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TAGGEDPA B S T R A C T
Acute myeloid leukemia (AML) has an aggressive course and a historically dismal prognosis. For many patients,
hematopoietic stem cell transplantation (HSCT) represents the best option for cure, but access, utilization, and health
inequities on a global scale remain poorly elucidated. We wanted to describe patterns of global HSCT use in AML for
a better understanding of global access, practices, and unmet needs internationally. Estimates of AML incident cases
in 2016 were obtained from the Global Burden of Disease 2019 study. HSCT activities were collected from 2009 to
2016 by the Worldwide Network for Blood and Marrow Transplantation through its member organizations. The pri-
mary endpoint was global and regional use (number of HSCT) and utilization of HSCT (number of HSCT/number of
incident cases) for AML. Secondary outcomes included trends from 2009 to 2016 in donor type, stem cell source,
and remission status at time of HSCT. Global AML incidence has steadily increased, from 102,000 (95% uncertainty
interval: 90,200-108,000) in 2009 to 118,000 (104,000-126,000) in 2016 (16.2%). Over the same period, a 54.9%
increase from 9659 to 14,965 HSCT/yr was observed globally, driven by an increase in allogeneic (64.9%) with a
reduction in autologous (�34.9%) HSCT. Although the highest numbers of HSCT continue to be performed in high-
resource regions, the largest increases were seen in resource-constrained regions (94.6% in Africa/East Mediterra-
nean Region [AFR/EMR]; 34.7% in America-Nord Region [AMR-N]). HSCT utilization was skewed toward high-
resource regions (in 2016: AMR-N 18.4%, Europe [EUR] 17.9%, South-East Asia/Western Pacific Region [SEAR/WPR]
11.7%, America-South Region [AMR-S] 4.5%, and AFR/EMR 2.8%). For patients <70 years of age, this difference in uti-
lization was widened; AMR-N had the highest allogeneic utilization rate, increasing from 2009 to 2016 (30.6% to
39.9%) with continued low utilization observed in AFR/EMR (1.7% to 2.9%) and AMR-S (3.5% to 5.4%). Across all
regions, total HSCT for AML in first complete remission (CR1) increased (from 44.1% to 59.0%). Patterns of donor
stem cell source from related versus unrelated donors varied widely by geographic region. SEAR/WPR had a 130.2%
increase in related donors from 2009 to 2016, and >95% HSCT donors in AFR/EMR were related; in comparison,
AMR-N and EUR have a predilection for unrelated HSCT. Globally, the allogeneic HSCT stem cell source was predom-
inantly peripheral blood (69.7% of total HSCT in 2009 increased to 78.6% in 2016). Autologous HSCT decreased in all
regions from 2009 to 2016 except in SEAR/WPR (18.9%). HSCT remains a central curative treatment modality in
AML. Allogeneic HSCT for AML is rising globally, but there are marked variations in regional utilization and practices,
including types of graft source. Resource-constrained regions have the largest growth in HSCT use, but utilization
rates remain low, with a predilection for familial-related donor sources and are typically offered in CR1. Further
studies are necessary to elucidate the reasons, including economic factors, to understand and address these health
inequalities and improve discrepancies in use of HSCT as a potentially curative treatment globally.
© 2022 The American Society for Transplantation and Cellular Therapy. Published by Elsevier Inc. All rights reserved.
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TaggedPAcute myeloid leukemia (AML) is a neoplasm of the mye-
loid lineage with an aggressive course and a historically dismal
prognosis across all ages, but especially in patients >60 years
of age [1�3]. As of 2017, AML accounted for 23.1% of leukemia
diagnoses worldwide [4], with a reported 29.5% five-year over-
all survival rate (2012 to 2018), the lowest of any hematologic
malignancy [5,6]. Globally, an 87.3% increase in incident cases
in AML has been seen over the past 3 decades [7]. This rise in
incidence has been noted in regions dominated by low- and
middle-resource countries such as Latin America and East Asia
[7], which may reflect improvements in access to care, diagno-
sis, and patient tracking. However, there continue to be great
disparities in AML outcomes depending on resource availabil-
ity. Within the United States, disparities remain in treatment
options and outcomes in centralized (largely urban) versus
community treatment sites, with reported early mortality
rates in AML of 12% in National Cancer Institute�designated
centers versus 24% in non-National Cancer
Institute�designated centers [8] and significant differences
noted in race-associated survival in Black young adult AML
patients as compared to their White counterparts [9]. Globally,
this disparity in outcomes is magnified; nonbiologic disease
risk factors such as socioeconomic status, education, and
access to services disproportionately increase cancer-related
mortality in low- and middle-income countries [10].TaggedEnd

TaggedPAllogeneic hematopoietic stem cell transplantation (HSCT)
remains the best option for cure in patients with intermediate-
and adverse-risk AML in first complete remission (CR1) or any
patient with relapsed/refractory disease [3,11]. AML is the
most frequently reported indication for allogeneic HSCT; in
2018, 38% of all allogeneic HSCT performed in Europe were for
AML and worldwide 37.3% of allogeneic HSCT performed in
2016 were for AML [12,13]. Advances in conditioning regimens
have improved tolerability and allowed expanded use in older
patients up to age 75 and, in some cases, beyond [14�18]. In
addition to allogeneic HSCT, autologous HSCT can be used as a
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consolidative treatment to prolong relapse-free survival; how-
ever, global frequency and utilization for this indication is on
the decline [12,19�21]. The timing of these consolidative
transplantations as upfront (CR1) versus as salvage (in non-
CR1) remains a topic of debate with implications on resource
prioritization and utilization [22,23]. The capacity of a region
to perform HSCT, along with a family’s ability to financially
access HSCT in many locations, determines curability of high-
risk patients. No studies to date address the global utilization
patterns of HSCT for AML.TaggedEnd

TaggedPMuch of what we know about HSCT for AML is derived
from general data regarding the use of HSCT across disease
indications. Overall, the use of HSCT in the global setting is on
the rise for all indications, with an estimated 77.6% increase
from 2006 to 2016 [12,24]. With the unique operational, finan-
cial, and technical challenges inherent to HSCT [19,25,26],
there is great regional disparity in HSCT uptake for all indica-
tions with reported transplant rates (TR) ranging from 0.1 to
1001 per 10 million inhabitants, with no transplantations hap-
pening in countries with a population of less than 300,000
inhabitants [24,27]. Our study aims to describe the numbers of
allogeneic and autologous HSCT performed for AML by world
region and to explore donor type stem cell source and disease
stage to understand availability and utilization of HSCT to
inform potential future expansion efforts for increased HSCT
availability worldwide. TaggedEnd

TAGGEDH1METHODS TAGGEDEND
TaggedH2Study design and data sourcesTaggedEnd

TaggedPThis is a retrospective analysis of global AML incidence in relation to AML
transplantation activity from 2009 to 2016. TaggedEnd

TaggedPGlobal AML incidence data was obtained using the Global Burden of Dis-
ease (GBD) 2019 Results Tool (https://vizhub.healthdata.org/gbd-results/) for
the years 2009 to 2016 for both sexes combined and across all ages, as well
as separated into <70 years and 70+ years of age groups. These were down-
loaded by World Health Organization (WHO) region and then collated to
align with Worldwide Network for Blood and Marrow Transplantation
(WBMT) designated regions as described below. HSCT activity was collected
by the WBMT, which included total numbers of HSCT per year for AML by
WBMT designated region, as well as stem cell source; donor type; disease
stage (e.g., at CR1 or non-CR1) and type of transplant (allogeneic versus autol-
ogous). HSCT utilization by year and by region were calculated by using the
numbers of HSCT relative to AML incident cases. TaggedEnd

TaggedH2Participating groups TaggedEnd
TaggedPParticipating Groups, Continents, Countries, and Teams Organizations

providing information to the WBMT include the European Society for Blood
and Marrow Transplantation, the Center for International Blood and Marrow
Transplantation, the Asian Pacific Blood and Marrow Transplant Group, the
Australasian Bone Marrow Transplant Recipient Registry, the Eastern Medi-
terranean Blood and Marrow Transplant Group, the Latin American Bone
Marrow Transplantation Group, the African Blood and Marrow Transplanta-
tion Group, and the Cell Therapy Transplant Canada. TaggedEnd

TaggedH2Data Collection TaggedEnd
TaggedPA retrospective survey of HSCT activities was collated by the WBMT

through well-established international and regional organizations and,
where no organizations were in place, directly from the transplantation cen-
ters. A list of WBMT participating countries is given in Supplemental Table
S2. Informed consent from the individual patients was waived because no
individualized data were transferred to the investigators. Global activities
included numbers of HSCT for AML byWHO-alignedWBMT regional designa-
tions from 2009 to 2016. The registry included all HSCTs for AML separated
by HSCT in CR1 and non-CR1. Stem cell source was obtained by region and
year for both autologous and allogeneic HSCT and separated into bone mar-
row (BM), peripheral blood stem cell (PBSC), and cord blood sources from
related or unrelated donors. The years 2009 to 2016 were selected to maxi-
mize region specific reporting of the full analyzed variables in this paper.
Data collection for WBMT changed in 2009 to include transplantation timing
(CR1 versus non-CR1) and the year 2016 represented the most recent compi-
lation of data available fromWBMT reporting organizations. TaggedEnd

TaggedPGlobal AML incidence estimates by year and WHO region were obtained
from the GBD Study 2019 for the year 2016 using the GBD Results Tool. A
comprehensive description of GBD 2019 cancer estimation has been
previously described (https://jamanetwork.com/journals/jamaoncology/full
article/2787350). This included data from both sexes combined, for all ages,
and age divided into the populations <70 and �70 years of age. This age
breakdown was chosen to reflect age categorizations used in the HSCT litera-
ture to differentiate between younger and older patient cohorts. WHO
regions were used for the GBD incidence analysis; WBMT reporting countries
were characterized and separated by their GBD WHO region, and these WHO
regions were then combined, where appropriate, to correspond with larger
WBMT regional designations (ie combining WHO regions of SEAR and WPR
to SEAR/WPR WBMT region) (Supplemental Figure S1 and Table S2). The
decision was made to separate the United States and Canada from the Ameri-
cas WHO regional designation to capture the disparate financial and infra-
structure capacities of these 2 regions (North America and Latin America).
For this, USA and Canada country level incidence data were combined and
subtracted from the Americas incidence data to create the WBMT regional
designations of AMR-N (USA + Canada) and AMR-S (Latin America). Thus the
WBMT combined regions included USA/Canada (AMR-N); Latin America
(AMR-S); African Region/Eastern Mediterranean Region (AFR/EMR); Euro-
pean Region (EUR); and South-East Asian Region/Western Pacific Region
(SEAR/WPR); Supplemental Figure 1. Statistical analysis was conducted in R
Core Team 2020 [28].TaggedEnd
TAGGEDH1RESULTS TAGGEDEND
TaggedH2Global incidence and use of HSCT for AMLTaggedEnd

TaggedPThe global reported incidence of newly diagnosed AML has
been steadily increasing from an annual incidence of 102,000
(95% uncertainty interval: 90,200 to 108,000) in 2009 to
118,000 (104,000 to 126,000) in 2016 (16.2% increase) (Table 1).TaggedEnd

TaggedPAlongside this global increase in AML diagnoses, there was
a significant increase in the number of total transplantations
performed for AML from 2009 to 2016. Total global HSCT
(including both allogeneic and autologous) demonstrated a
54.9% increase in number during that time frame. The highest
numbers of total HSCT for AML are being performed in regions
with higher resources, with the highest number in EUR
(n = 6238 in 2016) followed by SEAR/WPR (n = 4572) and
AMR-N (n = 3223) with far fewer in AMR-S (n = 502) and AFR/
EMR (n = 430) (Table 1). Despite these smaller gross total HSCT
numbers, the largest percent change in HSCT was seen in AFR/
EMR with a 94.6% increase in total HSCT as compared to 34.7%
increase in AMR-N over the same period. AMR-S had a 46.8%
increase in total HSCT numbers from 2009 to 2016 despite the
relatively low gross use reported (Table 1). The region of high-
est use (EUR) showed 53.0% growth in total HSCT from 2009 to
2016 as compared to 74.1% growth in the SEAR/WPR Region
(second highest gross use region; see Table 1).TaggedEnd

TaggedPThe 54.9% global increase in HSCT use was the result of a
64.9% increase in the use of allogeneic HSCT across all regions,
countered by a simultaneous �34.9% reduction in autologous
HSCT globally across the same time period (Table 1, Figure 1a,
Figure 2a). The largest percent increase in only allogeneic HSCT
was reflected by AFR/EMR (111.9%) with the smallest percent
increase in AMR-N (42.5%) (Table 1, Figure 1a). This reflects the
overall global trend: in 2016, 95.8% of HSCT for AML were allo-
geneic, with highest percentage in AMR-N (99.2%) and lowest in
AMR-S (93.2%). The decreasing number of autologous transplan-
tation was observed in all regions except in SEAR/WPR, which
has an increase in use between 2009 and 2016 (18.2%) although
with stably low numbers, Table 1.TaggedEnd
TaggedH2Utilization of HSCT in AML TaggedEnd
TaggedPTotal HSCT utilization (number of HSCT/ AML incident cases

by region) rose from 9.5% to 12.6% from 2009 to 2016 (Table 1).
Highest total HSCT utilization rates were seen in AMR-N (18.4%
in 2016) followed by EUR (17.9% in 2016) with lowest rates in
AFR/EMR (2.8% in 2016) and AMR-S (4.5% in 2016). SEAR/WPR
showed the greatest change in utilization rate from 2009 to
2016, increasing from 7.7% to 11.7% ( Table 1).TaggedEnd
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TaggedEndTable 1
Global Trends in Total Number of Allogeneic, Autologous, and Total (Allo + Auto) HSCT (n), Total Number of AML Cases for All Ages and <70 (n), and Total HSCT Utili-
zation for All Ages and <70 From 2009 to 2016 by Region

Total Number of HSCT Total Number of AML cases Total HSCT utilization

Allogeneic (n) Autologous (n) Total (n) All Ages (n) Age <70 (n) All Ages (%) Age <70 (%)

AFR/EMR (Africa & Eastern Mediterranean)

2009 194 27 221 12,700 11,700 1.7% 1.9%

2016 411 19 430 15,300 14,100 2.8% 3.0%

Percent change 111.9% �29.6% 94.6% 21.0% 20.8% — —

AMR-N (North America)

2009 2244 149 2393 14,900 7320 16.0% 32.7%

2016 3198 25 3223 17,500 8020 18.4% 40.2%

Percent change 42.5% �83.2% 34.7% 17.0% 9.6% — —

AMR�S (Latin America)

2009 270 72 342 9590 7730 3.6% 4.4%

2016 468 34 502 11,200 8660 4.5% 5.8%

Percent change 73.3% �52.8% 46.8% 16.8% 12.0% — —

EUR (Europe)

2009 3546 531 4077 30,400 17,000 13.4% 24.0%

2016 5911 327 6238 34,900 17,500 17.9% 35.6%

Percent change 66.7% �38.4% 53.0% 14.8% 3.1% — —

SEAR/WPR (South-East Asian &Western Pacific)

2009 2436 190 2626 34,000 25,900 7.7% 10.1%

2016 4346 226 4572 39,200 28,600 11.7% 16.0%

Percent change 78.4% 18.9% 74.1% 15.3% 10.5% — —

Global

2009 8690 969 9659 102,000 69,800 9.5% 13.8%

2016 14,334 631 14,965 118,000 77,100 12.6% 19.4%

Percent change 64.9% �34.9% 54.9% 16.2% 10.5% — —
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TaggedPFor patients <70 years of age, highest total HSCT utilization
rates were seen in AMR-N, rising from 32.7% to 40.2% from 2009 to
2016 followed by EUR (24% to 35.6%) with lower utilization rates
in SEAR/WPR (10.1% to 16.0%) and significantly lower rates in
AMR-S (4.4% to 5.8%) trailed by AMR/EMR (1.9% to 3%) (Table 1).TaggedEnd

TaggedPThe highest regional utilization for allogeneic HSCT across
all ages was represented by the higher resource regions of
AMR-N and -EUR, where the utilization rate (number of HSCT/
AML incident cases by region) of allogeneic HSCT from 2014 to
2016 ranged from 18.3% to 18.5% (Figure 1b). AFR/EMR had
the lowest utilization of allogeneic HSCT, with only 2.7% of
estimated new cases receiving an allogeneic HSCT in 2016, a
1.1% increase in utilization from 2009 to 2016. Similarly, AMR-
S reported a rate of only 4.2% of regional AML cases receiving
an allogeneic HSCT in 2016 (1.4% utilization; see Figure 1b). TaggedEnd

TaggedPFor patients <70 years of age, AMR-N had the highest allo-
geneic HSCT utilization rate, increasing from 2009 to 2016
(30.6% to 39.9%); rates in EUR were slightly lower (20.9% to
33.8%) and much lower utilization were observed in SEAR/
WPR (9.4% to 15.2%), AMR-S (3.5% to 5.4%), and AFR/EMR (1.7
to 2.9%) (Figure 1c).TaggedEnd

TaggedPGlobally, autologous HSCT utilization for AML remained
low (0.5% globally in 2016) although with a slightly increased
uptake in younger patients (<70 years of age) (0.8% globally in
2016), although with similarly decreasing use across all
regions except SEAR/WPR from 2009 to 2016 (Figure 2b, 2c).
In SEAR/WPR, there was a stably low utilization rate for autol-
ogous HSCT from 0.5% to 0.7% utilization rate (indexing to 226
total autologous HSCT in 2016; Figure 2a, 2b). TaggedEnd

TaggedH2Remission status at time of HSCTTaggedEnd
TaggedPIn all regions, the percentage of total HSCT done in CR1 has

become increasingly common from 2009 to 2016, increased
from 44.1% to 59.0% of total global HSCT performed for AML
per year (Figure 3). The proportion of transplantation in CR1
was most pronounced in AFR/EMR where 72.4% to 77.4% of
total HSCT happened in CR1 between 2009 to 2014. Although
there was a slight downtrend in early HSCT in AFR/EMR from
2015 to 2016 (65.5% to 69.1%), it remains the region with high-
est overall CR1 HSCT rates from 2009 to 2016 (Figure 3). Con-
versely, the lowest rates of HSCT in CR1 occurred in AMR-N
although with a steady trend toward early transplantation
(53.4% in 2009, 62.2% in 2016). Like AMR-N, EUR saw a steady
rise in HSCT in CR1 from 2009 to 2016 (from 60.7% to 72.2%).
AMR-S had an oscillating percentage HSCT in CR1 from the
65.2% (2009) to 54.9% (2013) increasing back to 60.0% (2016).
Unfortunately, incomplete reporting from SEAR/WPR prevent
full comparative analysis, but for years of complete reporting
(2013 to 2015) percentage of total HSCT in CR1 ranged from
54.1% to 58% (Figure 3). TaggedEnd

TaggedH2Donor type for allogeneic HSCT TaggedEnd
TaggedPPatterns of allogeneic HSCT by donor type in AML vary

widely across regions; see Table 2. In 2009, there was a slight
predilection for unrelated donor HSCT (4516 [52.0%] unrelated
versus 4174 [48%] related] globally, with a steady shift toward
related donor HSCTs in ensuing years [in 2016: 7531 related
versus 6803 unrelated]). In SEAR/WPR, specifically, there was
a steady increase in related donor HSCT from 2009 to 2016
(48.3% to 62.3%); Table 2. In AFR/EMR, >95% of transplanta-
tions for AML were from related donor sources (95.9% in
2016), a figure similarly reflected in AMR-S (79.9% in 2016). In
contrast, AMR-N and EUR represented a more balanced distri-
bution of donor sources with a slight preference for Unrelated
Donor transplant (URD) (in 2016: 56.4% URD in AMR-N and
55.0% URD in EUR). In AFR/EMR, the preponderance of related



TaggedFigure

Figure 1. Global trends in number (a) and utilization rate (b) of allogeneic stem cell transplantation for AML, all ages, worldwide by region, 2009 to 2016; and global
trends in utilization rate of allogeneic stem cell transplantation for AML, age �70 (c), worldwide by region, 2009 to 2016.TaggedEnd

TaggedEndM.C. Tokaz et al. / Transplantation and Cellular Therapy 29 (2023) 279.e1�279.e10 279.e5
donor sources reflected a combination of both HLA-identical
and non-HLA-identical (or haploidentical) family donors.
Although overall the majority of these allogeneic HSCT were
from HLA-identical family members, there was a steady
increase in the proportion of related HSCT using non-HLA-
identical donors from 2009 to 2016 (percent change 28.7% for
HLA-identical versus 342.1% for non-HLA-identical). TaggedEnd

TaggedPHSCT stem cell sources included PBSC, BM, and umbilical
cord (UCB). Allogeneic donor cell sources globally in 2009
included 67.9% from PBSC, 21.6% from BM, and 10.5% from
UCB. More recently, this distribution shifted toward PBSC
(PBSC 78.6%, BM 14.4%, UCB 7.0% in 2016) (Supplemental Table
S1). The greatest percent increase in PBSC usage globally was
seen in nonidentical sibling HSCT (from 532 to 2543 [378.0%]
2009 to 2016 globally) (Table 2). TaggedEnd
TAGGEDH1DISCUSSION TAGGEDEND
TaggedPAlthough the highest incidence of AML and HSCT utilization

were reported by world regions dominated by high resource
countries, the greatest growth was represented by world
regions with lower resource economies such as AFR/EMR and
AMR-S. The gross numbers of HSCT continued to be almost 10-
fold smaller in AFR/EMR than AMR-N (430 versus 3223 in
2016); however, the growth of 94.6% in AFR/EMR from 2009 to
2016 demonstrate that this will continue to be a region of
increasing import when considering the future trends in HSCT
uptake globally. This regional trend of increasing HSCT use has
been described across disease types; for example, though AFR/
EMR represents only 2.7% of global HSCT, it had an 80%
increase in HSCT rates across multiple disease indications from
2006 to 2016 [12]. TaggedEnd

TaggedPHowever, despite these increasing numbers of HSCT, global
utilization remains low. Even in younger patients (<70) who
have higher utilization rates overall, the maximal utilization of
allogeneic HSCT remained at 39.9% in AMR-N and 33.8% in EUR
in 2016, with far lower uptake in all other regions. This level of
utilization remains unfortunately low as compared to reported
utilization rates in Germany for younger patients ranging from
46.6% for patients in CR1 to 69.6% for patients with refractory
disease [3]. This gap in allogeneic HSCT utilization is most pro-
nounced in the lower-resource regions of AFR/EMR and AMR-
S (with maximum of 3% to 4% utilization across all ages from
2009 to 2016), reflecting a disproportionately low uptake in
these countries marked by younger populations where we
would expect higher utilization rates [29]. In low-resource
countries, the median age of the population is very young
(18.4 to 19 years, World Bank regions 2015 to 2020); with the
percentage of the population 70+ years representing less than
2% of the total population [30]. Augmenting the stark under-
utilization in these regions is the reality that AML incidence is
likely underestimated in low-resource settings because of
underdiagnosis for a variety of reasons (i.e., early mortality
before centralized referral, limited availability of appropriate
diagnostics, and paucity of robust reporting registries). To this
extent, true utilization rates are likely lower than the <5% that
is reported in our article. TaggedEnd

TaggedPThe lower utilization rate reflected in these low-resource
regions despite the younger age at diagnosis further under-
lines the disparity in HSCT uptake, likely based on regional
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Figure 2. Global trends in number (a) and utilization rate (b) of autologous stem cell transplantation for AML, all ages, worldwide by region, 2009 to 2016; and global
trends in utilization rate of autologous stem cell transplantation for AML, age �70 (c), worldwide by region, 2009 to 2016.TaggedEnd
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resource factors. Differing utilization patterns for allogeneic
HSCT uptake for AML likely reflect the regional capability, both
financially and logistically, of achieving CR through induction
chemotherapy, limited access to cytogenetic and molecular
testing for ELN risk stratification to guide prioritization for
HSCT, differences in aggressive therapy available, and the sup-
portive care structures necessary to allow for survival from
induction to transplant [31]. In resource-constrained settings,
inducing CR1 through aggressive chemotherapy regimens
presents institutional and financial challenges independent of
the HSCT itself that contribute to low utilization of HSCT in

TaggedFigure

Figure 3. Global trends in transplant timing of HSCT by rate of total HSCT (autologous
2016.TaggedEnd
these regions. In considering how to increase HSCT uptake in
these areas, it will be important to also consider supportive
care measures that can improve outcomes with induction
therapy to allow for later HSCT candidacy. TaggedEnd

TaggedPWe observed great variability in the use of donor type for
allogeneic HSCT globally; EUR and AMR-N primarily use unre-
lated donor sources whereas the rest of the world relies largely
on related donor sources. The influences behind the variations
in donor source are likely multifactorial. In many low- and
middle-resource countries with larger family units and higher
birth rates, the likelihood of matched related donor availability
+ allogeneic) occurring in CR1 for AML, all ages, worldwide by region, 2009 to
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reaches >50%, with reported likelihoods as high as 63.5% in
Saudi Arabia and 70% in Pakistan as compared to 30% in the
United States [31,32]. Our study reflected a steady increase in
matched related donor HSCT from 2009 to 2016 in AMR-S,
AFR/EMR and SEAR/WPR, increasing 1.2 (AMR-S) to 2.2 (AFR/
EMR) fold for PBSC HSCT; however, this growth was com-
pounded by even greater increases in mismatched related
donor sources in these same regions for PBSC (SEAR/WPR 304
to 1455; AFR/EMR 1 to 49; AMR-S 5 to 85), although with
smaller absolute numbers in AMR-S and AFR/EMR. This
increased availability of familial donors (matched and mis-
matched) in low- and middle-resource countries coupled with
geographic proximity make related donor HSCT a more acces-
sible and expeditious stem cell source [12,31]. Conversely, the
identification process for a matched URD through interna-
tional registries is laborious, time-consuming, and often futile
given under-representation of many racial and ethnic minori-
ties in donor registries. The probability of finding a URD match
is racially and ethnically dependent, ranging from 44% for His-
panics and 16% for Blacks of South or Central American descent
versus 75% to 79% for Whites of European Descent [33,34].
Even if a URD is located, the logistics of transporting the stem
cell product and the increased financial burden of URD trans-
plants often present insurmountable cost barriers in resource
constrained settings [35]. Future studies should focus on eluci-
dating factors affecting donor source selection given the impli-
cation of donor source on conditioning, graft success,
immunosuppressive regimens, and future risk of transplant
related complications. TaggedEnd

TaggedPIn addition to donor type, stem cell source is an important
logistical and clinical consideration globally. Peripheral blood
represents the preferred stem cell source worldwide for both
related and unrelated donor HSCT. In fact, the percent change
in nonidentical sibling PBSC across all regions, including
regions with higher resource countries, surpasses the growth
seen in URD in these higher resource regions. This global pre-
dilection for PBSC, which represents a logistically simpler
mode of collection, is important to examine given studies
demonstrating decreased rates of chronic GVHD and improved
work productivity for patients receiving BM HSCT instead of
PBSC [36] endpoints that might be particularly salient in
lower-resource regions. TaggedEnd

TaggedPFinally, our study demonstrates a general global trend
toward reduction in autologous HSCT for AML in favor of allo-
geneic HSCT, which itself has implications on program capacity
in regions given the logistical challenge of allogeneic versus
autologous program initiation. Although a full exploration of
the reasons for this shift toward allogeneic HSCT is out of the
scope of this article, likely the trend is due to the lack of con-
vincing evidence to demonstrate autologous HSCT superiority
over other treatment modalities for AML (such as allogeneic
HSCT or intensive consolidative chemotherapy) [21,37�39]. At
the same time, multiple advances in allogeneic HSCT such as
advances in GVHD prophylaxis and treatment [40,41], improv-
ing infectious diagnostics and therapeutics [42�45], and the
introduction of reduced intensity conditioning [46�49] have
expanded patient eligibility and improved outcomes in many
regions of the world. However, further inquiry needs to focus
on whether these advancements favoring allogeneic HSCT fea-
sibility and success for AML are equivalent across regions with
differing financial and technical landscapes. TaggedEnd

TaggedPThe singular exception to this global autologous HSCT trend
was found in SEAR/WPR, where rates of autologous HSCT for
AML remained largely stable from 2009 to 2016 (from 190 to
226 or 5% to 7% of total transplants). One explanation for this
consistent autologous utilization could be the rapid increase in
total HSCT in SEAR/WPR (from 2626 to 4572), especially in
countries such as China and India, which outpaces the ability
to synchronously increase allogeneic HSCT infrastructure.
Additionally, in Japan, autologous HSCT is commonly used for
APL in second CR, and from 2004 to 2016, this indication
accounted for over 70% of autologous HSCT for AML, account-
ing for stable autologous utilization in Japan over this time
period [50,51]. Further inquiry into outcomes from SEAR/WPR
could help delineate areas in which autologous HSCT could
remain advantageous in disparate global practice settings. TaggedEnd

TaggedPFurther outcome studies of HSCT globally would be a useful
next step to complement this analysis. Because HSCT (both
allogeneic and autologous) is both technically challenging to
develop and administer and requires high resource utilization,
comparative studies into the cost-effectiveness of various
aspects of HSCT across diverse settings would be valuable. A
future study could evaluate the impact of HSCT on outcomes
by comparing the number needed to treat as a measure against
the economic costs in different international settings. Such
cost estimates would need to assess regional barriers including
out of pocket expenditures, government support structures,
local referral systems, and other considerations that reflect
patient-specific burdens. Recognizing that HSCT is a resource
intensive treatment option, the establishment of HSCT pro-
grams might not be the priority for many LMICs where resour-
ces are needed to expand baseline diagnostics and upfront
treatment availability. Considerations of creative global struc-
tures utilizing referral centers to share capacity could be an
interesting future area of study. TaggedEnd

TaggedPFurther limitations of our article reflect the global patterns
of data reporting available for HSCT. As noted in Supplemental
Table 2, regional reporting for the WBMT is limited by the
number of centers performing HSCT in given areas of the
world. Specifically, with the AFR/EMR region, there are limited
numbers of centers in Sub-Saharan Africa performing and thus
reporting HSCT outcomes, skewing data toward the eastern
Mediterranean regional results. In AMR-S, under-registration
continues to be a challenge; in some countries (Brazil, Chile,
Colombia, and Panama) less than 50% of the centers perform-
ing HSCT reported their activity to the WBMT, skewing AMR-S
transplantation activity to appear lower than expected [52,53].
Thus, although WBMT represents the most extensive interna-
tional data reporting for global HSCT patterns, gaps in report-
ing infrastructure should be recognized as a possible source of
regional HSCT under-reporting or underestimation. Addition-
ally, this study reports numbers of transplantation instead of
rates by population, which could over-represent use in more
densely populated countries. Finally, GBD estimates of AML
incidence also are limited by data availability and highlight the
need for continued efforts to increase the global coverage of
population-based cancer registries. These registries will be
crucial for more accurate, inclusive reporting globally, and will
require consistent disease specific norms for delineating rele-
vant subtypes (i.e., the separation of leukemia into lymphoid
and myeloid [AML] subtypes). TaggedEnd

TAGGEDH1CONCLUSION TAGGEDEND
TaggedPHSCT remains a central curative treatment modality in AML

and an understanding of global access, practices, and unmet
needs is important. Allogeneic HSCT for AML is rising globally,
but there are marked variations in regional utilization and
practices, including types of graft source and autologous use in
SEAR/WPR. Resource-constrained regions have the largest
growth in HSCT use, but utilization rates remain low with a



TaggedEndTable 2
Global Number of Allogeneic HSCT by Donor Type and Stem Cell Source for AML, as Well as Percentage of Related and Unrelated Allogeneic HSCT for All Ages, Worldwide and by Region, 2009 and 2016

WBMT Regional Designation Related Unrelated Total Allogeneic HSCT

HLA - Id Sibling Non - Id Twin Total Percent Related BM PBSC Cord Total Percentage Unrelated

BM PBSC Cord BM PBSC Cord BM PBSC

North America (AMR-N)

2009 114 688 3 45 68 4 — 5 927 41.3% 227 849 241 1317 58.7% 2244

2016 115 746 3 148 362 17 — 3 1394 43.6% 304 1,281 219 1804 56.4% 3198

South-East Asian &Western
Pacific (SEAR/WPR)

2009 179 610 2 57 307 13 — 8 1176 48.3% 506 347 407 1260 51.7% 2436

2016 101 1104 — 44 1,455 — — 3 2707 62.3% 364 634 641 1639 37.7% 4346

Africa & Eastern Mediterranean
(AFR/EMR)

2009 45 142 — 3 1 — — — 191 98.5% — 1 2 3 1.5% 194

2016 21 314 — 10 49 — — — 394 95.9% 2 13 2 17 4.1% 411

Latin America (AMR-S)

2009 69 145 2 5 5 — — — 226 83.7% 13 10 21 44 16.3% 270

2016 70 173 1 42 85 — 1 2 374 79.9% 37 51 6 94 20.1% 468

Europe (EUR)

2009 284 1170 7 31 151 3 3 5 1654 46.6% 296 1388 208 1892 53.4% 3546

2016 248 1556 1 258 592 2 — 5 2662 45.0% 301 2834 114 3249 55.0% 5911

Global

2009 691 2755 14 141 532 20 3 18 4174 48.0% 1042 2595 879 4516 52.0% 8690

2016 555 3893 5 502 2543 19 1 13 7531 52.5% 1008 4813 982 6803 47.5% 14,334
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predilection for familial related donor sources, in younger
patients and typically offered in CR1. Further studies are nec-
essary to elucidate the reasons, including economic factors, to
understand and address these health inequalities and improve
discrepancies in use of HSCT as a potentially curative treat-
ment globally. TaggedEnd

TaggedPOur study provides the first comprehensive evaluation of
global HSCT utilization for AML by region, as well as HSCT pat-
terns by donor type, transplantation timing, and stem cell
source. Globally, efforts in the coming years should concen-
trate on increasing HSCT utilization and availability globally
for appropriate patients with AML with a focus on increasing
capacity particularly in lower-resource regions with increasing
incidence. It will be important to balance the expansion of
HSCT availability with resource utilization globally and other
cancer control priorities, as part of comprehensive efforts to
improve outcomes for patients with AML. TaggedEnd

TAGGEDH1ACKNOWLEDGMENTS TAGGEDEND
TaggedPFinancial disclosure: Nothing to report. TaggedEnd
TaggedPConflict of interest statement: There are no conflicts of inter-

est to report. TaggedEnd
TaggedPAuthorship statement:MCT, AJC, MBP and DN were involved

in conception and design of the work. Data collection was
done by WBTMT and GBD. MCT performed the data analysis
and interpretation. MCT drafted the article. Critical revision of
the article was done by all authors. Final approval of the ver-
sion to be published was done by DN and MA. TaggedEnd

TAGGEDH1SUPPLEMENTARY MATERIALS TAGGEDEND
TaggedPSupplementary material associated with this article can be

found in the online version at doi:10.1016/j.jtct.2022.12.013.TaggedEnd

TAGGEDH1REFERENCES TAGGEDEND
TaggedP 1. Papaemmanuil E, Gerstung M, Bullinger L, et al. Genomic classification and

prognosis in acute myeloid leukemia. N Engl J Med. 2016;374:2209–2221. TaggedEnd
TaggedP 2. Juliusson G, Abrahamsson J, Lazarevic V, et al. Prevalence and characteris-

tics of survivors from acute myeloid leukemia in Sweden. Leukemia.
2017;31:728–731. TaggedEnd

TaggedP 3. Heinicke T, Krahl R, Kahl C, et al. Allogeneic hematopoietic stem cell trans-
plantation improves long-term outcome for relapsed AML patients across
all ages: results from two East German Study Group Hematology and
Oncology (OSHO) trials. Ann Hematol. 2021;100:2387–2398.TaggedEnd

TaggedP 4. Dong Y, Shi O, Zeng Q, et al. Leukemia incidence trends at the global,
regional, and national level between 1990 and 2017. Exp Hematol Oncol.
2020;9(1):1–11.TaggedEnd

TaggedP 5. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017. CA Cancer J Clin.
2017;67:177–193. TaggedEnd

TaggedP 6. Acute Myeloid Leukemia — Cancer Stat Facts. Available at: https://seer.can
cer.gov/statfacts/html/amyl.html. Accessed September 3, 2021.TaggedEnd

TaggedP 7. Yi M, Li A, Zhou L, Chu Q, Song Y, Wu K. The global burden and attributable
risk factor analysis of acute myeloid leukemia in 195 countries and territo-
ries from 1990 to 2017: estimates based on the Global Burden of Disease
Study 2017. J Hematol Oncol. 2020;13(1):1–16.TaggedEnd

TaggedP 8. Ho G, Wun T, Muffly L, et al. Decreased early mortality associated with the
treatment of acute myeloid leukemia at National Cancer Institute-desig-
nated cancer centers in California. Cancer. 2018;124:1938–1945.TaggedEnd

TaggedP 9. Larkin K, Nicolet D, Kelly B, et al. High early death rates, treatment resis-
tance and short survival of black adolescent and young adults (AYAs) with
acute myeloid leukemia (AML) (Alliance). Blood. 2021;138(Suppl 1):221. TaggedEnd

TaggedP10. John MJ, Kuriakose P, Smith M, Roman E, Tauro S. The long shadow of
socioeconomic deprivation over the modern management of acute mye-
loid leukemia: time to unravel the challenges. Blood Cancer J. 2021;11
(8):1–8.TaggedEnd

TaggedP11. Cornelissen JJ, Blaise D. Hematopoietic stem cell transplantation for
patients with AML in first complete remission. Blood. 2016;127:62–70. TaggedEnd

TaggedP12. Niederwieser D, Baldomero H, Bazuaye N, et al. One and a half million
hematopoietic stem cell transplants: continuous and differential improve-
ment in worldwide access with the use of non-identical family donors.
Haematologica. 2022;107:1045–1053. TaggedEnd

TaggedP13. Passweg JR, Baldomero H, Chabannon C, et al. The EBMT activity survey on
hematopoietic-cell transplantation and cellular therapy 2018: CAR-T’s
come into focus. Bone Marrow Transplant. 2020;55:1604–1613. TaggedEnd
TaggedP14. Cooper JP, Storer BE, Granot N, et al. Allogeneic hematopoietic cell trans-
plantation with non-myeloablative conditioning for patients with
hematologic malignancies: Improved outcomes over two decades. Haema-
tologica. 2020;106:1599–1607. TaggedEnd

TaggedP15. D€ohner H, Estey E, Grimwade D, et al. Diagnosis and management of AML
in adults: 2017 ELN recommendations from an international expert panel.
Blood. 2017;129:424–447. TaggedEnd

TaggedP16. Sorror ML, Sandmaier BM, Storer BE, et al. Long-term outcomes among
older patients following nonmyeloablative conditioning and allogeneic
hematopoietic cell transplantation for advanced hematologic malignan-
cies. JAMA. 2011;306:1874–1883.TaggedEnd

TaggedP17. Ringd�en O, Boumendil A, Labopin M, et al. Outcome of allogeneic hemato-
poietic stem cell transplantation in patients age >69 years with acute
myelogenous leukemia: on behalf of the Acute Leukemia Working Party
of the European Society for Blood and Marrow Transplantation. Biol Blood
Marrow Transplant. 2019;25:1975–1983.TaggedEnd

TaggedP18. Ustun C, Le-Rademacher J, Wang HL, et al. Allogeneic hematopoietic cell
transplantation compared to chemotherapy consolidation in older acute
myeloid leukemia (AML) patients 60-75 years in first complete remission
(CR1): an alliance (A151509), SWOG, ECOG-ACRIN, and CIBMTR study.
Leukemia. 2019;33:2599–2609.TaggedEnd

Ta ggedP19. Chaudhri NA, Aljurf M, Almohareb FI, et al. Establishing an autologous ver-
sus allogeneic hematopoietic cell transplant program in nations with
emerging economies. Hematol Oncol Stem Cell Ther. 2017;10:173–177. TaggedEnd

TaggedP20. Miyamoto T, Nagafuji K, Fujisaki T, et al. Prospective randomization of
post-remission therapy comparing autologous peripheral blood stem cell
transplantation versus high-dose cytarabine consolidation for acute mye-
logenous leukemia in first remission. Int J Hematol. 2017;107:468–477. TaggedEnd

TaggedP21. Cornelissen JJ, Versluis J, Passweg JR, et al. Comparative therapeutic value
of post-remission approaches in patients with acute myeloid leukemia
aged 40�60 years. Leukemia. 2014;29:1041–1050.TaggedEnd

TaggedP22. Gilleece MH, Shimoni A, Labopin M, et al. Measurable residual disease
status and outcome of transplant in acute myeloid leukemia in second
complete remission: a study by the acute leukemia working party of the
EBMT. Blood Cancer J. 2021;11(5):1–9.TaggedEnd

TaggedP23. Evers G, Beelen DW, Braess J, et al. Outcome of patients with acute mye-
loid leukemia (AML) undergoing allogeneic hematopoietic stem cell trans-
plantation (HSCT) beyond first complete remission (CR1). Blood. 2018;132
(Suppl 1):4649. TaggedEnd

TaggedP24. Niederwieser D, Baldomero H, Szer J, et al. Hematopoietic stem cell trans-
plantation activity worldwide in 2012 and a SWOT Analysis of the World-
wide Network for Blood and Marrow Transplantation Group (WBMT)
including the global survey. Bone Marrow Transplant. 2016;51:778. TaggedEnd

TaggedP25. Aljurf M, Weisdorf D, Alfraih F, et al. Worldwide Network for Blood & Mar-
row Transplantation (WBMT) special article, challenges facing emerging
alternate donor registries. Bone Marrow Transplant. 2019;54:1179–1188.TaggedEnd

TaggedP26. Pasquini MC, Srivastava A, Ahmed SO, et al. Worldwide Network for Blood
and Marrow Transplantation (WBMT) recommendations for establishing
a hematopoietic cell transplantation program (Part I): minimum require-
ments and beyond. Hematol Oncol Stem Cell Ther. 2020;13:131–142. TaggedEnd

TaggedP27. Gratwohl A, Pasquini MC, Aljurf M, et al. One million haemopoietic stem-
cell transplants: a retrospective observational study. Lancet Haematol.
2015;2(3):e91–e100. TaggedEnd

TaggedP28. R: A language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. Available at: https://www.R-proj
ect.org/. TaggedEnd

T aggedP29. Baldomero H, Aljurf M, Zaidi SZA, et al. Narrowing the gap for hematopoi-
etic stem cell transplantation in the East-Mediterranean/African region:
comparison with global HSCT indications and trends. Bone Marrow Trans-
plant. 2019;54:402–417. TaggedEnd

TaggedP30. United Nations. Department of Economic and Social Affairs, Population
Division.World Population Prospects 2019. 2019;1. Online Edition. Rev.TaggedEnd

TaggedP31. Aljurf MD, Zaidi SZ, el Solh H, et al. Special issues related to hematopoietic
stem cell transplantation in the Eastern Mediterranean region and the
First Regional Activity Report. Bone Marrow Transplant. 2009;43(1):1–12. TaggedEnd

TaggedP32. Besse K, Maiers M, Confer D, Albrecht M. On modeling human leukocyte
antigen�identical sibling match probability for allogeneic hematopoietic
cell transplantation: estimating the need for an unrelated donor source.
Biol Blood Marrow Transplant. 2016;22:410–417. TaggedEnd

TaggedP33. Switzer GE, Bruce JG, Myaskovsky L, et al. Race and ethnicity in decisions
about unrelated hematopoietic stem cell donation. Blood. 2013;121:
1469–1476.TaggedEnd

TaggedP34. Gragert L, Eapen M, Williams E, et al. HLA match likelihoods for hemato-
poietic stem-cell grafts in the U.S. Registry. N Engl J Med. 2014;371:339–
387. TaggedEnd

TaggedP35. Khera N, Zeliadt SB, Lee SJ. Economics of hematopoietic cell transplanta-
tion. Blood. 2012;120:1545–1551.TaggedEnd

TaggedP36. 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.TaggedEnd

TaggedP37. Yeshurun M, Wolach O. Autologous hematopoietic cell transplantation for
AML in first remission—An abandoned practice or promising approach?
Semin Hematol. 2019;56:139–146. TaggedEnd

https://doi.org/10.1016/j.jtct.2022.12.013
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0001
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0001
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0002
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0002
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0002
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0003
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0003
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0003
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0003
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0004
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0004
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0004
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0005
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0005
https://seer.cancer.gov/statfacts/html/amyl.html
https://seer.cancer.gov/statfacts/html/amyl.html
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0007
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0007
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0007
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0007
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0008
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0008
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0008
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0009
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0009
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0009
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0010
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0010
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0010
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0010
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0011
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0011
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0012
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0012
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0012
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0012
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0013
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0013
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0013
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0014
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0014
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0014
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0014
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0015
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0015
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0015
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0015
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0016
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0016
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0016
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0016
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0017
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0017
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0017
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0017
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0017
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0017
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0017
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0018
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0018
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0018
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0018
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0018
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0019
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0019
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0019
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0020
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0020
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0020
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0020
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0021
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0021
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0021
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0021
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0022
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0022
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0022
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0022
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0023
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0023
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0023
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0023
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0024
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0024
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0024
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0024
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0025
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0025
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0025
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0026
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0026
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0026
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0026
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0027
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0027
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0027
https://www.R-project.org/
https://www.R-project.org/
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0029
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0029
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0029
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0029
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0030
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0030
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0031
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0031
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0031
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0032
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0032
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0032
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0032
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0032
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0033
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0033
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0033
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0034
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0034
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0034
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0035
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0035
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0036
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0036
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0036
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0036
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0037
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0037
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0037


TaggedEnd279.e10 M.C. Tokaz et al. / Transplantation and Cellular Therapy 29 (2023) 279.e1�279.e10
TaggedP38. Zhao Y, Chen X, Feng S. Autologous hematopoietic stem cell transplanta-
tion in acute myelogenous leukemia. Biol Blood Marrow Transplant.
2019;25(9):e285–e292.TaggedEnd

TaggedP39. Baron F, Efficace F, Cannella L, et al. Long-term follow-up of a trial compar-
ing post-remission treatment with autologous or allogeneic bone marrow
transplantation or intensive chemotherapy in younger acute myeloid leu-
kemia patients. Haematologica. 2020;105(1):e13–e16. TaggedEnd

TaggedP40. Martinez-Cibrian N, Zeiser R, Perez-Simon JA. Graft-versus-host disease
prophylaxis: pathophysiology-based review on current approaches and
future directions. Blood Rev. 2021;48:100792. TaggedEnd

TaggedP41. GooptuM, Antin JH. GVHD prophylaxis 2020. Front Immunol. 2021;12: 605726.TaggedEnd
TaggedP42. Ullmann AJ, Lipton JH, Vesole DH, et al. Posaconazole or fluconazole for pro-

phylaxis in severe graft-versus-host disease. N Engl J Med. 2007;356:335–347.TaggedEnd
TaggedP43. Boeckh M, Ljungman P. How we treat cytomegalovirus in hematopoietic

cell transplant recipients. Blood. 2009;113:5711–5719.TaggedEnd
TaggedP44. Maertens JA, Raad II, Marr KA, et al. Isavuconazole versus voriconazole for

primary treatment of invasive mould disease caused by Aspergillus and
other filamentous fungi (SECURE): a phase 3, randomised-controlled,
non-inferiority trial. Lancet. 2016;387(10020):760–769. TaggedEnd

TaggedP45. Bogler Y, Stern A, Su Y, et al. Efficacy and safety of isavuconazole compared
with voriconazole as primary antifungal prophylaxis in allogeneic
hematopoietic cell transplant recipients.Med Mycol. 2021;59:970–979. TaggedEnd

TaggedP46. Sugita J, Kagaya Y, Miyamoto T, et al. Myeloablative and reduced-intensity
conditioning in HLA-haploidentical peripheral blood stem cell transplan-
tation using post-transplant cyclophosphamide. Bone Marrow Transplant.
2019;54:432–441. TaggedEnd
TaggedP47. Beelen DW, Trenschel R, Stelljes M, et al. Treosulfan or busulfan plus flu-
darabine as conditioning treatment before allogeneic haemopoietic stem
cell transplantation for older patients with acute myeloid leukaemia or
myelodysplastic syndrome (MC-FludT.14/L): a randomised, non-inferior-
ity, phase 3 trial. Lancet Haematol. 2020;7(1):e28–e39. TaggedEnd

TaggedP48. Scott BL, Pasquini MC, Logan BR, et al. Myeloablative versus reduced-
intensity hematopoietic cell transplantation for acute myeloid leukemia
and myelodysplastic syndromes. J Clin Oncol. 2017;35:1154–1161.TaggedEnd

TaggedP49. Song Y, Yin Z, Ding J, Wu T. Reduced intensity conditioning followed by
allogeneic hematopoietic stem cell transplantation is a good choice for
acute myeloid leukemia and myelodysplastic syndrome: a meta-analysis
of randomized controlled trials. Front Oncol. 2021;11:708727. TaggedEnd

TaggedP50. Yanada M, Ota S, Mukae J, et al. Autologous hematopoietic cell transplan-
tation during second or subsequent complete remission of acute promye-
locytic leukemia: a prognostic factor analysis. Bone Marrow Transplant.
2022;57:78–82.TaggedEnd

TaggedP51. Yanada M, Takami A, Mizuno S, et al. Autologous hematopoietic cell trans-
plantation for acute myeloid leukemia in adults: 25 years of experience in
Japan. Int J Hematol. 2020;111:93–102. TaggedEnd

TaggedP52. Jaimovich G, Martinez Rolon J, Baldomero H, et al. Latin America: the next
region for haematopoietic transplant progress. Bone Marrow Transplant.
2017;52:671–677. TaggedEnd

TaggedP53. Correa C, Gonzalez-Ramella O, Baldomero H, et al. Increasing access to
hematopoietic cell transplantation in Latin America: results of the 2018
LABMT activity survey and trends since 2012. Bone Marrow Transplant.
2022;57:881–888. TaggedEnd

http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0038
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0038
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0038
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0039
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0039
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0039
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0039
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0040
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0040
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0040
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0040
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0041
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0042
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0042
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0043
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0043
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0044
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0044
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0044
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0044
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0045
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0045
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0045
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0046
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0046
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0046
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0046
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0047
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0047
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0047
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0047
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0047
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0048
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0048
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0048
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0049
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0049
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0049
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0049
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0049
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0050
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0050
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0050
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0050
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0051
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0051
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0051
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0052
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0052
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0052
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0053
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0053
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0053
http://refhub.elsevier.com/S2666-6367(22)01840-1/sbref0053

	An Analysis of the Worldwide Utilization of Hematopoietic Stem Cell Transplantation for Acute Myeloid Leukemia
	Methods
	Study design and data sources
	Participating groups
	Data Collection

	Results
	Global incidence and use of HSCT for AML
	Utilization of HSCT in AML
	Remission status at time of HSCT
	Donor type for allogeneic HSCT

	Discussion
	Conclusion
	ACKNOWLEDGMENTS
	Supplementary materials
	References



