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Introduction

Outcomes for patients with relapsed or refractory acute
myeloid leukemia (AML) are generally poor, with such
patients having a median survival of less than 1 year.1-4

Multiple single-agent and combination induction therapies
show clinical activity in this setting; however, there is no con-
sensus on a standard-of-care regimen.  Although therapies tar-
geting specific acquired genetic mutations and defects are in
development, broadly cytotoxic chemotherapeutic approach-
es continue to be a primary treatment modality for patients
with relapsed/refractory AML. Several cytarabine-based com-
bination induction regimens have been investigated in the
relapsed/refractory setting, often incorporating topoisomerase
II inhibitors, such as anthracyclines (daunorubicin, idarubicin),
anthracenediones (mitoxantrone), or epipodophyllotoxins
(etoposide). These regimens have demonstrated limited effica-
cy, due to intrinsic or acquired resistance, and substantial tox-
icity, particularly in older adults.5-9

Vosaroxin is a first-in-class anticancer quinolone derivative
that induces replication-dependent DNA damage by intercalat-
ing DNA and inhibiting topoisomerase II, leading to apoptosis.10

In contrast to classic topoisomerase II agents, the anticancer
activity of vosaroxin results exclusively from intercalation of
DNA and inhibition of topoisomerase II.10 Vosaroxin activity in
mammalian cells parallels the activity of quinolone antibiotics in
prokaryotes, producing site-selective, double-stranded breaks in
G/C-rich sequences that are characteristic of quinolone-induced

DNA cleavage.10 Importantly, due to the stability of the
quinolone backbone, vosaroxin does not produce significant
free radicals,11 or the reactive oxygen species implicated in the
cumulative cardiotoxicity seen with anthracyclines.10

Additionally, vosaroxin is not a substrate for the P glycoprotein
efflux pump, and its activity is independent of p53 family mem-
bers;11-13 it may, therefore, bypass some mechanisms of
chemotherapy resistance.  Consistent with this, single-agent
activity has been noted in anthracycline-resistant populations,13

including women whose ovarian cancer progressed on liposo-
mal doxorubicin14 and AML patients with refractory/relapsed
disease.15 Overall, the characteristics of vosaroxin suggest that it
might have a more favorable risk-benefit profile than that of
other commonly used agents, such as anthracyclines.
Results from a phase 1b study of single-agent vosaroxin

demonstrated an acceptable safety profile and clinical activity in
patients with advanced hematologic malignancies, the majority
of whom had relapsed/refractory AML.15 Vosaroxin was tolera-
ble on both a weekly schedule [days 1, 8, and 15; maximum tol-
erated dose (MTD) 72 mg/m2] and a twice-weekly schedule
(days 1, 4, 8, and 11; MTD 40 mg/m2). The dose-limiting toxic-
ity (DLT) was stomatitis, and primary non-hematologic toxici-
ties were reversible stomatitis and febrile neutropenia. A com-
plete remission (CR) or CR with incomplete platelet recovery
was achieved in five patients (7%), with a median response
duration of 3.1 months; an additional 11 patients (15%)
achieved a morphologically leukemia-free state (bone marrow
blasts < 5%). 
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Vosaroxin is a first-in-class anticancer quinolone derivative that intercalates DNA and inhibits topoisomerase II.
This study assessed the safety and tolerability of vosaroxin plus cytarabine in patients with relapsed/refractory
acute myeloid leukemia. Escalating vosaroxin doses (10-minute infusion; 10-90 mg/m2; days 1, 4) were given in
combination with cytarabine on one of two schedules: schedule A (24-hour continuous intravenous infusion, 400
mg/m2/day, days 1-5) or schedule B (2-hour intravenous infusion, 1 g/m2/day, days 1-5). Following dose escalation,
enrollment was expanded at the maximum tolerated dose. Of 110 patients enrolled, 108 received treatment. The
maximum tolerated dose of vosaroxin was 80 mg/m2 for schedule A (dose-limiting toxicities: grade 3 bowel
obstruction and stomatitis) and was not reached for schedule B (recommended phase 2 dose: 90 mg/m2). In the
efficacy population (all patients in first relapse or with primary refractory disease treated with vosaroxin 80-90
mg/m2; n=69), the complete remission rate was 25% and the complete remission/complete remission with incom-
plete blood count recovery rate was 28%. The 30-day all-cause mortality rate was 2.5% among all patients treated
at a dose of 80-90 mg/m2. Based upon these results, a phase 3 trial of vosaroxin plus cytarabine was initiated in
patients with relapsed/refractory acute myeloid leukemia. (Clinicaltrials.gov identifier: NCT00541866).
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Preclinical data suggest that vosaroxin may be combined
with other DNA-damaging agents, such as nucleoside
analogs, that have different primary mechanisms of action.
The combination of vosaroxin with cytarabine produced
synergistic cytotoxic effects in human leukemia cell lines
and primary AML blasts.12,16 Similarly, in vivo studies demon-
strated that vosaroxin and cytarabine were superadditive in
ablating bone marrow in normal mice.16 Although preclinical
results suggest that this combination may have synergistic
antiproliferative effects, an appropriate dosing regimen in
humans has not been investigated. 
To this end, we conducted an open-label, phase 1b/2

study (NCT00541866) to assess the safety and tolerability of
vosaroxin in combination with cytarabine given either as a
continuous intravenous infusion or as a short daily infusion
in patients with relapsed or refractory AML. This study
included a dose-escalation and an expansion phase. In addi-
tion, antileukemic activity, pharmacokinetic profile, and
potential biomarkers of vosaroxin activity were assessed.  

Methods

Further details on the Methods are provided in the Online
Supplementary Appendix.

Patients
Patients ≥18 years with advanced relapsed or refractory, de novo

or secondary AML were eligible. For the dose-escalation phase, one
to three prior induction regimens for AML (including cytarabine)
were allowed. Consolidation cycles were not limited. For the
expansion phase, eligible patients were in first relapse (had received
≤2 prior induction cycles and achieved first CR lasting ≥3 months)
or had primary refractory disease (no CR or CR lasting ≤3 months
following ≤2 induction cycles). Study site institutional review
boards approved the study protocol (University of South Florida
IRB protocol # 106124c). Patients provided informed consent in
accordance with the principles of the Declaration of Helsinki.

Study design
Vosaroxin was administered on a day 1, 4 dosing schedule, based

on the safety and efficacy profile demonstrated with the twice-
weekly schedule in the single-agent phase 1b trial.15 The day 1, 4
regimen was chosen to maximize vosaroxin exposure while accel-
erating completion of treatment. Patients were enrolled sequential-
ly in successive cohorts to either schedule A (vosaroxin 10-90
mg/m2, 10-min infusion on days 1 and 4 plus cytarabine 400
mg/m2/day, 24-h continuous intravenous infusion on days 1-5) or
schedule B (vosaroxin 70-90 mg/m2 10-min infusion on days 1 and
4 plus cytarabine 1 g/m2/day, 2-h intravenous infusion on days 1-5).
Patients were enrolled in the dose-escalation phase using a standard
3 + 3 design. Patients with stable disease or reduction in bone mar-
row blasts without persistent clinically significant toxicity were eli-
gible for one reinduction cycle. Patients with CR or CR with incom-
plete blood count recovery (CRi) and absolute neutrophil count
≥500 cells/mL were eligible for up to two consolidation cycles. 
DLT was evaluated through induction to day 29 or initiation of a

second induction cycle, whichever occurred first. The MTD was
defined as the highest dose at which none or one of six patients
experienced a DLT.

Safety and efficacy assessments
The safety population comprised all patients who received the

study drug. The efficacy population included patients with first

relapsed or primary refractory AML treated in either schedule at the
MTD or recommended phase 2 dose in either study phase. Adverse
events were graded by National Cancer Institute Common
Terminology Criteria for Adverse Events (v 3.0). Grade 4 neutrope-
nia or thrombocytopenia lasting >8 weeks without residual
leukemia was considered a DLT. Responses were assessed using
International Working Group criteria.17 Primary endpoints were
DLT and determination of MTD in the dose-escalation phase, and
combined CR rate (CR + CRi) in the escalation phase.

Pharmacokinetic and pharmacodynamic studies  
Plasma vosaroxin concentration–time data were used to deter-

mine standard pharmacokinetic parameters and to assess dose pro-
portionality and vosaroxin accumulation. Peripheral blood
mononuclear cells were isolated from patients’ blood samples, and
levels of pDNA-PKcs and pCHK2 were investigated by western
blot analysis.  

Statistics
The study was powered to test the null hypothesis that the prob-

ability of remission (CR) is ≤0.20. In order to reject the null hypoth-
esis, at least six remissions (CR) had to be observed among 15
patients, or nine remissions among 25 patients, with a one-sided
significance level of approximately 0.06 or 0.05, respectively. If the
true remission probability was 0.40, the power to reject the null
hypothesis was approximately 60% in 15 patients and 73% in 25
patients. The probability of observing at least one adverse event
occurring with an underlying frequency of 10% was approximately
78% in 15 patients and 93% in 25 patients.

Results

Disposition, demographics, and baseline characteristics
In total, 110 patients were enrolled in the study and 108

received at least one dose of vosaroxin and/or cytarabine, 56
on schedule A and 52 on schedule B (Figure 1). Three treated
patients who were enrolled in the phase 1 part of the study
did not meet the pre-specified eligibility criteria (they had
had no prior treatment for AML); these patients were
excluded from the efficacy population, but are included in
the safety analyses. Eighty-six patients (78%) received one
cycle of study treatment, 17 patients (16%) received two
cycles, and five patients (5%) received three cycles. The
most common reasons for discontinuation of study treat-
ment were treatment failure (including persistent or recur-
rent leukemia; 61%) and death (13%). The demographics
and baseline characteristics of treated patients are shown in
Table 1.  

Dose-limiting toxicities and maximum tolerated dose
In schedule A, no DLT were observed at doses from 10 to

50 mg/m2; one of seven patients experienced a DLT at 70
mg/m2 (fatal sepsis), one of eight patients experienced a DLT
at 80 mg/m2 (grade 3 stomatitis), and two of seven patients
experienced a DLT at 90 mg/m2 (grade 3 bowel obstruction
and grade 3 stomatitis lasting >7 days). The DLT are summa-
rized in Online Supplementary Table S1. The MTD for sched-
ule A was determined to be vosaroxin 80 mg/m2, days 1 and
4, with cytarabine 400 mg/m2/day by continuous intra-
venous infusion; the MTD was the recommended phase 2
dose. 
In schedule B, no DLT were observed at 70 mg/m2; one of

six patients experienced a DLT at 80 mg/m2 (grade 3
odynophagia) and one of six patients experienced a DLT at
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90 mg/m2 (grade 3 stomatitis/esophagitis lasting >7 days).
The MTD was not reached for schedule B; the highest tested
dose, vosaroxin 90 mg/m2, was selected as the recommend-
ed phase 2 dose based on rates of remission and vosaroxin
plasma concentration-time data.  

Safety
The most common treatment-emergent non-hematologic

adverse events of any grade were diarrhea (76%),
hypokalemia (73%), nausea (67%), and stomatitis (66%).
Grade 3 or 4 non-hematologic adverse events are listed in
Table 2. Three patients (3%; all in schedule A) discontinued
study treatment due to adverse events, consisting of sepsis
in one patient; supraventricular tachycardia, diffuse erythe-
matous rash, and acute renal failure in one patient; and
febrile neutropenia and hypotension in one patient. Serious
adverse events occurred in 50 patients (46%); the most com-
mon serious adverse events included infections such as bac-
teremia, pneumonia, and sepsis (30%); febrile neutropenia
(8%); and stomatitis (4%).  
At the time of last follow-up, 94 of 108 treated patients

had died. Most deaths (81%; n = 76) were due to progressive
disease. Among patients who died of causes other than pro-
gressive disease, seven died as a result of adverse events that
occurred on study, including sepsis (n = 3), and sepsis/multi-
organ failure, pneumonia, cardiac arrest, and acute respirato-
ry distress syndrome (n = 1 each). The 30-day all-cause mor-
tality rate was 9.3% (10/108) overall and 2.5% (2/78) for
patients treated at the MTD or recommended phase 2 dose;
the 60-day all-cause mortality rate was 14.8% (16/108) and
9.0% (7/78), respectively. Comparing schedule A versus
schedule B, 30-day mortality was 16% versus 2%, respec-
tively (P=0.0168), and 60-day mortality was 21% versus 8%
(P=0.0585).
In the overall population, the median time to recovery of

absolute neutrophil count (to >1.0×109/L) in patients who
responded to treatment (CR or CRi) was 36 days (range, 20-
83 days) and the median time to recovery of platelet count

(to >100×109/L) was 34 days (range, 21-49 days). Median
recovery times were similar in the efficacy population.

Efficacy
The efficacy population consisted of 69 patients; 30

patients (majority in first relapse) were treated on schedule
A and 39 patients (majority with primary refractory disease)
were treated on schedule B. In this pooled set of patients,
the CR rate was 25% [schedule A: 30% (n = 9); schedule B:
21% (n = 8)], and the combined CR rate (CR + CRi) was
28% [schedule A: 33% (n = 10); schedule B: 23% (n = 9)]
(Table 3). Overall, responses were observed with both
cytarabine schedules and in both primary refractory
patients and patients in first relapse (Table 3). The com-
bined response rate was higher in patients whose first CR
lasted ≥12 months (69%) than in patients who experienced
early relapse (first CR >3 months and <12 months) (13%) or
who had primary refractory AML (21%). All three patients
with early relapse who achieved CR had a first CR ≥6
months.
Among the 108 patients treated with vosaroxin in either

schedule across all doses, the CR rate was 22% (n = 24) and
the combined remission rate (CR + CRi) was 26% (n = 28).
Responses were observed at 20 to 90 mg/m2 in schedule A
and at 80 to 90 mg/m2 in schedule B (doses below 70 mg/m2

were not studied in schedule B). Responses were observed
across all subtypes of AML (response by AML subtype is
presented in Online Supplementary Table S2). 
In patients from the efficacy population (n = 69) who

achieved CR or CRi (n = 19), the median leukemia-free sur-
vival was 25.2 months [95% confidence interval (CI), 5.3
months – not reached] (Figure 2A). The median overall sur-
vival was 6.9 months (95% CI, 4.3-10.1 months), with sim-
ilar survival in patients in first relapse and in those with pri-
mary refractory disease (Figure 2B). Eighteen patients (26%)
underwent hematopoietic stem cell transplantation; 15 of
these patients had achieved remission with the study treat-
ment (12 CR, one CRi, two partial remissions). 

Vosaroxin/cytarabine for relapsed/refractory AML
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Figure 1. Patients’ disposition.



Pharmacokinetic results
Pharmacokinetic profiles for vosaroxin were evaluated

in 98 patients in cycle 1. Pharmacokinetic parameters by
schedule, dosing day, and dose cohort are presented in
Online Supplementary Table S3. After a single, short intra-
venous infusion (schedule A and schedule B, cycle 1 day
1), plasma vosaroxin concentrations declined in a biphasic
manner with a short initial distribution phase followed by
a prolonged elimination phase. The average terminal half-
life in plasma was approximately 24 h, total body clear-
ance was 4 L/h, and volume of distribution at steady state
was 123 L. The drug accumulation ratio on day 4 was
approximately 1.2. Vosaroxin exposure (AUC) increased
proportionally over doses from 10 to 90 mg/m2, suggesting
linear kinetics. At the MTD/recommended phase 2 dose,
high vosaroxin plasma concentrations were sustained for
prolonged periods (Online Supplementary Figure S1).
Concentrations equal to the in vitro EC50 and EC90 concen-
trations (as assessed in the MV4-11 Flt3ITD AML cell line)
were maintained in plasma for approximately 7 days and
3 days, respectively. No statistically significant difference
in clearance was noted between males and females

(P=0.44). Clearance was lower in patients aged ≥65 years
than in those <65 years, with the difference approaching
statistical significance (median 3.52 L/h versus 4.18 L/h,
P=0.054). The average 24 h renal excretion of vosaroxin
and its metabolites N desmethylvosaroxin and O
desmethylvosaroxin was 4.46% (3.39%, 1.08%, and
0.127%, respectively) of the total dose infused, suggesting
that the primary excretion pathway of vosaroxin is non-
renal.  

Pharmacodynamic results
A DNA damage response consistent with DNA double-

stranded breaks was observed in K562 cells (Online
Supplementary Figure S2) and primary AML peripheral blood
samples (Figure 3A,B) treated with vosaroxin. Increases in
pDNA-PKcs or pCHK2 were evident after 2 h of treatment.
Increased levels of pDNA-PKcs and pCHK2 were also
observed with cytarabine treatment; however, the pharma-
codynamic response to cytarabine treatment occurred more
slowly, with increases first becoming evident after 24 h of
treatment. Clinical evidence of a mechanism-based phar-
macodynamic response to vosaroxin was observed in sam-
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Table 1. Baseline patient and disease characteristics. 
Characteristic Phase 1b Efficacy population*

Schedule A† Schedule B‡ Schedule A† Schedule B‡ All patients

Treated patients, n. 39 18 30 39 108
Age, years, median (range) 60 (29-74) 46 (25-70) 60 (44-71) 58 (18-73) 60 (18-74)
Age < 60 years, n. (%) 16 (41) 14 (78) 12 (40) 21 (54) 52 (48)
Age ≥ 60 years, n. (%) 23 (59) 4 (22) 18 (60) 18 (46) 56 (52)

Gender, n. (%)
Male 28 (72) 13 (72) 21 (70) 23 (59) 72 (67)
Female 11 (28) 5 (28) 9 (30) 16 (41) 36 (33)

Disease status, n. (%)
Previously untreated§ 2 (5) 1 (6) 0 0 3 (3)
Primary refractory (no prior CR or CR ≤ 3 months) 18 (46) 9 (50) 10 (27) 23 (59) 45 (42)
First relapsed 9 (23) 2 (11) 20 (73) 16 (41) 43 (40)
Secondary refractory∥ 10 (28) 6 (33) 0 0 17 (16)

Duration of CR1 in first relapsed patients, 11.25 6.6 7.6 6.5 7.8 
median (range), months (4.4-36) (6.5-6.7) (3.9-22) (3.3-22) (3.3-36)
AML subtype, n. (%)
With characteristic genetic abnormalities 0 1 (6) 4 (13) 1 (3) 6 (6)
With multilineage dysplasia 9 (23) 3 (17) 7 (23) 5 (13) 18 (17)
AML and MDS 5 (13) 1 (6) 4 (13) 6 (15) 13 (12)
Therapy-related 0 1 (6) 0 3 (8) 4 (4)
Not otherwise categorized 20 (52) 10 (56) 13 (43) 21 (54) 56 (52)
Unknown/not available 5 (13) 2 (11) 2 (7) 3 (8) 11 (10)

NCCN cytogenetic risk category¶, n. (%)
Favorable 1 (3) 2 (11) 0 3 (8) 5 (5)
Intermediate 25 (64) 9 (50) 21 (70) 25 (64) 69 (64)
Unfavorable 11 (28) 5 (28) 7 (23) 8 (21) 27 (25)
Not available 2 (5) 2 (11) 2 (7) 3 (8) 7 (6)

WBC count, x 109/L, median 3.5 4.1 4.1 2.7 3.6
(range) (0.3-77.3) (0.6-163) (0.4-77.3) (0.4-163) (0.3-163)
Prior cycles of therapy#, median (range) 3 3 2 2 2

(0-5) (0-5) (1-5) (1-6) (0-6)

*Selected patients from the phase 1b study meeting the phase 2 criteria are counted in both the phase 1b and efficacy population columns of the table. †Schedule A: vosaroxin plus
cytarabine continuous intravenous infusion 400 mg/m2. ‡Schedule B: vosaroxin plus cytarabine 2 h intravenous infusion 1 g/m2. §Three previously untreated patients were enrolled
and treated in violation of protocol; these patients were excluded from the efficacy population. ∥Refractory to re-induction after relapse from first CR or CRp. ¶See reference 9. #Includes
induction and consolidation therapy cycles. In addition, two patients in the schedule A cohort had previously received transplant. CR: complete remission; CR1: first complete remis-
sion; CRp: CR with incomplete platelet recovery; AML: acute myeloid leukemia; MDS: myelodysplastic syndromes; NCCN: National Comprehensive Cancer Network; WBC: white
blood cell.



ples from patients treated with vosaroxin plus cytarabine.
Increased levels of pDNA-PKcs and/or pCHK2 were detect-
ed within 2 h in 15 of 23 (65%) patients evaluated who
received vosaroxin doses ≥ 34 mg/m2 (Figure 3C); CR/CRi
was achieved in 60% (9/15) of patients with a pharmacody-
namic response, compared with 25% (2/8) of patients with-
out a detectable pharmacodynamic response. 

Discussion

Vosaroxin is an anti-cancer quinolone derivative, with a
structure and mechanism of action that are well-differentiat-
ed from those of the classic topoisomerase II inhibitors (e.g.
daunorubicin, idarubicin, mitoxantrone, and etoposide)
commonly used in AML treatment in combination with
cytarabine. Given the potential advantages of vosaroxin
over these agents (lack of formation of free radical and reac-
tive oxygen species, p53-independent activity, and resistance
to P-glycoprotein-mediated cellular efflux), it was consid-
ered important to test vosaroxin in combination with cytara-
bine in patients with AML. 
In this study, vosaroxin in combination with cytarabine

demonstrated antileukemic activity and an acceptable risk-
benefit profile in patients with relapsed or refractory AML.
Patients were selected for clinical resistance to the combina-
tion of cytarabine and anthracyclines or anthracenediones;
in addition, they were often older (median age 60 years) and
had received as many as six prior cycles of therapy.
Furthermore, most patients (89%) had intermediate or unfa-

vorable cytogenetic risk status. In the efficacy population,
vosaroxin plus cytarabine produced a combined CR rate of
28% with activity in both the primary refractory and first-
relapse populations (combined CR rates of 21% and 33%,
respectively). Responses were observed across all AML sub-

Table 2. Treatment-emergent non-hematologic adverse events occur-
ring as grade 3 or higher in ≥5% of patients. 
Event Any grade, n. (%) Grade ≥3, n. (%)

Gastrointestinal disorders
Stomatitis 71 (66) 16 (15)

Infections and infestations
Aggregated sepsis/bacteremia† 40 (37) 37 (34)
Staphylococcal bacteremia 17 (16) 16 (15)
Bacteremia 9 (8) 9 (8)
Enterococcal bacteremia 9 (8) 9 (8)
Streptococcal bacteremia 6 (6) 6 (6)

Aggregated infections‡ 39 (36) 20 (19)
Aggregated pneumonia§ 17 (16) 13 (12)
Pneumonia 15 (14) 11 (10)

Metabolism and nutrition disorders
Hypokalemia 79 (73) 28 (26)
Hypophosphatemia 29 (27) 13 (12)
Hyperglycemia 17 (16) 9 (8)
Anorexia 51 (47) 6 (6)

Renal and urinary disorders
Acute renal failure 9 (8) 6 (6)

Vascular disorders
Hypotension 46 (43) 11 (10)

†Includes the preferred terms bacteremia, enterococcal bacteremia, enterococcal sepsis,
Escherichia bacteremia, neutropenic sepsis, pseudomonal bacteremia, pseudomonal
sepsis, sepsis, septic shock, staphylococcal bacteremia, streptococcal bacteremia, and
urosepsis. ‡Includes the preferred terms bacterial infection, bronchitis, candidiasis,
catheter-related infection, cellulitis, clostridial infection, clostridium colitis, Clostridium
difficile colitis, cystitis, enterococcal infection, folliculitis, fungal infection, infection,
nasopharyngitis, oral candidiasis, oral herpes, rhinitis, sinusitis, sinusitis fungal, staphy-
lococcal infection, upper respiratory tract infection, urinary tract infection, and urinary
tract infection enterococcal. §Includes the preferred terms lobar pneumonia,  pneumo-
nia, and pneumonia fungal.

Table 3. Response to treatment with vosaroxin plus cytarabine in patients with
AML (n = 69).  

Best response*, Combined 
n. (% ) CR rate

(CR + CRi),
n. (%)

Patients N CR CRi PR

Pooled phase 2 population 69 17 (25) 2 (3) 2 (3) 19 (28)
Primary refractory patients 33 6† (18) 1 (3) 0 7† (21)
Patients in first relapse 36 11 (31) 1 (3) 2 (6) 12 (33)
CR1 ≥ 3 months and 23 3‡ (13) 0 2 (9) 3 (13)
<12 months

CR1 ≥ 12 months 13 8 (62) 1 (8) 0 9 (69)
Patients with unfavorable 27 4 (15) 1 (4) 1 (4) 5 (19)
cytogenetics

*Based on International Working Group criteria.17 †Includes two patients with no prior anthracy-
cline/anthracenedione- and cytarabine-based therapy (prior treatment consisted of etoposide
and tipifarnib only or triapine and fludarabine only). ‡These three CR were in patients with CR1
≥6 months. CR indicates complete remission; CRi: CR with incomplete blood count recovery; PR:
partial remission; CR1: first complete remission.

Figure 2. Leukemia-free survival (LFS) and overall survival (OS) in
patients with primary refractory and first relapsed AML (efficacy pop-
ulation). (A) LFS in patients with complete response (CR) or CR with
incomplete blood count recovery (n = 19); patients were not cen-
sored for subsequent therapies such as maintenance therapy or
transplantation. (B) OS in the efficacy population (n = 69).
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types; however, meaningful comparisons of response rate
between subtypes cannot be made due to the small number
of patients with certain subtypes. 
Stem cell transplantation is recommended when possible

following induction therapy in relapsed AML patients; in
this study, 18 patients (26%) subsequently proceeded to
allogeneic stem cell transplantation, many of whom
achieved CR or CRi. Early mortality was low (2.5% all-
cause 30-day mortality in patients treated at the MTD or
recommended phase 2 dose) in this heavily treated popula-
tion. Although this study was not designed to compare mor-
tality rates between schedules, the difference in mortality
between schedules A and B supported in part the decision to
select schedule B for further evaluation. 
Responses were observed over a broad range of vosaroxin

doses in both tested schedules. The observed CR rate was
lower with schedule B; however, a higher proportion of
patients had primary refractory disease, and the median
duration of first CR was shorter among patients treated with
schedule B, so the ability to compare the cohorts is limited.
Vosaroxin doses higher than 90 mg/m2were not explored, as
the rates of remission were encouraging at this dose, and
plasma concentrations remained above the in vitro 50%

inhibitory concentration16 for over a week.
Other investigational drugs in the refractory/relapsed set-

ting have produced higher response rates in combination
with cytarabine than those observed in the present study
but were associated with increased short-term mortality. For
example, in a phase 3 placebo-controlled trial investigating
laromustine plus high-dose cytarabine (HDAC) compared
with HDAC alone,18 HDAC and laromustine induced more
CR than did HDAC and placebo (35% versus 19%; P=0.005).
However, the study was halted due to higher mortality in
the laromustine group (30-day mortality rate of 11% versus
2% in the HDAC/placebo group; P=0.016), which compro-
mised any potential survival advantage from achievement of
CR. Similarly, in a phase 3, placebo-controlled trial compar-
ing clofarabine plus cytarabine versus cytarabine alone, the
CR rate was improved with clofarabine (35% versus 18%;
P<0.01) but the 30 day mortality was higher in the clofara-
bine arm, and overall survival was not improved.19 These
studies demonstrate that safety and tolerability are as impor-
tant as antileukemic activity for successful treatment of
relapsed/refractory AML. 
The toxicity observed with vosaroxin plus cytarabine in

this study was acceptable and generally manageable, with
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Figure 3. Pharmacodynamic
analyses. (A) Peripheral blood
mononuclear cells (PBMC) from
a patient with acute myeloid
leukemia (AML) (80% AML
blasts; obtained from AllCells
LLC; Emeryville, CA, USA) were
treated ex vivo with vosaroxin,
cytarabine, both agents com-
bined, or vehicle for 5 or 24 h.
Samples were analyzed for the
induction of pDNA-PKcs with
actin as a loading control. pDNA-
PKcs is detectable 5 h after
exposure to 0.5 mM vosaroxin,
whereas a 24 h exposure is
required for a comparable phar-
macodynamic response to 1 mM
cytarabine. Induction of both
pS2056 and pT2609 was
observed and pDNA-PKcs
S2056 was selected as the
pharmacodynamic marker for
subsequent analyses. (B) To
identify optimal time points for
collection of clinical samples,
induction of pDNA-PKcs follow-
ing a 2 h exposure to vosaroxin
was examined. PBMC from an
AML patient (80% blasts;
obtained from AllCells LLC) were
treated ex vivo with a dose titra-
tion of vosaroxin or vehicle for 2
h. Samples were analyzed for
the induction of pDNA-PKcs with
actin as a normalizing control.
Vosaroxin induced a strong phar-
macodynamic response at this
time point. (C) Example of
changes in pDNA-PKcs and
pCHK2 Ievels over time as
detected via western blot analy-
sis in PBMC collected from a
patient treated with 34 mg/m2

vosaroxin in combination with
400 mg/m2 continuous intra-
venous cytarabine. Increased
levels were observed by 2 h after
treatment; this patient achieved
a complete remission. 
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few clinically significant cardiac, respiratory, renal, and
hepatic adverse effects. An increased risk of infection due to
myelosuppression is expected in this population, and treat-
ing clinicians were accustomed to monitoring patients and
providing supportive care, as appropriate. Grade 3 or 4
stomatitis was a relatively common adverse event, but did
not lead to treatment discontinuation in any patient. Both
dosing schedules were found to be acceptable from a toler-
ability/feasibility standpoint; however, stomatitis was noted
to be less frequent with short infusions than with continu-
ous intravenous administration of cytarabine. 
With both dosing schedules, the pharmacokinetic profile

described for vosaroxin was comparable to that observed
with single-agent vosaroxin in advanced hematologic
malignancies,15 suggesting that the pharmacokinetics of
vosaroxin is unaffected by co-administration of cytarabine.
In pharmacodynamic analyses, mechanism-based activa-
tion of a DNA damage response consistent with double-
stranded DNA breaks was observed in peripheral blood
mononuclear cells from patients treated with vosaroxin
doses of 34 mg/m2 or higher; the CR rate was higher
among pharmacodynamic responders, but establishment
of a relationship between DNA damage response and clin-
ical activity requires study in a larger number of patients.
While not performed in this study, it may be of interest in
future studies to stratify patients by extent and/or intensity
of prior cytarabine exposure to assess the impact, if any, on
response to vosaroxin. 
The results of the present study, together with considera-

tions of clinical practicality, provided the rationale for select-
ing the dose regimen of vosaroxin 90 mg/m2 as a 10-min

infusion on days 1 and 4, plus cytarabine 1 g/m2 as a 2-h
intravenous infusion on days 1-5 as the recommended dose
for further study in a phase 3 setting. Based on the clinical
activity of the combination regimen in this study, as well as
previous studies of vosaroxin in patients with
relapsed/refractory AML, a multinational, randomized, dou-
ble-blind, placebo-controlled, phase 3 study in first-relapsed
or refractory AML (the VALOR trial) was initiated20

(NCT01191801).
In summary, these results support further investigation of

vosaroxin combined with cytarabine for the treatment of
patients with relapsed or refractory AML. The combination
has clinically significant activity in patients previously treat-
ed with other topoisomerase II inhibitors, and is well toler-
ated with low rates of early mortality and organ toxicity.
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