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ABSTRACT

Background

A pharmacokinetically derived schedule of flavopiridol administered as a 30 min intravenous
bolus followed by 4-hour continuous intravenous infusion (IVB/CIVI) is active in fludarabine-
refractory chronic lymphocytic leukemia, but no studies examining the feasibility and maxi-
mum tolerated dose of this schedule have been reported in acute leukemia.

Design and Methods
We conducted a phase I dose escalation trial of single-agent flavopiridol in adults with
relapsed/refractory acute leukemias, utilizing a modification of the intravenous bolus/continu-
ous intravenous infusion approach, intensifying treatment for administration on days 1, 2, and
3 of 21-day cycles.

Results

Twenty-four adults with relapsed/refractory acute myeloid leukemia (n=19) or acute lym-
phoblastic leukemia (n=5) were enrolled. The median age was 62 years (range, 23-78). The
maximum tolerated dose of flavopiridol was 40mg/m’ intravenous bolus plus 60mg/m’ contin-
uous intravenous infusion (40/60). The dose limiting toxicity was secretory diarrhea. Life-
threatening hyperacute tumor lysis syndrome requiring hemodialysis on day 1 was observed
in one patient. Pharmacokinetics were dose-dependent with increased clearance observed at
the two highest dose levels. Diarrhea occurrence and severity significantly correlated with
flavopiridol concentrations at the end of the 4-hour infusion, volume of distribution, and elim-
ination half-life. Modest anti-leukemic activity was observed, with most patients experiencing
dramatic but transient reduction/clearance of circulating blasts lasting for 10-14 days. One
refractory acute myeloid leukemia patient had short-lived complete remission with incomplete
count recovery.

Conclusions

Flavopiridol as a single agent given by intravenous bolus/continuous intravenous infusion causes
marked, immediate cytoreduction in relapsed/refractory acute leukemias, but objective clinical
responses were uncommon. With this schedule, the dose is limited by secretory diarrhea
(ClinicalTrials.gov Identifier: NCT00101231).
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Introduction

Flavopiridol is a novel anti-cancer agent that broadly tar-
gets cyclin dependent kinases (CDK)."® Although it is cur-
rently synthetically produced, its chemical structure is
identical to a product obtained from Dysoxylum binectarifer-
um, a plant indigenous to India.? Its mechanisms of action
remain incompletely defined but include targeting of
cyclin dependent kinases including the CDK9/cyclin T
complex (preventing activation of RNA polymerase II),**
downregulation of Mcl-1 and other antiapoptotic pro-
teins,”"" induction of mitochondrial permeability
changes,” and others. Initial in vitro studies suggested that
a long infusion schedule of administration would be most
effective clinically, but Sausville and colleagues demon-
strated a marked in vivo dose response curve with bolus
administration of flavopiridol in human leukemia cells,
compared to 72-hour continuous exposure.” In this i vivo
human leukemia xenograft model system, flavopiridol
was shown to be most effective when given on a repeat-
ed bolus dosing schedule of administration.”

Clinically, a variety of different schedules of administra-
tion have been explored with flavopiridol in solid and
hematologic malignancies including 72-hour continuous
infusion,* " 24-hour continuous infusion,'®" and 1-hour
bolus.” Reports with these different schedules all noted
short-duration neutropenia, diarrhea, cytokine release
syndrome,” and fatigue. No significant clinical activity
was observed in phase II testing with single agent
flavopiridol using the 72-hour infusion.*®” Modest activi-
ty was noted in chronic lymphocytic leukemia* and man-
tle cell non-Hodgkin’s lymphoma® with a 1-hour bolus at
50 mg/m’ daily for three days. Notably, based on pre-clin-
ical studies demonstrating the ability of flavopiridol to
recruit leukemic cells into a proliferative state, increasing
sensitivity to cytotoxic chemotherapy,” significant clinical
activity was seen in refractory acute leukemias with
flavopiridol given as a 1-hour bolus followed by high-dose
cytarabine and mitoxantrone in timed-sequential fash-
ion.27,28

Flavopiridol is highly protein bound when in human
serum, compared to protein binding seen in fetal bovine
serum. This difference helps to explain the previous lack
of clinical activity of flavopiridol with the continuous infu-
sion schedules that targeted plasma concentrations based
on in vitro cytotoxicity 1Csis determined with fetal bovine
serum-supplemented media. Considering the issue of low
levels of free flavopiridol when in human serum, together
with pharmacokinetic data derived from a previous nega-
tive study of flavopiridol given as a 24-hour infusion in
chronic lymphocytic leukemia,” a novel schedule of
administration was designed to achieve and maintain tar-
get plasma levels predicted to be active in chronic lympho-
cytic leukemia from pre-clinical studies performed in
human serum: 30-minute intravenous bolus (IVB) fol-
lowed by 4-hour intravenous infusion (IVB/CIVI). This
schedule, given for four of six weeks, is highly active in
fludarabine refractory, genetically high-risk chronic lym-
phocytic leukemia.”

We hypothesized that a similar schedule, intensified to
administer the drug on three consecutive days given the
experience from the human leukemia xenograft model
system, would be active in relapsed/refractory acute
leukemia. We designed a phase I dose escalation study to
establish the maximum tolerated dose (MTD) and
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describe toxicities associated with single agent flavopiri-
dol using the “hybrid” IVB/CIVI schedule of administra-

tion in this population.

Design and Methods

Eligibility criteria and study design

This study enrolled patients (=18 years) with relapsed/refracto-
ry non-M3 acute myeloid leukemia (AML) or acute lymphoblastic
leukemia (ALL), between April 2005 and August 2007. Patients
were required to have total bilirubin less than or equal to 2 x upper
limit normal (ULN), creatinine less than or equal to 2.0 mg/dL,
ALT/AST less than or equal to 5 x ULN, left ventricular ejection
fraction at least 40%, and Eastern Cooperative Oncology Group
performance status under or equal to 2. Active infection was per-
mitted if controlled. Informed written consent approved by The
Ohio State University Human Studies Committee was obtained
on all patients prior to study entry.

Initially, the protocol required discontinuation of hydroxyurea
24 hours prior to the first dose of flavopiridol; however, due to
tumor lysis occurring in one patient with high white blood cell
count, the protocol was amended to allow hydroxyurea until the
evening before flavopiridol was administered (but not within
eight hours) for patients with highly proliferative disease. No
other therapies were allowed within 30 days. Flavopiridol was
given with the “hybrid” regimen of a 30 minute intravenous bolus
(IVB) followed by a 4-hour continuous intravenous infusion
(CIVI), daily for 3 days. A second cycle of treatment was permit-
ted, based on a 21-day cycle, depending on cytoreduction. Dosing
began at 20mg/m’ IVB and 30mg/m’ CIVI (20/30) and dose was
escalated by approximately 25% increments following a classic
3+3 phase I design schema to determine the maximum tolerated
dose of the schedule. After the dose limiting toxicity (DLT) was
identified, additional patients were treated at the recommended
phase II dose.

Adverse events were graded according to the National Cancer
Institute (NCI) Common Toxicity Criteria for Adverse Events
(CTCAE), version 3.0. Clinical responses were defined according
to NCI published criteria as complete response (CR), complete
remission with incomplete count recovery (CRi), or partial
response (PR).”

Definition of dose limiting toxicity

Grade 3 to 4 non-hematologic toxicity attributable to the
flavopiridol, except alopecia, fatigue, fever, deep vein thrombosis
(DVT) at the site of the central line, or toxicities directly related to
tumor lysis syndrome were defined as dose limiting toxicity. For
hematologic toxicity, dose limiting toxicity was defined as failure
to recover counts by day 42 [neutrophil (=1,000/uL) and platelets
(=20x10°/L without transfusion for seven additional days)] in
patients with less than 5% blasts in the bone marrow. For patients
with 5% blasts or under, failure to recover neutrophil and/or
platelet count was not considered dose limiting toxicity. Dose lim-
iting toxicity also included Grade 2 non-reversible non-hematolog-
ic toxicity except alopecia, fatigue, and fever according to the NCI
CTCAE version 3.0 that was attributable to flavopiridol treatment.
Dose limiting toxicity was defined with the first cycle of treat-
ment.

Tumor lysis was not a dose limiting toxicity on this protocol, as
this was an expected toxicity based on the chronic lymphocytic
leukemia experience with flavopiridol given on this schedule of
administration. In the event of severe tumor lysis syndrome, sub-
sequent doses of flavopiridol were held until the patient recovered
from the tumor lysis. During the study, a provision for re-treat-
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ment on days 4 and 6 (rather than days 2 and 3) was implement-
ed for patients with severe tumor lysis.

Pharmacokinetic analysis

Plasma concentrations of flavopiridol and of flavopiridol-glu-
curonide metabolites (flavo-G) were measured on days 1-3 of the
first cycle using a validated LC-MS/MS method as previously
described.”* Flavo-G concentrations were determined with the
use of a flavo-G standard and comparison of flavopiridol concen-
trations before and after sample treatment with B-glucuronidase as
previously described.**® Sodium heparinized blood was obtained
during the first dose of administration at the following time
points: prior to dosing (t=0), and at 0.5, 1, 3, 4.5, 6, and 8 hours of
treatment on day 1; prior to dosing, 0.5, and 4.5 hours on day 2;
prior to dosing, and at 0.5, 4.5, 6, 8, and 24 hours of treatment on
day 3. Calculated parameters were obtained using standard non-
compartmental methods with WinNonlin version 3.0 (Pharsight,
Mountain View, CA).

Statistical analysis.

Descriptive statistics to include means, standard deviations, and
frequencies were computed for pharmacokinetic variables.
Student’s t-tests or analysis of variance (ANOVA) were used for
pharmacokinetic comparisons with clinical outcomes.

Results

Patients’ characteristics and treatment groups

Twenty-four adults were treated on this phase I study;
19 with acute myeloid leukemia and 5 with acute lym-
phoblastic leukemia. The median age of patients was 62
years (range, 23-78). The median number of prior induc-
tion therapies was 2 (range 1-4). All patients had either
relapsed or refractory acute leukemia. Eleven patients had
relapsed disease, all with prior complete remission dura-
tion of less than one year except for a 76-year old acute
lymphoblastic leukemia patient who relapsed beyond one
year but who was still receiving intensification therapy at
the time of relapse. Thirteen patients were refractory to
the most recent prior therapy, including 6 patients with
primary refactory disease who each entered the study
after failure of at least 2 conventional regimens. Two
patients entered the study with relapsed acute myeloid
leukemia following prior donor stem cell transplantation
(in CR1 and CR2, respectively). Five patients had second-
ary acute myeloid leukemia. Twenty patients had abnor-
mal karyotype, 10 with adverse risk by Cancer and
Leukemia Group B criteria.**®” Additional patient data is
shown in Table 1.

Dose escalation

Dose was escalated from 20/30 up to 50/75. Three
patients were treated at dose level 1 (DL1, 20/30). Seven
patients were treated at DL2 (30/35). The cohort was
expanded to 6 patients due to the occurrence of hypera-
cute tumor lysis in one patient, then one patient was
replaced due to failure to complete the treatment (sepsis
after day 1 of treatment). Three patients were treated at
DL3 (30/50). Two patients had grade 3 diarrhea at this
dose level (Table 2), but alternative causes of the diarrhea
were present at the time of the event, and the toxicity did
not recur on days 2 or 3 of treatment in either case. Nine
patients were treated at DL3 (40/60) following initial
expansion due to toxicity and subsequent treatment of
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additional patients in a maximum tolerated dose expan-
sion. One patient at this dose level had grade 3 renal insuf-
ficiency, another had transient drug-related grade 3 eleva-
tions in AST/ALT that resolved within 72 hours and was
not clinically significant. Two patients at this dose level
had grade 3 diarrhea. Two patients were treated at DL5
(50/75); both had dose limiting diarrhea.

Toxicities

The treatment approach was intensive, with universal
pancytopenia, and toxicities were common as expected in
this poor risk cohort of patients. A summary of grade 3 or
higher non-hematologic toxicities regardless of attribution
is listed in Table 2. The dose limiting toxicity was diar-
thea, occurring on the first day of administration in both
patients at DL5. Grade 2 diarrhea was common, occurring
in 7 patients. Diarrhea attributed to flavopiridol had a typ-
ical pattern of onset within hours after initiation of treat-
ment with cessation early in the evening of day 1.
Interestingly, most patients self-reported a marked reduc-
tion in side effects including diarrhea on days 2 and 3 of
administration as compared to day 1, though this does not
appear to be reflected objectively in toxicity grading.
Mucositis was infrequent, with serious mucositis occur-
ring in only one patient (herpes simplex related in this
case).

One patient at DL4 experienced transient grade 3 eleva-
tions in AST/ALT attributed to flavopiridol that were
reversible (72 hours) and not clinically significant. Two
others at that dose level had grade 3 AST/ALT, but in these
cases the elevations were not felt to be drug related,
including one patient with rising ALT/AST occurring
together with a rapid rise in white blood cell count due to
treatment failure three weeks after treatment. One patient
experienced grade 3 hyperbilirubinemia due to progres-
sive hepatosplenomegaly related to leukemic organ infil-
tration; pre-treatment bilirubin was 1.9mg/dL. One
patient with refractory acute myeloid leukemia experi-
enced hyperacute tumor lysis syndrome on DL2 (30/35);
chemical tumor lysis with rise in lactate dehydrogenase at
the time of falling white blood cell count was common
across dose levels. Infection was a frequent and expected
toxicity in this population of relapsed/refractory acute
myeloid leukemia patients, with febrile neutropenia or
infection occurring in 14 patients. Pulmonary toxicities
described in Table 2 were of infectious etiology. One
patient with a past history of drug-induced renal failure
developed grade 3 creatinine after one dose of flavopiri-
dol; he had the lowest creatinine clearance on the study
pre-treatment.

Clinical responses

There was one objective response seen on the study. A
patient with relapsed acute myeloid leukemia treated at
DL3 (30/50) experienced a transient complete remission
without platelet recovery (CRi). This response lasted only
one month. Overall, marked cytoreduction of white blood
cell count was frequent, with 20/24 patients (83%) expe-
riencing at least 50% reduction (Table 1, assessed on the
day after last dose of treatment). Unfortunately, reappear-
ance of circulating blasts around day 14 of cycle 1 was typ-
ical. Two patients received a second course of therapy due
to reduction in marrow blasts and/or perceived clinical
benefit, but both progressed after cycle 2. Only one
patient had bone marrow hypoplasia following cycle 1.
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Two patients went on to allogeneic transplantation fol-
lowing completion of protocol therapy.

Pharmacokinetics

Plasma samples were collected prior to dosing and at
various times up to 72 hours after start of initial bolus
infusion during the first course of treatment; flavopiridol
and flavo-G concentrations were measured via LC-
MS/MS. Data from 23 patients (a total of 60 concentra-
tion-time profiles) were available for analysis. Plots of con-
centration versus time data for both flavopiridol and flavo-
G are shown in Figure 1.

Concentration-time data was used to generate steady-
state pharmacokinetic parameters via non-compartmental
analysis for both flavopiridol and flavo-G. A summary of
these parameters is presented in Table 3. Five doses, rang-
ing from 50 to 125 mg/m’, were administered in this
study. Mean plasma flavopiridol concentrations at the end
of the 0.5 and 4 hour infusions (Coss and Casn, respective-
ly) were similar to the previously reported chronic lym-
phocytic leukemia study with this “hybrid” schedule
administered weekly, where a significant increase in Casr
was observed between the 30/30 and 30/50 dose
groups.”® A statistically significant increase in Casx was

Table 1. Patient data, dose level, and response.
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observed between these 2 dose groups in the current
study (Cohorts 1 and 3, two-tailed t-test, P=0.03).
However, Costr and Cusee did not consistently increase with
increasing doses between cohorts in the overall study
among the 5 dose groups.

Inter-day pharmacokinetic parameter comparisons for
days 1 and 3 were made with all individuals treated for
three consecutive days (N=17). Flavopiridol accumulation
was not evident from area under curve (AUC) in this
analysis, as no significant increase in AUC was observed
from day 1 (11.91£3.86 uM x h) to day 3 (12.169+3.10
wM x h, P=0.35, paired t-test, N=17). Higher trough con-
centrations were observed on day 3 (4727 nM) com-
pared to day 1 (28+23 nM, P=0.007, paired t-test) for the
4 dose groups evaluated (note: neither of the 2 patients
given the highest 50/75 mg/m® dose received day 2 or 3
treatment). Overall there was a significant difference in
CL among the 5 dose groups (P=0.001, ANOVA). Mean
CLss across the 50, 65 and 80 mg/m’ groups was
6.36+1.89 L/hr/m* *, while the mean CLss for the com-
bined 100 and 125 mg/m’ groups was significantly higher
at 9.72+2.60 L/hr/m? (P=0.00004, Student’s t-test).
Neither Vs or Casx were significantly affected by dose
(P>0.05, ANOVA).

Dose Dose mg/m*> Age/ Dx #Prior Disease CR  WBC/uL Blood WBC/uL  Outcome
Level bolus/infusion Inductions  state  duration* PreTx Blast% Day4
(DL) PreTx
DL1 20/30 25/ALL 2 Refractory 364 81 1.6 Allogeneic transplant (allo) after cycle 1
20/30 36/ALL 1 Relapsed 7mo 1.3 0 1.2 Progressed after 2nd cycle but went on to allo
20/30 43/AML 2 Refractory 2.1 5 1.2 Platelet (PIt) response to 93x10%L then
progressed, had been platelet transfusion
dependent
DL2 30/35 TI/AML 4 Refractory 3.0 48 0.5 Progressed
30/35 21/AML 3 Refractory 1.0 0 0londay2 Sepsison day2, only received day 1.
Patient was replaced.
30/35 68/AML 3 Refractory 1.8 40 0.9 Progressed
30/35 62/AML Relapsed 3 mo 46.9 95 03onday2 Hyperacute tumor lysis, required dialysis,
died of fungal sepsis, only received day 1
30/35 T8/ALL 1 Relapsed 18 mo 1.0 15 0.2 Progressed
30/35 47/ALL 3 Refractory 41 92 14 Progressed
30/35 40/AML 2 Primary refractory 78 17 1.0 Progressed
DL3 30/50 71/AML 1 Relapsed ~ 5mo 3.0 26 04 Progressed
30/50 62/AML 2 Primary refractory 37.0 94 54.0 Progressed quickly with no cytoreduction
30/50 63/AML 1 Relapsed ~ 5mo 49 45 0.2 Progressed
Dldand  40/60 58/AML 2 Refractory 24 5 0.6 Progressed
expansion
at MTD
40/60 T3AML 1 Relapsed <3 mo 24 8 05onday2 Renalinsufficiency (had history of same prior),
only received day 1
40/60 66/AML 1 Relapsed 3 mo 16.5 13 29onday2 Received therapy days 1, 4, 6, due to tumor lysis;
WBC 0.3 on day 7
40/60 62/AML 2 Primary refractory 1.3 11 0.3 CRi (transient)
40/60 64/AML 1 Relapsed after CR2 1.6 20 0.3 Progressed
40/60 64AML 1 Relapsed 1 mo 9.7 11 3.2 Progressed
40/60 40/ALL 3 Primary refractory 3.1 82 1.2 Progressed
40/60 ST/AML 2 Primary refractory 17.9 35 0.3 Progressed
40/60 23/AML 2 Primary refractory 5.2 0 3.2 Progressed
DL5 50/75 64/AML 2 Relapsed 11 mo 1.6 3 03onday2 Received only day I due to DLT on day 1
50775 42/AML 1 Relapsed ~ 7mo 1.7 60 03onday2 Received only day 1 due to DLT on day

*CR duration listed for patients who entered the study in untreated first relapse; DLT: dose limiting toxicity.
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Pharmacokinetics and toxicity

The dose limiting and primary toxicity in this study was
secretory diarrhea. Although some patients experienced
less severe diarrhea on day 3 compared to day 1 and sub-
jectively the treatment was much better tolerated after
day 1, the overall average diarrhea grade level did not
change from day 1 to 3 for the full set of patients. Pre-
treatment albumin level did not appear to affect pharma-
cokinetics/toxicity in this study. Pharmacokinetic parame-
ters were evaluated for correlations with the occurrence
and severity of diarthea during course 1 of treatment.
Mean pharmacokinetic parameters were calculated for
each patient (means of days 1 and 3 for AUCugs, CLss, Vs
Coax, Ti2, and means of days 1, 2 and 3 for Cos and Casi)
and compared to the maximum diarrhea grading during
the first course of treatment (days 1 through 3). Significant
relationships were observed between diarrhea grade and
Cusis, T1z and AUCes (P<0.05, ANOVA) Vs trends down-
ward as diarrhea grade increased, but the differences
among the grades were not significant. Neither CL nor
Coss correlated with diarrhea grade.

Previous studies have evaluated the relationship of diar-
rthea to the rate and extent of flavopiridol glucuronida-

Table 2. Toxicities.

Grade 3 or higher non-hematologic toxicity regardless of attribution*
Toxicity 20/30** 30/35 30/50 40/60 50/75

(N=3) (N=7) (N=3) (N=9) (N=2)

Constitutional
Fatigue 2 4 2 2
Headache 1

Gastrointestinal
Anorexia 1
Diarrhea 1 2 2 2
Nausea/
vomiting 1
Neutropenic enterocolitis 1 1 1
Esophagitis 1

Hepatic
Increased AST or ALT 3
Bilirubin 1

Pulmonary
Pleural effusion 1
Dyspnea 1 1 1
Hypoxia 2 1
Pneumonia 2 1

Infection
Neutropenic fever/infection 2 4 2 6

Renal
Creatinine 1 1
Cardiac
Decreased EF 1
Hypotension 1
Prolonged QT 1
Neurology
Altered LOC 2 1
Tumor lysis syndrome
Present 1

*Transient electrolyte abnormalities not attributed to flavopiridol and hyperglycemia due to dex-
trose containing intravenous fluids, if not clinically significant, are not included in the table; data
includes toxicities with cycle 2 if applicable.** Flavopiridol dose in mg/m?; IVB/CIVI.
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tion.** To further evaluate this relationship, we quanti-
fied flavo-G levels, calculated flavo-G/flavopiridol AUC
ratios, and compared among diarrhea grades, but we
found no apparent relationship between this ratio and
diarrhea.

Discussion

This study showed that single agent flavopiridol has early
cytoreductive activity in acute leukemias, but only one
objective response was seen (CRi) in this cohort of
relapsed/refractory adult acute leukemia patients. The max-
imum tolerated dose was 40mg/m’ IV bolus over 30 min
followed by 60mg/m’ IV over four hours, given on days 1,
2, 8. The dose limiting toxicity was secretory diarrhea,
though other toxicities common to treatment of
relapsed/refractory acute leukemias were frequent.
Hyperacute tumor lysis syndrome was observed in one
patient with refractory acute myeloid leukemia.

Limited pharmacokinetic evaluations have been reported
for this “hybrid” dosing schedule, and no data is available in
acute leukemia. The study in chronic lymphocytic
leukemia previously reported by our group evaluated only
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Figure 1. Flavopiridol pharmacokinetics. Plasma flavopiridol (A) and
flavopiridol glucuronide (flavo-G, B) concentration-time profiles
through 80 hours for cycle 1 in 23 of 24 patients with evaluable PK
profiles (PK data from one patient extends through 150 hours due
to dosing delays resulting from toxicity). Flavopiridol glucuronide
concentrations were not determined for day 2.




Table 3. Flavopiridol pharmacokinetic parameters.

Flavopiridol in acute leukemias -

Cohort  Dose Co.sir Casir N1 Crax CLss Vss Ty AUC.« N2
(mg) (uM) (uM) (uM) (L/hr/m’) (L/m?) (hrs) (hr* M)

1 20730 1.69+0.78 1.07+0.39 9 1.86+0.89 5.50+2.34 23.3+10.0 5.37+0.63 10.7+4.66 6

2 3035 2.53+0.76 1.28+0.50 17 2.40+0.71 6.48+1.57 19.2+13.7 4.54+2.20 10.6+2.53 12

3 30/50 1.93+0.46 2.00+1.11%* 9 2.360.76 5.89+1.64 20374 3.621.04 14.6+401 6

4 40/60 1.680.52 1.41+0.33 24 1.78+0.53 9.81+2.74 30.8 +14.1 3.84+1.57 1124317 16

5 50775 2.27+0.68 1.99+0.28 3 2.29,3.03 9.69, 8.25 19.2,294 1.54,3.87 11.9,15.1 2

Summary of non-compartmental PK parameter estimates for all doses (C0.5hr and C4.5hr) or doses administered only on days 1 and 3 (Cmax, CLss, Vss, T1/2, and AUClast).
Estimates from sparse day 2 sampling were excluded from this summary. Parameters are represented as mean + SD. Number of evaluable concentration-time profiles used in mean
and SD calculations for C0.5hr and C4.5hr (N1) or all other parameters (N2). * Two-tailed t-test, P=0.032 compared to C4.5 h for Cohort 2.

2 dose levels, 60 mg/m’ (30/30, IVB/CIVI]) and 80 mg/m’
(40/40 and 30/50). Dose escalation in the chronic lympho-
cytic leukemia study was halted due to tumor lysis; the
data from this study suggested possible non-linearity over
this limited dose range. Non-linearity has been reported by
Rudek and colleagues at doses greater than 50 mg/m*/d on
a 72-hour infusion schedule.” The validity of this observa-
tion is underscored by the large number of doses evaluated
(13 doses, range 4-122.5 mg/m’). The increasing CL
observed in our study is consistent with that reported by
Rudek and colleagues. Their proposed explanations includ-
ed a potential interaction with cholestyramine and/or
upregulation of uridine glucuronosyltransferase (UGT)
activity. Loperamide, a Pgp and cytochrome P-450 sub-
strate, but not cholestyramine, was used to treat diarrhea in
our study. Drug-drug interactions would not be expected
with loperamide and flavopiridol, which is eliminated pri-
marily by glucuronidation and biliary excretion of both par-
ent and glucuronide metabolites.** Additionally, our flavo-
G data do not support the latter hypothesis, as we saw no
indication of upregulation of UGT activity between days 1
and 3 (data not shown). Measureable increases in flavopiridol
trough levels were observed in this study, although AUCs
did not significantly change between days 1 and 3.
Accumulation was not reported in previous studies with
daily x 5 or daily x 3 1-hour infusion schedules.” “* The
increasing trough levels are expected to be clinically
insignificant given the relatively low trough concentrations
(less than 100 nM troughs).

Secretory diarthea was the dose limiting toxicity in this
study. Significant correlations were identified between diar-
thea severity and pharmacokinetic parameters, Coasnr,
AUClast and T1e. While all clinical studies with flavopiridol
have reported diarrhea as a frequent and potentially severe
toxicity, no reports indicate strong correlations with
flavopiridol pharmacokinetics. Innocenti and colleagues
observed an inverse relationship between diarthea occur-
rence and the ratio of flavopiridol glucuronide metabolite to
flavopiridol,* although our group failed to identify such a
relationship in chronic lymphocytic leukemia.” The obser-
vations in this current study with the “hybrid” dosing
schedule in acute leukemias suggest severe diarrhea is tied
most closely to flavopiridol end-of-infusion concentrations
(CA.Shr).

We intensified the promising weekly “hybrid”
(IVB/CIVI) schedule of flavopiridol administered success-
fully to chronic lymphocytic leukemia patients” to give
treatment on three consecutive days to patients with

relapsed or refractory acute leukemias. This change was
based on the knowledge that: 1) acute leukemia has a
high proliferative rate that is less amenable to intermit-
tent dosing than chronic lymphocytic leukemia; 2) drug-
related neutropenia is of lesser concern in acute leukemia
as standard chemotherapy treatment often produces
cytopenias for 3-4 weeks; and 3) available clinical phar-
macokinetics suggested little or no accumulation of drug
would occur during the 3-day induction. The IVB/CIVI
regimen given in this trial allowed administration of
slightly higher total doses than previous schedules.
Marked cytoreductive activity of flavopiridol as a single
agent in acute myeloid leukemia was previously observed
with a 1-hour bolus schedule of administration, in a study
of flavopiridol followed by high-dose cytarabine and
mitoxantrone as timed sequential therapy.” In that phase
II study, there was significant clinical activity noted
including complete remissions (CRs). The CR rate of 75%
(12/15) in previously untreated poor-risk patients was
higher than expected, compared to previously published
variations on the timed sequential therapy theme in the
same patient population with a CR rate of 39-44%.7%%*
Likewise, the regimen was active in first relapse (even if
previous remission was of short duration), with 75%
complete remission (18/24). Not unexpectedly, complete
remission was uncommon in patients with primary
refractory or multiply relapsed acute myeloid leukemia
(CR rate 9%, 2/23).” Though difficult to compare across
phase I/II studies, in terms of early cytoreduction the
IVB/CIVI schedule of single agent flavopiridol appears to
be more active than the 1-hour bolus (as a single agent),
as 83% of patients with the IVB/CIVI schedule had at
least 50% reduction in white blood cell count by day 4 of
treatment in the current study compared to 44% with the
1-hour bolus in the timed sequential therapy study noted
above (before chemotherapy given).

The limited objective response rate observed here damp-
ens enthusiasm for further work with flavopiridol as a sin-
gle agent in acute leukemia. However, the observation of
early rapid cytoreduction in acute leukemia is encouraging
for further work with this drug in combination with other
agents for patients eligible to receive intensive therapy.
Indeed, studies with flavopiridol on this “hybrid” schedule
of administration in combination with cytotoxic
chemotherapy in acute leukemia are already being conduct-
ed by other investigator groups. Combination of flavopiri-
dol with novel compounds that target anti-apoptotic path-
ways should also be pursued.

haematologica | 2010; 95(7) -
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