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a b s t r a c t
Several high-risk HLA allele mismatch combinations (HR-MMs) for severe acute graft-versus-host disease
(GVHD) have been identified by analyzing transplantation outcomes in Japanese unrelated hematopoietic
stem cell transplant recipients. In this study, we analyzed the effects of HR-MMs in 3 transplantation time
periods. We confirmed that the incidence of grade III to IV acute GVHD in the HR-MM group was significantly
higher than that in the low-risk (LR) MM group (hazard ratio [HR], 2.74; P < .0001) in the early time period
(1993 to 2001). However, the difference in the incidence of grade III to IV acute GVHD between the HR-MM
and LR-MM groups was not statistically significant (HR, 1.06; P ¼ .85 and HR, .40; P ¼ .21, respectively) in the
mid (2002 to 2007) and late (2008 to 2011) time periods. Similarly, survival in the HR-MM group was
significantly inferior to that in the LR-MM group (HR, 1.46; P ¼ .019) in the early time period, whereas the
difference in survival between the 2 groups was not statistically significant in the mid and late time periods
(HR, 1.06; P ¼ .75 and HR, .82; P ¼ .58, respectively). In conclusion, the adverse impact of HR-MM has become
less significant over time. Unrelated transplantation with a single HR-MM could be a viable option in the
absence of a matched unrelated donor or an unrelated donor with a single LR-MM.

� 2014 American Society for Blood and Marrow Transplantation.

INTRODUCTION
Hematopoietic stem cell transplantation (HSCT) from an

unrelated donor has been established as an effective treat-
ment option for patients with hematological diseases who
lack a human leukocyte antigen (HLA)ematched related

donor. However, an HLA mismatch at the genetic level (allele
mismatch) may be observed even in HSCT from a serologi-
cally HLA-matched donor (antigen match), and the presence
of an allele mismatch adversely affects the incidence of
severe acute graft-versus-host disease (GVHD) and survival
[1-4]. We recently showed that the presence of single HLA
allele mismatches at the HLA-A, -B, -C, or -DRB1 loci equiv-
alently affect the outcome of HSCT, although a previous study
from Japan reported that an HLA-A or -B allele mismatch
impairs overall survival more strongly than an HLA-C or
-DRB1 allele mismatch [4,5]. These findings suggest that the
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clinical impact of an HLA mismatch may have changed over
time periods.

Some investigators have tried to identify specific donor-
recipient allele combinations that may be associated with a
higher risk of severe acute GVHD [6,7]. Kawase et al. found
16 high-risk HLA allele mismatch combinations (HR-MMs)
for severe acute GVHD [7]. They also showed that the
number of HR-MMs was associated with severe GVHD and
poor survival, whereas the presence of mismatch combi-
nations other than HR-MMs (low-risk mismatch combi-
nations, LR-MMs) did not affect the outcome of HSCT.
However, their study included a variety of benign and
malignant hematological diseases. In addition, they
included donor-recipient pairs with more than 1 HLA
mismatch. The impact of each specific mismatch combi-
nation was evaluated after adjusting for the number of HLA
mismatches in other loci in a multivariate model, but the
possible presence of HR-MMs in other loci or the interac-
tion between HLA mismatch combinations could not be
appropriately treated in their model. At that time, the
study design was inevitable, because the number of each

HLA mismatch combination was limited. However, several
years have passed and the amount of unrelated HSCT data
in the Transplant Registry Unified Management Program
(TRUMP) has increased to more than 13,500 donor-
recipient pairs. Therefore, in this study, we reanalyzed
the impact of HR-MMs, excluding HSCT with multiple HLA
mismatches in patients with relatively homogeneous
background diseases. In addition, we evaluated the impact
of HLA mismatch on transplantation outcomes considering
the period effect, because the impact of HR-MM mismatch
might have changed over time periods, as we previously
reported in an analysis of single HLA allele mismatches at
the HLA-A, -B, -C, and -DRB1 loci [5].

METHODS
Patients

Patients aged at least 16 years with acute myeloblastic leukemia, acute
lymphoblastic leukemia, myelodysplastic syndrome, or chronic myeloge-
nous leukemia (CML) who underwent a first HSCT from a serologically HLA-
A, -B, and -DR matched unrelated donors between 1993 and 2011, and who
had full HLA-A, -B, -C, and -DRB1 allele data, were included in this study.
Bone marrow was exclusively used as a stem cell source. Clinical data for

Table 1
Patient Characteristics

Characteristic Match n ¼ 2504 Low-Risk Mismatch n ¼ 1057 High-Risk Mismatch n ¼ 157

Early Mid Late Early Mid Late Early Mid Late

802 814 888 412 351 294 64 71 22

Age (recipient)
Median 32 38 43 31 38 43 33 39 41

Age (donor)
Median 34 34 36 33 34 37 35 36 37

Sex (recipient)
Female 292 305 378 162 165 123 27 27 9
Male 510 509 510 250 186 171 37 44 13

Sex (donor)
Female 286 262 266 164 158 107 20 28 5
Male 512 548 622 247 190 187 43 43 17
N.A. 4 4 0 1 3 0 1 0 0

Sex mismatch
Match 507 537 512 238 209 166 35 40 14
Male to female 148 158 244 85 72 72 17 15 6
Female to male 143 115 132 88 67 56 11 16 2
N.A. 4 4 0 1 3 0 1 0 0

ABO blood type
Match 454 462 500 167 151 121 33 31 9
Minor mismatch 154 162 175 112 84 81 15 18 3
Major mismatch 125 114 142 82 67 61 9 18 4
Bidirectional mismatch 58 70 71 45 46 31 7 4 6
N.A. 11 6 0 6 3 0 0 0 0

Disease
AML 269 415 495 134 168 170 15 29 12
ALL 229 229 249 116 96 76 11 23 8
CML 237 84 29 125 42 14 30 3 0
MDS 67 86 115 37 45 34 8 16 2

Disease risk
Low 552 533 607 265 219 181 40 38 12
High 230 239 280 135 116 113 21 28 10
Others 20 42 1 12 16 0 3 5 0

Cell dose (cells/kg)
Median 3.0 2.7 2.7 3.0 2.6 2.6 3.1 2.8 2.6

GVHD prophylaxis
CSA-based 545 306 185 267 114 47 45 21 2
TAC-based 240 499 689 135 227 240 19 50 20
N.A. 17 9 14 10 10 7 0 0 0

Conditioning regimen
TBI regimen 760 639 560 394 272 194 59 53 15
Non-TBI regimen 30 114 328 17 52 100 3 11 7
N.A. 12 61 0 1 27 0 2 7 0

N.A. indicates not available; AML, acute myeloblastic leukemia; ALL, acute lymphoblastic leukemia; CML, chronic myelogenous leukemia; MDS, myelodysplastic
syndrome; GVHD, graft-versus-host disease; CSA, cyclosporine; TAC, tacrolimus; TBI, total body irradiation.
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