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A multicenter trial of myeloablative clofarabine and busulfan
conditioning for relapsed or primary induction failure AML
not in remission at the time of allogeneic hematopoietic stem
cell transplantation
J Magenau1, P Westervelt2, S Khaled3,4, J McGuirk4, P Hari5, M Eapen5, PS Becker6, B Parkin1, T Braun7, B Logan8, H Wang8, M Jagasia9,
SD Rowley10, DDH Kim11, T Schechter12, N Frey13, B Scott6, T Churay1, S Lieland1, S Forman3,4 and S Mineishi14

Allogeneic hematopoietic cell transplantation (HCT) may produce long-term survival in AML after relapse or primary induction
failure (PIF). However, outcomes of HCT performed for AML not in remission are historically poor given high relapse rates and
transplant-related mortality. Preliminary studies suggest conditioning with clofarabine and myeloablative busulfan (CloBu4) may
exert significant anti-leukemic effects without excessive toxicity in refractory hematologic malignancies. A prospective multicenter
phase II trial was conducted to determine the efficacy of CloBu4 for patients proceeding directly to HCT with AML not in remission.
Seventy-one patients (median age: 56 years) received CloBu4. At day 30 after HCT, 90% achieved morphologic remission. The
incidence of non-relapse mortality and relapse at 2 years was 25% and 55%, respectively. The 2-year overall survival (OS) and event-
free survival (EFS) were 26% and 20%, respectively. Patients entering HCT in PIF had significantly greater EFS than those in relapse
(34% vs 8%; Po0.01). Multivariate analysis comparing CloBu4 with a contemporaneous cohort (Center for International Blood and
Marrow Transplantation Research) of AML not in remission receiving other myeloablative conditioning (n= 105) demonstrated
similar OS (HR: 1.33, 95% confidence interval: 0.92–1.92; P= 0.12). HCT with myeloablative CloBu4 is associated with high early
response rates and may produce durable remissions in select patients with AML not in remission.
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INTRODUCTION
Approximately 30–40% of patients do not achieve remission with
standard induction therapy for AML.1–4 Once chemotherapy
resistance is established, the probability of achieving remission
with successive inductions is markedly reduced.5 Similarly, relapse
also heralds an increasing likelihood for chemotherapy resistance,
particularly in patients with short remission intervals and
advanced age.6 In such scenarios, retrospective analyses suggest
allogeneic hematopoietic cell transplantation (HCT) with myeloa-
blative conditioning produces long-term survival in ~ 10–20% of
patients.5,7–10 Although this is an improvement over conventional
chemotherapy, AML not in remission at HCT remains a principle
determinant of poor outcome attributable to the risks of high
treatment-related mortality (TRM) and relapse.
The problem of AML not in remission is increasing, as HCT is

offered to older individuals. Therefore, developing conditioning
protocols that are tolerable but effective is a significant need.11–13

In AML not in remission, retaining myeloablative dosages may be
necessary for adequate cytoreduction.14 Current myeloablative
regimens such as cyclophosphamide and TBI (CyTBI) or busulfan
and cyclophosphamide (BuCy) carry high risks for TRM, particularly

in individuals over 50 years of age.15,16 Toxicity related to HCT
conditioning may be exacerbated in AML not in remission, with
some studies reporting TRM in excess of 50%.17

Clofarabine has demonstrated significant anti-leukemic effects
in relapsed AML with manageable toxicity in older patients.18 We
hypothesized that combining clofarabine with myeloablative IV
busulfan (CloBu4) would potentiate the anti-leukemic effects of
conditioning while retaining sufficient tolerability. In a single-
center phase I–II study of hematologic malignancies not in
remission at HCT, AML patients receiving CloBu4 demonstrated
consistent engraftment, manageable toxicity and high rates of
remission.19 Relapse and survival were promising compared with
historical outcomes from an earlier treatment era that extensively
used CyTBI and BuCy conditioning.7 Others have reported
encouraging single-center outcomes with clofarabine–busulfan-
based conditioning in high-risk AML.20–22

To further evaluate the efficacy of myeloablative CloBu4
conditioning, we conducted a prospective multicenter phase II
clinical trial to determine survival after HCT exclusively for AML
patients not in remission. Outcomes after HCT for study patients
were then compared with an external contemporaneous cohort of
patients from the Center for International Blood and Marrow
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Transplantation Research (CIBMTR) who received other myeloa-
blative conditioning regimens for AML not in remission.

METHODS
CloBu4 conditioning, patients and donors
This was a single-arm multicenter prospective clinical trial for relapsed or
primary induction failure (PIF) AML not in remission at the time of HCT
(NCT01457885). Patients up to 65 years of age were eligible to receive CloBu4
conditioning between November 2011 and December 2013 at twelve HCT
centers in the United States and Canada. Patients had bone marrow biopsies
demonstrating 45% blasts prior to initiating conditioning. The presence of
circulating blasts or extramedullary leukemia (excluding active central
nervous system leukemia) was permitted. Patients were required to have
chemotherapy resistance as demonstrated by (1) PIF at diagnosis, defined as
no remission after two intensive induction regimens or (2) relapsed AML not
in remission. For relapse, a minimum of one re-induction attempt was
required if the proceeding remission exceeded 6 months. All patients
provided written informed consent on an Institutional Review Board-
approved protocol (HUM00048709). Unrelated and related donors were
required to be high-resolution 8/8 HLA matches at HLA A, B, C and DR.

Conditioning regimen and supportive care
The conditioning regimen consisted of IV busulfan 3.2 mg/kg daily based
on adjusted ideal body weight infused over 3 h on 4 consecutive days
(−5 to − 2). Samples for busulfan pharmacokinetics were obtained after the
first busulfan dose and analyzed at the Seattle Cancer Alliance Clinical
Pharmacokinetics Laboratory (Seattle, WA, USA) or at a local laboratory.
Busulfan dose was adjusted on days − 3 and − 2, if necessary, to target an
area under the curve of 4500–5500 umol-min/day. IV clofarabine 40 mg/m2

was administered over 1 h on days − 6 to − 2 following completion of the
busulfan. Clofarabine dosage was based on actual body weight. Stem cells
were administered on day 0. PBSCs or bone marrow were allowed as stem
cell sources. Other supportive measures included dexamethasone 12 mg IV
on days of clofarabine as an antiemetic and to prevent capillary leak
syndrome. Fungal prophylaxis was recommended to be an echinocandin
in place of azole antifungals until normalization of liver function enzymes
or bilirubin. Acute GvHD (aGvHD) prophylaxis consisted of calcineurin
inhibitor with either mycophenolate mofetil (MMF) or methotrexate (MTX).
No patients received ATG or other T-cell depleting regimens. No patients
received prophylactic donor lymphocyte infusion to prevent relapse.

Comparison cohort: myeloablative conditioning other than CloBu4
Randomization was not performed in part due to difficulties in defining a
consensus for standard of care myeloablative conditioning in this setting.
Therefore, following completion of the phase II study a planned analysis was
conducted to compare overall survival (OS) against patients not in remission
who were transplanted in the United States during a contemporaneous time
frame. This contemporaneous cohort of patients receiving myeloablative
conditioning without clofarabine was identified in collaboration with the
CIBMTR. The CIBMTR selected patients with similar eligibility to study
patients: age 18–65 years receiving first HLA-identical sibling or 8/8 HLA-
matched unrelated donor HCT for AML not in remission between 2008 and
2013. Patients with PIF were defined as no remission after one or two lines of
induction. Patients in relapse prior to HCT were without mandate for
additional induction attempts. Patients with T-cell depletion were excluded.

Response assessment, definitions and statistical analysis
Remission status for CloBu4 patients was assessed by bone marrow
aspirate and biopsy for study patients on days 30, 100 and 365 post HCT or
at times of concern for relapse. CIBMTR patients receiving other
myeloablative conditioning had disease assessments per local institutional
practice. Definition of cytogenetic risk was by ECOG/SWOG classification.23

OS was recorded from the day of HCT (day 0) until death. Event-free
survival (EFS) was from the day of HCT until death or post-HCT relapse.
When designing the trial, there was no clear historical precedent for

survival given the lack of large prospective data sets in AML not in remission
at HCT. Using outcomes from a phase I/II trial of CloBu4 at the University of
Michigan and a historical registry cohort (CIBMTR) of other myeloablative
regimens,7,19 we estimated that CloBu4 would result in a 16% improvement
in the primary end point of EFS at 1 year. Assuming a type I error rate of 5%,
we estimated a sample size of 70 patients would supply 80% power to

detect such a difference. The sample size was augmented to 75 patients to
allow for subjects who may become non-evaluable. Differences in
characteristics between patient groups were assessed with a Wilcoxon rank
sum test for continuous values and a χ2-test of association for categorical
values. Cumulative incidence and group differences for relapse, non-relapse
mortality and GvHD were estimated using proportional hazard models for
competing risk.24 OS and EFS were estimated using Kaplan–Meier methods
and log-rank tests were used to compare survival between the CloBu4 and
CIBMTR cohorts. Multivariate analysis of OS was modeled using Cox
regression methods. All analyses were performed in R (R Development Core
Team, Vienna, Austria) and SAS statistical packages (SAS Institute, Cary, NC,
USA). Final planned analysis was restricted to adult AML defined as age ⩾ 18
years at the time of enrollment. Three pediatric patients were not included
in planned analysis for age o18 years. Among these three patients, two
died of progressive AML at 6 and 11 months after HCT. The third remains in
remission 2 years after HCT.

RESULTS
Patient characteristics
The characteristics of 71 AML patients aged ⩾ 18 years who
enrolled and received CloBu4 conditioning are shown in Table 1.
One patient withdrew after enrolling but prior to initiating study
conditioning. The median age was 56 years (range 19–65).
Patients had a median of 27% (5–95%) blasts on pre-HCT bone
marrow examination and received a median of 2 (range: 1–5) prior
inductions. The median time from diagnosis to HCT was 6 months
(2–25). For patients with PIF, the median time for diagnosis to HCT
was 4 months (range: 2–18). For patients who relapsed, the
median time from recurrence of AML to HCT was 2 months (range:
o1–11). Re-induction chemotherapy was attempted at relapse in
the majority (76%) of patients.

Engraftment, response and relapse
Sixty-seven patients were evaluated by bone marrow aspirate at
day 30 post HCT. Four patients were not evaluable as a result of
early death (n= 3) or lack of study assessments (n= 1). Sixty
patients (90%) achieved morphologic remission. Of patients
achieving remission with available data (n= 55), the median days
to neutrophil and platelet engraftment were 15 (range: 11–27) and
18 days (10–105), respectively. For the entire cohort (n = 71), the
2-year incidence of relapse was 55% (95% confidence interval (CI):
42–66) (Figure 1a). The median time to relapse was 95 days after
HCT (range: 41–317). In subset analysis, cytogenetic risk, degree of
bone marrow blasts (⩾20% vs o20%) and the presence of
circulating blasts were not associated with relapse. Patients known
to have FLT3-ITD mutant AML (n = 23) had a trend toward
higher relapse compared with those with wild-type FLT3-ITD
(n= 30) (70% vs 43%; P = 0.20). A significantly higher relapse
rate was observed in patients with relapsed AML (prior
CRo6 months = 82%; prior CR⩾ 6 months = 65%) compared with
patients entering HCT in PIF (38%)(Po0.01).

GvHD
aGvHD prophylaxis consisted of calcineurin inhibitor (CNI) plus
MTX in 73% of patients. The cumulative incidence of grade II–IV
aGvHD for CloBu4 patients was 38% (95% CI: 26–51). No difference
in rates of grade II–IV GvHD was observed according to
immunoprophylaxis (38% for CNI+MMF vs 40% CNI+MTX;
P= 0.84). At 2 years, the cumulative incidence of chronic GvHD
was 34% (95% CI: 22–46).

Non-relapse mortality and toxicity
The cumulative incidence of non-relapse mortality (NRM) was 21%
(95% CI,12–31) at 1 year and 25% (95% CI, 15–37) at 2 years after
CloBu4 (Figure 1b). In subset analysis, NRM did not differ
according to performance status, donor type or type of GvHD
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prophylaxis. At 2 years, a significant increase in NRM was observed
in patients experiencing acute GvHD grades II–IV vs grades 0–1
(39% vs 13%; P= 0.01). Toxicities involving grade ⩾ 3 non-
hematologic severe adverse events (common terminology criteria
for adverse events (CTCAE) Version 4.0) reported from initiation of
conditioning to day +30 after HCT are listed in Table 2. One
patient required prophylactic intubation due to impending airway
compromise from severe mucositis. There were no biopsy
confirmed cases of sinusoidal obstruction syndrome. However,
one patient developed hepatic failure on day 22 after HCT.

Busulfan pharmacokinetics
Busulfan pharmacokinetics were obtained in the majority (n= 63,
89%) of patients after the first busulfan dose (estimated

Table 1. Patient characteristics for AML patients receiving CloBu4
conditioning (n= 71)

Characteristic No. %

Age
Median years (range) 56 (19–65) NA

Gender
Female 31 44
Male 40 56

HLA-matched donor
Sibling 40 56
Unrelated 31 44

Source
PBMC 67 94
Bone marrow 4 6

Disease status at HCT
Primary induction failure (PIF) 34 48
Relapse 37 52

Time from diagnosis to HCT
Median months (range) 6 (2–25) NA

Duration of prior CR, relapse
⩾ 6 monthsa 20 54
o6 months 17 46

Time from relapse to HCT
Median months (range) 2 (o1–11) NA

Cytogenetic risk
Good 2 3
Intermediate 43 60
Poor 19 27
Not available/No mitosis 7 10

FLT3-ITD
Positive 23 33
Negative 30 42
Unknown 18 25

Circulating blasts at HCT
Yes 45 63
No 24 34
Unknown 2 3

Marrow blasts at HCT
Median (range) 27 (5–95) NA

Abbreviations: CloBu4= clofarabine with myeloablative IV busulfan;
HCT= allogeneic hematopoietic cell transplantation; NA=not applicable;
PBMC=peripheral blood mononuclear cell. aAll patients required to
receive additional induction attempt prior to HCT.
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Figure 1. (a) Cumulative incidence of relapse or progression of AML
following HCT, (b) Cumulative incidence of TRM for AML not in
remission at HCT receiving CloBu4 conditioning.

Table 2. Regimen-related toxicities for CloBu4a

Organ/System n

Infections
Bactermia 1
Sepsis 2
Pneumonia 1
Septic arthritis 1

Gastrointestinal disorders
Typhlitis 1
Diarrhea 1
Mucositis (requiring intubation) 1
Gastrointestinal bleeding 1

Hepatobiliary disorders
Hepatic failure 1
Hyperbilirubinemia 1

Other
Subdural hematoma 1
Diffuse alveolar hemorrhage 1

Abbreviations: CloBu4= clofarabine with myeloablative IV busulfan;
HCT= allogeneic hematopoietic cell transplantation. aGrade ⩾ 3 non-
hematologic severe adverse events by CTCAE 4.0 through day +30
after HCT.
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pharmacokinetics were 4258, range 2846–7824). Dose adjust-
ments on days − 3 and − 2 were performed resulting in a median
busulfan area under the curve of 4907. Relapse and NRM did not
significantly differ between busulfan exposures greater than or
less than the median area under the curve (data not shown).

Overall survival, event-free survival and causes of mortality
The OS for AML patients treated with CloBu4 conditioning at 1
and 2 years was 32% (95% CI, 22–44) and 26% (95% CI, 16–38),
respectively (Figure 2a). EFS was 24% (95 CI, 15–34) at 1 year and
20% (95% CI, 11–30) at 2 years (Figure 2b), thus the trial did not
meet the primary end point of improved EFS at 1 year.
A trend toward improved OS occurred in patients receiving HCT

in PIF status (n= 34) vs relapse (n = 37) (OS: 34% vs 24%; P = 0.09).
EFS was significantly improved in patients in PIF status compared
with relapse (34% vs 8%; Po0.01) (Figure 3). In PIF patients, a
minimum of two inductions prior to HCT were required and EFS
did not differ between subjects receiving two inductions (n= 24)
vs those receiving greater than two inductions (n = 10) (P = 0.9). In
relapsed patients, there were no significant differences in OS
according to the duration of prior remission (⩾6 vs o6 months)
(28% vs 12%; P = 0.3). The presence of peripheral blood blasts, %
marrow blasts (⩾20% vs o20%), Karnofsky score (⩾90% vs
o90%), FLT-ITD status and karyotype also did not impact OS.
Patients who achieved morphologic remission after HCT (n= 60)

were analyzed for the impact of aGvHD on OS. Patients developed
aGvHD at a median of 29 days (range 9–103). aGvHD was only
considered evaluable if occurring before relapse. aGvHD of mild to
moderate severity grades was associated with improved OS

compared with patients with severe aGvHD (grade 0: 18% vs
grade I–II: 38% vs grade III–IV: 0%; Po0.01).

Outcomes of CloBu4 conditioning vs other myeloablative
conditioning
This study did not contain randomized controls, and contempor-
ary outcomes for AML not in remission at the time of HCT are
poorly understood. Previously, a prognostic scoring model for
AML not in remission at HCT treated with myeloablative
conditioning was reported by Duval et al.7 The median Duval
score for CloBu4 patients was 2 (range: 0–4), which was associated
with an OS at 2 years of ~ 15% in historical cases reported to the
CIBMTR between 1995 and 2004. We therefore compared
outcomes with CloBu4 to contemporaneous AML patients
reported to the CIBMTR. A total of 105 patients were identified
with AML not in remission at HCT from 2008 to 2013. Only patients
with HLA-matched HCT who received myeloablative conditioning
other than CloBu4 were selected (Table 3a). The majority received
conditioning with BuCy (34%) or CyTBI regimens (45%), but had
similar disease status (PIF vs relapse), Duval scores (median 2;
range: 0–4), graft type, donor type, performance status, cytoge-
netic risk and time to HCT compared with CloBu4 patients. The
CIBMTR cohort was significantly younger (48 vs 56 years; Po0.01)
with fewer bone marrow blasts at the time of HCT (median 16% vs
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Figure 2. (a) Overall survival, (b) Event-free survival for AML not in
remission at HCT receiving CloBu4 conditioning.
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Figure 3. Non-remission AML after PIF (solid line), defined as no
remission after ⩾ 2 lines of induction or non-remission AML after
relapse (hatched line).

Table 3a. Characteristics for CloBu4 vs other myeloablative conditioning

Characteristic Conditioning P-value

CloBu4 Othera

Patients, No. 71 105 NA
Median years 56 48 o0.01
Range 19–65 20–65
Age ⩾ 50 years, No. (%) 51 (72%) 46 (44%) o0.01
BM blasts prior to HCT (%),
median (range)

27% (5–95) 16% (5–91) o0.03

KPSo90 (%) 55% 42% 0.08
Disease status—PIF (%) 48% 52% 0.56
HLA-matched URD (%) 44% 44% 0.99

Abbreviations: BM=bone marrow; CloBu4= clofarabine with myeloabla-
tive IV busulfan; HCT= allogeneic hematopoietic cell transplantation;
KPS=Karnofsky score; NA=not applicable; PIF=primary induction failure;
URD= unrelated donor. aCyclophosphamide (Cy) + TBI (n= 39); Busulfan +
Cy (n = 36); Busulfan + Fludarabine (n= 16); Other (n= 14).
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27%; P= 0.03). Also, some patients in the CIBMTR cohort with CR
46 months did not receive re-induction, whereas the CloBu4 trial
mandated re-induction. In univariate analysis, OS was 37% (95%
CI, 28–47) for CIBMTR cohort compared with 26% (95% CI, 16–38)
for CloBu4 patients at 2 years (P = 0.14). The incidence of relapse
(58% vs 55%; P= 0.69) was similar among groups, but TRM (12% vs
26%; P = 0.04) was greater for CloBu4. In multivariate analysis, TRM
remained significantly higher for recipients of CloBu4, but no
differences in relapse, OS or treatment failure (inverse of leukemia-
free survival) were observed (Table 3b). The lack of difference in
OS remained after multivariate analysis to adjust for differences in
patient characteristics such as age at HCT. The causes of mortality
were similar among cohorts with relapse of AML accounting for
the majority of treatment failures (Table 4).

DISCUSSION
We performed a multicenter trial utilizing myeloablative con-
ditioning with CloBu4 for relapsed and PIF AML not in remission at
the time of HCT. This represents the first prospective multicenter
trial designed to improve survival exclusively in AML patients not
in remission by increasing the anti-leukemic effects and toler-
ability of conditioning. The presence of active leukemia at HCT is a
dominant predictor of poor outcome with previous survival

estimates ranging from 10 to 20%.5,7–10 We observed that despite
refractoriness to prior chemotherapy, CloBu4 conditioning fol-
lowed by infusion of allogeneic HCT induces remission in the
majority of patients, is tolerable up to 65 years in a cohort
traditionally at high risk for TRM, and results in 2-year survivals in a
quarter of patients. Unfortunately, a significant number of patients
ultimately experience relapse, and it remains unclear whether the
selection of specific myeloablative regimens influences the
outcome.
AML with PIF or relapse demonstrating resistance to re-

induction chemotherapy have uniformly dismal outcomes. In
such settings, HCT remains the only therapy with curative
potential in a small percentage of patients. The use of CloBu4
conditioning resulted in a 90% CR rate at day 30 post HCT, an
effect not anticipated with additional induction therapy. Early
response rates for other myeloablative HCT conditioning were not
available in the CIBMTR cohort due to the lack of prospective
studies. However, one analysis reported CR with CyTBI in 75% of
PIF patients,8 implying that CloBu4 possesses anti-leukemic effects
at least equivalent to traditional myeloablative regimens.
Of greater importance is whether early remission results in

durable responses that improve leukemia-free survival. The
relapse incidence with CloBu4 was 55%, which was similar to
the 42% incidence reported in an initial phase I/II trial.19 This high
rate of relapse after remission suggests the presence of minimal
residual disease that was not eliminated or routinely detected by
standard assessments. Thus, the primary function of myeloablative
conditioning may therefore be to secure an initial remission. Given
the high CR rate, CloBu4 could provide a platform for additional
strategies to eliminate minimal residual disease that presumably
results in subsequent relapse. It is also possible that the dosage of
clofarabine administered was insufficient for reaching the maximal
anti-leukemic potential of CloBu4. For example, a dosage of
40 mg/m2 as a single agent was initially determined to be the
recommended phase II dose for acute leukemia given concerns for
potential hepatotoxicity,25 but three other phase I trials combining
clofarabine with busulfan or cyclophosphamide/etoposide in HCT
have shown tolerability for dosages up to 70 mg/m2 without
reaching an maximum tolerated dose (MTD).20,21,26 Thus, it is
conceivable that higher doses of clofarabine could improve the
anti-leukemic potential of conditioning without additional toxicity.
This trial did not demonstrate an improvement in early survival

based on a previous single-center phase I/II study of CloBu4 that
reported an EFS of 42% at 1 year. However, the 2-year EFS of 20%
reported here is similar to the 22% EFS reported in the previous
study. Given the lack of large prospective data sets and the
historical OS of 10–20% for AML not in remission at HCT,7 an
analysis with current CIBMTR data sets was performed to interpret
the results of this study. The CIBMTR identified a contempora-
neous cohort of AML patients not in remission treated with non-
clofarabine myeloablative conditioning. The CIBMTR cohort was
analyzed after the prospective phase II study, did not receive
protocol-directed therapy, thus this analysis was primarily
intended to provide an estimate of contemporary outcomes of
similar patients in the modern era, rather than a bonafide control
arm. The comparison did not reveal differences in OS, relapse or
treatment failure between CloBu4 and CIBMTR patients, suggest-
ing the choice of specific myeloablative conditioning is less critical
for maintaining long-term leukemia-free survival. Nonetheless, the
lack of difference in OS remained after performing multivariate
analysis to adjust for age and other significant pre-HCT differences
between cohorts. The inability to identify a precisely matched
contemporary comparator cohort suggests comparisons among
conditioning regimens are optimally assessed in a prospective
randomized trial.
The impact of clinical characteristics on outcomes was

examined to determine subgroups likely to benefit from HCT.
Previously, the presence of peripheral blasts, degree of HLA

Table 3b. Multivariate outcomes for CloBu4 vs other MAC

Multivariate outcomes HR (95% CI) P-value

Relapse
Other MAC 1.00
CloBu4 1.07 (0.70–1.64) 0.74

TRM
Other MAC 1.00
CloBu4 2.52 (1.21–5.28) 0.01

Treatment failure
Other MAC 1.00
CloBu4 1.34 (0.93–1.93) 0.12

Overall survival
Other MAC 1.00
CloBu4 1.33 (0.92–1.92) 0.12

Abbreviations: CloBu4= clofarabine with myeloablative IV busulfan;
CI= confidence interval; HR=hazard ratio; MAC=myeloablative condition-
ing; TRM= treatment-related mortality.

Table 4. Causes of mortality

Cause of mortality CloBu4 CIBMTR

n (%) n (%)

Relapse of AML 34 (66) 54 (74)
Infection 4 (8) 5 (7)
aGvHD 3 (6) 2 (3)
Idiopathic pneumonia syndrome 4 (8) 1 (1)
Organ failure 2 (4) 5 (7)
Othersa 2 (4) 4 (5)
Missing 2 (4) 2 (3)
Total 51 73

Abbreviations: aGvHD= acute GvHD; CIBMTR=Center for International
Blood and Marrow Transplantation Research; CloBu4= clofarabine with
myeloablative IV busulfan. aOthers include CloBu4: gastrointestinal
bleeding (n= 1); diffuse alveolar hemorrhage (n= 1) CIBMTR: accidental
death (n= 2); prior malignancy (n= 1); other not specified (n= 1).
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match, Karnofsky score, age and remission duration had
prognostic value for predicting OS for AML not in remission.7 In
CloBu4 study patients, only AML in relapse had a significantly
negative prognostic impact on survival. Although resistant to two
lines of induction, superior EFS was observed for PIF vs relapsed
AML. Because patients with relapsed AML received HCT relatively
later in disease, this difference may reflect the emergence of
additional biological resistance or selection of subclones, that
confer a higher relapse potential after HCT.27

Toxicity from conditioning also has a key role in determining
outcomes after HCT. AML not in remission has typically been
associated with TRMs of 40–60%, which are higher than
anticipated for myeloablative conditioning administered during
remission.8,9,28,29 While early TRM was observed in our study, the
overall incidence of 25% was relatively low based on historical
rates, suggesting CloBu4 is feasible in patients up to 65 years. TRM
did not differ according to age, Karnofsky score or from rates
observed in our phase I/II experience with CloBu4.
The impressively low TRM of 12% observed in the CIBMTR

cohort was an unexpected finding. The CIBMTR cohort utilized
several myeloablative regimens, but the majority received BuCy
and CyTBI (79%). While this is consistent with TRM reported for
BuCy (IV) and CyTBI for younger AML patients in first CR,30

historical TRM rates for oral BuCy have approached 30% for AML
greater than first CR31 and higher for ByCy/CyTBI in settings of
AML not in remission.8,17,28,29 These differences raise important
new questions regarding the contemporary application of
myeloablative regimens, such as whether IV dosing of BuCy with
pharmacokinetics targeting may facilitate lower TRM than in
previous treatment eras, particularly for AML not in remission.
These differences may also reflect other improvements in post-
HCT care that mitigate conditioning-related complications, but
also suggest selection of more fit patients. HCT-CI (comorbidity
index) was not available to directly compare comorbidities;
however, the median age was significantly greater in CloBu4
patients, potentially explaining these differences in TRM. However,
the higher TRM observed in recipients of CloBu4 also raises the
possibility that this regimen has greater toxicity than traditional
myeloablative regimens (for example, BuCy). Given the hetero-
geneity of the CIBMTR cohort and the challenges of assessing
regimen-related morbidity in AML not in remission at HCT,
prospective comparisons between specific myeloablative regi-
mens are needed to optimally assess toxicity.
Patients receiving CloBu4 for AML not in remission appeared

particularly vulnerable to aGvHD. The occurrence of grade II–IV
aGvHD did not significantly reduce relapse (43% vs 60%, P = 0.07),
but did correlate with greater TRM (39% vs 13%, P= 0.01), which
included several deaths related to infection. Among patients who
developed severe aGvHD (grades III–IV), there were no survivors.
These findings illustrate the importance of maximizing infectious
prophylaxis and taking measures that minimize risk for developing
severe aGvHD.
Based on historical outcomes, we hypothesized that CloBu4

would be superior to conventional myeloablative conditioning.
However, our analysis against a contemporary cohort of AML
patients did not demonstrate an OS advantage, even after
adjusting for relevant HCT risk factors in multivariate analysis.
Since many centers do not offer HCT for patients with AML not in
remission, this remains an area of great unmet need. Although we
observed significant relapse, CloBu4 resulted in high rates of
remission, acceptable tolerability in patients up to 65 years of age
and an OS of 26% at 2 years. The early remission states after
CloBu4 or other myeloablative regimens may enable the
introduction of novel approaches to reduce the risk of relapse
after HCT, such as targeting aberrant signaling pathways (FLT3-ITD
inhibitors),32 azacitidine33,34 or approaches that may selectively
enhance leukemia antigen presentation to promote GvL effects.35

In conclusion, this study supports the use of CloBu4 or other

myeloablative regimens for high-risk AML not in remission at HCT,
particularly in settings of PIF.
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