
A Phase 2 Study of Flavopiridol (Alvocidib) in Combination with 
Docetaxel in Refractory, Metastatic Pancreatic Cancer 
(NCI#6366)

Richard D. Carvajal1, Archie Tse1, Manish A. Shah1, Robert A. Lefkowitz2, Mithat Gonen3, 
Lisa Gilman-Rosen1, Jeremy Kortmansky4, David P. Kelsen1, Gary K. Schwartz1, and 
Eileen M. O'Reilly1

1Department of Medicine, Memorial Sloan-Kettering Cancer Center, New York 10021

2Department of Radiology, Memorial Sloan-Kettering Cancer Center, New York 10021

3Biostatistics and Epidemiology, Memorial Sloan-Kettering Cancer Center, New York 10021

4Medical Oncology and Hematology, New Haven, CT

Abstract

Background/Aims—Pancreatic adenocarcinoma (PC) harbors frequent alterations of p16, 

resulting in cell cycle dysregulation. A phase I study of docetaxel and flavopiridol, a pan-cyclin 

dependent kinase inhibitor, demonstrated encouraging clinical activity in PC. This phase II study 

was designed to further define the efficacy and toxicity of this regimen in patients with previously 

treated PC.

Methods—Patients with gemcitabine-refractory, metastatic PC were treated with docetaxel 35 

mg/m2 followed by flavopiridol 80 mg/m2 on days 1, 8, and 15 of a 28 day cycle. Tumor 

measurements were performed every two cycles. A Simon two-stage design was used to evaluate 

the primary endpoint of response.

Results—Ten patients were enrolled; nine were evaluable for response. No objective responses 

were observed; however, three patients (33%) achieved transient stable disease, with one of these 

patients achieving a 20% reduction in tumor size. Median survival was 4.2 months, with no 

patients alive at the time of analysis. Adverse events were significant, with seven patients (78%) 

requiring ≥1 dose reduction for transaminitis (11%), grade 4 neutropenia (33%), grade 3 fatigue 

(44%), and grade 3 diarrhea (22%)

Conclusions—The combination of flavopiridol and docetaxel has minimal activity and 

significant toxicity in this patient population. These results reflect the challenges of treating 

patients with PC in a second-line setting where the risk/benefit equation is tightly balanced.
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Introduction

Adenocarcinoma of the pancreas (PC) is the fourth leading cause of cancer death in the 

United States, with an estimated 37,680 new cases and 34,290 deaths in 2008.[1-3] The 

diagnosis of advanced PC is associated with poor outcomes, and the median survival is less 

than 6 months for patients treated with single agent gemcitabine.[4] The combination of 

gemcitabine and erlotinib results in a modest improvement in one-year survival when 

compared with gemcitabine alone.[5] Preliminary results from a study of gemcitabine and 

capecitabine demonstrated a 1.4 month improvement in survival when compared with 

gemcitabine alone;[6] however, other studies of this combination were negative.[7]

Docetaxel is a semisynthetic taxane with single-agent activity in PC. An objective response 

rate (RR) of 15% was observed in a phase II study of chemotherapy-naïve patients with 

advanced PC treated with docetaxel 100 mg/m2 every 3 weeks.[8] Response rates observed 

in two other phase II studies of docetaxel utilizing this dose and schedule were 5% and 6%.

[9, 10] With lower doses of docetaxel (60 mg/m2 every three to four weeks), the RR was 

0%.[11] Of the 118 chemotherapy-naïve patients treated with single-agent docetaxel in these 

four studies, one achieved a complete response (CR) and eight achieved partial responses 

(PR), for an overall RR of 8%.

The modest tumor responses achieved using cytotoxic chemotherapy in this disease may, in 

part, be due to the frequent alterations of p16INK4A, an inhibitor of the cyclin-dependent 

kinases (CDK) 4 and 6, observed in PC. p16INK4A dysfunction due to methylation, allelic 

loss, or mutation is observed in up to 85% of cases,[12-14] resulting in cell cycle 

dysregulation and tumor progression. The adenoviral-mediated reintroduction of p16INK4A 

significantly inhibits the growth of PC cell lines and established subcutaneous pancreatic 

tumors in nude mice.[15] Furthermore, treatment of pancreatic cell lines with chemotherapy 

followed by adenoviral-mediated delivery of p16INK4A results in substantial reduction of 

cell viability when compared with chemotherapy alone, suggesting that agents targeting the 

cell cycle may have efficacy in the treatment of PC.[16, 17] Flavopiridol is a CDK inhibitor 

that binds directly to the ATP binding pockets of CDK1, CDK2, CDK4, and CDK6 , 

resulting in kinase inhibition at nanomolar concentrations and cell cycle arrest at both G1/S 

and G2/M. The addition of flavopiridol to chemotherapy enhances the apoptotic effects of 

therapy in a number of preclinical models.[18-21]

In a completed phase I clinical trial of weekly docetaxel and flavopiridol, we demonstrated 

that the combination is tolerable and has encouraging clinical activity.[22] We thus designed 

this phase II study of docetaxel and flavopiridol in patients with gemcitabine-refractory, 

metastatic PC.

Patients and Methods

Patients

Patients ≥18 years with histologically confirmed adenocarcinoma of the pancreas, 

measurable metastatic disease, Karnofsky performance status (KPS) ≥80%, and acceptable 

end-organ function as defined by pretreatment total white blood cell count ≥2,500/mm3, 
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absolute neutrophil count (ANC) ≥1,500/mm3, platelet count ≥100,000/mm3, normal serum 

creatinine or creatinine clearance ≥60 mL/min/1.73 m2 for patients with a creatinine above 

the upper limit of normal (ULN), total serum bilirubin ≤1.5 times the ULN, serum alkaline 

phosphatase ≤5 times the ULN, and serum AST and ALT levels ≤2.5 times the ULN were 

eligible. Patients must have disease progression on a prior gemcitabine-based regimen. 

Progression may have occurred while receiving therapy in the adjuvant setting, within three 

months of completing adjuvant therapy, while receiving therapy for locally advanced 

disease, or after receiving one regimen in the metastatic setting.

Patients were excluded for any of the following reasons: treatment with >1 line of prior 

chemotherapy, prior docetaxel or flavopiridol, ongoing toxic effects from prior therapy, 

grade 2 or greater peripheral neuropathy, any serious or uncontrolled infection, symptomatic 

cardiac or pulmonary disease, diabetes not adequately controlled, known CNS metastasis, 

pregnancy or lactation, or HIV infection. No chemotherapy or targeted therapy was allowed 

within two weeks of study entry (6 weeks for nitrosoureas and mitomycin C). No 

radiotherapy was allowed within 4 weeks of study entry. No concurrent chemotherapy, 

radiotherapy, or other investigational agents was allowed.

All patients were informed of the investigational nature of the study and provided written 

informed consent in accordance with institutional and federal guidelines. The institutional 

review board of Memorial Sloan-Kettering Cancer Center (MSKCC) oversaw this trial.

Treatment

Docetaxel 35 mg/m2 was administered intravenously over 30 minutes followed four to six 

hours later by flavopiridol 80 mg/m2 administered intravenously over 60 minutes on days 1, 

8, and 15 of each 28 day cycle. Dexamethasone 8 mg PO BID was administered for a total 

of three doses, with the first dose taken approximately 12 hours prior to treatment. 

Antiemetic agents were administered at the discretion of the treating physician. Patients 

continued on therapy until the development of tumor progression or excessive adverse 

events (AE).

Dose Delays and Dose Adjustments

AE were graded according to the National Cancer Institute Common Toxicity Criteria for 

Adverse Events version 3.0. Therapy was held for an ANC <1000/mm3, platelet count 

<75,000/mm3, total serum bilirubin >1.5 times the ULN, AST and/or ALT >5 times the 

ULN, or alkaline phosphatase >5 times the ULN. Dose adjustments for AE are described in 

the Appendix (online version only).

Study Evaluations

Pretreatment evaluation included a complete medical history and physical examination, 

complete blood count with differential, comprehensive metabolic profile including liver 

function tests, LDH, prothrombin time/partial thromboplastin time, serum pregnancy test for 

females of child-bearing potential, and 12-lead EKG. Baseline tumor assessments included a 

CA 19-9, chest radiograph, and computed tomography scans and/or MRI. Tumor status was 
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reassessed by CA 19-9 on the first day of each cycle, and by imaging studies performed 

every two cycles using the Response Evaluation Criteria in Solid Tumors (RECIST).[23]

Statistical Considerations

The primary endpoint of this study was tumor response. Secondary endpoints included 

toxicity, time to progression (TTP), and overall survival (OS). A Simon two-stage design 

was employed to evaluate the primary endpoint using a projected response rate of 5% for 

docetaxel alone in the second-line setting and 25% for docetaxel in combination with 

flavopiridol.[24] If no responses were observed among the first 9 patients treated, the study 

was to be terminated. If ≥1 responses were observed, enrollment was to be extended to 30 

patients. If ≥4 responses were observed, this regimen would be considered worthy of further 

testing. There is a 90% probability that this design will recommend this regimen for further 

evaluation if the true response rate is 25%. This probability drops to 5% if the true response 

rate is 5%.

Results

Patient Characteristics

Ten patients with advanced, gemcitabine-refractory PC were enrolled between March 2006 

and December 2006 at MSKCC. Of these 10 patients, 9 were evaluable for response. One 

patient unexpectedly developed an elevated alkaline phosphatase, AST, and ALT on cycle 1, 

day 1 of therapy not present on screening bloodwork ultimately determined to be due to 

biliary obstruction. He was taken off study, deemed inevaluable, and replaced as required by 

the study protocol.

Baseline characteristics are outlined in Table 1. The nine evaluable patients received ≥2 

cycles of therapy and were accessible for all study endpoints. The median number of cycles 

administered was 2.0 (range, 2.0 – 2.25).

Response to Treatment and Survival

We observed no objective response as assessed by RECIST on this study. Six patients (67%) 

demonstrated disease progression following two cycles of therapy. Three (33%) achieved 

SD following two cycles of therapy, with one of these patients achieving a 20% reduction in 

tumor size; however, these results were not verified by confirmatory imaging. No patient 

completed three cycles of therapy. The median time to treatment failure (disease progression 

or excess AE requiring discontinuation of treatment) was 8 weeks (range, 7 – 14). The 

median OS from the time of initiation of therapy on protocol was 4.2 months (range, 2.8 – 

6.9), with no patients alive at the time of analysis (Figure 1).

The three patients who achieved SD were removed from the study following cycle 3, week 1 

of therapy due to AE unrelated to therapy. One patient achieved a minor response, with a 

20% reduction in the size of his target lesions. Following cycle 3, week 1 of therapy, he was 

hospitalized for a pulmonary embolus (PE), clinically deteriorated, and was unable to 

receive further treatment. A second patient achieved SD following two cycles of therapy; 

however, following cycle 3, week 1 of therapy, she was admitted for a complete large bowel 
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obstruction requiring jejunal sigmoid bypass. Following a prolonged hospitalization, she 

was discharged to hospice and received no further therapy. A third patient who was a 76 

year-old male with insulin-dependent diabetes mellitus, achieved a mixed response; 

however, there was a questionable new hepatic lesion as well as an incidental PE observed 

on his restaging studies. Because of clinical benefit in terms of pain and fatigue, he was 

continued on therapy. Following cycle 3, week 1 of therapy, he was hospitalized for 

symptomatic hypoglycemia adjudicated as being unrelated to protocol therapy. He was 

subsequently admitted a second time for a partial small bowel obstruction, also adjudicated 

as unrelated to protocol therapy, which resolved with conservative management. Given these 

multiple complications, he ultimately opted to discontinue therapy.

Adverse Events

AE adjudicated as related to therapy are summarized in Table 2. Six (67%) patients 

experienced at least one grade 3 or worse AE and 3 (33%) patients experienced at least one 

grade 4 AE, where the attribution was possibly, probably, or definitely related to treatment. 

Three patients (33%) experienced one dose delay due to AE, with one (11%) experiencing 

two such delays. Seven patients (78%) required at least one dose reduction, with one of 

these seven (11%) requiring two dose reductions. One patient experienced an asymptomatic 

rise in ALT ≥1.5 times the ULN that mandated a protocol-specified dose-reduction; this 

transaminitis was attributed to disease progression and was not felt to be therapy-related. 

Other AE requiring dose reduction included three episodes of grade 4 neutropenia (33%), 

four episodes of grade 3 fatigue (44%), and two episodes of grade 3 diarrhea (22%). Two 

patients (22%) developed thromboembolic disease, both with a DVT and PE. These were 

adjudicated as being related to the underlying disease process and were not considered a 

toxicity from therapy.

Discussion

We evaluated the combination of docetaxel and flavopiridol in nine patients with metastatic, 

gemcitabine-refractory PC in this phase II study. Utilizing a stringent two-stage statistical 

design, we demonstrate that this regimen has limited clinical activity in the second-line 

setting. Despite our requirement of a high performance status for eligibility, we observed 

significant AE associated with therapy.

Given the results observed in patients with PC on the phase I study of this regimen, we were 

surprised by the lack of activity and marked toxicity seen on this phase II study. Whereas six 

of the ten patients (60%) with pancreas cancer treated on the phase I study achieved either 

an objective response (one PR lasting 5.8 months; one durable CR lasting > two years) or 

stable disease (SD; four patients with SD lasting between 3.4 and 5.8 months), only three of 

the nine patients (33%) achieved SD in this study, with none achieving an objective 

response. In the phase I study, two of the 27 patients (7%) enrolled experienced a DLT: one 

of six patients treated with docetaxel 35 mg/m2 and flavopiridol 70 mg/m2 developed grade 

3 mucositis, and one of six patients treated with docetaxel 35 mg/m2 and flavopiridol 80 

mg/m2 developed grade 4 neutropenia. On this phase II study, seven of the nine patients 

(78%) required at least one dose reduction for AE. Patients enrolled on the phase II study 
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were older (median age 64 years vs. 56 years) and had a lower KPS (median KPS 80 vs. 90). 

As performance status is a powerful predictor of outcome in advanced PC,[25] these 

observations may, in part, explain the marked difference in response and toxicity 

demonstrated in the two studies. Unfortunately, serum and tissue samples for 

pharmacokinetic/pharmacodynamic studies were not collected as part of this study; thus, 

data comparing serum drug levels or tumor responses to therapy between trials are not 

available.

The treatment of PC in the second-line setting remains challenging. Indeed, only 16-57% of 

patients with PC receiving first-line therapy on phase III studies have been reported to 

receive second-line therapy, with less than 2% receiving further therapy on a clinical trial,

[26] in part, because of a deterioration in performance status.[7, 26-28] Tumor response 

rates observed in studies evaluating various regimens in the second-line setting range from 

0% to 24%, with median survival times ranging from 3.4 to 10.3 months.[29, 30] The results 

of our study reflect the challenges of treating patients with PC in the second-line setting, 

where the risk/benefit equation is tightly balanced.

Prior studies have demonstrated improved treatment outcomes in patients with good 

performance status.[7, 27] It is thus conceivable that if this and other regimens were tested 

in the first-line setting, accruing patients with less AE from both disease and prior therapy, 

better outcomes might be achieved. Given the negative results of studies evaluating various 

regimens of gemcitabine combined with chemotherapy or targeted agents such as 

bevacizumab[25] or cetuximab,[31] it would be reasonable to reassess our approach to the 

development of novel therapies for patients with PC, and consideration should be given to 

testing novel regimens in the upfront setting.

In summary, the combination of docetaxel and flavopiridol has limited activity and 

significant toxicity when administered to patients with PC in the second-line setting. Given 

the difficulties inherent in evaluating novel therapies for PC in the second-line setting, 

evaluation of novel treatment regimens for this disease in the front-line setting should be 

considered.
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Appendix (Dose Adjustments)

For grade 3 or 4 neutropenia, patients were re-treated after recovery at dose level -1 

(docetaxel 25 mg/m2 and flavopiridol 60 mg/m2), with growth factor support administered 

at the discretion of the treating physician. For grade 2 thrombocytopenia, patients were re-

treated after recovery without dose reduction. In the case of recurrent thrombocytopenia, 

reduction to dose level -1 was instituted at the time of platelet recovery. In the case of both 

elevated transaminases and alkaline phosphatase, or in the case of isolated 

hyperbilirubminemia, patients were re-treated after recovery at dose level -1. For an AST 

and/or ALT between 1.5 – 5 times the ULN and an alkaline phosphatase ≤5 times the ULN, 

patients were treated at dose level -1 without a delay in therapy.
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Therapy was held for diarrhea until resolution of symptoms without the use of anti-diarrheal 

agents for ≥24 hours. For grade 3 or 4 diarrhea that persisted despite the use of anti-diarrheal 

medications, patients were retreated at dose level -1 upon resolution of symptoms. In the 

case of grade 2 neuropathy, docetaxel was reduced from 35 mg/m2 to 25 mg/m2, with no 

dose reduction for flavopiridol; patients were taken off study for grade 3 or greater 

neuropathy. For other grade 3 or 4 non-hematologic toxicities, treatment was held until 

resolution of symptoms to grade 1 or less, and then reinstituted at dose level -1.

Toxicities requiring a second dose level reduction resulted in reduction of the docetaxel dose 

to 20 mg/m2, with no further dose reduction for flavopiridol. Toxicity that necessitated a 

third dose reduction, or toxicity that caused two or more treatment delays within a cycle, 

resulted in patient removal from the study.
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Figure 1. 
Overall survival.
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Table 1

Patient Characteristics

Characteristic No. of Patients (N = 10)

Evaluable Patients 9 (90%)

Age, years

 Median 64

 Range 49 - 81

Sex

 Male 4 (40%)

 Female 6 (60%)

Karnofsky Performance Status

 Median 80

 Range 70 - 90

Sites of Disease

 Liver 9 (90%)

 Lymph nodes 3 (30%)

 Lung 4 (40%)

 Peritoneum 3 (30%)

CA 19-9, U/mL

 Median 178

 Range 6 - 39,966

Prior Surgery 2 (20%)

Prior Adjuvant Therapy

 Gem→Concurrent 5-FU/RT→Gem 1(10%)

 Gem/Erlotinib/RT→Gem/Erlotinib (ref 30) 2 (20%)

Prior Metastatic Treatment Regimens

 Gem +/- Bevacizumab (CALGB 80303; ref 23) 3 (30%)

 Gem 1 (10%)

 Gem/Capecitabine 1 (10%)

 FDR Gem/Erlotinib 1 (10%)

 Capecitabine/Erlotinib 1 (10%)
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