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SUMMARY
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Clofarabine and cytarabine target different steps in DNA synthesis and replication, are synergistic
in vivo, and have non-overlapping toxicities making this combination a potentially promising
treatment for acute lymphocytic leukemia (ALL). Study goals were to: (1) evaluate the complete
remission (CR) rate with Clo/Cy in patients with relapsed/refractory ALL; and (2) assess
expression of connective tissue growth factor (CTGF) and nucleoside transporters in leukemic
blasts. Associated with poor outcome in newly diagnosed ALL, CTGF is over-expressed in both
pediatric and adult ALL. Transport of nucleoside analogs, such as clofarabine, may determine
their cytotoxicity, therefore, nucleoside transporter expression may affect response. Thirty-seven
patients were treated and evaluated for response. Median age was 41 years, and 44% of patients
were either refractory or in ≥ 2nd relapse. Fifty-nine percent of evaluable patients had poor risk
cytogenetics. CR/CRi rate was 17% (95% CI 6–33%) and median overall survival 3 months.
Elevated levels of hENT1, hCNT3, and dCK were seen in 54%, 33% and 44% of patients,
respectively, but were not significantly correlated with outcome. Higher expression CTGF patients
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showed a trend for shorter overall survival. This regimen is without sufficient activity to warrant
further testing. CTGF expression may predict response and overall survival.
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INTRODUCTION
The prognosis of childhood acute lymphocytic leukemia (ALL) has improved significantly
over the last decade with 80–90% of children being cured. Unfortunately, the prognosis for
adults with ALL remains poor. More than half of adults will either be refractory to their
initial treatment or will relapse. At the time of relapse, the only curative treatment is
allogeneic hematopoietic cell transplant (HCT). However, most patients will require reinduction therapy prior to proceeding to HCT. Currently, no standard regimen for reinduction exists. Most salvage regimens incorporate drugs that are used in the initial
treatment and complete remission (CR) rates have generally been disappointing: 37% with
high dose cytarabine, 10–15% with etoposide (Hoelzer, 1991; Hoelzer et al, 2002).
Therefore, novel treatments are needed.
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Clofarabine, a nucleoside analog, was recently FDA-approved for the treatment of pediatric
relapsed/refractory ALL based on the results of two phase 2 multi-center trials. The overall
response rate [complete remission (CR) + partial remission (PR)] was 31% (Jeha et al,
2004). The median number of prior treatment regimens that patients received was three, and
39% of patients had undergone prior allogeneic HCT. Clofarabine requires intracellular
phosphorylation by deoxycytidine kinase to be metabolized to the triphosphate form which
is necessary for its cytotoxic effect (Gandhi et al, 2003; Parker et al, 1999). Compared to the
other nucleoside analogs (fludarabine and cladribine), clofarabine has a high affinity for
deoxycytidine kinase and is a potent inhibitor of both DNA polymerase and ribonucleotide
reductase (Gandhi et al, 2003; Parker et al, 1991; Parker et al, 1988; Zie et al, 1995; Zie et
al, 1996). In a Phase 2 study of clofarabine in adults with active leukemia, 12 patients with
ALL were treated (Kantarjian et al, 2003). The response rate was 17%, suggesting modest
single agent activity of clofarabine in adults with relapsed/refractory ALL.
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Based upon the single agent activity observed with clofarabine in several populations of
patients with relapsed or refractory leukemia, efforts were undertaken to combine
clofarabine with other antileukemic agents. Cytarabine is active in the treatment of ALL.
Clofarabine and cytarabine target different steps in DNA synthesis, are synergistic in vitro,
and have non-overlapping toxicities, making this combination potentially promising for the
treatment of relapsed/refractory ALL (Gandhi et al 1997; Cooper et al, 2003; Faderl et al,
2005). Clofarabine pre-treatment of cell lines increases cytarabine triphosphate
accumulation in cells (Cooper et al, 2005). By inhibiting ribonucleotide reductase,
clofarabine causes depletion of normal deoxynucleotides (Parker et al, 1999; Parker et al,
1991; Parker et al, 2988; Xie et al, 1995; Xie et al, 1996). This, in turn, leads to a decrease
in feedback inhibition of deoxycytidine kinase and allows for increased production and
accumulation of cytarabine triphosphate (Faderl et al, 2005). Faderl and associates
previously determined the maximum tolerated dose of clofarabine in combination with
cytarabine in a Phase 1/2 study (Faderl et al, 2005). Based on the above observations, we
conducted a Phase 2 study of clofarabine/cytarabine in adult patients with relapsed/
refractory ALL. In addition to evaluating efficacy, we also assessed connective tissue
growth factor (CTGF) expression and nucleoside transporter expression (hENT1, dCK,
hCNT3) in pre-treatment samples to see if their expression correlated with response. CTGF
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is overexpressed in both pediatric and adult ALL and is associated with a poor outcome in
de novo ALL (Sala-Torra et al, 2007). Transport of nucleoside analogs such as clofarabine
across the plasma membrane of the tumor may determine their cytotoxicity; therefore,
nucleoside transporter expression may affect response to therapy.

MATERIALS AND METHODS
Patients were treated at Southwest Oncology Group (SWOG) institutions from February
2007 through July 2008. Clofarabine was supplied by the Genzyme Corporation. All
patients provided signed informed consent in accordance with institutional and federal
guidelines. This study (ClinicalTrials.govIdentifier: NCT 00337168) was conducted after
approval by local institutional review boards, and in accord with an assurance filed with and
approved by the Cancer Therapy and Evaluation Program Central Institutional Review
Board (CIRB), National Cancer Institute. The study was monitored by the Data and Safety
Monitoring Committee of the Southwest Oncology Group.
Eligibility Criteria
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Eligibility required age ≥ 16 years, relapsed or refractory ALL (excluding Burkitt or mixed
lineage leukemia), Eastern Cooperative Organizational Group (ECOG) performance status
0–2, no evidence of central nervous system involvement, no prior therapy with clofarabine,
no evidence of uncontrolled infection, creatinine ≤ 1.5 x institutional upper limits of normal
(IULN), aspartate aminotransferase (AST)/alanine aminotransferase (ALT)/bilirubin ≤ 1.5 x
IULN, no pregnancy or active lactation, and no chemotherapy within 2 weeks of registration
(except for hydroxyurea or maintenance therapy). For this study, refractory ALL was
defined as failure to achieve CR with the last chemotherapy received, whereas relapsed
patients achieved a CR of any duration before developing recurrence. Patients with only
extramedullary disease were not eligible. Philadelphia-chromosome positive patients must
have failed therapy with imatinib mesylate. Patients may have received prior allogeneic or
autologous HCT. However, the transplant must have been performed more than 90 days
prior to registration, and patients could not have evidence of ≥ Grade 2 acute graft versus
host disease (GVHD), moderate or severe limited chronic GVHD, or extensive chronic
GVHD of any severity.
Statistical Considerations
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The study was performed in two stages. If at least 2 of the first 20 patients achieved a CR or
complete remission with incomplete count recovery (CRi), 15 additional patients would be
accrued. This design has a critical level (probability of falsely concluding that an agent with
a 10% true CR rate warrants further study) of 2.0% and power (probability of correctly
concluding that an agent with a 30% CR rate warrants further study) of 87%. Logistic
regression analysis and Fisher’s exact test (for CR and resistant disease) and proportional
hazards regression (for overall survival) were used to test the effect on treatment outcomes
of patient and disease characteristics including CTGF expression levels. The overall survival
distribution was estimated by the method of Kaplan and Meier (Kaplan and Meier, 1958).
Confidence intervals (CIs) were calculated at the 95% confidence level and p-values are
two-tailed. Results are based on data available as of December 1, 2009.
CTGF mRNA expression was performed as previously described (Sala-Torra, et al, 2007).
Since expression data were skewed, the natural log transformation was used for expression
values when non-parametric analyses were performed. In some analyses, the expression data
was categorized into two groups for ease of interpretation. These categories were chosen so
the groups have approximately equal number of specimens. Tests of significance such as
regression and proportional hazards analyses were performed using the continuous variables
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when possible. CTGF results were analyzed as prognostic factors for CR, residual disease
(RD), and overall survival.
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Treatment Regimen
Induction therapy consisted of clofarabine 40 mg/m2/day and cytarabine 1 g/m2/day on days
1–5. Response was assessed between days 28–35. Patients with a PR received reinduction
therapy with the same regimen. Patients with a CR could receive one cycle of consolidation
therapy with clofarabine 40 mg/m2/day and cytarabine 1 g/m2/day on Days 1–4. Cytarabine
was administered four hours after the completion of clofarabine.
Treatment Interruption/Dose Modification
For patients developing tachypnea or unexplained tachycardia or hypotension during
clofarabine infusion, clofarabine was held until symptoms resolved and was re-initiated with
the addition of pre-treatment steroids. Patients with Grade 2 and ≥ Grade 3 non-hematologic
toxicity (including life-threatening infections) during induction therapy had a 25% and 50%
reduction in their re-induction therapy, respectively. Patients with ≥ Grade 3 nonhematologic toxicity (including life-threatening infections) during induction or re-induction
therapy had a 25% reduction in their consolidation therapy.
Definition of Outcomes
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Complete remission (CR) was defined as < 5% marrow blasts, neutrophils ≥ 1,000/μlatelets
≥ 100,000/μL, and no evidence of extramedullary disease. CR with incomplete count
recovery (CRi) was defined as CR but with a platelet count < 100,000/μL. Partial remission
(PR) required at least a 50% decrease in the marrow blast percentage with blasts ≥ 5% and <
25%, no circulating blasts, no increase in extramedullary disease, neutrophils ≥ 1,000/μL,
and platelets > 100,000/μL. Overall survival was measured from the date of registration until
death from any cause, with observation censored at the date of last contact for patients last
known to be alive. Toxicities were defined and grade according to the NCI Common
Toxicity Criteria for Adverse Events version 3.0.
Cytogenetics/Fluorescence in situ hybridization (FISH)
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The SWOG Cytogenetics Committee reviewed all pre-treatment cytogenetic studies
included in this analysis. Cytogenetic studies were considered acceptable if they met the
following criteria: processing by at least two different culture methods and at least 20
metaphase cells had to be analyzed, unless an abnormal clone was detected with fewer cells.
Patients were grouped into 4 cytogenetic risk levels (standard risk, intermediate risk, high
risk, and very high risk) as described previously (Pullarkat et al, 2008). For the purposes of
this study, Philadelphia chromosome positive patients were considered very high risk
(Pullarkat et al, 2008).
Pre-treatment samples of peripheral blood or bone marrow were analyzed centrally with
either a B-cell or T-cell specific FISH panel as previously described (Bobadilla et al, 2007;
Moore el al, 2008).
Nucleoside transporter expression
Expression of nucleoside transporters was examined in paraffin-embedded tissue. The
development and immunohistochemical application of anti-hENT1, anti-hCNT3, and antidCK have been previously described (Dabbagh et al 2001; Mackey et al, 2002). Negative
controls were provided by omitting the primary antibodies. The immunostaining intensities
were scored on a 0–2+ scale (with 0=negative, 1+=weakly positive, 2+=strongly positive).
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CTGF expression
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CTGF expression was analyzed by triplicate RT-PCR on pre-treatment samples using
standard TaqMan conditions on the ABI PRIZM 7900HT Sequence Detection System
(Applied Biosystems, Foster City, CA) as previously described (Tse et al (2004); Stirewalt
et al, 2008). Using the 2-ΔΔ CT method, fold expression difference for CTGF was
computed for each sample relative to its expression in SupB13 (Livak et al, 2001).

RESULTS
Four of the first 20 patients responded (2 CRs and 2 CRis), thus the study proceeded to the
second stage. Thirty-seven patients were enrolled. One patient was excluded from the
analysis because treatment was not started due to elevated liver function tests after
registration. All other patients met eligibility criteria.
Patient Characteristics
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Patient characteristics are listed in Table 1. Of the 36 evaluable patients, the median age was
41 years (range 20–68) and median white blood count 5200/μL (range 900–93,700).
Twenty-nine patients (81%) had a B-cell immunophenotype, and 23 patients (64%) were
male. The median time from initial diagnosis to registration was 14 months (range 1–52
months). Twenty patients (56%) were in first relapse, 7 (19%) in subsequent relapse, and 9
(25%) were refractory. Two patients had undergone prior allogeneic HCT.
Cytogenetics/FISH
Pretreatment marrow and/or blood samples were submitted for cytogenetic analysis for 24
patients. Four studies were rejected because too few metaphases were examined, and reports
for three others were not submitted for central review. Thus, 17 (47%) of 36 evaluable
patients had reviewed, acceptable pre-study conventional cytogenetic karyotypes (Table 2).
The risk categories for these patients were as follows: 10 of 17 (59%) were very poor risk
[including 2 patients with t(9;22)] and 7 (41%) were intermediate risk including three
patients with normal karyotypes. Among the three with normal karyotypes, FISH detected a
biallelic deletion of CDKN2A in one, an IGH gene rearrangement in another, and
hypodiploidy (loss of chromosomes 7, 12, 14, and 17) in the third. For the 19 evaluable
patients without acceptable conventional cytogenetic reports, FISH detected the following
aberrations (Table 2): BCR/ABL fusion (2), MLL gene rearrangement (1), hypodiploidy (1),
hyperdiploidy (2), CDKN2A/9p deletion (3), TCR α/δ or γ rearrangement (2), CMYC (1),
and one patient with CDKN2A/9p deletion also showed the IGH gene rearrangement.
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Response to Treatment
Three patients achieved CR and another three achieved CRi for a CR/CRi rate of 17% (95%
CI 6–33%). There was no significant difference in response rate for patients with previously
untreated first relapse [15% (95% CI 3–38%)] compared to those with refractory disease
[33% (95% CI 7–70%)]. Eight patients proceeded to allogeneic HCT after completing
protocol therapy. Three patients received re-induction, and 1 patient received consolidation
therapy. Thirty-three patients have died, and the remaining 3 patients were last known to be
alive at 8–13 months. The median overall survival was 3 months.
Toxicities
The most common Grade 3 or greater non-hematologic toxicities were infection (64%) and
metabolic/laboratory abnormalities (33%). No unexpected toxicities were reported (Table 3).
Ten deaths occurred during protocol treatment; 7 of these deaths were attributable to
treatment [infection (3), pleural effusion (1), disseminated intravascular coagulation (1),
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hypotension/renal failure/cardiac arrhythmia (1), multiorgan failure (1)]. The remaining
three deaths were due to pulmonary/renal failure, sepsis, and disease progression.

NIH-PA Author Manuscript

CTGF Expression
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CTGF was analyzed on marrow or peripheral blood samples from 33 patients. Because there
was a significant difference in CTGF expression levels between the marrow and blood
specimens, blood specimens were requested for additional CTGF testing to create pairs with
the original CTGF testing on marrow. As expected, the correlation between the 18 paired
bone marrow and peripheral blood specimens was statistically significant (Spearman
correlation coefficient=0.81, p< 0.001). CTGF expression in peripheral blood cells differed
markedly between the original 15 cases (median=0.26, min-max 0–112) and the additional
18 cases (median=52, min-max 0–2892). This raises a question of whether the original and
new expression levels are in fact comparable. Therefore, analyses of the effects of peripheral
blood CTGF expression on outcomes were performed separately for the old and new data
sets. To obtain a combined analysis that included all peripheral blood CTGF expression
data, expression within each case was represented by the standardized value S= (E - MG)/
SDG where E is the case’s log expression level, and MG and SDG, are the group-specific
mean and standard deviation of the log-expression levels. CTGF expression was not
predictive of CR or resistant disease. However, these analyses were inconclusive due to the
small number of patient specimens available. For CTGF expression using peripheral blood
specimens, there was a trend for patients with higher expression of CTGF having an inferior
overall survival. However, this association was not statistically significant (log rank of
standardized scores, p=0.11). The analysis of the two sets separately showed a marginally
significant increased survival for patients with lower CTGF expression from the new
peripheral blood specimens (log rank, p=0.04).
Nucleoside Transporter Expression
High expression (2+ by immunohistochemistry) of hENT1, hCNT3, dCK cytoplasmic, and
dCK nuclear were noted in 54%, 44%, 33%, and 33% of patients respectively (Table 4).
Two representative patient samples with negative hENT1 expression and high ENT1
expression are shown in Figures 1A and 1B, respectively. The total number of patients
assessed for expression was low (13 for hENT1 expression and 9 for dCK and hCNT3
expression) since blocks were not available for immunohistochemical analysis on all
patients. Included patients were more likely to be younger, and to be men. No other
variables showed a correlation with the excluded patients (i.e. baseline disease status, time
since prior treatment, treatment outcome, immunophenotype, lab values pre-treatment, or
cytogenetic risk group).
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DISCUSSION
Relapsed/refractory ALL remains difficult to treat. Two drugs have recently been FDA
approved for the treatment of relapsed/refractory ALL: clofarabine was approved for
pediatric ALL and nelarabine for T-cell ALL. Both drugs demonstrate single agent response
rates in the 20–30% range, emphasizing the poor prognosis of this disease (Jeha et al, 2004;
Larson, 2007).
In this study, the response rate to clofarabine/cytarabine was low (17%). Admittedly, this
was a poor risk group of patients, but even among the group studied in untreated first
relapse, the CR rate was only 15%.
Transport of nucleoside analogs, such as clofarabine, across the plasma membrane of the
tumor cell may determine their cytotoxicity; therefore, nucleoside transporter expression
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patterns may be of clinical relevance. In chronic lymphocytic leukemia, expression of the
nucleoside transporter hENT2 correlates with ex-vivo sensitivity to fludarabine (MolinaArcas et al, 2005). Thirty-three to 54% of the patients evaluated in this study had high
expression of the nucleoside transporters measured, thus making this a possible mechanism
of resistance to chemotherapy. Although the number of patients studied was small and an
association could have been missed, in our study, there was no significant difference in CR
rate between patients with low versus high expression of the nucleoside transporters. High
CTGF expression was associated with a trend towards a decreased overall survival. High
CTGF expression has previously been associated with a decreased overall survival in ALL
patients (Sala-Torra et al, 2007). The mechanism underlying this poor prognosis likely has
to do with the role of CTGF in adhesion, cell cycle control, proliferation, and regulation of
the TGFs and WNT pathways (Gao et al, 2003; Kothapalli et al, 2000; Ivkovic et al, 2003;
Igarashi et al, 1993; Luo et al, 2004; Mercurio et al, 2004). Evaluating CTGF expression in
a larger study will be required to further elucidate its prognostic effects.

NIH-PA Author Manuscript

Based on the results of this study, the clofarabine/cytarabine regimen tested here does not
exhibit sufficient activity to warrant further investigation. Clofarabine remains an attractive
drug to study in adults with recurrent ALL, given its single agent activity in treating
recurrent ALL in pediatric patients and its absence from upfront regimens used for adult
ALL. However, to improve on its efficacy, clofarabine will need to be combined with other
agents or its use will need to be restricted to patient subsets more likely to respond.
Antibodies, such as Epratuzumab, are attractive agents to combine with clofarabine, given
their toxicity profile. If a nucleoside transporter expression profile is found to correlate with
response rate, such a profile may impact therapeutic decisions regarding the use of
nucleoside analogs. In addition, drugs modulating nucleoside transporter and CTGF
expression may have potential therapeutic value.
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Figure 1.

Representative immunohistochemistry demonstrating a patient with low (0) hENT1
expression (A) and high (2+) hENT1 expression (magnification × 400).
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Table 1

Patient Characteristics (N=36)

NIH-PA Author Manuscript

Median WBC

5200/μL (range 900–93,700)

Gender (Male)

23 patients (64%)

Immunophenotype (B-cell)

29 patients (81%)

Median time from diagnosis to registration

14 months (range 1–52)

Disease status at the time of study entry
First relapse

20 patients (56%)

Subsequent relapse

7 patients (19%)

Refractory

9 patients (25%)

Prior allogeneic HCT

2 patients (6%)
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Table 2

Cytogenetics and FISH

NIH-PA Author Manuscript

Cytogenetics (CG) (N=17)
Very poor risk

10 patients (59%)

Intermediate risk

7 patients (41%)

FISH findings with normal CG (N=7)
Biallelic deletion of CDKN2A

1 patient

IGH gene rearrangement

1 patient

Hypodiploidy

1 patient

FISH results with unknown CG (N=19)
BCR ABL fusion

2 patients

Hypodiploidy

1 patient

Hyperdiploidy

2 patients

C-MYC

1 patient

CDKN2A/9p deletion

3 patients
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TCR α/δ or γ rearrangement

2 patients

IGH gene rearrangements

1 patient (also had the CDKN2A/9p deletion and included above)

No pre-treatment specimen

4 patients

No abnormality detected or not tested

4 patients
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Table 3

Grade 3–5 Non-Hematologic Toxicities (N=36)
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Toxicity

Number of Patients with Toxicity

Cardiac arrhythmia

1

Hypotension

3

Restrictive cardiomyopathy

1

Coagulation abnormalities

2

Fatigue

2

Multi-organ failure

1

Skin

3

Anorexia

1

Ascites

2

Colitis

1

Diarrhea

2

Typhilitis

1

Liver dysfunction

1

Infection

23

Edema

1

Metabolic/laboratory

12

Neurologic

2

Pain

3

Pulmonary

4

Renal Failure

3
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Table 4

NIH-PA Author Manuscript

Nucleoside Transporter Expression (N=13 for hENT1 and N=9 for dCK and hCNT3; High expression was
defined as 2+ by immunohistochemistry)
High dCK Cytoplasmic Expression

3 patients (33%)

High hENT1 Expression

7 patients (54%)

High hCNT3 Expression

4 patients (44%)
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