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Abstract

The number of hematopoietic stem cell transplantations (HCTs) is increasing annually worldwide, and the
Asia-Pacific (AP) region is no exception. We report on the absolute number of HCTs in 2018 and 2019 and the
trends in graft selection and disease indication in the past few decades. In 2018, 24,292 HCTs were performed in
the AP region, of which 8,754 (36.0%) were autologous and 15,538 (64.0%) were allogeneic. Among the alloge-
neic HCTs, 10,552 (67.9%) of the recipients were related to their donors, whereas 4,986 (32.1%) were unrelated.
In 2019, 27,583 HCTs were reported, of which 17,613 (63.9%) were allogeneic and 9,970 (36.1%) were autolo-
gous. Although, in 2010, there was a nearly equal number of related and unrelated HCTs, the difference has
shown an annual increase, with more than double (2.05) the number of related than unrelated HCTs in 2019.
Recent trends in the AP region show that peripheral blood has overwhelmingly surpassed the bone marrow as a
graft source for both related and unrelated HCTs, with the haploidentical donor type being preferred; however,
their trends in each country/region were quite different among countries/regions. In 2019, the main conditions
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requiring HCT were acute myelogenous leukemia (n=6,629 [24.0%]), plasma cell disorders (PCD) (n=4,935
[17.9%]), malignant lymphoma (ML) (n=4,106 [14.9%]), acute lymphoblastic leukemia (AML) (n=3,777 [13.7%]),
myelodysplastic syndrome or myelodysplastic/myeloproliferative neoplasm (n=1,913 [6.9%]), severe aplastic ane-
mia (n=1,671 [6.1%]), and hemoglobinopathy (n=910 [3.3%]). PCD and ML were the main indications for au-
tologous HCT, and the number of PCD cases has grown more prominent than the corresponding of ML. The in-
creased number of allogeneic transplants for hemoglobinopathy remains prominent, as well as that of AML and
acute lymphocytic leukemia for the past 5 years. There was a significant regional variation in the number of fa-
cilities performing HCTs, ranging from one in Mongolia and Nepal to 313 in Japan, and differing regional densi-
ties varying from 0.1 in Indonesia and Pakistan to 24.7 in Japan. The total transplant density per 10 million
population in each country/region also differed (0.2 in Indonesia and 627 in New Zealand). This annual Activity
Survey aims to help all participating countries/regions understand the changes in HCT, serve as an asset in pro-
moting HCT activities in the AP region, and be used as a reference for comparison with other registries from

Europe and the United States.
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Introduction

Since the foundation of the Asia-Pacific Blood and
Marrow Transplant Group (APBMT) in 1990, we have
been collecting hematopoietic stem cell transplantation
(HCT) data and assessing the status of HCT in all par-
ticipating countries/regions annually. The APBMT
launched its first Activity Survey in 2007 (collecting the
number of HCTs performed in 2005) in seven coun-
tries/regions (China, Hong Kong, Iran, Japan, Malaysia,
Singapore, and Vietnam). The following year, the Re-
public of Korea (referred to as South Korea in this pa-
per) and Taiwan participated in the survey. In 2007,
Australia and New Zealand joined the APBMT as the
Australasian Bone Marrow Transplant Recipient Regis-
try (ABMTRR), and India, Pakistan, the Philippines,
and Thailand began to submit data to APBMT. Since
2008, the annual number of HCTs has exceeded
10,000. Centers in Bangladesh, Myanmar, and Sri
Lanka began performing HCTs in 2014, Mongolia and
Nepal began submitting data to the APBMT Data Cen-
ter in 2016, and Indonesia reported its first 15 cases in
2018. Nearly 200,000 HCTs were performed between
1986 and 2015 in the Asia-Pacific (AP) region. The
first report was published in 2010'; this report stated re-
ported the data of 6,418 HCTs that were performed in
432 institutions in nine countries/regions in 2006, and
overall, included the data of 58,113 HCTs conducted
between 1986 and 2006. Following this, more than
230,000 HCTs were performed in this region. More-
over, with the increase in the number of participating

countries/regions and transplants, the transplantation
methodology has significantly developed and changed
during these past years. APBMT Data Center completed
the 15th Activity Survey in 2020, collecting data on the
number of HCTs performed in 2019. Here, we aimed to
report the absolute numbers of HCTs by disease and
graft sources in 2018 and 2019, update all previous
data, and revise the trends in graft selection and disease
indication over the past few decades.

Materials and Methods

Data collection and definitions

The APBMT Data Center in Japan has been conduct-
ing the annual APBMT Activity Survey since 2007.
From 2007 to 2018, it collected information regarding
the number of transplants in the year 2 years prior;
however, since 2018, it began collecting information
about the number of transplants performed in the previ-
ous year. The original survey sheets are used, and the
survey items include disease indication and transplant
type. The information was collected through different
routes owing to differences in data collection systems
among the APBMT participating countries/regions: (1)
ABMTRR, Chinese Blood and Marrow Transplantation
Registry (CBMTR), Indian Society for Blood and Mar-
row Transplantation Registry (ISBMT), Korean Society
of Blood and Marrow Transplantation (KSBMT), Japan
Society for Transplantation and Cellular Therapy
(JSTCT)/Japanese Data Center for Hematopoietic Cell
Transplantation (JDCHCT), Malaysian Society of
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Table 1. The number of participating countries/regions for the Activity Survey and total transplants from 1986 to 2019

Surveyed Transplant Numberof total Number of countries/regions that Countries/regions that started data submission

year year transplants participated in the Activity Survey
1986 ~ 2004 59,970 (Records back through the past)
2007 2005 7,771 7 CHN, HKG, IRN, JPN, MYS, SGP, VNM
2008 2006 8,621 9 KOR, TWN
2009 2007 9,639 15 AUS, IND, NZL, PAK, PHI, THA
2010 2008 10,467 15
2011 2009 11,135 15
2012 2010 12,279 15
2013 2011 13,010 15
2014 2012 15,154 15
2015 2013 15,437 15
2016 2014 17,087 18 LKA, BGD, MMR
2017 2015 17,574 18
2018 2016 20,171 20 MNG, NPL
2018 2017 21,504 20
2019 2018 24,292 21 IDN
2020 2019 27,583 21
Total 291,694 21

CHN, China; HKG, Hong Kong; IRN, Iran; JPN, Japan; MYS, Malaysia; SGP, Singapore; VNM, Vietnum; KOR, South Korea; TWN, Tai-
wan; AUS, Australia; IND, India; NZL, New Zealand; PAK, Pakistan; PHI, Philippines; THA, Thailand; LKA, Sri Lanka; BGD, Bangladesh;
MMR, Myanmar; MNG, Mongolia; NPL, Nepal; IDN, Indonesia

Table 2. The number of facilities, total transplants, facility density, and the total transplants density in 2019

Couqtry/ Facilities (N) Faci'lit.y density . Tota}I transplants Total trapgplants deqsity
Region (N/10 million population) (allogeneic/autologous) (N) (N/10 million population)

Australia 42 16.7 1,872 (672 / 1,200) 742.9

Bangladesh 4 0.2 206/ 14) 1.2

China 149 1.0 11,367 (8,644 / 2,723) 79.3

Hong Kong 3 41 152 (130 / 22) 205.4

India 98 0.7 2,432 (1,404 / 1,028) 17.8

Indonesia 3 0.1 5(0/5) 0.2

Iran 19 2.3 1,080 (465 /7 615) 130.3

Japan 313 24.7 5,860 (3,748 / 2,112) 461.8

South Korea 44 8.6 2,707 (1,569 / 1,138) 528.7

Malaysia 15 4.7 377 (150 / 227) 118.2

Mongolia 1 3.1 6 (0/6) 18.8

Myanmar 2 0.4 6 (0/ 6) 1.1

Nepal 1 0.3 2519/ 6) 8.7

New Zealand 6 12.5 301 (109 /7 192) 627.1

Pakistan S 0.1 177 (149 / 28) 8.2

Philippines 6 0.6 44 (14 / 30) 41

Singapore 4 6.9 244 (124 / 120) 420.7

Sri Lanka 4 1.9 73 (27 / 46) 34.3

Taiwan 17 71 390 (219 /7 171) 163.9

Thailand 9 1.3 342 (106 / 236) 49.1

Vietnam 8 0.8 103 (58 / 45) 10.7

Total 754 27,583 (17,613 / 9,970)
Transplantation (MST), and Taiwan Society of Blood sia, and Taiwan, respectively). (2) The Ministry of
and Marrow Transplantation (TBMT), submitted the Health and Medical Education of the Islamic Republic
data on behalf of their countries/regions (Australia, of Iran submitted the data from Iran. (3) In Bangladesh,

New Zealand, China, India, South Korea, Japan, Malay- Indonesia, Myanmar, the Philippines, Sri Lanka, and
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Figure 1. Trends in absolute numbers of allogeneic and autologous hematopoietic cell transplantations

from 1989 to 2019 in the Asia-Pacific region

Thailand, individuals responsible for data collection in
designated transplant centers merged and submitted
their data. (4) Each institution in Hong Kong, Mongo-
lia, Nepal, Pakistan, Singapore, and Vietnam submitted
the data individually.

Whenever new participating countries/regions joined
the Activity Survey, the data center collected records of
the number of transplants conducted in those countries/
regions over the past few years. Thus, there was an in-
crease in the total annual number of transplants in the
current report compared to our previous reports'™.

As previously reported’, the APBMT recorded the
number of HCTs as two (or more) for a patient who re-
ceived HCTs twice (or more) per year. Patients who un-
derwent a single procedure of HCT using more than
one source of stem cells were recorded as having un-
dergone a mixture of HCTs. These include bone mar-
row (BM) plus peripheral blood stem cell (PB), BM
plus cord blood cell (CB), PB plus CB, and BM plus
PB plus CB transplantations.

Transplant facilities

This report counted the number of transplant centers
registered in the APBMT Data Center by facility (not
department).

The number of transplantations/facilities per
population of 10 million

The transplantation rate and facility density in each
country/region were calculated as the number of cases
of each type of HCT and facilities per 10 million peo-
ple, respectively. The total population of each country
was extracted from the World Bank data’.

Statistical analyses and ethical approval
Every time new countries/regions participated in the
Activity Survey, the number of cases recorded from

those countries/regions was retrospectively updated, and
the results were reanalyzed with the updated data. The
APBMT Data Center performed all the necessary analy-
ses for this survey. As the data collected included only
the number of HCTs, the Data Center and registries/in-
stitutions did not obtain informed consent from each
patient. The APBMT Activity Survey was approved by
the Institutional Review Board of Aichi Medical Uni-
versity School of Medicine (2022-M003/2022-M004)
and the APBMT Registry Committee.

Results

The number of participating countries/regions in
the Activity Survey and total transplants from
1986 to 2019 (Table 1)

Overall, seven countries/regions submitted data to
APBMT in 2007 (i.e., China, Hong Kong, Iran, Japan,
Malaysia, Singapore, and Vietnam), while South Korea
and Taiwan began data submission in 2008. In 2009,
Australia, India, New Zealand, Pakistan, the Philip-
pines, and Thailand participated in the survey, and the
total number of participating countries/regions reached
15. The overall annual transplants exceeded 10,000 in
2008 and 20,000 in 2016. Three countries (Sri Lanka,
Bangladesh, and Myanmar), two countries (Mongolia
and Nepal), and Indonesia began survey participation in
2016, 2018, and 2019, respectively. Currently, data are
collected from 21 countries/regions. We found that the
total number of transplants in the AP region has in-
creased annually (291,694 cases in 2019).

Number of facilities and total transplants in 2019
(Table 2)

In 2019, 27,583 HCTs were performed in the AP re-
gion. In China, 11,367 transplants were performed in
2019. This was followed by Japan (5,860), South Korea
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Figure 2. Trends in absolute numbers of hematopoietic cell transplantations from 2007 to 2019 in the Asia-Pacific region based on the
primary disease indication: (A) autologous transplantations; and (B) allogeneic transplantations

(2,707), India (2,432), and Australia (1,872). The num-
ber of transplants in Iran exceeded 1,000 per year for
the first time in 2019 (1,080). In 2008, Indonesia par-
ticipated in APBMT, and in 2018, they submitted 15
cases of the Activity Survey data. In 2019, they per-
formed five transplantations. When the number of
HCTs per transplant facility in each country/region was
compared, China had the highest number (76), followed
by South Korea (62), Singapore (61), Pakistan (59), and
Iran (57). As there are many facilities in Japan (n=313),
the number of HCTs per facility was very small (19)
despite the very high number of annual transplants. Re-
garding the number of transplant facilities per 10 mil-
lion people, Japan had the highest number (24.7), fol-
lowed by Australia (17.9) and New Zealand (12.5).
Conversely, China and India, where the transplant num-
bers were large, had <1.0 transplant facility per 10 mil-
lion people because they are the most populated coun-
tries worldwide. Many other countries/regions have
fewer than one transplant facility per 10 million people,
including Bangladesh (0.2), Indonesia (0.1), Myanmar
(0.4), Nepal (0.3), Pakistan (0.1), the Philippines (0.6),
and Vietnam (0.8). There was also a wide variation in
the total number of transplants per 10 million popula-
tion. New Zealand recorded the highest number (627.1
transplants per 10 million population), while Bangla-
desh (1.2), Indonesia (0.2), Myanmar (1.1), Nepal (8.7),

Pakistan (8.2), and the Philippines (4.1) had <10 trans-
plants per 10 million population.

Stem cell source and donor type
Autologous transplants

In 2019, 9,970 (36.1%) autologous HCTs were re-
ported (Supplementary Table 1). The number of au-
tologous HCTs in this region was roughly equal to that
of allogeneic HCTs until 1998 (Figure 1). Since then,
the number of autologous transplants has been increas-
ing steadily over time, showing a 4.4-fold increase from
1998 to 2019. As of 2019, only autologous HCTs are
performed in Indonesia, Mongolia, and Myanmar, while
eight countries/regions (Australia, Bangladesh, Iran,
Malaysia, New Zealand, the Philippines, Sri Lanka, and
Thailand) presented more autologous than allogeneic
HCT cases (Table 2). ML was the highest indication
for autologous transplants until 2011(Figure 2A).; how-
ever, PCD greatly exceeded that for ML thereafter. In
2019, the number of autologous transplants for PCD
(4,819) was 1.6 times higher than that for ML (3,105)
(Supplementary Table 1).
Allogeneic transplantation

In 2019, 17,613 (63.9%) allogeneic HCTs were re-
ported (Supplementary Table 1). The number of allo-
geneic HCTs showed a steep increase of 7.9-fold from
1998 to 2019, and the gap between allogeneic and au-
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Figure 3. Trends in absolute numbers of allogeneic transplantations from 1989 to 2019 by (A) stem cell sources; (B) related and unrelated
transplantations; (C) donor types; (D) stem cell sources for related transplants; and (E) stem cell sources for unrelated transplants

tologous transplantations widened noticeably (Figure
1). Regarding the proportion of stem cell sources, the
use of PB increased rapidly after 2007 while that of
BM did not change or slightly decreased. Since 2003,
CB has been used as a source of HCTs, and the num-
ber of cases in which CB was used has steadily in-
creased in the AP region. The use of mixture cells has
rapidly increased since 2016 (Figure 3A).

Compared with the number of unrelated HCTs, that
of related HCTs has increased rapidly since 2010. In
2019, the number of related HCTs (11,839 cases;
67.2%) was approximately twice that of unrelated
HCTs (5,774 cases; 32.8%) (Figure 3B and Supple-
mentary Table 1). Further detailed analyses of the
number of allogeneic HCTs in this region by donor
type showed that the human leukocyte antigen (HLA)
identical sibling (excluding CB) was the most fre-
quently preferred, followed by the unrelated (excluding
CB) and CB. These steadily increased in number until
2017, but the number of haploidentical transplants
showed greater growth, surpassing the other three trans-

plant types in 2019 (Figure 3C). Since 1995, the rate
of BM usage as a stem cell source for related HCTs
has slowly declined and that of PB rapidly increased.
Moreover, the mixture has been widely used as a
source for related HCTs (Figure 3D), and 99.8% of the
mixture transplants were from the BM plus PB (data
not shown). Considering the trends in stem cell sources
for unrelated HCTSs, the number of BM decreased for
the past 5 years. Conversely, PB and CB use has
smoothly increased in the past 15 years (Figure 3E).

Over the past decade, acute myeloid leukemia (AML)
has remained the most common indication for alloge-
neic HCT, followed by acute lymphocytic leukemia
(ALL), myelodysplastic/myeloproliferative neoplasm,
and severe aplastic anemia (SAA). The increasing num-
ber of transplants for hemoglobinopathy has been sig-
nificant. It reached 910 HCTs annually in 2019, which
was 3.8 times higher than the number of HCTs con-
ducted 10 years ago (Figure 2B, Supplementary Table
1).
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nor sources

Countries/regions included are those with a total number of unrelated transplants in 2019 of more than 20 cases and a history of unrelated

transplants of more than 5 years

Trends in donor selection

Focusing on the trends of donor selection in coun-
tries/regions that continue to perform unrelated trans-
plants (excluding cord blood) as of 2019, we can divide
them into two groups. The first group refers to the
countries/regions (Japan, South Korea, Australia, Tai-
wan, Hong Kong, Singapore, and New Zealand) which
significantly increased their numbers over the past 10
years compared to other donor sources. In these coun-
tries, the number of HLA-identical sibling transplants
has been relatively stable since before 2000, and the
number of unrelated transplants has been increasing si-
multaneously (Figure 4A). By contrast, China, India,
Iran, Malaysia, Thailand, and Vietnam have presented
modest increases in unrelated transplants compared to
other donor sources. In these countries, the rise in HLA
identical sibling transplantation was dominant, except
for China, where haploidentical HCT is rapidly increas-
ing (Figure 4B).
Trends of stem cell source for allogeneic HCT

PB is remarkably dominant in >70% of the countries/
regions in this region (South Korea, India, Australia,
Iran, Taiwan, Malaysia, Singapore, Hong Kong, Thai-
land, New Zealand, and Vietnam) for selecting stem

cell sources for allogeneic HCT. In these countries/re-
gions, the use of BM has declined over the last decade,
while the use of CB has not increased (Figure 5A).
China is characterized by the growth in the number of
mixture transplants, equivalent to that of PB transplants
(Figure 5B). Pakistan and Japan have a higher number
of BM than PB transplants; however, Japan is the only
country that overwhelms PB and BM with an increased
number of CB transplants (Figure 5C and D).

Discussion

This report presents the number of HCT cases in
2018 and 2019 and the trends in HCT sources in the
AP region. Yoshimi et al. reported in their first publica-
tion that 6,418 HCTs were performed in 432 institu-
tions in 9 countries/regions, and the accumulated num-
ber of HCTs between 1986 and 2006 was 58,113'.
Since then, the number of countries/regions participat-
ing in the Activity Survey has increased by six in 2009,
three in 2016, two in 2018, and one in 2019. The num-
ber of cases reported from these countries/regions has
been retrospectively updated, and this report was reana-
lyzed with updated data. In 2019, HCTs in this region
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Figure 5. Trends in absolute numbers of stem cell sources for allogeneic transplant in each country/region: (A) peripheral blood
dominant, (B) mixture dominant, (C) bone marrow dominant, and (D) cord blood dominant

Countries/regions included are those with a total number of allogeneic transplants in 2019 of more than 20 cases and a history of allo-
geneic transplants of more than 5 years

have continued to increase and exceeded 20,000 cases 300,000 in 2020. Compared with our data from 2017¢,
annually in more than 700 facilities in 21 countries/re- the number of total, allogeneic, and autologous HCTs
gions®. The overall number of cases is expected to reach in 2019 increased by 28.3%, 30.0%, and 25.3%, respec-
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tively. Notably, allogeneic HCTs overwhelmed autolo-
gous HCTs in this region. Autologous transplants out-
number allogeneic transplants in Europe, the United
States, and Latin America®’. PCD and ML, primarily
treated with autologous transplantation, are common in
Caucasians, making autologous transplant more preva-
lent in these regions. Additionally, the abundant reports
regarding autologous transplantation and recent emer-
gence of new drugs for these diseases have made trans-
plantation available to patients who were previously in-
eligible, especially in the economically affluent coun-
tries of Europe and in the United States. However, allo-
geneic transplants have continued to dominate autolo-
gous transplants in the AP region over the past 20
years. In contrast to Europe and the United States, in
the AP region, the incidence of PCD and ML is rela-
tively low and the reporting rate of the number of au-
tologous HCT might be lower than the actual numbers.
Since most APBMT participating countries/regions be-
long to the world’s lower-middle- or upper-middle-
income economies’, a delay in responding to expensive
new drugs for PCD and ML may occur. Moreover,
China and Japan, which are ranked first and second in
the number of cases of transplants, performed many
haploidentical transplants and unrelated CB transplants,
respectively, reflected in the result that allogeneic trans-
plants were more common than autologous transplants.
The total number of HCTs in this region continues to
grow, especially in China and India, where growth is
unmatched anywhere else worldwide; however, owing
to the huge population of the AP region, it is challeng-
ing to meet the demand for transplantation in each
country/region, and patient access to transplantation has
not improved. In fact, 13 countries/regions (Bangladesh,
Hong Kong, Indonesia, Mongolia, Myanmar, Nepal,
New Zealand, Pakistan, the Philippines, Singapore, Sri
Lanka, Thailand, and Vietnam) had fewer than ten
transplant facilities, and three countries/regions (Indone-
sia, Mongolia, and Myanmar) reported <10 transplant
cases annually. Only autologous transplants are per-
formed in Indonesia, Myanmar, and Mongolia. Further-
more, as of 2019, Bangladesh, Nepal, Pakistan, and the
Philippines have not performed unrelated HCTs. These
are lower- to upper-middle-income countries’, and sig-
nificant effort is required to establish and operate HCT
programs in these countries/regions compared to those
in high-income countries. Human and financial re-
sources are indispensable for promoting HCT, espe-
cially for allogeneic and unrelated HCTs. To this end,
efforts are needed at the level of individuals and facili-
ties and to comprehensively promote the following: 1)
the establishment of transplant registries, 2) requests for
cooperation at national level or among policymakers, 3)
education of physicians and health workers, and 4) ap-

peals for available donors. Yeh et al. reported on the
launch of a transplant program in Bangladesh with lim-
ited resources’ and concluded that it was necessary to
systematize and introduce HCT programs in emerging
countries by referring to such examples to promote es-
sential transplantation medical care in the very near fu-
ture. To quickly initiate allogeneic transplants in these
countries, the APBMT has provided support for training
healthcare professionals in transplant-developing coun-
tries at transplant facilities and has formulated center
standard guidelines that can be applied to developing
countries. It has sent official letters to the Ministry of
Health, Labor and Welfare of several countries request-
ing their cooperation in promoting HCT. It is consid-
ered essential to continue these efforts in the future.

We reported the trends in the number of transplants
by main disease indications for all transplants and
showed that cases of AML, ML PCD, ALL, MDS or
MDS/MPN, SAA, and hemoglobinopathy have continu-
ously increased since the 1980s’. In this report, the
trends of each disease were analyzed separately for au-
tologous and allogeneic transplantation. In the AP re-
gion, PCD, ML, and solid tumors were the main indica-
tions for autologous HCTs, and our results were very
similar to global trends’. Conversely, the number of au-
tologous HCTs for patients with AML and ALL in this
region has increased slightly. This is slightly different
from the worldwide trend, wherein, the number of au-
tologous HCTs for acute leukemia is decreasing'’. This
result directly reflects the fact that a certain number of
autologous transplantations for acute myeloid leukemia
are performed in China, where most transplantations
take place in Asia. Reflecting on the exponential growth
of haploidentical HCT, the number of allogeneic trans-
plants has sharply increased in recent years. A particu-
lar characteristic of this region is the high rate of allo-
geneic HCTs by haploidentical donors using a mixed
source. It also primarily reflects the increase in haploi-
dentical HCTs in China.

Although the annual Activity Survey data may help
in describing the overall trend of HCT in this region
and the results are recognized as “throughout Asia-
Pacific,” the results of analyses tend to directly reflect
the trends in China and Japan, where the number of
transplants is high. However, the AP region is highly
diverse in terms of population, economy, and medical
systems, and each country and region has its own
unique transplantation care system. The Activity Survey
alone cannot explain the entire transplantation situation
in the AP region, and country-specific analyses using
outcome data are necessary. Simultaneously, the politi-
cal and economic situation in each country/region sig-
nificantly impacts the initiation and maintenance of the
transplant  program. Among the 22 APBMT-
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participating countries/regions, only Cambodia had not
launched an HCT program as of 2019. The APBMT
will continue to support our member countries/regions,
hoping to initiate a transplant program that will start
soon in Cambodia.
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