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Clinical pharmacology and pharmacogenetics of flavopiridol
1-h i.v. infusion in patients with refractory neoplasms
Suoping Zhaia,b, Edward A. Sausvillec,d, Adrian M. Senderowiczc,
Yuichi Andoa,b, Donna Headleec, Richard A. Messmannc, Susan Arbuckc,e,
Anthony J. Murgoc,e, Giovanni Melilloc, Eiichi Fusea,b and William D. Figga,b

A phase I trial of flavopiridol administered as a 1-h i.v.

infusion schedule was explored. Fifty-five patients were

treated with flavopiridol at doses ranging from 12 to 78 mg/

m2 daily for 5, 3 and 1 day every 3 weeks. Pharmacokinetic

and pharmacodynamic analysis was performed together

with analysis of a promoter polymorphism of the UGT1A1

gene. Peak concentrations and areas under the time–

concentration curve of flavopiridol were linear within the

doses studied. Estimated clearance was 13.874.9 l/h/m2

(mean7SD), volume of distribution at steady-state was

64.9743.4 l/m2 and elimination half-life was 5.274.9 h.

Forty-nine of the 55 patients were genotyped for the

promoter polymorphism. We found five (10%) homozygous

and 11 (22%) heterozygous patients for UGT1A1*28, which

alters the reference sequence (TA)6TAA to the variant

(TA)7TAA by an extra TA dinucleotide insertion within the

TATA box. One patient was heterozygous for the sequence

of five TA repeats, (TA)5TAA. The remaining 32 patients did

not have the UGT1A1*28 allele (homozygous for the

reference sequence). Associations of the UGT1A1 promo-

ter genotype with either the pharmacokinetic parameters

or diarrhea (occurrence and severity) were not observed in

this study. The pharmacogenetic analyses did not support

that the UGT1A1 promoter polymorphism could affect

flavopiridol pharmacokinetics and alter the incidence and

severity of diarrhea induced by the drug. Anti-Cancer

Drugs 14:125–135 �c 2003 Lippincott Williams & Wilkins.
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Introduction
Flavopiridol (NSC649890) [(–)cis-5,7-dihydroxy-2-(2-

chlorophenyl)-8[4-(3-hydroxy-1-methyl)-piperidinyl]-

4H-1-benzopyran-4-1] is a semisynthetic flavonoid de-

rived from rohitukine, an alkaloid isolated from a plant

indigenous in India. It is an inhibitor of several cyclin-

dependent kinases (CDKs), key regulators of the cell

cycle [1,2]. Flavopiridol can arrest cells in G1 phase or at

the G2/M boundary, possibly by inhibiting CDK2 and

CDK1 [3–5]. Another important feature of flavopiridol is

the induction of apoptotic cell death in certain cell types.

It causes the cell death in both cycling and non-cycling

cell populations, although the mechanisms of induced

apoptosis have not been fully elucidated [6]. In addition,

flavopiridol has been shown to have other anticancer

properties: reducing levels of cyclin D1 (the product of an

oncogene) [4,7], possessing antiangiogenic activity [8,9]

and interacting with DNA [6].

Initial clinical trials were commenced with a schedule of

72-h continuous infusion, because a prolonged exposure

to flavopiridol appeared to be necessary for its cytostatic

effect according to the results of previous animal and in

vitro models [10]. Using the 72-h schedule every 2 weeks

in clinical trials, plasma concentrations of flavopiridol

were achieved within the range of 200–500 nM, which

were above a threshold necessary to inhibit cancer cell

growth in vitro [11–14].

More recent preclinical animal studies have shown that

an i.v. or i.p. of flavopiridol administered daily produced

apoptosis in normal and malignant cells [7,15]. After daily

treatments with 7.5 mg/kg flavopiridol by an i.v. or i.p.

bolus for 5 consecutive days, 11 out of 12 advanced stage

s.c. human HL-60 xenografts underwent complete

regression of the tumor and animals remained disease-

free for several months after one course of the treatment.

Significant antitumor activity was also observed in animal

models with head and neck squamous cell carcinoma

using the i.p. bolus regimen. Conversely, flavopiridol

administered as a 72-h infusion in similar leukemia

models achieved only tumor growth delay [15]. These

results suggested that repetitive high plasma concentra-

tions of flavopiridol at the mmol range would be more

effective to produce the maximum ‘apoptosis’-related

antitumor effects by the drug. Thus, a phase I trial of
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daily flavopiridol as a 1-h i.v. infusion was explored to

achieve repetitive higher peak plasma concentrations.

Flavopiridol is conjugated and detoxified by UDP-

glucuronosyltransferase (UGT, EC 2.4.1.17) to yield its

b-glucuronides, which are mainly excreted into the bile

and could be reabsorbed from the intestine into the

enterohepatic circulation [16]. UGT1A1 is one of the

UGT1 isozymes, which conjugates bilirubin, endogenous

steroids, therapeutic drugs (e.g. ethinylestradiol) and

xenobiotic compounds (e.g. phenols, anthraquinones and

flavones) [17]. It has been reported that UGT1A9 and

UGT1A1 are primarily involved in flavopiridol glucuroni-

dating activity in humans [17,18]. Polymorphism in the

promoter of the UGT1A1 gene is closely related with

Gilbert’s syndrome, a benign form of unconjugated

hyperbilirubinemia [19]. A promoter variant (UGT1A1*28)

alters the reference sequence (TA)6TAA to the variant

(TA)7TAA by insertion of an extra TA dinucleotide within

the TATA box, resulting in reduced transcriptional

activity of the UGT1A1 gene [20,21]. According to an in
vitro study, UGT1A9 appears to play a more important

role in flavopiridol metabolism than UGT1A1 (18).

However, the relative importance of the UGT1A9

compared with UGT1A1 for in vivo glucuronidation of

flavopiridol remains to be determined because there may

be a potential discrepancy between in vitro experiments

and in vivo metabolism. Both UGT1A1 and UGT1A9 play

major roles in glucuronidation of SN-38, an active

metabolite of irinotecan, to a comparable extent in the

in vitro study [22]. However, UGT1A1 promoter genotype

has known to have significant influence on the pharma-

cokinetics of SN-38 and clinical toxicity induced by its

parent compound irinotecan [23,24]. We consider that

the polymorphic activity of UGT1A1 enzyme may explain

the variability of flavopiridol pharmacokinetics and,

possibly, a likelihood of diarrhea, one of the dose-limiting

toxicities of flavopiridol [14].

Our hypothesis is that variant genotypes of UGT1A1 may

increase the risk of toxicity by flavopiridol through the

impaired glucuronidating (detoxifying) activity of the

drug. If the clinical impact of the UGT1A1 polymorphism

on flavopiridol treatment were revealed, a patient

carrying a variant genotype of UGT1A1 might require

lower doses of the drug to reduce the risks of adverse

effects. This study reports the pharmacokinetic/pharma-

codynamic analyses of flavopiridol administered as a 1-h

i.v. infusion and pharmacogenetic analysis at the poly-

morphic promoter region.

Methods
Patients

Patients were eligible for entry onto the study if they had

refractory tumors for which no standard therapy was

available, were 18 years of age or older, had a serum

creatinine r1.5 mg/dl. (or creatinine clearance �60 ml/

min), had an absolute granulocyte count �1000/ml,

platelets 475 000/ml, and had an AST and ALT r2.5

times ULN. Patients had a performance status (Eastern

Cooperative Oncology Group) 0–2. Other eligibility

criteria included no prior chemotherapy or radiotherapy

within 4 weeks. Patients were excluded if they had

metastatic disease to the brain, a myocardial infarction

during the previous 6 months. This protocol was reviewed

and approved by the National Cancer Center Institution’s

Institutional Review Board and all patients provided

written informed consent prior to participation.

Design

At least three patients were enrolled at each dose level. If

toxicity was noted at a particular dose, that dose level was

expanded to include at least six patients. The starting

dose of flavopiridol, 12 mg/m2/day given as a 1-h infusion

daily for 5 days every 3 weeks was one-half the toxic low

dose in rats (24 mg/m2/day). The dose was escalated at

increments of 40% until grade 2 non-hematological or

grade 3 hematological toxicity was observed in no more

than two patients of a cohort during the first cycle. If

three or more patients in a cohort experienced these

toxicities, the rate of dose escalation was lowered to 25%

of the preceding dose. When the maximum tolerated

dose (MTD) was achieved, the protocol was amended in

an effort to achieve higher peak plasma concentrations.

Flavopiridol 1-h daily for 3 consecutive days and, then, for

1 day every 3 weeks were explored, in order to administer

higher dose for higher peak plasma concentration.

Pharmacokinetic analysis

Blood samples were collected at the end of the 1-h

infusion, 10 and 30 min, and at 1, 2, 4, 8, 12 and 24 h after

the cessation of the infusion in cycle 1. To study

flavopiridol pharmacokinetics over 5 days, blood samples

from day 5 as well as day 1 were obtained at a dose of

37.5 mg/m2/day for 5 days in six patients. Flavopiridol

plasma concentrations were determined using a validated

HPLC assay. In brief, 1 ml acetonitrile was added to

0.25 ml plasma and vortexed for 30 s. The samples were

centrifuged at 10,000 r.p.m. for 5 min at 41C. The

supernatant was transferred to a glass tube and evapo-

rated to dryness at 401C under air. The sample was

reconstituted with 200 ml mobile phase and vortexed.

The 150 ml was injected onto a Water Nova-Pak C18

column. A gradient profile consisted of ammonium

acetate (0.05 M, pH 4.15) and methanol (containing

0.025 M ammonium acetate), and a flow rate of 1 ml/min

was utilized with a total run time of 21 min. Flavopiridol

had an eluting time of 9.8 min and was detected with

ultraviolet absorbance at 268 nm. The peak area was used

for quantitation. The assay was linear over the concentra-

tion range of 0.025–3.0 mg/ml (57–6849 nM) [25].
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The pharmacokinetic data were analyzed by compart-

mental analysis. ADAPT II version 4 (Biomedical

Stimulation Resource, University of Southern California,

Los Angeles, CA) was used [26]. A two-compartment

open linear model fit the data best. The area under the

plasma concentration–time curve (AUC) for each subject

was calculated using the linear trapezoidal method from

time zero to the last concentration-time point obtained

and extrapolated to infinity by dividing the last concen-

tration by the terminal elimination rate constant (Clast/

ke). Peak concentrations were the flavopiridol concentra-

tions achieved at the end of 1-h infusion.

Pharmacogenetics

Genomic DNA from each patient was extracted from

plasma [27]. All samples had been stored at �801C prior

to examination. A promoter variant (UGT1A1*28) which

alters the reference sequence (TA)6TAA to the variant

(TA)7TAA (nucleotide �39 to �53) by insertion of an

extra TA dinucleotide within the TATA box was

determined by direct sequencing [28]. This was accom-

plished by a PCR amplification of a 253-bp fragment

(�147 to þ 106) using 0.25 mM forward primer 50-
AAGTGAACTCCCTGCTACCTT–30 and 0.25 mM re-

verse primer 50-CCACTGGGATCAACAGTATCT-30 in a

volume of 50 ml containing 0.2 mM of each deoxynucleo-

side triphosphate, 50 mM KCl, 20 mM Tris–HCl (pH

8.4), 2.0 mM MgCl2 and 1.3 U of Taq polymerase

(Platinum Taq DNA Polymerase; Invitrogen, Carlsbad,

CA). PCR conditions were: 951C for 5 min followed by 30

cycles of 951C for 30 s, 581C for 40 s and 721C for 40 s

(GeneAmp PCR System 9700; Applied Biosystems,

Foster City, CA). A 1-ml product of the first PCR was

subjected to the second round of PCR amplifications

using another forward primer 50-GTCACGTGACACAGT-

CAAAC-30 and the same reverse primer as the first PCR.

This was designed to amplify a 210-bp segment (�104 to

þ 106). The second PCR conditions were identical to the

first amplification reaction. Cycle sequencing was per-

formed with a dye terminator sequence reaction (ABI

Prism DNA Sequencing Kit; Perkin-Elmer, Foster City,

CA) using the reverse PCR primer. The promoter

polymorphism was observed on an ABI Prism 310 Genetic
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Flavopiridol plasma concentration–time profile. The data were from a representative patient who received flavopiridol at a dose of 37.5 mg/m2/day for
5 consecutive days. A two-compartmental open model fits the data.

Table 1 Patient characteristics

No. of patients 55
Male:female 36/19
Age [median (range) (years)] 56 (26–77)
Body surface area [median (range) (m2)] 1.92 (1.33–2.4)
Tumor type

colorectal 13
melanoma 10
renal 9
non-Hodgkin’s lymphoma 5
mantle cell lymphoma 2
esophageal 2
breast 2
head and neck 2
Hodgkin’s disease 2
others 8

Pharmacokinetics and pharmacogenetics for flavopiridol Zhai et al. 127

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Analyzer (Perkin-Elmer). The results were analyzed to

see if the genotyping findings associate with clinical

events, such as diarrhea [11] and the pharmacokinetic

parameters.

Results
Clinical data

A total of 55 patients were treated with flavopiridol 1-h

i.v. infusion on this phase I study. The clinical data for

this trial of flavopiridol has been reported in detail

elsewhere [29]. The MTD is 37.5 mg/m2/day� 5 days,

50 mg/m2/day� 3 days and 62.5 mg/m2/day� 1 day. The

dose-limiting toxicities (DLTs) were neutropenia, fatigue

and diarrhea [29]. Table 1 shows the demographics of

these patients and their sites of diseases.

Pharmacokinetics

Pharmacokinetic analysis was performed in 48 patients

treated with flavopiridol at nine dose levels. A represen-

tative flavopiridol plasma concentration–time profile is

presented in Figure 1. After the end of the 1-h infusion,

flavopiridol plasma concentrations declined in a biexpo-

nential manner. The data fit a two-compartment model

well in all patients with a mean coefficient of determina-

tion (r2) of 0.9870.02. Flavopiridol peak concentration,

Cmax, which is the concentration at the end of the 1-h

Fig. 2
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(A) Flavopiridol plasma peak concentrations versus doses. Flavopiridol was administered as 1-h infusion. Peak concentrations were determined as
the concentrations at the end of infusion. Data from 5- (circle), 3- (square) and 1-day (triangle) schedules. N¼48. (B) Flavopiridol plasma AUC
versus doses. N¼48
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infusion, was linear with the dose (Fig. 2A). Median

Cmax were 1.7 (1.3–4.2) (n¼ 9), 3.2 (1.7–4.8) (n¼ 8) and

3.9 (1.8–5.1) mM (n¼ 6), respectively, at the recom-

mended phase II doses of 37.5 mg/m2/day� 5 days,

50 mg/m2/day� 3 days and 62.5 mg/m2/day� 1 day. The

AUC of flavopiridol also appeared linear with all doses

explored (Fig. 2B). The mean7SD of the total clearance

was 13.874.9 l/h/m2 and was independent of the

dose. The terminal elimination half-life was 5.274.9 h

and the apparent volume of distribution at steady

state was 64.9743.4 l/m2. Pharmacokinetic parameters

derived from the compartmental analysis are shown in

Table 2.

In a previous clinical trial, flavopiridol was administered

as a 72-h continuous infusion [11]. The MTD was 50 mg/

m2/day and the DLT was secretory diarrhea. AUC results

from this 72-h infusion study were compared to the

present 1-h infusion study. The data from 53 patients

with a 72-h infusion and 48 patients from 1-h i.v. infusion

are shown in Figure 3(A). AUCs from MTDs were also

shown in Figure 3(B). Since different doses were

administered in these 2 trials, AUC values obtained were

corrected for doses [i.e. AUC values were divided by dose

(mg/m2)]. Compared with the 72-h infusion, AUC from

the 1-h infusion has less interpatient variability, but there

is no statistical difference in AUC between the two

schedules.

To study the consistence of flavopiridol pharmacokinetics

during 5-day treatment, flavopiridol pharmacokinetics at

day 1 and 5 was studied at a dose of 37.5 mg/m2/day� 5

days in six patients. Although the mean Cmax at day 5

appeared lower than that at day 1 (2.371.1 versus

3.571.7 mM, no statistically significant difference), there

is no difference of flavopiridol clearance between day 1

and 5 (Fig. 4). Adjusted Cmax and clearance obtained from

day 5, 3 and 1 of the patients with different schedules

were similar (Fig. 5), indicating that flavopiridol pharma-

cokinetic parameters such as Cmax and clearance can be

maintained during the treatment.

Pharmacogenetics

The genotypes were determined in 49 of the 55 patients

(Table 3). Five (10%) homozygous (7/7) and 11 (22%)

heterozygous (6/7) patients for UGT1A1*28 were found.

One patient was heterozygous for the sequence of five TA

repeats, (TA)5TAA. The remaining 32 patients did not

have UGT1A1*28 allele (homozygous for the reference

sequence, 6/6). The allele frequency of UGT1A1*28 was

0.214. Serum bilirubin levels for the 6/6, 6/7 and 7/7

patients were 0.4070.1, 0.670.2 and 0.570.1 (mg/dl,

mean7SD), respectively. There is a significant differ-

ence of bilirubin levels between 6/6 and 7/7 plus 6/7

group (po0.001, Mann–Whitney rank-sum test). No

apparent relationships between the genotype and flavo-

piridol pharmacokinetic parameters were observed (Table

3 and Fig. 6). For example, medians of the dose-adjusted

AUC values (mM � h) are similar among the genotypes;

0.146 in 7/7 (potential low glucuronidating activity),

0.155 in 5/6 (potential high activity) and 0.152 in 6/6.

Compared with the median of AUC values among the 6/6

patients, increased AUC was observed only in patient 5

with 7/7 (0.231 mM � h). The genotyping results were also

compared with the occurrence and severity of diarrhea

and neutropenia (Table 3 and Fig. 7). No obvious

relationships between the genotype and the occurrence

and severity of diarrhea and between genotype and

neutropenia were observed for 1-, 3- (data not shown)

and 5-day treatment.

Table 2 Pharmacokinetic parameters of flavopiridol administered as a 1-h i.v. infusion to patients with refractory neoplasms

Dose (mg/m2/day) N Cmax (mM) AUC (mM h) Vss (l/m2) CL (l/h/m2) t1/2(a)(h) t1/2(b)(h)

12 4 0.56 2.22 75.5 13.7 0.39 4
0.37–0.77 1.48–2.67 44–191.8 2.6–17.6 0.11–0.97 2.7–28.3

17 3 1.35 4.27 42.1 8 0.39 3.67
0.81–1.88 2.49–4.34 28–91.5 6.2–16.1 0.16–0.51 2.95–9.01

24 3 1.29 4.27 122.5 10 0.81 10.31
0.99–1.47 3.01–10.57 56.8–159.4 5.1–14.3 0.34–0.93 8.47–13.65

30 3 1.42 8.15 53.8 8.3 0.652 3.89
1.32–1.95 4.13–9.89 46.7–81.5 6.3–16.5 0.2–0.86 2.6–11.1

37.5 9 1.68 5.80 58.2 15.4 0.55 3.50
1.31–4.2 5.11–12 20.2–113.5 6.9–17.1 0.08–0.85 1.34–6.63

50 8 3.18 9 49.7 13.1 0.30 3.14
1.67–4.77 5.23–14.79 19.5–207.2 8.4–20 0.08–1.54 1.4–19.5

52.5 4 2.71 9.3 39.3 15.5 0.31 2.85
2.53–4.74 4.41–12.12 19.2–45.5 5.7–25.1 0.04–1.03 1.26–6.16

62.5 6 3.88 9 33.9 15.5 0.18 3.58
1.83–5.13 6.64–15.17 23.2–162.8 8.7–21.5 0.06–0.89 2.26–7.47

78 6 4.6 10.4 49.8 16.7 0.33 3.34
3.63–8.15 9.43–20.78 44–63.6 8.2–18.4 0.08–0.69 2.37–4.48

Median 52.3 15.1 0.39 3.46
Range 19.2–207.1 2.61–25.1 0.04–1.54 1.26–28.3
Mean 64.9 13.8 0.48 5.2
SD 43.4 4.9 0.37 4.9
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Discussion
Flavopiridol is the first CDK inhibitor to enter clinical

trials. Initial clinical trials have been intriguing but many

questions remain. At this stage, it is still unclear what is

the most effective regimen for the antitumor activity of

this drug. This study is the first flavopiridol clinical trial

using a 1-h schedule.

Rapid i.v. infusion dosing is necessary to produce

sufficiently high concentrations. In more recent preclini-

cal studies [7,15], better antitumor effects were observed

using flavopiridol i.v./i.p. bolus. In these trials, flavopiridol

peak concentrations of 4–9 mM were observed, followed

by a bi-exponential decline to approximately 100 nM in

8 h. In this study, flavopiridol peak concentrations

increased linearly with doses used. At the recommended

phase II doses of 37.5 mg/m2/day� 5 and 50 mg/m2/

day� 3, Cmax values were between 1.9–4.2 and 1.7–

4.8 mM, respectively. At a dose of 78 mg/m2/day� 1, the

highest dose in this trial, a peak concentration of 8.2 mM

Fig. 3
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was observed, suggesting the high flavopiridol peak

concentrations obtained in the preclinical animal models

could be approached in human using a 1-h infusion.

Dose-proportional increase in peak plasma concentra-

tions, AUC, and relative unchanged volume of distribu-

tion and clearance in this study support that flavopiridol

follows linear pharmacokinetics at the doses used with

the 1-h schedule. To assess antitumor activity and toxicity

of flavopiridol, it is important to compare the AUCs

between 1- and 72-h flavopiridol infusion. For example,

the DLT for 72-h continuous infusion is secretary

diarrhea, while the major DLT for this 1-h schedule is

neutropenia as well as diarrhea. The results show that

AUCs from1- and 72-h infusions are comparable, either at

all dose levels or at MTD. Analysis of the clinical data

suggested that neutropenia is related to flavopiridol peak

concentrations [29]. The elimination half-life of flavopir-

idol from the 1-h infusion is shorter than the 72-h

infusion (3.5 versus 11.6 h, median). It is possible that a

different assay applied in the 72-h infusion study, which

uses an electronic detector and has higher sensitivity, may

explain or contribute to the difference in elimination

half-life.

We also evaluated the consistence of flavopiridol phar-

macokinetics over time. Our limited data showed that

flavopiridol AUC and Cmax appeared to be maintained

during 5-day treatment. The Cmax difference between

day 1 and 5 could be due to intraindividual variation or

sampling time errors.

Two glucuronidated metabolites of flavopiridol have been

identified in humans: 5-O-b-glucopyranuronosyl-flavopir-

Fig. 4
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Flavopiridol Cmax (A) and clearance (B) at day 1 versus those at day 5. Patients received flavopiridol at a dose of 37.5 mg/m2/day for 5 consecutive
days, and pharmacokinetic analysis was performed at day 1 and 5 (n¼6).
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idol and 7-O-b-glucopyranuronosyl-flavopiridol [18].

Based on the in vitro studies using human liver

microsomes, these metabolites are produced by UGT1

isozymes, the 5-O-b-glucuronide mainly by UGT1A1, and

the 7-O-b-glucoronide by UGT1A9, UGT1A1 and

UGT1A10, although several other UGT isozymes might

be also involved [14,18,30]. Polymorphism in the

promoter of the UGT1A1 gene has been extensively

evaluated in Gilbert’s syndrome, as well as in relation-

ships with pharmacokinetics/pharmacodynamics of sub-

strate drugs of UGT1A1. For example, the genotype

analysis reveals that aberrant UGT1A1 promoter alleles

alter the pharmacokinetic profile of SN-38, an active

metabolite of irinotecan and a significant risk factor for

severe toxicity of this drug [23,34]. Obviously, the

knowledge of genetic polymorphisms in drug metaboliz-

ing enzymes of anticancer agents is particularly important

in clinical oncology because of their cytotoxic effects and

high doses used. Such pharmacogenetic and pharmacoki-

netic studies would identify patients with potential

higher risk for severe toxicity and warrant pharmacoge-

netic-guided dosing of certain anticancer drugs.

As an inverse relationship between the number of TA

repeats and the activity using a luciferase reporter gene

has been reported, the order of UGT1A1 enzyme activity

was theoretically expected as 5/6, 6/6, 6/7 and 7/7 (from

high to low) [21]. Although the elevated bilirubin

concentrations observed in the patients with genotype

7/7 and 6/7 were consistent with low activity of UGT1A1

enzyme, the current study did not find the relationship

between the UGT1A1 genotype and flavopiridol pharma-

Fig. 5
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cokinetics. The reasons could be due to the fact that

flavopiridol is metabolized by multiple isozymes of UGT1

isozymes, which might harbor the role of UGT1A1.

Although genetic polymorphism of UGT1A9 gene was not

identified in the previous research, we need to explore

potential factors including other genetic variants that

could regulate in vivo activity of UGT1A9 [18,31]. In

addition, other enzymes such as the UGT2B family and

UGT1A10 may also play some role in flavopiridol

metabolism [14,18]. Secondly, despite the potentially

significant role of UGT1A1 isozyme for the in vivo
metabolism of flavopiridol, the effect of the promoter

polymorphism of UGT1A1 gene would be too weak to

affect the pharmacokinetics and pharmacodynamics of

the drug [20,32,33]. The promoter polymorphism ana-

lyzed in this study is originally related to Gilbert’s

Fig. 6
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Table 3 Patient’s genotypes and their flavopiridol pharmacokinetics and pharmacodynamics

Patient Dose
(mg/m2)

Genotype Bilirubin
(mg/ml)

Cmax (mM)a AUC (mM � h)a T1/2(b) (h) CL (l/h/m2) Diarrhea
(grade)

Neutropenia
(grade)

1 17 7/7 0.40 0.079 0.146 2.95 16.1 0 0
2 30 7/7 0.60 0.047 0.138 2.60 16.5 0 0
3 37.5 7/7 0.60 0.046 0.145 2.36 15.4 I 0
4 50 7/7 0.50 0.095 0.152 1.40 14.4 III II
5 52.5 7/7 0.40 0.052 0.231 6.16 5.7 I II

mean 0.50 0.064 0.162 3.09 13.6
SD 0.10 0.022 0.039 1.81 4.5

median 0.50 0.052 0.146 2.60 15.4
range 0.4–0.6 0.046–0.095 0.138–0.231 1.4–6.16 5.7–16.5

6 37.5 5/6 0.40 0.056 0.155 5.90 17.8 I I
7–17 6/7 mean 0.59 0.057 0.209 6.3 11.0

SD 0.16 0.016 0.057 7.5 4.5
median 0.60 0.053 0.223 3.6 9.4
range 0.4–1.0 0.037–0.079 0.137–0.296 2.26–28.3 2.6–17.5

18–48 6/6 mean 0.40 0.058 0.181 5.38 14.8
SD 0.10 0.025 0.083 4.25 5.1

median 0.40 0.051 0.152 3.54 15.2
range 0.2–0.6 0.029–0.112 0.084–0.440 1.26–19.5 5.1–25.1

Normal range of bilirubin level is below 1 mg/ml.
aDose-adjusted [Cmax or AUC value were divided by dose (mg/m2)].
Comparing the results between 6/6 and 7/7 plus 6/7 group, p value (unpaired t-test) is 0.0001 for bilirubin level, no statistical significance for flavopiridol
pharmacokinetics.
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syndrome, which clinically shows mild hyperbilirubine-

mia. Other variant UGT1A1 alleles, which exist in the

coding regions of the gene and remarkably reduce the

enzyme activity, remain to be studied. Furthermore,

genetic effect on UGT1A1 activity may be harbored by

non-genetic factors such as hepatic disease, concomitant

drugs, food and environmental exposure to other

exogenous compounds (e.g. smoking). Indeed, the variant

genotypes found in Gilbert’s syndrome like UGT1A1*28

are also noted in seemingly healthy individuals and do not

always cause hyperbilirubinemia [33]. Based on the

results of the current study, we suggest that the variations

in UGT1A1 activity due to the promoter genotypes

would be too small to explain such a wide variation of

the pharmacokinetics and the pharmacodynamics of

flavopiridol.

It has been suggested that flavopiridol-induced diarrhea

is attributed to the lumenal exposure to flavopiridol,

therefore flavopiridol glucuronidation may decrease

lumenal exposure of flavopiridol. In a phase II trial

administered as a 72-h continuous i.v. infusion, flavopir-

idol and its glucuronidation metabolite concentrations in

plasma were measured in 22 cancer patients [14]. A

bimodal distribution of metabolic ratios of flavopiridol

glucuronide was found indicating that there might be a

polymorphism in glucuronidation of flavopiridol. In

addition, the relationship between the occurrence of

diarrhea and the systemic glucuronidation of flavopiridol

was evaluated. Eight of 11 extensive glucuronidators

(flavopiridol glucuronide/flavopiridol ratio 41.2) did not

develop diarrhea, whereas 10 of 11 poor glucuronidators

(metabolic ratio o1.2) developed diarrhea (p¼ 0.008).

The risk of diarrhea induced by flavopiridol appeared to

be inversely associated with flavopiridol glucuronidation.

No information was available about relationships between

these extensive/poor glucuronidators and their UGT1A1
genotypes. In the current study, we evaluated whether

there is a relationship between the patients’ UGT1A1
genotype and the occurrence and severity of diarrhea and

the results did not support such relationship (Table 3 and

Fig. 7).

In conclusion, the pharmacokinetic parameters of flavo-

piridol were determined in the 1-h i.v. schedule. The

pharmacogenetic analyses did not support that the

UGT1A1 promoter polymorphism could affect flavopiridol

pharmacokinetics, and alter the incidence and severity of

diarrhea induced by the drug.
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