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Key Points

• HDCA plus CY/TBI improved
overall survival relative to
CY/TBI in CBT for myeloid
malignancy.

• HDCA suppressed relapse
but did not increase the
incidence of severe adverse
events or nonrelapse
mortality.

Cord blood transplantation (CBT) is an effective therapeutic option for adults with acute

myelogenous leukemia (AML) and myelodysplastic syndrome (MDS) after the conven-

tional cyclophosphamide and total body irradiation (CY/TBI) regimen, but posttransplant

relapse is still of high importance. High-dose cytarabine (HDCA) can be added to CY/TBI

for an intensified regimen; however, its additional effects have not yet been completely

elucidated. Therefore, we conducted a cohort study to compare the prognosis of HDCA/

CY/TBI (n5 617) and CY/TBI (n5 312) in CBT for AML/MDS, using a Japanese transplant

registry database. Themedianagewas40 years, and86.2%of the patientshadAML; high-

riskdiseasewasobserved in 56.2%of thepatients. Themedian follow-upperiodafterCBT

was approximately 3.5 years. Overall survival was significantly superior in the HDCA/CY/

TBI group (adjusted hazard ratio [HR], 0.56; 95% confidence interval [CI], 0.45-0.69;

P< .01), and tumor-relatedmortalitywas lower (HR, 0.50;P< .01). The incidenceof grade II

to IV acute graft-vs-host disease (aGVHD) and chronic GVHD was significantly higher in

the HDCA/CY/TBI group (HR, 1.33 and 2.30, respectively), but not grade III to IV aGVHD. Incidence of infectious episodes showed no

significant difference. Nonrelapse mortality was not increased by the addition of HDCA. Higher-dose CA (12 rather than 8 g/m2) was

more effective, particularly in patients at high-risk for disease. This study is the first to show the superiority of HDCA/CY/TBI toCY/TBI

in CBT for AML/MDS. A large-scale prospective study is warranted to establish new conditioning regimens including HDCA

administration. (Blood. 2015;126(3):415-422)

Introduction

Allogeneic hematopoietic cell transplantation (HCT) is an effective,
and therefore indispensable, therapy for myeloid malignancies, in-
cluding acute myelogenous leukemia (AML) and myelodysplastic
syndrome (MDS).1 Cord blood transplantation (CBT), which was first
performed approximately 25 years ago,2 has been technically improved
all over the world and is now as safe and effective as bone marrow or
mobilized peripheral blood stem cell transplantation.3 CBT has been
increasingly used as a stem-cell source for allogeneic HCT for myeloid
malignancies.2

Meanwhile, various conditioning regimens have been developed.
The combination of cyclophosphamide (CY; 60 mg/kg for 2 days)
with total body irradiation (TBI; 10-12Gy divided into 4-6 fractions)

(CY/TBI regimen), and intravenous busulfan (BU) with CY (BU/CY
regimen) are the conventional myeloablative regimens in CBT,2,4

as well as in bone marrow or peripheral blood stem cell transplanta-
tion.5,6 Moreover, regimens harboring stronger antileukemic effects
without increased adverse effects have been requested, especially for
those with recurrent or refractory AML/MDS, to reduce posttransplant
relapse.2

Among these intensified regimens, addition of high-dose cytara-
bine (HDCA; total dose of 6-12 g/m2) to the conventional CY/TBI
regimen can be a promising strategy because cytarabine (CA) has
long been used as an effective agent during induction and consol-
idation therapy of AML/MDS.7 In previous smaller studies including
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CBT for leukemia, the HDCA/CY/TBI regimen was reportedly
related have to a low incidence of relapse and a fair prognosis,3,8,9

whereas comparison with CY/TBI has not been fully reported. In
contrast, in studies of bone marrow transplantation, this regimen re-
sulted in increased nonrelapse mortality (NRM) and inferior overall
survival (OS) compared with that of the conventional CY/TBI
regimen.10,11With respect to the rationale for addingHDCA inCBT,
there is only limited evidence to inform decisions on whether to add
HDCA or not.

Therefore,we performed a cohort study to compare the prognosis in
patients who underwent CBT after the HDCA/CY/TBI regimen with
that in patients receiving the CY/TBI regimen using the Japanese
transplant registry database, with respect to OS, NRM, incidence of
relapse, and CBT-related adverse effects such as engraftment failure,
infection, graft-vs-host disease (GVHD) or specific HDCA-related
adverse effects.Moreover, the relationship between the dose ofCA and
prognosis was also determined.

Patients and methods

Inclusion and exclusion criteria

Data for 957 adult patients (aged 16 years or older) with AML andMDSwho
underwent a single-unit CBT as a first HCT after the myeloablative con-
ditioning regimens of CY/TBI (CY, 60 mg/kg for 2 days; TBI, 10-12 Gy
divided into 4-6 fractions) or CY/TBI plus HDCA (HDCA/CY/TBI) between
January 1, 2000, and December 31, 2012, were obtained from the Transplant
RegistryUnifiedManagement Program in Japan.12HDCAwas defined asCA
administration of 2 to 3 g/m2 twice a day for 2 to 3 days (total dose, 6-12 g/m2)
before CBT. The choice of conditioning regimen was made according to the
decision of each attending physician. The CB unit selection was based pri-
marily on the total nucleated cell number among 4/6 to 6/6 human leukocyte
antigen (HLA)-A, HLA-B, and DR antigen-matched units.4 Cases receiving
double-unit CBT were excluded because this is not yet considered the
standard therapy in Japan. Patients who lacked data on disease risk, data
pertaining to diagnosis, mismatch in HLA or ABO blood type, or GVHD
prophylaxis were excluded (n5 28); 929 patients were included in this study.
Our protocol complied with the Declaration of Helsinki, and it was approved
by the Transplant Registry UnifiedManagement Program Data Management
Committee and by the Ethics Committee of Kyoto University, where the
study was performed. Written informed consent was obtained from each
patient at each institution.

Data collection and definition of each covariate

From the registry database, we extracted data on basic pretransplant charac-
teristics and posttransplant clinical courses. Patients were categorized into
2 groups with respect to age (younger than 50 years vs age 50 years or older),
performance status (PS; 0-1 vs 2-4), and hematopoietic cell transplant
commodity index (0-2 vs 3-29).13With respect to disease risk, the standard-risk
was defined as AML in complete remission or MDS in the phase of refractory
anemia, ringed sideroblasts, or refractory cytopenia with multilineage dys-
plasia on the day of transplantation, according to the criteria modified from
that in the previous study14; other disease types were treated as high-risk
disease. The pretransplant therapy period (duration between the initial
diagnosis of AML or MDS and the day of CBT) and the year of CBT was
categorized into 2 groups: longer vs shorter or older vs newer than themedian.
HLA disparity in HLA-A, HLA-B, and DR antigens was determined at the
serologic level; a 6/6 match was categorized as a HLA-matched group, and
5/6 and 4/6 as a mismatched group.4

With respect to posttransplant clinical courses, engraftment of neutrophils
and platelets was defined as the first day of 3 consecutive days during which
neutrophil and platelet counts were at least 500/mL and 2.0 or 5.0 3 104/mL

Table 1. Patient characteristics

Variables

Total CY/TBI HDCA/CY/TBI

Pn 5 929 % n 5 312 % n 5 617 %

Sex

Male 505 54.4 171 54.8 334 54.1

Female 424 45.6 141 45.2 283 45.9 .85

Age

Median, years

(range)

40

(16-66)

40.5

(16-66)

40

(16-64)

.58

,50 736 79.2 238 76.3 498 80.7

$50 193 20.8 74 23.7 119 19.3 .12

PS

0-1 774 83.3 243 77.8 531 86.0

2-4 80 8.6 32 10.3 48 7.8

Unknown 75 8.1 37 11.9 38 6.2 ,.01*

Hematopoietic cell transplant commodity index

0-2 513 55.2 165 52.8 348 56.4

3-29 64 6.9 17 5.5 47 7.6

Unknown 352 37.9 130 41.7 222 36.0 .16

CMV serostatus

Negative 157 16.9 59 18.9 98 15.9

Positive 689 74.2 213 68.3 476 77.1

Unknown 83 8.9 40 12.8 43 7.0 ,.01*

Disease

AML 801 86.2 277 88.8 524 84.9

MDS 128 13.8 35 11.2 93 15.1 .11

Disease risk

Standard 407 43.8 157 50.3 250 40.5

High 522 56.2 155 49.7 367 59.5 ,.01*

In AML

Standard 371 46.3 148 53.4 223 42.6

High 430 53.7 129 46.6 301 57.4 ,.01*

In MDS

Standard 36 28.1 9 25.7 27 29.0

High 92 71.9 26 74.3 66 71.0 .71

Pretransplant therapy period

Median, days 218 202.5 231 .12

#200 423 45.5 155 49.7 268 43.4

$201 506 54.5 157 50.3 349 56.6 .07

HLA mismatch

Matched 37 4.0 18 5.8 19 3.1

Mismatched 892 96.0 294 94.2 598 96.9 .05*

Sex mismatch

Matched 353 38.0 127 40.7 226 36.6

Male to female 163 17.6 50 16.0 113 18.3

Female to male 181 19.5 64 20.5 117 19.0

Unknown 232 24.9 71 22.8 161 26.1 .44

ABO mismatch

Matched 312 33.6 87 27.9 225 36.4

Minor 254 27.3 102 32.6 152 24.6

Major 212 22.8 71 22.8 141 22.9

Both 151 16.3 52 16.7 99 16.1 .02*

NCC, 107 cells/kg

Median 3.03 3.00 3.10 .50

GVHD prophylaxis

CyA based 548 59.0 159 51.0 389 63.0

Tac based 381 41.0 153 49.0 228 37.0 ,.01*

Year of CBT

2000-2007 424 45.6 154 49.4 270 43.8

2008-2012 505 54.4 158 50.6 347 56.2 .11

Follow-up period

Median (range) 1276.5

(37-4,911)

1084

(82-4007)

1328

(37-4911)

.09

NCC, nuclear cell count; CyA, cyclosporine; Tac, tacrolimus.

*Statistically significant.

416 ARAI et al BLOOD, 16 JULY 2015 x VOLUME 126, NUMBER 3

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/126/3/415/1390447/415.pdf by guest on 06 M

ay 2024



without transfusion support, respectively. Diagnosis and classification of
aGVHD were performed on the basis of traditional criteria by attending physi-
cians at each center.15,16 Chronic GVHD (cGVHD) was diagnosed according
to the criteria determined at the 2005 National Institutes of Health consensus
conference.17Thecumulative incidenceof infection includinganybacteria, fungi
(such asCandia spp. andAspergillus spp.), and viruses (such as cytomegalovirus
[CMV] and human herpes virus-6) was compared between the CY/TBI and the
HDCA/CY/TBI groups. Standard prevention strategies for infection were
adopted in accordance with the guideline from the Japanese Society for Hema-
topoietic Cell Transplantation,18 which includes protective environment, pro-
phylactic administration of antibiotics (normally fluoroquinolone, fluconazole,
and acyclovir), and intravenous immunoglobulin replacement for hypogamma-
globulinemia. Data on long-term follow-up for survivors such as systemic organ
function, immunosuppressive status, or quality of life19 were not included in our
dataset.

Statistical analyses

Differences in pretransplant patient characteristics and the cause of NRM
between the CY/TBI and the HDCA/CY/TBI groups were analyzed using
thex2-test orStudent t test.OSwas calculatedwith theKaplan-Meiermethodand
compared using log-rank tests for each covariant related to pretransplant patient
characteristics. Factorswith significanceor borderline significance (P, .1) in the
univariate analysis were subjected to a multivariate analysis using the Cox
proportional hazards model. Tumor-related mortality was defined as death
without remission or after relapse and was calculated using Gray’s method,
considering therapy-related death as a competing risk.20 NRM was analyzed
considering relapse as a competing risk. The Fine-Gray proportional hazards
modelwas used inmultivariate analyses for tumor-relatedmortality andNRM.21

Statistical analyses were performed using Stata (version 13.1; Stata Corp LP,
College Station, TX). The a level of all tests and the P value was set at .05.

Figure 1. Prognosis after CBT in each group of the

conditioning regimen. (A) HDCA/CY/TBI showed

significantly better OS than CY/TBI after being adjusted

for confounding factors such as patient sex, age, PS,

CMV serostatus, disease risk, pretransplant therapy

period, HLA mismatch, and ABO mismatch (P , .01).

(B) Tumor-related mortality, defined as death without

remission or after relapse, was significantly higher in

the CY/TBI group (P , .01 adjusted for the above-

mentioned confounding factors). (C) NRM showed no

significant differences between the 2 groups.

Table 2. Multivariate analysis of prognosis in patients with HDCA/CY/TBI compared with CY/TBI

Variables

Overall mortality Tumor-related mortality NRM

HR (95% CI) P HR (95%CI) P HR (95%CI) P

Conditioning

CY/TBI Reference Reference Reference

HDCA/CY/TBI 0.56 (0.45-0.69) ,.01* 0.50 (0.38-0.67) ,.01* 0.94 (0.67-1.33) .73

Sex

Female Reference Reference Reference

Male 1.35 (1.10-1.65) ,.01* 1.18 (0.90-1.55) .22 1.32 (0.96-1.82) .08

Age, years

,50 Reference Reference Reference

$50 1.46 (1.15-1.84) ,.01* 1.16 (0.84-1.61) .37 1.50 (1.05-2.15) .03*

PS

0-1 Reference Reference Reference

2-4 1.80 (1.33-2.43) ,.01* 1.57 (1.03-2.38) .03* 1.23 (0.72-2.11) .44

CMV serostatus

Negative Reference Reference Reference

Positive 1.22 (0.93-1.61) .15 1.43 (0.97-2.11) .07 1.00 (0.67-1.49) 1.00

Disease risk

Standard Reference Reference Reference

High 2.23 (1.78-2.79) ,.01* 3.94 (2.81-5.52) ,.01* 0.83 (0.60-1.14) .25

Pretransplant therapy period, days

#200 Reference Reference Reference

$201 1.04 (0.85-1.28) .71 0.98 (0.74-1.29) .88 1.11 (0.80-1.53) .53

HLA mismatch

Matched Reference Reference Reference

Mismatched 0.75 (0.46-1.21) .23 0.84 (0.44-1.62) .61 0.84 (0.39-1.83) .67

ABO mismatch

Matched Reference Reference Reference

Minor 0.67 (0.51-0.87) ,.01* 0.93 (0.66-1.31) .67 0.58 (0.38-0.90) .02*

Major 0.70 (0.54-0.92) .01* 0.77 (0.53-1.12) .17 0.90 (0.61-1.35) .62

Both 0.94 (0.70-1.25) .65 1.02 (0.68-1.52) .93 1.01 (0.65-1.57) .95

*Statistically significant.
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Results

Patient characteristics

We evaluated 929 patients aged 16 to 66 years (median, 40 years) who
underwent CBTwith CY/TBI (n5 312) or HDCA/CY/TBI (n5 617)
(Table 1). The median follow-up period for survivors was 1276.5 days
(range, 37-4911 days) after CBT. Variables regarding pretransplant
patient characteristics are shown in Table 1 and supplemental Tables 1
and 2, available on the BloodWeb site; patients with good PS or high-
risk disease (particularly those with AML) were conditioned more
frequentlywithHDCA/CY/TBI.GVHDprophylaxiswas composed of
cyclosporine- and tacrolimus-based regimens, and both were coupled
with short-term methotrexate (95.6% and 81.9%, respectively) or
mycophenolate mofetil administration (0.9% and 8.1%, respectively).
Proportionof cyclosporine-basedGVHDprophylaxiswas significantly
higher in the HDCA/CY/TBI group. Antithymocyte globulin was not
used in our cohort. Other variables such as sex, age, hematopoietic cell
transplant commodity index, disease type (AML or MDS), pretrans-
plant therapy period, sex mismatch, nuclear cell count of grafts, and
year of CBT (before or after 2007) showed no significant differences
between these 2 groups.

HDCA improves OS and reduces relapse without augmentation

of NRM

OS of the HDCA/CY/TBI group was superior to that of the CY/TBI
group (Figure 1A; 63.6%vs 51.9%at 1 year; 53.0%vs 41.3%at 3 years
after CBT). This difference was significant in the univariate analysis

(supplemental Table 3; hazard ratio [HR] of overall mortality in the
HDCA/CY/TBI group compared with the CY/TBI group, 0.72; 95%
confidence interval [CI], 0.60-0.86; P, .01). Among other variables,
male patients, older age (aged 50 years or older), poor PS (2 or more),
CMV seropositivity, and high-risk disease were associated with poorer
survival (P, .05),whereas a longer pretransplant therapy period (more
than 200 days), HLA mismatch, and ABO minor mismatch were
associatedwith better survivalwith borderline significance inunivariate
analyses (P , .1; supplemental Table 3). In the multivariate analysis
including these factors, the CA/CY/TBI group showed a significantly
lower overall mortality than the CY/TBI group (HR, 0.56; 95% CI,
0.45-0.69; P , .01; Table 2). This superiority of OS in the HDCA/
CY/TBI group was observed in each subgroup according to patient
characteristics, with unadjusted HRs being less than 1 in almost all
subgroups (Figure 2).

Relapse, tumor-related mortality, and NRM were calculated in the
same model; relapse was significantly reduced in the HDCA/CY/TBI
group (HR, 0.49; 95% CI, 0.30-0.80; P , .01), resulting in lower
tumor-related mortality in this group (Figure 1B; Table 2; HR, 0.50;
95% CI, 0.38-0.67; P , .01), regardless of disease risk (high-risk
disease: HR, 0.51; 95% CI, 0.37-0.70; P, .01; standard-risk disease:
HR, 0.50; 95% CI, 0.29-0.89; P 5 .02). HDCA/CY/TBI did not
increaseNRM in the whole cohort (Figure 1C; Table 2; HR, 0.94; 95%
CI, 0.67-1.33;P5 .73) or in the subgroups confined to eachdisease risk
(high-risk disease: HR, 0.94; 95%CI, 0.56-1.60;P5 .83; standard-risk
disease: HR, 0.92; 95% CI, 0.57-1.50; P5 .75).

Effects of HDCA on post-CBT clinical course

To compare the clinical courses that lead to the differences in survival
and relapse, we focused on engraftment, GVHD, and infection in each
group.

Granulocyte- or macrophage-colony-stimulating factors (G-CSF or
M-CSF)wereused inmostof thepatients (95.5% inCY/TBIand97.1%
in HDCA/CY/TBI) after CBT, and the HDCA/CY/TBI group showed
a significantly higher proportion of neutrophil and platelet engraftment
after CBT (Figure 3). Complete chimerism was achieved in 83.9%

Figure 2. Subgroup analyses of OS in each group of the conditioning regimen.

Superiority in OS of HDCA/CY/TBI (shown in Table 2) was analyzed in detail by each

subgroup with respect to patient characteristics. Compared with the CY/TBI group, the

unadjusted HRs of overall mortality in the HDCA/CY/TBI group were significantly lower

than 1 (ie, HDCA/CY/TBI is prognostically advantageous) in almost all the subgroups.

HRs are shown by black dots, and 95% CI ranges are indicated by black bars.

Figure 3. Clinical courses after CBT in each group of CY/TBI and HDCA/CY/

TBI. The cumulative incidence of major events after CBT, such as engraftment,

GVHD, and infection, are summarized. In each event, HRs in the HDCA/CY/TBI

group were analyzed in comparison with the CY/TBI group after being adjusted for

confounding factors. HRs are shown by black dots, and 95% CI ranges are indicated

by black bars. Engraftment of neutrophils and platelets was in favor of HDCA/CY/

TBI. The incidence of grade II to IV aGVHD and cGVHD was significantly higher in

the HDCA/CY/TBI group, but not grade III to IV aGVHD. Addition of HDCA did not

cause any increase in the incidence of infection episodes (including bacteria, fungi

such as Candia spp. and Aspergillus spp., and viruses such as CMV and human

herpes virus-6) compared with the conventional CY/TBI regimen.
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(CY/TBI) and 95.3% (HDCA/CY/TBI; P , .01) of those who lived
longer than 100 days after CBT. Grade II to IV aGVHDwas observed
significantlymoreoften in theHDCA/CY/TBIgroup,whereas grade III
to IV aGVHD differed without significance. The incidence of cGVHD
was significantly higher in the HDCA/CY/TBI group (Figure 3). This
trend of a higher incidence of GVHD in HDCA/CY/TBI was also
confirmed in subgroup analyses for GVHD prophylaxis (cyclosporine-
and tacrolimus-based) and HLAmismatch (matched and mismatched)
(data not shown). With respect to infectious episodes, no significant
differences were observed between the 2 groups (Figure 3).

The causes of NRM were also compared (Table 3). The major
causes of NRM included infection, GVHD, and organ failure in both
groups, indicating that the HDCA/CY/TBI regimen did not induce any
particular complications leading to post-CBT NRM.

Higher CA dose related to better OS within the

HDCA/CY/TBI group

We analyzed the effects of HDCA according to the administrated
dosages. In the HDCA/CY/TBI group (n 5 617), the majority of the
total CAdosagewas composed of 12 g/m2 (3 g/m2 per infusion 4 times;
n 5 317) and 8 g/m2 (2 g/m2 per infusion 4 times; n 5 208). Patient
characteristics are shown indetail in supplementalTable 4.Comparison
of these 2 dosages with respect to OS indicated that OS in the higher-
dose (12g/m2)groupwas significantly superior to that in the lower-dose
(8 g/m2) group (Figure 4A; 68.3% vs 61.6% at 1 year; 58.3% vs 50.5%
at 3 years; P5 .04) after being adjusted for confounding factors. This
improvement in OS was mainly observed for those with high-risk

disease (Figure 4B; HR, 0.67; 95% CI, 0.47-0.95; P5 .03) compared
with those with standard-risk disease (Figure 4C; HR, 0.81; 95% CI,
0.47-1.40; P5 .45).

This difference in OS was mainly a result of lower tumor-related
mortality (HR, 0.64; 95%CI, 0.43-0.96;P5 .03), andNRMwas almost
the same between these groups (HR, 0.97; 95%CI, 0.63-1.50;P5 .90).

Discussion

The present cohort study regarding addition of HDCA to the conven-
tional CY/TBI regimen inmyeloablativeCBT forAML/MDS revealed
3 major findings: the HDCA/CY/TBI regimen improved OS mainly
through a reduction in relapse and tumor-related mortality, addition of
HDCA did not lead to an increase in the incidence of severe adverse
events after CBT orNRM, and a higher dose of CA (total 12 vs 8 g/m2)
particularly improved the prognosis for patients with high-risk disease.

First, we succeeded in showing the superiority of HDCA/CY/TBI
with respect to OS and relapse compared with CY/TBI. Lower relapse
rate and tumor-related mortality, as a result, are partially a result of the
antileukemia effects of HDCA. CA can eradicate remaining leukemia
cells as a result of active uptake into target cells and the subsequent
metabolismofCA into its activemetabolite (cytarabine triphosphate).22

HDCA can exert stronger effects than normal doses of CA because of
the longer contacting time between CA triphosphate and target cells.22

Moreover, administration of HDCA can maintain therapeutic concen-
trations ofCAeven in the cerebrospinalfluid.23 Thesepharmacokinetic
and pharmacodynamic features of HDCAmay explain the reduction of
relapse and the prognostic improvement in our study.

In addition to these antitumor effects, the higher incidence of acute
and chronic GVHD in the HDCA/CY/TBI group appears to induce
stronger graft-vs-leukemia effects and a lower incidence of relapse.
Complications of aGVHD (grade II-IV) and limited cGVHD were
related to significantly longer OS and lower tumor-related deaths in the
HDCA/CY/TBI group when treating aGVHD or cGVHD as a time-
dependent covariant (OS, HR, 0.68 [95% CI, 0.53-0.88; P, .01] and
tumor-related death, HR, 0.64 [95% CI, 0.45-0.91; P 5 .01] in
aGVHD; and OS, HR, 0.43 [95% CI, 0.31-0.59; P, .01], and tumor-
related death, HR, 0.59 [95% CI, 0.40-0.86; P , .01] in cGVHD),
which indicates graft-vs-leukemia effects. A higher incidence of
GVHDin theHDCA/CY/TBIgroupwas alsoobserved in the subgroup
analysis of GVHD prophylaxis (cyclosporine or tacrolimus) and HLA
disparity (mismatchedormatched) (datanot shown).Larger amounts of
proinflammatory cytokine release resulting from more severe tissue
injury by HDCA may possibly be involved in a higher incidence
of GVHD, similar to that in the case of TBI.24,25 To the best of our

Table 3. Causes of NRM

CY/TBI HDCA/CY/TBI

Cause of death N % N % P

Infection 20 29.0 34 25.7 .62

Bacteria 14 18 .22

Virus 3 8 .61

Fungi 2 6 .57

GVHD 5 7.3 15 11.4 .35

Acute GVHD 3 8 .61

Chronic GVHD 2 7 .43

Rejection/engraftment failure 6 8.7 7 5.3 .35

Hemorrhage 10 14.5 7 5.3 .03

Interstitial pneumonia 9 13.1 14 10.6 .61

VOD/TMA 4 5.8 14 10.6 .26

Organ failure 6 8.7 15 11.4 .56

Others 9 12.9 26 19.7

Total 69 100.0 132 100.0

TMA, thrombotic microangiopathy; VOD, veno-occlusive disease.

Figure 4. OS with respect to the dose of CA in the

HDCA/CY/TBI group. OS was calculated using the

Kaplan-Meier method, and prognosis was compared be-

tween the 2 major dosages of HDCA (ie, 12 vs 8 g/m2).

(A) OS was higher in the higher-dose HDCA group

(12 g/m2) than in the lower-dose group (8 g/m2) (68.3%

vs 61.6% at 1 year; 58.3% vs 50.5% at 3 years); this

difference was significant (P 5 .04) after being adjusted

for other confounding factors such as patient sex, age,

PS, CMV serostatus, disease risk, pretransplant ther-

apy period, HLA mismatch, and ABO mismatch. In the

subgroup analyses according to disease risk, (B) higher-

dose HDCA significantly showed the better OS in the

high-risk group, but (C) not in the standard-risk group.
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knowledge, however, there are no other reports revealing a relationship
between HDCA and the incidence of GVHD.

Two effects of HDCA, such as the antileukemia effect and stronger
graft-vs-tumor effect, may synergistically reduce the risk for relapse
and account for the superiority in HDCA/CY/TBI after CBT. This
regimen should be compared not only with CY/TBI but also with other
myeloablative regimens in CBT. Several retrospective registry-based
studies compared 2 major conventional myeloablative regimens in
patients with AML (CY/TBI vs BU/CY), with some conflicting results
on outcome and toxicity.5,6 Addition of HDCA to CY/TBI may pos-
sibly overwhelm theBU/CY regimen. In addition to these conventional
regimens, newly developed myeloablative protocols including BU or
treosulfan, a prodrug of bifunctional alkylating agent, havewidely been
known. Recent data from Eurocord showed that CBT with thiotepa/
BU/fludarabine led significantly better results compared with CY/TBI
and BU/CY.26 The combination of treosulfan and fludarabine was
associated with limited NRM and favorable OS,27 and the addition of
low-dose TBI to treosulfan/fludarabine in a phase 2 trial provided low
relapse incidence without increased NRM.28 These regimens should
be compared with HDCA/CY/TBI in future randomized controlled
studies.

Second, we clearly showed that the adverse events in HDCA/CY/
TBI are similar to those for CY/TBI with respect to type and incidence.
Whether the NRM increases or not by the addition of HDCA has long
been a matter of debate; controversial reports8,10,11,29-35 have been
published, includingvarious donor sources.Our study, for thefirst time,
revealed the same incidence of NRM after CBT, which can be strong
evidence justifyingCBT forAML/MDSwith the conditioning regimen
of HDCA/CY/TBI.

The causes ofNRMwere compared between2groups, andno lethal
adverse events specific to HDCA/CY/TBI were found. Moreover,
infectious episodes were analyzed in detail, and we found that no in-
fections resulting from bacteria, fungi, or virus increased even after the
HDCA/CY/TBI regimen (Figure 3). These results are different from
previous reports showing ahigher incidence of infection andNRM.10,11

The discrepancy between studies may be attributed partly to the prog-
ress in supportive therapies, such as antibiotics, during this decade. A
higher incidence of engraftment in the HDCA/CY/TBI groupmay also
contribute to a reduction in severe infections, particularly in the acute
phase after CBT. With respect to the other adverse effects unique to
HDCA, such as encephalopathy, retinitis,mucositis, or hepatotoxicity,22

our database unfortunately lacks these types of data. Other reports
showed that these symptoms were commonly observed in the
HDCA/CY/TBI regimen, although they were self-limiting and well-
managed,30,33 which supports the feasibility of this regimen in myelo-
ablative transplantation.

In terms of the adverse events, statistical analyses showed that male
patient and HLA match are associated with poor prognosis (Table 2;
supplemental Table 3). Higher overall mortality and NRM in male
patients were found in the whole cohort and in each group of the
conditioning regimens (data not shown). These data can be explained
by the significantly higher proportion of males in the older patients
(P, .01), or the slightly higher mortality inCBT from female donor to
male recipient (supplemental Table 3), which may be attributed to the
existence of human minor histocompatibility antigens encoded by the
Y chromosome.36 In contrast, we showed that mismatched HLA was
related to better OS with borderline significance in the univariate anal-
ysis, but not in the multivariate model. Regarding the association with
HLA mismatch and prognosis, some controversial data have been
published. Relationship between greater HLA discrepancy and higher
NRM or poorer OS in CBT was shown from the National Cord Blood
Program of the NewYork Blood Center37 or the Center for International

Blood and Marrow Transplant Research and Eurocord.38 In contrast,
pooled analysis data from Center for International Blood and Marrow
Transplant Research, New York Blood Center, and Eurocord-Netcord
registry39 and another report from Japan4 indicate there was no sig-
nificant relationship between HLA disparity and the prognosis when
focusing only on adult patients. In our cohort, as few as 37 CBTs (4%)
were HLA-matched, and further recruitment of HLA-matched CBT
cases is necessary to confirm the association between them and to
resolve this controversy.

The relationshipbetweendosage (“high-dose”CA)andprognosis is
also a novel finding, comparing the use of 8 and 12 g/m2 in our cohort.
Dosage selection was subject to each attending physician, and 12 g/m2

was often used for patients with high-risk disease, younger patients, or
patients with a better PS, although the difference was not statistically
significant (supplemental Table 4).

This study, for the first time, showed better OS, lower relapse or
tumor-related mortality, and comparable NRM, particularly in the
high-risk disease group with 12 g/m2 of CA compared with 8 g/m2;
these resultsmay possibly provide a rationale for higher-doseCAusage
in the patients with high-risk AML/MDS. An even higher dose of CA
(.12 g/m2) was used in some previous reports but was not selected for
use in our cohort.

The combination of G-CSFwith HDCA is another important topic:
It is hypothesized that G-CSF increases the susceptibility of myeloid
leukemic cells to HDCA.40 In a previous report, CBT for myeloid
malignancies with G-CSF-combined HDCA/CY/TBI provided low
NRM (15% at 3 years) and high OS (51% at 3 years) in a multicenter
prospective analysis.9 This regimen may reduce posttransplant relapse
in patients with AML/MDS, particularly those transplanted in nonre-
mission status.8 In our cohort, patients with G-CSF-combined HDCA/
CY/TBI regimen (n 5 146) revealed relatively promising prognosis
(OS; 79.2% at 1 year, and 69.1% at 3 years after CBT). However, we
have data on only a part of the cohort concerningG-CSF administration
during conditioning regimens, and statistical comparisons to other
groups were not carried out. Further analysis will be necessary, com-
paring HDCA/CY/TBI with and without G-CSF combination.

In summary, we found the superiority of HDCA/CY/TBI regimen
relative to the conventional CY/TBI regimen inmyeloablative CBT for
AML/MDSwith respect to a lower incidence of relapse and better OS.
Adverse effects resulting fromHDCA can be properlymanaged.Our
data should be validated internationally because outcomes of CBT in
Japan have been better than those in other countries, partly as a result
of genetic homogeneity in the Japanese population.41 Moreover,
large-scale prospective studies, which also involve systemic screen-
ing of late-onset complications for long-term survivors,19 are nec-
essary to establish new conditioning regimens including HDCA
administration.
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