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Abstract

Purpose—To explore the combination of clofarabine, cytarabine, and idarubicin (CIA) in

patients with newly diagnosed acute myeloid leukemia (AML) </= 60 years.

Patients and Methods—Patients ≥18-60 years with AML and adequate organ functions were

candidates. Induction therapy consisted of clofarabine (C) 22.5 mg/m2 IV daily (days 1-5),

idarubicin (I) 6 mg/m2 IV daily (days 1-3), and cytarabine (A) 0.75 g/m2 IV daily (days 1-5).

Patients in remission received up to 6 consolidation cycles (C 22.5 mg/m2 × 3, I 6 mg/m2 × 2, and

A 0.75 g/m2 × 3).

Results—Fifty-seven patients were evaluable. The overall response rate was 79%. With a

median follow up of 10.9 months (range, 1.6 - 23.1), the median overall survival (OS) was not

reached, the median event-free survival (EFS) was 13.5 months, and the median relapse free

survival was not reached. Most toxicities were ≤ grade 2. Four week mortality was 2%. In

subgroup analysis, patients ≤ 40 years had better OS (P = 0.04) and EFS (P = 0.04) compared to

patients > 40 years.

Compared to historical patients treated with IA combination, the OS and EFS were significantly

higher (P = 0.005, 0.0001, respectively) for CIA treated patients. In multivariate analysis, CIA

retained its superior impact on OS and EFS compared to IA.

Conclusion—CIA is an effective combination for patients </= 60 years with newly diagnosed

AML. Patients ≤ 40 years had better OS and EFS. CIA achieved longer OS and EFS compared to

IA alone.
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Introduction

For the last 4 decades, the combination of cytarabine and an anthracycline (“7+3”) has been

the standard of care for patients with newly diagnosed acute myeloid leukemia (AML).1-3

Although the overall response rate (ORR) to this combination is 70-80%, only

approximately 30 - 40% will live beyond 5 years and most patients will relapse and die from

their disease or associated complications.4,5

Numerous modifications of this combination (using different anthracylines, adding a third

agent such as cladribine or etoposide, extending the number of days of cytarabine, priming

of leukemia blasts with hematopoietic growth factors, addition of modulators of multidrug

resistance) failed to improve response rates and overall survival (OS).6-13 On the other hand,

evidence has accumulated to suggest that dose intensification of cytarabine during induction

and consolidation may result in higher complete remission rate (CR) and superior long term

outcome mainly in patients ≤ 60 years old.14-18 Furthermore, higher doses of daunorubicin

have also shown to increase response rate and long-term survival in a subset of these

patients.5

Clofarabine is a second generation nucleoside analog which has shown significant activity in

pediatric and adult acute leukemias.19,20 Although active in single agent trials of patients

with AML, combinations of clofarabine with other agents have been more promising.18 A

phase I trial of clofarabine in combination with either idarubicine (CI), or both cytarabine

and idarubicine (CIA) in patients with primary refractory and first relapse AML has

produced CR rates of 13% (3/23) and 48% (10/21) with median remission durations of 4.5

months and 15 months, respectively.21 In this phase I study, the maximum tolerated doses

(MTD) for the CIA combination were defined as: clofarabine 22.5 mg/m2 intravenously

(IV) daily × 5, idarubicin 6 mg/m2 IV daily × 3, and cytarabine 0.75 g/m2 IV daily × 5

days.21

Based on the suboptimal outcome of standard AML induction therapy and the encouraging

activity of clofarabine in the context of the CIA regimen, we designed a phase II trial to

investigate the efficacy and the safety of the CIA combination in patients ≤ 60 years with

newly diagnosed AML.

Patients and Methods

Study group

Eligible were adults ≥18-60 years with newly diagnosed AML according to the WHO

classification. Patients must have been chemotherapy-naïve (no prior cytotoxic

chemotherapy except for hydroxyurea), but could have received prior therapy with

hypomethylating, targeted, or biological agents. Additional eligibility criteria included

adequate renal (serum creatinine ≤ 1.0 mg/dL) hepatic (serum bilirubin ≤ 1.5 × upper limit

of normal, serum transaminases [SGPT and/or SGOT]≤ 2.5 × ULN), cardiac (ejection

fraction ≥ 45% by either echocardiography or MUGA [Multi Gated Acquisition] scan) and

ECOG (Eastern cooperative Oncology Group) performance status of at least 2. Patients were

excluded if they had any coexisting medical condition that in the judgment of the treating
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physician was likely to interfere with study procedures or results, or if they had any active

uncontrolled infection. Patients with acute promyelocytic leukemia were also excluded.

The study was approved by the institutional review board (IRB) of the University of Texas

M. D. Anderson Cancer Center and was conducted in accordance with the basic principles

of the declaration of Helsinki. All patients signed informed consent to participate in the trail.

Treatment

Patients received induction chemotherapy with clofarabine 22.5 mg/m2 IV over

approximately 1 hour daily for 5 days (days 1-5), idarubicin 6 mg/m2 IV over approximately

30 minutes daily for 3 days (days 1-3), and cytarabine 0.75 g/m2 IV over approximately 2

hours daily for 5 days (days 1-5). Patients, who have not achieved a complete remission

following the induction course, could receive a second induction course. All patients ≥50

years were admitted to a laminar air flow where they spend an average of 28 days.

Patients who achieved remission (complete remission [CR] or complete remission without

platelet recovery [CRp]) after their induction therapy were eligible to receive up to 6 cycles

of consolidation therapy. Consolidation therapy consisted of clofarabine 22.5 mg/m2 IV

daily for 3 days (days 1-3), idarubicin 6 mg/m2 IV daily for 2 days (days 1-2), and

cytarabine 0.75 g/m2 IV daily for 3 days (days 1-3). Cycles were repeated every 4 to 6

weeks based on leukemia response and resolution of study drug-related toxicities. Interim

assessment of the first 30 patients revealed low induction mortality and good tolerability;

therefore, we increased the doses of both cytarabine and idarubicin to try and improve the

outcome of the patients further. Hence, from patient 31 onward, induction doses were

amended to clofarabine 20 mg/m2 IV (days 1-5), idarubicin 10 mg/m2 IV (days 1-3), and

cytarabine 1 g/m2 IV (days 1-5) and the consolidation doses to clofarabine 15 mg/m2 IV

(days 1-3), idarubicin 8 mg/m2 IV (days 1-2), and cytarabine 0.75 g/m2 IV (days 1-3).

Supportive measures for optimal medical care were provided throughout the study as

determined by the treating physician and the patient's medical needs. Use of colony-

stimulating factors was permitted, but not mandated. Prophylactic antibiotics, antifungals,

and antiviral agents (eg, levofloxacin, itraconazole, valacyclovir) were administered to all

patients.

The pretreatment evaluation included history and physical examination, complete blood

count (CBC) with differential and platelet count, a complete chemistry survey, and marrow

aspiration with cytogenetic and molecular markers. An echocardiogram or MUGA scan to

evaluate the left ventricular ejection fraction was performed before therapy. Follow-up

studies included CBC, differential, and platelet count at least weekly. Bone marrow aspirate

and/or biopsy were repeated on day 21 of induction and every 1-2 weeks thereafter until

remission or no-response was established.

Assessment of response

A CR was defined as disappearance of all clinical and/or radiologic evidence of disease with

≤ 5% bone marrow blasts, neutrophil count ≥ 1.0 × 109/L, and platelet count ≥ 100 × 109/L.

A complete remission without platelet recovery (CRp) had identical marrow results and
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neutrophil recovery as for CR, but with platelets < 100 × 109/L. Partial remission consisted

of a peripheral blood recovery as for CR, but with a decrease in marrow blasts of at least

50% compared with baseline before therapy and not more than 6% to 25% blasts in the

marrow. All other responses were considered failures.

Statistical Analysis

This is a prospective, single arm, open label, phase II trial to assess the efficacy of

clofarabine, idarubicin, plus cytarabine (CIA) in chemotherapy-naïve AML patients ≤60

years. The primary endpoints of this study were overall response rate (CR+CRp) and event

free survival (EFS). Secondary endpoints included safety assessment of this combination

(based on guidelines as established by the National Cancer Institute Cancer Evaluation

Program (NCI-CTEP) version 3).

Differences among variables were evaluated by the Chi Square and Mann Whitney U test

for categorical and continuous variables among patent's group respectively. Time-to-event

analyses were performed by the Kaplan-Meier method, and survival curves were compared

with the 2-tailed log rank test. A two sides P value ≤ 0.05 was considered to be statistically

significant. Univariate and multivariate Cox proportional hazards regression analysis was

used to model the relationship between potential prognostic factors and survival (OS and

EFS). Confidence interval (CI) estimation for the survival curves was based on the

cumulative hazard function, using the Greenwood formula for standard error estimation. All

statistical analyses were performed using STATA/SE version 12.1 statistical software (Stata

Corp. LP, College Station, TX).

Results

Patient Characteristics

From April 2010 until February 2012, 59 patients were enrolled in the study. The patient's

demographics and disease characteristics are summarized in Table 1. The median age was

48 years (range, 19 -60). The median WBC count at presentation was 3.2 > 109/L (range,

6-100.2). Forty patients (68%) had de novo AML, 18 (30%) had secondary AML {10 (17%)

with MDS-related and 8 (13%) with therapy-related AML}, and 1 patient (2%) with mixed

phenotypic leukemia. Out of the 59 patients, 39 (66%) had intermediate risk cytogenetics

{21(36%) with diploid cytogenetics} and 20 (34%) were in the unfavorable cytogenetic

group. Six patients (10%) had a FLT3- ITD mutation at presentation (two of them had a

concomitant NPM1 mutation).

Response and Outcome

Fifty seven patients were included in the final analysis (2 patients were in-evaluable; one

was withdrawn from the study on day 8 due to insurance problems and the other completed

5 days of induction chemotherapy and was then lost to follow up). The response rate and

characteristics of responders are summarized in Table 2. Forty-two patients (74%) achieved

CR and 3 (5%) CRp for an overall response rate (ORR) of 79%. Of the patients who did not

achieve CR/CRp after one induction cycle, 10 patients (18%) received a second induction

cycle. Four of these patients (40%) achieved CR and 2(20%) CRp. One patient died
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following re-induction (developed Steven Johnson syndrome). Patients received a median of

2 cycles (range 1-8 cycles) including induction, re-induction (where applicable) and

consolidation. Of the 45 patients who achieved CR/CRp after induction, 24 (42%) patients

proceeded with an allogeneic stem cell transplant (ASCT) in first CR.

With a median follow up of 10.9 months (range, 1.6 - 23.1), the median OS for the entire

group was not reached (Figure 1A), the median EFS was 13.5 months (Figure 1B), and the

median RFS was not reached (Figure 1C). The patients who underwent ASCT had similar

OS, EFS, and RFS compared to patients who received chemotherapy alone (P = 0.25, 0.78,

0.91, respectively). (Figures included in supplemental data). There were no significant

differences in terms of response rate, OS, EFS, and RFS between the two dose schedules.

Subgroup analysis revealed a trend toward higher OS (HR 0.12, 95%CI, 0.02-0.90, P =

0.04) and EFS (HR 0.12, 95%CI, 0.02-0.93, P = 0.04) among patients ≤ 40 years old who

were treated with CIA compared to patients > 40 years old (remission rate was similar 81%

vs. 78 %, P = 0.92, respectively).

Adverse events and early mortality

The treatment regimen was tolerated well with no unexpected toxicities. Adverse events

(AEs) are summarized in Table 3. Most AEs were ≤ grade 2 including: nausea (45%), rash

(39 %), diarrhea (25%), elevated transaminases (23%), and elevated bilirubin (12%).

Toxicities > grade 2 included elevated bilirubin (4%), hypokalemia (2 %), and seizure (2%).

Myelosuppression was ubiquitous but prolonged myelosuppression > 42 days was

infrequent. Neutropenic fever was common; however, most of the patients were treated

successfully with intravenous or oral antibiotics. One (2%) patient died during the early

induction period (≤28 days, from septic shock and respiratory failure) and a total of 2 (4%)

patients within the first 8 weeks. There were no significant differences in toxicities between

the two dose schedules.

CIA Vs IA

We compared the CIA-treated patients in the current study to a historical cohort of patients

who received the combination of idarubicin plus cytarabine (IA; idarubicin 12 mg/m2 IV

daily on days 1-3 plus cytarabine 1.5 g/m2 IV daily on days1-4; the consolidation consisted

of idarubicin 8 mg/m2 IV daily on days1-2 and cytarabine 0.75 g/m2 IV daily on days 1-3

given every 4-6 weeks for up to 6 cycles). One hundred twenty-two patients treated with IA

at our institution between December 2006 and February 2012 were analyzed. There were no

differences in the patient's clinical and prognostic characteristics between the CIA and IA

groups except for age (patients treated with IA were older, P = 0.02). (Data not reported).

CIA treated patients had significantly superior OS (P = 0.005) and EFS (P < 0.001)

compared to IA (Figure 2).

To further assess the effect of age on outcome, we conducted a multivariate analysis

including all the prognostic markers. Comparing patients of age ≤40 to those age>40, the

impact of age on OS (HR = 0.41, 95% CI = 0.22-0.76, P=0.005) and EFS (HR = 0.46, 95%

CI = 0.25-0.85, P=0.014) was statistically significant. After controlling for age, cytogenetics
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and other important clinical factors (see supplemental data Tables 1 and 2), patients treated

by CIA had significantly better OS (HR = 0.53, 95% CI = 0.29-0.97, P=0.039) and EFS (HR

= 0.40, 95% CI = 0.22-0.73, P=0.003) than those treated by IA (Supplemental data).

In subgroup analysis, patients ≤ 40 years old who were treated with CIA had significantly

superior OS (HR 0.12, 95% CI, 0.02-0.90, P = 0.04) and EFS (HR 0.12, 95% CI, 0.02-0.93,

P = 0.04) compared patients > 40 years. Furthermore, patients ≤ 40 years old who treated

with CIA had better OS and EFS rates compared to identical age group of patients who

received IA (Figure 3). In addition, patients with unfavorable karyotype who treated with

CIA achieved significantly longer OS (P< 0.0001) and EFS (P< 0.0001) compared to

similar patients group treated with I A (Figure 3).

Discussion

Despite the advances over the last 3 decades in the treatment of younger patients with acute

myeloid leukemia, outcome remains unsatisfactory and hence new treatment approaches

need to be explored.

In this pilot study, we combined IA with clofarabine (CIA) based on previous clinical and

laboratory experiences with this combination in patients with AML. Cytarabine requires

intracellular phosphorylation to the triphosphate compound (ara-CTP) to become

biologically active.22 Plunkett et al. demonstrated that accumulation of ara-CTP by human

leukemia cells in vivo is saturated at cytarabine plasma concentrations achieved by

intermediate doses of cytarabine (dose range of 1 to 2 g/m2/day) obviating the need to high

dose of cytarabine regimens.23 In addition, clofarabine is a potent ribonucleotide reductase

(RnR) inhibitor which can modulate ara-CTP accumulation in leukemic cells.22 The

combination of clofarabine with cytarabine can therefore lead to increased retention of ara-

CTP in leukemic cells so that the antileukemic activity of clofarabine is complemented by a

biochemical synergy between these agents.24 Furthermore, Anthracyclines are most

commonly combined with nucleoside analogs in AML therapy. Although the optimal choice

of anthracyclines during induction remains conflicting, idarubicin has been widely adopted

as part of the current induction regimen. Additionally, the combination of cytarabine and

anthracyclines synergizes its antileukemic activity by inhibiting DNA repair damage and

potentiate the antileukemic activity of cytarabine.25

Purine nucleoside analogs such as fludarabine and cladribine have been investigated in

addition to cytarabine and anthracyclines in the treatment of patients with AML. In a phase

III multicenter trial of fludarabine combined with cytarabine and idrubicine (FLAI)

compared to idarubicin, cytarabine and etoposide (ICE) in newly diagnosed patients with

AML < 60 years of age, treatment with FLAI was associated with superior CR rate (75% vs

51%, P =0.01) and lower toxicity. In another large randomized study by the Polish group,

cladribine 5 mg/m2/day was added to daunorubicin 60 mg/m2 for 3 days and cytarabine 200

mg/m2 for 7 days and compared to cytarabine and daunorubicin.. The addition of cladribine

resulted in a higher CR rate and better OS benefit (P = 0.05)9.
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In our study, the ORR was 79% (including 74% CR and 5% CRp rates) in subgroup of

patients with only intermediate and unfavorable cytogenetic profile. Only 10 patients

required a re-induction with 60 % of them responded thereafter. Significant number of the

patients (42%) proceeded with allogeneic stem cell transplant after achieving CR. Although

the protocol was amended to optimize the efficacy of the commination, the amended dose

schedule had similar response rate and toxicity profile to the original dose. In subgroup

analysis, patients ≤ 40 years had significantly better EFS and OS compared to patients > 40

years. Although the remission rate of patients treated with CIA combination was not

statistically significant compared to patients treated with IA, the OS and EFS were superior.

Furthermore, in subgroup analysis, patients ≤ 40 years old and patients with unfavorable

cytogentics had better OS and EFS when they were treated with CIA compared to IA.

Although the results are promising, the study has some limitations including a small sample

size, single institution experience and the comparison to historical based regimen, therefore

the results should be considered preliminary.

In conclusion, CIA combination is safe and active in newly diagnosed patients with AML ≤

60 years and the results are encouraging. A randomized clinical trial with larger number of

patients to compare this combination to standard induction therapy is warranted.

Supplemental data

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Overall survival, event free survival, and relapse free survival in CIA patients
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Figure 2. Overall survival and event free survival in CIA vs. IA treated patients
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Figure 3. Subgroup analysis by age and cytogenetics in CIA vs. IA treated patients
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Table 1
Patient characteristics

Characteristics No. %

Patients 59

Age, years

 Median 48

 Range 19-60

WBC X 109/L

 Median 3.2

 Range 6-100.2

Hemoglobin g/dl

 Median 9.3

 Range 7.3-14.6

Platelets 103/μL

 Median 49

 Range 6-270

Peripheral blood blast %

 Median 12

 Range 0-94

Bone marrow blast %

 Median 42

 Range 3-92

ECOG performance status ≥ 2 4 7

AML history

  de novo 40 68

  MDS-related 10 17

  Therapy-related 8 13

  Mixed phenotype 1 2

Cytotogentic abnormalities*

  Diploid 21 36

  Intermediate 14 25

  Unfavorable 20 34

  Insufficient metaphases 3 5

Molecular abnormalities

  FLT3-ITD 6 10

  NPM1 8 14

  RAS 4 7

  CEBPA 4 7

*
Defined as per the MRC criteria26.

Abbreviations: AML: acute myeloid leukemia, FLT3-ITD: FMS-like tyrosine kinase-3 internal tandem duplication, NPM1: nucleophosmin 1,
CEBPA: CCAAT/enhancer-binding protein alpha.
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Table 3
Toxicities

Adverse Event

Grade
1 to 2

Grade
3 to 4

No. % No. %

Nausea 26 47

Rash 22 39

Diarrhea 14 25

AST and ALT elevations 13 23

Hyperbilirubinemia 7 12 2 4

Constipation 5 9

Mucositis/stomatitis 5 9 1 2

Hand-foot syndrome 4 7

Hypokalemia 3 5 1 2

Vomiting 3 5

Creatinine elevations 2 4

Seizure 1 2 1 2

Abbreviations: AST: aspartate aminotransferase, ALT: alanine aminotransferase
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