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Predictions in the Face of Clinical Reality: HistoCheck
versus High-Risk HLA Allele Mismatch Combinations
Responsible for Severe Acute Graft-versus-Host Disease

Medhat Askar,1 Ronald Sobecks,2 Yasuo Morishima,3 Takakazu Kawase,3

Amy Nowacki,4 Hideki Makishima,5 Jaroslaw Maciejewski5

HLA polymorphism remains a major hurdle for hematopoietic stem cell transplantation (HSCT). In 2004,
Elsner et al. proposed the HistoCheck Web-based tool to estimate the allogeneic potential between HLA-
mismatched stem cell donor/recipient pairs expressed as a sequence similarity matching (SSM). SSM is based
on the structure of HLA molecules and the functional similarity of amino acids. According to this algorithm,
a high SSM score represents high dissimilarity between MHC molecules, resulting in a potentially more
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deleterious impact on stem cell transplant outcomes. We investigated the potential of SSM to predict high-
risk HLA allele mismatch combinations responsible for severe acute graft-versus-host disease (aGVHD
grades III and IV) published by Kawase et al., by comparing SSM in low- and high-risk combinations. SSM
was calculated for allele mismatch combinations using the HistoCheck tool available on the Web (www.his-
tocheck.org). We compared ranges and means of SSM among high-risk (15 combinations observed in 722
donor/recipient pairs) versus low-risk allele combinations (94 combinations in 3490 pairs). Simulation sce-
narios were created where the recipient’s HLA allele was involved in multiple allele mismatch combinations
with at least 1 high-risk and 1 low-risk mismatch combination. SSM values were then compared. The mean
SSM for high- versus low-risk combinations were 2.39 and 2.90 at A, 1.06 and 2.53 at B, 16.60 and 14.99 at C,
4.02 and 3.81 at DRB1, and 7.47 and 6.94 at DPB1 loci, respectively. In simulation scenarios, no predictable
SSM association with high- or low-risk combinations could be distinguished. NoDQB1 combinations met the
statistical criteria for our study. In conclusion, our analysis demonstrates that mean SSM scores were not
significantly different, and SSM distributions were overlapping among high- and low-risk allele combinations
within loci HLA-A, B, C, DRB1, and DPB1. This analysis does not support selecting donors for HSCTrecip-
ients based on low HistoCheck SSM scores.
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INTRODUCTION

Allogeneic hematopoietic stem cell transplantation
(HSCT) is the only curative therapy for many hemato-
logic and nonhematologic disorders. The steady ex-
pansion of unrelated stem cell donor registries has
facilitated finding amatched donor formany transplant
candidates, particularly those with common human
leukocyte antigens (HLA) alleles and haplotypes.
However, the extensive polymorphism of HLA and
the remarkable disparity in the distribution of alleles
and haplotypes among individuals of different ethnic
and racial backgrounds remain a major hurdle for
access of many patients to HSCT. A number of studies
have shown that donor/recipientmatching for alleles at
HLA-A, -B, -C, -DRB1, and -DQB1 loci lowers the
risk of clinically severe acute graft-versus-host disease
(aGVHD) [1-3]. Recently, HLA-DPB1 allele mis-
matches were also significantly associated with an in-
creased incidence of GVHD [4-6]. When only HLA
mismatched donors are available for a given patient,
the challenge becomes determining which mismatch
has a less deleterious impact on clinical outcomes.
Bray and colleagues [7], in a comprehensive commen-
tary, described the National Marrow Donor Program
(NMDP) guidelines for unrelated HSC donor selec-
tion including the impact of mismatches at different
loci on HSCT clinical outcomes. In 2004, Elsner and
colleagues [8] proposed the HistoCheck Web-based
tool to estimate the allogenicity of mismatches with
a sequence similarity matching (SSM) concept. In this
concept, an SSM score (ie, allogenicity index) is gener-
ated by rating the amino acid (AA) differences between
HLA allelic products based on the position within the
HLA molecule and the functional similarity of AA
within proteins [9]. A high SSM score (also referred
to as Dissimilarity Score [DSS]) represents high dis-

similaritybetweenHLAalleles resulting inapotentially
greater deleterious impact on clinical outcomes. How-
ever, this algorithm has been challenged by 2 single-
center analyses that could not associate higher SSM
scores with aGVHD (in 26 patients) or in vitro T cell
reactivity (in 74 patients) [10,11]. In the present
study, we investigated the potential of SSM scores to
predict high-risk HLA allele mismatch combinations
responsible for severe aGVHD (grades III and IV) ob-
served in a large cohort (5120 consecutive patients) of
HSCT donor/recipient pairs. These allele combina-
tions were observed in HSC transplants facilitated by
the Japan Marrow Donor Program (JMDP) and pub-
lished by Kawase et al. [12]. This investigation was
conducted by comparing SSM scores in high-risk and
low-risk allele combinations at HLA-A, -B, -C,
-DRB1, and -DPB1 loci. No high-risk allele combina-
tions at DQB1 locus met the predetermined level of
statistical significance (P\ .005) and thus SSM predic-
tions were not evaluated in this study.

METHODS

Identification of High- and Low-Risk HLA Allele
Mismatch Combinations

Significant high-risk HLA allele mismatch combi-
nations were identified by retrospective analysis of
5210 consecutive registered patients who underwent
transplantation through the JMDP. Patient character-
istics, HLA matching and typing methods, and trans-
plant procedures are described elsewhere [12].
Briefly, 15 mismatch allele combinations were identi-
fied as high-risk allele mismatch combinations (4 at
HLA-A, 1 at HLA-B, 6 at HLA-C, 1 at HLA-DRB1,
and 2 at HLA-DPB1 loci). Only 1-allele mismatched
pairs in the same HLA locus were considered, and
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