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Abstract

This report describes outpatient (OP) administration of clofarabine in older patients (≥ 60 years) 

with untreated acute myelogenous leukemia (AML). Overall, 112 patients underwent clofarabine 

induction. Clofarabine was administered to 35 OPs for a total of 72 OP cycles, with 81% of these 

cycles representing consolidation treatment. Median length of hospital stay was 0–6 days and 5–25 

days across OP and inpatient (IP) cycles, respectively. The most common adverse events (AEs) 

were nausea, vomiting, diarrhea, febrile neutropenia, edema, hypokalemia and pneumonia. The 

overall frequency of treatment-emergent grade ≥ 3 AEs and serious AEs was generally not 

different with IP or OP administration of clofarabine. No deaths were reported within 30 days 

following OP or IP consolidation cycles. In the appropriately selected older patient, OP 

administration of clofarabine consolidation appears feasible, is as well tolerated as IP 

administration and has potential to contribute to the quality of life in elderly patients with AML.
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Introduction

The prognosis for acute myelogenous leukemia (AML) in elderly adults ≥ 60 years of age is 

generally poor [1–5]. The typical induction chemotherapy protocol in elderly patients (i.e. 7 

days of treatment with cytarabine and 3 days of treatment with anthracycline [7 + 3 

regimen]) [4–6] is associated with a relatively poor overall response rate [2,5], a low median 

overall survival [1–3,5] and a high induction mortality rate [1,7,8]. In addition to the overall 

poor prognosis, few strategies have been developed to maintain the quality of life (QOL) for 

these patients [9,10]. Studies in patients with a variety of cancers, including both 

hematologic malignancies and solid tumors, have evaluated the post-induction 

administration of chemotherapy on an outpatient (OP) basis [9–13]. In select patients and 

with careful monitoring, these studies have demonstrated that this treatment strategy can be 

implemented safely, and in some cases can result in a substantial reduction in hospital stays, 

shorter duration of febrile neutropenia and fewer nosocomial infections [9,10,14], which 

may be associated with an improvement in patients’ QOL [9].

Clofarabine (Clolar®; Genzyme Corporation) is a rationally designed, second-generation 

purine nucleoside analog (2-chloro-2-fluoro-deoxy-9-β-D-arabinofuranosyladenine) that has 

demonstrated efficacy in older patients with previously untreated AML, without the 

neurotoxicity seen with other purine nucleoside analogs [6,7,15]. The phase 2 CLASSIC II 

trial evaluated clofarabine in a prospectively well-defined population of patients 60 years of 

age with previously untreated AML [16]. This open-label, single-arm study showed an 

overall remission rate of 46% in all evaluable patients and remission rates of 39% for 

patients ≥70 years; 32% for patients with an Eastern Cooperative Oncology Group 

performance status (ECOG PS) score of 2; 51% for patients with antecedent hematologic 

disorder (AHD); and 54% and 42% for patients who had an intermediate or unfavorable 

karyotype, respectively. The median duration of remission was 56 weeks, and median 

overall survival was 41 weeks for all patients. These results indicate that clofarabine has 

activity in the treatment of elderly patients with AML who have at least one unfavorable 

prognostic factor.

The purpose of this current post hoc analysis was to describe the experience of OP 

administration of clofarabine in the CLASSIC II trial. The length of hospitalization with 

successive cycles of inpatient (IP) and OP clofarabine administration was assessed, and an 

analysis of the safety profile was conducted.

Materials and methods

Patient eligibility

Patients eligible for CLASSIC II had previously untreated AML (de novo, secondary or with 

AHD) according to World Health Organization criteria, were ≥60 years old, had an ECOG 

PS of 0–2 and had at least one of the following four unfavorable prognostic factors: age ≥70 

years, ECOG PS 2, presence of AHD, or intermediate or unfavorable karyotype. Other 

principal inclusion and exclusion criteria have been described previously [16].
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Treatment and study design

A treatment cycle was defined as the first day of study drug administration (day 1) up to and 

including the day before the first day of the immediate next treatment cycle. Treatment 

cycles commenced after day 28, and no later than day 85, from day 1 of the immediate 

previous treatment cycle.

During induction (treatment cycle 1), patients received 30 mg/m2 clofarabine via 1-hour (hr) 

intravenous (IV) infusion daily for 5 days. Clofarabine administration was discontinued 

upon evidence of leukemic progression, which was defined as an increase in bone marrow or 

peripheral blood blast count of ≥50%, or the appearance of new extramedullary disease. 

Patients could receive a second treatment cycle (as re-induction), administered after day 28 

of cycle 1, if they had residual leukemia but did not meet the criteria for leukemic 

progression. Subsequent cycles were given as consolidation (cycle 2 as consolidation and 

cycles 3–6) to patients with documented complete remission (CR) or CR with incomplete 

platelet recovery (CRp). The clofarabine dose was 20 mg/m2 via 1 hr IV infusion daily for 5 

days during either re-induction or consolidation; either four or five consolidation cycles were 

allowed, depending on whether or not patients underwent re-induction in their second cycle 

of clofarabine administration, but the maximum number of cycles allowed was six.

Administration of clofarabine was either IP or OP, at the discretion of the treating physician. 

The protocol recommended that patients receive hydration according to institutional 

guidelines. Daily prophylactic steroids before study drug administration were permissible 

but not mandated. The use of prophylactic antibacterial, antifungal and antiviral agents and 

treatment of fever and neutropenia were recommended according to each institution’ s 

guidelines. However, the use of nephrotoxic agents (e.g. vancomycin, amphotericin B) was 

avoided during clofarabine administration, to the extent possible.

End point definitions

Inpatient administration of study drug was defined as administration of study drug to 

patients who had been admitted to the hospital, whereas OP administration was defined as 

administration of study drug to patients who received treatment at a hospital or clinic but 

were not admitted to the hospital overnight. At the investigator’ s discretion, patients were 

either hospitalized or treated on an OP basis during the study. Separate determinations of 

hospital length of stay (LOS) were made for cycle 2 as re-induction, cycle 2 as consolidation 

and consolidation cycles 3–6. Length of stay, measured in days, included admission or 

readmission to the hospital for drug administration and/or complications of therapy.

Adverse events

Adverse events (AEs) were physician reported and were evaluated according to the National 

Cancer Institute Common Terminology Criteria for Adverse Events (NCI CTCAE v3.0). 

The types of AEs experienced, and their incidence, severity, duration, causality and 

seriousness, were taken into account in determining the tolerability of clofarabine. After 

study treatment was discontinued, AEs continued to be reported for 45 days or until the 

patient received alternative therapy for AML. The safety profile of clofarabine was assessed 
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by determining the incidence of treatment-emergent and treatment-related AEs and serious 

adverse events (SAEs) when the study drug was administered in either the IP or OP setting.

The institutional review board at each study site approved the study. Patients provided 

informed consent, and the terms of the study were in accordance with the Declaration of 

Helsinki.

Statistical analysis

Data results are expressed with descriptive statistics, as numbers, percentages, medians and 

ranges. The Fisher exact test was used to determine statistically significant differences at a 

level of 0.05. Adverse events were grouped according to their occurrence during IP or OP 

clofarabine cycles, in relation to the total number of treatment cycles and the relative 

incidence of each AE.

Results

Patient demographic and disease characteristics

All 112 patients enrolled in the CLASSIC II study were included in the post hoc analysis. 

Patient demographic and disease characteristics for the IP and OP groups across treatment 

cycles are summarized in Table I. Overall, the median age of patients in these two groups 

was similar. The proportion of patients with ECOG PS 0 was greater in the OP group than in 

the IP group in all consolidation cycles. The proportion of patients with ECOG PS 2 was 

about the same for IP and OP settings in cycle 2 as re-induction and appeared to be greater 

in the IP than in the OP setting in cycle 2 as consolidation, whereas all patients with this 

prognostic factor were allocated to an OP setting in consolidation cycles 3–6.

IP versus OP administration of clofarabine

Overall, 112 patients received a total of 235 clofarabine treatment cycles. The median 

number of clofarabine cycles administered was 2 (range, 1–6 cycles), and eight patients 

(7.1%) received six cycles of treatment. Clofarabine was administered on an OP basis to 35 

of 112 patients (31.2%) for a total of 72 OP cycles. Patients enrolled in the trial received a 

median of one OP cycle (range, 1–5 cycles). All 112 patients received treatment in the first 

induction cycle (cycle 1); in this cycle, IP administration occurred in 110 of 112 patients 

(98.2%) and OP administration in two of 112 patients (1.8%). A total of 66 of 112 patients 

(58.9%) began a second cycle of clofarabine: 38 of 66 patients (57.6%) as re-induction and 

28 of 66 patients (42.4%) as consolidation. Of the 66 patients who initiated a second cycle 

of clofarabine, 33 patients (50.0%) received at least one OP cycle. During consolidation, 58 

of 85 (68.2%) cycles were delivered in an OP setting in a total of 28 patients. The percentage 

of patients treated in the OP setting generally increased with administration of subsequent 

consolidation cycles.

Length of hospital stay for inpatients and outpatients

The initial treatment with clofarabine (induction cycle 1) was predominantly administered in 

the hospital setting (110 of 112 patients [98.2%]). Hospitalization was also maintained for 

most patients with documented progression of leukemia who required a second induction 
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cycle (68.0% of patients). However, after cycle 2 as re-induction and as consolidation, there 

was a shift toward OP administration of further consolidation cycles of clofarabine treatment 

(median number of consolidation cycles was 1 [range, 1–6 cycles]). The proportion of 

patients receiving OP drug administration increased with each successive cycle and ranged 

from 14 of 23 patients (60.9%) in cycle 3 to seven of eight patients (87.5%) in cycle 6. The 

LOS for individual patients and the median LOS at each cycle for IP and OP groups are 

shown in Fig. 1. As the proportion of patients treated in the OP setting increased beyond 

cycle 2, the median LOS decreased.

Among all patients in cycle 2, the median LOS decreased was 26 days (range, 4–66 days), 

and the median LOS was lower for cycles 2–6 than for cycle 1, regardless of whether cycle 2 

was re-induction or consolidation treatment (9 [range, 0–64] and 7 [range, 0–57] days, 

respectively); LOS in cycles 3, 4, 5 and 6 was 3 [range, 0–58], 0 [range, 0–39], 0 [range, 0–

13] and 0 [range, 0–19] days, respectively.

Safety and tolerability

All but two patients who received clofarabine in the OP setting tolerated the administration. 

One patient was hospitalized after 2 days of OP administration in cycle 2 as consolidation 

because of rash. All 5 days of subsequent cycles (cycles 3–6) in this patient were 

administered in the OP setting. The second patient who required hospitalization during 

clofarabine OP administration was admitted after the second dose of cycle 3 because of 

increasing transaminase levels. This patient also received all 5 days of the subsequent cycle 

(cycle 4) in the OP setting. Both patients achieved a complete response.

Adverse events

Except for IP cycle 4, treatment-emergent AEs occurred in 100% of inpatients and 

outpatients in all cycles (Table II). There were no significant differences in the frequency of 

treatment-emergent AEs between groups within any of the cycles of drug administration. 

Overall, nausea was the most common treatment-emergent AE (Table II). The most common 

treatment-emergent AEs in IP cycle 1 (induction) were nausea (69.1%), diarrhea (61.8%), 

febrile neutropenia (50.9%), edema (47.3%), vomiting (46.4%) and rash (40.0%). 

Pneumonia occurred most frequently in IP cycle 1 and IP cycle 2 as re-induction than in 

other cycles of drug administration.

The overall frequency of treatment-emergent grade ≥3 AEs was not significantly different 

for IP (100 of 110 patients [90.9%]) and OP (32 of 35 patients [91.4%]) administration 

cycles (Table III). The frequency of treatment-emergent grade ≥3 AEs in IP cycle 2 as 

consolidation (40%) was significantly less (p = 0.034) than that in OP cycle 2 as 

consolidation (83.3%), but such differences were not identified at other cycles. Overall, 

febrile neutropenia was the most common treatment-emergent grade ≥3 AE. Infections, 

including pneumonia and enterococcal or staphylococcal bacteremia, occurred most 

frequently in IP cycle 1 and IP cycle 2 as re-induction, as compared with other cycles of 

drug administration.

The frequency of treatment-emergent SAEs in IP cycle 2 as re-induction (42.3%) was 

significantly less (p = 0.034) than that in OP 2 cycle as re-induction (83.3%) (Table IV), but 
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such differences were not identified at other cycles. The most common treatment-emergent 

SAEs among inpatients in all cycles of drug administration were febrile neutropenia (17 of 

110 patients [15.5%]), pneumonia (15 of 110 patients [13.6%]) and acute renal failure and 

sepsis (both six of 110 patients [5.5%]); among outpatients in all cycles these were febrile 

neutropenia (13 of 35 patients [37.1%]), dehydration (three of 35 patients [8.6%]) and 

pneumonia, various other infections, muscle weakness, vomiting, fatigue and acute renal 

failure (each two of 35 patients [5.7%]). There were no deaths within 30 days following IP 

or OP consolidation cycles.

Discussion

In this post hoc analysis of the CLASSIC II trial in elderly patients with previously untreated 

AML and at least one unfavorable prognostic factor, patients received their consolidation 

treatment with clofarabine in both IP and OP settings. Conditions for the administration of 

clofarabine were designed to maximize the safety and effectiveness of therapy and thus 

increase the likelihood that patients could safely receive OP clofarabine administration. Only 

patients who achieved remission after induction or re-induction therapy, and who thus could 

be expected to do well, were among those selected to receive consolidation treatment cycles. 

Additionally, the lower dose of clofarabine used for consolidation therapy (i.e. compared 

with induction therapy) was expected to enhance the tolerability of treatment [17]. 

Tolerability may also have been enhanced because the tumor burden is typically less during 

the consolidation phase of treatment than it is during induction therapy. Aside from these 

factors, which were part of the study design, patients were selected for IP or OP clofarabine 

administration on the basis of physician preference. Although the specific criteria used by 

the treating physician were not identified, it is likely that the decision of whether to assign 

patients to IP or OP therapy may have been influenced by how well patients tolerated their 

initial course of treatment.

In this group of patients, clofarabine consolidation therapy appeared to be administered 

safely in the OP setting. The median LOS after successive OP treatment cycles was 

generally low. The results presented here suggest that, compared with that of inpatients, the 

median LOS is shorter in patients undergoing OP administration of clofarabine. In support 

of this suggestion, as the proportion of outpatients generally increased in successive 

treatment cycles, the median LOS decreased. However, because fewer patients than 

anticipated underwent OP consolidation cycles (i.e. the median number of OP consolidation 

cycles was 1) and because patients alternated between IP and OP groups at the discretion of 

the treating physician, it was difficult to definitively establish the difference in LOS between 

the two groups.

The safety analysis presented here showed that the types of AEs and the incidence rates of 

the most common AEs in the IP and OP settings were similar (nausea and febrile 

neutropenia were the most common AEs reported in both settings), indicating that the 

transfer of consolidation cycles to the OP setting does not present a safety concern in the 

treatment of elderly patients with AML who have at least one unfavorable prognostic factor. 

Overall, on the basis of these results, physicians could consider an OP setting for clofarabine 

administration after initial IP induction. Additionally, a recent publication by Dressel et al. 
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supported this approach and suggested a means for outpatient management of clofarabine 

administration in adult patients with AML [18].

Gardin et al. used a successful post-remission induction strategy that included OP 

administration of idarubicin and daunorubicin in patients ≥65 years of age with AML after 

standard intensive remission induction in an IP setting [11]. This study prospectively 

compared an intensive consolidation course of treatment administered in hospitalized 

patients to a more prolonged OP consolidation. Outpatient administration, as compared to 

intensive IP consolidation, was associated with a significantly greater odds ratio in favor of 

overall survival for patients with complete remission (p = 0.04), longer disease-free survival 

(p = 0.05), significantly shorter rehospitalization duration (p < 0.001) and fewer red blood 

cell units and platelet transfusions [11]. Hence, at least in terms of LOS, these results are 

consistent with the findings reported here.

Infections are potentially a significant concern for patients with AML during post-

consolidation leukopenia. It is interesting to note that the literature contains evidence of a 

lower incidence of septicemia with OP consolidation than with IP administration [10]. 

Furthermore, prophylactic antibiotic therapy has been used successfully to assist in the 

management of patients undergoing treatment for AML on an OP basis, thereby presumably 

lowering the potential for acquiring infections [10,14,19].

Notably, pneumonia, an AE which might be predicted to be a complication of therapy (from 

exposure to viral or fungal pathogens), was not seen with increased frequency in 

consolidation cycles in the present study. Although there were modest increases in the 

frequency of staphylococcal bacteremia in OP cycles, these differences were not statistically 

significant. There were seven cases of sepsis classified as SAEs, but all of these occurred in 

IP cycles.

The cost of care for patients with acute leukemia is an ongoing concern in the current health-

system environment. Reduction of hospitalization will surely be associated with significant 

cost savings for such patients [9,20]. These savings may be compounded by reductions in 

nosocomial infections and their associated morbidities and costs. Although the present 

analysis does not directly address cost of care, given that outpatient clofarabine was not 

associated with increased complications, it seems likely that these patients, compared to 

those who were hospitalized, received equally effective care at a lower cost.

Further studies are needed to prospectively determine the relative safety profiles and LOS 

for OP and IP cycles of clofarabine administration. A limitation of this study is the low 

number of patients in the IP group in later consolidation cycles, a factor that makes it 

difficult to compare the relative safety profiles of the two groups. The small sample size also 

precluded univariate/multivariate analyses to determine the patient characteristics that could 

predict which patients are more likely to do well in an OP setting. However, patients who 

tolerated IP induction therapy (i.e. did not need re-induction) are likely candidates for 

subsequent (consolidation) cycles in the OP setting, a possibility that could be taken into 

account in the design of follow-up studies. In addition to an increase in the size of the patient 

cohort, clear guidelines for patient selection, education and monitoring also need to be 
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established in future studies. Since this was a non-randomized, observational post hoc 
analysis, it was not possible to draw a definitive conclusion as to whether OP administration 

was in any way superior to IP administration of clofarabine. Another drawback was that this 

study was not prospectively designed to assess QOL or cost-effectiveness outcomes.

The results of the present analysis, which point to the feasibility of the OP administration of 

clofarabine in elderly patients with AML who have at least one unfavorable prognostic 

factor, are consistent with the current trend toward the OP administration of 

chemotherapeutic agents. Administration of clofarabine in the OP setting is associated with 

a safety profile similar to that seen with IP administration. With proper patient selection, 

education and monitoring for AEs, OP administration of clofarabine has the potential to 

contribute to improvement in the QOL of elderly patients undergoing treatment for AML.
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Figure 1. 
Length of stay (LOS) following inpatient or outpatient administration of clofarabine. Median 

LOS (indicated for each group by the horizontal bars) was determined for the intent-to-treat 

(n = 112) population; median LOS for inpatients includes the number of days of drug 

administration. Cycles 3 through 6 are consolidation cycles.
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