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Article history: ABSTRACT
Received 3 August 2018 We compared the effect of HLA single-antigen and single-allele mismatched unrelated bone marrow transplanta-
Accepted 1 October 2018 tion (UBMT) without in vivo/ex vivo T cell depletion. Becasue a single DRB1 mismatch is preferred among 1-allele

or 1-antigen mismatched donors, we performed mismatched allele- or antigen-specific analyses with a single
Key Words: DRB1 mismatch as the reference. In adjusted comparison by multivariate analyses, an HLA-DRB1 single-allele mis-
Allele versus antigen mismatch match resulted in a decreased risk of nonrelapse mortality (NRM,; relative risk [RR], 1.33; 95% confidence interval
gég::;::gxl:f:n:“f:ﬁiin [CI], 1.08 to 1.63, P=.006) compared with an HLA-DR single-antigen mismatch and conferred a decreased risk of
P NRM (RR, 1.25; 95% (I, 1.01 to 1.57; P=.025) and overall mortality (RR, 1.16; 95% CI, 1.00 to 1.37; P=.046) com-
pared with an HLA-C single-antigen mismatch. Relative to an HLA-DRB1 single-allele mismatch, 2-mismatch
transplants, including those with 1 or more antigen mismatches, resulted in a significantly increased risk of
NRM (1-antigen/1-allele mismatch: RR, 1.68; 95% CI, 1.03 to 2.05; P < .001; 2-antigen mismatch: RR, 1.58;
95% CI, 1.04 to 2.02; P=.001) and overall mortality (1-antigen/1-allele mismatch: RR, 1.27; 95% CI, 1.09 to
1.47; P=.002; 2-antigen mismatch: RR, 1.27; 95% Cl, 1.03 to 1.57; P=.02). NRM correlated with the com-
bined number of mismatches and allele or antigen mismatches, with rates of 22%, 27%, 32%, 31%, and 38%
at 4 years for full match, single-allele mismatch, single-antigen mismatch, 2-allele mismatch, and 2 mis-
matches that included an antigen mismatch, respectively. Our results support the preference for an allele
mismatch rather than an antigen mismatch in unrelated bone marrow donors with 1 DR mismatch or 2
mismatches for T cell-replete UBMT.
© 2018 American Society for Blood and Marrow Transplantation.

INTRODUCTION
Allogeneic hematopoietic stem cell transplantation (HCT) is
the curative treatment of choice for many hematologic malig-
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of unrelated donor marrow transplantation, and studies have
shown that the survival results after unrelated bone marrow
transplantation (UBMT) from HLA-A, -B, -C, and -DRB1 8/8-
allele matched unrelated donors are similar to those after HCT
from HLA-identical sibling donors [2—4].

A single mismatch, identified by low-resolution (antigen-
level) or high-resolution (allele-level) DNA testing, at HLA-A,
-B, -C, or -DRB1 loci was shown to be associated with higher
mortality and decreased 1-year survival of 5% to 10% [3,5].
However, this reduced survival may be acceptable given the
even lower survival rates with currently available alternative
treatments. Early reports from the Japan Marrow Donor Pro-
gram showed favorable survival outcomes after transplants
from HLA-DRB1 single-allele mismatched donors compared
with transplants from HLA-A, -B, or -C (class I) single-allele
mismatched donors; therefore, HLA-DRB1 single-allele mis-
matched donors are preferentially selected among HLA single-
mismatched donors in Japan [2,6].

The effect of single antigen-level mismatch compared with
single allele-level mismatch remains controversial. Compari-
sons of the impact of single-allele and single-antigen mis-
matches on overall mortality did not reveal significant
differences [3,7,8], except for the HLA-C locus, which is more
important in peripheral blood stem cell transplantation where
allele mismatches have been reported to be less detrimental
than antigen mismatches [9,10]. The aim of this study was to
compare the effect of single-antigen versus single-allele mis-
matched UBMT. Because single-DRB1 allele mismatch is pre-
ferred among donors with 1-allele or 1-antigen mismatch, as
described above, we performed mismatched allele- or antigen-
specific analyses, with a single DRB1 allele mismatch as the ref-
erence.

METHODS
Data Collection and Sources

HCT recipient clinical data were collected by the Japan Society for
Hematopoietic Cell Transplantation and the Japanese Data Center for
Hematopoietic Cell Transplantation using the Transplant Registry Unified
Management Program, as described previously [11,12]. Information on sur-
vival, underlying disease status, and long-term complications, including
chronic graft-versus-host disease (GVHD) and second malignancies, is
renewed annually.

Subjects were patients with acute myeloid leukemia (AML), acute lym-
phoblastic leukemia (ALL), chronic myeloid leukemia (CML), and myelodys-
plastic syndromes (MDS) who received a first BMT from an HLA-matched or
up to 2-allele/antigen mismatched unrelated donor between 2000 and 2014.
We excluded patients with 3 or more mismatches (n=290), those who
received in vivo/ex vivo T cell depletion (n=398 and n =63, respectively),
those who did not receive GVHD prophylaxis (n =15), and those with missing
information regarding age at transplant, survival status, or last follow-up day
(n=5).

A total of 7608 UBMT recipients met the inclusion criteria. Opt-out is per-
mitted for observational studies using existing data according to the ethical
guideline. Those who declined for registration were not included in the sub-
jects for the study. The study was approved by the data management com-
mittees of the Japan Society for Hematopoietic Cell Transplantation and the
Japanese Data Center for Hematopoietic Cell Transplantation and by the insti-
tutional review board of Saitama Medical Center, Jichi Medical University.

HLA Typing

Alleles at the HLA-A, -B, -C, and -DRB1 loci in unrelated bone marrow
donor-recipient pairs were identified by the methods described previously
[2,13]. Serologic or antigen-level typing was performed with low-resolution,
DNA-based typing, usually by partially collapsing the second-field typing
result back to its first field. Both host-versus-graft and graft-versus-host
directions were accounted for in terms of HLA mismatch.

The main variables of interest were grouped as follows: HLA-DRB1 1-
allele-level mismatched (HLA-DRB1 allele 1MM, as the reference), HLA 8/8-
allele-level matched (8/8-matched), HLA-DR 1-antigen-level mismatched
(HLA-DR antigen 1MM), HLA-A or -B 1-allele-level mismatched (HLA-AB
allele TMM), HLA-A or -B 1-antigen-level mismatched (HLA-AB antigen
1MM), HLA-C 1-allele-level mismatched (HLA-C allele 1MM), HLA-C 1-

antigen-level mismatched (HLA-C antigen 1MM), HLA 2-allele-level-loci mis-
matched (6/8 matched allele 2MM), HLA 1-allele-level and 1-antigen-level
mismatched (6/8 matched allele 1IMM and antigen 1MM), and HLA 2-anti-
gen-level mismatched (6/8 matched antigen 2MM). HLA-A and -B mis-
matches were grouped into a single group for both 1-allele-level and 1-
antigen-level mismatch because of the small number of recipients who
received BMT from HLA-A or -B single mismatched unrelated donor. HLA dis-
parity groups according to the number of allele or antigen mismatches were
then defined: HLA 8/8-allele-level matched (8/8-matched), 1-allele-level mis-
matched (1-allele-MM), 1-antigen-level mismatched (1-antigen-MM), 2-
allele-level mismatched (2-allele-MM), and 1-allele-level and 1-antigen-level
mismatched or 2-antigen-level mismatched (2-MM-including-antigen-MM).

Definitions

The primary outcome of the analyses was overall survival, defined as
time from transplant to death from any cause. A number of secondary end-
points were also analyzed. Diagnosis and clinical grading of acute GVHD were
performed according to the established criteria [14,15]. Relapse was defined
as the recurrence of underlying hematologic malignant diseases. Nonrelapse
death was defined as death during a continuous remission.

Statistical Analysis

Descriptive statistical analysis was performed to assess patient baseline
characteristics, diagnosis, disease status at conditioning, donor—patient ABO
mismatches, preparative regimens, and GVHD prophylaxis. Medians and
ranges are provided for continuous variables, and percentages are given for
categorical variables. Adjusted comparison of the groups on overall survival
was performed with the use of the Cox proportional hazards regression
model [16].

For other outcomes with competing risks, Fine and Gray’s proportional
hazards model for subdistribution of a competing risk was used [17]. For
GVHD, death without GVHD and relapse were the competing events; for
relapse, death without relapse was the competing event; and for nonrelapse
mortality (NRM), relapse was the competing event. The variables considered
were year of transplant (2000 to 2006 versus 2007 to 2014), patient age at
transplant, patient sex, diagnosis (AML, ALL, CML, or MDS), disease status at
conditioning (first or second complete remission of AML, first complete
remission of ALL, first chronic phase of CML, and refractory anemia or refrac-
tory anemia with ringed sideroblasts as standard-risk diseases versus
advanced for all others), conditioning regimen (reduced-intensity versus
myeloablative conditioning), and type of prophylaxis against GVHD (tacroli-
mus versus cyclosporine based). Conditioning regimens were classified as
myeloablative if total body irradiation > 8 Gy, oral busulfan > 9 mg/kg, intra-
venous busulfan > 7.2 mg/kg, or melphalan > 140 mg/m? were used based
on the report from the Center for International Blood and Marrow Transplant
Research [18,19].

Patients with insufficient information regarding the doses of agents or
radiation used in the conditioning regimen were categorized according to
information on the conditioning intensity (whether or not the conditioning
regimen was intended to be myeloablative) as reported by the treating clini-
cians. The HLA disparity group variable was maintained in the model. Other
variables were selected in a backward stepwise manner with a variable reten-
tion criterion of P < .05. Adjusted probabilities of overall survival and
adjusted cumulative incidences of NRM and grades III to IV acute GVHD were
estimated using the Cox proportional hazards regression model or the Fine
and Gray's proportional hazards model, with consideration of other signifi-
cant clinical variables in the final multivariate models. No significant interac-
tions were identified between any of the variables and HLA disparity groups.
All Pvalues were 2-sided, and P < .05 was considered significant.

RESULTS
Patient Characteristics

Characteristics of patients, diseases, and transplant regi-
mens are shown in Table 1. The median patient age at trans-
plant showed a narrow range from 39 to 48 years. Recipient
sex, recipient—donor sex and ABO matching, diagnosis, and
disease status were similar among the HLA disparity groups.
More than 70% of recipients in all groups underwent myeloa-
blative conditioning regimens, and most recipients in all
groups received tacrolimus-based GVHD prophylaxis. In the
more recent 2007 to 2014 period the number of patients who
underwent HCT was higher in the HLA-DR antigen 1TMM and
HLA-C allele 1TMM groups. The median follow-up periods for
survivors in the HLA disparity groups were 4.7, 4.7, 3.7, 5.9,
6.4, 4.8, 54, 5.7, 6.3, and 4.9 years in the HLA-DRB1 allele
1MM, 8/8-matched, HLA-DR antigen 1MM, HLA-AB allele
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Table 1
Patient, Disease, and Transplant Characteristics According to HLA Mismatches
HLA-DRB1 8/8 Matched HLA-DR1 HLA-A or HLA-Aor HLA-C HLA-C 6/8 Matched 6/8 Matched 6/8 Matched
Allele IMM Antigen 1IMM -B Allele IMM -B Antigen 1MM Allele 1TMM Antigen 1IMM Allele 2MM Allele 1IMM and Antigen 2MM
Antigen 1IMM
No. of transplants 647 4090 717 263 27 106 778 184 568 228
Year of transplant
2000-2006 262 (40) 1454 (36) 137(19) 156 (59) 7(26) 18(17) 357 (46) 96 (52) 323(57) 70(31)
2007-2014 385 (60) 2636 (64) 580 (81) 107 (41) 20(74) 88(83) 421(54) 88 (48) 245 (43) 158 (69)
Patient age at transplant, yr
Median (Range) 43 (0-70) 44 (0-77) 44 (1-71) 39(1-71) 40 (15-65) 48 (2-68) 40.5 (0-74) 41.5(1-68) 40 (1-68) 43 (2-72)
Patient sex
Female 235(36) 1660 (41) 294 (41) 109 (41) 12 (44) 43 (41) 337(43) 74 (40) 211(37) 77 (34)
Male 412 (64) 2430(59) 423 (59) 154 (59) 15 (56) 63 (59) 441 (57) 110 (60) 357(63) 151 (66)
Sex matching
Matched 387 (60) 2441 (60) 417 (58) 159 (60) 11 (41) 67 (63) 449 (58) 98(53) 336(59) 140 (61)
Male to Female 128 (20) 992 (24) 184 (26) 56 (21) 10(37) 13(12) 169 (22) 44 (24) 122 (21) 38(17)
Female to Male 132(20) 650 (16) 114 (16) 47 (18) 6(22) 26 (25) 156 (20) 42(23) 109 (19) 50 (22)
Unknown 0(<1) 7(<1) 2(<1) 1(<1) 0(0) 0(0) 4(<1) 0(0) 1(<1) 0(0)
Diagnosis
AML 317 (49) 2029 (50) 339(47) 129 (49) 13 (48) 50 (47) 370(48) 82 (45) 277 (49) 130(57)
ALL 194 (30) 1137 (28) 205 (29) 77 (29) 6(22) 26(25) 214(28) 69 (38) 161 (28) 57 (25)
CML 57(9) 287(7) 53(7) 22(8) 2(7) 4(4) 75(10) 11(6) 53(9) 8(4)
MDS 79(12) 637 (16) 120(17) 35(13) 6(22) 26(25) 119 (15) 22(12) 77 (14) 33(14)
Disease status
Standard 349 (54) 2427 (59) 383(53) 128 (49) 14 (52) 62 (58) 461 (59) 98(53) 292 (51) 122 (54)
Advanced 283 (44) 1588 (39) 324 (45) 131 (50) 12 (44) 43 (41) 302 (39) 81 (44) 257 (45) 101 (44)
Unknown 15(2) 75(2) 10(1) 4(2) 1(4) 1(1) 15(2) 5(3) 19(3) 5(2)
ABO matching
Matched 289 (45) 2406 (59) 331 (46) 116 (44) 15 (56) 41(39) 338(43) 91 (49) 258 (45) 96 (42)
Minor mismatch 154 (24) 759 (19) 166 (23) 70 (27) 4(15) 24(23) 191 (25) 40(22) 121(21) 55(24)
Major mismatch 128 (20) 596 (15) 138(19) 49(19) 5(19) 28(26) 146 (19) 36 (20) 115 (20) 49(21)
Bidirectional 75(12) 324(8) 82(11) 28(11) 3(11) 13(12) 102 (13) 17(9) 66 (12) 28(12)
Unknown 1(<1) 5(<1) 0(0) 0(0) 0(0) 0(0) 1(<1) 0(0) 8(1) 0(<1)
Preparative regimen
Myeloablative
CY+TBI+other 302 (47) 1956 (48) 349 (49) 142 (54) 11 (41) 41(39) 406 (52) 93(51) 306 (54) 108 (47)
Other TBI regimen 47 (7) 228 (6) 24(3) 26 (10) 2(7) 11(10) 44 (6) 17(9) 47 (8) 15(7)
BU+CY-+other 94 (15) 511(12) 84(12) 31(12) 4(15) 8(8) 125(16) 22(12) 57(10) 27(12)
Other nonTBI regimen 75(12) 557 (14) 89(12) 23(9) 4(15) 16 (15) 70(9) 14 (8) 53(9) 21(9)
Reduced intensity
FL+TBI+other 114 (18) 764 (19) 155(22) 37(14) 6(22) 25(24) 118(15) 31(17) 96 (17) 53(23)
Other RIST 15(2) 66 (2) 14(2) 4(2) 0(0) 5(5) 14 (2) 6(3) 7(1) 4(2)
Missing 0(0) 8(<1) 2(<1) 0(0) 0(0) 0(0) 1(<1) 1(1) 2() 0(0)
GVHD prophylaxisis
Cycrosporine A + sSMTX 127 (20) 954 (23) 64 (9) 61(23) 2(7) 20(19) 201 (26) 32(17) 96 (17) 16(7)
Cyclosporine A + other 1(<1) 20(<1) 0(0) 3(1) 0(0) 0(0) 5(1) 1(1) 3(1) 0(<1)
Tacrolimus + sMTX 492 (76) 2891 (71) 618 (86) 187 (71) 25(93) 80(75) 526 (68) 136 (74) 439(77) 204 (89)
Tacrolimus =+ other 19(3) 166 (4) 23(3) 6(2) 0(0) 3(3) 32(4) 10(5) 13(2) 5(2)
Others/data missing 8(1) 59 (1) 12(2) 6(2) 0(0) 3(3) 14(2) 5(3) 17 (3) 3(1)

Thy—9¢ek (6102) ST upldsun.] MOLIDIA poojg jo1g /1D 2 DINSIY ‘A

Values are n (%) unless otherwise defined. CY indicates cyclophosphamide; BU, oral busulfan; TBI, total body irradiation; FL, fludarabine; RIST, reduced-intensity conditioning stem cell transplantation; XMTX, short-term methotrexate.
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1MM, HLA-AB antigen 1MM, HLA-C allele 1MM, HLA-C antigen
1MM, 6/8 matched allele 2MM, 6/8 matched allele 1TMM and
antigen 1MM, and 6/8 matched antigen 2MM groups, respec-
tively.

Outcomes

Overall survival

When compared with the HLA-DRB1 allele 1MM group, the
risk of overall mortality was higher in the HLA-C antigen 1MM,
6/8 matched allele IMM and antigen 1MM, and 6/8 matched
antigen 2MM groups (relative risk [RR], 1.16; 95% confidence
interval [CI], 1.00 to 1.37; P=.046; RR, 1.27; 95% CI, 1.09 to
1.47; P=.002; and RR, 1.27; 95% CI, 1.04 to 1.57; P=.02, respec-
tively) and lower in the 8/8-matched group (RR, .87; 95% Cl, .77
to .97; P=.017). No significant differences were observed
between the HLA-DR antigen 1MM, HLA-AB allele 1MM, HLA-
AB antigen 1MM, HLA-C allele 1MM, and 6/8 matched allele
2MM groups (Table 2). The effect of 1-allele or antigen mis-
match for each locus was compared with fully matched HLA,
and a locus-specific comparison of allele versus antigen was
also performed (Supplemental Table 1). In general, a single-
allele or -antigen mismatch in HLA-A, -B, -C, or -DR loci was
associated with an increased risk of mortality compared with
8/8 HLA-matched pairs. Locus-specific allele versus antigen
comparison did not reveal a significant difference in overall
mortality.

Relapse and NRM

The risk of relapse was lower in HLA-DR antigen 1MM and
6/8 matched allele 1TMM and antigen 1MM when compared
with HLA-DRB1 allele 1MM (RR, .77; 95% CI, .62 to .96;
P=.018; and RR, .68; 95% (I, .54 to .86; P=.001, respectively).
No significant difference was observed for HLA-AB allele 1MM,
HLA-AB antigen 1MM, HLA-C allele 1MM, HLA-C antigen 1MM,
6/8 matched allele 2MM, or 6/8 matched antigen 2MM
(Table 2). When compared with HLA-DRB1 allele 1MM, the
risk of NRM was higher in HLA-DR antigen 1MM (RR, 1.33; 95%
Cl, 1.08 to 1.63; P=.006), HLA-C antigen 1MM (RR, 1.25; 95%

Cl, 1.01 to 1.57; P=.025), 6/8 matched allele 1MM and antigen
1MM (RR, 1.68; 95% CI, 1.03 to 2.05; P < .001), and 6/8 matched
antigen 2MM (RR, 1.58; 95% CI, 1.04 to 2.02; P=.001) (Table 2).
HLA-A allele 1MM, HLA-C antigen 1MM, HLA-DRB1 allele
1MM, and HLA-DR antigen 1MM were associated with
increased risk of NRM compared with HLA 8/8 matched (RR,
1.50; 95% CI, 1.19 to 1.90; P=.001; RR, 1.51; 95% CI, 1.31 to
1.74; P < .001; RR, 1.20; 95% CI, 1.02 to 1.41; P=.032; and RR,
1.58; 95% CI, 1.36 to 1.84; P < .001, respectively). HLA-DR anti-
gen 1MM showed increased risk of NRM and decreased risk of
relapse compared with HLA-DRB1 allele 1IMM (RR, 1.32; 95%
Cl, 1.08 to 1.62; P=.007; RR, .77; 95% CI, .62 to .96; P=.019)
(Supplemental Table 1).

Acute GVHD

When compared with HLA-DRB1 allele 1MM, the risk of
grades II to IV acute GVHD was higher in 6/8 matched allele
1MM and antigen 1MM (RR, 1.25, 95% CI, 1.07 to 1.47; P=.007)
and lower in 8/8 matched (RR, .70; 95% CI, .62 to .79; P < .001).
No significant difference was observed for other groups. The
risk of severe (grades III to IV) acute GVHD was higher in 6/8
matched allele 2MM (RR, 1.86; 95% CI, 1.32 to 2.62; P < .001),
6/8 matched allele 1MM and antigen 1MM (RR, 1.79; 95% CI,
1.38 to 2.32; P < .001), and 6/8 matched antigen 2MM (RR,
1.58; 95% CI, 1.12 to 2.22; P=.009) and was lower in 8/8
matched (RR, .80; 95% (I, .64 to 1.00; P=.045) when compared
with HLA-DRBI1 allele 1MM (Table 3). HLA-A allele 1MM, HLA-
C antigen 1MM, and HLA-DR allele or antigen 1MM showed an
increased risk of grades II to IV acute GVHD and HLA-A allele
1MM, HLA-C antigen 1MM, and HLA-DR antigen 1MM showed
an increased risk of grades III to IV acute GVHD compared with
HLA 8/8 matched (Supplemental Table 2).

Number of allele or antigen mismatches and HCT outcomes

The number of allele or antigen mismatches correlated with
increased rates of overall mortality and NRM as well as severe
acute GVHD. The RRs of overall mortality according to the
numbers of allele or antigen mismatches in the HLA disparity

Table 2
Multivariate Analyses of Overall Mortality and NRM and Relapse
Overall Mortality Relapse NRM
No. of Cases RR 95% Cl P RR 95% Cl P RR 95% Cl P
HLA-DRB1 1MM
Allele-level mismatch 647 1.00 1.00 1.00
8/8 matched 4090 .87 .77-97 .017 1.00 .85-1.17 993 .83 .71-.98 .028
HLA-DR1 1IMM
Antigen-level mismatch 717 1.11 .95-1.29 .180 77 .62-.96 .018 1.33 1.08-1.63 .006
HLA-A or B 1IMM
Allele-level mismatch 263 1.13 93-1.37 215 .88 .66-1.17 377 1.25 .97-1.62 .086
Antigen-level mismatch 27 .76 A41-1.37 368 A7 17-1.34 .16 1.18 A7-2.42 .674
HLA-C 1MM
Allele-level mismatch 106 1.15 .86-1.57 334 97 .64-1.17 .873 1.11 .86-1.61 .603
Antigen-level mismatch 778 1.16 1.00-1.37 .046 91 74-1.12 372 1.25 1.01-1.57 .025
6/8 matched
2 allele-level mismatch 184 1.13 .90-1.47 293 .81 .59-1.12 204 1.23 .92-1.61 .186
1 allele-, 1 antigen-level mismatch 568 1.27 1.09-1.47 .002 .68 .54-.86 .001 1.68 1.03-2.05 <.001
2 antigen-level mismatch 228 1.27 1.03-1.57 .02 81 .60-1.10 176 1.58 1.04-2.02 .001

For overall mortality other predictive variables were transplant year before 2007, older age at transplant (continuous variable), male sex, CML, and MDS lower risk of
mortality compared with AML, advanced disease status at transplant, and cyclosporine-based GVHD prophylaxis compared with tacrolimus-based GVHD prophylaxis.
For relapse other predictive variables were ALL, CML, and MDS lower risk of relapse compared with AML and advanced disease status at transplant. For transplant-
related mortality other predictive variables were transplant year before 2007, older age at transplant (continuous variable), male sex, ALL, CML, and MDS higher risk
of mortality compared with AML and advanced disease status at transplant.
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Table 3
Multivariate Analyses of Grades II-IV and IlI-IV Acute GVHD

Grades II-IV Acute GVHD

Grades IlI-IV Acute GVHD

No. of Cases RR 95% Cl P RR 95% CI P

HLA-DRB1 1MM

Allele-level mismatch 647 1.00 1.00
8/8 matched 4090 .70 .62-.79 <.001 .80 .64-1.00 .045
HLA-DR1 1MM

Antigen-level mismatch 717 1.09 .93-1.28 283 1.21 .92-1.59 172
HLA-A,or BIMM

Allele-level mismatch 263 .89 72-1.11 .305 1.24 .88-1.74 227

Antigen-level mismatch 27 .79 44-1.39 409 1.04 .39-2.76 940
HLA-C 1MM

Allele-level mismatch 106 73 .52-1.01 .06 .88 49-1.59 674

Antigen-level mismatch 778 .88 .75-1.03 124 1.27 .98-1.65 .074
6/8 matched

2 allele-level mismatch 184 1.22 .96-1.54 .108 1.86 1.32-2.62 <.001

1 allele-, 1 antigen-level mismatch 568 1.25 1.07-1.47 .007 1.79 1.38-2.32 <.001

2 antigen-level mismatch 228 1.21 .98-1.49 .078 1.58 1.12-2.22 .009

For grades II-IV acute GVHD other predictive variables were younger age at transplant (continuous variable), ALL, and CML higher risk compared with AML and cyclo-
sporine-based GVHD prophylaxis compared with tacrolimus-based GVHD prophylaxis. For grades IlI-IV acute GVHD other predictive variables were transplant year
before 2007, younger age at transplant (continuous variable), male sex, advanced disease status at transplant, and cyclosporine-based GVHD prophylaxis compared

with tacrolimus-based GVHD prophylaxis.

groups of 1-allele-MM, 1-antigen-MM, 2-allele-MM, and 2-
MM-including-antigen-MM groups compared with 8/8-
matched group were 1.21 (P < .001), 1.30 (P < .001), 1.30
(P=.011), and 1.46 (P < .001), respectively (P for trend < .001).
The RRs of the groups compared with the 8/8 matched group
were 1.29 (P < .001), 1.54 (P < .001), 1.48 (P=.006), and 1.99
(P < .001; P for trend < .001) for NRM and 1.32 (P =.003), 1.55
(P < .001), 2.32 (P < .001), and 2.17 (P < .001; P for trend <
.001) for grades III to IV acute GVHD (Supplemental Table 3).
The unadjusted probabilities of overall survival for the whole
group (n=7608) were 57%, 51%, and 48% at 2, 4, and 6 years
post-transplant, respectively. The unadjusted cumulative inci-
dences of NRM and of grades IlI to IV acute GVHD for the whole
group were 27% at 4 years and 15% at 120 days post-transplant.
The adjusted probabilities of survival, the adjusted cumulative
incidences of NRM, and the adjusted cumulative incidences of
grades III to IV acute GVHD according to the numbers of allele/
antigen mismatches in the HLA disparity groups are described
in Figure 1.

DISCUSSION

Our main objective was to compare single-antigen and sin-
gle-allele mismatched UBMT in terms of overall mortality to
provide useful data for selection of an appropriate donor for
patients with hematologic malignancy. We sought to follow a
practical selection process when selecting an HLA-mismatched
unrelated donor, and we therefore defined the DRB1 1-allele
mismatched transplant, which was the most common 1-allele
mismatched transplant in our sample, as the reference. In our
study HLA-DR single-antigen mismatched transplants showed
an increased risk of NRM compared with HLA-DRB1 single-
allele mismatched transplants, but the difference was not sig-
nificant for overall mortality. HLA-C single-antigen mis-
matched transplants showed an increased risk of NRM and
overall mortality compared with HLA-DRB1 single-allele mis-
matched transplants. When compared with HLA-DRB1 single-
allele mismatched transplants, those with 2 mismatches that
included 1 or more antigen mismatches showed significant
increases in NRM and overall mortality. Our results support a
preference for allele mismatch over antigen mismatch among
HLA-DR single-locus or 2-loci mismatched unrelated bone
marrow donors.

The importance of HLA matching for HLA-A, -B, -C, and
-DRB1 at a high-resolution level has been repeatedly con-
firmed in studies worldwide [2,3,9,20—22]. More recent stud-
ies showed the effect of HLA-DPB1 mismatches on transplant
outcomes [5,8]. An HLA single mismatch is considered to
reduce survival probabilities by 5% to 10% [3,5]. Most studies
comparing single-allele and single-antigen mismatches in
unrelated donor stem cell transplantations showed no signifi-
cant difference in clinical outcomes [3,7]. There were 2 excep-
tions: an increased risk of grades II to IV acute GVHD in HLA-B
single-antigen mismatched transplants compared with single-
allele mismatched transplants [8] and an increased risk of mor-
tality in HLA-C single-antigen mismatched peripheral blood
stem cell transplants compared with single-allele mismatched
transplants [8,9]. The latter could possibly be explained by the
high frequency of C*03:03/03:04 mismatches, whose incom-
patibility was previously reported to be more permissible in a
National Marrow Donor Program study [10]. The above studies
showing a difference in the clinical impact of single-allele and
single-antigen mismatches included both bone marrow trans-
plants and peripheral blood stem cell transplants as stem cell
sources, which is also known to impact transplant outcomes
[23,24].

An additional challenge when evaluating this clinical issue
is the limited number of recipients available when making
locus-specific comparisons of antigen versus allele mis-
matches. In Japan peripheral blood stem cell transplantation
from unrelated donors was introduced in 2011 and has been
performed at a slowly increasing rate since then. Assessing the
effects of allele versus antigen mismatches in subjects limited
to recipients of bone marrow without in vivo/ex vivo T cell
depletion has been beneficial, because these patients consti-
tute a more uniform population. Early reports from the Japan
Marrow Donor Program showed favorable survival outcomes
after transplants from HLA-DR single-mismatched donors
compared with those from HLA-A, -B, or -C (class I) single-mis-
matched donors; therefore, HLA-DR single-mismatched donors
were preferentially selected, which led to an accumulation of
the number of BMTs from both HLA-DR single-antigen and
HLA-DRB1 single-allele mismatched donors [2,6]. The impact
of mismatched loci increases over time, and studies showed
that survival outcomes were influenced by the total number of
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Figure 1. Adjusted probabilities of overall survival, NRM, and severe acute
GVHD. The adjusted probabilities of survival among the HLA disparity groups
according to the number of allele or antigen mismatches were as follows: 54%,
49%, 47%, 48%, and 42% for the 8/8-matched, 1-allele-MM, 1-antigen-MM, 2-
allele-MM, and 2-MM-including-antigen-MM groups at 4 years post-trans-
plant, respectively (1). The adjusted cumulative incidences of NRM and grades
Il to IV acute GVHD among the groups were 22%, 27%, 32%, 31%, and 38% at
4 years (1) and 12%, 14%, 17%, 26%, and 24% at 120 days post-transplant,
respectively (1).

mismatches rather than the specific loci that were mismatched
[5,25]. In our study the number of allele or antigen mismatches
correlated with mortality and acute GHVD.

Our study analyzed a large number of recipients of HLA sin-
gle-mismatched BMTs, but it had several limitations. Although

we evaluated UBMTs that were performed during the past
15 years, the numbers of UBMTs from HLA-A single-antigen
level mismatched donors, HLA-B allele-level mismatched
donors, and HLA-B antigen-level mismatched donors were lim-
ited, resulting in insufficient statistical power to detect locus-
specific differences for comparing allele versus antigen mis-
matches. In addition, the choice of unrelated donors was highly
influenced by the availability of acceptable HLA disparity and
also by many unmeasured factors that can affect outcomes.
Although we performed adjusted comparisons between
groups, we cannot rule out the influence of potential selection
bias. We were not able to address the allele or antigen single-
mismatch effect of HLA-DPB1 or -DQB1 in this study. Availabil-
ity of HLA-DPB1 and -DQB1 information is limited to
donor-recipient pairs whose samples were stored for research
use to have their HLA retyped for HLA-DPB1 and -DQBI,
because only HLA-A, -B, -C, and -DRB1 loci are typed for prac-
tice in Japan Marrow Donor Practice for donors and in trans-
plant centers for recipients. In this study we compared HLA
disparity groups that distinguished allele mismatch from anti-
gen mismatch, where maximization of the number of samples
for analyses among recipients registered to the database was
necessary.

In conclusion, HLA-DRB1 single-allele mismatches resulted
in a decreased risk of NRM compared with HLA-DR single-anti-
gen mismatches and were associated with a decreased risk of
NRM and overall mortality compared with HLA-C single-anti-
gen mismatches. When compared with HLA-DRB1 single-allele
mismatches, transplants with 2 mismatches that included 1 or
more antigen mismatches showed a significant increase in
NRM and overall mortality. Our results support the preference
for allele rather than antigen mismatches in unrelated bone
marrow donors with a mismatch at 1 DR mismatch or 2 mis-
matches for T cell-replete UBMT.

ACKNOWLEDGMENTS

The authors are grateful for the assistance and cooperation
of all staff members at the following collaborating institutes:
the Japan Society for Hematopoietic Cell Transplantation, the
Japan Marrow Donor Program, and the Japanese Data Center
for Hematopoietic Cell Transplantation.

Financial disclosure: This work was supported in part by the
Practical Research Project for Allergic Diseases and Immunol-
ogy (Research Technology of Medical Transplantation) from
the Japan Agency for Medical Research and Development
(AMED) under grant number 18ek0510023h0002.

Conflict of interest statement: There are no conflicts of inter-
est to report.

Authorship statement: Y.A., S.K, Y.M,, J.K, and Y.K. designed
the study and wrote the paper. Y.A. analyzed results and cre-
ated the figures. M.O,, T.F,, and T.L reviewed and cleaned the
clinical data and reviewed the results. K.O., TK, Y.O., T.E,, KI,
N.U,, and S.O. submitted and cleaned the clinical data and
reviewed the results.

SUPPLEMENTARY DATA
Supplementary data related to this article can be found
online at doi:10.1016/j.bbmt.2018.10.002.

REFERENCES

1. Copelan EA. Hematopoietic stem-cell transplantation. N Engl | Med.
2006;354:1813-1826.

2. Morishima Y, Sasazuki T, Inoko H, et al. The clinical significance of human
leukocyte antigen (HLA) allele compatibility in patients receiving a mar-
row transplant from serologically HLA-A, HLA-B, and HLA-DR matched
unrelated donors. Blood. 2002;99:4200-4206.


https://doi.org/10.1016/j.bbmt.2018.10.002
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0001
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0001
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0002
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0002
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0002
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0002

442

10.

11.

12.

13.

Y. Atsuta et al. / Biol Blood Marrow Transplant 25 (2019) 436442

. Lee SJ, Klein ], Haagenson M, et al. High-resolution donor-recipient HLA

matching contributes to the success of unrelated donor marrow trans-
plantation. Blood. 2007;110:4576-4583.

. Kanda J, Saji H, Fukuda T, et al. Related transplantation with HLA-1 Ag

mismatch in the GVH direction and HLA-8/8 allele-matched unrelated
transplantation: a nationwide retrospective study. Blood. 2012;119:
2409-2416.

. Morishima Y, Kashiwase K, Matsuo K, et al. Biological significance of HLA

locus matching in unrelated donor bone marrow transplantation. Blood.
2015;125:1189-1197.

. Sasazuki T, Juji T, Morishima Y, et al. Effect of matching of class I HLA

alleles on clinical outcome after transplantation of hematopoietic stem
cells from an unrelated donor. Japan Marrow Donor Program. N Engl |
Med. 1998;339:1177-1185.

. Furst D, Muller C, Vucinic V, et al. High-resolution HLA matching in

hematopoietic stem cell transplantation: a retrospective collaborative
analysis. Blood. 2013;122:3220-3229.

. Pidala ], Lee SJ, Ahn KW, et al. Nonpermissive HLA-DPB1 mismatch

increases mortality after myeloablative unrelated allogeneic hematopoi-
etic cell transplantation. Blood. 2014;124:2596-2606.

. Woolfrey A, Klein JP, Haagenson M, et al. HLA-C antigen mismatch is asso-

ciated with worse outcome in unrelated donor peripheral blood stem cell
transplantation. Biol Blood Marrow Transplant. 2011;17:885-892.
Fernandez-Vina MA, Wang T, Lee SJ, et al. Identification of a permissible
HLA mismatch in hematopoietic stem cell transplantation. Blood.
2014;123:1270-1278.

Atsuta Y, Suzuki R, Yoshimi A, et al. Unification of hematopoietic stem cell
transplantation registries in Japan and establishment of the TRUMP Sys-
tem. Int | Hematol. 2007;86:269-274.

Atsuta Y. Introduction of Transplant Registry Unified Management Pro-
gram 2 (TRUMP2): scripts for TRUMP data analyses, part I (variables other
than HLA-related data). Int ] Hematol. 2016;103:3-10.

Kawase T, Morishima Y, Matsuo K, et al. High-risk HLA allele mismatch
combinations responsible for severe acute graft-versus-host disease and
implication for its molecular mechanism. Blood. 2007;110:2235-2241.

14.

15.

16.
17.

19.

20.

21.

22.

23.

24,

25.

Przepiorka D, Weisdorf D, Martin P, et al. 1994 Consensus conference on
acute GVHD grading. Bone Marrow Transplant. 1995;15:825-828.

Flowers ME, Kansu E, Sullivan KM. Pathophysiology and treatment of graft-
versus-host disease. Hematol Oncol Clin North Am. 1999;13:1091-1112. viii-ix.

Cox DR. Regression model and life tables. J R Stat Soc B. 1972;34:187-200.

Fine JP, Gray R]. A proportional hazards model for subdistribution of a
competing risk. ] Am Stat Assoc. 1999;94:456-509.

. Giralt S, Ballen K, Rizzo D, et al. Reduced-intensity conditioning regimen

workshop: defining the dose spectrum. Report of a workshop convened
by the Center for International Blood and Marrow Transplant Research.
Biol Blood Marrow Transplant. 2009;15:367-369.

Bacigalupo A, Ballen K, Rizzo D, et al. Defining the intensity of conditioning reg-
imens: working definitions. Biol Blood Marrow Transplant. 2009;15:1628-1633.
Petersdorf EW, Gooley TA, Anasetti C, et al. Optimizing outcome after
unrelated marrow transplantation by comprehensive matching of HLA
class Iand II alleles in the donor and recipient. Blood. 1998;92:3515-3520.
Flomenberg N, Baxter-Lowe LA, Confer D, et al. Impact of HLA class I and class
Il high-resolution matching on outcomes of unrelated donor bone marrow
transplantation: HLA-C mismatching is associated with a strong adverse
effect on transplantation outcome. Blood. 2004;104:1923-1930.

Morishima Y, Yabe T, Matsuo K, et al. Effects of HLA allele and killer immuno-
globulin-like receptor ligand matching on clinical outcome in leukemia
patients undergoing transplantation with T-cell-replete marrow from an unre-
lated donor. Biol Blood Marrow Transplant. 2007;13:315-328.

Anasetti C, Logan BR, Lee S], et al. Peripheral-blood stem cells versus bone
marrow from unrelated donors. N Engl | Med. 2012;367:1487-1496.

Lee SJ, Logan B, Westervelt P, et al. Comparison of patient-reported out-
comes in 5-year survivors who received bone marrow vs peripheral blood
unrelated donor transplantation: long-term follow-up of a randomized
clinical trial. JAMA Oncol. 2016;2:1583-1589.

Kanda Y, Kanda J, Atsuta Y, et al. Impact of a single human leucocyte anti-
gen (HLA) allele mismatch on the outcome of unrelated bone marrow
transplantation over two time periods. A retrospective analysis of 3003
patients from the HLA Working Group of the Japan Society for Blood and
Marrow Transplantation. Br ] Haematol. 2013;161:566-577.


http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0003
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0003
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0003
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0004
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0004
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0004
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0004
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0005
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0005
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0005
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0006
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0006
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0006
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0006
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0007
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0007
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0007
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0008
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0008
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0008
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0009
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0009
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0009
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0010
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0010
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0010
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0011
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0011
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0011
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0012
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0012
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0012
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0013
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0013
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0013
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0014
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0014
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0015
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0015
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0016
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0017
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0017
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0018
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0018
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0018
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0018
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0019
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0019
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0020
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0020
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0020
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0021
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0021
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0021
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0021
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0022
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0022
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0022
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0022
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0023
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0023
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0024
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0024
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0024
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0024
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0025
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0025
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0025
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0025
http://refhub.elsevier.com/S1083-8791(18)30611-6/sbref0025

	Comparison of HLA Allele Mismatch and Antigen Mismatch in Unrelated Bone Marrow Transplantation in Patients with Leukemia
	Introduction
	Methods
	Data Collection and Sources
	HLA Typing
	Definitions
	Statistical Analysis

	Results
	Patient Characteristics
	Outcomes
	Overall survival
	Relapse and NRM
	Acute GVHD
	Number of allele or antigen mismatches and HCT outcomes


	Discussion
	Acknowledgments
	Supplementary data
	References



