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Abstract

Background: Palbociclib is a selective inhibitor of CDK4/6 approved in metastatic breast 

cancer as well as evidence of activity in malignancies with CDK4-amplified. Extensive preclinical 

evidence has demonstrated synergy of CDK4/6 inhibitors with platinum chemotherapy suggesting 
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a potential role for clinical synthetic lethality. Given the sensitivity to platinum therapy as well 

as the landscape of genomic alterations, concurrent treatment with platinum chemotherapy and 

palbociclib is of significant interest as a novel treatment approach.

Patients and Methods: Patients with unresectable, recurrent, or metastatic head and neck 

cancer (R/M HNC) were enrolled. Eligible patients were required to have no previous treatment 

with cytotoxic chemotherapy in the recurrent/metastatic setting. This was a multicenter phase II 

trial in which patients were administered carboplatin in addition to concurrent palbociclib. The 

primary endpoint of this trial was 12-week disease control rate (DCR).

Results: Twenty-one patients were enrolled and 18 were evaluable for response. Grade 3/4 

treatment related toxicities were seen in 79% of patients of which the most common were related 

to myelosuppression. 12-week DCR was 33% (5 patients with stable disease, 1 with a partial 

response). Median progression free survival was 2.9 months (range: 1.2-13.3) and overall survival 

was 4.6 months (range: 1.4-14.8).

Conclusion: The combination of carboplatin and palbociclib is associated with significant 

treatment related toxicity and insufficient anti-tumor activity.
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Introduction

Unresectable recurrent or metastatic head and neck cancer (R/M HNC) has a dismal 

survival and development of targeted therapeutics has been met with little success. Platinum 

compounds have been the backbone of therapy with a response rate (RR) of 10-30% 

to single agent regimens[1,2]. Until recently, first line chemotherapy consisted of the 

EXTREME regimen which has a demonstrated RR of 36% and OS of 10.1 months[3]. 

Given the limited performance status at diagnosis and underlying co-morbidities of many 

patients with head and neck cancers, some are not candidates for this triplet regimen, thus 

new therapeutic strategies are needed. Targeted therapies offer many potential benefits in 

the treatment of other cancers. However, unlike non-small cell lung adenocarcinoma or 

melanoma, characterization of the genomic landscape of head and neck squamous cell 

carcinoma has failed to elucidate a driver mutation[4].

Now with a greater understanding of aberrant cellular signaling and function in 

carcinogenesis, there has been a shift in modern chemotherapeutics towards targeted 

therapies specific to the molecular drivers of each distinct malignancy. Commonly altered 

genes include cell cycle regulatory genes CDKN2A and CCND1 (Cyclin D1)[5]. These 

cell cycle regulatory genes encode a complex group of proteins including cyclin dependent 

kinases and cyclin D which regulate progression through the cell cycle. Sustained CDK4/6 

activation is believed to be present in the majority of tumors as a mechanism to continually 

allow transition from G1 to S phase[6]. In R/M HNSCC, alterations in CDKN2A or CCND1 
are two genomic events which lead to loss of checkpoint control. In patients with R/M 

HNC CDKN2A alterations include homozygous deletions in 30%, additional gene mutations 
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in 10-20%, and epigenetic alterations leading to inactivation in up to 80%. CCND1 has 

been noted to be amplified as part of the 11q13 amplicon in about 20% of cases[4,5,7,8]. 

Between the two, genomic alterations in either CDKN2A and CCND1 have been identified 

in between 60-94% of R/M HNC making these potential targets of interest[4,5,9].

Palbociclib is a reversible, oral, highly selective inhibitor of CDK4 and CDK6 (CDK 4/6) 

approved in hormone receptor positive metastatic breast cancer[10,11]. Recognizing the 

potential as a targeted therapy in other cancers with CDK abnormalities, palbociclib has 

been evaluated in advanced CDK4-amplified liposarcoma and resulted in an improvement 

in progression free survival[12]. This study suggests activity in diverse malignancies with 

cyclin-dependent kinase dysregulation.

Palbociclib has been evaluated in human papilloma virus negative (HPV-) R/M HNC 

in combination with cetuximab and found to result in tumor reduction in 39% of 

patients[13,14]. Preclinical studies evaluating CDK 4/6 inhibitors have suggested synergy 

with chemotherapy in several cancer types. These combination effects were demonstrated 

to be due to chemotherapy induced tumor S-Phase recruitment/synchronization resulting 

in a greater degree of cell cycle arrest and apoptosis[15]. A preclinical study evaluating 

ribociclib and cisplatin in ovarian cancer models demonstrated significant synergy with 

concurrent administration with reduction in stem-like cells in both Rb mutant and wild 

type cell lines[16]. Preclinical work in head and neck squamous cell lines has similarly 

demonstrated suggested synergistic potential of palbociclib and platinum therapy.

We conducted a multi-institution phase II trial to investigate the clinical activity of 

combining carboplatin and palbociclib in patients with R/M HNC. Our hypothesis was 

that combination treatment with carboplatin plus palbociclib (CarPal) would have significant 

synergy in eliciting an antitumor response and hence achieve an improved 12-week disease 

control rate (DCR) compared to single agent chemotherapy.

Methods

Patient eligibility

This was a phase 2 multicenter open label trial approved by the Institutional Review 

Board (IRBMED) of the University of Michigan Rogel Cancer Center (NCT03194373). 

All patients provided written informed consent. Patients ≥ 18 years old with histologically 

documented progressive squamous cell head and neck cancer non amenable to curative 

treatment were eligible. All patients had the presence of measurable disease by CT scan, an 

ECOG performance status of 0-2, and a life expectancy of ≥12 weeks. Patients had to have 

adequate hematopoietic, hepatic, and renal function defined as: absolute neutrophil count ≥ 

1.5x109 cell/ml, platelets ≥75,000 cells/mm3, hemoglobin ≥ 9.0 g/dL, concentrations of total 

serum bilirubin within 1.5x the upper limit of normal (ULN), aspartate aminotransferase 

(AST) and alanine aminotransferase (ALT) within 2.5x institutional upper limits of normal 

unless there were liver metastases in which case AST and ALT within 5.0 x ULN, serum 

creatinine clearance ≥ 30 ml/min). Women of childbearing potential must have had a 

negative serum or urine pregnancy test within 3 days prior to treatment.
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Eligible patients were required to have no previous treatment with cytotoxic chemotherapy 

in the recurrent/metastatic setting however, previous treatment with non-cytotoxic agents 

and/or concurrent chemoradiation in the recurrent/metastatic setting was permitted. Patients 

were excluded if they had gastrointestinal abnormalities causing impaired absorption 

precluding administration of medications by mouth or feeding tube. Additional exclusionary 

criteria included evidence of untreated or progressive brain metastases, an uncontrolled 

medical disorder or active infection which would impair their ability to receive study 

treatment, or history of severe allergic reaction to either cisplatin or carboplatin.

Treatment plan

Enrolled patients underwent a complete history and physical examination, baseline 

laboratory studies (CBC with differential, comprehensive metabolic profile), and 

radiographic staging studies (CT Neck/Chest and others as clinically warranted) prior to 

treatment initiation. All screening assessments were completed within 28 days prior to the 

start of treatment. A pretreatment biopsy of the metastatic tumor was required if clinically 

safe and feasible for correlative studies analyses.

Carboplatin was given on Day 1 with a starting dose of AUC=5 and palbociclib 

was administered 125 mg daily days 1-14. Cycle length was 21 days. Premedications, 

antiemetics, and G-CSF were administered at the discretion of the treating physician. 

Therapy was continued for a total of six 21 day cycles of treatment or until unacceptable 

toxicity/disease progression occurred. If an ongoing response was noted after six cycles, 

patients were transitioned to single agent palbociclib. Maintenance palbociclib was dosed 

at 125 mg daily, days 1-21 of a 28-day cycle, and continued until disease progression or 

intolerance.

Evaluation of response

Imaging studies for evaluation of response of target radiologic lesions were performed after 

two cycles from treatment initiation and continued at 6 week intervals. If a patient proceeded 

to maintenance therapy, imaging was obtained every 9 weeks from cycle 7, day 1. Target 

lesions were followed on each imaging study and analyzed primarily by following the sum 

of the largest diameter of all target lesions. Radiologic response was assessed according to 

RECIST v1.1.

Statistical considerations

Treatment-related adverse events were graded according to the Common Terminology for 

Adverse Events version 4.0 (CTCAE v4). Treatment response was evaluated by Response 

Evaluation Criteria in Solid Tumors (RECIST version 1.0). Patients were considered 

evaluable for response if they underwent response evaluation imaging after 2 cycles of 

receiving both carboplatin and palbociclib. Best overall response was defined as the best 

response achieved from treatment initiation to progression or death. Disease control rate 

(DCR) included complete response (CR), partial response (PR) or stable disease (SD). 

Disease control rate at 12 weeks was presented with 95% confidence intervals using an exact 

binomial distribution for calculation of the standard error. Overall survival was the defined 

as the time from study enrollment to death from any cause. Data were censored at the 
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last follow-up for patients who were alive at the time of analysis. Progression-free survival 

was defined as the time from study enrollment until disease progression or death. Median 

survival times were computed using the Kaplan-Meier method with standard error computed 

using Greenwood’s formula. All analyses were done using SAS 9.4 software.

Targeted Exome Sequencing

From the clinical cohort, 9 patients had sufficient tumor biopsy material for targeted next 

generation sequencing. Thus, DNA was isolated from FFPE blocks using the Qiagen 

AllPrep kit as previously described[17] and advanced for NGS if it met our previously 

defined quality standards defined by Qubit and Bioanalyzer analysis[18,19]. Thus, DNA that 

met our quality control standards was used to prepare sequencing libraries with the Rubicon 

Thruplex kit according to the manufacturer’s instructions. We performed a custom capture 

using a bait set manufactured by Nextera consisting of high density probes for 224 genes, 

using the Nextera Rapid Capture Custom Enrichment Kit (Catalogue #: FC-140-1008). The 

genes targeted in this panel are listed in Supplemental Table 1. We then barcoded and pooled 

the custom capture libraries for sequencing to an average of >100x depth on an Illumina 

HiSEQ4000 with paired end 150nt sequencing.

Targeted Exome Variant calling

Prior to analysis, the quality of the sequencing reads was defined using FastQC v.0.11.5. 

Trim galore v0.4.5 was then used to trim reads containing sequencing adapters as previously 

described by our team[20,21]. Using BWA v0.7.15, the processed reads were then aligned to 

the hg19 reference genome. We next used PicardTools v2.4.1 to sort, deduplicate and index 

the mapped reads and base quality score recalibration was performed using GATK v3.6 to 

generate clean aligned reads for variant calling. For each tumor-normal pair in the set, we 

used Samtools v1.9 to create pileup files for analysis. Then, using the somatic mode of the 

variant caller Varscan v2.4.1, we called variants from these mpileup files and annotated them 

using Goldex Helix Varseq v2.1.0. This was followed by filtering the variants in the introns 

and intergenic regions. We used a minimum threshold of 5 reads supporting the alternate 

allele in the tumor samples were considered as potential positive high confidence calls, as 

previously described[22].

Copy Number Analysis

Copy number estimation calls were also performed using the pre-processed tumor-normal 

BAM files with the Aberration Detection in Tumor Exome (ADTEx) v.2.0 algorithm as 

described[23]. This software package assigns five copy number states from 0 to 4 based on 

its estimated copy number. State 0 represents a homozygous deletion, state 1 corresponds 

to a heterozygous deletion, normal copy number is denoted by state 2, while states 3 and 

4 correspond to a copy gain and amplification, respectively. Heatmaps for the copy number 

data were made using ComplexHeatmap v2.0.0.

Variant Effect Scoring

We used CRAVAT 5.2.4 (Cancer-Related Analysis of Variants Toolkit) for variant impact 

scoring. This web-based tool supports several analysis programs for the interpretation of 
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genomic variants. One of the programs provided by the toolkit, VEST v4.0, was used to 

assign pathogenicity scores to the variants and CHASM v3.1 was used for somatic missense 

variant scoring.

Results

Patient characteristics

Twenty-one patients were enrolled, of which 18 were evaluable for response. All 19 enrolled 

patients who received at least one cycle of carboplatin and palbociclib were included for 

toxicity analysis. The baseline characteristics of all enrolled patients are summarized in 

Table 1. The median age was 66.5 years (range: 40-74). The most common primary site 

of disease was oropharyngeal cancer (6 patients, 33%) and most patients were ECOG 

performance status 1 (56%). p16 status, a surrogate for human papilloma virus (HPV) 

infection, was available for 12 patients of which the majority were p16 negative (8 patients, 

44%). Nine patients had previously received platinum agents as part of the management of 

their locally advanced head and neck cancer. Seven patients (39%) had their last dose of 

platinum chemotherapy at least 180 days prior to study treatment, whereas and two (11%) 

had platinum chemotherapy in the last 180 days. Two patients (11%) had been treated with 

PD-1 inhibitors for R/M disease prior to enrollment.

Toxicity

The mean duration of therapy was 4.8 cycles (range: 2-17). Combinatorial therapy 

with carboplatin and palbociclib was encountered by significant toxicity. Grade 3 or 

greater toxicities were seen in 79% of all patients with the most common being 

myelosuppression (Table 2). 2 patients discontinued therapy due to toxicity and 8 patients 

(44%) required dose modifications most commonly for hematologic toxicities (Table 3). 

Severe hematologic toxicities included neutropenia (10 patients, 56%), anemia (7 patients, 

39%), thrombocytopenia (3 patients, 17%), and febrile neutropenia in one patient. Other 

than hematologic toxicity, severe toxicities seen in greater than 10% of the population 

included fatigue (5 patients, 28%) and nausea (2 patients, 11%).

Efficacy

Two patients stopped treatment prior to response evaluation. One patient was not started 

on therapy after enrollment due to abrupt decline in performance status, another received 

carboplatin but never received palbociclib. A third patient was removed from study prior to 

imaging per physician discretion. A 12-week disease control rate of 33% (95% CI: 13-59) 

was observed of which 5 patients (28%) had stable disease and 1 patient (6%) had a partial 

response (Table 4). Two patients were noted to have stable disease at 6 weeks however 

died before the 12-week response assessment. Degree of tumor response is depicted in the 

waterfall plot in Figure 1. The median progression free survival (PFS) was 2.9 months 

(range: 1.2-13.3) with a 6-month progression free survival (PFS) of 22% (95% CI: 7-43). 

One exceptional responder was noted who had stable disease for 17 cycles (Figure 2). The 

median overall survival was 4.6 months (range: 1.4-14.8) (Figure 3).
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Correlative studies

To define genomic changes to commonly mutated HNSCC genes, we sequenced targeted 

capture based NGS libraries from 9 of the tumors in this cohort to an average of >100X 

depth (Supplemental Table 2). This approach discovered copy number changes to CDKN2A, 

CDKN2B and RB1 in several of the analyzed tumors, but no mutations in these genes 

(Figure 4). Specific molecular alterations from each tumor along with their corresponding 

functional annotation scores are listed in Supplemental Figure 1. We also observed that 

4/6 (66%) of p16 negative tumors harbored TP53 mutations consistent with expected TP53 
mutation rates. Surprisingly, we also discovered that 2/9 (22%) tumors harbored BRAF 
alterations, including a E501K mutation, potentially suggesting that these two tumors did 

not respond to the therapy because they were dependent on alternative drivers. Pathogenecity 

scores were calculated for each of the somatic mutations, which supported a predicted 

oncogenic role of BRAF (Supplemental Table 3).

Discussion

This multicenter phase II trial is the first to evaluate the clinical activity of combining 

a cytotoxic chemotherapy and CDK 4/6 inhibitor in R/M HNC and, to the best of our 

knowledge, the first to report in any malignancy. This study demonstrates that despite 

preclinical evidence, the combination of carboplatin and palbociclib is not an active regimen 

in R/M HNC and is associated with significant toxicities.

The genomic landscape has been well characterized in head and neck cancer. Although there 

is a lack of driver mutations, frequent alterations of cell cycle regulatory genes and the 

availability of CDK 4/6 inhibitors have made these of particular interest for targeted therapy. 

Furthermore, combination with cytotoxic chemotherapy has the potential to target the cancer 

stem-like cell population, potentiate the impact of platinum, and have activity in Rb mutant 

and wild type populations[16]. The prospective role for synergy using palbociclib in R/M 

HNC has been highlighted with recent publications demonstrating evidence of activity when 

combined with cetuximab[13,14].

In our study, responses were seen in both platinum and cetuximab refractory populations 

regardless of HPV status. This has further supported the hope that incorporation of targeted 

therapy with first line chemotherapy may result in tumor control. Despite this supportive 

evidence, we failed to demonstrate treatment outcomes that were equal to or greater 

than historical controls. There are numerous possible reasons may account for these poor 

responses to CarPal. However clinically, patients were primarily HPV negative (at least 

8 patients, up to 14). Previous studies have shown less than 10% of non-oropharyngeal 

squamous cell carcinomas are HPV positive[24,25], hence we postulate the majority of 

the patients not tested for HPV were negative. HPV negative disease has repeatedly been 

associated with decreased response rates to therapy regardless of class or line of therapy[26–

28].

Interestingly, in our limited correlative analysis no association was noted between response 

to therapy and either HPV status or somatic alterations (including CDKN2A, CDKN2B 
and RB1). Based on its mechanism, palbociclib would be thought to be of no benefit in 
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patients with HPV related cancers as they would be expected to have intact Rb but in 

fact the exceptional responder who remained on treatment for 17 cycles had HPV related 

oropharyngeal disease with just this molecular phenotype. Although our conclusions are 

limited given a small sample size and lack of a control arm, previous data supports the 

activity of palbociclib in HPV related cancers[13] as well in Rb deficient tumors[16].

Biologically, it could be postulated that CDK 4/6 inhibition could have synchronized 

cells in a G1 arrest leading to G0 dormancy. In G0 dormancy, concurrent cytotoxic 

chemotherapy would be of little utility given the lack of cellular growth or replication. 

However, studies evaluating dosing strategies have found concurrent inhibition of CDK 4/6 

and platinum potentiates cytotoxicity[15,16,29]. Given the lack of samples after treatment 

initiation, it is not possible to assess the mechanism of palbociclib in this study. Emerging 

evidence suggests that CDK 4/6 inhibitors have activity beyond the G1/S checkpoint 

including induction of dephosphorylation of ATM and CHK1 as well as modulating the 

immune microenvironment[30]. As such, there are rationale for future trials evaluating the 

combination of a CDK 4/6 and checkpoint inhibitor.

Toxicity is of significant concern in our patient population, especially given the 

somewhat limited pretreatment performance status in some, primarily due to pre-existing 

co-morbidities. Grade 3 or 4 toxicities are common occurrences with conventional therapies 

seen in 76% of patients treated with cytotoxic doublets and 82% of patients treated with 

the combination of platinum, fluorouracil, and cetuximab[3]. With targeted therapy, the goal 

is hopefully to lower rates toxicities compared to traditional cytotoxic regimens. This is 

of particular interest for those not candidates for conventional triple agent therapy. This 

study demonstrated marked rates of toxicities on par with multi-drug cytotoxic regimens. 

Furthermore, patients discontinued therapy due to toxicities and significant issues with 

nausea, vomiting, and weight loss. As treatment is palliative in intent, any toxicity which 

diminishes quality of life must be considered. Since the initiation of this study, single agent 

pembrolizumab has been approved in this patient population in patients with PD-L1 CPS 

≥ 1%[31]. Pembrolizumab now offers the promise of not only improved survival but also 

decreased toxicities compared to standard of care therapies.

In conclusion, concurrent treatment with palbociclib and carboplatin has insufficient 

antitumor activity in R/M HNC. The lack of efficacy may be due to the underlying patient/

tumor characteristics; however, the induction of chemotherapy resistant G0 dormancy cannot 

be ruled out. Furthermore, significant treatment related toxicities were seen, limiting patient 

tolerance and impairing quality of life. Synergy may be seen between palbociclib and other 

classes of agents, possibly immunotherapy. Additional studies are needed as best how to 

potentially incorporate palbociclib into the treatment of patients with locally advanced, 

recurrent SCCHN.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Degree of Tumor Response. This waterfall plot demonstrates the maximal degree of 

response to treatment amongst evaluable patients
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Fig. 2. 
Duration of Tumor Response. This figure the degree of radiographic response over time in 

patients treated with carboplatin and palbociclib.
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Fig. 3. 
Kaplan Meier Survival Analysis. This figure illustrates the overall survival (Fig 3a) and 

progression free survival (Fig 3b) amongst patients treated with carboplatin and palbociclib
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Fig. 4: 
Genomic Alterations and Clinical Characteristics. This focused heat map characterizes 

clinical response to therapy, clinical characteristics, and selected results of targeted 

sequencing. Abbreviations: Clinical Response: SD- Stable disease, PD- progressive disease, 

NA- Not evaluable for response. p16 status: N- Negative, P- Positive, NP- Not performed.
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Table 1:
Patient Demographics and Clinical Characteristics

This table displays the demographics of the patients included in analysis for efficacy

Age n 18

Mean 62.7 years

Median (range) 66.5 (40-74)

Gender, n (%) Male 16

Female 2

ECOG Performance Status, n(%) 0 (Fully functional) 8

1 (Minor Impairment) 10

Disease Primary Site Oral Cavity 5

Oropharynx 6

Larynx 4

Nasopharynx 2

Other 1

Disease State Locally advanced/recurrent 2

Metastatic 16

T Stage T1 1

T2 3

T3 2

T4 7

Tx 5

N Stage N0 5

N1 3

N2 6

Nx 4

M Stage M0 2

M1 16

p16 Positive 4

Negative 8

not done 6

Previous Exposure to Immunotherapy 2

Previous Exposure to Platinum 9

Platinum exposure ≤180 days 2

Platinum exposure >180 days 7
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Table 2:
Treatment Related Toxicities

This table lists the toxicities observed in patients treated with carboplatin and palbociclib for HNSCC

Toxicity Grade 1 or 2 Grade 3 or 4 Total

Neutrophil count decreased 2 (11%) 10 (56%) 12 (67%)

Anemia 5 (28%) 7 (39%) 12 (67%)

White blood cell decreased 3 (17%) 7 (39%) 10 (56%)

Fatigue 7 (39%) 5 (28%) 12 (67%)

Platelet count decreased 4 (22%) 3 (17%) 7 (39%)

Nausea 6 (33%) 2 (11%) 8 (44%)

Vomiting 2 (11%) 1 (5%) 3 (16%)

Weight loss 4 (22%) 0 4 (22%)

Febrile neutropenia 0 1 (5%) 1 (5%)
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Table 3:
Treatment Tolerability

This table lists the characteristics associated with tolerability of carboplatin and palbociclib including duration 

of therapy and reason for discontinuation.

n 18

Duration of Treatment

# Cycles completed Mean 4.8

Median (range) 4 (2-17)

Carboplatin Dose Modifications, n

0 9

1 8

2+ 1

Reason for treatment discontinuation, n

Adverse Event 1

Disease Progression 15

Patient Discretion 1

Other 1
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Table 4:
Treatment Efficacy

This table describes the treatment efficacy and patient outcomes

n=18

Median PFS, days (range) 89 (36-406)

2.9 months

6 month PFS, % (95% CI)
1

22% (7%,43%)

Median OS, days (range
2
) 142 (43-453)

4.6 months

Best Overall Response Evaluation

Progressive Disease (PD), n (%) 10

Stable Disease (SD), n (%) 7

Partial Response (PR), n (%) 1

6 Week PFS, % 44%

12 Week Disease Control Rate (SD+PR+CR), % (95% CI) 33% (13%,59%)

1-
6 month PFS and 95% confidence interval estimated using life-table method.

2-
Denotes that the highest observation was censored at maximum
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