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A B S T R A C T

Better outcome for hematopoietic stem cell transplantation (HSCT) requires optimal matching between donor
and recipient at the HLA-A, -B, -C, and -DRB1 loci. This study estimates the likelihood of identifying HLA
matched donors in Hong Kong.

7595 volunteer unrelated Chinese donors at the Hong Kong Bone Marrow Donor Registry were typed with
HLA-A, -B, -C and -DRB1 genotypes. The matching probabilities for 8/8 and 7/8 HLA match via the matching
models were determined.

Based on current 100,000 donors in the HKBMDR, the matching probabilities are 45% at 8/8 HLA match and
65% at 7/8 match. By increasing the registry to 200,000, the likelihoods of match become 54% and 73% at 8/8
and 7/8 match stringencies respectively.

Our findings may be helpful in planning future donor recruitment and HLA typing. A cost-effective Bone
Marrow Donor Registry with a larger pool of donors could increase chance of matching and the success of HSCT.

1. Introduction

Hong Kong Bone Marrow Donor Registry (HKBMDR) manages vo-
lunteer unrelated donor database to facilitate the unrelated hemato-
poietic stem cell transplantation as the curative treatment for patients
with haematological malignancies or many other disorders in Hong
Kong. Better outcome in haematopoietic stem cells transplantation
(HSCT) requires optimal matching between donor and recipient at the
HLA-A, HLA-B, HLA-C, and HLA-DRB1 loci (i.e. an 8/8 high resolution
HLA match). Since the level of polymorphism of HLA genes is extremely
high, and allelic variation is population-specific, optimally HLA-mat-
ched unrelated donors and cord-blood units are not always available for
patients, even within large registries [1,2]. Therefore, mismatch may be
considered acceptable in many clinical situations when non-transplan-
tation therapy offers little chance of cure. However, mismatching at
only one of these loci (7/8 HLA match) was found to have an 8% re-
duction in the 5-year overall survival rate [3].

At present, there are close to 29 million potential stem cell donors in
the Bone Marrow Donors Worldwide registry [4]. Though the number

of donors continues to grow worldwide, there are significant resource
implications in donor recruitment and HLA typing. Therefore, the
challenge of thoughtful donor recruitment strategy becomes increas-
ingly relevant. These include recruitment efforts focused on young male
donors [5] or on relatives of registered donors with rare human leu-
kocyte antigen (HLA) phenotypes [6], minority donor recruitment
programs [7–10], and regional priority setting of recruitment activities
based on HLA frequency differences [11–14].

The decisive question of “What is the likelihood of finding a suitable
matched adult donor in their registry?” definitely warrants registries
strategy planning. Recently, Schmidt et al. [15] reported that popula-
tion-specific matching probabilities (MP) are a key parameter to assess
the benefits of unrelated stem cell donor registries and the need for
further donor recruitment efforts. The authors described a general
framework for MP estimations of specific and mixed patient popula-
tions under consideration of international stem cell donor exchange.
Calculations were based on HLA-A, -B, -C, -DRB1 loci high-resolution
haplotype frequencies (HF) of up to 21 populations. Based on the ex-
isting donor numbers, the largest MP increases in addition of 500,000
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same-population donors were observed for patients from Greece
(+0.21) while only small MP increases occurred for European Amer-
icans (+0.004) and Germans (+0.01). Due to the large Chinese po-
pulation, the optimal distribution of 5,000,000 new donors worldwide
included 3.9 million Chinese donors [15]. Nevertheless, the authors
observed the need for same-population donor recruitment in order to
increase population-specific MP efficiently. National strategies that
neglect domestic donor recruitment should therefore be critically re-
assessed, especially if only few donors have been recruited so far.

HF is calculated from DNA-typed registry donors with Markov Chain
Monte Carlo (MCMC) algorithm PHASE [16]. Four-locus high-resolu-
tion HF (HLA-A, HLA-B, HLA-C, and HLA-DRB1) were used for adult
donors. The HF and effective adult-donor registry size for each group
were then put into a matching model that assumes genotypes are in
HWE [17,18]. The strategy involved modeling the likelihood that an 8/
8 or 7/8 HLA-matched adult donor exists in the registry. For better
analysis, information of adult-donor availability including donor re-
fusal, discrepant donor typing and loss of contact would be desirable.

According to the calculations, the study by NMDP found that the
likelihood of finding an available 8/8 HLA matched donor is 75% for
white patients of European descent but only 46% for White patients of
Middle Eastern or North African descent [19]. Similarly, the chance of
finding an 8/8 HLA-matched donor for other groups is lower and varies
with racial and ethnic background. For Black Americans of all ethnic
backgrounds, the probabilities are 16 to 19%; for Asians, Pacific Is-
landers, and Native Americans, they range between 27% and 52%.

It was reported that adult-donor availability and match probabilities
may differ according to racial and ethnic background [19]. However,
relevant data is lacking in Hong Kong. In this study, we designed to
estimate the donor pool and matching probability based on our pre-
vious published gene and haplotype frequencies in Hong Kong popu-
lation [20].

2. Materials and methods

2.1. Sample collection and genotyping

The allele and haplotype frequencies as reported previously were
used in the analysis [20]. In brief, the group name was designated based
on the lowest allele number or the most frequently seen allele in the
population. SSP or SBT was also used to resolve some assignments with
several alternative allele combinations and some specific alleles.

2.2. Statistics analysis

The frequencies of HLA-A, -B, -C and -DRB1 alleles were calculated
from the number of observed genotype. Hardy-Weinberg equilibrium
for each loci was assessed by PyPop using MCMC simulation from Guo
and Thompson [21], and genotype frequency deviance within each loci
was detected by PyPop invoking Arlequin [22]. P value of <0.01 was
considered as statistical significant.

By using the formulae described by Schmidt et al. [15] with mod-
ification, the probability p(n) for a random patient from a given po-
pulation to find at least one matching donor in a registry including n
individuals of a donor population is given with p(n)= ∑ifi[1−(1−fi)n]
is the matching probability in “n” sample size, fi being the frequencies
of the i-th genotype and i-th is any genotype from the rank of genotypes
in the order of the highest to the lowest frequencies in a donor popu-
lation. Genotype frequencies can be derived from the estimated HF
under the assumption of Hardy-Weinberg equilibrium (HWE).

3. Results and discussion

The HLA genotypes and haplotypes frequency mentioned in the
following section have been recently published [20]. Summary statis-
tics for Hong Kong haplotypes is shown in Table 1. We compared the

top 100 haplotypes of HKBMDR&HKCBB by haplotype frequencies
with the two publications [23,24]; we noted that 88 are in common, the
rank correlation is 0.909 for HLA-A-B-DRB1 haplotype. There appears
to be no excessive immigration from other places to Hong Kong. We
also compared the China population paper which had provided the
detailed top haplotypes for 4 loci, we found that 43 are common in
HLA-A-C-B-DRB1 haplotype and the correlation is low with only 0.477
[25].

With the use of MCMC algorithm to estimate HLA haplotype fre-
quencies [14], it was found that the number of haplotypes increases
with number of donor samples studies as summarized in Table 2. Ori-
ginally we tested the HLA haplotype frequencies in 2500 samples and
noted a bigger number of haplotypes as compared with other papers.
Then we increased the sample size to 5000 and 7500 and noted that the
increase was quite significant in our population with many more hap-
lotypes. This pattern was unique in the Hong Kong population and
different from that in other ethnic groups, e.g. Caucasians and Eur-
opean populations whereby a plateau of number of haplotypes was seen
with increase in sample size [23]. It was reported by Mori et al. in 1997
of occurrence of common haplotypes (0.01%) in Caucasian Americans
was 184 as compared with 210 of Asian Americans in the NMDP da-
tabase suggesting that the former had smaller degree of genetic di-
versity than the later [26]. In 2013, a large sample database was re-
ported by Gragert et al., the occurrence of common haplotyptes was
325 for Caucasians and 503 for API [23].

As of December 2015, there were only around 100,000 donors in the
HKBMDR. Applying the similar methodology in calculating the like-
lihood of finding a “matched” donor in US [19], likelihood of finding an
8/8 HLA match or >7/8 HLA Match by different donor registry size in
the HKBMDR was shown in Fig. 1. The likelihood of finding an avail-
able 8/8 HLA matched donor is 45% while increases to 65% for finding
7/8 HLA matched donor. It is similar to the finding of other studies
conducted among Asians, Pacific Islanders, and Native Americans
which reported a likelihood ranging between 27% and 52% [19].

The chance of successful engraftment and disease free survival are
associated with the HLA compatibility between the recipient and the
prospective donor. The diversity of the HLA genes at the allelic level
and the heterogeneity of HLA data of the registered donors have a
significant bearing on the probability of finding a volunteer unrelated
HSC donor for patients from a particular population. This can be seen in

Table 1
Summary statistics for Hong Kong Haplotypes.

HLA loci available A-C-B-DRB1

Sample size (N) 7595
Sample size (2N) 15,190
Number of haplotypes (>0.006%) 2146
Sum (%) of haplotype frequencies within the top 10 19.6

25 27.6
50 35.5
100 45.1
250 59.3
500 71.4
1000 83.8

Number of haplotypes with frequency ≥0.01 9
≥0.005 21
≥0.001 157
≥0.0005 345
≥0.0001 1532

Table 2
Estimated number of haplotypes increases (frequencies > 0.006%) with donor sample
size.

Donor Sample Size 2500 5000 7500

Number of Haplotypes 1673 1955 2135
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