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Purpose: Allogeneic hematopoietic stem cell transplantation (HSCT) with optimal conditioning has helped better long-term sur-
vival in acute lymphoblastic leukemia (ALL). This study investigated the efficacy and safety of reduced-intensity conditioning (RIC) 
with busulfan and fludarabine in adult ALL patients unfit for myeloablation. 
Materials and Methods: Records of 78 patients who underwent HSCT with RIC consisting of 3.2 mg/kg/day of busulfan for 2 or 3 
days and 30 mg/m2/day of fludarabine for 5 or 6 days were analyzed.
Results: The median age at diagnosis was 49 years. Over a median follow-up of 22 months, 2-year estimates of relapse-free survival 
(RFS) and overall survival were 57.4% and 68.7%, respectively. Multivariate analysis showed a trend of improved RFS in patients 
with chronic graft-versus-host disease (GVHD) (hazard ratio, 0.53; 95% confidence interval, 0.26–1.08; p=0.080). The cumulative 
incidences of relapse and non-relapse mortality were 42.9% and 19.6%, respectively and one case of central nervous system re-
lapse was noted. No hepatic veno-occlusive disease was reported. Grade II–IV acute GVHD and any grade chronic GVHD oc-
curred in 21.1% and 41.7%, respectively. 
Conclusion: RIC with busulfan and fludarabine is an effective and safe conditioning regimen for adult ALL patients unfit for my-
eloablation.
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INTRODUCTION

Although treatment outcomes for adolescents and young 
adults with acute lymphoblastic leukemia (ALL) have signifi-
cantly improved with the introduction of pediatric-inspired 
regimens for Philadelphia-negative ALL (Ph-ALL) and tyro-
sine kinase inhibitors for Philadelphia-positive ALL (Ph+ALL), 
treatment outcomes in adult ALL remain unsatisfactory.1 While 
the complete remission (CR) rate of adult ALL is over 80% with 
conventional regimens, nearly half of all patients with adult 
ALL experience disease relapse.2 Chemotherapy for relapsed 
adult ALL results in a CR rate of 44%, median overall survival 
(OS) of 6.3 months, and 5-year OS of 7%.3 

Allogeneic hematopoietic stem cell transplantation (HSCT) 
using an optimal conditioning regimen at the first CR appears 
to be a reasonable therapeutic approach with which to prevent 
relapse, exhibiting well-known graft-versus-leukemia effect, 
and to improve the discouraging survival outcomes of adult 
ALL. Pre-transplant conditioning as a part of HSCT has been 
used to induce sufficient immunosuppression to prevent graft 
rejection and to eradicate residual disease. Although no well-
designed prospective studies have compared different condi-
tioning regimens, common regimens for adult ALL include 
myeloablative regimens, incorporating either total body irra-
diation (TBI) plus chemotherapy or high dose combination 
chemotherapy, including cyclophosphamide, cytarabine, mel-
phalan, and busulfan.2 An advantage of TBI is the lessening of 
leukemia in the central nervous system (CNS). However, a ma-
jor concern regarding conditioning with TBI is the increased 
severe gastrointestinal, hepatic, and pulmonary toxicities re-
sulting in high non-relapse mortality (NRM). In addition, high 
dose intravenous busulfan and cyclophosphamide (BuCy), 
which is the most widely used non-TBI based myeloablative 
conditioning, has been shown to be associated with excessive 
NRM, which negates the anti-leukemic effect of HSCT, espe-
cially in older adults and in patients with comorbidities.4

The major roles of the purine analog fludarabine in alloge-
neic HSCT are immunosuppression and killing of tumor cells 
by the inhibition of lymphocyte proliferation and promotion 
of lymphocyte apoptosis.4,5 In addition, fludarabine-mediated 
inhibition of the repair process of alkylator-induced DNA dam-
age has been proposed.6 These properties have increased the 
popularity of conditioning regimens including busulfan and 
fludarabine (BuFlu) for allogeneic HSCT.7-10 However, previous 
studies have primarily focused on myeloablative BuFlu regi-
mens.7,8,11 This study evaluated the efficacy and safety of re-
duced-intensity conditioning (RIC) with BuFlu for frontline 
allogeneic HSCT in adult ALL.

MATERIALS AND METHODS

Patient population 
Data from 78 consecutive ALL patients aged between 19 and 
65 years who underwent allogeneic HSCT using RIC with Bu-
Flu at 13 centers between March 2010 and August 2018 were 
retrospectively analyzed. Patients diagnosed with acute leu-
kemia of ambiguous lineage, primary nodal lymphoblastic in-
volvement, and advanced pre-transplant disease status that 
included beyond first CR, relapsed disease, or refractory dis-
ease were excluded. The patients received induction regimens 
with different combinations of conventional chemotherapeu-
tics, including cyclophosphamide, doxorubicin/daunorubi-
cin, vincristine, corticosteroids, methotrexate, cytarabine, and 
L-asparaginase. In cases of Ph+ALL, imatinib was continu-
ously added to the induction chemotherapy. This study was 
approved by the Institutional Review Board of Chonnam Na-
tional University Hwasun Hospital (CNUHH-2017-026).

Ethical approval 
All procedures performed in studies involving human partici-
pants were conducted in accordance with the ethical stan-
dards stipulated by the institutional and/or national research 
committee and with the 1964 Helsinki Declaration and its lat-
er amendments or comparable ethical standards.

Definitions
CR was defined as <5% blasts in bone marrow aspirates with 
full hematologic recovery in the peripheral blood (neutrophil 
count >1×103/µL and platelet count >100×103/µL). Disease re-
lapse was defined as recurrence of marrow blasts >5% or the 
occurrence of extramedullary lesions confirmed histological-
ly. Relapse risk was assessed based on the following clinical 
and genetic features: white blood cell counts >30000/µL for B 
cell ALL and >100000/µL for T cell ALL and high-risk cytogenet-
ic abnormalities that included hypodiploidy (30–39 chromo-
somes), near tri/tetraploidy, KMT2A gene (11q23) rearrange-
ment, t(4;11), t(8;14), t(1;19), or E2A/PBX1 fusion transcript, 
and complex karyotype (≥5 chromosomal abnormalities). 
Neutrophil and platelet engraftment day was defined as the time 
from transplant to the first achievement of 2 consecutive days 
with an absolute neutrophil count >500/µL after nadir and a 
platelet count >20000/µL without transfusion with an increasing 
trend. Acute and chronic graft-versus-host disease (GVHD) was 
evaluated according to conventional consensus criteria.12,13 Tox-
icity assessment was conducted according to the National Can-
cer Institute Common Terminology Criteria for Adverse Events, 
version 4.0 (https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03/
Archive/CTCAE_4.0_2009-05-29_QuickReference_8.5x11.pdf).

Transplantation procedures 
All patients who achieved a CR by induction chemotherapy pro-
ceeded to frontline allogeneic HSCT as soon as the donor was 

https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03/Archive/CTCAE_4.0_2009-05-29_QuickReference_8.5x11.pdf
https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03/Archive/CTCAE_4.0_2009-05-29_QuickReference_8.5x11.pdf
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available. Serologic human leukocyte antigen (HLA) typing was 
sufficient for choosing matched sibling donors, and high reso-
lution DNA typing was used to identify unrelated matched do-
nors or haploidentical donors. RIC with BuFlu consisted of 3.2 
mg/kg/day of intravenous busulfan for 2 or 3 days (total of 
6.4–9.6 mg/kg) and 30 mg/m2/day of fludarabine for 5 or 6 days 
(total of 150–180 mg/m2). The decision of whether to apply RIC 
typically depended on the treating physician. The main reasons 
for the selection of the RIC regimen included age limit as per 
center policy (>40–50 years) and comorbidities at the time of 
the transplantation, such as prior severe infectious complica-
tions, pancreatitis, intolerance to induction chemotherapies, 
and unstable psychological status in younger patients. Grafts 
comprised peripheral blood stem cells (PBSCs) mobilized by 
granulocyte colony-stimulating factor (G-CSF) and umbilical 
cord blood. Measures for prophylactic antimicrobials, GVHD 
prevention, G-CSF administration after stem cell infusion, and 
prevention of hepatic veno-occlusive disease (VOD) were guid-
ed by the protocols of each transplantation center. Total dosag-
es of anti-thymocyte globulin for T-cell depletion ranged from 
4 to 9 mg/kg depending on the donor source.

Statistical analyses
Patients and transplantation characteristics are reported us-
ing descriptive statistics, including median, range, and pro-
portion. Relapse free survival (RFS) was defined as the time 
from transplantation to relapse or death from any cause, which-
ever occurred first. OS was defined as the time from transplan-
tation to death from any cause. Survival curves were plotted 
using the Kaplan-Meier method and compared using the Log-
rank test. Competing risk analysis was used to estimate the cu-
mulative incidences of NRM and relapse, and Gray’s test was 
used to compare estimates. Multivariate analysis was con-
ducted using the Cox proportional hazards model to evaluate 
the impact of several covariates on survival outcomes. The 
variables included in Cox analysis for survival outcomes were 
age (≥40 years), lactate dehydrogenase above the upper limit 
of the normal range, sex, high-risk features at presentation, 
time from diagnosis to HSCT exceeding 6 months, HLA dis-
parity, busulfan dose, and the development of acute/chronic 
GVHD. Multivariate analysis was performed with variables 
displaying p values <0.1 in univariate analysis. The Fine and 
Gray method was used to perform proportional hazard re-
gression analysis for competing events. Statistical significance 
was defined as a p value <0.05. All statistical analyses were 
performed using R version 3.4.4 (R Foundation for Statistical 
Computing, Vienna, Austria; the CRAN project, https://cran.
r-project.org/) and EZR software version 1.40 (http://www.
jichi.ac.jp/saitama-sct/SaitamaHP.files/statmed.html).14 

RESULTS

Patients and transplantation characteristics 
A total of 78 patients underwent allogeneic HSCT using RIC 

Table 1. Patient and Transplantation Characteristics

Characteristics Total (n=78)
Age at diagnosis (yr)

Median (range) 49 (19–64)
17–39 23 (29.5)
40–59 47 (60.2)
≥60 8 (10.3)

Male/Female 39 (50)/39 (50)
Diagnosis

B-ALL, Ph (-) 27 (34.6)
B-ALL, Ph (+) 44 (56.4)
T-ALL 6 (7.7)
MPAL 1 (1.3)

ECOG PS 0–1/2 76 (97.4)/2 (2.6)
High risk features

High risk cytogenetics* 17 (21.8)
Clinically high risk† 22 (28.2)
Standard risk 39 (50)

CNS involvement at presentation (n=73) 1 (1.3)
Extramedullary involvement other than CNS (n=77) 1 (1.3)
Time from diagnosis to HSCT 

Median (range), months 4.9 (2.9–14.6)
<6 58 (74.4)
≥6 20 (25.6)

Stem cell source
Matched sibling 23 (29.5)
Unrelated 38 (48.7)
Haploidentical 15 (19.2)
Cord blood 2 (2.6)

HLA parity
Full matched 42 (53.8)
Mismatched 35 (44.9)

Busulfan dose (mg/kg)
6.4 51 (65.4)
9.6 27 (34.6)

ATG use 64 (82.1)
GVHD prophylaxis (n=76)

CSA/MTX 57 (73.1)
TAC/MTX 19 (24.4)

ALL, acute lymphoblastic leukemia; MPAL, mixed phenotype acute leukemia; 
ECOG PS, Eastern Cooperative Oncology Group Performance Status; CNS, cen-
tral nervous system; HSCT, stem cell transplantation; HLA, human leukocyte an-
tigen; ATG, anti-thymocyte globulin; GVHD, graft-versus-host disease; CSA, cy-
closporine A; MTX, methotrexate; TAC, tacrolimus.
Data are presented as number (%).
*Hypodiploidy (30–39 chromosomes), near tri/tetraploidy, KMT2A gene (11q23) 
rearrangement, t(4;11), t(8;14), t(1;19), or E2A/PBX1 fusion transcript and com-
plex karyotype (≥5 chromosomal abnormalities), †White blood cell count 
>30000/µL for B cell ALL and >100000/µL for T cell ALL.

https://cran.r-project.org/
https://cran.r-project.org/
http://www.jichi.ac.jp/saitama-sct/SaitamaHP.files/statmed.html
http://www.jichi.ac.jp/saitama-sct/SaitamaHP.files/statmed.html
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with BuFlu in the first remission. Baseline characteristics of the 
patients and transplant procedures are summarized in Table 1. 
The median age at diagnosis was 49 years (range, 19–64). Ap-
proximately 30% of patients were <40 years old, and only 10% 
were >60 years old. B lymphoblastic ALL accounted for 90% of 
the cases. At presentation, about half of the patients carried 
high risk features determined based on the aforementioned 
criteria. Fifty-six percent of subjects were Philadelphia-posi-
tive. There was one case each for CNS and bone involvement 
at diagnosis. Most patients received a transplant within 6 months 
after initial diagnosis. Most grafts were PBSCs, except two dou-
ble cord blood grafts. Approximately half of the patients re-
ceived grafts from unrelated donors, while 19.2% of the pa-
tients underwent haploidentical transplantation. Two different 

schedules of intravenous busulfan (2 vs. 3 days of 3.2 mg/kg/
day) were used depending on the discretion of the treating 
physician. Cyclosporine was more frequently used than tacro-
limus, combined with low dose methotrexate, for prophylaxis 
of GVHD.

Engraftments
All but one of the patients achieved primary neutrophil and 
platelet engraftments at median Day 12 (range, 6–26) and Day 
13 (range, 9–57), respectively. No significant differences in en-
graftment across subgroups were evident according to sex, 
age, HLA disparity, and busulfan dose. Two patients experi-
enced secondary engraftment failure and died of infection at 
Days +79 and 120.

Transplantation-related adverse events
Among 67 patients with medical records of oral mucositis, 92% 
experienced oral mucositis, of which 45%, 42%, and 13% had 
grade I, II, and III oral mucositis, respectively. None of the pa-
tients experienced grade IV oral mucositis, and all cases were 
completely reversible with supportive care. There was no case 
of hepatic VOD. Reactivation of cytomegalovirus developed in 
26 patients at a median of 29 days post-transplantation (range, 
14–100 days). Until Day +100, 24 events of acute GVHD oc-
curred. The cumulative incidences of all grade and II–IV acute 
GVHDs were 30.1% [95% confidence interval (CI), 20.2–40.7%] 
and 21.1% (95% CI, 12.5–31.3%), respectively; and there was 
no mortality from acute GVHD. The cumulative incidence of 
chronic GVHD was 41.7% (95% CI, 28.1–52.8%): of these pa-
tients, approximately 60% were in the extensive stage. Four pa-
tients died from the progression of chronic GVHD at Days 
+233, 494, 558, and 800. Major transplantation-related adverse 
events are summarized in Table 2.

Relapse, NRM, and survivals 
Twenty-seven relapses and 11 NRMs occurred in the follow-up 
period. Three deaths resulted from engraftment failure, four 
from infectious complications, and four from chronic GVHD.  
The cumulative incidences of 2-year relapse and NRM were 

Table 2. Transplantation-Related Adverse Events

Adverse event n=78
Hepatic VOD 0 (0)
Cytomegalovirus (n=58) 26 (45)
Hemorrhagic cystitis* (n=76) 4 (5)
Bacteremia 5 (6)
Clostridium difficile colitis 5 (6)
Fungal pneumonia 3 (4)
Pneumocystis jiroveci pneumonia 2 (3)
Unspecified pneumonia 4 (5)
Herpes zoster 2 (3)
Hepatic candidiasis 1 (1) 
Engraftment syndrome 1 (1)
Acute GVHD 24 (30)

Grade I 7 (9)
Grade II 6 (7.7)
Grade III 8 (10.3)
Grade IV 3 (4)

Chronic GVHD 32 (41)
Limited 13 (17)
Extensive 19 (24)

VOD, veno-occlusive disease; GVHD, graft-versus-host disease.
Data are presented as number (%).
*BK virus (n=3), Adenovirus (n=1).

Fig. 1. Cumulative incidences of relapse and non-relapse mortality (NRM) (A) in all populations and their subgroups, (B) according to development of chron-
ic graft-versus-host disease (cGVHD), and (C) according to busulfan dose. Bu2, 2 days of intravenous busulfan; Bu3, 3 days of intravenous busulfan.
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35.7% (95% CI, 24.0–47.5%) and 13.4% (95% CI, 6.4–22.8%), re-
spectively (Fig. 1A). Among patients with bone marrow relapse, 
one patient had a simultaneous leptomeningeal relapse that 
was confirmed by magnetic resonance imaging and cerebro-

spinal fluid cytology. Early mortality within 6 months post-
transplantation in four patients resulted from engraftment 
failure and infectious complications. The impacts of the devel-
opment of chronic GVHD and the busulfan dose on relapse 

Fig. 2. Kaplan-Meier plots for (A) overall survival and (B) relapse-free survival.
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and NRM are presented in Fig. 1B and C. Only the develop-
ment of chronic GVHD was associated with a decreased cu-
mulative incidence of relapse [hazard ratio (HR), 0.35; 95% CI, 
0.14–0.84; p=0.019]. There were no significant differences in age 
(43.7±13.6 vs. 46.6±13.1, p=0.355) and the proportion of cyto-
genetically high-risk patients (25.9% vs. 19.6%, p=0.723) be-
tween the high and low busulfan dose groups, and a higher 
dose of busulfan did not lower the relapse rate.

With a median follow-up of 22 months among survivors 
(range, 3–105 months), OS and RFS were 53% (95% CI, 36.6–
66.9) and 37.6% (95% CI, 24–51.1), respectively (Fig. 2). The 2- 
year and 3-year OS estimates were 68.7% (95% CI, 55.4–78.8%) 
and 57.4% (95% CI, 42.1–70.0%), respectively. The 2-year and 
3-year RFS estimates were 57.4% (95% CI, 42.1–70.0%) and 
41.3% (95% CI, 28.2–54.0%), respectively. Survival outcomes 
did not differ between Ph+ALL and Ph-ALL patients. The me-
dian RFS of Ph+ B-ALL patients was higher than that of Ph- B-
ALL patients, although the difference was not significant (25.5 
months vs. 13.6 months, p=0.733). OS was shorter in patients 
≥40 years of age, compared with that in younger patients (me-
dian OS, 26.2 months vs. not reached, p=0.035) (Fig. 3A and B). 
Survival was greater for patients with chronic GVHD than for 
patients without chronic GVHD (median OS, not reached vs. 
36.1 months, p=0.045; median RFS, 27.4 months vs. 13.9 months, 

p=0.056) (Fig. 3C and D). Time to transplantation, sex, and high-
risk features did not result in significant differences in survival 
outcome. In multivariate analysis for OS and RFS, a trend of 
improved RFS was noted in patients who developed chronic 
GVHD (HR, 0.53; 95% CI, 0.26–1.08; p=0.08) (Table 3).

DISCUSSION

Allogeneic HSCT is now considered the standard approach for 
preventing relapse at the first or second remission in the treat-
ment of adult ALL. Over the past two decades, efforts to im-
prove transplantation outcomes in adults with ALL have fo-
cused on refinement of the conditioning regimen to reduce 
transplantation-related mortality and relapse incidence. The 
choice of an optimal conditioning regimen for each patient is 
still challenging because clinical  trials to date have been quite 
heterogeneous in terms of conditioning and enrolled patients. 
Before the recognition of the graft-versus-leukemia effect, my-
eloablative doses of TBI or busulfan combined with other che-
motherapeutic agents, mainly cyclophosphamide (Cy/TBI and 
BuCy), were widely used to eradicate remnant tumor cells.4 
Several studies comparing myeloablative Cy/TBI with BuCy 
suggested similar survival outcomes; however, there were in-

Table 3. Univariate and Multivariate Cox Regression Analyses for Overall Survival and Relapse-Free Survival

Variables
Univariate Multivariate

HR (95% CI) p value HR (95% CI) p value
Overall survival

Age ≥40 years (yes vs. no) 2.99 (1.02–8.75) 0.045 2.05 (0.62–6.68) 0.233
LDH above ULN (yes or no) 1.35 (0.40–4.52) 0.625 - -
Sex (male vs. female) 0.79 (0.36–1.74) 0.561 - -
Clinically high-risk (yes vs. no) 0.87 (0.36–2.08) 0.746 - -
Cytogenetically high-risk (yes vs. no) 2.17 (0.90–5.24) 0.085 1.76 (0.71–4.32) 0.216
Time to HSCT (≥6 months vs. <6 months) 1.88 (0.80–4.41) 0.144 - -
HLA mismatch (yes or no) 0.59 (0.26–1.32) 0.198 - -
Busulfan dose (9.6 mg/kg vs. 6.4 mg/kg) 1.02 (0.44–2.39) 0.957 - -
Acute GVHD (yes or no) 0.42 (0.16–1.13) 0.085 0.70 (0.23–2.09) 0.525
Chronic GVHD (yes or no) 0.40 (0.16–1.01) 0.053 0.56 (0.21–1.48) 0.245

Relapse-free survival
Age ≥40 years (yes vs. no) 1.74 (0.82–3.69) 0.148 - -
LDH above ULN (yes or no) 1.32 (0.51–3.39) 0.563 - -
Sex (male vs. female) 0.69 (0.36–1.31) 0.256 - -
Clinically high-risk (yes vs. no) 0.67 (0.32–1.43) 0.304 - -
Cytogenetically high-risk (yes vs. no) 1.90 (0.92–3.94) 0.082 1.78 (0.86–3.70) 0.118
Time to HSCT (≥6 months vs. <6 months) 1.66 (0.81–3.38) 0.164 - -
HLA mismatch (yes or no) 1.12 (0.59–2.13) 0.726 - -
Busulfan dose (9.6 mg/kg vs. 6.4 mg/kg) 1.65 (0.86–3.15) 0.131 - -
Acute GVHD (yes or no) 0.70 (0.34–1.41) 0.318 - -
Chronic GVHD (yes or no) 0.51 (0.25–1.03) 0.061 0.53 (0.26–1.08) 0.080

LDH, lactate dehydrogenase; ULN, upper limit of normal range; HSCT, hematopoietic stem cell transplantation; HLA, human leukocyte antigen; GVHD, graft-versus-
host diseases; HR, hazard ratio; CI, confidence interval.
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consistent results regarding relapse incidence and NRM.11,15,16 
BuFlu was later introduced to further reduce the toxicity of 
BuCy. A retrospective study comparing myeloablative Cy/TBI 
with BuFluTBI reported no significant differences in OS, RFS, 
and NRM. Estimates of 2-year OS were 69.6% and 67.9% for Cy/
TBI and BuFluTBI, respectively.7 Another retrospective study 
comparing myeloablative BuFlu with Cy/TBI showed that Bu-
Flu resulted in better OS driven by improved NRM, with a sim-
ilar relapse rate.8 

Although strong evidence regarding optimal conditioning 
intensity in the treatment of adult ALL is lacking, RIC might be 
a feasible approach with which to reduce NRM and to permit 
older and unfit patients to receive HSCT.17 Generally, trans-
plant-related mortality increases with age. In one study, 5-year 
TRM in adults >35 years of age who underwent myeloablative 
HSCT ranged between 33% and 58%.18 Presently, we report the 
efficacy and safety of RIC with BuFlu. Estimated 2- and 3-year 
OS rates were 68.7% and 57.4%, respectively, which were com-
parable to the values reported in the aforementioned retrospec-
tive study. However, these results should be interpreted with 
caution because there can be differences in survival rates over 
time, which was not statistically tested. In addition, heteroge-
neity was evident in the study population and conditioning reg-
imen. Nonetheless, considering the relatively high proportion 
(50%) of patients with high-risk features in this study, the ob-
served survival outcomes may be acceptable. Interestingly, 3 
days of busulfan use did not improve clinical outcomes, al-
though this needs to be confirmed in a larger cohort. The graft-
versus-leukemia effect was reconfirmed by the observation 
that patients with chronic GVHD had a lower relapse incidence. 
Of note, relapse at the CNS was observed in only one patient, 
suggesting that conditioning without TBI might be feasible.

In terms of transplantation-related toxicity, RIC with BuFlu 
showed good safety profiles. There was no incidence of hepat-
ic VOD. Tsirigotis, et al.19 reported on the incidence and risk 
factors for hepatic VOD after administration of the RIC regi-
men. In their study, patients uniformly received RIC containing 
fludarabine combined with either oral or intravenous busul-
fan for 2 days. The incidence of hepatic VOD in the intravenous 
busulfan group was 5.3%. The reason for the absence of cases 
of hepatic VOD in our study is unclear. Moreover, the patients 
suffered less from oral mucositis. A mild form of oral mucosi-
tis (grade I or II) occurred in the majority of the patients in this 
study. Considering the retrospective nature of this study, and 
the significant variance in the criteria for grading oral mucosi-
tis, the precise incidence of mucositis needs to be confirmed 
in prospective trials.

There are limitations to our study, including recall bias, due 
to its retrospective nature. The size of the cohort was small and 
the duration of follow-up was relatively short. Because there 
were no definitive criteria for the selection of a RIC regimen 
across the transplantation centers, our study was prone to se-
lection bias. Pre-transplant determination of minimal residual 

disease could not be conducted in our study. Survival analysis 
according to the minimal residual disease  may provide valu-
able information about the role of HSCT with RIC in the treat-
ment of adult ALL. Lastly, we did not analyze data regarding 
pre-transplant induction chemotherapy, which may vary be-
tween centers and affect transplantation outcomes. Despite 
these limitations, our results may act as a reference for BuFlu 
RIC.

In conclusion, our study demonstrated that the clinical out-
comes and safety of RIC with BuFlu, which was effective for 
frontline allogeneic HSCT in adult ALL. There was a low inci-
dence of treatment-related toxicities, including relatively low 
NRM. As BuFlu conditioning is increasingly used, prospective 
trials comparing BuFlu of different intensities or combinations 
are needed to determine the optimal conditioning for adult 
ALL. 
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