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Abstract
A conditioning regimen with fludarabine and myeloablative dose of busulfan (FLU/BU4) has been commonly used in allo-
geneic hematopoietic cell transplantation (allo-HCT). However, there are two major problems with this regimen: insufficient 
anti-leukemic effect, especially in advanced cases, and slow time to complete donor-type chimerism, especially T-cell chimer-
ism. To overcome these issues, we designed a combination regimen with FLU (150 mg/m2), intravenous BU (12.8 mg/kg), 
and melphalan (100 mg/m2) (FLU/BU4/MEL) and conducted retrospective analyses of treatment outcomes at our institute. 
Forty-two patients with myeloid malignancies received allogeneic bone-marrow transplantation or peripheral blood stem-cell 
transplantation (allo-BMT/PBSCT) with FLU/BU4/MEL regimen. The median age of patients was 46.5 years (20–63 years). 
Thirteen patients (31%) did not achieve complete hematological remission at transplantation. All patients examined achieved 
complete whole and T-cell chimerism within 1 month after allo-HCT. The 4-year overall survival and disease-free survival 
rates were 66.0% [95% confidence interval (CI) 49.4–78.3%] and 59.5% (95% CI 43.2–72.6%) in all patients, and 49.4% 
(95% CI 19.7–73.6%) and 38.5% (95% CI 14.1–62.8%) in patients who were not in remission. In conclusion, FLU/BU4/
MEL showed curative potential, even in patients with advanced myeloid malignancies, accompanied by achievement of rapid 
complete chimerism after allo-BMT/PBSCT.
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Introduction

During the last decade, a combination regimen with fludara-
bine and myeloablative dose of busulfan (FLU/BU4) has 
been widely used as a reduced intensity myeloablative con-
ditioning regimen for myeloid malignancies, and it is appli-
cable even to elderly patients [1–3]. The FLU/BU4 regimen 
retained anti-leukemic effects with lower transplant-related 

mortality than that by busulfan and cyclophosphamide (BU/
CY), especially in patients with stable disease [4–7]. How-
ever, FLU/BU4 has two major disadvantages. The first is 
insufficient anti-leukemic effect in advanced cases [1, 8]. 
Although overall survival (OS) after FLU/BU4 treatment is 
up to 50–80% for myeloid malignancies in the first complete 
remission (CR) [1, 7, 8], the regimen has resulted in unsatis-
factory outcomes with 19–32% OS in patients with advanced 
disease [1, 8]. The second disadvantage is the slow achieve-
ment of complete donor-type chimerism, especially T-cell 
chimerism [4], which also affects the outcome of allo-SCT, 
especially relapse [8–10]. The rate of complete donor T-cell 
chimerism at day 30 after transplantation was significantly 
lower in the FLU/BU4 group than in the BU/CY group (42% 
vs. 83%, p = 0.00026) [4].
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To overcome these disadvantages, we formulated a new 
conditioning regimen, FLU/BU4/MEL, in which melphalan 
100 mg/m2 was added to FLU/BU4 for myeloid malignan-
cies. Since 2009, 42 patients have been treated with this regi-
men in our institute. In this study, we conducted a retrospec-
tive evaluation of the efficacy and safety of FLU/BU4/MEL.

Patients and methods

Patients and study design

Patients who were > 45 years of age and/or with higher 
comorbidity risks, such as higher hematopoietic cell trans-
plantation-specific comorbidity index (HCT-CI), received 
the FLU/BU4/MEL regimen. Among 56 patients who 
received FLU/BU4/MEL conditioning between January 
2009 and March 2016 in our institute, 42 with myeloid 
malignancies who underwent allogeneic bone-marrow trans-
plantation (BMT) or peripheral blood stem-cell transplanta-
tion (PBSCT) were retrospectively reviewed. Patients who 
underwent a second transplantation, had lymphoid malig-
nancies, underwent cord blood transplantation (CBT), and 
had excessive reduction or increase in anti-tumor drugs were 
excluded. Our study complied with the Declaration of Hel-
sinki, and was approved by the institutional review board of 
the Osaka University Hospital (approval number: 16265). 
Written informed consent was obtained from all patients 
analyzed in this study.

Conditioning regimen

The conditioning regimen comprised 30 mg/m2 FLU for 
5 days (150 mg/m2), 3.2 mg/kg BU for 4 days (12.8 mg/
kg), and 50 mg/m2 MEL for 2 days (100 mg/m2) adminis-
tered by intravenous (IV) infusion. Total body irradiation 
(TBI) of 3 Gy was given to patients in cases of unrelated 
transplantation, and 5 mg/kg anti-thymocyte globulin (ATG, 
 thymoglobuline®) was added for human leukocyte antigen 
(HLA)-mismatch transplantation. Dose reduction of anti-
tumor drugs was permitted; 80 mg/m2 MEL for elderly 
patients (aged ≥ 60 years) and/or 9.6 mg/kg BU for patients 
with liver damage (alanine transaminase > 2.5 N, hepatitis 
B virus antigen positive, hepatitis C virus antibody positive, 
and/or liver hemosiderosis).

Graft vs. host disease prophylaxis

Most of the patients received standard prophylaxis of graft 
vs. host disease (GVHD) with IV tacrolimus (FK506; 
0.015 mg/kg/day, starting on day − 1) or IV cyclosporin A 
(3 mg/kg/, starting on day − 1) and IV methotrexate (MTX) 
(10 mg/m2 on day 1 and 7 mg/m2 on days 3 and 6).

Transplantation procedure and supportive care

All patients were treated in HEPA-filtered rooms and 
received fungal, herpes simplex virus, bacterial, and Pneu-
mocystis jiroveci prophylaxis. Cytomegalovirus (CMV) 
reactivation was monitored by CMV pp65 antigenemia 
assay (C7-HRP) at least once a week. Preemptive therapy 
(ganciclovir, valganciclovir, or foscarnet) was administered 
to patients in case of CMV reactivation. Oral valproic acid 
was started on the day before BU therapy and continued until 
the day of final BU administration.

Toxicity was scored using the Common Terminology Cri-
teria for Adverse Events version 4.0 (NCI, Bethesda, MD).

Engraftment and chimerism

The time of neutrophil engraftment was considered the first 
of three successive days with an absolute neutrophil count 
of ≥ 500/µL during recovery after transplantation and time 
of platelet engraftment was defined as the first day with a 
platelet count of ≥ 2 × 104/µL during recovery without plate-
let transfusion.

The chimerism status after transplantation was deter-
mined using either quantitative polymerase chain reaction 
analysis for microsatellite DNA markers or fluorescent 
in situ hybridization of X and Y chromosomes. The chi-
meric status of T lymphocytes was analyzed after positive 
selection of CD3-positive cells using Dynabeads™ CD3 
(Thermo Fisher Scientific) or RosetteSep™ Human T-Cell 
Enrichment Cocktail (STEMCELL Technologies). Complete 
donor chimerism was defined as the presence of more than 
95% of donor cells.

GVHD assessment and treatment

Patients who achieved neutrophil engraftment were evalu-
able for acute GVHD according to the standard criteria [12]. 
Patients were evaluable for chronic GVHD if engraftment 
occurred and the patient survived 100-day post-transplan-
tation. The diagnosis of chronic GVHD and the grades 
of chronic GVHD were based on the National Institute of 
Health criteria [13].

Corticosteroids usually comprised the first-line therapy 
for acute (grades II–IV) and moderate–severe chronic 
GVHD. The second-line treatment was at the discretion of 
treating physicians.

Statistical analyses

Survival probability was estimated by Kaplan–Meier 
method. The log-rank test was used to compare survival 
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probability between subgroups of patients. The cumulative 
incidence of non-relapse mortality (NRM) was estimated 
by considering death due to disease relapse and/or resist-
ance, or any other nontreatment-related cause as a competing 
risk. The landmark method was used to evaluate the effect of 
GVHD on OS and cumulative incidence of relapse and NRM 
among patients who were alive at 60 days for acute GVHD 
and at 100 days for chronic GVHD after transplantation. 
All statistical analyses were performed using EZR (Saitama 
Medical Center, Jichi Medical University, Saitama, Japan) 
[14]. The results with p values < 0.05 were deemed statisti-
cally significant.

Results

Patient characteristics

Between January 2009 and March 2016, 42 patients, includ-
ing 33 with acute myeloid leukemia (AML) and 9 with mye-
lodysplastic syndromes, received the FLU/BU4/MEL con-
ditioning regimen. The characteristics of these patients are 
shown in Table 1. The median patient age at transplantation 
was 46.5 years (range, 20–63 years) and the median follow-
up was 1513.5 days (range, 214–2975 days). Approximately 
one-third of the patients had adverse/poor/very poor karyo-
types [15] and high/very high disease risk index (DRI) [16]. 
Furthermore, 29 patients (69%) were in hematological CR 
at transplantation and 13 (31%) were not in CR. The HCT-
CI score was high (≥ 3) in 12 (29%) patients. All patients 
received BMT or PBSCT after the conditioning regimen. 
Only three patients required dose reduction: MEL 80 mg/
m2 for 2 patients and MEL 80 mg/m2 plus BU 9.6 mg/kg 
for 1 patient.

Engraftment and chimerism

The rate of neutrophil and platelet engraftment was 100% 
and 95.2% [95% confidence interval (CI) 81.6–98.8%] 
and the median time for engraftment was 19 days (13–30 
days) and 25 days (14–108 days), respectively. Among the 
patients, whose chimerism was examined on day 28 after 
transplantation (n = 32), donor chimerism in whole blood 
was achieved in all the tested patients. In addition, we con-
firmed the achievement of donor-type complete chimerism 
in the T-cell fraction in half of the tested patients (n = 16).

Toxicity

The frequency of grade 3 to 4 regimen-related toxicity (RRT) 
occurring during the first 20 days after transplantation are 
listed in Table 2. The most frequent toxicities were febrile neu-
tropenia and oral/pharyngeal mucositis. Although there was 

Table 1  Patients’ characteristics

Characteristic N %

Sex
 Male 23 55
 Female 19 45

Age (years) median (range)
 46.5 (20–63)
 Under 50 or 50 26 62
 Over 50 16 38

Karyotype
 AML
  Total 33 79
  Better 7 14
  Intermediate 16 38
  Adverse 8 19
  Unknown 1 2

 MDS
  Total 9 21
  Very good/good 2 5

 Intermediate 2 5
 Poor/very poor 5 12
 Disease Risk Index
  Low 6 14
  Intermediate 22 52
  High/very high 14 33

 Disease status at transplantation
  CR 29 69
  CR1 23 55
  CR2 6 14
  Non-CR 13 31
  Untreated 1 2
  PIF 8 19
  REL1 4 10

 HCT-CI (score) median (range)
  1 (0–5)
  0–2 30 71
  3 or over 12 29

 Dosage of FLU/BU/MEL
  FLU150/BU12.8/MEL100 39 93
  FLU150/BU12.8/MEL80 2 5
  FLU150/BU9.6/MEL80 1 2

 ATG 
  + 24 57
  − 18 43

 TBI
  + 35 83
  − 7 17

 GVHD prophylaxis
  CsA + MTX 23 55
  FK506 + MTX 17 40
  Others 2 5
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no occurrence of sinusoidal obstruction syndrome, thrombotic 
microangiopathy occurred in four (10%) patients. The cumula-
tive incidence of grade II–IV and grade III–IV acute GVHD at 
day 100 + was 42.2% (95% CI 25.0–55.6%) and 22.7% (95% 
CI 8.0–35.1%), respectively, and the cumulative incidence of 
moderate to severe and severe chronic GVHD was 33.0% (95% 
CI 14.4–53.0%) and 13.5% (95% CI 3.3–30.9%), respectively.

Overall survival, disease‑free survival, non‑relapse 
mortality, and relapse rate

At the last follow-up, 28 of 42 patients were alive. Fourteen 
patients died because of infection (n = 9: bacterial 8 and viral 
1), primary disease (n = 2), interstitial pneumonia (n = 2), 
and thrombotic microangiopathy (n = 1) (Table 2). The 
1-year OS, disease-free survival (DFS), NRM, and relapse 
rate (RR) in all patients were 73.7% (95% CI 57.5–84.5%), 
66.7% (95% CI 50.3–78.7%), 19.0% (95% CI 8.8–32.2%), 
and 14.3% (95% CI 5.7–26.7%), respectively. The 4-year 
OS, DFS, NRM, and RR were 66.0% (95% CI 49.4–78.3%), 
59.5% (95% CI 43.2–72.6%), 19.0% (95% CI 10.2–32.1%), 
and 21.4% (95% CI 10.5–34.9%), respectively (Fig. 1a–c). 
In patients who had not been in remission at the time of 
allo-HCT, the 4-year OS, DFS, NRM, and RR were 49.4% 
(95% CI 19.7–73.6%) (Fig. 2), 38.5% (95% CI 14.1–62.8%), 
7.7% (95% CI 0.4–30.4%), and 53.8% (95% CI 22.8–77.2%), 
respectively. In contrast, the 4-year OS and DFS of patients 
who had been in remission at the time of allo-HCT were 
72.4% (95% CI 52.3–85.1%) (Fig. 2) and 69.0% (95% CI 
48.8–82.5%), respectively. Although the relapse incidence 
in patients who had been in CR at allo-HCT was exceedingly 
low [1-year 0.0% (95% CI 0.0–0.0%); 4-year 3.4% (95% CI 
0.2–15.4%)] (Fig. 3a), the NRM after HCT in this group was 
comparatively high [1-year, 24.1% (95% CI 10.4–40.9%) and 
4-year, 27.6% (95% CI 12.8–44.6%)] (Fig. 3b).

Univariate analysis of risk factors for OS of patients 
in CR

To elucidate the risk factors that affected the outcome of 
patients who had been in CR at transplantation, we con-
ducted univariate analysis. Table 3 summarizes the results. 
Despite the intensification of conditioning regimen, higher 
HCT-CI (≥ 3) did not negatively affect the outcome in 
patients. However, grade II–IV acute GVHD exhibited sig-
nificant negative correlation on the OS.

Discussion

We formulated a new FLU/BU4/MEL regimen with the aim 
to improve the performance of FLU/BU4 by adding MEL, 
and this regimen has been in clinical practice since 2009 in 

Table 1  (continued)

Characteristic N %

 Donor
  Matched 24 57
  Related/unrelated 6/18 14/43
  1 antigen mismatched 12 29
  Related/unrelated 1/11 2/26
  ≥ 2 antigens mismatched 6 14

 Stem-cell source
  Bone marrow 37 88
  Peripheral blood 5 12

 ABO mismatch
  Matched 24 57
  Major 5 12
  Minor 8 19
  Major–minor 5 12

 Interval from diagnosis to transplantation (days)
  Median 262
  Range 129–2526

 Follow-up after transplantation (days)
  Median 1513.5
  Range 214–2755

AML acute myeloid leukemia, MDS myelodysplastic syndromes, 
RA refractory anemia, RAEB refractory anemia with excess blasts, 
CMML chronic myelomonocytic leukemia, CR complete remission, 
PIF primary induction failure, REL relapse, HCT-CI hematopoietic 
cell transplantation-specific comorbidity index, FLU fludarabine (mg/
m2), BU busulfan (mg/kg), MEL melphalan (mg/m2), ATG  anti-thy-
mocyte globulin, TBI total body irradiation, GVHD graft vs. host dis-
ease, CsA cyclosporin A, FK506 tacrolimus, MTX methotrexate

Table 2  Adverse events and causes of death in all cases (N = 42)

RRT  regimen-related toxicity, SOS sinusoidal occlusive syndrome, 
TMA thrombotic microangiopathy, aGVHD acute graft vs. host dis-
ease, cGVHD chronic graft vs. host disease

Characteristic N %

RRT (≧ grade 3)
 Febrile neutropenia 42 100
 (Sepsis) (12) (29)
 Oral/pharyngeal mucositis 34 81
 Diarrhea 11 26
 Nausea/appetite loss 6 14
 Hand–Foot Syndrome 3 7
 Gastrointestinal hemorrhage 2 5

SOS 0 0
TMA 4 10
Causes of death
 Infection (bacterial/viral) 9 (8/1) 21 (19/2)
 Primary disease 2 5
 Interstitial pneumonia 2 5
 TMA 1 2
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our institute. In this study, we retrospectively evaluated the 
efficacy and safety of FLU/BU4/MEL regimen in patients 
with myeloid malignancies following BMT or PBSCT. The 
results showed excellent outcomes, even in the relapsed/
refractory state.

In recent years, the efficacy of combination regimen with 
FLU, BU, and MEL for myeloid malignancy has been exam-
ined and reported independently from several institutes. Two 
pediatric hematology groups demonstrated the safety and 
efficacy of a regimen with FLU, BU, and MEL for AML 
at childhood or adolescence following transplantation [17, 
18]. In addition, another group evaluated the effectiveness 
of a conditioning regimen with FLU, BU, and MEL in adult 
patients with myeloid malignancies who underwent CBT 
[19]. The results showed that, besides reduced toxicity, the 
conditioning treatment was highly effective as a CBT con-
ditioning regimen in myeloid malignancies, even in elderly 
patients who were not in remission; the 2-year OS and 
progression-free survival (PFS) were both 54.9%, and the 
2-year NRM was 25.5% [19]. Although the FLU/BU4/MEL 
regimen in our study was not identical to regimens in other 
studies, the overall treatment outcomes were in line with 
those in other studies.

The addition of MEL to the original FLU/BU4 regimen 
benefits clinical practice in at least two ways. First, it intensi-
fies the conditioning effects against myeloid malignancies. 
Although MEL is not administered in conventional chemo-
therapies, such as induction, consolidation, and mainte-
nance therapy, it is known as an effective anti-tumor drug 
for myeloid malignancies and is often included in condi-
tioning regimens. Indeed, a conditioning regimen with FLU 
and MEL (FLU/MEL) has been reported to achieve good 
outcomes for myeloid malignancies [20–22]. The FLU/BU4 Fig. 1  a Overall survival (OS) and disease-free survival (DFS); b 

non-relapse mortality (NRM); and c relapse rate (RR) in all patients

Fig. 2  Overall survival of patients who were in hematological com-
plete remission (CR) and not in CR (non-CR) at transplantation
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regimen resulted in insufficient outcomes, with 19–32% 
OS in patients with advanced disease [1, 8]. However, our 
FLU/BU4/MEL regimen demonstrated superior overall out-
comes, with 49.4% 4-year OS in patients with no complete 
hematological remission (non-CR). Patients with high/very 
high DRI also showed satisfactory outcomes with 38.1% 
(95% CI 13.1–63.2%) 4-year OS. These results indicated 
the improvement in the OS of patients with uncontrolled 
disease by the addition of MEL to FLU/BU4. Furthermore, 
the FLU/BU4/MEL regimen results in faster achievement 
of complete donor chimerism than that by FLU/BU4 [4]. 
Although the proportion of complete donor T-cell chimer-
ism at day 30 with the FLU/BU4 regimen was as low as 
42% [4], FLU/BU4/MEL resulted in complete T-cell chimer-
ism within 30 days in all tested patients. The rapid achieve-
ment of donor-type complete chimerism, particularly T-cell 

chimerism, is extremely important, because it affects the 
outcome of allo-HCT, especially by reducing disease relapse 
[8–10]. Therefore, immediate reconstitution of the immune 
system with donor-derived T cells is desirable to improve the 
OS and DFS of patients with myeloid malignancy undergo-
ing transplantation.

A disadvantage of the FLU/BU4/MEL regimen is the 
relatively high NRM, especially in patients in remission, 
which mainly occurred within 1 year. A retrospective study 
comparing FLU/BU2 and FLU/BU4 for AML in the first CR 
showed that in patients aged < 50 years, the 2-year OS and 
leukemia-free survival (LFS) were not different between the 
two regimens. Nevertheless, in patients aged ≥ 50 years, the 
2-year OS and LFS after FLU/BU2 were superior to those 

Fig. 3  a Relapse rate and b non-relapse mortality in patients who 
were in complete remission at transplantation

Table 3  Univariate analysis associated with OS of patients in CR 
(N = 29)

Factors N 4 years OS (95% CI) p value

Sex
 Male 13 76.9 (44.2–91.9) 0.546
 Female 16 68.8 (40.5–85.6)

Age (years)
 Under 50 or 50 16 81.2 (52.5–93.5) 0.32
 Over 50 13 61.5 (30.8–81.8)

Disease
 AML 23 78.3 (55.4–90.3) 0.166
 MDS 6 50 (11.1–80.4)

HCT-CI (score)
 0–2 19 57.9 (33.2–76.3) 0.0218
 3 or over 10 100

ATG 
 + 14 78.6 (47.2–92.5) 0.358
 − 15 66.7 (37.5–84.6)

GVHD prophylaxis
 CsA + MTX 14 78.6 (47.2–92.5) 0.439
 FK506 + MTX 15 66.7 (37.5–84.6)

Donor source
 Related 3 66.7 (5.4–94.5) 0.71
 Unrelated 26 73.1 (51.7–86.2)

HLA mismatch
 Matched 17 76.5 (48.8–90.4) 0.486
 Mismatched 12 66.7 (33.7–86.0)

ABO mismatch
 Matched 16 68.8 (40.5–85.6) 0.584
 Mismatched 13 76.9 (44.2–91.9)

Acute GVHD
 No or Grade I 19 89.5 (64.1–97.3) 0.0022
 Grade II–IV 10 40.0 (12.3–67.0)

Chronic GVHD
 No or mild 19 73.7 (47.9–88.1) 0.15
 Moderate or severe 7 100
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after FLU/BU4 because of the lower incidence of NRM 
[23]. A high-intensity regimen is necessary for refractory 
or relapsed leukemia; a less intensified regimen would be 
enough for patients in a stable disease state, particularly in 
the first CR. To improve the outcomes of our FLU/BU4/
MEL regimen, we should try to minimize toxicities, espe-
cially in patients with stable disease. The most problematic 
and life-threatening toxicity of FLU/BU4/MEL was bacte-
rial infection, which was closely related to high incidence 
of mucositis. Given the very low incidence of relapse in 
stable patients (Fig. 3), the FLU/BU4/MEL regimen can 
be modified to reduce NRM in such cases. In this respect, 
dose reduction from 4 to 2–3 days for BU treatment and/
or 100 mg to 80 mg for MEL might reduce toxicities with-
out reducing the anti-leukemic effect in stable disease. The 
pharmacokinetic-targeted dose adjustment of BU can con-
tribute to the reduction in toxicities [24]. In addition, we 
should also pay attention to acute GVHD. The achievement 
of T-cell chimerism strongly correlates with the occurrence 
of acute GVHD [25, 26]. In fact, we experienced higher 
incidence of grade II–IV acute GVHD than that with FLU/
BU4 [4], which affected the OS of patients in CR (Table 3). 
Although acute GVHD was not a direct cause of death, 
mucosal damage due to acute GVHD and the intensifica-
tion of immuno-suppressive therapy, coupled with the severe 
mucositis, occurred as RRT, causing life-threatening infec-
tion in some cases. Intensification of GVHD prophylaxis 
should also be pursued to improve outcomes. Moreover, the 
use of mycophenolate mofetil instead of MTX would help to 
reduce mucositis [27–29]. In contrast, higher HCT-CI score 
did not negatively affect the OS of patients in our study. 
This indicates that HCT-CI might not correctly reflect the 
comorbidity risk of FLU/BU4/MEL. It was partly because 
we reduced the dosage of BU for patients with liver dam-
age, which was included in the HCT-CI score and should be 
closely related to the toxicity of FLU/BU4/MEL. Based on 
these results, we should further examine the way of reduc-
ing NRM.

There were certain limitations to this study. First, this is 
a retrospective, small-scale, single-arm cohort study, and 
therefore, the effect of addition of MEL was not statisti-
cally determined. A large-scale, prospective, randomized 
study comparing FLU/BU4/MEL and FLU/BU4 might solve 
this issue. In addition, we lack the information on molecu-
lar aberrations of leukemic cells, such as NPM1, internal 
tandem duplication of FLT3, and c-KIT, which might also 
influence the outcome [30–32]. Second, we cannot ignore 
the influence of ATG and TBI, which were added for HLA-
mismatch transplantation and for unrelated transplantation, 
respectively. The addition of ATG might have enhanced the 
chimerism status after transplantation. However, in the CBT 
setting, in which we experienced engraftment failure more 
frequently than that in the BMT and PBSCT setting, the 

FLU/BU4/MEL regimen resulted in complete donor T-cell 
chimerism within 3 weeks among all patients [19]. There-
fore, FLU/BU4/MEL might have resulted in rapid complete 
donor-type chimerism even in BMT and PBSCT cases with-
out ATG, and this should also be applicable to the case of 
TBI. We administered 3 Gy TBI for unrelated transplanta-
tion to promote complete donor-type chimerism, because 
insufficient achievement of complete donor-type chimerism 
was reported in the FLU/BU4 regimen. Nevertheless, the 
results shown in CBT [19] indicated that TBI is not neces-
sarily required for complete chimerism achievement with 
the FLU/BU4/MEL regimen. Conversely, TBI is known to 
cause oral/pharyngeal mucositis, and it might have increased 
the frequency and severity of mucositis in our study. Thus, 
the need for ATG and TBI in addition to FLU/BU4/MEL 
remains to be addressed in the future and should be carefully 
considered depending on the circumstances in each case.

In conclusion, the FLU/BU4/MEL regimen is a promising 
strategy, with high curative potential in BMT and PBSCT, 
even for uncontrolled myeloid malignancies in adults. To 
optimize the doses of BU and MEL, and GVHD prophylaxis 
with fewer therapy-related toxicities, further studies should 
be conducted in the future.
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