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ABSTRACT
Purpose. To determine the efficacy and safety of clofarabine and cytarabine (Ara-C) in adult patients with relapsed or refractory acute myeloid leukemia (AML) and in
elderly patients with untreated AML and heart disease.
Patients and Methods. Patients with relapsed/refractory AML and older patients for whom there was a concern over toxicity from additional anthracyclines
received 5 days of clofarabine, 40 mg/m2 per day i.v.
over 1 hour, followed 4 hours later by Ara-C, 1,000
mg/m2 per day i.v. over 2 hours.
Results. Thirty patients were enrolled. The median
age was 67 years (range, 38 – 82 years) and 18 (60%) had
received at least one prior therapy. Eleven (37%) patients had a history of cardiovascular disease and were
considered to be at high risk for anthracycline toxicity.
High-risk cytogenetic abnormalities were present in 14

(47%) patients. The overall response rate (complete remission [CR] plus partial remission) was 53%, including a CR in 14 patients (47%). Responses were observed
in all cytogenetic risk groups and in patients who had
received up to five prior therapies. The median diseasefree survival interval was 9.5 months. The 30-day mortality rate was 20% (de novo AML, 8%; relapsed/
refractory AML, 28%). Of the 14 patients achieving a
CR, half were able to proceed to curative hematopoietic
stem cell transplantation.
Conclusions. Clofarabine in combination with Ara-C
is effective in both untreated and previously treated patients with AML. In addition, it represents a useful remission induction strategy to serve as a bridge to
transplantation in older patients with AML. The Oncologist 2011;16:197–206
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INTRODUCTION

yielded impressive responses in pediatric patients with relapsed acute lymphoid leukemia [24]. A number of studies
from the MD Anderson Cancer Center (MDACC) similarly
demonstrated encouraging response rates with clofarabinebased combinations in both newly diagnosed and relapsed/
refractory AML patients, including many with unfavorable
cytogenetics and prior MDS [25–27]. Response rates of
46%– 60% have been reported, with an acceptable safety
profile and low induction mortality [27]. Recently, the U.K.
National Cancer Research Institute Group demonstrated a
CR rate of 48% in elderly AML patients who would otherwise have been considered unsuitable for intensive chemotherapy [28]. Additionally, clofarabine was evaluated in the
de novo setting with considerable efficacy. A recent study
by investigators from the MDACC in untreated elderly
AML patients with unfavorable prognostic factors, including unfavorable karyotypes, yielded an overall response
rate (ORR) of 46% [29].
Our trial was designed to evaluate a regimen of clofarabine and Ara-C similar to that published by the MDACC
[25–27], and included patients with relapsed or refractory
AML and those with a known history of cardiovascular disease for whom there was a concern about further anthracycline use. Herein, we report the results of our study.

MATERIALS AND METHODS
Eligibility Criteria
Eligible patients were recruited and enrolled in this phase
II, single-institution study from June 2005 through October
2006 at Baylor University Medical Center, a tertiary care
referral center in Dallas, Texas. Patients with relapsed/
refractory AML and older patients for whom there was a
concern over potential toxicity from further anthracycline
treatment because of a known cardiovascular disease history (myocardial infarction [MI], myocardial stenting)
were enrolled. Additional eligibility criteria included: age
ⱖ18 years; histologically confirmed disease (standard or
poor cytogenetic risk AML according to the Southwestern
Oncology Group criteria in first relapse or primary refractory status; untreated high-risk MDS defined as ⬎10%
blasts; chronic myelogenous leukemia in accelerated phase
or blast crisis failing imatinib therapy; untreated AML in
selected elderly patients who are at high risk for anthracycline toxicity); an Eastern Cooperative Oncology Group
performance status score of 0 –2; and adequate organ function studies (serum creatinine ⬍2 mg/dl; liver function
tests: alanine aminotransferase and aspartate aminotransferase ⱕ5⫻ the upper limit of normal, bilirubin ⬍2 mg/dl).
Exclusion criteria (selected) were as follows: eligibility to
receive curative allogeneic transplant; current concomitant
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Acute myeloid leukemia (AML) is recognized as being a
disease of the elderly, and the median age at diagnosis is 67
years [1]. Elderly patients, defined as ⬎60 years of age,
have lower complete remission (CR) rates and lower disease-free survival (DFS) rates than younger AML patients
[2]. Five-year overall survival (OS) rates are reported as
18.4% for patients 55– 64 years of age, 8% for patients
65–74 years of age, and 1.7% for patients aged ⱖ75 years
[1]. Although the reasons for the differences in survival between older and younger patients can be partially explained
by the presence of comorbid conditions, it is also recognized that the biology of AML is different in older patients.
For example, older patients with AML have a higher incidence of unfavorable karyotypes, a higher rate of primary
drug resistance, and a greater history of pre-existing but often unrecognized myelodysplastic syndrome (MDS) [3–9].
Relapsed/refractory AML patients also have a poor
prognosis, with CR rates of 1%–30% except when allogeneic hematopoietic stem cell transplantation (HSCT) is a viable option [10]. Higher response rates are seen, however,
in relapsed/refractory AML patients who have longer first
remission durations (⬎12 months) [11]. Although retrospective modeling studies have demonstrated the prognostic value of selected parameters, such as remission interval,
cytogenetics, age, previous HSCT, etc., in both first and
second relapse AML patients, responses with salvage therapies remain poor [10, 12]. For these reasons, existing chemotherapy regimens fail to produce durable remissions or
long-term survival in both older and relapsed/refractory patients with AML. Therefore, new treatment options are urgently needed for this patient group.
Attempts to improve clinical results observed with the
standard “7 ⫹ 3” regimen, including modifications of the
dose and intensity of Ara-C, different anthracyclines, different doses of anthracycline, and the use of gemtuzumab
ozogamicin (withdrawn from the U.S. market on June 21,
2010), have not significantly improved the long-term prognosis for these patients [13–18]. Recent efforts have focused on the role of reduced intensity conditioning (RIC)
regimens for allogeneic HSCT to consolidate initial responses in patients with adverse risk factors to produce durable remissions [19, 20]. The lower incidence of toxicities
associated with RIC regimens offers a potentially curative
treatment option to elderly patients with AML who otherwise would not be candidates.
Of the nontransplant options, clofarabine, a new generation deoxyadenosine analog that was rationally designed
to resist inactivation by deamination and phosphorolysis,
has demonstrated greater potency and less neurotoxicity
[21–23]. When first studied, single-agent clofarabine
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chemotherapy, radiation therapy, or immunotherapy; use of
investigational agents within 30 days; active heart disease,
including MI within the preceding 3 months; and a history
of severe coronary artery disease or arrhythmias other than
atrial flutter or fibrillation requiring medication, or uncontrolled congestive cardiac failure. Approval for the study
was obtained from the institutional review board of the
Baylor University Medical Center (Dallas, TX). Informed
consent was obtained according to institutional guidelines.
The study was conducted in accordance with the Declaration of Helsinki.

The pretreatment evaluation in all patients included a medical history, physical examination, CBC with manual differential and platelet count, comprehensive metabolic panel
(CMP), coagulation profile (including prothrombin time,
partial thromboplastin time, fibrinogen, fibrin-degradation
products, and D-dimer), electrocardiogram (EKG), multigated acquisition scan, and bone marrow aspiration (flow
cytometry and cytogenetic analysis, including conventional
karyotyping). Some patients had additional analyses, including fluorescence in situ hybridization for common abnormalities (del 5, del 7, 11q23, 20q-) and polymerase
chain reaction for FMS-like tyrosine kinase 3 (FLT3) mutations and internal tandem duplications (ITDs). Follow-up
studies included a CBC with manual differential and CMP
three times per week until endpoints were reached. Bone
marrow aspiration and biopsy were performed on day 14
and monthly thereafter if remission was achieved. If no remission was documented on day 14, a bone marrow biopsy
was repeated on day 28. All patients who achieved a CR or
partial remission (PR) had their response confirmed 4
weeks after the first documentation of response, by repeating the same blood and marrow studies used to establish the
response.

Treatment Schedule
Clofarabine was supplied as a 20 mg/20 ml vial (Clolar威;
Genzyme Corporation, Cambridge, MA). Clofarabine (40
mg/m2 per day) was administered daily as a 1-hour i.v. infusion. Four hours after completion of the clofarabine infusion, Ara-C (1,000 mg/m2 per day) was administered as a
2-hour i.v. infusion. This schedule was repeated daily for
five consecutive days, which constituted one cycle of therapy. This was followed by supportive care until hematologic recovery. Reinduction therapy with the same schedule
of clofarabine and Ara-C was recommended in patients
who achieved a hematologic response, but failed to achieve
a CR. Choice of consolidation therapy was at the discretion
of the treating physician and was permitted after 4 weeks
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from the first dose in patients who had achieved hematologic recovery. The maximal allowed number of study
treatment cycles was four. Supportive measures during induction were antiemetic prophylaxis with i.v. dexamethasone (10 mg daily) and 5-HT3 antagonists on each day of
chemotherapy. Patients were vigorously hydrated to prevent tumor lysis syndrome with i.v. fluids (150 ml/m2 per
hour) and bumetanide (2– 4 mg i.v. push daily or twice daily
as needed to maintain initial weight within 1 kg of their
starting weight). After the initial chemotherapy phase, i.v.
fluid support was returned to maintenance level. Antiinfective prophylaxis was administered at the onset of neutropenia and included levofloxacin (500 mg/day, i.v. or
oral), acyclovir (500 mg, i.v. every 12 hours), and either
caspofungin (50 mg/day) or voriconazole (200 mg twice
daily). Parenteral nutrition was permitted. Routine use of
growth factors was not permitted; however, use of these
agents was permitted according to the American Society of
Clinical Oncology guidelines to treat neutropenia and potential life-threatening infection [30].

Endpoints
The endpoints of this study included disease response measured as the ORR (CR ⫹ PR) and toxicity assessments and
quantification. In addition, we evaluated the ability of patients to proceed to subsequent HSCT.

Response Criteria and Toxicity Definitions
Response to treatment was determined by the investigator.
Response rates were defined based on the revised recommendations of the International Working Group for Diagnosis, Standardization of Response Criteria, and Treatment
Outcomes for Reporting Standards for Therapeutic Trials in
Acute myeloid Leukemia [31]. CR was defined as normalization of marrow blasts (⬍5%), recovery of normal hematopoiesis (absolute neutrophil count ⬎1 ⫻ 109/l, platelet
count ⱖ100 ⫻ 109/l), and absence of peripheral blood
blasts, independent of transfusions and growth factor support. PR was defined as blood count recovery as for CR
with the exception of leukemic marrow blasts in the range
of 6%–25% or a ⱖ50% decrease in bone marrow blasts.
Treatment failure was defined as a ⬍25% change in marrow blasts within 30 days of starting therapy. Pathologic
review was performed by an independent, blinded hematopathologist using both standard histopathologic and multiparameter flow cytometric criteria. Cytogenetic studies
were performed by a specialty reference laboratory (Veripath, Dallas, TX) using standard karyotyping.
Adverse events occurring on study were reported using
the National Cancer Institute Common Terminology Criteria for Adverse Events (version 3.0).
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Statistical Considerations

RESULTS
Patient Disposition and Demographics
From June 2005 to October 2006, 30 patients were enrolled
and received treatment. All patients had a diagnosis of
AML. Baseline patient characteristics are summarized in
Table 1. Seventy percent of patients were aged ⱖ60 years
and 30% were ⬍60 years of age. The median age was 67
years (range, 38 – 82 years). Approximately one third of the
enrolled patients had not received prior treatment for AML
(12 patients) and two thirds had received prior lines of treatment as follows: 1, n ⫽ 5; 2, n ⫽ 6; 3, n ⫽ 2; 4, n ⫽ 2; and
ⱖ5, n ⫽ 3. For this study, receipt of azacitidine was not included as a prior line of therapy. The most common prior
lines of treatment included 7 ⫹ 3, n ⫽ 18; high-dose Ara-C,
n ⫽ 6; etoposide plus cyclophosphamide, n ⫽ 4; gemtuzumab ozogamicin, n ⫽ 3; fludarabine, cytarabine, granulocyte colony-stimulating factor [G-CSF] (FLAG), n ⫽ 2;
5 ⫹ 2, n ⫽ 1; and etoposide plus mitoxantrone, n ⫽ 1. Three
patients had undergone prior autologous HSCT and one patient had received a previous nonmyeloablative allogeneic
HSCT. Cardiovascular history (including MI, bypass
grafting, or compensated cardiomyopathy) was noted in
11 of 30 patients (37%) at baseline. Approximately half
of the patients (n ⫽ 14) had baseline cytogenetic or molecular abnormalities of chromosomes 5 and 7, trisomy 8,
deletions of 11q23, and FLT3 abnormalities (either tyrosine kinase domain [TKD] or ITD). Disease characteristics at study entry are summarized in Table 2.

Treatment Exposure
Thirty patients received at least 1 day of planned therapy,
although only 29 patients completed at least one full cycle
of treatment (5 days). A second cycle of clofarabine and
Ara-C therapy was given to five patients in CR as remission
consolidation. Seven patients (23%) proceeded to autologous or allogeneic HSCT, four of whom were de novo

Table 1. Patient characteristics (n ⫽ 30)
Characteristic
Sex, n (%)
Male
Age, yrs
⬍60
ⱖ60
Median
Range
Karnofsky performance status score, n (%)
100%
90%
80%
70%
60%
Prior therapy, n (%)a
Yes
No
Cardiac ejection fraction
Median
Range
Cardiovascular history, n (%)b
Yes
No

Value
17 (57%)
9 (30)
21 (70)
67
38–82
2 (7%)
12 (40%)
8 (27%)
4 (13%)
4 (13%)
18 (60%)
12 (40%)
62%
51%–75%
13 (43%)
17 (57%)

a
Excluding azacitidine. Three patients received prior
azacitidine as the only therapy.
b
Including myocardial infarction, bypass grafting, and
compensated cardiomyopathy.

AML patients and three who had relapsed/refractory AML.
The median age for patients proceeding to HSCT was 65
years (range, 53 to 71 years). Consolidation therapy (for
those patients not described above) was left to the discretion
of the treating physician.

Response and Outcome
The ORR was 53%, including a CR in 14 of 30 (47%) patients and a PR in two of 30 (7%) patients. As expected, the
ORR was higher in treatment-naïve patients (75%) than in
those who had received at least one prior therapy (39%). CR
was observed more commonly in previously untreated patients (67%) than in previously treated patients (33%). Table 3 describes patient outcomes according to prior
treatment and number of lines of therapy. Seven of the 14
patients who achieved a CR had unfavorable cytogenetics,
and four achieved cytogenetic remission. The ORR and CR
rate in heavily treated (two or more lines of prior therapy)
patients were 38% and 23%, respectively. CR was achieved
in five of the 11 of patients with a cardiovascular history;
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The primary endpoint of this study was the ORR. Summary
statistics were used to describe response rates. The proportion of confirmed responses was estimated by the number of
patients who achieved a CR or PR, defined as two consecutive evaluations at least 4 weeks apart, divided by the number of eligible patients enrolled in the study. Kaplan–Meier
estimates were used to describe time-to-event outcomes
such as DFS and OS. The study was considered successful
if the CR rate, ORR, and induction mortality rate were comparable with those reported by the MDACC (mean, 46%,
55%, and 10%, respectively) [25–27]. Safety was monitored by an independent data safety monitoring board.
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Table 2. Disease characteristics at study entry (n ⫽ 30)
Characteristic
n
2
4
7
3
1
1
3
9
12
5
6
2
2
3
1
13
14
2

a

Based on published Southwest Oncology Group and
Cancer and Leukemia Group B criteria [4, 5] and other
literature [41].
Abbreviations: AML, acute myeloid leukemia; FAB,
French-American-British; FLT, fms-like tyrosine kinase;
ITD, internal tandem duplication; TKD, tyrosine kinase
domain.

three had de novo AML and two had relapsed/refractory
AML. Table 4 depicts the characteristics of the complete
responders in this study. Responses were characterized according to cytogenetic risk group and are shown in Table 5,
stratified by prior treatment.
The Kaplan–Meier estimate was used to calculate the
overall DFS rate for the 14 patients who achieved a CR. The
estimated DFS rates were 79% and 42%, respectively, for
100 days and 1 year. In this subgroup of patients, the median DFS interval was 9.5 months. The median response
duration was 9.5 months (range, 2– 60 months). The
Kaplan–Meier estimate for OS is shown in Figure 1. The
median OS duration was 6 months (range, 0 – 60 months).
Although one patient was lost to follow-up, the median duration of follow-up for the remaining 29 patients was 6
months (range, 0 – 60 months).
Early study deaths occurred in six patients who died be-
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Safety
The observed treatment-related adverse events are summarized in Table 6. Grade 3 myelosuppression and grade 4
neutropenia were observed in all patients. Nonhematologic
toxicities known to occur with this combination regimen
and observed in ⬎10% of patients included diarrhea (60%),
skin rashes (53%; including palmoplantar erythrodysesthesia or hand–foot syndrome, 17%), nausea (40%), elevated
transaminase levels (33%), and mucositis and headache
(20% each). The only cardiac event that occurred in ⬎10%
of patients was atrial fibrillation/atrial flutter, which was
transient and fully reversible with either diuretics or
␤-blocker administration in all patients. These cardiovascular events correlated temporally with the period of aggressive hydration and resolved with diuresis, and were
therefore considered to be possibly caused by volume overload. There were no instances of creatinine phosphokinase-MB or troponin elevation, EKG changes to suggest
ischemia, or other clinical sequelae. The incidence of clinically significant third spacing syndrome was 7%, presumably as a result of aggressive prehydration and steroid
administration. There were no cardiac events directly attributable to clofarabine administration. No patients required dose reduction. One patient discontinued therapy on
the second day of treatment because of early death from disease progression.
The 30-day mortality rate was 20%— 8% in untreated
patients and 28% in relapsed/refractory patients— however, two of these deaths were a result of rapid disease progression. Toxic deaths (septicemia with multiorgan failure)
occurred in 13% of patients.

HSCT
Of the 14 patients who achieved a CR, seven (50%) proceeded to HSCT. Four of these transplant patients (57.1%)
were ⬎60 years of age. Additionally, the majority (four of
seven) had normal cytogenetics, whereas unfavorable cy-
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FAB classification
AML M0
AML M1
AML M4
AML M5
AML M6
AML M7
AML transformed from myelodysplastic
syndrome
AML: unspecified (non-M3)
Prior lines of therapy
0
1
2
3
4
ⱖ5
Cytogenetic or molecular risk groupa
Favorable (关8;21兴, inv16)
Intermediate (normal, ⫺Y)
Unfavorable (⫺5, ⫺7, ⫹8, 11q23⫺, FLT-3 ITD
or TKD mutation; complex abnormalities, ⬎ 3)
Not performed

fore their disease status could be evaluated. These early
deaths were a result of rapid disease progression (n ⫽ 2) and
sepsis/multiorgan failure (n ⫽ 4), including one patient
with myelomonocytic disease (WBC ⬎100 ⫻ 109/l) who
died after 1 day of treatment as a result of rapid disease progression not impacted by the first dose of clofarabine. The
OS rates were 70% and 35%, respectively, for 100 days and
1 year. Mortality was primarily a result of multiorgan failure and disease progression/relapse. Seven of the 14 CR patients received a transplant, five of whom were still alive
and in remission as of last follow-up. The median duration
of follow-up for those five patients was 54 months (range,
49 – 60 months).
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Table 3. Patient response by prior therapy (n ⫽ 30)
All
Previously
Response
evaluable, n (%)
untreated, n (%)

All prior
treated, n (%)

One prior line
of therapy, n (%)

>2 prior lines
of therapy, n (%)

CR
PR
NR or NE

6/18 (33%)
1/18 (5%)
11/18 (61%)

3/5 (60%)
0/5
2/5 (40%)

3/13 (23%)
1/13 (8%)
9/13 (69%)

14/30 (47%)
2/30 (7%)
14/30 (47%)

8/12 (67%)
1/12 (8%)
3/12 (25%)

Abbreviations: CR, complete remission; NE, not evaluable; NR, no response; PR, partial remission.

Overall n of responders
Sex
Male
Female
Age
⬍60 yrs
60–69 yrs
⬎70 yrs
Relapsed/refractory or de novo
Relapsed/refractory
De novo
Cytogenetics or molecular risk group
Favorable (关8;21兴, inv 16 only)
Intermediate (normal, ⫺Y)
Unfavorable (⫺5, ⫺7, ⫹8, 11q23⫺, Flt-3 ITD or
TKD mutation; complex abnormalities, ⬎3)
History of secondary AML
Yes
No
Cardiac history
Yes
No

HSCT logistics including donor search and acquisition
and insurance approval.
n
14
8
6
4
4
6
6
8
1
7
6

8
6
5
9

Abbreviations: AML, acute myeloid leukemia; FAB,
French-American-British; FLT, fms-like tyrosine kinase;
ITD, internal tandem duplication; TKD, tyrosine kinase
domain.

togenetics (n ⫽ 2) and favorable cytogenetics (n ⫽ 1)
were also noted. Two patients underwent autologous
HSCT (4 months and 5.5. months following completion
of clofarabine and Ara-C) and five underwent allogeneic
HSCT. Of the allogeneic HSCT patients, four received
myeloablative conditioning and one received RIC regimens. The duration of CR achieved with clofarabine and
Ara-C was sufficient to enable patients to proceed to
HSCT. The median time interval between the last dose of
clofarabine and Ara-C and the date of transplant was 2.5
months (range, 1.5–5.2 months), enabling completion of

DISCUSSION
The outcomes of standard cytotoxic chemotherapy in older
patients with AML remain dismal, with no regimen providing durable remissions and long-term survival in older patients with AML, or in patients with relapsed or refractory
disease. CR rates after conventional induction chemotherapy progressively decline after the age of 60 [2]. In the Cancer and Leukemia Group B 82525 trial, in which patients
were randomized to three consolidation arms, only 29% of
patients aged ⱖ60 years were able to complete four cycles
of high-dose cytarabine, and in those who did, the 4-year
DFS rate was ⬍16% and the OS rate was 9% [32]. Furthermore, elderly patients are unable to tolerate intensive chemotherapy, and as such alternatives are required.
Clofarabine is a promising agent in the treatment of leukemia, both in terms of its enhanced cytotoxicity, resulting
from prolonged intracellular clofarabine triphosphate retention, and also its appealing toxicity profile. It can be administered effectively either as a single agent or in
combination with other chemotherapeutic agents, including
anthracyclines, antimetabolites, topoisomerase I and topoisomerase II inhibitors, and alkylating agents [25–27, 29,
33]. When clofarabine was administered in combination
with Ara-C, one of the principal backbone agents of standard AML treatment in phase II studies, the accumulation
of clofarabine triphosphate increased levels of intracellular
ara-cytosine triphosphate in some patients [25].
Clofarabine has been studied in a number of phase II
studies in both the setting of de novo disease in high-risk
and standard-risk patients and relapsed/refractory AML patients [28 –33]. The earliest phase I studies evaluated clofarabine in combination with Ara-C in relapsed and
refractory acute leukemia patients [25]. In that setting, a CR
rate of 28% was observed in AML patients. More recent
phase II studies have evaluated clofarabine alone [28, 29],
in combination with Ara-C as initial induction therapy [26,
27], and in combination with Ara-C and an anthracycline
[33] as salvage therapy. Faderl and colleagues evaluated
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Table 5. Patient response by karyotype and molecular risk group and by prior treatment (n ⫽ 28)
No prior treatment
Prior treatment
Response

Favorable,
n (%)

Intermediate,
n (%)

Unfavorable,
n (%)

Favorable,
n (%)

Intermediate,
n (%)

Unfavorable,
n (%)

CR
PR
NR

–
–
–

4/7 (57)
1/7 (14)
2/7 (29)

4/5 (80)
–
1/5 (20)

1/1 (100)
–
–

4/6 (67)
–
2/6 (33)

2/9 (22)
2/9 (22)
5/9 (56)

Only 28 patients are included because two patients were not evaluated at baseline.
Abbreviations: CR, complete remission; NR, no response; PR, partial remission.

clofarabine and Ara-C as induction therapy for previously
untreated AML in patients aged ⱖ50 years [27]. In that setting, the ORRs were 60% for all treated patients (CR, 52%;
CRp, 8%), and 63% for patients aged ⱖ60 years. Death during induction occurred in 7% of patients, all elderly. The
median duration of remission for patients in CR was 8.1
months. A second study from the MDACC group demonstrated similar responses [26]. In a randomized trial comparing clofarabine with clofarabine combined with Ara-C,
the ORR for the combination was 67% (CR, 63%), significantly higher than with clofarabine alone. That study was
associated with a much higher induction death rate of 21%.
The two most recent publications evaluating clofarabine
have focused on clofarabine monotherapy in untreated
older patients with high-risk disease and those with underlying conditions that would preclude treatment with an anthracycline agent [28, 29]. In these high-risk populations,
for which there are limited treatment options, the ORR was
in the range of 46%– 48% (CR, 32%–38%) and 30-day
mortality rate was in the range of 10%–18%.
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The purpose of this phase II study was to confirm the
preliminary results published by Faderl and colleagues
[34]. This study started enrollment in June 2005, prior to the
publication of several other studies on the efficacy and
safety of clofarabine in combination with Ara-C. Our study
enrolled older adults with relapsed/refractory AML in addition to previously untreated AML patients who were at
high risk for anthracycline toxicity because of underlying
cardiac risk factors. Because the primary objective of the
study was to confirm the results of the aforementioned studies [25–27], we used similar dosing regimen of clofarabine
and Ara-C. Based on the results we documented, we were
able to confirm the efficacy and safety profile of the combination of clofarabine and Ara-C. In the 30 patients we
treated, the ORR was comparable, at 53%, including a CR
in 47% of patients. This was an intent-to-treat analysis and
included the six patients with early deaths, who were not
evaluable for response and therefore classified as failures.
We did analyze patients according to receipt of prior therapy and, as anticipated, the ORR was higher among patients
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Figure 1. Overall survival.
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Table 6. Incidence and severity of toxicities (n ⫽ 30)
Toxicity

Grade 1
n (%)

Grade 2
n (%)

30 (100)
1 (3)
5 (17)
2 (7)
1 (3)
1 (3)

Grade >3
n (%)
30 (100)

1 (3)

1 (3)
2 (7)

1 (3)
3 (10)
1 (3)

18 (60)
6 (20)
12 (40)

8 (27)
6 (20)
2 (7)

10 (33)
9 (30)

1 (3)

3 (10)
10 (33)

3 (10)
7 (23)

2 (10)

1 (3)

15 (50)

5 (17)

8 (27)

2 (7)

2 (7)
6 (20)
0 (0)

1 (3)
4 (13)

1 (3)
2 (7)

11 (37)
5 (17)

4 (13)
1 (3)

7 (23)
1 (3)

3 (10)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.

who had not received prior therapy (75%) than among those
who had received prior therapy (39%). The number of patients with high-risk cytogenetic abnormalities was relatively low, so comparisons are subject to interpretation bias.
Regardless, responses were seen in all risk categories.
One of the main challenges with conventional chemotherapy in a predominantly elderly population is reducing
induction death rates. Many studies have been performed in
a largely elderly population documenting induction death
rates of 10%–22% [34 –37]. In the earlier clofarabine studies, the induction mortality rate was in the range of 7%–
21%. In our study, the mortality rate during induction was
20%. The 30-day mortality rate differed according to prior
treatment, with an 8% induction mortality rate in de novo
patients and a 28% induction mortality rate in relapsed/
refractory patients, which is comparable with the results of
Faderl et al. [25–27].
The overall toxicity profile of clofarabine and Ara-C
was also similar to that seen in other phase II studies pub-

lished in the literature [25–28, 29]. The most common toxicities were gastrointestinal (diarrhea, nausea, vomiting),
transient and reversible increases in liver transaminases, elevations in serum creatinine, and palmoplantar erythrodysesthesia. The frequency of these toxicities was similar to that of
the toxicities reported in other phase II studies [25–27, 29].
One of the secondary objectives of this study was to
evaluate a nonanthracycline-based induction regimen in
patients who are at high risk for anthracycline toxicity
because of a prior cardiac history. Although a formal assessment of cardiovascular risk was not performed, we
did include patients with compensated cardiovascular
disease as candidates for treatment with the clofarabine
and Ara-C combination. There was no cardiac toxicity
demonstrated, with the exception of atrial fibrillation,
which was transient and reversible in all cases. Although
no definite claims of superiority over other regimens can
be made, it was demonstrated that compensated cardiovascular disease is not a contraindication to treatment
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with this combination, as long as aggressive supportive
care is provided.
The other point of interest to us in performing this study
was the feasibility of using a clofarabine and Ara-C– based
regimen to induce remission and serve as a bridge to transplant, specifically for those patients with relapsed/refractory disease. In the relapsed and refractory population, one
of the only curative modalities is HSCT. Depending upon
the duration of the initial response, it may become difficult
to achieve a second CR of sufficient duration to permit a
transplant search to occur. In this study, we observed that
although the overall rate of patients proceeding to HSCT
was low (23%), if a CR was achieved, 50% of those patients
were able to proceed to either autologous or allogeneic
HSCT. The median age of the seven HSCT patients was 65
years. For the seven patients who achieved a CR but did not
receive a transplant, the lack of availability of a matched
donor, advanced age, comorbidities, and/or patient preference dictated therapy. In 2010, the use of RIC HSCT was
increasing in frequency, particularly for hematologic malignancies. For elderly patients, this offers a potentially curative treatment option that is not otherwise available if a
standard myeloablative regimen is used. The clofarabine
and Ara-C combination used in our phase II study served as
a bridge to transplant in a manner similar to that observed
with other clofarabine-based regimens [38, 39].
There are limitations to our small phase II trial. First is the
small patient sample size, an inherent difficulty with a singlecenter study. The second limitation was a lack of formal assessment of cardiac comorbidities, other than patient history.
We recognize that many trials include patients with compensated cardiovascular disease, but feel that clofarabine–Ara-C
is another treatment option for this group of patients based on
the lack of any serious irreversible cardiac outcomes.

CONCLUSIONS
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