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Abstract

Background—The discovery of effective re-induction regimens for children with more than one 

relapse of acute lymphoblastic leukemia (ALL) remains elusive. The novel nucleoside analog 

clofarabine exhibits modest single agent efficacy in relapsed ALL, though optimal combinations 

of this agent with other active chemotherapy drugs have not yet been defined. Herein we report the 

response rates of relapsed ALL patients treated on Children’s Oncology Group study AAML0523, 

a Phase I/II study of the combination of clofarabine and cytarabine.

Procedure—AAML0523 enrolled 21 children with ALL in second or third relapse, or those 

refractory to re-induction therapy. The study consisted of two phases: a dose finding phase and an 

efficacy phase. The dose finding portion consisted of a single dose escalation/de-escalation of 

clofarabine for 5 days in combination with a fixed dose of cytarabine (1 g/m2/day for 5 days). 

Eight patients received clofarabine at 40 mg/m2/day and 13 patients at 52 mg/m2/day.
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Results—Toxicities observed at all doses of clofarabine were typical of intensive chemotherapy 

regimens for leukemia, with infection being the most common. We did not observe significant 

hepatotoxicity as reported in other clofarabine combination regimens. The recommended pediatric 

Phase II dose of clofarabine in combination with cytarabine for the efficacy portion of 

AAML0523 was 52 mg/m2. Of 21 patients with ALL, 3 (14%) achieved a complete response 

(CR). Based on the two-stage design definition of first-stage inactivity, the therapy was deemed 

ineffective.

Conclusion—The combination of clofarabine and cytarabine in relapsed/refractory childhood 

ALL does not warrant further clinical investigation.
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INTRODUCTION

Cure rates for children with acute lymphoblastic leukemia (ALL) have dramatically 

improved over the last several decades with the advent of intensified chemotherapy 

regimens and improvements in supportive care [1–3]. Despite these improvements, many 

children still relapse with resistant disease. It is critical to develop novel re-induction 

regimens that will allow for curative therapy with hematopoietic stem cell transplantation 

(HSCT). Multiple studies have indicated that the depth of remission prior to HSCT in ALL 

is a strong predictor of sustained remission, and the development of novel retrieval regimens 

that reduce or eliminate pre-transplant minimal residual disease (MRD) is a high priority for 

the management of ALL relapse. Clofarabine is a second-generation purine nucleoside 

analog designed to overcome the limitations and integrate the mechanistic properties of 

fludarabine and cladribine [4]. Clofarabine requires intracellular phosphorylation by 

deoxycytidine kinase (dCK) to the active triphosphate form (clo-CTP) prior to inhibition of 

DNA polymerase and ribonucleotide reductase. It also affects mitochondria directly, 

resulting in release of cytochrome c and proapoptotic proteins [5–7]. Clofarabine has shown 

single agent activity in Phase I and II studies in pediatric patients with relapsed or refractory 

ALL [8,9]. In 2005, the US Food and Drug Administration approved its use for the 

treatment of children aged 1–21 years with relapsed or refractory ALL treated with at least 

two prior treatment regimens. Subsequent development efforts have focused on defining 

combinations for relapsed acute leukemia.

Pre-clinical investigations have led to the development of a clofarabine/cytarabine 

combination regimen in acute leukemia. As a potent inhibitor of ribonucleotide reductase, 

clofarabine can be used to increase the accumulation of the cytotoxic triphosphate form of 

cytarabine (ara-CTP) in leukemia cells. Inhibition of ribonucleotide reductase by clofarabine 

results in a decrease of deoxynucleotide production, causing a decrease in the feedback 

inhibition of dCK—also the rate limiting step in the synthesis of ara-CTP. This biochemical 

modulation of cytarabine by clofara-bine is well established in vitro and has been studied in 

clinical trials in adults with relapsed acute myeloid leukemia (AML) [10,11].
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Here we describe the findings of the ALL stratum of Children’s Oncology Group Phase I/II 

study AAML0523. The primary objective of this study was to define the overall response 

rate to clofarabine in combination with cytarabine in children with relapsed or refractory 

AML or ALL. This manuscript reports only results for children with relapsed ALL; the 

findings for children with AML will be described separately.

METHODS

Patients

AAML0523 opened to accrual for ALL patients on March 12, 2007 and closed October 22, 

2010. Data analyses for patients with ALL are current as of June 30, 2011. Patients eligible 

for the ALL strata were required to be between 1 and 21 years of age, in second or third 

relapse or refractory to re-induction in first relapse. Relapsed patients were allowed to have 

no more than three prior induction regimens. Patients were required to have histologically 

proven ALL according to the French-American-British (FAB) classification system and 

>25% bone marrow blasts. Other requirements included adequate liver (serum bilirubin ≤1.5 

times upper limit of normal (ULN) for age, ALT ≤2.5 times ULN for age), renal (based on 

age/gender derived from the Schwartz formula), cardiac (echocardiogram with shortening 

fraction ≥27%), and pancreatic function (serum amylase and lipase ≤1.5 times ULN), and 

adequate performance status (Karnofsky or Lansky performance status of ≥50%). Exclusion 

criteria included prior clofarabine treatment, uncontrolled systemic infection, and active 

central nervous system involvement (CNS3). Due to severe hepatotoxicity observed in a 

concurrent pediatric clinical trial using concurrent clofarabine, cyclophosphamide, and 

etoposide [16], AAML0523 was amended to exclude ALL patients that had received HSCT 

within 12 months of study entry. Three patients with ALL who had received prior HSCT 

were enrolled prior to the amendment, and two patients with prior HSCT were enrolled after 

the amendment. Institutional review boards at participating centers approved the study, and 

participating patients or their parents signed written informed consent. The original clinical 

trial was registered at www.clinicaltrials.gov as NCT00372619.

Study Design

The study was conducted in two phases: a dose finding phase and an efficacy phase. The 

dose finding phase of the study consisted of a single dose escalation/de-escalation of 

clofarabine in combination with a fixed dose of cytarabine (1 g/m2/day for 5 days). For each 

dose level, 10 patients were enrolled and consisted of both ALL and AML patients. The first 

cohort of patients received clofarabine at 40 mg/m2/day for 5 days (the adult MTD). Based 

on safety data on the first cohort, the dose of clofarabine would either be escalated to 52 

mg/m2/day (single-agent pediatric MTD) or de-escalated to a dose of 30 mg/m2/day. The 

recommended Phase II dose was used in the efficacy portion of the study with separate ALL 

and AML cohorts. Previous studies of multi-agent regimens in ALL patients in second 

relapse report 30–40% complete response rate [12–14]. Therefore, a two-stage design was 

implemented to test the null hypothesis that the complete response rate (CR only) is ≤30% 

versus the alternative hypothesis that the response rate is ≥50%. Patients who received 

therapy at recommended Phase II dose in the first phase were included in the efficacy phase.
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Treatment Plan

Induction therapy consisted of up to two cycles. If a bone marrow aspirate (BMA) 

performed between Days 14 and 21 of Cycle 1 revealed ≥5% blasts, Cycle 2 of induction 

was administered without waiting for count recovery. In the event of a hypocellular BMA, 

marrow evaluation was repeated not less than once every 14 days until response assessment 

was possible. If the Days 14–21 BMA revealed <5% blasts, patients received therapy once 

attaining adequate peripheral blood count recovery. Adequate peripheral blood count 

recovery in patients with ALL was defined as absolute neutrophil count (ANC) >750/μl and 

platelet count >75,000/μl. Patients without adequate peripheral blood count recovery by Day 

42 were to proceed to Cycle 2 if there was no bone marrow aplasia. In the dose finding 

phase, Cycle 1 consisted of clofarabine on Days 2–6 and cytarabine on Days 1–5 for 

correlative study purposes. Correlative biology studies will be described in a separate 

manuscript. In the Phase II activity assessment part of the study, both clofarabine and 

cytarabine were administered intravenously (IV) over 2 hours on Days 1–5. Cytarabine was 

administered as a 2-hour IV infusion beginning 4 hours after the start of clofarabine to 

optimize the biochemical modulation of ara-CTP. Systemic inflammatory response is a 

known side effect of clofarabine [8,9]. Patients experiencing respiratory distress, 

unexplained hypotension or tachycardia with clofarabine were to receive intravenous 

hydrocortisone pre-treatment for up to 3 days for the remainder of that cycle. Prophylactic 

intrathecal cytarabine (IT) was administered to all patients at the time of diagnostic lumbar 

puncture or on Day 0 of Cycle 1 (at least 24 hours prior to administration of IV cytarabine). 

On Day 1 of Cycle 2 and all subsequent cycles patients received intrathecal methotrexate 

dosed according to age.

Response Criteria

The overall response rate (OR) consisted only of patients who achieved a complete 

remission (CR), and did not include those with incomplete platelet or neutrophil count 

recovery (CRp or CRi, respectively). CR was defined as attainment of an M1 bone marrow 

(<5% blasts) with an ANC >750/μl and platelet count >75,000/μl; partial remission (PR) as 

complete disappearance of circulating blasts and achievement of M2 marrow status (≥5% 

and <25%) and adequate cellularity with recovery of peripheral counts (ANC >750/μl and 

platelet count >75,000/μl); partial remission cytolytic (PRCL) as disappearance of peripheral 

blasts and at least 50% reduction of marrow blasts from baseline; minimal response cytolytic 

(MRCL) as ≥50% reduction in peripheral blasts from baseline without an increased 

peripheral WBC count; and stable disease (SD) in patients who did not qualify for either 

CR, PR, PRCL, MRCL, or progressive disease (PD).

Statistical Analysis

The Kaplan–Meier method was used to estimate overall survival (OS, defined as time from 

study entry to death). Patients were censored for OS analyses at the date of last contact. 

Patients defined as responders (those with a best response of CR) were compared with 

patients who were non-responders (best response not CR). The significance of observed 

difference in proportions was tested using the Chi-squared test and Fisher’s exact test when 
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data were sparse comparing groups of patients. The Kruskal–Wallis test was used to 

determine the significance between differences in medians of groups.

RESULTS

Study Population

In total, 21 patients with ALL were enrolled on AAML0523—including eight patients 

treated with clofarabine at 40 mg/m2 and 13 patients at 52 mg/m2. All patients were 

determined to be eligible for study. Table I lists the characteristics of these patients. 

Eighteen patients were in second or third relapse, while three patients were refractory to re-

induction therapy at first relapse.

Toxicity

Non-hematologic toxicities Grade 3 and higher as defined in Common Terminology Criteria 

for Adverse Events (CTCAE), version 3 were collected on all patients. Those occurring in 

more than one individual at clofarabine doses of 40 and 52 mg/ m2 are included in Tables II 

and III. AML patients treated concurrently on the dose-finding portion of the study are also 

included in these tables. In the dose finding portion of the study, eight eligible ALL patients 

and two eligible AML patients were enrolled to the first strata at a dose of 40 mg/m2 of 

clofarabine. Two ALL patients with prior HSCT (22 and 5 months prior to enrollment on 

study) had dose-limiting toxicities (DLT’s): one with Grade 4 fungal infection and 

pneumonitis and another with Grade 4 fungal infection. Neither patient received antifungal 

prophylaxis. As two or fewer patients exhibited a DLT at 40 mg/m2 of clofarabine, 10 

additional patients (three ALL and seven AML) were enrolled at 52 mg/m2 in the second 

portion of the dose finding study. None of the ALL patients enrolled at 52 mg/m2 

experienced a DLT, while one patient with AML experienced a DLT (bone marrow aplasia, 

Grade 4 hypokalemia, Grade 3 nausea, Grade 3 dehydration), therefore the recommended 

dose of clofarabine for the efficacy portion of AAML0523 was 52 mg/m2. The most 

common toxicities were anorexia, fever/neutropenia, transaminitis, and hypokalemia, 

consistent with prior studies of clofarabine.

There did not appear to be a significant difference in time to recovery between Cycles 1 and 

2 in either dose level. The median cycle length for patients without ANC and platelet 

recovery at the 40 mg/m2 level was 22 and 29 days, respectively after one course and 19 and 

17.5 days, respectively after two courses. At the 52 mg/m2 dose level, the median cycle 

length for patients without ANC and platelet recovery was 20 and 17 days, respectively after 

one course and approximately 17 days after two courses. These findings reflect that patients 

without marrow recovery had PD, received alternate chemotherapy, or proceeded to HSCT 

prior to count recovery, rather than drug-induced prolonged bone marrow aplasia.

Response

Table IV shows the response of patients to protocol therapy. Of 21 patients, three achieved 

CR—one at a clofarabine dose of 40 mg/m2 and two at 52 mg/m2. All three patients with 

CR achieved this response after one course of therapy and went on to receive a second 

course; one died during the second course due to complications arising from capillary leak 
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and multi-organ failure. Ten patients went off study after the first course: three for PD, three 

with SD, two with PRCL, and two with MRCL. Reasons for study withdrawal included: 

physician decision (six patients), unacceptable toxicity (two patients), and parental refusal of 

further protocol therapy (two patients). Based on the two-stage design definition of first-

stage inactivity as four or fewer CRs in the first 13 ALL patients treated at 52 mg/m2, the 

therapy was deemed ineffective.

DISCUSSION

Cure following multiple relapses in children and adolescents with ALL is very difficult. 

With current therapies, approximately 40% of patients in second relapse achieve a third 

remission of which only about 15% of those achieve disease-free survival over 5 years [15]. 

Clearly, novel therapies are needed. In our study of clofarabine/cytarabine in children with 

second or greater relapse, response rates and OS were poor (Fig. 1). The CR rate in our 

study (14%) was not significantly better than that seen with clofarabine alone in a pediatric 

Phase II trial (12%) [9]. A contributing factor may be that almost half of the patients on this 

study received only one induction course, while the median number of courses received on 

the pediatric Phase II trial was two courses. Moreover, many patients in this trial proceeded 

to other forms of therapy before waiting for peripheral blood count recovery, thus negating 

formal response assessment. Finally, accumulation of ara-CTP by biochemical modulation 

may not be a significant factor in ALL, as compared to AML.

The toxicity profile of this combination was consistent with other cytotoxic acute leukemia 

re-induction regimens, with febrile neutropenia, transaminitis, and hypokalemia being the 

most common. As described, DLT’s during the dose-finding portion of the study included 

fungal infection. It is recommended that patients receiving clofarabine receive anti-fungal 

prophylaxis, consistent with intensive AML-type chemotherapy regimens. No veno-

occlusive disease (VOD) was observed, including five patients that received HSCT prior to 

study entry. In addition to AAML0523, clinical trials utilizing clofarabine and cytarabine in 

adult AML therapy also do not demonstrate an increased incidence of VOD [16]. One death 

on study was felt to be treatment-related; a patient achieving CR after one course developed 

a systemic inflammatory response during course 2, with capillary leak leading to multi-

organ failure and death, despite protocol-recommended steroid pre-treatment. Similar events 

have been reported with clofarabine as a single agent [8,9]. Due to this acceptable toxicity 

profile, five of seven patients who had some measurable response to therapy went on to 

receive HSCT. A total of six patients went on to receive HSCT after protocol therapy. Of 

these six patients, two achieved CR on study, and three achieved CR with further therapy. 

One patient received HSCT without achieving CR.

Hijiya et al. recently reported the activity of clofarabine (40 mg/m2), cyclophosphamide 

(440 mg/m2), and etoposide (100 mg/m2) IV daily for 5 days in a Phase II study for children 

with second or greater relapse of acute leukemia. The trial demonstrated an overall response 

rate (ORR defined as CR + CRp) in children with ALL of 44%. The regimen was a 

successful bridge to HSCT in 40% of patients. However, this trial also demonstrated 

significant toxicity. Among the first eight patients enrolled, four experienced severe 

hepatotoxicity in the setting of infection/sepsis and/or capillary leak syndrome. Three 
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patients, including two with prior HSCT, were diagnosed with VOD and died of multi-organ 

failure, leading to both an amendment to exclude patients with prior HSCT in that study and 

an AAML0523 amendment excluding patients with prior HSCT within 1 year [17]. Locatelli 

et al. [18] reported a 56% ORR with a single course of clofarabine (40 mg/m2) combined 

with lower daily doses of cyclophosphamide (400 mg/m2), and higher daily doses of 

etoposide (150 mg/m2). In that study, no treatment-related deaths or cases of VOD were 

reported, although reversible liver toxicity did occur. The Children’s Oncology Group is 

evaluating clofarabine/cyclophosphamide/etoposide in an arm of AALL1131 in children 

with de novo very high risk ALL.

Based on the results of this clinical trial, further study of this combination and schedule of 

clofarabine and cytarabine is not warranted in children with relapsed ALL.
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Fig. 1. 
Overall survival from study entry for ALL patients on AAML0523.
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