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Background
Flavopiridol is a protein-bound, cytotoxic, cyclin dependent kinase inhibitor. A phase II trial of
flavopiridol followed by ara-C and mitoxantrone with flavopiridol given by 1-h bolus for adults
with newly-diagnosed, poor-risk acute myelogenous leukemia yielded 67% complete remis-
sion with median disease-free survival of 13.6 months.

Design and Methods
We compared bolus flavopiridol (50 mg/m2/day, Arm A) versus 'hybrid' flavopiridol (30 mg/m2

over 30 min followed by 40 mg/m2 over 4 h, Arm B) followed by ara-C and mitoxantrone in 78
patients (39 per arm) with newly diagnosed, poor-risk acute myelogenous leukemia. To miti-
gate imbalance, patients were stratified by presence or absence of secondary leukemia and ther-
apy for antecedent disorder.

Results
Death at or before Day 60 occurred in 8% of patients per arm. Complete remission plus com-
plete remission with incomplete recovery was 68% (Arm A, 62%; Arm B, 74%) overall, and
65% or over in both arms for patients with secondary leukemia and leukemia with adverse
genetics. In Arm A 91% and in Arm B 86% of patients received chemotherapy and/or allogene-
ic transplantation in complete remission. Median overall survival for all remission patients has
not been reached for either arm, with median disease free survival of 13.6 months for Arm A
and of 12.0 months for Arm B. 

Conclusions
Both flavopiridol schedules produce comparably encouraging results in adults with poor-risk
acute myelogenous leukemia. Given the greater ease of bolus administration, we are conduct-
ing a randomized phase II study of bolus flavopiridol followed by ara-c and mitoxantrone versus
conventional induction therapy for patients aged 70 years and under with intermediate or poor-
risk acute myelogenous leukemia. This study is registered at www.clinicaltrials.gov as #NCT
00407966.
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ABSTRACT



Introduction 

Adults with newly diagnosed acute myelogenous
leukemia (AML) with poor-risk features have a poor
prognosis in terms of achievement and duration of com-
plete remission (CR). The poor-risk features include sec-
ondary AML [i.e. treatment-related or arising from
myelodysplastic syndromes (MDS) or myeloproliferative
disorders (MPD) and AML with adverse cytogenetics].
With conventional chemotherapy, CR is achieved in up
to 50% of patients with long-term survival in less than
10%, while CR rates for patients without those features
are 70% and over with long-term survival in 30-40%.1-3
CR rate and duration also decrease with increasing age
(i.e. ≥ 55-60 years) to 50% and below and 3-5 year sur-
vival up to 10-15%, even without poor-risk features.2,4
The serine-threonine kinase inhibitor flavopiridol trig-

gers cell death via multiple mechanisms. These include
inhibition of multiple cyclin dependent kinases, thereby
inducing cell cycle arrest and inhibiting RNA polymerase
II phosphorylation with consequent decreased produc-
tion of key growth and survival factors.5-15 We have con-
ducted longitudinal clinical-laboratory studies of
flavopiridol followed in a timed sequential manner by
ara-C and mitoxantrone (FLAM).16-19 The hypothesis-dri-
ven design of FLAM was generated in an in vitro model
where flavopiridol followed by ara-C enhanced ara-C
related apoptosis in marrow leukemic blasts.20,21 Serial tri-
als of FLAM in poor-risk AML16-18 have documented
reproducible and durable CRs and low morbidity and
mortality. For newly diagnosed, poor-risk patients, 67%
achieved CR, 9% died in the first 60 days, and median
overall survival (OS) and disease-free survival (DFS) for
patients achieving CR were 12.6 and 13.3 months,
respectively.18
Flavopiridol is highly protein-bound in human

serum.22-25 To overcome binding, Byrd and Grever26 devel-
oped a pharmacologically-modeled 'hybrid' schedule of
flavopiridol administration of a 30-min bolus of between
one-third and half the total dose, followed by a 4-h infu-
sion of the remainder. The 'hybrid' schedule yielded dra-
matic responses in more than 50% of refractory chronic
lymphocytic leukemia (CLL) patients, accompanied by
severe tumor lysis syndrome.26-28 Based on our phase II
data using 1-h bolus flavopiridol in FLAM,16-18 and the
results of single-agent hybrid flavopiridol in CLL, we
conducted a phase I trial of ‘hybrid FLAM’ built on the
template of previous trials.19 Dose-limiting toxicity
occurred with 100 mg/m2 (30 mg/m2 bolus, 70 mg/m2

infusion), with tumor lysis, hyperbilirubinemia and
mucositis. Toxicities and time to recovery with the
hybrid schedule were similar to the bolus schedule.
Death occurred in 9% of patients. CR occurred in 40%
across all doses with CR in 90% and over of patients
with relapsed AML, and 30% and over for primary
refractory AML. OS and DFS for CR patients were 60%
and over at two years and over.19
To determine whether the ‘hybrid’ schedule of

flavopiridol administration would improve clinical
results in adults with newly diagnosed, poor-risk AML,
we conducted a randomized phase II trial of FLAM with
flavopiridol given as a daily bolus for three days (Arm A)
versus flavopiridol given as a 'hybrid' bolus-infusion for
three days (Arm B), both followed in a timed sequence
by ara-C and mitoxantrone. 

Design and Methods

Patient eligibility and selection
Eligibility criteria were age 18 years and over with pathological-

ly confirmed, previously untreated AML (excluding acute promye-
locytic leukemia). Poor risk features included: 1) age 50 years or
over; 2) secondary AML (MDS/AML, MPD/AML, treatment-relat-
ed AML); and/or 3) adverse cytogenetics. Patients with peripheral
blast count  of 50,000 mL or over could receive hydroxyurea (HU)
for up to 24 h before beginning flavopiridol. Patients who had
received prior therapy for MDS or MPD were eligible. Eligibility
criteria were similar to those for previous studies.16-19 All patients
provided written informed consent according to The Johns
Hopkins Medical Institutions and Fred Hutchinson Cancer
Research Center (FHCRC) Institutional Review Boards and guide-
lines. 

Treatment
Patients were randomized to receive bolus flavopiridol (Arm A)

at 50 mg/m2 daily for three days (Days 1-3) or hybrid flavopiridol
(Arm B) given as a 30-min bolus of 30 mg/m2 followed by a 4-h
infusion of 40 mg/m2 daily (total daily dose 70 mg/m2) for three
days (Days 1-3). The hybrid dose was selected during a phase I
trial for ‘hybrid’ FLAM for tolerability and similar total dose as
bolus FLAM.19 In order to mitigate imbalance in randomization,
patients were stratified by presence or absence of secondary AML,
antecedent MDS or MPD six months or more prior to AML trans-
formation, and therapy for antecedent disorder.29,30

As in previous FLAM trials,16-19 a 72-h continuous infusion of
ara-C 2 gms/m2 (667 mg/m2/24 h) began Day 6 and mitoxantrone
40 mg/m2 was administered as an intravenous bolus over 60-120
min on Day 9, 12 h after completing ara-C. Patients who achieved
CR after cycle 1 were eligible to receive a second cycle of FLAM
beginning 21±7 days following hospital discharge from the first
cycle. Patients who achieved CR and had a suitable matched relat-
ed or unrelated donor or a related haploidentical donor were eligi-
ble to undergo allogeneic hematopoietic cell transplant (HCT) fol-
lowing the first or second cycle of FLAM. 

Supportive care
Prophylaxis measures against tumor lysis syndrome (TLS) and

infection were similar to those used in previous studies,16-19 includ-
ing measures developed by Byrd and Grever26-28 and Blum31 for
management of TLS-related hyperkalemia. Use of growth factors
was not permitted.

Response and toxicity 
Bone marrow aspirates and biopsies were performed before

treatment, on Day 14 of FLAM, and at hematologic recovery or
when leukemia regrowth was suspected. Hematologic recovery
was defined as ANC 0.5x109/L or over and transfusion-indepen-
dent platelet count of 50x109/L. CR, CR with incomplete recovery
(CRi) and no response (NR) were defined as according to Dohner.32

Adverse events were graded by NCI Common Toxicity Criteria,
version 3.0.

Pharmacokinetic sampling and analysis
Flavopiridol pharmacokinetics were evaluated for both arms

during cycle 1 at the following time points: prior to starting
flavopiridol on each day of administration (Days 1-3), 30 min after
completion of the bolus for each arm and before the start of the
infusion (Arm B) on Days 1 and 3, after the end of infusion Days
1 and 3 (4.5 h from start of bolus in both arms), and 24 and 48 h
after the final flavopiridol administration on Day 3. Flavopiridol
concentrations in plasma were quantitated using a validated ana-
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lytic assay consisting of high-performance liquid chromatography
(HPLC) with mass spectrometric detection over the analytical
range of 0.1-100 ng/mL (0.00025-0.25 mM).19 Plasma samples that
were diluted 1:10 (v/v) or 1:100 (v/v) with pooled plasma were
accurately quantified. A mciro-equilibrium dialysis method was
utilized to determine unbound flavopiridol concentrations.

Statistical analysis
The study was designed as a randomized phase II with a “pick

the winner” approach to evaluate two schedules of flavopiridol
administration followed by ara-C and mitoxantrone for response
and toxicities.  The primary outcome was CR.  Simon’s two-stage
designs were used in each arm which allowed an arm to stop early
for strong evidence of futility (i.e. lack of efficacy).30 With both
arms proceeding through to the second stage and rejecting the null
hypothesis, the schedule with the higher response rate would be
selected for further study.  
The two-stage design parameters were based on our null

hypothesis (per arm) that the response rate is 30% and our alter-
native hypothesis that the response rate is 55%. This range repre-
sents the results from other novel and standard approaches to
poor-risk AML and accommodates the inherently heterogenous
nature of patients entered on such trials. Furthermore, 55% is the
lower range of the confidence intervals that we had documented
in our prior FLAM studies in this patient population.17,18 At the first
stage, 15 patients were enrolled in each arm. The arm would close
to accrual if 4 or under responses were seen in that arm in the first
stage. If 5 or more CRs were observed, then the arm would remain
open for 20 additional patients. An arm would be considered
promising if the CR rate is over 42% (i.e. at least 15 responses in
35 patients). This study has a (one-sided) type I error of 7% and
power of 88%. Due to the possibility that some patients would
not be evaluable, 39 patients were enrolled in each arm.
Flavopiridol concentrations were summarized by descriptive

statistics. A Wilcoxon's rank sum test was used to compare con-
centrations between administration schedules (bolus vs. ‘hybrid’).
OS was calculated from Day 1 of FLAM to date of last known

follow up or death. DFS was calculated from achievement of CR
to date of last known follow up, relapse or death in CR. Survival
data were analyzed as of 1st April 2011. The Kaplan-Meier method
was used to estimate OS and DFS for the whole cohort and strat-
ified by groups of interest. Log rank P values were used for
descriptive comparison of survival outcomes among disease char-
acteristics and treatments.

Results

Patients' characteristics
A total of 78 adults with newly diagnosed AML with

poor-risk features were enrolled between 20th November
2008 and 20th July 2010. All patients have been followed
for at least ten months with the longest follow up being 27
months.  Clinical demographics and disease biological fea-
tures are presented in Table 1. The majority of patients
had secondary AML and/or adverse genetics (including
12% with FLT3-ITD positivity), with more than 90% hav-
ing at least one poor-risk factor independent of age over 50
years and 45% having two or more age-independent risk
factors. Only 5 (6%) had age over 50 years (range 51-78
years) as the sole eligibility criterion. 
Patients' characteristics between the two centers (62

patients at Johns Hopkins, 16 patients at Fred Hutchinson)
were comparable with respect to randomization and strat-
ification (data not shown).

Interim analysis and evaluable patient population
At the time of interim analysis, 8 of 15 patients in each

arm had achieved CR or CRi and both arms proceeded to
stage two of Simon’s two-stage design, with a goal of 35
evaluable patients in each arm. At the end of the study, 39
patients had been enrolled in each arm with 2 patients in
each arm receiving incomplete therapy (2 TLS, one ara-C-
induced adult respiratory distress syndrome, one hyper-
bilirubinemia). Nonetheless, all 78 patients were included
in toxicity, response and survival analyses.

Pharmacokinetics
There was significant interindividual variation in both

total and unbound flavopiridol concentrations regardless
of the administration schedule (Figure 1). The bolus sched-
ule (Arm A) resulted in higher maximum concentrations
(Day 1 total P<0.0001; Day 3 total P=0.0003; Days 1 and
3 unbound P<0.0001), but there were no differences noted
between the bolus and 'hybrid' (Arm B) schedules at
trough concentrations and up to 48 h after completing the
last infusion (total and unbound P>0.05). 

Comparative toxicities
The incidence of grade 3 or higher non-hematologic toxi-

cities occurring during the induction cycle (cycle 1) of FLAM
was equivalent for both arms with respect to TLS (9%), oral
and/or gastrointestinal mucositis (6%), cardiac dysfunction
(6%) and death from any cause (8%) within 60 days of start-
ing FLAM. The overall toxicity profiles for both arms were
similar to previous studies of bolus FLAM16-18 and ‘hybrid’
FLAM.19 In addition, the time from initiation of therapy to
hematologic recovery was similar to our previous FLAM
studies, with median time to ANC over 0.5x109/L being 33
days (range 22-71 days) and platelets over 50x109/L being 30
days (range 21-80 days) for both arms.

J.e. Karp et al.
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Table 1. Demographic and biological characteristics of 78 adults with newly
diagnosed, poor-risk acute myelogenous leukemia.

Arm A: bolus Arm B: ‘hybrid’ Total
(n = 39) (n = 39) (n = 78) P

Gender
Male 26 (67%) 19 (49%) 45 (58%) 0.17
Female 13 (33%) 20 (51%) 33 (42%)
Median age (range) 61 (24-78) 59 (20-73) 60 (20-78) 0.20
> 50 35 (90%) 32 (82%) 67 (86%) 0.31
> 60 21 (54%) 18 (46%) 39 (50%) 0.65
Secondary AML 26 (67%) 28 (72%) 54 (69%) 0.81
MDS/AML 15 14 29 0.34
MPD/AML* 5 2 7
T-AML 6 12 18
Prior MDS/MPD therapy 9 (35%) 5 (21%) 14 (26%) 0.37
Adverse genetic 23 (59%) 23 (59%) 46 (59%) 1.00
Single 5 7 12
Complex (≥ 3 lesions) 15 10 25
FLT3-ITD 3 6 9
Peripheral blasts 7 (18%) 8 (21%) 15 (19%) 1.00
> 20,000/mm3

HU (blasts ≥ 50,000/mm3) 4 (10%) 6 (16%) 10 (13%) 0.74
Poor risk features
Age only** 3 (8%) 2 (5%) 5 (6%) 0.89
1 (age-independent) 18 (46%) 19 (49%) 37 (48%)
≥ 2 (age-independent) 18 (46%) 18 (46%) 36 (45%)

*MPD includes CMML. **age ≥ 50 without evidence for poor risk disease features.



Comparative clinical outcomes
Response to FLAM was assessed initially by Day 14

bone marrow aspirates and/or biopsies obtained on 38
Arm A (bolus) patients and 37 Arm B ('hybrid') patients,
with similar results in the two arms. Marked marrow
hypocellularity (<20%) with complete tumor clearance
(CTC) or less than 5% blasts was achieved in 28 (74%)
Arm A and 28 (78%) Arm B patients, of whom 21 (75%)
Arm A and 24 (86%) Arm B achieved CR. In contrast, for
the 10 Arm A and 9 Arm B patients who had 20% or over
cellularity and 5% or over blasts in the Day 14 marrow,
CR was achieved in up to 20%. Three patients did not
have Day 14 marrow aspirates: one patient with grade 5
tumor lysis died Day 2, 2 patients refused (one CR, one
NR as assessed by marrow at time of recovery).
Median OS was 11.4 months (95% CI: 7.6, Inf) in Arm

A and 13.0 months (95% CI: 11.2, Inf) in Arm B, without
significant differences between the two arms (P=0.38). OS
was associated with age: median OS in patients under the
age of 60 years was not achieved (95% CI: 12.6, Inf) and
for those over the age of 60 years, the median OS was
only 9.2 months (95% CI: 6.6, 15.5) (P=0.02).
Interestingly, the treatment effect appears to be more dra-
matic in patients over the age of 60 years: the estimated
hazard ratio (HR) comparing OS for patients in Arm B ver-
sus Arm A among patients aged 60 years and older is 0.53
(P=0.13). The treatment effect favors Arm A in patients
under the age of 60 years (HR=1.41); however, this was

not significant (P=0.51).  
As detailed in Table 2, 53 (68%; 95% CI: 56%, 78%) of

the 78 evaluable patients achieved CR (n=49) or CRi (n=4).
All CR and CRi were accompanied by clearance of any
pre-treatment cytogenetic or genetic abnormalities.
CR+CRi occurred in 24 (62%; 95% CI 45%, 73%) Arm A
patients and 29 (74%; 95% CI: 56%, 78%) Arm B
patients.33 Remission rates were at least 65% in both arms
in those cohorts with poor-risk disease biology, namely
secondary AML and adverse genetics. Arm B adults aged
60 years and over appeared to achieve a higher CR/CRi
rate than those in Arm A, although this was without sta-
tistical significance (78% Arm B vs. 48% Arm A; P=0.10).
Median OS has not been reached in either arm for those
achieving CR/CRi (Figure 2A). For Arm A, the estimated
12-month survival from CR is 58% (95% CI: 43%, 82%).
For Arm B, the 12 month survival is estimated to be 66%
(95% CI: 55%, 90%).
Table 3 shows clinical outcome in relation to therapy in

CR for the 53 CR patients (24 Arm A, 29 Arm B). Two
(8%) Arm A patients and 4 (14%) Arm B patients did not
receive therapy in CR due to persistent grade 3-4 organ
dysfunction (n=3, renal, cardiac, hepatic), fatal viral pneu-
monia (n=1) and patient refusal (n=2). Of these 6, only one
has remained in CR for 8.4 months. The remaining 47 CR
patients received chemotherapy (33% A, 52% B), allo-
geneic HCT (25% A, 14% B), or both (38% A, 21% B) in
CR. OS for the CR patients is similar for both arms. 
For CR/CRi patients, 12 (50%) Arm A and 15 (55%)

Arm B patients remain in continuous CR with similar DFS
and OS in both arms (Figure 2B). Outcomes were similar
for patients with secondary AMLs (Figure 3A) and for
those with adverse cytogenetics (Figure 3B). Median DFS
for the 15 Arm A patients undergoing allogeneic HCT was
12 months, with 3 patients with treatment-related AML
succumbing at 4-6 months post-HCT from transplant-
related complications, 4 relapsing 2-3 months post-HCT,
and 8 continuing in CR for from (8.5 to18 months and
over). For the 10 Arm B patients undergoing allogeneic
HCT in CR, median DFS was not reached, with 2 relaps-
ing 7-9 months post-HCT and 8 continuing in CR 8 to 19.5
months and over. For 7 Arm A patients receiving consoli-
dation chemotherapy only, one died (CR 3.3 months), 2
relapsed (CR 3.6 and 14 months), and 4 (57%) continue in

Table 2. Response following FLAM induction: bolus versus hybrid flavopiridol
administration.

Arm A: bolus Arm B: ‘hybrid’ Total
(n = 39) (n = 39) (n = 78)

CR/CRi all patients 22/2 = 24 (62%) 26/3 = 29 (74%) 48/5 = 53 (68%)
(95% CI)* (45%, 73%) (57%, 84%) (56%, 78)
CR/CRi by age
< 60 14/18 (78%) 15/21 (71%) 29/39 (74%)
> 60 10/21 (48%) 14/18 (78%) 24/39 (62%)
CR/CRi by etiology
MDS/MPD 12/20 (60%) 12/16 (75%) 23/36 (64%)
t-AML 5/6 (83%) 8/12 (67%) 13/18 (72%)
Total 17/26 (65%) 20/28 (71%) 37/54 (69%)

CR/CRi by adverse genetics
Cytogenetics 13/21 (68%) 12/18 (67%) 25/37 (68%)
FLT-3 3/3 (100%) 5/6 (83%) 8/9 (89%)
Total 16/24 (67%) 17/24 (71%) 33/46 (72%)

CI: confidence interval, calculated and adjusted for Simon two-stage design.37

Figure 1. Total (A) and unbound (B) flavopiridol concentrations at
various time points during and after administration by bolus (filled
circles) and hybrid (open circles) schedules.

A

B

D1 Cmax preD2 preD3 D3 Cmax D4 D5

D1 Cmax preD2 preD3 D3 Cmax D4 D5

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

5

4

3

2

1

0

Fl
av

op
rid

ol
 (m

M
)

Fl
av

op
rid

ol
 (m

M
)

Flavopiridol in AML

haematologica | 2012; 97(11) 1739



CR (10≥21 months). For 15 Arm B patients receiving con-
solidation chemotherapy only, 3 died (CR 2.5-6.8 months),
5 relapsed (CR 2.4-10.5 months), and 7 (47%) continue in
CR (7≥27 months). Two additional patients who did not
achieve CR/CRi (one in each arm) underwent allogeneic
HCT without additional chemotherapy, with OS being
over 21 months (Arm A) and over 26 months (Arm B). The
Arm A patient achieved CRi with DFS over 17 months,
and the Arm B patient achieved CR with DFS over 18
months. These 2 patients are not included in the calcula-
tions of OS or DFS for CR/CRi patients, but are included
in OS for all patients.

Discussion

Our randomized phase II trial comparing the clinical out-
come of FLAM with flavopiridol given by bolus versus
‘hybrid’ bolus-infusion administration confirms our previ-
ous results in newly diagnosed, poor-risk adult AML17,18
and demonstrates the equivalency of the two schedules.
The arms were relatively balanced for features of second-
ary AML by up-front stratification. Both had low rates of
grade 3 or higher toxicities and death, including TLS. While
the CR rate in Arm B was moderately higher than Arm A,
OS and DFS were comparable between the 2 arms. There
was modest imbalance in post-induction therapy, with
fewer Arm B patients receiving chemotherapy alone in CR
(48% Arm B vs. 33% Arm A) and more Arm A patients
undergoing allogeneic HCT at any time during CR (58%
Arm A vs. 38% Arm B). This imbalance may relate to more
deaths during consolidation chemotherapy in Arm B (3 of
21, 14% Arm B vs. 1 of 16, 6% Arm A), but was balanced
by more transplant-related death in Arm A (3 of 15, 20%
Arm A vs. 0 of 11, 0% Arm B). 
Both arms yielded high CR rates in patients with FLT-3

mutations and treatment-related AML. The 89% CR rate
in 9 FLT3-mutant patients replicates our previous FLAM
study.18 Furthermore, the current cohort of FLT3-mutant
patients has achieved substantial DFS following consolida-
tion chemotherapy and/or allogeneic BMT, with 6 of the
8 CR patients in continuous CR at from 5.5 to over 19.2
months. Likewise, 14 of 18 (78%) patients with treat-
ment-related AML achieved CR, including the subset with
adverse cytogenetics (9 of 13, 69%). Unfortunately, this
cohort is relatively intolerant of allogeneic HCT. Of the 8
treatment-related AML patients undergoing allogeneic

HCT in CR, 3 died from transplant-related causes, 2
relapsed, and only 3 remain in CR at five, seven, eight, and
18 months. Nonetheless, the overall mortality of BMT fol-
lowing FLAM therapy is consistent with expected rates
and suggests that FLAM induction (with or without con-
solidation) does not increase transplant-related mortality.
Of 6 patients who received consolidation FLAM without
allogeneic HCT (all aged over 60 years), 3 remain in CR at
5.3, 18.1, and 25 months. 
The comparability of bolus and 'hybrid' flavopiridol for

newly diagnosed AML differs from the situation in refrac-
tory CLL, where tumor lysis and clinical efficacy were
markedly increased with the 'hybrid' schedule.26-28 This
discrepancy may reflect a different mechanism of action of
flavopiridol in these disparate cell types. Nonetheless, it is
possible that a higher dose of 'hybrid' flavopiridol could
have yielded greater differences in overall clinical out-
come. In our phase I trial of FLAM with escalating doses
of 'hybrid' flavopiridol for adults with relapsed and refrac-
tory acute leukemias,19 the maximal tolerated dose was 90
mg/m2 (30 mg/m2 bolus followed by 60 mg/m2 infusion)
daily for three days, which represents a 28% increase over
the 70 mg/m2 total dose daily for three days used in the
present study. However, pharmacokinetic studies of

J.e. Karp et al.
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Figure 2. (A) Overall survival for 24
CR/CRi patients treated in Arm A
(—) and for 29 CR/CRi patients
treated in Arm B (- - - ). (B) Disease-
free survival for 24 CR/CRi patients
treated in Arm A (—) and for 29
CR/CRi patients treated in Arm B (-
- - ).

Table 3. Comparative clinical outcomes according to therapy in com-
plete remission.

Arm A (n=24) Arm B (n=29)

No further therapy 2 4
Chemotherapy 7 15
Allogeneic BMT 6 4
Both 9 6
Total BMT 15 (63%) 10 (34%)
Relapse 8 (33%) 8 (28%)
(range) (2-18.5 mos) (2.4-10.5 mos)
Death in CR 4 (17%)* 6 (21%)**
(range relapse times) (3.5-12.6 mos) (1.5-13 mos)
Median DFS 13.6 mos 12.0 mos
(95% CI) (10.1, Inf) (9.2, Inf)
OS > 12 months 66% 70%
(95% CI) (43%, 85%) (55%, 90%)
Currently alive 14 (58%) 19 (66%)
*Death: Arm A, n=1 infection; n=3 post-transplant complications; **Death: Arm B, n=2
infection, n=1 bowel ischemia, n=1 cardiac failure, n=1 hepatic failure.
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flavopiridol given by bolus,16,23,25 infusional,23,24,34 or
‘hybrid’19,26-29 schedules display significant inter-individual
variability. This variability occurs for both total and
unbound drug concentrations and, in the context of the
‘hybrid’ schedule, is independent of total serum protein,
albumin, WBC or occurrence of flavopiridol-related toxic-
ities.19 Preliminary analysis of this study suggests that
higher concentrations were achieved using the bolus
schedule that dissipated in 24 h. A population pharmaco-
kinetic analysis of the two flavopiridol schedules for total
and unbound drug are under investigation.
The '7+3' approach of ara-C at doses of 100-200

mg/m2/day for 7-10 days by continuous infusion with
three days of an anthracycline (idarubicin 12mg/m2 or
daunorubicin 45-60 mg/m2) is widely used as induction
therapy for AML in all age groups.35 Lowenberg36 demon-
strated that doubling the daunorubicin dose during induc-
tion therapy for ‘fit’ AML patients aged 60 years and over
improved the CR rate from 54% to 64%, with achieve-
ment of CR following a single induction cycle in 52% of
the high-dose versus 35% of the conventional dose group.
High-dose daunorubicin, defined as 90 mg/m2 daily x 3,
improved 2-year OS and event free survival (EFS) in
patients aged 65 years and under, but did not improve OS
and EFS in patients with adverse cytogenetics, independ-
ently of age. In contrast, Fernandez’s study of high-dose
daunorubicin in adults under the age of 60 years yielded
increases in CR rate (71% vs. 57%) and OS (23.7 vs. 15.3
months), but no benefit for patients aged 50-60 years or
those with unfavorable cytogenetics or FLT-3 mutations.37
While these studies demonstrate an impact of high-dose
daunorubicin on subcategories of AML, the beneficial
effects are restricted to patients without poor-risk features. 
In summary, FLAM produces encouraging results in

adults with poor-risk AML. Although the study was not
powered to detect subtle differences in the 2 arms, bolus
and 'hybrid' administrations yielded comparable results
in terms of overall efficacy and toxicity. Since the bolus
schedule is easier to administer than the 'hybrid' sched-
ule, we will use bolus flavopiridol in further studies for
newly diagnosed AML patients. As a first step towards
establishing the validity of FLAM, we conducted a multi-
variate analysis comparing CR rates in poor-risk patients
given FLAM with unselected patients treated with vari-
ous '7+3' regimens through SWOG or outside SWOG at
the FHCRC (data not shown). The analysis accounted for
age, secondary AML, and cytogenetics, and the results
suggest that FLAM and '7+3' at FCHRC may have similar
CR rates, with 69% for FLAM and 73% for FCHRC
(adjusted odds ratio 1.16, range 0.51-2.64, P=0.72). It is
worth noting, however, that these populations differed
considerably in terms of adverse cytogenetics (48%
FLAM vs. 22% FCHRC) and secondary AML (65% FLAM
vs. 43% FCHRC). Furthermore, after accounting for
covariates, there was no similarity in CR rates with '7+3'
regimens in SWOG and at the FHCRC. This discrepancy
suggests that unknown covariates that cannot be account-
ed for by multivariate analysis can confound such analy-
ses, thereby making comparisons unreliable. This under-
scores the need to randomize patients between FLAM
and '7+3' contemporaneously, with careful up-front strat-
ification based on host and disease biology to ensure
comparability among arms. Toward this end, to address
what role FLAM might play in induction therapy for AML
without so-called 'good-risk' features, we have begun a
randomized, stratified phase II trial to compare FLAM
with '7+3' for adults aged 70 years and under with newly
diagnosed AML, excluding core binding factor AMLs. 
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Figure 3. (A) and (B) Overall and
disease-free survivals (OS, DFS)
for patients with secondary AML.
For Arm A (—), median OS (26
patients) = 10.7 months (95% CI:
6.64, Inf) and median DFS (17
patients) = 18.5 months (95% CI:
8.13, Inf). For Arm B (---), median
OS (28 patients) = 13 months
(95% CI: 7.0, Inf) and median DFS
(20 patients) = 9.6 months (6.8-
inf). (C) and (D) Overall and dis-
ease-free survivals (OS, DFS) for
patients with adverse cytogenet-
ics. For Arm A (—), median OS
(23 patients) = 9 months (4.0, Inf)
and median DFS (14 patients) =
14.3 months (95% CI: 8.1, Inf).
For Arm B (---), median OS (25
patients) = 12.6 months (95% CI:
7.0, Inf) and median DFS (18
patients) = 9.6 months (4.1, Inf). 
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