
Clofarabine with high dose cytarabine and granulocyte
colony-stimulating factor (G-CSF) priming for relapsed and
refractory acute myeloid leukaemia

Introduction

Although most patients with acute myeloid leukaemia (AML)

enter complete remission (CR) with initial therapy, the

majority of remissions are transient, typically lasting

<1–2 years (Pulte et al, 2010). Moreover, patients who never

achieve remission (Estey et al, 1996) or relapse within

6 months of attaining CR (Breems et al, 2005) are less likely

to respond to any treatment regimen than those who have

longer periods of remission. Consequently there has been

interest in discovering new therapies for relapsed AML as well

as AML that never enters CR (‘primary refractory’); we will

refer to such therapies as ‘salvage’. Patients who respond to

salvage therapy may then be candidates for allogeneic

haematopoietic cell transplant (HCT), the only known poten-

tially curative treatment for relapsed or refractory AML.

A salvage regimen in common use is ‘FLAG’, which combines

fludarabine, cytarabine (ara-C) and granulocyte colony-stimu-

lating factor (G-CSF) priming (Estey et al, 1994; Visani et al,

1994; Estey et al, 1999; Jackson et al, 2001; Carella et al, 2001;

Ferrara et al, 2002; Ossenkoppele et al, 2004; Bashey et al, 2006).

Clofarabine is structurally related to fludarabine. However it

appears to have more anti-AML activity at tolerable doses. As

with fludarabine, metabolism of clofarabine to its triphosphate

may increase synthesis of the triphosphate of cytarabine (ara-

CTP) (Cooper et al, 2005). Formation and retention of ara-CTP

may be important in response to ara-C. However unlike

fludarabine, clofarabine inhibits ribonucleotide reductase
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Summary

This phase I/II study was conducted to determine the maximum tolerated

dose, toxicity, and efficacy of clofarabine in combination with high dose

cytarabine and granulocyte colony-stimulating factor (G-CSF) priming

(GCLAC), in the treatment of patients with relapsed or refractory acute

myeloid leukaemia (AML). Dose escalation of clofarabine occurred without

dose-limiting toxicity, so most patients were treated at the maximum dose,

25 mg/m2 per day with cytarabine 2 g/m2 per day, each for 5 d, and G-CSF

5 lg/kg, beginning the day before chemotherapy and continuing daily until

neutrophil recovery. The complete remission (CR) rate among the 46

evaluable patients was 46% (95% confidence interval [CI] 31–61%) and the

CR + CR but with a platelet count <100 · 109/l rate was 61% (95% CI

45–75%). Multivariate analysis showed that responses to GCLAC were

independent of age, cytogenetic risk category, and number of prior salvage

regimens. GCLAC is highly active in relapsed and refractory AML and

warrants prospective comparison to other regimens, as well as study in

untreated patients.

Keywords: multivariate analysis, salvage therapy, clinical trial phase 1,

clinical trial phase 2, remission induction.
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(Parker et al, 1991; Xie & Plunkett, 1996). As a result, fewer

deoxynucleotide triphosphates are available to compete with

ara-CTP for incorporation into DNA. These observations

suggest that combinations of clofarabine with ara-C may be

superior to similar combinations of fludarabine. Indeed reports

of the former’s effectiveness have appeared (Faderl et al, 2005,

2006, 2008). In untreated patients over age 50 years, the

combination of clofarabine 40 mg/m2 daily days 2–6 with ara-

C 1 g/m2 daily days 1–5 resulted in a CR rate of 52% (Faderl

et al, 2006), while a CR rate of 63% was noted in similar patients

age 60 years and older following clofarabine 30 mg/m2 for 5 d

plus ara-C 20 mg/m2 daily for 14 d by subcutaneous injection

(Faderl et al, 2008). Here we report the results of a Phase I/II trial

that differed from the former by using (a) a higher dose of ara-C

and (b) G-CSF priming. We refer to this regimen as GCLAC.

Patients and methods

Patient selection

The GCLAC protocol was approved by the Fred Hutchinson

Cancer Consortium Institutional Review Board; all patients

gave informed consent. The study is listed as Clinical Trials.gov

Identifier NCT00602225. Patients with relapsed or refractory

AML (acute promyelocytic leukaemia excepted) were eligible if

they were aged 18–70 years and had creatinine £88Æ4 lmol/l

(or glomerular filtration rate > 60 ml/min), total bilirubin

<33Æ34 lmol/l and alanine transaminase, aspartate transami-

nase, and alkaline phosphatase levels £2Æ5 times the upper limit

of normal. The initial 32 patients on study were eligible up to

the third salvage for initial treatment or for that relapse with

no limit on the number of relapses. The last 18 patients were

restricted to first salvage only.

Treatment with GCLAC

Patients began G-CSF, 5 lg/kg daily, rounded to the nearest

vial size, by subcutaneous injection 1 d prior to chemotherapy,

and received G-CSF daily until the absolute neutrophil count

(ANC) rose to at least 2Æ0 · 109/l for two consecutive days.

Clofarabine was administered intravenously over one hour,

daily for 5 d at 15, 20, and 25 mg/m2. Ara-C 2 g/m2 was given

over 2 h for 5 d, beginning 4 h after the start of the clofarabine

infusion.

Response was initially evaluated by bone marrow 14 d after

the start of GCLAC. Patients with >5% blasts had a repeat

bone marrow at day 21 and received a 2nd course if the blast

count had not improved. CR was conventionally defined

(Cheson et al, 2003), and CRp was defined by the same criteria

as CR but with a platelet count <100 · 109/l (Faderl et al,

2005). Patients who progressed with the first course (marked

increase in the percentage of of blasts in a cellular marrow

compared to pre-treatment marrow), or who did not achieve

CR or CRp after a second course were removed from study.

Patients in CR received GCLAC consolidation with each dose

of clofarabine 5 mg/m2 less than their induction dose admin-

istered over one hour daily for 5 d, with ara-C given at 1 g/m2

daily, beginning 4 h after the start of clofarabine, over 2 h daily

for 5 d. G-CSF was given in identical fashion as during

induction. Fourteen patients received 1 cycle of consolidation

and four received 2 cycles of consolidation.

Using National Cancer Institute Common Terminology Cri-

teria for Adverse Events v3.0, (http://ctep.cancer.gov/protocol

Development/electronic_applications/docs/ctcaev3.pdf) dose-

limiting toxicity was defined as grade 3 or higher toxicity of

the lungs, heart, bladder, kidneys, or central nervous system, or

grade 4 toxicity of the liver, skin, oropharynx and gastroin-

testinal tract, occurring within 21 d of start of therapy.

Exceptions were grade 3 lung toxicity if probably due to

infection, grade 3 or higher skin rash or anorexia, transient

elevation of hepatic transaminases or alkaline phosphatase, and

grade 3 or higher nausea, vomiting, diarrhoea or mucositis that

resolved to < grade 3 within 48 h of onset.

Statistical analysis

We used a 3 + 3 Phase 1 design to identify the clofarabine

maximum tolerated dose (MTD), with a plan for a Phase 2

expansion at the maximal tolerated dose. An amendment was

approved to further expand the original Phase 2 cohort from

13 to 31 for the explicit purpose of obtaining more data in first

salvage patients, as this group has been previously studied in

regard to features predictive of response to other regimens.

Table I lists the pre-treatment characteristics of the enrolled

patients.

The principal efficacy outcomes of interest were response

and survival. Criteria for CR and CRp were as typically

specified (Cheson et al, 2003). Survival was calculated from the

start of salvage therapy to death from any cause or to time of

last follow up. Survival probabilities were estimated using the

method of Kaplan and Meier. Cumulative incidence was

calculated for overall mortality and for mortality prior to

transplant, treating transplant as a competing event. Differ-

ences in binary variables, including CR or CRp, were assessed

with the Fisher exact test and differences in continuous

variables with the Kruskal–Wallis test.

Univariate and multivariate analyses were used to evaluate

prognostic factors affecting CR and survival. Logistic regres-

sion was used for CR analysis and Cox regression for analysis

of survival. Covariates examined included age, cytogenetics

[with cytogenetic risk defined by Southwest Oncology Group

criteria (Slovak et al, 2000)], duration of first CR (CR1),

number of salvage regimens, and secondary versus de novo

leukaemia. All P-values are 2-sided and were considered

significant when <0Æ05.

Results

Fifty patients were treated (Table I). Their median age was

53 years. Sixty-four percent had relapsed after a median CR
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duration of 26 weeks and 36% had failed initial induction

therapy. Befitting these characteristics, only 6% had favourable

cytogenetics.

Dose finding

During the Phase 1 part of the trial daily ·5 clofarabine doses

were 15, 20 and 25 mg/m2 in nine,seven, and three patients,

respectively. More than six patients each received the 15 and

20 mg/m2 doses because two patients who had received an

allogeneic HCT and were on immunosuppressive therapy for

graft-versus-host disease (GVHD) prior to treatment with

GCLAC had fatal, multi-organ toxicity and infections at these

levels. After Institutional Review Board approval, we subse-

quently excluded such patients from participation and added

extra patients. Considering only patients who had not received

an allogeneic HCT and who were not on immunosuppressive

therapy, we did not observe dose limiting toxicity at any dose.

Because we had seen no suggestion of a relationship between

dose and response (below and Table II), we decided to forego

further dose escalation and treated subsequent patients at

25 mg/m2. Ultimately 34 patients received this dose in either

phase 1 or 2.

Response rate and time to blood cell recovery

Of the 50 patients, four were excluded from analysis of

response : the two aforementioned patients with GVHD, one

patient who received only 1 g/m2 ara-C, and one patient who

did not have a marrow confirming remission status prior to

beginning a preparative regimen for allogeneic HCT. CRs were

seen in 21 of the 46 evaluable patients (46%; 95% confidence

interval (CI) 31–61%) and the CR + CRp rate was 61% (95%

CI 45–75%). CR and CRp rates were 49% and 65% among the

43 evaluable patients without prior HCT (Tables II and III).

While CR rates were considerably higher among relapsed

patients whose first CR durations had exceeded 6 months (3/5

vs. 6/23), patients who had not previously entered CR (12/18)

had a CR rate similar to that seen in patients with first CR

>6 months. CR rates appeared to be affected by salvage

number (64% first salvage, 36% second or greater salvage) but

not by cytogenetics or clofarabine dose; in particular, CR rates

in evaluable patients according to clofarabine dose were: 4/8,

4/6, and 13/32 at daily doses of 15, 20, and 25 mg/m2,

respectively (P = 0Æ48, Fisher exact test).

The presence of >5% blasts (by morphology) in a day-14

bone marrow was an unreliable guide to ultimate response.

Thus, 12/19 patients who still had >5% blasts at day 14

subsequently achieved CR without a 2nd course, with a day 21

marrow showing <5% blasts in most cases, although in one

case CR was not observed until 7 weeks from the start of

therapy. Nineteen (90%) of the CRs were observed after the

Table I. Characteristics of patients enrolled on study. Definition of

cytogenetic risk: Favourable: inv16, t(8;21); Intermediate: trisomy 8,

normal, )Y, +6, )12p; Unfavourable: )5/)5q, )7/)7q, abnormal 3q,

9q, 17p, 20q, 21q, t(6;9), t(9;22), complex karyotype (Slovak et al,

2000) [Note: t(15;17) patients were excluded from study].

GCLAC patients

N = 50

Number %

Sex

Female 14 28

Male 36 72

AML Onset

De novo 32 64

Secondary 18 36

Relapsed (median first CR duration) 32 (26 weeks) 64

First salvage 32 64

Second or greater salvage 18 36

Refractory 18 36

Cytogenetics (at initial diagnosis)

Favourable 3 6

Intermediate 27 54

Unfavourable 20 40

Median Range

Age (years) 53 19–69

AML, acute myeloid leukaemia; CR, complete remission.

Table II. Response rates by cytogenetic risk category or clofarabine

dose.

Cytogenetic risk Complete remissions

Favourable 2/3

Intermediate 10/25

Unfavourable 9/18

Clofarabine dose

Cytogenetic risk 15 mg/m2 20 mg/m2 25 mg/m2

Favourable – – 2/3

Intermediate 2/4 3/4 5 + 4CRp/17

Unfavourable 2/4 1/2 6 + 3CRp/12

CRp, complete remission but with a platelet count <100 · 109/l.

Table III. Response rates by duration first complete remission (CR1)

and salvage number.

CR with

GCLAC (21/46)

Duration CR1 (months)

0 12/18

1–6 4/12

>6–12 2/11

>12 3/5

Salvage number

1 16/33

2 5/8

‡3 0/5
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first course of therapy. The CR + CRp rate was 4/8 in patients

who received a 2nd induction course.

Including only patients whose neutrophil count recovered

(41/50 patients), median time to neutrophil recovery

(ANC > 0Æ5 · 109/l) after first induction course was 21 d

(range 17–35), and to platelet recovery (platelet

count > 100 · 109/l), 30 d (range 22–42). Nine patients did

not recover neutrophils >0Æ5 · 109/l, and 26 did not recover

platelet count >100 · 109/l, typically reflecting persistent AML

in the marrow. Median times to neutrophil and platelet

recovery were 21 d (range 17–27) and 34 d (range 26–73)

respectively after the first consolidation course, and 19 (range

18–20) and 40 d (range 29–40) after the second consolidation

course. Twenty-five patients underwent allogeneic HCT

subsequent to GCLAC treatment, 20 in CR.

Median survival for all 50 patients was 9 months (95% CI

5Æ2–13Æ0 with 17 patients remaining alive after a median follow

up of 1Æ9 years since beginning GCLAC (Fig 1). Thirteen of

these 17 received HCT after treatment with GCLAC. Figure 2

depicts the cumulative mortality occurring prior to transplant,

as well as overall mortality. The difference between the two

represents mortality occurring after transplant.

Univariate and multivariate analysis of prognostic factors

Univariate and multivariate analyses (Table IV) were per-

formed to assess the effect of clinical parameters on the

complete remission rate and overall survival. There was no

significant association of age or cytogenetic risk category with

achievement of CR or overall survival. Patients with a CR1

duration of <38 weeks had a reduced CR rate (multivariate OR

0Æ1, 95% CI 0Æ0–1Æ0, P = 0Æ05), and higher mortality (multi-

variate HR 4.4, 95% CI 1Æ5–13, P = 0Æ007) than those with a

CR1 duration greater than or equal to 38 weeks. There was no

statistically significant difference between those who never

achieved CR and those who had CR1 duration ‡38 weeks in

either CR rate or mortality. Mortality, but not CR rate, was

affected by the prior number of salvage chemotherapy

regimens, with higher mortality for patients for whom GCLAC

was second salvage or greater. Secondary leukaemia was

associated with a lower CR rate (multivariate OR 0Æ2, 95%

CI 0Æ0–1Æ1, P = 0Æ06), but not with mortality.

Adverse events

There were six treatment-related deaths: four after receiving

the first and one after receiving the second course of induction

and one after the first consolidation. These occurred 31, 33, 35,

and 39 d after 1st induction, 28 d after 2nd induction and 33 d

after 1st consolidation. All treatment-related deaths were

associated with infection. Three of the deaths occurred in

prior allogeneic HCT recipients. The overall treatment related

mortality was 12% (Table V).

The most frequent adverse event was infection with ‡ grade

three bacterial or fungal infections seen in 40% of patients

(Table V). Although observed in 46% of patients, ‡ grade three

pulmonary toxicity was invariably associated with infection.

Discussion

The activity of clofarabine + ara-C as salvage therapy for AML

has been previously described (Faderl et al, 2005). Response to
Fig 1. Overall survival of patients treated on GCLAC. The median

survival was 9 months (95% confidence interval 5Æ2–13).

Fig 2. Cumulative mortality after GCLAC for patients who had not yet

undergone transplant (‘pre-transplant’) versus mortality of all patients,

including those who received allogeneic stem cell transplant after

GCLAC. Cumulative mortality was higher after patients had under-

gone allogeneic stem cell transplant.
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prior therapy is typically the major predictor of response to

AML salvage therapy (Estey et al, 1996; Breems et al, 2005).

Here, however, while relapsed patients with CR1 exceeding

either 38 or 52 weeks had higher response rates than relapsed

patients with shorter CRs, univariate and multivariate analyses

suggested no difference between the former and primary

refractory patients. It is quite plausible that this reflected

selection bias such that our primary refractory patients were

more favourable than our relapsed patients. On the other

hand, the difference between expected CR rates (15% by

criteria of Estey et al, 1996) and our observed CR rate (12/18)

is sufficiently large to suggest that GCLAC is qualitatively

different than previous regimens in primary refractory

patients. For example, assuming patients who do not respond

to a first course of 3 + 7 have a 50% chance of responding to a

second (Fernandez et al, 2009), we would expect 7–8 of the15

patients given GCLAC after failing one 3 + 7 to respond to a

second 3 + 7 whereas 10 of these 15 entered CR after receiving

GCLAC. Furthermore, among five patients who had previously

not responded to fludarabine-containing therapy (FA 1

[fludarabine + ara-C], FLAG-AMSA 1 [FLAG + 4¢-(9-Acridi-

nylamino) methanesulfon-m-anisidide], FLAG-Ida 2

[FLAG + idarubicin], FLAG 1), four entered CR after receiv-

ing GCLAC. Another demonstration that GCLAC is qualita-

tively different from prior regimens arises from our

multivariate analysis indicating that adverse cytogenetics was

not a risk factor for response, in contrast to the finding of

Breems et al (2005). A lack of association between cytogenetics

and response has also been made by others using clofara-

bine + ara-C (Faderl et al, 2008; Burnett et al, 2010).

The use of G-CSF in AML has been extensively studied

(Ohno et al, 1994; Dombret et al, 1995; Heil et al, 1997;

Godwin et al, 1998; Kern et al, 1998; Löwenberg et al, 2003;

Hofmann et al, 2004). Although patients given G-CSF post-

chemotherapy have had fewer days with neutropenia and in

hospital, it has been more difficult to demonstrate improve-

ments in remission rate and survival in patients who received

growth factor priming, although one trial (Lowenberg et al,

2003) demonstrated improvement in progression-free survival

in patients randomized to G-CSF priming. A different

randomized study of granulocyte-macrophage colony-stimu-

lating factor (GM-CSF) priming in conjunction with induction

chemotherapy, found that younger patients benefitted from

priming if they had a FLT3 internal tandem duplication or

MLL rearrangement (Thomas et al, 2010). The role of G-CSF

in GCLAC is uncertain, as seemingly encouraging results have

been reported with clofarabine + high-dose ara-C without

G-CSF (Powell et al, 2008). The effects of G-CSF might be

mediated by1) mobilization of leukaemia cells out of the bone

marrow to enhance chemotherapy sensitivity, 2) driving cells

into active cell cycle with increased susceptibility to ara-C, 3)

increasing formation of ara-CTP (Braess et al, 2000) or 4)

promoting incorporation of ara-CTP into DNA in proliferat-

ing cells (Braess et al, 2001).

The CLASSIC1 trial was a Phase III trial comparing ara-C

alone to clofarabine plus ara-C in relapsed or refractory AML

patients aged 55 years or older (Faderl et al, 2011). Although

the CR rate was 35% in the clofarabine-containing arm

compared to 18% in the ara-C alone arm P = 0Æ004, the overall

survival was not different, probably related to the 30-day

Table IV. Univariate and multivariate analysis of complete remission and overall mortality.

Characteristic

Complete remission Mortality

Univariate Multivariate Univariate Multivariate

OR (95% CI) P OR (95% CI) P HR (95% CI) P HR (95% CI) P

Age

<60 years 1Æ0
0Æ36

1Æ0
0Æ29

1Æ0
0Æ14

1Æ0
0Æ18‡60 years 2Æ0 (0Æ5–8Æ8) 2Æ6 (0Æ5–15) 1Æ8 (0Æ8–4Æ0) 1Æ8 (0Æ8–4Æ1)

Cytogenetics

Good/Intermediate 1Æ0
0Æ52

1Æ0
0Æ45

1Æ0
0Æ55

1Æ0
0Æ41Worst 1Æ5 (0Æ4–5Æ1) 1Æ9 (0Æ4–9Æ5) 1Æ3 (0Æ6–2Æ6) 1Æ4 (0Æ6–3Æ1)

Duration of First CR

‡38 weeks 1Æ0 1Æ0 1Æ0 1Æ0
1–37 vs. ‡38 weeks 0Æ2 (0Æ0–1Æ0) 0Æ04 0Æ1 (0Æ0–1Æ0) 0Æ05 3Æ4 (1Æ3–8Æ9) 0Æ01 4Æ4 (1Æ5–13) 0Æ007

0 0Æ6 (0Æ1–3Æ6) 0Æ56 0Æ5 (0Æ0–6Æ0) 0Æ56 1Æ0 (0Æ3–2Æ6) 0Æ93 1Æ4 (0Æ4–4Æ4) 0Æ60

Salvage number

1st 1Æ0 1Æ0 1Æ0 1Æ0
2nd 0Æ6 (0Æ1–2Æ6) 0Æ46 0Æ5 (0Æ1–3Æ0) 0Æ44 3Æ2 (1Æ4–7Æ4) 0Æ006 3Æ6 (1Æ4–9Æ1) 0Æ008

>2nd 0Æ1 (0Æ0–1Æ2) 0Æ07 0Æ1 (0Æ0–1Æ6) 0Æ09 4Æ9 (1Æ7–14) 0Æ003 7Æ3 (2Æ2–24) 0Æ001

Secondary AML

No 1Æ0
0Æ04

1Æ0
0Æ06

1Æ0
0Æ48

1Æ0
0Æ40Yes 0Æ3 (0Æ1–0Æ9) 0Æ2 (0Æ0–1Æ1) 1Æ3 (0Æ6–2Æ8) 1Æ4 (0Æ6–3Æ3)
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mortality of 16% in the clofarabine-containing arm compared

to 5% in the ara-C alone arm. The 30-day mortality for

GCLAC was 0%, despite use in all our patients of a higher ara-

C dose (2 g/m2 vs. 1 g/m2). Of course, the difference in 30-day

mortality rate may have resulted merely from inclusion of

patients with a higher propensity for 30-day mortality in

CLASSIC1. While the median age of our patients was only

53 years, age is not the principal predictor of 30-day mortality

(Walter et al, 2010) and it would be interesting to use more

sophisticated predictors of this outcome to compare the

CLASSIC1 and GCLAC populations. In the absence of such an

analysis, we propose that G-CSF may have improved survival

by reducing the days of neutropenia or by improving the

function of circulating neutrophils, thus, reducing mortality

due to infection.

In conclusion, GCLAC is active in relapsed and refractory

AML, and may be qualitatively different from fludarabine-

containing regimens. There were no dose-limiting toxicities

observed for the studied dose range of clofarabine, other than

in patients who had received prior allogeneic HCT and were

on immunosuppression. In contrast, GCLAC appears as

permissive of subsequent HCT as other salvage regimens.

Prospective comparison of GCLAC with other salvage regi-

mens is warranted, as well as study in untreated AML or high

risk myelodysplastic syndrome. We have embarked on such a

study using a clofarabine dose of 30 mg/m2 daily ·5 together

with ara-C at 2 g/m2 daily ·5.
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demann, W. (1998) Granulocyte colony-stimu-

lating factor shortens duration of critical

neutropenia and prolongs disease-free survival

after sequential high-dose cytosine arabinoside

and mitoxantrone (S-HAM) salvage therapy for

refractory and relapsed acute myeloid leukemia.

German AML Cooperative Group. Annals of

Hematology, 77, 115–122.
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