requirement to validate our results. PRs occurred in two of nine patients (22%) and 

measureable decreases in target lesions occurred in five (56%). The disease control rate was 

89% and median TTP was 112 days (range, 28-224). Six of nine patients had cetuximab-

resistant HNSCC: best tumor response was PR in 1 (17%) and disease control in 5 (83%) 

with median TTP of 112 days (range: 28-168). These data support an independent effect of 

palbociclib. Four of nine patients had platin-resistant HNSCC: best tumor response was PR 

in 1 (25%) and disease control in 3 (75%) with median TTP of 112 days (range: 28-112). 

Although cross-trial comparisons should be interpreted with caution, prior reports with 

cetuximab monotherapy given for platin-resistant, cetuximab-naïve RM HNSCC showed PR 

in 13%, disease control in 46%, and the median TTP was 70 days[4,32].

A major area of active investigation is the identification of biomarkers of response to 

palbociclib, which are lacking in clinical trials. The current study does not contain enough 

patients for analysis of correlative data. We did survey three biomarkers that could influence 

CDK4 addiction. We stained tumor sections for cyclin D1 and Rb, which has not 

consistently correlated with palbociclib response in clinical trials. We were unable to 

perform a correlation of cyclin D1 and Rb expression with tumor response because nearly all 

tumors expressed these biomarkers.

The biomarker expected to predict lack of tumor response to palbociclib is expression of 

p16INK4a. Rb is inactivated by the E7 protein in HPV-related disease, which should render 

CDK4 inhibition ineffective. In our trial, tumor responses (PR) were limited to patients with 

p16INK4a negative tumors. However, when TTP is considered as another measure of 

treatment benefit, two of the four patients with the longest TTP had p16INK4a positive 

HNSCC. Although the prolonged TTP in these patients may be due to cetuximab, the TTP 

(168 and 224 days) observed was substantially longer than expected (historical median 70 
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days) for cetuximab monotherapy[4]. Alternatively, palbociclib could have exerted its 

therapeutic activity in these patients via an off-target effect. Despite its specificity for 

CDK4/6, palbociclib has been reported to have additional and unexpected targets, such as 

cell membrane transporters[33]. While the clinical relevance of this finding remains to be 

validated, the possibility that palbociclib can inhibit tumor growth via a non-CDK dependent 

mechanism (in addition to CDK4 inhibition) is intriguing. Such a mechanism could explain 

the inability to find predictive biomarkers amongst canonical G1 cell cycle proteins.

In line with the previous report, palbociclib was absorbed slowly following oral dosing[26]. 

The dose-normalized Cmax and AUC0-24h values of patients receiving the daily oral 

palbociclib doses of 100 and 125 mg appeared comparable (Table 4). These results are 

consistent with the previous report showing dose proportionality in the systemic exposure of 

palbociclib in the dose range of 25-150 mg[26].

Limitations of this trial exist. The small number of patients does not allow detection of rare 

or population-specific AEs. Also, alternative doses of palbociclib could be more or equally 

efficacious. The trial design did not allow us to determine if anti-tumor activity of 

palbociclib occurs through a direct effect or by reversal of cetuximab resistance. As a phase 

I trial, we included patients with p16INK4a positive and cetuximab-resistant HNSCC. In 

patients with p16INK4a negative, cetuximab-naïve HNSCC, palbociclib and cetuximab may 

be more efficacious. Future trials of palbociclib should include correlative studies that test 

candidate biomarkers associated with cell cycle regulation and unbiased investigations 

designed to uncover novel biomarkers of tumor response and resistance.

This phase I trial, the first to evaluate a selective CDK 4/6 inhibitor in HNSCC, found that 

combining palbociclib with cetuximab is safe. The dose of palbociclib recommended for 

phase II trials is 125 mg/day orally on days 1-21 of each 28 day cycle, in combination with 

cetuximab. A signal of efficacy in this dataset led to a confirmatory ongoing international 

double-blind randomized trial designed to compare the efficacy of palbociclib and 

cetuximab to cetuximab monotherapy in patients with platin-resistant, cetuximab-naive 

HPV-unrelated RM HNSCC (NCT02499120).
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HIGHLIGHTS

This is the first trial to evaluate a selective CDK 4/6 inhibitor in HNSCC.

The novel combination of palbociclib and cetuximab was feasible and safe.

The palbociclib dose recommended is 125 mg/day 1-21 q 28 days with cetuximab.

Measureable decreases in target lesions occurred in 56% of patients.

The disease control rate was 89% and median TTP was 112 days (upper range 224).

Michel et al. Page 11

Oral Oncol. Author manuscript; available in PMC 2017 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Michel et al. Page 12

Oral Oncol. Author manuscript; available in PMC 2017 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Michel et al. Page 13

Oral Oncol. Author manuscript; available in PMC 2017 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
CT images of partial tumor response after two cycles of palbociclib and cetuximab in A) 

patient 4(Dose Level 2) with p16INK4a negative Hypopharynx SCC, B) patient 8(Dose Level 

2) with p16INK4a negative oral cavity SCC, C) Waterfall plot of tumor response(% change in 

target lesions) achieved after cycle two, and D) Immunohistochemical staining images of 

tumor sections(nuclei counterstained with hematoxylin).
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Figure 2. 
A. Time profiles for dose-normalized plasma concentrations of palbociclib in patients 

receiving daily oral palbociclib dose of 100 mg(○) or 125 mg(□) on day 15 of cycle 2. B & 

C. Individual plasma palbociclib concentrations vs time profiles of in patients receiving 

daily oral palbociclib dose of 100 mg(B) and 125 mg(C) on day 15 of cycle 2.

Michel et al. Page 15

Oral Oncol. Author manuscript; available in PMC 2017 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Michel et al. Page 16

Table 1

Patient, Tumor, and Prior Treatment Characteristics

Characteristic Palbociclib + Cetuximab (n=9)

Age (years) Mean 60

 Range 37-78

Sex

 M 7

 F 2

ECOG PSa

 0 5

 1 4

Smoking History

 Yes 6

 No 3

Primary Site

 Oropharynx 4

 Oral Cavity 3

 Hypopharynx 1

 Nasopharynx 1

p16

 Negative 5

 Positiveb 4

Site of Recurrence

 Local/Regional 1

 Distant 7

 Both 1

Prior Therapy for RM Disease

 Platin 4

 Cetuximab 6

 None 3

# Lines of Prior Therapy for RM HNSCC

 ≥ 2 3

 1 3

 0 3

a
Eastern Cooperative Oncology Group Performance Status

b
3 OPSCC and 1 Oral Cavity.
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Table 2

Selected Adverse Events Across All Cyclesa

Adverse Event Palbociclib 100 mg (n= 3 pts) Palbociclib 125 mg (n=6 pts)

Grades 1-2 Grade 3 Grades 1-2 Grade 3

Hematologic:

Neutropenia 1 1 2 2

Anemia 2 1 6 0

Thrombocytopenia 1 1 3 0

Non-Hematologic:

Fatigue 2 0 3 0

Nausea 0 0 2 0

Vomiting 0 0 1 0

Diarrhea 1 0 1 0

Infusion Reaction 0 0 1 0

Acneiform Rash 2 0 5 0

Hypomagnesemia 1 1 2 0

a
Grade 4 AEs did not occur
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