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INTRODUCTION

Significant progress has been made in the survival rates of both

acute lymphoblastic leukemia (ALL) and acute myelogenous

leukemia (AML) over the past 4 decades. Current 5-year survival

rates are approximately 85% for children with ALL, and 55% for

thosewith AML [1,2]. Unfortunately, patients with relapsed disease

have dismal outcomes [3,4]. Hematopoietic stem cell transplanta-

tion (HSCT) following a repeat remission state offers these patients

the best chance at survival [4,5]. For a relapse regimen to be

effective, it must be able to induce a remission state and allow for a

safe and efficient transfer to HSCT.

Clofarabine (2-chloro-9-[2-deoxy-2-fluoro-b-D-arabinoflurono-
syl] adenine) is a deoxyadenosine analog, similar in structure to

fludarabine and cladribine, but rationally modified to enhance

cytotoxic activity [6]. Following cellular entry, clofarabine

becomes activated by cytosolic kinases to its active form,

clofarabine triphosphate [7]. A phase I study of clofarabine as a

single agent in children with relapsed leukemia identified a

maximum tolerated dose (MTD) of 52mg/m2 per day for 5 days [8].

Subsequent phase II studies at the identified MTD established

activity against relapsed/refractory (R/R) ALL and AML, with

overall response rates of 30% and 26%, respectively [9,10].

A number of ongoing and completed clinical trials have

been designed to evaluate the feasibility, toxicity, and efficacy

of clofarabine in combination with other chemotherapeutic

agents [11–20]. We previously conducted a protocol for children

with R/R leukemia using a reinduction regimen of topotecan,

vinorelbine, thiotepa, and gemcitabine (TVTG), resulting in a 30%

remission rate [21]. In an effort to improve on the results of this

regimen, we created the TVTC protocol, a phase I/II protocol for

children with R/R leukemia wherein we replaced gemcitabine with

clofarabine. Our rationale with this approach was twofold: (1) to

introduce previously unutilized chemotherapeutic agents to R/R

leukemia patients in an effort to circumvent the issue of drug

resistance and (2) to avoid further anthracycline exposure to

minimize short-term and long-term cardiac toxicity. In the phase I

portion of this study, the MTD of clofarabine was 40mg/m2/day for

5 days [16]. In this report, we describe the efficacy of the phase II

portion of the TVTC protocol, in terms of response rates and ability

to bridge patients to HSCT.

METHODS

Patient Eligibility

Patients with R/R ALL or AML were eligible for this study.

Inclusion criteria required�20% bone marrow blasts, age between

1 and 29 years, and a Karnofsky performance status or Lansky

performance status of�70. Patients with ALL were eligible if they

met one of the following criteria: refractory to induction with 2 or

more regimens; relapsed<24months after first remission on a high-

risk protocol or refractory to one standard reinduction regimen;

second or greater relapse. Patients with AML were eligible if they

met one of the following criteria: refractory to initial induction; any

relapse. Other eligibility criteria included adequate hepatic

(conjugated serum bilirubin �2mg/dl, aspartate aminotransferase

and alanine aminotransferase �4� ULN), renal (normal serum

creatinine for age or creatinine clearance >60ml/minute per

1.73m2), and cardiac function (echocardiogram with ejection

fraction >50%). Exclusion criteria included prior clofarabine

treatment, uncontrolled systemic infections, <14 days since

completion of previous cytotoxic therapy (<7 days if patient

demonstrated rapidly progressive disease and had recovered from
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any toxicities from that therapy), and symptomatic central nervous

system (CNS) disease. Patients with asymptomatic CNS were

eligible to enroll on study.

The study protocol was approved by the Memorial Sloan-

Kettering Cancer Center (MSKCC) institutional review board.

Parents or guardians provided informed consent and patients 7 years

or older provided assent. The study was conducted in accordance

with the basic principles of the Declaration of Helsinki. This study

was registered at www.clinicaltrials.gov as #NCT00462787. N.S.

analyzed and interpreted the data. All authors had access to the

primary clinical trial data.

Treatment

Patients were treated at the MTD based on the phase I portion of

this study (Fig. 1). Topotecan was given as continuous infusion, at a

dose of 1mg/m2/day on Days 0–4 (120 hours). Vinorelbine

was given as intravenous push, over 6–10minutes, at a dose of

20mg/m2, once a week, on Days 0, 7, and 14. Thiotepa was given as

intravenous infusion administered at a dose of 15mg/m2 over

4 hours on Day 2. Clofarabinewas administered intravenously, over

2 hours, at a dose of 40mg/m2, on 5 consecutive days, on Days 3–7.

Dexamethasone was given on Day 3 as prophylaxis against

capillary leak syndrome. Intrathecal cytarabine and hydrocortisone

was administered to all patients within 7 days of starting therapy.

Additional weekly intrathecal doses of cytarabine and hydrocorti-

sone were given to patients with asymptomatic CNS disease.

Patients underwent a BM aspirate on Day 14 of the first induction

cycle, and again following count recovery.

Patients who did not exhibit disease progression or significant

toxicity were eligible to continue to repeat cycles of TVTC

chemotherapy until consolidation with HSCT was available.

Response and Toxicity Criteria

Efficacy of the protocol was evaluated by response rates and

successful transition to HSCT. A patient’s best response after one

cycle of TVTC was used to determine overall response rate (ORR).

ORR was defined as the sum of complete remission (CR) and

complete remission excepting platelets (CRp). CR was defined as

M1 marrow (<5% blasts) and recovery of peripheral counts

(platelets �75� 109/L and absolute neutrophil count �1� 109/L).

CRp was defined as CR, except for recovery of platelet count to

<75� 109/L. Partial remission (PR) was defined as a BM with

>5% and <25% blasts with recovery of platelet and neutrophil

counts. Partial response with marrow aplasia (PRa) was defined as a

hypocellular marrow with <5% blasts and without hematopoietic

recovery.

Adverse events (AEs) were graded by the investigator using the

National Cancer Institute common Terminology Criteria for AE
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Fig. 1. Protocol Schema for TVTC.
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Version 3.0. Data were monitored by the Data and Safety

Monitoring Plans of MSKCC as approved by the NCI. Both the

Data and Safety Monitoring Committee for Phase I and Phase II

clinical trials and the Data and Safety Monitoring Board for Phase

III clinical trials monitored the trial with regards to compliance,

data verification, audits, and therapeutic response assessment.

Statistics

For the phase II portion of this study, descriptive statistics were

performed. Qualitative data are reported in terms of absolute

frequencies and percentages, and quantitative data in terms of

medians with minimum and maximum values. Data analyses for

patients are current as of August 2013.

RESULTS

Patients

A total of 17 patients were enrolled on the phase II portion of this

trial (Table I). Twelve patients hadAML, 4 patients had B-precursor

ALL, and 1 patient had biphenotypic leukemia. Themedian agewas

10 years, with a range from 8months to 24 years. As the majority of

patients had AML, most patients were previously treated with 1

prior regimen (82%). High-risk cytogenetics were found in 41% of

the patients. One patient with pre-B ALL had refractory disease to

three prior induction attempts, with 4.6% aberrant blasts by flow

cytometric evaluation. An IRB waiver was obtained to enroll him

onto the study. Because he had less than 20% blasts upon

enrollment, he was not evaluable for response.

Response

Of the 16 patients evaluable for response, 10 achieved CR and 1

achieved CRp for an ORR of 69% (Table II). CR or CRp was

achieved in 67% (8/12) of patients with AML, 67% (2/3) of patients

with ALL, and 100% (1/1) of patients with biphenotypic leukemia.

Two patients had no evidence of blasts on marrow evaluation

following one cycle of TVTC, but failed to achieve hematopoietic

recovery (PRa). One of these patients proceeded directly to HSCT

without count recovery, and is currently alive 41þ months post-

transplant.

Of the 11 patients with CR or CRp, 9 patients (82%) proceeded

directly to HSCT in remission (Table III). Four of the 9 (44%)

received a single cycle of TVTC; 5 of the 9 (55%) patients received

2 cycles prior to HSCT. No patients received more than 2 cycles of

therapy.

The patient with refractory pre-B ALL to 3 prior regimens, with

4.6% residual disease by flow cytometry, achievedminimal residual

disease negativity following TVTC.He is alive in remission for over

2 years following HSCT.

Toxicity

Sixteen (94%) patients experienced at least one grade 3 or higher

non-hematologic toxicity (Table IV). Febrile neutropenia was

observed in 14 (82%) of patients. Infectious etiologies of bacterial

sepsis were identified in 8 (47%) patients and included Streptococ-

cus viridans, Escherichia coli, Vancomycin-resistant Enterococcus

faecium (VRE), Pseudomonas aeruginosa, Listeria monocyto-

genes, and Coagulase-negative staphylococci. The patient with

L. monocytogenes sepsis also had meningitis, manifested by

generalized clonic–tonic seizures.

Two patients achieved a complete remission following one cycle

of TVTC, but were unable to receive a second cycle or proceed to

HSCT due to toxicity. The first (Pt ID #7) was a 12-year-old female

with relapsed FLT3 ITD positive AML who developed abdominal

mucormycosis. She recovered following surgical and medical

management, but relapsed during her recovery. The other was a 16-

year-old male (Pt ID #8) with relapsed MLL-rearranged ALL who

had severe septic shock from P. aeruginosa sepsis. He eventually

recovered after more than a month of intensive medical manage-

ment, but had a leukemic relapse before being able to transition him

to HSCT.

Therewas one toxicity related death in this cohort of patients. He

was a 25-year-old male who had a PRa following his first cycle of

TVTC. After admission to the intensive care unit for VRE sepsis

and severe neutropenic enterocolitis, he died of a sudden cardiac

arrest 45 days after starting TVTC. Post-mortem evaluation

revealed no evidence of leukemia. There were no cases of veno-

occlusive disease, although only one patient on the study had a

previous HSCT. Capillary leak syndrome was not observed in any

patients.

DISCUSSION

This phase II study of clofarabine combined with topotecan,

vinorelbine, and thiotepa was conducted to evaluate a regimen with

novel agents which patients had not been previously exposed to.

The two primary objectives were: (1) achieve a marrow remission

and (2) successfully transition patients to HSCT. The study

TABLE I. Patient Demographics (n¼ 17)

Characteristic No. of patients % of patients

Age (years)

Median 10 n/a

Range <1–24 n/a

Sex

Male 8 47

Female 9 53

Race

Asian 2 12

Black 2 12

Hispanic 2 12

White 11 64

Immunophenotype

AML 12 70

B-precursor ALL 4 24

Biphenotypic 1 6

Prior regimens

1 regimen 14 82

2 regimens 1 6

3 regimens 2 12

Refractory to prior regimen 3 18

Prior HSCT 1 6

High risk cytogenetics

Monosomy 7 AML 2 12

continued
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demonstrated substantial efficacy with an ORR of 69% in patients

with R/R leukemia. This response rate compares very favorably to

other published combination studies using clofarabine (14–

67%) [11–15,19,20]. Furthermore, the regimen proved to be

tolerable in the majority of cases, as 82% of patients who achieved a

CR or CRp were able to proceed directly to HSCT.

The majority of patients in the phase II portion of this study had

R/R AML. This regimen proved to be highly effective in this

population, with 67% achieving a CR or CRp. Furthermore, all but

one of the patients who achieved a CR/CRp proceeded directly to

HSCT. Two additional AML patients developed aplastic marrows

with no evidence of leukemia involvement. One of those patients

died of an acute cardiac arrest. The other went forward to HSCTand

has been in remission for over 3 years. Only 2 of the 12 AML

patients had completely refractory disease to TVTC.

Only 3 patients with pre-B ALL were evaluable for response on

the phase II portion of this study. Although 2 of the 3 (67%) patients

achieved a CR, a larger cohort of patients needs to be treated to

evaluate the efficacy of TVTC in patients with R/R pre-B ALL.

Although patients with T-cell ALL were eligible, no patients were

enrolled during the phase II portion of this study.

Febrile neutropenia and infectious complications were frequent-

ly observed on this regimen. Due to the high number of infections,

we later incorporated an aggressive prophylactic anti-microbial

regimen for all patients. The regimen consists of levofloxacin,

metronidazole, and voriconazole. Posaconazole replaced vorico-

nazole for our older patients. Since the incorporation of this anti-

microbial regimen, we have seen much fewer infectious compli-

cations, with only one of our last six patients enrolled onto the

protocol having a documented bacterial or fungal infection. The

remainder of the toxicity profile on this study compared favorably to

other published clofarabine combination studies.

Furthermore, we have successfully administered this regimen on

an outpatient basis for the majority of our patients. The topotecan

infusion was usually started on a Friday, and continued for 5 days

using a portable infusion pump. Patients came to our urgent care

center on the following Sunday for the 4-hour infusion of thiotepa.

Clofarabine was given Monday through Friday on an outpatient

basis. Although the majority of patients required hospital admission

for febrile neutropenia, most patients were safely able to spend a

considerable portion of their therapy as outpatients.

One of the most attractive qualities of clofarabine in the

treatment of relapsed or refractory pediatric AML is the lack of

demonstrable cardiac toxicity. There is an increased risk of left

ventricular dysfunction with cumulative doses of �300mg/m2 of

doxorubicin-equivalent anthracycline dosing, with worsening

deficits as the dose increases [22,23]. Current AML protocols use

significant doses of anthracycline therapy for all patients. The

demonstration of mitoxantrone activity in relapsed AML has led to

its incorporation into de novo protocols, raising the anthracycline

exposure even higher [24]. Current Children’s Oncology Group

(COG) protocols use>400mg/m2 doxorubicin-equivalent doses of

anthracyclines for children with AML. Therefore, the vast majority

of relapsed patients have already reached their maximum lifetime

limit of reasonable anthracycline exposure. Developing an effective

clofarabine based protocol for AML patients may provide a useful

alternative to further anthracycline exposure and minimize the risk

of future ventricular dysfunction.

Very few phase II clofarabine based multi-agent regimens have

been evaluated for efficacy in children with AML. In our study, the

ORR in patients with AML was 67%. Furthermore, 7 of the 8

responders (88%) successfully transitioned to HSCT in remission.

Cooper et al. [20] recently reported on the efficacy of the phase II

portion of COG protocol AAML0523, which evaluated a regimen

of clofarabine (52mg/m2/day� 5 days) combined with cytarabine

(1mg/m2/day� 5 days) in 46 patients with R/R AML. They

demonstrated an ORR of 46%, with 76% of responders proceeding

TABLE II. Efficacy Data

Outcome No. of patients % of patients

ORR (CRþCRp)a 11/16 69

CR 10 63

CRp 1 6

PRa 2 12

PD 3 19

ORR by immunophenotypea

AML 8/12 67

Pre-B ALL 2/3 67

Biphenotypic 1/1 100

TABLE III. Characteristics of Responders (N¼ 11)

Patient

ID

Age

(years) Sex Immunophenotype Cytogenetics

Best

response

Cycles of

TVTC

Went Directly

for HSCT

Days between

Day 1 of

TVTC and

HSCT

OS

(months)

7 12 F AML Monosomy 7, trisomy 8 CR 1 Yes 113 7.2

8 16 M Pre-B ALL MLL translocation—t(4;11)(q21;q23) CR 1 No n/a 8.5

9 7 F Biphenotypic no abnormality found CR 2 Yes 119 69.9þ
10 <1 M AML MLL translocation—t(10;11)(p12;q23) CR 2 Yes 78 59.6þ
12 7 F Pre-B ALL 57XX, del (7)(p13p15) CR 2 Yes 76 50.66

13 4 M AML trisomy 6 CR 2 Yes 93 7.5

15 7 F AML t(1;12), del(6q), add(18p) CR 2 Yes 124 14.9

17 11 F AML FLT3 ITD CR 1 No n/a 12.1

19 15 F AML del 5q CR 1 Yes 49 37þ
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to HSCT. Miano et al. reported on the efficacy of clofarabine

(40mg/m2/day� 5 days) combined with cyclophosphamide

(440mg/m2/day� 5 days) and etoposide (100mg/m2/day� 5

days) in 16 patients with R/R AML. The ORR in patients with

AML was 44%, with 57% of responders proceeding to HSCT [11].

This study using the TVTC regimen is the most effective

pediatric phase II, clofarabine based trial against R/R leukemia

reported to date. Accrual numbers were limited by the fact that this

was a single institution study. However, given the efficacy of this

protocol along with the high rate of successful HSCT following

recovery, this regimen warrants further evaluation in a cooperative

group setting. Furthermore, incorporation of the regimen should be

strongly considered in future therapeutic protocols in patients with

newly diagnosed AML who have poor responses to induction

chemotherapy.
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