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Abstract

Pretransplant conditioning regimens critically determine outcomes in the setting of allogeneic 

(allo) stem cell transplantation (SCT). The use of nucleoside analogs such as fludarabine (Flu) in 

combination with intravenous (IV) busulfan (Bu) has been shown to be highly effective as a 

pretransplant conditioning regimen in acute (AML), chronic (CML) myeloid leukemia, and 

myelodysplastic syndrome (MDS). Because leukemia relapse remains the leading cause of death 

following allo-SCT, we studied whether clofarabine (Clo), a nucleoside analog with potent anti-

leukemia activity, can be used to complement Flu. In a preliminary report, we previously showed 

the safety and efficacy of Clo ± Flu with IV Bu in 51 patients with high risk AML, CML and 

MDS. The study has now been completed and we present long-term follow-up data on the entire 

70-patient population, which included 49 (70%), 8 (11%) and 13 (19%) patients with AML, MDS 

and CML, respectively. Thirteen patients (19%) were in complete remission and 41 patients (59%) 

received matched unrelated donor grafts. Engraftment was achieved in all patients. Sixty-three 

(90%) patients achieved CR. There were no deaths reported at day +30 and the 100-day non-
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relapse mortality was 4% (n=3). Thirty-one percent of patients (n=22) developed grade II-IV 

aGvHD, and the median OS and PFS times were 2.4 years and 0.9 years, respectively. Our results 

confirm the safety and OS and PFS advantage of the arms with higher Clo doses and lower Flu 

doses, which was most prominent in the AML/MDS group.

Keywords

Conditioning regimen; Clofarabine; Busulfan; Fludarabine; Allogeneic Stem Cell Transplantation

Introduction

The conditioning regimens used in the allogeneic (allo) stem cell transplantation (SCT) 

setting are critical for reducing disease burden and establishing an immunosuppressed 

environment that allows engraftment of donor cells. Intravenous (IV) busulfan (Bu) 

combined with the nucleoside analog fludarabine (Flu) has become one of the principal 

conditioning regimens used in the allo-SCT setting [1-7]. Factors that contribute to the 

safety and efficacy of IV Bu-Flu include the non-overlapping end organ toxicities of Flu and 

Bu and the predictability of systemic Bu levels with the use of IV Bu [8-11].

The cytoreductive capability of the conditioning regimen has a significant bearing on long-

term disease outcomes, especially in high-risk patients [12, 13]. This observation 

underscores the critical need for conditioning regimens with potent anti-leukemia activity 

that would eradicate residual leukemia and provide ample time to establish donor immunity 

for the graft versus leukemia effect of the allo-SCT [12-15]. We introduced clofarabine (Clo) 

in combination with Flu and IV Bu as one strategy to improve the anti-leukemia activity of 

the conditioning regimen and demonstrated its safety and efficacy in 51 patients with AML 

(n=42) and CML (n=9) [16]. Clo has a potent anti-leukemia activity, and it synergizes with 

Flu and Bu in vitro [16, 17], hence providing the rationale to test it in the allo-SCT setting.

Using a Bayesian model, in our original study [16], we randomized patients adaptively to 

one of 4-arms in which Flu was complemented with Clo in different proportions; all patients 

received IV Bu. The four arms were as follows: Arm 1 -Clo:Flu 10:30 mg/m2, Arm 2 - 20:20 

mg/m2, Arm 3 - 30:10 mg/m2, and Arm 4 – single-agent Clo at 40 mg/m2. Addition of Clo 

had minimal toxicities with no major organ toxicities or graft versus host disease (GvHD) 

that were attributed to this nucleoside analog. We reported a 2-year OS and PFS of 48% and 

41%, respectively, with a median OS of 23 months. A multivariate analysis suggested a 

trend for improved OS and EFS for the AML patients treated in the arms with higher Clo 

doses, including patients treated in Arm 4 who received Clo without Flu.

In this report, we present a long-term follow-up on the entire group of 70 patients. Patient 

covariates were balanced between all treatment arms. Our results confirm the safety of this 

new double nucleoside analog + IV Bu regimen and demonstrate an advantage for better 

disease control in the patients conditioned with higher Clo doses.
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Patients and Methods

Patient Eligibility

We studied 70 patients with AML (n=49), MDS (n=8) or CML (n=13) transplanted at The 

University of Texas M. D. Anderson Cancer Center (MDACC) between October 2006 and 

October 2011. Patients provided written informed consent for their treatment and were 

treated in accordance with the Declaration of Helsinki.

The inclusion criteria for AML patients were induction chemotherapy failure, or high-risk 

disease in first complete remission (CR1), characterized by cytogenetics other than 

translocation (t) (8;21), inversion (inv) 16, or t(15;17), and/or by the need for more than one 

cycle of chemotherapy to achieve CR [18]. Patients with AML beyond CR1 were also 

eligible, and were prioritized to include those with active leukemia at the time of 

transplantation. For MDS, eligibility criteria included patients with an International 

Prognostic Score System (IPSS) score of ≥2 [19], or if they progressed after previous 

chemotherapy. CML patients were eligible for this trial if they failed to achieve a cytogenetic 

CR to tyrosine-kinase inhibitor (TKI)-based therapy, and completed TKI-therapy at least 10 

days prior to the start of preparative treatment to avoid a serious hepatic interaction with 

busulfan metabolism. The patients enrolled in this study were eligible for standard 

myeloablative conditioning regimens.

In addition to the above-listed disease-specific criteria, eligibility criteria included 

acceptable renal function (creatinine ≤1.5 mg); adequate hepatic function (normal bilirubin 

and SGPT ≤ 3 times the upper normal limit); ZUBROD performance status ≤2; absence of 

uncontrolled infection including negative serology for hepatitis B and C, and HIV; adequate 

cardiac function (LVEF ≥45%); acceptable pulmonary function (FEV1, FVC and DLCO 

≥50% of predicted); and no chemotherapy within 30 days of study entry.

Stem cell grafts were obtained from human leukocyte antigen (HLA)-compatible related 

(fully matched or one antigen mismatched) donors or matched unrelated donors (MUD). 

HLA matching was assessed using high-resolution DNA-typing. The NIH Common 

Terminology Criteria v3.0 was used to assess clinical serious adverse events. All patients 

signed informed consent according to institutional guidelines. PCR-based technology was 

used to document engraftment and chimerism from blood and marrow [4].

Pretransplant Conditioning Program

The treatment regimens used are considered myeloablative and were based on a backbone of 

IV Bu-Flu. Regimens consisted of Flu (Fludara®, Genzyme Corporation, Cambridge, MA) 

infused over 60 minutes daily for four days (days -6 to -3). Each Flu dose was followed by 

Clo (Clolar®, Genzyme Corp.), also infused over 60 minutes daily for four days and then by 

IV Bu (IV Busulfex® [busulfan] Injection, Otsuka America Pharmaceuticals Inc., Princeton, 

NJ), over 3 hours once daily for four days. The Bu dose was calculated to target an average 

daily systemic exposure dose, represented by the area under the concentration vs. time curve 

(AUC) of 6,000 μMol-min ±10%, or total course AUC of 24,000 μMol-min over four days. 

PK-parameters derived from a Bu test dose of 32 mg/m2 administered 48 hours before the 
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start of the therapeutic conditioning program (day -8) was used to calculate the Bu dose. The 

clinical study was designed as an adaptively randomized 4-arm trial:

Arm 1) Flu 30 mg/m2/day + Clo 10 mg/m2/day

Arm 2) Flu 20 mg/m2/day + Clo 20 mg/m2/day

Arm 3) Flu 10 mg/m2/day + Clo 30 mg/m2/day

Arm 4) Clo alone at 40 mg/m2/day

In addition to the fixed dose of IV Bu and the above four Flu-Clo chemotherapy schedules, a 

total dose of 4 mg/kg of rabbit antithymocyte globulin (rATG) (Thymoglobulin®, Genzyme, 

Corp.) was infused to patients who had a one-antigen-mismatched related donor or a 

matched unrelated donor using the following schedule: 0.5 mg/kg on day -3, 1.5 mg/kg on 

day -2, and 2.0 mg/kg IV on day -1. The stem cell products were infused on day 0. 

Tacrolimus and mini-dose methotrexate were used for graft-vs-host disease prophylaxis [2, 

20].

Regimen Stopping Rule

Stopping rule would terminate an experimental arm for safety if, given the observed 30-day 

TRM data, it was likely that the rate of 30-day TRM in that arm was higher than the rate of 

1% seen historically. Specifically, denoting the probability of TRM within 30 days in arm 

j=1,2,3,4 by pj, and the historical probability of this event by pH, the safety rule would stop 

accrual to the jth arm if Pr(pj > pH | data) > 0.95, where it was assumed that pH followed an 

informative beta prior with effective sample size 120 and mean 0.01, and that p1, p2, p3, p4 

followed non-informative beta priors with effective sample size 1 and mean 0.01.

Statistical Analyses

Unadjusted distributions of OS and PFS were estimated by the method of Kaplan and Meier 

[21]. The log rank test was used to test differences in OS or PFS between subgroups [22]. 

Exact tests for association were carried out using the exact Fisher-Freeman-Halton test [23]. 

Bayesian survival time regression was used to assess the relationship between OS, PFS, and 

patient covariates and treatment arms, assuming a log-normal distribution for flexibility and 

numerical stability [24]. In the fitted model, for each variable the posterior probability of a 

beneficial effect (pbe) = Pr(β>0 | data) where β denotes the coefficient of the variable in the 

model's linear term. Values of pbe > 0.99 or < 0.01 may be interpreted as highly significant, 

and pbe >0.95 or < 0.05 as significant. All statistical analyses were performed using SAS 9.3 

for Windows.

Results

Patient Characteristics

Seventy patients with AML (n=49), MDS (n=8) or CML (n=13) received allo-SCT between 

April 2006 and October 2011. The median age at the time of transplant was 46 (range, 6-59) 

years; 25 patients (36%) were >50 years. Thirty-one (44%) patients were female, and 39 

(56%) were male. Only thirteen (19%) patients were in CR at the time of SCT. Forty-one 

patients (57%) received MUD SCTs; 19 (46%) of these MUD patients received bone 
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marrow (BM) as the stem cell graft. Twenty-nine patients received their graft from a related 

donor and of these patients, 27 (93%) were fully matched related donor (MRD), while 2 

(7%) were one-antigen mismatched. Of the patients who received a MRD graft, 24 (89%) 

patients received a peripheral blood progenitor cell (PBPC) graft. BM was used as the graft 

source for the two patients who received a one-antigen mismatched SCT. Pretransplant 

characteristics for this subgroup of patients are presented in Table 1.

Patient Characteristics According to the Treatment Arm

Eighteen patients were randomized to treatment Arm 1 (Flu 30 mg/m2, Clo 10 mg/m2), 

including 11 patients (61%) with AML, 2 patients (11%) with MDS and 5 patients (28%) 

with CML. The median age of these patients at the time of transplant was 36.5 (range 6-59) 

years. Seven patients were randomized to treatment Arm 2 (Flu 20 mg/m2, Clo 20 mg/m2), 

which included 4 patients (57%) with AML, 1 patient (14 %) with MDS and 2 patients 

(29%) with CML. The median age of these patients at the time of transplant was 54 (range, 

11-59) years. Twenty-nine patients were randomized to treatment Arm 3 (Flu 10 mg/m2, Clo 

30 mg/m2), which included 23 patients (79%) with AML, 2 patients (7%) with MDS and 4 

patients (14%) with CML. The median age of these patients at the time of transplant was 42 

(range, 14-59) years. Sixteen patients were randomized to treatment Arm 4 (Clo 40 mg/m2), 

and these included 11 patients (69%) with AML, 3 patients (19%) with MDS and 2 patients 

(12%) with CML. The median age of these patients at the time of transplant was 49 (range, 

7-59) years. Patients in CR in each group were 3 (17%) in Arm 1, 1 (14%) in Arm 2, 6 

(21%) in Arm 3 and 3 (19%) in Arm 4 at the time of SCT (P >0.05). There were 9 patients 

(50%) in Arm 1 that received MUD SCT and 9 patients (50%) that received MRD SCT; 3 

patients (43%) in Arm 2 that received MUD SCT and 4 patients (57%) that received MRD 

SCT; 21 patients (72%) in Arm 3 that received MUD SCT, 7 patients (24%) that received 

MRD SCT and 1 patient (4%) who received a one-antigen mismatched related SCT; and 8 

patients (50%) in Arm 4 that received MUD SCT and 7 patients (44%) that received MRD 

SCT and 1 patient (6%) who received a one-antigen mismatched related SCT (P>0.05). Of 

the AML patients in Arm 1, 1 (9%), 6 (55%) and 4 (36%) patients had good, intermediate 

and poor risk cytogenetics, respectively. Of the AML patients in Arm 2, 2 (50%) and 2 

(50%) patients had intermediate and poor risk cytogenetics, respectively. Of the AML 

patients in Arm 3, 3 (3%), 13 (57%) and 7 (30%) patients had good, intermediate and poor 

risk cytogenetics, respectively. Of the AML patients in Arm 4, 6 (55%), 2 (18%) and 3(27%) 

patients had good, intermediate and poor risk cytogenetics, respectively. Patient 

characteristics by treatment arm are shown in Table 2.

Transplant Outcomes

Engraftment was achieved in all patients (n=70) with median time of 12 (range, 10-22) days. 

Full donor chimerism was achieved in 57 (81%) patients at a median of 31 (range, 27-580) 

days. Sixty-three (90%) patients stayed in remission or achieved CR following transplant, 

and of these patients, 27 (43%) subsequently progressed. There were no deaths reported at 

day +30. One hundred-day non-relapse mortality (NRM) was 4% (n=3) and was caused by 

infection (n=1), acute GvHD (aGvHD) (n=1) and hemorrhage (n=1). Thirty-one percent of 

patients (n=22) developed grade II-IV aGvHD, 6% (n= 4) developed grade III-IV aGvHD, 
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and 40% (n=28) developed chronic GvHD. There were no significant renal or hepatic 

toxicities reported.

During the study, 9 patients died without relapse (13%). Among the 9 patients, 2 patients 

(22%) died due to aGvHD, 2 patients (22%) died due to chronic GvHD, 1 patient (11%) 

died due to hemorrhage, 1 patient (11%) died due to secondary malignancy, 1 patient (11%) 

died due to a fungal infection, 1 patient (11%) died due to a protozoal infection and 1 patient 

(11%) died due to other organ failure. The overall relapse rate was 41% (n=29) and the 

relapse rate in each arm was 33% (n=6) in Arm 1, 57% (n=4) in Arm 2, 48% (n=14) in Arm 

3, and 31% (n=5) in Arm 4. Outcomes by treatment arm are shown in Table 3. Fisher exact 

test was used to compare the relapse rates among arms, and no statistically significant 

difference in relapse rate was found (P=0.52), although this data should be cautiously 

interpreted due to the small number of patients in each subgroup.

OS and DFS

The median follow-up period for all patients and those who achieved CR following allo-SCT 

was 36.3 (range, 1.3 -102.5) months and 50.8 (range, 2.4-102.5) months, respectively. The 

median OS time over all four arms was 2.4 years. The median OS times by arm were Arm 1: 

not reached; Arm 2: 0.4 year; Arm 3: 2.2 years; Arm 4: not reached. The median PFS time 

over all four arms was 0.9 year. The median PFS times for arms 1-4 were 2.0 years, 0.2 year, 

0.8 year, and not reached, respectively.

The 5-year OS rate was 48% (95% confidence interval [CI]: 38%-62%). The 5-year OS rates 

of the arms 1-4 were 56% (95% CI: 37%-84%), 14% (95% CI: 2%-88%), 44% (95% CI: 

29%-67%) and 62% (95% CI: 43%-91%), respectively. The 5-year PFS rate was 41% (95% 

CI: 31%-54%). The 5-year PFS rates for arms 1-4 were 49% (95% CI: 31%-79%), 14% 

(95% CI: 2%-88%), 34% (95% CI: 20%-57%) and 56% (95% CI: 37%-87%), respectively.

Kaplan-Meier plots demonstrated better OS and PFS in patients who received the highest 

dose of Clo, irrespective of the disease status at the time of allo-SCT (Figures 1 and 2). 

Furthermore, since 81% (n=57) of the patients treated in our study had AML or MDS, we 

also determined how the Clo dosing affected the survival outcomes in this subgroup of 

patients. Our results showed that patients who received the highest doses of Clo (40 mg/m2/

day) had the longest OS and PFS (Figures 3A and 3B). To determine whether these 

observations were due to the dose of Clo, we compared the outcomes of the patients who 

received the higher doses of Clo (arms 3 and 4) with those who received the lower doses of 

Clo (Arms 1 and 2). Kaplan-Meier plots (Figure 3) showed higher OS and PFS in patients 

who received the higher Clo doses, suggesting that the improved survival effect was indeed 

due to Clo (P=0.07 for OS and P=0.12 for PFS). Furthermore, a multivariate Bayesian 

survival regression model assessing post-transplant OS (Table 4), shows a strong trend in 

which a higher Clo dose is associated with improved OS. As seen in many previous studies, 

AML/MDS (versus CML) was associated with worse OS. Similar results were seen for PFS 

(data not shown).

Patient covariates were balanced between the treatment arms. The various Kaplan-Meier 

plots suggest OS and PFS advantages in the arms with higher Clo dose and lower Flu dose. 
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This observation is most prominent in the AML/MDS patients (Figure 3). Arm 2, “20-20” 

arm, had the worst patient outcomes, which included 6 deaths: 5 deaths (83%) were caused 

by disease recurrence/persistence, and 1 death (17%) was caused by the chronic GvHD. 

Although the comparisons showed that this arm had the worst OS and PFS, the sample size 

in this arm was very small, since this group met the early stopping criteria (detailed in the 

“Patients and Methods” section), and therefore it is difficult to make definitive conclusions.

Discussion

In this report of 70 patients with AML, MDS, and CML, we saw improved efficacy of Clo in 

combination with Flu and IV Bu as part of a pretransplant conditioning regimen. Our data 

demonstrate that adding Clo to Flu in the IV Bu ± ATG regimen appears to be highly active 

in patients with aggressive and relapsed/refractory myeloid leukemia. In addition to its direct 

anti-leukemia activities, the immunosuppressive effects of Clo are sufficient to allow for 

adequate stem cell engraftment. Moreover, the 4% NRM in this study is similar to that 

expected with Flu + IV Bu in a similar a patient population [1-4].

A number of published studies demonstrated the efficacy of IV Bu containing regimens. In 

one study of 1,483 patients with myeloid malignancies, IV Bu was shown to be superior to 

total body irradiation in pretransplant conditioning regimens, demonstrating superior 

survival with no increased risk of TRM or relapse [25]. In another study of 1,230 patients 

with AML, patients who received IV Bu/cyclophosphamide (Cy) demonstrated a lower rate 

of TRM and relapse, and longer PFS and OS in contrast with patients who received Cy/TBI 

[26]. With this proven superiority of IV Bu in patients with myeloid malignancies, a number 

of studies then focused on avoiding the use of two alkylating agents (i.e. Cy) in order to 

minimize conditioning regimen toxicity. Thus, a nucleoside analog, most commonly Flu, has 

been shown to be an effective adjunct to IV Bu in pretransplant regimens and is currently 

one of the mainstay drugs used with IV Bu [1-4, 27, 28]. However, even with Flu + IV Bu, 

leukemia relapse remains the primary cause of death in patients with myeloid malignancies 

following allo-SCT. Clo has potent anti-leukemia activity and was shown to synergize in 

vitro with busulfan and Clo [16, 29], hence prompting this study to test its efficacy in the 

pretransplant setting.

There are few published studies that support the use of IV Bu+ Clo in pretransplant 

conditioning regimens. In a phase 1/2 study, 46 patients with various hematologic 

malignancies, including 31 patients with active AML, received IV Bu (AUC=4800 μMol-

min) and Clo at 20 mg/m2 (n=6), 30 mg/m2 (n=21) and 40 mg/m2 (n=19). CR was achieved 

in 80% of the patients and the two-year NRM and OS for all patients was 31% and 28%, 

respectively [30]. The major toxicities reported in that study included transient transaminitis 

(50%), mucositis (24%), hand-foot syndrome (13%), transient hypoxia (13%), nausea/

vomiting (9%), and diarrhea (9%), but notably no serious renal or hepatic toxicity. This may 

invite a challenge of the Clo dose of 40 mg/m2 once daily for four days since there was a 

strong association in our study between leukemia control and delivered Clo dose. Chevallier 

et al. [31] reported the results of a phase 2 study combining IV Bu with Clo (30 mg/m2) and 

antithymocyte globulin in 30 patients with AML (n=11), ALL (n=13), MDS (n=5) and bi-

phenotypic leukemia (n=1). Most of the patients (n=27) included in that study were in CR. 
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The 1-year OS, DFS and NRM rates were 63%, 57% and 3.3%, respectively. A subgroup 

analysis showed that OS, DFS and leukemia relapse favored the patients with AML/MDS 

over those with ALL. A recently published phase 2 study further confirmed the safety and 

efficacy of IV Bu+ Clo at the higher Clo dose (40 mg/m2) [32]. In that study, which included 

patients with AML (n = 25), MDS (n=5) and ALL (n=4), 2-year OS and PFS were 56% and 

50%, respectively, and the cumulative incidences of acute and chronic GVHD were 21% and 

44%, respectively. As predicted, OS and PFS survival rates were highest for the AML 

patients in CR1, both at 82%. In addition to myeloid leukemia, our results here can also be 

extrapolated to patients with ALL and are supported by the aforementioned trials and data 

from an earlier study we conducted in patients with ALL undergoing allo-SCT. In that study, 

51 patients received MRD (n=24), MUD (n=25) or syngeneic (n = 2) SCT after a 

pretransplant conditioning regimen that consisted of Clo (40 mg/m2)+ IV Bu given once 

daily for 4 days. The regimen was well tolerated, with a 100-day NRM rate of 6% and 1-

year OS, DFS and TRM rates of 67%, 54% and 32%, respectively [33].

To date, using a nucleoside analog with Bu has been shown to be the safest approach in 

pretransplant conditioning regimens [1-4, 27, 28], although one study reported inferior 

efficacy outcomes with Flu in comparison with Cy [5]. Since leukemia relapse remains the 

leading cause of death in patients with myeloid leukemia after allo-SCT, novel approaches 

for pretransplant conditioning regimens are constantly being examined. This is especially 

true in patients with active disease at the time of allo-SCT, where relapse related mortality is 

high, irrespective of the addition of a nucleoside analog (i.e. Flu) or a second alkylating 

agent (i.e. Cy) to pretransplant conditioning regimens [26, 34, 35]. In patients at high risk 

for relapse, a combination of two nucleoside analogs including Flu and Clo, which have 

potent synergistic anti-leukemia activities [29, 36-41], may be the ideal partner(s) for IV Bu, 

as our data indicate in this report.

Finally, we recognize that a randomized trial is the ideal approach to determine the 

superiority of Clo when substituted for Flu in combination with IV Bu. However the 

Bayesian continuous reassessment approach that we employed in this study is adequate to 

determine the value of the Clo substitution. Because of the encouraging results that we 

observed with our initial study [16], our data in this expanded cohort, along with the studies 

that have been published since our original report, together show 1) the safety of Clo in the 

pretransplant setting, 2) its immunosuppressive activity that allows for adequate 

engraftment, and 3) its efficacy in patients with myeloid leukemia, including patients with 

active disease at the time of allo-SCT. These data could be used in clinical decision making 

until definitive data are obtained from larger randomized trials.
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Highlights

• Clofarabine is safe when used with IV Bu+Flu in pretransplant 

conditioning regimens

• Pretransplant conditioning with IV Bu+Clo+Flu has potent anti-

leukemia activity

• IV Bu+Clo+Flu conditioning is efficacious in patients with aggressive 

AML/MDS
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Figure 1. 
OS by treatment arm for the entire cohort (A), patients in CR (B) or with active disease (C).
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Figure 2. 
PFS by treatment arm for the entire cohort (A), patients in CR (B) or with active disease (C).
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Figure 3. 
OS (left) and PFS (right) for patients with AML/MDS by treatment arm (A and B) and 

combined arms (C and D).
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Table 1

Characteristics of patients who achieved CR following allo-SCT (n=70).

Variable Value Number (%)

Gender Male 39 (56%)

Female 31 (44%)

Age (years) >50 25 (36%)

≤50 45 (64%)

Disease AML 49 (70%)

MDS 8 (11%)

CML 13 (19%)

Disease status at transplantation CR 13 (19%)

Active disease 57 (81%)

Cytogenetics Good 6 (9%)

Intermediate 27 (38%)

Poor 16 (23%)

Donor type MRD 27 (38%)

MUD 41 (59%)

Mismatched 2 (3%)

Stem cell source Bone Marrow 24 (34%)

Peripheral Blood 46 (66%)

Abbreviations: AML, acute myeloid leukemia; myelodysplastic syndrome, MDS; chronic myeloid leukemia, CML; MRD, matched related donor; 
MUD, matched unrelated donor; CR, complete remission.
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Table 2

Characteristics by treatment arm of patients who achieved CR following allo-SCT.

Arm Number (%) Variable Value Number (%)

Arm 1 18 (26%) Gender Male 8 (44%)

Female 10 (56%)

Age (years) >50 3 (17%)

≤50 15 (83%)

Disease AML 11 (61%)

MDS 2 (11%)

CML 5 (28%)

Disease status at transplantation CR 3 (17%)

Active disease 67 (83%)

Cytogenetics Good 1(9%)

Intermediate 6(55%)

Poor 4(36%)

Donor type MRD 9 (50%)

MUD 9 (50%)

Mismatched 0

Arm 2 7 (10%) Gender Male 6 (86%)

Female 1 (14%)

Age (years) >50 5 (71%)

≤50 2 (29%)

Disease AML 4 (57%)

MDS 1 (14%)

CML 2 (29%)

Disease status at transplantation CR 1 (14%)

Active disease 6 (86%)

Cytogenetics Good 0

Intermediate 2(50 %)

Poor 2(50 %)

Donor type MRD 4 (57%)

MUD 3 (43%)

Mismatched 0

Arm 329 (41%) Gender Male 15 (52%)

Female 14 (48%)

Age (years) >50 10 (34%)

≤50 19 (66%)

Disease AML 23 (79%)

MDS 2 (7%)

CML 4 (14%)

Disease status at transplantation CR 6 (21%)

Active disease 23 (79%)
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Arm Number (%) Variable Value Number (%)

Cytogenetics Good 3(3%)

Intermediate 13(57%)

Poor 7(30%)

Donor type MRD 7 (24%)

MUD 21 (72%)

Mismatched 1 (4%)

Arm 4 16 (23%) Gender Male 10 (63%)

Female 6 (37%)

Age (years) >50 7 (44%)

≤50 9 (56%)

Disease AML 11 (69%)

MDS 3 (19%)

CML 2 (12%)

Disease status at transplantation CR 3 (19%)

Active disease 13 (81%)

Cytogenetics Good 2(18%)

Intermediate 6(55%)

Poor 3(27%)

Donor type MRD 7 (44%)

MUD 8 (50%)

Mismatched 1 (6%)

Abbreviations: AML, acute myeloid leukemia; myelodysplastic syndrome, MDS; chronic myeloid leukemia, CML; MRD, matched related donor; 
MUD, matched unrelated donor; CR, complete remission.
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Table 3

Outcomes by treatment arm for patients who achieved CR following allo-SCT.

Arm Number (%) Variable Value Number (%)

Arm 1 18 (26%) NRM Yes 2 (11%)

No 16 (89%)

Progression Yes 6 (33%)

No 12 (67%)

Death Yes 8 (44%)

No 10 (56%)

Arm 2 7 (10%) NRM Yes 1 (14%)

No 6 (86%)

Progression Yes 4 (57%)

No 3 (43%)

Death Yes 6 (86%)

No 1 (14%)

Arm 3 29 (41%) NRM Yes 5 (17%)

No 24 (83%)

Progression Yes 14 (48%)

No 15 (52%)

Death Yes 16 (55%)

No 13 (45%)

Arm 4 16 (23%) NRM Yes 1 (6%)

No 15 (94%)

Progression Yes 5 (31%)

No 11 (69%)

Death Yes 6 (38%)

No 10 (62%)
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Table 4

Fitted multivariate Bayesian lognormal survival regression model assessing effects of treatment arms and 

covariates on post-transplant overall survival (N=70, Deaths=35). Dose arm effects are compared to baseline 

arm Flu 30 mg/m2 + Clo 10 mg/m2. All doses are mg/m2/day.

Posterior Quantities

Variable Mean Effect (SD) Posterior 95% Credible Interval Probability of a Beneficial Effect*

Intercept 9.23 (2.29) 4.91, 13.92 --

Flu 20 + Clo 20 -1.90 (1.08) -4.12, 0.16 0.04

Flu 10 + Clo 30 -0.21 (0.77) -1.78, 1.27 0.39

Flu 0 + Clo 40 1.15 (0.94) -0.67, 3.01 0.90

Age at SCT -0.22 (0.60) -1.41, 0.95 0.36

MUD donor type 0.44 (0.64) -0.82, 1.73 0.76

In CR at SCT -0.28 (0.79) -1.83, 1.31 0.36

AML/MDS disease -1.67 (0.89) -3.52, 0.02 0.03

Abbreviations: Flu = fludarabine, Clo= clofarabine; SCT = stem cell transplantation; MUD = matched unrelated donor; CR, = complete remission; 
SD = standard deviation.

*
This is the Probability of a Beneficial Effect, not the P value.
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