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Abstract
This phase 1/2 study aimed to identify the maximum tolerated dose, the recommended phase 2 dose (RP2D), and efficacy 
of the clofarabine, etoposide, and cyclophosphamide combination regimen in adult patients with relapsed/refractory acute 
lymphoblastic leukemia (ALL). Patients aged ≥ 15 years with relapsed/refractory ALL were enrolled. Escalating doses of 
clofarabine (20–30 mg/m2/day × 5 days), etoposide (50–100 mg/m2/day × 5 days), and cyclophosphamide (200–440 mg/m2/
day × 5 days) were administered. Dose-limiting toxicity was defined as Grade 3 or more non-hematological toxicities and 
others. A total of 18 patients (B-ALL; n = 13, T-ALL; n = 5) were recruited in phase 1; however, the protocol was amended 
to close study without proceeding to phase 2. Three patients were enrolled in cohort 1, three in cohort 2, six in cohort 3, and 
six in cohort 4. The RP2D of clofarabine, etoposide, and cyclophosphamide was 30, 100, and 440 mg/m2 daily, respectively. 
Complete remission (CR) was achieved in four patients (22%) and CR without platelet recovery in four patients (22%), with 
an overall response rate of 44%. The RP2D of the combination therapy was successfully determined in this study.

Keywords  Clofarabine · Acute lymphoblastic leukemia · Combination chemotherapy · Adults · Phase 1/2

Introduction

In the past few decades, the therapeutic outcome of adult 
acute lymphoblastic leukemia (ALL) was significantly 
improved, mainly due to intensive pediatric-based proto-
cols of chemotherapy [1–3]. However, the survival of adult 
patients with relapsed/refractory ALL is still unsatisfac-
tory [4–6]. The complete remission (CR) rates for relapsed/
refractory ALL in recent studies were 20–83%, and the long-
term disease-free survival was only 7–24% [7]. Because 
CR is a requisite for subsequent allogeneic hematopoietic 
stem cell transplantation (allo-HSCT), low CR rates associ-
ated with current chemotherapy regimens indicate that few 
patients with relapsed/refractory ALL undergo allo-HSCT. 
Recently, other treatment options such as immunotherapy 

targeting ALL surface markers expressed on B lympho-
blasts are highlighted. One option is the use of bispecific 
T cell engager antibodies that bind to the surface antigens 
on two different target cells [8]. Another immunothera-
peutic strategy is represented by inotuzumab ozogamicin, 
a novel monoclonal antibody against CD22 conjugated to 
the calicheamicin [9]. Another promising novel therapy is 
adoptive immunotherapy using chimeric antigen receptor-
modified T (CAR-T) cells [10]. Although these strategies 
have been shown to increase response rate and overall sur-
vival (OS) in patients with relapsed/refractory ALL, these 
immunotherapies potentially correlate with the following: 
(1) not considered curative; (2) increase the risk of veno-
occlusive disease/sinusoidal obstruction syndrome (VOD/
SOS); (3) most importantly, not effective for T-ALL. Thus, 
novel chemotherapeutic options are still needed for relapsed/
refractory ALL, and further studies are required to validate 
these options.

Clofarabine is a second-generation purine nucleoside 
analog that has been investigated in several phase 1 and 2 
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trials either as a single agent or in combination for relapsed/
refractory acute leukemia in pediatric and adult patients 
[11–16]. For pediatric patients, previous studies demon-
strated the recommended phase 2 dose (RP2D) of clofar-
abine (40 mg/m2/day for 5 days), etoposide (100 mg/m2/
day for 5 days), and cyclophosphamide (440 mg/m2/day for 
5 days) in phase 1 [13] and an overall response rate of 44% 
in phase 2 [16]. However, the available information of safety 
and efficacy in adult patients with relapsed/refractory ALL 
are still limited. The Japan Adult Leukemia Study Group 
(JALSG) conducted this multi-institutional phase 1/2 study 
(JALSG RR-ALL214) with an aim to identify the maximum 
tolerated dose (MTD), RP2D, and efficacy of the clofara-
bine, etoposide, and cyclophosphamide combination regi-
men (CLEC) in adult patients with relapsed/refractory ALL. 
This study was registered at UMIN-CTR (ID, 000015373).

Materials and methods

Patients and eligibility criteri

Patients aged 15–60 years with relapsed/refractory ALL 
(B-ALL, T-ALL, and Philadelphia chromosome-positive 
ALL) were enrolled in this study. Relapse was defined using 
the standard criteria as reappearance of disease after pre-
vious achievement of CR, and primary refractory disease 
was defined as persistent disease after standard induction 
therapy. Other inclusion criteria were Eastern Cooperative 
Oncology Group performance status 0–2, SpO2 > 94%, cre-
atinine clearance level > 60 mL/min, serum direct bilirubin 
level < 2.0 mg/dL, and normal electrocardiogram results. 
Patients with prior allo-HSCT were also included. The key 
exclusion criteria were presence of other active cancers, 
central nervous system involvement, uncontrolled systemic 
infection, positivity for hepatitis B or C infection, and pres-
ence of serious organ dysfunction after prior allo-HSCT. The 
protocol was approved by the Institutional Review Board of 
each hospital. Written informed consent was obtained from 
all patients before registration in accordance with the Dec-
laration of Helsinki. This study was initiated on November 
2014 and closed for patient inclusion in October 2018.

Treatment and trial design

This study was planned to be conducted as a multi-institu-
tional phase 1/2 study. The primary objective of this study 
was to identify the MTD, RP2D, and efficacy of the CLEC 
regimen in adult patients with relapsed/refractory ALL. A 
standard 3 + 3 design [17] was used for dose escalation in 
phase 1, followed by an expanded cohort at the established 
RP2D in phase 2. However, the protocol was amended due 
to difficulty recruiting participants in August 2018 and this 

study was closed for patient inclusion without proceeding to 
phase 2. Doses were escalated in six cohorts (cohort − 1 to 
cohort 4). Escalating doses of clofarabine (20–30 mg/m2/day 
for 5 days), etoposide (50–100 mg/m2/day for 5 days), and 
cyclophosphamide (200–440 mg/m2/day for 5 days) were 
used (details are shown in Table 1). Clofarabine, etoposide, 
and cyclophosphamide were administered for 2 h, 1.5 h, and 
1 h, respectively. All three drugs were administered for 5 
consecutive days. Granulocyte-colony stimulating factor 
was administered on day 6 of induction chemotherapy and 
continued until recovery of neutrophil counts > 2 × 109/L. 
Infection prophylaxis was recommended as per institutional 
guidelines. In cases of non-CR, the CLEC regimen was 
repeated for a maximum of two cycles. Grade 4 neutropenia 
and thrombocytopenia that persisted for more than 29 days 
after the first cycle required a second induction cycle with 
20% dose reduction. Grade 3 non-hematological toxicities 
occurring in the first cycle required suspension of the sec-
ond induction cycle until recovery to Grade 1 before resum-
ing subsequent treatment with 25% dose reduction. Dose 
reduction of the second induction cycle was not required 
for patients who developed infection during the first cycle. 
Whether or not to proceed to the next cohort was determined 
based on safety data and the recommendation of the Safety 
Data Monitoring Committee.

Toxicity and response criteria

Treatment-related adverse events were evaluated using the 
National Cancer Institute’s Common Terminology Criteria 
for Adverse Events (version 4.0). Dose-limiting toxicity 
(DLT) was defined in the first cycle as Grade 4 or more 
infection, febrile neutropenia, bleeding, vomiting, infusion 
reaction, and liver toxicities and Grade 3 or more other non-
hematological toxicities, excluding complications due to the 

Table 1   Dose escalation schema

This study starts with the cohort 1 and treat three patients. At the 
current dose level, if there are no dose-limiting toxicity (DLT), 
then the treatment escalates to the next dose level (cohort 2). If one 
DLT is observed, three more patients are recruited at the same dose 
level. The dose level that has at most one DLT out of six patients, 
then escalation to next dose level. If there are two or more toxicities, 
de-escalation to the lower dose (cohort 0). In this study, no patient 
enrolled in cohort 0 or cohort − 1

Cohort Clofarabine (mg/
m2)

Etoposide (mg/
m2)

Cyclophospha-
mide (mg/m2)

− 1 20 50 200
0 20 50 340
1 20 75 340
2 20 75 440
3 30 75 440
4 30 100 440
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progression of leukemia. Prolonged severe myelosuppres-
sion (peripheral neutrophil counts < 0.5 × 109/L and platelet 
counts < 20 × 109/L) that persisted until 42 days from the 
start of chemotherapy was also defined as DLT, when it was 
not due to the progression of leukemia. Response to treat-
ment was determined by the investigators. Briefly, CR was 
defined as < 5% bone marrow blasts with maturation of all 
other cell lineages, peripheral neutrophil counts > 1 × 109/L, 
platelet counts > 100 × 109/L, and no evidence of extramed-
ullary leukemia. CR without platelet recovery (CRp) was 
defined as meeting all criteria for a CR except platelet recov-
ery. Non-CR was defined as > 5% blasts after the second 
induction therapy.

Statistical analysis

The cohort of patients was three (or six) based on a standard 
3 + 3 design. Continuous variables were summarized using 
median and range and categorical variable were summarized 
using frequency and proportion. All statistical analyses were 
performed using the SAS software, version 9.4 (SAS Insti-
tute Inc., Cary, NC).

Results

A total of 18 patients (B-ALL; n = 13, T-ALL; n = 5) were 
enrolled in the four cohorts (cohort 1 to cohort 4). These 
patients had a median (range) age of 42 (19–58) years, and 
the median level of leukemic blasts in the bone marrow was 
52% (2–95%). Eleven (61%) received three or more prior 
regimens, and six (33%) had undergone prior allo-HSCT. 
The patients’ characteristics are summarized in Table 2. 
Three patients were enrolled in cohort 1 (clofarabine 20 mg/
m2/day, etoposide 75 mg/m2/day, and cyclophosphamide 
340 mg/m2/day), three in cohort 2 (clofarabine 20 mg/
m2/day, etoposide 75 mg/m2/day, and cyclophosphamide 
440 mg/m2/day), and three in cohort 3 (clofarabine 30 mg/
m2/day, etoposide 75 mg/m2/day, and cyclophosphamide 
440 mg/m2/day). One patient in cohort 3 died of tumor lysis 
syndrome (Grade 5, defined as a DLT); therefore, we evalu-
ated MTD in additional three patients in cohort 3. No fur-
ther DLT was noted in cohort 3, and we proceeded to the 
next cohort based on recommendation of the Safety Data 
Monitoring Committee. Six patients have to be treated at 
the dose level to be declared as MTD. Therefore, six patients 
were enrolled in cohort 4 (clofarabine 30 mg/m2/day, etopo-
side 100 mg/m2/day, and cyclophosphamide 440 mg/m2/
day). Although, one patient in cohort 4 developed sepsis 
(Grade 4, defined as DLT), MTD was not reached in this 
cohort. Therefore, the RP2Ds of clofarabine, etoposide, 
and cyclophosphamide were 30, 100, and 440 mg/m2/day, 
respectively, each given for 5 consecutive days. Patients’ 

characteristics and treatment efficacies of each cohort are 
listed in Table 3.

The most common toxicity observed was myelosuppres-
sion. All patients had Grade 4 neutropenia, lymphocyto-
penia, and thrombocytopenia. Fifteen patients (83%) had 
Grade 3 anemia. However, myelosuppression was not con-
sidered a DLT, as it resolved within 42 days. A total of 15 
(83%) patients had Grade 3 or 4 infectious complications (10 
with febrile neutropenia, three with catheter-related infec-
tion, and two with sepsis). Two (11%) patients had a Grade 
3 increased alanine aminotransferase level; however, nei-
ther Grade 3 or 4 direct bilirubin level increased nor clinical 
diagnosis of VOD/SOS was documented. Overall, the com-
mon non-hematological treatment-related adverse events 

Table 2   Patients’ characteristics

* For relapse assessment, both bone marrow aspiration and bone mar-
row biopsy were performed. Eventually, diagnosis of relapsed ALL 
was made because leukemic blasts were confirmed on bone marrow 
biopsy

Characteristics No. of patients (% of patients)

Age
 Median – 42y
 Range – 19–58 years

Gender
 Male 10 (56)
 Female 8 (44)

ECOG performance status
 0 8 (44)
 1 9 (50)
 2 1 (6)

% Leukemic blasts in bone marrow
 Median – 52%
 Range – 2*–95%

% Leukemic blasts in peripheral blood
 Median – 7%
 Range – 0–77%

Immunophenotype
 B 13 (72)
 T 5 (28)

Cytogenetics
 Normal 7 (39)
 Ph + 1 (6)
 Others 10 (55)

Prior regimens
 2 ≥ 7 (39)
 3–4 5 (28)
 5 ≤ 6 (33)

Disease status
 Relapsed 16 (89)
 Refractory 2 (11)
 Prior allo-HSCT 6 (33)
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in > 10% of patients were febrile neutropenia (56%), gas-
trointestinal disorders (33%), increased alanine aminotrans-
ferase level (22%), catheter-related infection (17%), sepsis 
(11%), fatigue (11%), increased aspartate aminotransferase 
level (11%), and increased creatinine level (11%). The major 
treatment-related adverse events are summarized in Table 4.

Importantly, we noted that two patients who developed 
DLT in this study. One patient in cohort 3 (case 7 as shown 
in Table 3) died of tumor lysis syndrome (Grade 5). This 
patient was a 31-year-old woman who showed extremely 
high white blood cell counts (208 × 109/L) at the time of 
chemotherapy. Although approaches to prevent tumor lysis 
syndrome, including laboratory monitoring, use of uric 
acid-reducing drugs including rasburicase, and adequate 
hydration were used, this patient developed clinical tumor 
lysis syndrome (acute renal failure, cardiac dysfunction, and 
seizure) and died 5 days after chemotherapy. This toxicity 

was defined as a DLT. Another patient in cohort 4 (case 
17) developed sepsis (Grade 4) day 16 on chemotherapy. 
This toxicity was also defined as a DLT. On the other hand, 
one patient in cohort 1 (case 2) developed sepsis (Grade 4); 
however, this toxicity was not defined as a DLT. Because 
this was considered to be complication due to progression of 
leukemia. In addition, one patient in cohort 2 (case 5) devel-
oped prolonged severe myelosuppression and skin eruption 
(Grade 3) after the second induction cycle. Eventually this 
patient died of adult respiratory distress syndrome (Grade 
5) 55 days after second induction chemotherapy. DLTs were 
assessed only in the first cycle; therefore, these toxicities 
also were not defined as DLT.

Overall, CR was achieved in four patients (22%), CRp 
in four patients (22%), and the overall response rate was 
44%. The median (range) time to achieve CR/CRp was 27.5 
(21–43) days. Seven (88%) of these eight patients with CR 

Table 4   Treatment-related 
adverse events

Maximum grade, treatment-related adverse events were evaluated using the National Cancer Institute’s 
Common Terminology Criteria for Adverse Events (version 4), and DLTs were only assessed during the 
first cycle
ALT alanine aminotransferase, AST aspartate aminotransferase, Cr creatinine
*One patient in cohort 4 (case 17 as shown in Table 3) developed sepsis (Grade 4) and this toxicity was 
defined as a DLT. Another patient in cohort 1 (case 2) developed sepsis (Grade 4) with progression of leu-
kemia. This toxicity was not defined as DLT. Cardiac disorder, ventricular arrhythmia (Grade 1); nervous 
system disorder, concentration impairment (Grade 1)

Adverse event All grades Maximum grade 
(No. of patients)

No. of patients (% of patients) 3 4 5

Hematological
 Neutropenia 18 (100) 0 18 0
 Lymphocytopenia 18 (100) 0 18 0
 Thrombocytopenia 18 (100) 0 18 0
 Anemia 18 (100) 15 0 0

Non-hematological
 Febrile neutropenia 10 (56) 10 0 0
 Catheter-related infection 3 (17) 3 0 0
 Sepsis 2 (11) 0 2* 0
 Urine tract infection 1 (6) 0 0 0
 Skin infection 1 (6) 0 0 0
 Tumor lysis syndrome 1 (6) 0 0 1
 Adult respiratory distress syndrome 1 (6) 0 0 0
 Gastro-intestinal disorders 6 (33) 0 0 0
 Fatigue 2 (11) 0 0 0
 Skin eruption 1 (6) 0 0 0
 Muscle pain 1 (6) 0 0 0
 Cardiac disorder 1 (6) 0 0 0
 Nervous system disorder 1 (6) 0 0 0
 Hematuria 1 (6) 0 0 0
 ALT increased 4 (22) 2 0 0
 AST increased 2 (11) 0 0 0
 Cr increased 2 (11) 0 0 0
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achieved their best response after the first cycle. Regarding 
immunophenotype, the overall response rate was 46% (two 
for CR and four for CRp) in B-ALL (n = 13) and 40% (two 
for CR) in T-ALL (n = 5). Responses were observed in all 
cohorts: in cohort 1 (n = 3), two patients achieved CRp; in 
cohort 2 (n = 3), one achieved CRp; in cohort 3 (n = 6), two 
achieved CR and one achieved CRp; in cohort 4 (n = 6), 
two achieved CR. Although, the median (range) follow-up 
duration was very short (8.5; 0.1–19.9 months; n = 18), the 
median response duration was 7.2 (0.6–13.2) months (n = 8). 
In addition, the median duration from prior allo-HSCT to 
study entry was 17.6 (6.8–39.5) months (n = 6). Eventually, 
15 (83%) patients (eight patients with CR and seven patients 
with non-CR) underwent allo-HSCT. The median duration 
from study entry to post-study allo-HSCT was 2.1 (1.3–14.5) 
months (n = 13, data were not available in two cases) and 
the median duration from response to post study allo-HSCT 
was 1.3 (0.3–13.9) months (n = 13, were not available in 
two cases).

Discussion

In the present phase 1/2 study, we successfully determined 
the MTD and RP2D of clofarabine when used in combina-
tion with etoposide and cyclophosphamide in adult patients 
with relapsed/refractory ALL. During this study period, the 
novel agents such as blinatumomab [8], inotuzumab ozo-
gamicin [9], and tisagenlecleucel [10] became available not 
only in the commercial form but also in the form used in the 
phase 1 studies in Japan. In addition, while the complete 
evaluation was still ongoing, the HOVON phase 3 study 
reported in the 59th annual meeting of the American Soci-
ety of Hematology [18] that clofarabine added to standard 
chemotherapy did not improve OS. These might affect the 
difficulty of recruiting participants, and eventually this study 
was closed without proceeding to phase 2.

Although MTD was not reached with the doses evaluated 
in the target dose cohort, the RP2Ds of clofarabine, etopo-
side, and cyclophosphamide were determined to be 30, 100, 
and 440 mg/m2/day, respectively, each administered for 5 
consecutive days. As a single agent of clofarabine, MTD was 
52 mg/m2/day for 5 days in the pediatric phase 1 study [11, 
12]. Combined with etoposide and cyclophosphamide, in the 
pediatric phase 1 study, Hijiya et al. reported that the RP2Ds 
of clofarabine, etoposide, and cyclophosphamide were 40, 
100, and 440 mg/m2/day, respectively, each administered 
for 5 consecutive days [13]. In contrast, a single-agent adult 
phase 1 study showed that the MTD was 40 mg/m2/day for 
5 days [14]. Comparisons between pediatric and adult stud-
ies have indicated that the optimal dose of clofarabine when 
used in combination with etoposide and cyclophosphamide 
is < 40 mg/m2/day. Our study included both adolescent and 

young adult (AYA) patients (n = 8), who were defined as 
individuals aged 39 years or younger, and adult patients 
(n = 10). Therefore, it is important to mention that there are 
limitations in analyzing the safety of the therapy in the AYA 
and adult generations with same eligibility (especially in 
adult patients). However, in our study, four of 6 patients in 
cohort 4 (recommended dose cohort) were aged 40 or older. 
Hence based on previous reports and the results of our study, 
we recommend clofarabine 30 mg/m2/day for 5 days when 
used in combination with etoposide (100 mg/m2/day for 
5 days) and cyclophosphamide (440 mg/m2/day for 5 days) 
in adult patients with relapsed/refractory ALL.

Regarding safety, the most common toxicity observed was 
myelosuppression, such as neutropenia, lymphocytopenia, 
and thrombocytopenia. Although Grade 3 infectious com-
plications were frequently observed, no patient developed 
Grade 5 infection in this study. Furthermore, four (22%) 
patients proceeded to the second induction cycle; however, 
no patient required dose reduction. Comparing our results to 
those of previous studies including several salvage regimens, 
we observed a comparable incidence of infectious toxicities 
and reduced severity of febrile episodes with lower mortality 
[16, 19–21]. The difference in mortality observed between 
our study and previous studies might be influenced by the 
small number of patients analyzed in our study. Several 
other factors including patient age and performance status 
might have contributed to lower mortality. Generally, sal-
vage chemotherapies for relapsed/refractory acute leukemia 
frequently induce viral and fungal infections [22]. Although 
severe neutropenia and lymphocytopenia were observed, the 
frequency of documented viral and fungal infection did not 
increase in the present study. We assessed DLTs only during 
the first cycle; therefore, careful monitoring and prophylactic 
or preemptive anti-infectious strategies should be considered 
in CLEC treatment, especially in the second cycle. Impor-
tantly, we did not observe clinically diagnosed VOD/SOS, 
although, in other series, this was frequently reported [9, 
16, 23]. In the pediatric phase 2 study of the CLEC regi-
men, VOD/SOS was observed in 12% of patients. In that 
report, patients with VOD/SOS had undergone allo-HSCT 
within 12 months before study entry, and no additional case 
of VOD/SOS was observed in enrolled patients after the 
study protocol was amended to exclude patients with prior 
allo-HSCT [16]. Therefore, prior allo-HSCT and heavy pre-
treatment were considered risk factors for developing VOD/
SOS during CLEC treatment. Six patients (33%) had under-
gone prior allo-HSCT, and 11 patients (61%) received three 
or more prior regimens; however, we did not observe clini-
cally diagnosed VOD/SOS. Although we could not compare 
our results to those of previous studies, the duration from 
the last chemotherapy or prior allo-HSCT to study entry 
could affect the low incidence of VOD/SOS. Moreover, it is 
possible that the lower dose of clofarabine (30 mg/m2/day 
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for 5 days in our study) may play an important role in pre-
venting VOD/SOS. However, it is important to note that we 
observed two patients who developed a Grade 3 increased 
alanine aminotransferase level in cohort 4. Therefore, close 
monitoring of liver function is recommended during and 
after CLEC treatment, especially in those who underwent 
prior allo-HSCT. The question of whether VOD/SOS is less 
frequent in the present procedure should be evaluated in a 
further study including the outcome of proceeding to allo-
HSCT after CLEC treatment.

As for the effectiveness, the CLEC regimen showed effi-
cacy (CR = 22%, CRp = 22%, and overall response = 44%) 
in patients with relapsed/refractory and heavily pretreated 
adult ALL. Clofarabine had a response rate of 17% when 
used as a single agent in patients with relapsed/refractory 
ALL [15]. In the current study, in agreement with other sal-
vage regimens [19–21], we observed an overall response rate 
of 44%. Recently, the mini-HCVD with inotuzumab ozo-
gamicin regimen showed a high overall response rate (78%) 
in adults with relapsed/refractory ALL [23]. In addition, 
adoptive immunotherapy with CD19-targeted CAR-T cells 
showed a surprisingly high CR rate (90%) in relapsed/refrac-
tory ALL [10]. However, the concerns of these procedures 
are the development of VOD/SOS, observed at a rate of 15% 
in the mini-HCVD with inotuzumab ozogamicin regimen, 
and it can be complicated by cytokine release syndrome 
that requires corticosteroid treatment, which may increase 
infection risk in adoptive immunotherapy. Furthermore, 
these strategies are ineffective for T-ALL. As we mentioned 
before, now several novel agents are available. However, 
novel chemotherapeutic options are still needed for relapsed/
refractory ALL. Therefore, selection of the optimal salvage 
regimen should be carefully considered based on comorbidi-
ties, immunophenotype, type of prior therapy, and toxicity 
profile of the chemotherapy regimen. In previous studies, 
30–40% of patients were bridged successfully to allo-HSCT 
[19–21]. Notably, 15 (83%) of 18 patients (including seven 
patients with non-CR) proceeded to post-study allo-HSCT 
in our study. This difference can reflect different practices 
among patient choice, donor availabilities, and options 
provided by healthcare systems. In addition, five of seven 
patients with non-CR showed hypoplastic bone marrow 
without leukemic blasts in peripheral blood. These patients 
might have a sufficient reduction in disease burden, and 
these preliminary results encouraged the use of the CLEC 
regimen as a further attempt to bridge these patients to allo-
HSCT. Other investigators have also reported success after 
using a combination of clofarabine, cyclophosphamide, and 
etoposide as a bridge therapy to allo-HSCT [24]. However, 
we did not evaluate the outcome of the CLEC treatment after 
allo-HSCT with a longer follow-up; therefore, the availabil-
ity of this procedure should be evaluated in further studies. 
A phase 2 study should evaluate the efficacy and safety of 

these RP2Ds in adult patients with ALL; however, we need 
to focus more on the potential role of the bridging therapy 
to allo-HSCT, especially in T-ALL.

The CLEC regimen was well tolerated in adult patients 
with relapsed/refractory ALL. The severity of toxicities 
with the CLEC regimen was comparable to that of other 
salvage regimens. The RP2Ds of clofarabine, etoposide, 
and cyclophosphamide were 30, 100, and 440 mg/m2/day, 
respectively, each administered for 5 days.
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