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A B S T R A C T
The optimal intensity of a conditioning regimen might be dependent on not only age and comorbidities but also dis-
ease activity and the type of graft source. We evaluated the outcome of unrelated single cord blood transplantation
(CBT) using a conditioning regimen of fludarabine 180 mg/m2, i.v. busulfan 9.6 mg/kg, 4 Gy total body irradiation,
granulocyte colony-stimulating factor�combined high-dose cytarabine (12 g/m2) in 23 elderly patients (median,
64 years) with nonremission myeloid malignancies between 2013 and 2018 in our institution. All but 1 patient
achieved neutrophil engraftment at a median of 23.5 days (range, 18 to 50). With a median follow-up of 28 months,
the probabilities of overall survival (OS), disease-free survival (DFS), and cumulative incidence of relapse at 2 years
were 62%, 52%, and 26%, respectively. The cumulative incidences of nonrelapse mortality at 100 days and 2 years
were 9% and 22%, respectively. In the univariable analysis a higher proportion of blasts in bone marrow and in
peripheral blood and a monosomal or complex karyotype were significantly associated with inferior OS and DFS.
Poor cytogenetics were significantly associated with inferior DFS and increased relapse incidence. These data demon-
strate that this reduced-toxicity myeloablative conditioning regimen was tolerable and effective in terms of engraft-
ment, relapse, and survival in single CBT for elderly patients with nonremission myeloid malignancies.
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INTRODUCTION
Allogeneic hematopoietic cell transplantation (HCT) is the

only potential curative therapy for patients with nonremission
myeloid malignancies [1-3]. Cord blood transplantation (CBT)
is an acceptable alternative donor source for patients without
HLA-matched related or unrelated donors in need of allogeneic
HCT [4-9]. Because of its rapid availability, CBT can enable
patients with nonremission myeloid malignancies to perform
allogeneic HCT at the optimal time. In addition, because recipi-
ent and donor ages are usually similar and the prevalence of
various comorbidities increases with age, it is difficult to find
suitable HLA-matched sibling donors for elderly patients. How-
ever, the use of less stringent HLA matching in CBT could
increase the likelihood of identifying an appropriate donor
source for elderly patients. Therefore, the use of cord blood
(CB) expands the application of allogeneic HCT in elderly
patients with nonremission myeloid malignancies.

The purpose of a conditioning regimen is both to eradicate the
residual leukemic cells and to provide sufficient immunosuppres-
sion to facilitate donor engraftment. Therefore, the optimal inten-
sity of conditioning regimen might be dependent of not only age
and comorbidities but also disease activity and the type of graft
source. Recently, reduced-toxicity myeloablative conditioning
(MAC) based on fludarabine and a myeloablative dose of i.v.
busulfan (FluBu4) for allogeneic bone marrow or peripheral blood
stem cell transplantation (BMT/PBSCT) from related and unrelated
donors has been shown to be safe and effective in elderly patients
with myeloid malignancies [10,11]. However, several studies
showed that FluBu4 for CBT was associated with a high rate of
graft failure and relapse, although all patients received double
unit grafts [12,13]. Meanwhile, we previously reported that an
intensified MAC regimen consisting of the addition of granulocyte
colony-stimulating factor (G-CSF)�combined high-dose cytosine
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Table 1
Patient Characteristics (N = 23)

Characteristic Value

Median age, yr (range) 64 (57-69)
Median body weight, kg (range) 52.2 (38.4-73.8)
Sex
Male 12 (52)
Female 11 (47)

Recipients CMV serostatus
Positive 19 (82)
Negative 4 (17)

HCT-CI score
�3 5 (21)

Disease type
De novo AML 8 (34)
AML secondary to MDS 6 (26)
MDS 7 (30)
CMML 2 (8)

Cytogenetics
Poor 9 (39)
Other than poor 14 (61)

Monosomal karyotype 5 (21)
Disease status at CBT
Untreated 9 (39)
Primary induction failure 6 (26)
Refractory relapse 2 (8)
Azacitidine failure 6 (26)

Median BM blasts (range) 15.7 (4.6-72.6)
Median PB blasts (range) 12.5 (.3-90)
LDH value > ULN 14 (60)
Median cryopreserved TNC, £107/kg (range) 2.43 (1.73-4.20)
Median cryopreserved CD34+ cells, £105/kg (range) .95 (.48-2.08)
HLA disparity
0 2 (8)
1 3 (13)
2 17 (73)
3 1 (4)

ABO incompatibility
Match and minor mismatch 11 (47)
Major and bidirectional mismatch 12 (52)

Sex incompatibility
Female donor to male recipient 4 (17)
Others 19 (82)

Median time from diagnosis to CBT 15 (1-219)

Values are n (%) unless otherwise defined. CMV indicates cytomegalovirus; LDH,
lactate dehydrogenase; ULN, upper limit of normal; TNC, total nucleated cell.
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arabinoside (Ara-C) to a total body irradiation (TBI) regimen of
12 Gy and cyclophosphamide (CY) resulted in a significantly
higher rate of neutrophil engraftment and better survival without
a significant increase in toxicity in CBT for adult patients younger
than 55 years with acute myeloid leukemia (AML) and myelodys-
plastic syndrome (MDS) [14,15]. In an effort to improve engraft-
ment and survival, we designed a reduced-toxicity MAC regimen
consisting of fludarabine 180 mg/m2, busulfan 9.6 mg/kg, 4 Gy
TBI, and G-CSF�combined Ara-C for elderly patients with nonre-
missionmyeloidmalignancies in single CBT.

METHODS
Patients and CB Unit Selection Procedure

This pilot study included 23 consecutive elderly patients who received sin-
gle CBT for nonremission myeloid malignancies at the Institute of Medical Sci-
ence, University of Tokyo between November 2013 and July 2018. In our
institution CB from an unrelated donor is an alternative first-line treatment
option for adult patients without a matched sibling donor, unless a patient has
anti-HLA antibodies against donor-specific antigens. CB units were obtained
from the Japan Cord Blood Bank Network. Preferred CB units were�2 locus mis-
match points based on antigen level HLA-A, -B, and -DR typing and contained a
minimal total nuclear cell count of approximately 1.5£ 107/kg or a minimal
CD34+ cell count of approximately .5£ 105/kg before cryopreservation [16].

The institutional review board of the Institute of Medical Science, Univer-
sity of Tokyo approved this study. This study was conducted in accordance
with the Declaration of Helsinki.

Conditioning Regimen and Supportive Care
All patients received 4 Gy TBI in 2 divided fractions on day �8, i.v. busulfan

(total dose 9.6 mg/kg) on days �7 to �5, fludarabine (total dose 180 mg/m2) on
days �7 to �2, and Ara-C on days �4 and �2 (total dose 12 g/m2, and 3 g/m2

every 12 hours for 2 days) with 5 mg/kg G-CSF (lenograstim) from 12 hours
before the first dose of Ara-C to the end of Ara-C dosing. All patients received
cyclosporine (3 mg/kg/day, from day�1) and mycophenolate mofetil (30 mg/kg/
day from days 0 to +27) as graft-versus-host disease (GVHD) prophylaxis. All
patients received oral quinolones and azoles from day �14 for prophylaxis of
bacterial and fungal infections. All patients also received oral trimethoprim-
sulfamethoxazole from days �21 to �3 or aerosolized pentamidine before start-
ing the conditioning regimen for prevention of pneumocystis pneumonia and
oral acyclovir from day�3 for prophylaxis of herpes simplex and varicella-zoster
virus reactivation. For the prevention of veno-occlusive disease continuous infu-
sions of low-dose heparin (100 units/kg/day) and oral ursodeoxycholate acid
were administered for all patients from day �9. For seizure prevention during
high-dose busulfan, sodium valproate or phenytoin was orally administered for
all patients from days�9 to�3.

Endpoints and Ddefinitions
The study endpoints were overall survival (OS), disease-free survival

(DFS), relapse, nonrelapse mortality (NRM), engraftment, and GVHD. OS was
defined as the time between CBT and death or last contact. DFS was defined
as the time between CBT and relapse, death, or last contact. Relapse was
defined as morphologic evidence of disease. NRM was defined as death dur-
ing remission. Neutrophil engraftment was defined as the first of 3 consecu-
tive days during which the absolute neutrophil count was at least .5£ 109/L.
Platelet engraftment was achieved on the first of 3 days when the platelet
count was higher than 20£ 109/L without transfusion support.

Chimerism analysis was performed using fluorescence in situ hybridiza-
tion for sex-mismatched CBT or short tandem repeats for sex-matched CBT.
Both acute GVHD and chronic GVHD were graded according to previously
published criteria [17,18]. Regimen-related toxicity was evaluated according
to the National Cancer Institute-Common Terminology Criteria for Adverse
Events version 3.0 from 0 to 28 days after CBT.

The diagnoses of AML, MDS, and chronic myelomonocytic leukemia
(CMML) were made according to the World Health Organization classification.
Myeloid malignancies not in remission were defined as more than 5% blasts in
the bone marrow (BM), or circulating blasts in peripheral blood (PB). The cyto-
genetic risk groups were classified according to the National Comprehensive
Cancer Network criteria for AML [19] and International Prognostic Scoring Sys-
tem criteria for MDS and CMML [20]. Monosomal karyotype was defined as
either �2 autosomal monosomies or 1 autosomal monosomywith other struc-
tural abnormalities [21]. Complex karyotype was defined as more than 3 clonal
chromosomal abnormalities [19]. The pre-existing comorbidities were
assessed according to the HCT-specific comorbidity index (HCT-CI) [22].

Statistical Analysis
The probabilities of OS and DFS were estimated according to the Kaplan-

Meier method, and the groups were compared using the log-rank test. The
probabilities of relapse, NRM, neutrophil and platelet engraftment, and
GVHD were estimated based on a cumulative incidence method to accommo-
date competing risks, and groups were compared using Gray's test. For
relapse NRM was a competing event. In contrast, relapse was a competing
event for NRM. For neutrophil and platelet engraftment death before day 28
was a competing event. For GVHD, relapse and death were competing events.
Univariable analyses were performed using the following variables: age (<65
versus �65 years), sex (male versus female), HCT-CI score (0 to 2 versus �3),
disease type (de novo AML versus AML secondary to MDS versus advanced
MDS/CMML), cytogenetics (other than poor versus poor), monosomal karyo-
type (present versus absent), the numbers of chromosomal abnormalities (0
versus 1 to 2 versus 3 versus �4), complex karyotype (present versus absent),
disease status at CBT (untreated versus primary induction failure/refractory
relapse versus azacitidine failure), proportion of blasts in BM (<15% versus
�15%), proportion of blasts in PB (<10% versus �10%), lactate dehydrogenase
(no more than upper limit of normal versus more than upper limit of normal),
CB total nucleated cell count (<2.5 versus �2.5£ 107/kg), CB CD34+ cell count
(<1 versus �1£ 105/kg), and HLA disparities (<2 versus �2). A multivariable
analysis could not be performed because of the small sample size.

All statistical analyses were performed with EZR (SaitamaMedical Center,
Jichi Medical University, Saitama, Japan), a graphic user interface for R 3.0.2
(R Foundation for Statistical Computing, Vienna, Austria) [23]. P < .05 was
considered to be significant.
RESULTS
Characteristics of Patients and CB Units

The characteristics of patients are listed in Table 1. The
median age at CBT was 64 years (range, 57 to 69), and the
median body weight was 52.2 kg (range, 38.4 to 73.8). An HCT-
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Figure 1. The cumulative incidences of neutrophil (A) and platelet (B) engraftment after CBT.

Table 2
Regimen-Related Toxicity within 28 Days after CBT

Organ/System Grade

1 2 3 4 5

Skin
Hand-foot syndrome 3 (13%) 7 (30%) 0 0 0

Gastrointestinal
Mucositis 14 (60%) 7 (30%) 2 (8%) 0 0
Nausea/vomiting 5 (21%) 6 (26%) 2 (8%) 0 0
Diarrhea 3 (13%) 3 (13%) 17 (73%) 0 0

Hemorrhage
Gastrointestinal/
urinary/pulmonary

1 (4%) 2 (8%) 0 0 1 (4%)

Infection
Febrile neutropenia 0 0 21 (91%) 0 0

Liver
Transaminase elevation 6 (26%) 0 1 (4%) 0 0
Hyperbilirubiniemia 9 (39%) 8 (34%) 0 0 0

Kidney
Creatinine elevation 2 (8%) 3 (13%) 0 0 0

Neurology
Seizure — 0 0 0 0
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CI score � 3 was observed in 5 patients (21%). Disease types
were de novo AML in 8 patients, AML secondary to MDS in
6 patients, advanced MDS in 7 patients, and CMML in
2 patients. Among patients with AML, the disease status at CBT
was primary induction failure in 6 patients, refractory relapse
in 2 patients, and untreated status in 6 patients. Among
patients with advanced MDS and CMML, the disease status at
CBT was azacitidine failure in 6 patients and an untreated sta-
tus in 2 patients. Among patients with MDS and AML second-
ary to MDS, the International Prognostic Scoring System at
diagnosis was available for 9 of 13 patients: 6 were classified
as intermediate-1 risk, 2 as intermediate-2 risk, and 1 as high
risk. Nine patients (39%) had poor cytogenetics. The median
proportions of blasts in BM and PB were 15.7% (range, 4.6% to
72.6%) and 12.5% (range, .3% to 90%) among 22 and 23 assess-
able patients, respectively. The median number of cryopre-
served CB total nucleated cells was 2.43£ 107/kg (range, 1.73
to 4.20), and the median number of cryopreserved CB CD34+

cells was .95£ 105/kg (range, .48 to 2.08). The most common
number of HLA mismatches between CB unit and recipient
was found in 2 in 17 patients (73%). The median time from
diagnosis to HCT was 15 months (range, 1 to 219).

Engraftment and Chimerism
Among the 23 patients, 1 patient died before engraftment

on day 8 due to diffuse alveolar hemorrhage and 22 patients
achieved neutrophil engraftment at a median of 23.5 days
(range, 18 to 50). The cumulative incidence of neutrophil
engraftment was 91% (95% confidence interval [CI], 63% to
98%) at day 42 after CBT (Figure 1A). Eighteen patients
achieved platelet engraftment at a median of 45.5 days (range,
26 to 106). The cumulative incidence of platelet engraftment
was 79% (95% CI, 51% to 92%) at day 100 after CBT (Figure 1B).
Among 22 patients who achieved neutrophil engraftment, the
median donor chimerism in whole BM was 98% (range, 91% to
100%) at the median time of the first BM analysis at 35 days
(range, 22 to 91) after CBT.

Regimen-Related Toxicity and GVHD
Regimen-related toxicities within 28 days after CBT are

shown in Table 2. Grade 1 or 2 toxicities, including hand-foot
syndrome (43%), mucositis (90%), nausea/vomiting (47%),
diarrhea (26%), hemorrhage (12%), transaminase elevation
(26%), hyperbilirubinemia (73%), and creatinine elevation
(21%), frequently occurred in most patients. The most com-
mon grade 3 toxicities included febrile neutropenia in
21 patients (91%). The other grade 3 toxicities were diarrhea
in 17 patients (73%), mucositis in 2 patients (8%), nausea/
vomiting in 2 patients (8%), and transaminase elevation in 1
patient (4%). One patient died of diffuse alveolar hemorrhage
on day 8 after CBT. Eleven patients (47%) experienced blood-
stream infection.

The cumulative incidence of grades II to IV acute GVHD
and grades III to IV acute GVHD was 87% (95% CI, 61% to 96%)
and 22% (95% CI, 8% to 40%) at 100 days. Chronic GVHD
developed in 11 of 20 assessable patients. According to the
National Institutes of Health consensus criteria for chronic
GVHD, 6 patients had mild type and 5 patients had moder-
ate type.
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Figure 2. The probabilities of OS and DFS (A) and the cumulative incidences of relapse and NRM (B) after CBT.
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Survival, Relapse, NRM, and Cause of Death
With a median follow-up of 28 months (range, 6 to 60) for

survivors, the probabilities of OS and DFS at 2 years were 62%
(95% CI, 38% to 79%) and 52% (95% CI, 29% to 72%), respectively
(Figure 2A). The cumulative incidence of relapse at 2 years was
26% (95% CI, 9% to 47%). The cumulative incidences of NRM at
100 days and 2 years were 9% (95% CI, 1% to 25%) and 22% (95%
CI, 8% to 41%), respectively (Figure 2B).

In the univariable analysis, higher proportions of blasts in
BM and in PB and a monosomal or complex karyotype were sig-
nificantly associated with inferior OS and DFS (Table 3, Figure 3,
Supplementary Figures 1, and 3). Poor cytogenetics were signifi-
cantly associated with inferior DFS and increased relapse inci-
dence (Table 3, Figure 3, Supplementary Figure 2). The numbers
of chromosomal abnormalities were significantly associated
with inferior OS and DFS and increased relapse incidence (Sup-
plementary Figure 3). In contrast, disease type, disease status at
CBT, and lactate dehydrogenase value did not affect the survival
and relapse incidence (Table 3, Figures 3, Supplementary Figures
1 and 2).

At the last follow-up, 8 patients had died. The causes of
death were relapse in 3 patients, pneumonia in 2 patients, dif-
fuse alveolar hemorrhage in 1 patient, organ failure in 1
patient, and acute GVHD in 1 patient.

DISCUSSION
The optimal intensity of a conditioning regimen might be

dependent of the type of graft source. Arai et al. [24] showed
that the addition of high-dose Ara-C to a TBI/CY regimen was
significantly associated with reduced relapse and improved
survival after CBT for AML, but this effect was not observed
after BMT/PBSCT from related and unrelated donors [25].
Moreover, Nakasone et al. [26] reported the TBI regimens were
significantly associated with a higher rate of neutrophil
engraftment after CBT regardless of conditioning intensity but
not for matched or mismatched BMT. Indeed, the preferred
conditioning regimens used by adult CBT centers in the United
States are intensified regimens, such as addition of fludarabine
or thiotepa to the TBI/CY regimen for younger patients [27]. By
contrast, although the use of a reduced-intensity conditioning
expanded the application of allogeneic HCT in elderly patients
even in the setting of CBT, the outcome of reduced-intensity
conditioning CBT was dismal with a higher relapse incidence
and NRM [28-30]. Several studies demonstrated that FluBu4
has a similar efficacy with a lower toxicity than BuCy [11], sug-
gesting that elderly patients may benefit from FluBu4 after
BMT/PBSCT from related and unrelated donors. However,
FluBu4 has been associated with an increased risk of graft fail-
ure after CBT [12,13]. Based on these data a higher intensity of
conditioning regimen might be appropriate for CBT. In fact,
engraftment rate and early toxicity have been reported to be
improved by the addition of melphalan to FluBu4 [31], addition
of thiotepa and antithymocyte globulin to FluBu3 [32], or addi-
tion of 2-Gy TBI and clofarabine to FluBu4 [13] in single or dou-
ble CBT for adults. Thus, to avoid the toxicity of full-dose TBI in
elderly patients, we added FluBu3 with 4 Gy TBI to
G-CSF�combined high-dose Ara-C to sustain engraftment and
to reduce relapse with accepted toxicity. Our data showed that
neutrophil engraftment with donor-dominant chimerism was
achieved in all assessable patients, and the incidences of OS
and relapse at 2 years were 62% and 26%, respectively. These
findings suggested that our reduced-toxicity myeloablative
conditioning regimen improved engraftment rate and main-
tained antitumor effect after single CBT for elderly patients
with nonremission myeloid malignancies.

Based on the concept that the concomitant use of G-CSF and
Ara-C enhanced the antitumor activity by inducing dormant leu-
kemia cells to enter the cell cycle, as shown in basic research
[33,34] and clinical studies [35,36], we used the addition of
G-CSF�combined Ara-C to a TBI/CY regimen for adult patients
younger than 55 years in CBT [4,8,14,15,37]. Our previous studies
demonstrated that the G-CSF�combined Ara-C and TBI/CY regi-
men was effective for relatively young adult patients with non-
remission myeloid malignancies [37]. Interestingly, our
retrospective studies showed that the G-CSF�combined Ara-C
regimen was significantly associated with a higher rate of neu-
trophil engraftment and better survival without increased NRM
in CBT for AML and MDS [14,15]. Indeed, the addition to G-CSF�
combined high-dose Ara-C to FluBu3 and a low-dose TBI regi-
men in the present study had a relatively low early NRM (9% at
100 days), although grade 3 diarrhea and febrile neutropenia
were frequently observed even in elderly patients. These data



Table 3
Univariable Analysis of OS, DFS, and Relapse

Number 2-Year OS (95% CI) P 2 -Year DFS (95% CI) P 2 -Year Relapse (95% CI) P

Age <65 yr 12 63 (27-85) .849 44 (14-70) .716 31 (6-62) .824
�65 yr 11 61 (27-84) 64 (30-85) 18 (2.5-46)

Sex Male 12 46 (16-72) .066 37 (10-64) .075 21 (2.1-52) .632
Female 11 78 (35-94) 72 (35-90) 28 (5.9-57)

HCT-CI 0-2 18 64 (35-82) .858 51 (25-72) .95 27 (7.4-51) .975
� 3 5 60 (13-88) 60 (13-88) 20 (.4-62)

Disease type De novo AML 8 45 (11-75) .419 47 (12-76) .697 13 (.5-45) .183
AML secondary to MDS 6 56 (7-88) 50 (11-80) 50 (7.7-83)
MDS/CMML 9 78 (37-94) 62 (21-86) 16 (1-53)

Cytogenetics Other than poor 14 76 (42-92) .102 77 (44-92) .008 9 (1-33) .028
Poor 9 42 (11-71) 15 (1-47) 52 (10-83)

Monosomal karyotype Absent 18 75 (45-90) .027 61 (32-81) .036 22 (5-.48) .357
Present 5 20 (1-58) 20 (1-58) 40 (3-79)

Disease status at CBT Untreated 9 65 (25-87) .435 53 (18-80) .733 24 (3-58) .854
PIF/refractory relapse 8 45 (11-75) 47 (12-76) 28 (3-64)
Azacitidine failure 6 83 (27-98) 63 (14-89) 21 (1-65)

BM blasts <15% 10 90 (47-99) .022 75 (30-93) .024 15 (1-51) .193
�15% 12 35 (10-63) 29 (7-56) 36 (9-65)

PB blasts <10% 10 90 (47-99) .031 75 (30-93) .039 15 (1-51) .215
�10% 13 39 (11-66) 35 (11-61) 33 (9-60)

LDH value � ULN 9 78 (37-94) .336 78 (37-94) .136 11 (1-41) .366
> ULN 14 52 (22-76) 36 (11-62) 35 (8-64)

Cryopreserved TNC <2.5£ 107/kg 12 56 (24-79) .614 46 (16-72) .613 29 (6-59) .798
�2.5£ 107/kg 11 71 (34-90) 61 (27-84) 19 (3-48)

Cryopreserved CD34+ cells <1£ 105/kg 14 45 (18-70) .060 38 (13-63) .095 26 (5-54) .952
�1£ 105/kg 9 89 (43-98) 78 (37-94) 22 (3-53)

HLA disparity <2 5 75 (13-96) .362 50 (6-85) .599 50 (3-88) .365
�2 18 60 (34-79) 55 (29-74) 17 (4-38)

P values in bold are statistically significant (<.05). PIF indicates primary induction failure.
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suggested that the addition of G-CSF�combined Ara-C to FluBu3
and 4 Gy TBI was well tolerated with an antitumor effect in
elderly patients with nonremission myeloid malignancies.

In our study approximately 40% of patients received CBT
without prior treatment. The efficacy of pretransplant induc-
tion chemotherapy has not been demonstrated in advanced
MDS and AML secondary to MDS [38-40], although the disease
burden at HCT has been shown to be associated with relapse
after HCT [41,42]. In fact, the efficacy of induction chemother-
apy has been limited in patients with poor cytogenetic risk,
and the use of CB as a graft source enables patients to undergo
HCT as an upfront treatment. Our recent report showed that
upfront HCT had a significantly reduced incidence of leuke-
mia-related mortality among patients with poor cytogenetic
risk and those who received MAC and CBT compared with
those who received induction chemotherapy followed by HCT
for AML with multilineage dysplasia in a propensity score
matched analysis on the Japanese registration data [43]. These
data indicated that upfront CBT should be considered for
patients with AML with multilineage dysplasia, AML secondary
to MDS, or those with poor cytogenetics.

Previous studies demonstrated that relapse incidence after
CBT is not inferior to that after BMT/PBSCT from unrelated
donors, although the incidence of severe GVHD is significantly
lower after CBT than BMT/PBSCT from unrelated donors [5,6,8],
indicating that the graft-versus-leukemia (GVL) effect might not
be compromised after CBT. By contrast, the GVL effect might be
enhanced because most CBTs have HLA mismatches. Indeed,
several studies showed that a lower relapse incidence was asso-
ciated with a specific HLA locus mismatch [44-46] and an
increased number of HLA mismatches [47,48]. Moreover, Kanda
et al. [49] demonstrated that development of mild acute and
chronic GVHD reduced the relapse incidence after single CBT.
Interestingly, a recent study from the Fred Hutchinson Cancer
Research Center demonstrated that among patients with acute
leukemia or MDS, relapse incidence was significantly lower after
CBT than for HLA-matched or -mismatched unrelated donors in
patients with minimal residual disease at the time of HCT, but
this effect was not observed in patients without minimal resid-
ual disease [7]. Those data clearly indicate that in patients with
a similar bulk of disease at transplant, CBT would reduce relapse
incidence and be preferable to other hematopoietic cell sources.
More recently, an encouraging report from China showed that
the relapse incidence was significantly lower after CBT than for
BMT/PBSCT from matched sibling donors for AML [50], suggest-
ing again that the GVL effects after CBT might be stronger than
those after matched related BMT/PBSCT. Our study showed the
relapse incidence at 2 years after CBT was 26% even in patients
with nonremission myeloid malignancies, which was better
than previous reports of allogeneic BMT/PBSCT for nonremis-
sion patients [41,51]. However, whether a major cause of antitu-
mor activity after CBT for patients with nonremission myeloid
malignancies was due to these GVL effect is unclear because of a
limited number of patients in the current study. Further studies
are required to clarify the role of a meaningful GVL effect after
CBT for patients with nonremission myeloid malignancies.

In summary, although this study was a single-institute
retrospective analysis that included only a relatively small
number of patients and the information of molecular muta-
tion profiles was lacking, our data concluded that this
reduced-toxicity myeloablative conditioning regimen based
on 4 Gy TBI, G-CSF�combined Ara-C, and FluBu3 was tolera-
ble and effective in terms of engraftment, relapse, and sur-
vival in CBT for elderly patients with nonremission myeloid
malignancies.
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