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HEMATOPOIETIC STEM CELL

transplantation (HSCT) has
become the standard of
care for many patients with

defined congenital or acquired disor-
ders of the hematopoietic system or
with chemosensitive, radiosensitive,
or immunosensitive malignancies.1-3

Over the last 2 decades, HSCT has
seen rapid expansion in use and a
constant evolution in its technology.
Novel indications are currently under
evaluation.4,5 Bone marrow is supple-
mented as a stem cell source by
peripheral blood or cord blood. More
than 14 million typed volunteer
donors or cord blood units from the
many registries worldwide provide
stem cells for patients without family
donors. Novel conditioning regimens
with lower intensity have expanded
the use of HSCT to older patients and
to those with comorbidities.6-9
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Context Hematopoietic stem cell transplantation (HSCT) requires significant infra-
structure. Little is known about HSCT use and the factors associated with it on a global
level.

Objectives To determine current use of HSCT to assess differences in its application
and to explore associations of macroeconomic factors with transplant rates on a global
level.

Design, Setting, and Patients Retrospective survey study of patients receiving
allogeneic and autologous HSCTs for 2006 collected by 1327 centers in 71 participat-
ing countries of the Worldwide Network for Blood and Marrow Transplantation. The
regional areas used herein are (1) the Americas (the corresponding World Health Or-
ganization regions are North and South America); (2) Asia (Southeast Asia and the
Western Pacific Region, which includes Australia and New Zealand); (3) Europe (in-
cludes Turkey and Israel); and (4) the Eastern Mediterranean and Africa.

Main Outcome Measures Transplant rates (number of HSCTs per 10 million
inhabitants) by indication, donor type, and country; description of main differences
in HSCT use; and macroeconomic factors of reporting countries associated with
HSCT rates.

Results There were 50 417 first HSCTs; 21 516 allogeneic (43%) and 28 901 au-
tologous (57%). The median HSCT rates varied between regions and countries from
48.5 (range, 2.5-505.4) in the Americas, 184 (range, 0.6-488.5) in Asia, 268.9 (range,
5.7-792.1) in Europe, and 47.7 (range, 2.8-95.3) in the Eastern Mediterranean and
Africa. No HSCTs were performed in countries with less than 300 000 inhabitants, smaller
than 960 km2, or having less than US $680 gross national income per capita. Use of
allogeneic or autologous HSCT, unrelated or family donors for allogeneic HSCT, and
proportions of disease indications varied significantly between countries and regions.
In linear regression analyses, government health care expenditures (r2=77.33), HSCT
team density (indicates the number of transplant teams per 1 million inhabitants;
r2=76.28), human development index (r2=74.36), and gross national income per capita
(r2=74.04) showed the highest associations with HSCT rates.

Conclusion Hematopoietic stem cell transplantation is used for a broad spectrum
of indications worldwide, but most frequently in countries with higher gross national
incomes, higher governmental health care expenditures, and higher team densities.
JAMA. 2010;303(16):1617-1624 www.jama.com
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Still, HSCT remains associated with
significant morbidity and mortality and
represents one example of high-cost,
highly specialized medicine. It re-
quires significant infrastructure and a
network of specialists from all fields of
medicine. Hence, information on indi-
cations, use of specific technologies, and
trends in the application of HSCT is es-
sential for correct patient counseling
and for health care agencies to pre-
pare the necessary infrastructure and to
avoid planning errors.10-13 In addition,
HSCT is no longer limited to coun-
tries with abundant resources. For se-
lected indications, HSCT might repre-
sent the most cost-effective therapy in
some countries.14 An assessment of
global HSCT activity is warranted.

In view of the increasing numbers of
transplant teams and HSCTs world-
wide and the increasing awareness of
the need for a global perspective for all
cell, tissue, and organ transplants by the

World Health Organization,15 the re-
cently founded Worldwide Network for
Blood and Marrow Transplantation de-
cided to collect standardized HSCT ac-
tivity data on a global level. Results of
the first worldwide HSCT survey are
presented herein.

METHODS
Study Design

This is a retrospective survey among all
HSCT teams known to the investiga-
tors, which was organized by the
Worldwide Network for Blood and
Marrow Transplantation through es-
tablished international and regional or-
ganizations. The study was approved by
the ethics committee of the University
of Basel; and the need for informed con-
sent of patients was waved because no
individualized data was transferred to
the investigators.

The main outcome measures were
the determination of transplant rates

(number of HSCTs per 10 million
inhabitants) by indication, donor type,
and country on a global level. Second-
ary outcomes were the description of
the main differences in HSCT use and
the key macroeconomic factors of the
reporting countries and regions asso-
ciated with their transplant rates.

Participating Groups, Continents,
Countries, and Teams

There were 1327 teams in 71 report-
ing countries over 5 continents (see
eTable at http://www.jama.com) that
provided information on numbers of
HSCT for 2006 by indication and do-
nor type (TABLE 1).16 They were sub-
divided into 4 regions: (1) the Ameri-
cas (the corresponding World Health
Organization regions are North and
South America), (2) Asia (Southeast
Asia and the Western Pacific Region,
which includes Australia and New Zea-
land), (3) Europe (which includes Tur-

Table 1. Hematopoietic Stem Cell Transplants Worldwide in 2006a

Allogeneic Donor
Autologous

Donor
(n = 28 901)

Total
(N = 50 417)

Family
(n = 11 928)

Unrelated
(n = 9588)

Total
(n = 21 516)

Leukemia 8122 (68.1) 7088 (73.9) 15 210 (70.7) 1839 (6.4) 17 049 (33.8)

Acute myeloid leukemia 3907 (48.1) 3119 (44.0) 7026 (46.2) 1372 (74.6) 8398 (49.3)

Acute lymphoblastic leukemia 1799 (22.1) 1850 (26.1) 3649 (24.0) 216 (11.7) 3865 (22.7)

Myelodysplastic, myeloproliferative syndromes 1151 (14.2) 1248 (17.6) 2399 (15.8) 60 (3.3) 2459 (14.4)

Chronic myeloid leukemia 877 (10.8) 519 (7.3) 1396 (9.2) 14 (1.0) 1410 (8.3)

Chronic lymphocytic leukemia 336 (4.1) 269 (3.8) 605 (4.0) 175 (9.5) 780 (4.6)

Other leukemia 52 (1.0) 83 (1.2) 135 (1.0) 2 (�1.0) 137 (1.0)

Lymphoproliferative disorders 2088 (17.5) 1414 (14.7) 3502 (16.3) 23 990 (83.0) 27 492 (54.5)

Plasma cell disorders 546 (26.1) 287 (20.3) 833 (23.8) 11 877 (49.5) 12 710 (46.2)

Hodgkin disease 270 (12.9) 235 (16.6) 505 (14.4) 3275 (13.7) 3780 (13.7)

Non–Hodgkin lymphoma 1109 (53.1) 708 (50.1) 1817 (51.9) 7943 (33.1) 9760 (35.5)

Other lymphoma (type unknown) 163 (8.0) 184 (13.0) 347 (10.0) 895 (4.0) 1242 (5.0)

Solid tumors 113 (1.0) 40 (�1.0) 153 (�1.0) 2772 (9.6) 2925 (5.8)

Neuroblastoma 22 (19.5) 8 (20.0) 30 (19.6) 615 (22.2) 645 (22.1)

Germinal cancer 3 (3.0) 2 (5.0) 5 (3.3) 518 (18.7) 523 (17.9)

Breast cancer 13 (11.5) 4 (5.0) 17 (11.1) 273 (9.8) 290 (10.0)

Ewing sarcoma 17 (15.0) 6 (20.0) 23 (15.0) 176 (6.3) 199 (6.8)

Other 58 (51.3) 20 (50.0) 78 (51.0) 1190 (42.9) 1268 (43.4)

Nonmalignant disorders 1512 (12.7) 884 (9.0) 2396 (11.1) 197 (1.0) 2593 (5.1)

Bone marrow failures 879 (58.1) 457 (52.0) 1336 (55.8) 0 1336 (51.5)

Hemoglobinopathies 348 (23.0) 54 (6.1) 402 (16.8) 3 (1.5) 405 (15.6)

Immune deficiencies 216 (14.3) 241 (27.3) 457 (19.1) 3 (1.5) 460 (17.7)

Inherited diseases of metabolism 63 (4.0) 122 (13.8) 185 (7.7) 2 (1.0) 187 (7.2)

Autoimmune disorders 6 (�1.0) 10 (1.1) 16 (1.0) 189 (96.0) 205 (8.0)

Other 93 (1.0) 162 (2.0) 255 (1.2) 103 (�1.0) 358 (1.0)
aValues are expressed as number (column percentage of total and within subgroup). Percentages may not equal 100% due to rounding.
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key and Israel), and (4) the Eastern
Mediterranean and Africa.

Data were provided by the Asian Pa-
cific Blood and Marrow Transplant
Group, the Australian Bone Marrow
Transplant Recipient Registry, the Ca-
nadian Blood and Marrow Transplant
Group, the Center for International
Blood and Marrow Transplantation, the
Sociedade Brasileira de Transplante de
Medula Ossea, the Eastern Mediterra-
nean Blood and Marrow Transplant
Group, and the European Group for
Blood and Marrow Transplantation (see
eTable at http://www.jama.com).17-20

Collection System
and Data Validation

Data were obtained from mandatory re-
porting systems of initial transplant data
(Australian Bone Marrow Transplant
Recipient Registry, Canadian Blood and
Marrow Transplant Group, and Cen-
ter for International Blood and Mar-
row Transplantation) or collected on
separate survey data forms from indi-
vidual centers or national registries
(Asian Pacific Blood and Marrow Trans-
plant Group, European Group for Blood
and Marrow Transplantation, Eastern
Mediterranean Blood and Marrow
Transplant Group, and Sociedade Bra-
sileira de Transplante de Medula
Ossea).

Data were validated by several inde-
pendent methods. The data were first
confirmed by the reporting team, which
received a computer printout of the en-
tered data. Selective comparison also
was used with Med-A data sets in the
European Group for Blood and Mar-
row Transplantation Promise data sys-
tem or by cross-checking with na-
tional registries. Onsite visits of selected
teams were part of the quality-control
program within the Center for Inter-
national Blood and Marrow Transplan-
tation and the European Group for
Blood and Marrow Transplantation.

Based on quality controls and con-
tacts with regulatory agencies or na-
tional offices, response rates of alloge-
neic HSCT was greater than 95% in
Australia, Brazil, Canada, Europe, Ja-
pan, Korea, Malaysia, New Zealand,

Taiwan, and the United States. No for-
mal response rate can be evaluated for
the other participating countries; there
is no formal regulatory framework for
cross-confirmation. Concerning au-
tologous HSCT, the response rate in Eu-
rope was greater than 90% and it can
be estimated to be between 80% and
90% for Australia, Brazil, Canada, Eu-
rope, Japan, Korea, Malaysia, New Zea-
land, Taiwan, and the United States. For
autologous HSCT, no formal frame-
work exists to capture nonreporting
teams and to validate response rates
with accuracy.

Definitions

This Worldwide Network for Blood and
Marrow Transplantation survey fo-
cused on the numbers of patients
treated for the first time with HSCT in
2006. Information on additional trans-
plants (eg, retransplants or multiple
HSCTs21) was not included.

Transplant rates were computed as
the number of HSCTs per 10 million
inhabitants.21 Transplant rates refer to
the number of transplants in a given
country compared with its own popu-
lation, without adjustments for pa-
tients who cross borders and receive a
HSCT in a foreign country. Popula-
tion data were obtained from the US
census office.

Team density refers to the number
of transplant teams per 1 million inhab-
itants.22 The definition of a team fol-
lowed the principles of the Founda-
tion for the Accreditation of Cellular
Therapy and the Joint Accreditation
Committee of the International Soci-
ety for Cellular Therapy and the Euro-
pean Group for Blood and Marrow
Transplantation.

Transplant rates within the report-
ing participating countries were com-
pared with a range of macroeconomic
health care indicators: gross national in-
come per capita; total health care ex-
penditures; governmental health care
expenditures; adult, infant and mater-
nal mortality rate; number of hospital
beds per capita; cesarean delivery rates;
human developmental index, which is
a composite index reflecting the devel-

opmental status of all countries in the
world in a scale from 0 to 1.0; and team
density, which indicates the number of
transplant teams per 1 million inhab-
itants. Data were obtained from the
World Bank, the World Health Orga-
nization, and the United Nations. Data
from 2006 were used for all compari-
sons whenever possible.

Statistical Analysis

The association of the macroeconomic
factors with HSCT rates was estimated
by single linear and multiple linear
regression analysis, using the least
squares method. The linear relation-
ship, positive or negative, between the
macroeconomic factors and HSCT
rates after transformation was mea-
sured using the t statistic; a level of 5%
was considered significant. The good-
ness of fit was measured using the
coefficient of determination (r2). For
the single and multiple linear regres-
sion analyses, the dependent variables
were transformed to point out the lin-
ear associations. In the multiple
regression analyses, all factors were
assessed for their multicollinearity.
Taiwan and Hong Kong were ex-
cluded from the multiple economic
comparisons because of missing infor-
mation on governmental health care
expenditures. Cesarean delivery rates
were included in the single linear
analyses but not the multiple regres-
sion analyses, because data from too
many countries were missing.

The t test was used to evaluate if the
4 world regions had a significant dif-
ference in the relative proportion of
main indications and donor type (al-
logeneic vs autologous, unrelated vs
family donors); P=.05 was considered
significant. All statistical analyses were
performed with EViews version 5.1
(Quantitative Micro Software, Irvine,
California).

RESULTS
A total 50 417 first HSCTs were re-
ported for 2006; 21 516 allogeneic
(43%) and 28 901 autologous (57%)
(Table 1). The main indications were
lymphoproliferative disorders (27 492
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patients [54.5%]; 3502 allogeneic [13%]
and 23 990 autologous [87%]); leuke-
mias (17 049 patients [33.8%]; 15 210
allogeneic [89%] and 1839 autolo-
gous [11%]); solid tumors (2925 pa-
tients [5.8%]; 153 allogeneic [5%] and
2772 autologous [95%]); nonmalig-
nant disorders (2593 patients [5.1%];
2396 allogeneic [92%] and 197 autolo-
gous [8%]), and other nonspecified dis-
orders (358 patients; 1%).

The most frequent malignant dis-
ease for an allogeneic HSCT was acute
myeloid leukemia (n=7026; 33%), the
most frequent nonmalignant disease
was bone marrow failure syndrome
(n=1336; 6%), and the most frequent
indication for an autologous HSCT was
a plasma cell disorder (n=11 877; 41%).

Most of the 50 417 HSCTs were per-
formed in Europe with 24 216 (48%)
(median [range], 255 [6-4619] per
country) followed by the Americas with
17 875 (36%) (median [range], 61 [8-15
082] per country), Asia with 7096
(14%) (median [range], 139 [5-3823]
per country), and the Eastern Mediter-
ranean and Africa with 1230 (2%) (me-
dian [range], 63 [10-360] per coun-
try). The absolute numbers of HSCTs
in the participating countries ranged
from 15 082 in the United States to 5
in Vietnam.

Transplant Rates in 2006

The median HSCT rates varied be-
tween the continental regions and be-
tween participating countries from 48.5

(range, 2.5-505.4) in the Americas, 184
(range, 0.6-488.5) in Asia, 268.9 (range,
5.7-792.1) in Europe, and 47.7 (range,
2.8-95.3) in the Eastern Mediterranean
and Africa (FIGURE 1). Transplant rates
for allogeneic HSCT ranged from 434.9
in Israel to 0.2 in Vietnam. Transplant
rates for autologous HSCT ranged from
500 in Iceland to 0.3 in Mexico.

Regional Differences in Donor Type
and Main Indications

Overall, there were more autologous
HSCTs (n=28 901; 57%) than alloge-
ne ic HSCTs (n = 21 516 ; 43%)
(TABLE 2). Most of the autologous
HSCTs occurred in the Americas and
Europe. In other regions, allogeneic
HSCTs were more common (Asia:

Figure 1. Global Distribution of Hematopoietic Stem Cell Transplantations (HSCTs) in 2006

The Americas

1 to 49

50 to 299

≥300

Southeast Asia and Western Pacific

1 to 49

50 to 299

≥300

Europe

1 to 49

50 to 299

≥300

Africa and Eastern Mediterranean

1 to 49

0 00 0

50 to 299

No report

Total No. of HSCTs per 10 million population

Regions are colored by World Health Organization regional office code (see text) (http://www.who.int/about/regions/en/). Transplant rates indicate the number of
first HSCTs per 10 million inhabitants in 2006 and are allogeneic and autologous by continental region.
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57.2%; the Eastern Mediterranean and
Africa: 65.3%). The differences in the
prevalences of allogeneic HSCTs and
the proportions of unrelated donor
HSCTs are presented in TABLE 3. The
proportion of unrelated donor HSCT
was highest in Asia (52%), but it was
negligible in the Eastern Mediterra-
nean and Africa (1%).

Leukemia was the main indication for
allogeneic HSCT globally (71% over-
all; the Americas, 68%; Asia, 77%; Eu-
rope, 71%; Eastern Mediterranean and
Africa, 61%). Nonmalignant diseases
comprised about 11% in the Americas,
Asia, and Europe and 34% in the East-
ern Mediterranean and Africa (see
Table 2). Lymphoma was the most com-
mon indication for autologous HSCT
(79%) in the Eastern Mediterranean and
Africa. Plasma cell disorders were the
most common indications for autolo-
gous HSCT in the Americas and Eu-
rope. Compared with Asia, among in-
dividuals in the Eastern Mediterranean
and Africa there were more allogeneic
HSCTs for chronic myelogenous leuke-
mia (28% vs 7%, respectively) and he-
moglobinopathies (26% vs 11%).

Transplant Rates and
Macroeconomic Factors

No HSCTs were performed in coun-
tries with less than 300 000 inhabi-
tants, smaller than 960 km2, or having

less than US $680 gross national in-
come per capita. All macroeconomic fac-
tors had a significant positive or nega-
tive association with transplant rates in
single regression analyses with a widely
variable explanatory content: gross na-
tional income per capita (r2=74.04); total
healthcareexpenditures (r2=73.41); gov-
ernmental health care expenditures
(r2=77.33) (FIGURE 2A and interactive
graphs at at http://www.jama.com);

adult (r2=49.03), infant (r2=66.31), and
maternal (r2=63.21) mortality rates;
hospital beds (r2=32.04); cesarean sec-
tion rates (r2=30.56); and team den-
sity (r2=76.28) (Figure 2B); and hu-
man developmental index (r2=74.36)
(Figure 2C).

The first factor in the multiple lin-
ear regression analysis, government
health care expenditure (GOV), ex-
plained 77.33% of the variance of the

Table 2. Allogeneic and Autologous Hematopoietic Stem Cell Transplants by Regiona

Americas
(n = 17 875)

Asia
(n = 7096)

Europe
(n = 24 216)

Eastern Mediterranean and Africa
(n = 1230)

Total
(N = 50 417)

Allogeneic donor 7527 (42.1) 4058 (57.2) 9128 (37.7) 803 (65.3) 21 516 (42.7)

Relationship
Family 4277 (57.0) 1948 (48.0) 4906 (53.7) 797 (99.3) 11 928 (55.4)

Unrelated 3250 (43.2) 2110 (52.0) 4222 (46.3) 6 (�1.0) 9588 (44.6)

Leukemia 5156 (68.5) 3119 (76.9) 6443 (70.6) 492 (61.3) 15 210 (70.7)

Lymphoproliferative disorders 1466 (19.5) 429 (10.6) 1579 (17.3) 28 (3.5) 3502 (16.3)

Solid tumors 32 (�1.0) 37 (1.0) 83 (1.0) 1 (�1.0) 153 (�1.0)

Nonmalignant disorders 755 (10.0) 418 (10.3) 946 (10.4) 277 (34.5) 2396 (11.1)

Other 118 (2.0) 55 (1.4) 77 (1.0) 5 (�1.0) 255 (1.2)

Autologous donor 10 348 (57.9) 3038 (42.8) 15 088 (62.3) 427 (34.7) 28 901 (57.3)

Leukemia 443 (4.3) 202 (6.6) 1136 (7.5) 58 (13.6) 1839 (6.4)

Lymphoproliferative disorders 8936 (86.4) 2380 (78.3) 12 336 (81.8) 338 (79.2) 23 990 (83.0)

Solid tumors 895 (8.6) 389 (12.8) 1459 (9.7) 29 (6.8) 2772 (9.6)

Nonmalignant disorders 49 (�1.0) 23 (1.0) 123 (1.0) 2 (�1.0) 197 (1.0)

Other 25 (�1.0) 44 (1.4) 34 (�1.0) 0 103 (�1.0)
aValues are expressed as number (column percentage of total and within subgroup). Percentages may not equal 100% due to rounding.

Table 3. Allogeneic and Unrelated Donor Hematopoietic Stem Cell Transplantations (HSCTs)

Comparison
Allogeneic
HSCT, %

Test
Statistic

Critical Value
at 5% Level

Degrees
of Freedom

P
Value

Asia 57
vs Americas 42 3.34 2.16 13 .005
vs Europe 38 4.24 2.20 12 .001

Americas 42
vs Eastern Mediterranean

and Africa
65 −4.21 2.23 11 .002

vs Europe 38 1.66 2.10 18 .11
Europe 38

vs Eastern Mediterranean
and Africa

65 −4.96 2.23 10 .001

Family vs
Unrelated Donor

Eastern Mediterranean and Africa 99
vs Americas 57 −10.00 2.23 11 �.001
vs Asia 48 −8.40 2.20 12 �.001
vs Europe 54 −13.31 2.02 17 �.001

Americas 57
vs Asia 48 −0.92 2.11 17 .37
vs Europe 54 0.15 2.11 17 .88

Asia 48
vs Europe 54 −0.885 2.13 15 .39
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HSCT rates. The second factor, team
density (TD), increased R2 to 79.83%,
and the third factor, gross national in-
come (GNI) per capita, added another
4.41% of explanation. All other fac-
tors, including the human develop-
ment index, became insignificant,
mainly due to multicollinearity with
gross national income per capita,
meaning that several factors did corre-
late highly with each other. There-
fore, the equation of the multiple re-
gressions was

�TR = c1�GOV � c2ln(TD) � c3ln
(GNI) � ε

Hence, the combined explanatory con-
tent was R2=84.24.

COMMENT
This first report by the Worldwide Net-
work for Blood and Marrow Transplan-
tation documents the current state of
HSCT on a global level. It describes the
achievements, illustrates the major dif-
ferences, and points to the key needs.
Transplant activity is concentrated in
countries with higher governmental
health care expenditures, higher gross
national income per capita, and higher
team density. Hence, availability of re-
sources, governmental support, and ac-
cess to a transplant center are the key
factors related to regional HSCT activ-
ity. However, disease prevalence can

differ between regions and could con-
tribute to differences in HSCT rates;
those data were not included in this re-
port.

The close link of HSCT rates with
gross national income per capita was
recognized many years ago; HSCT is an
expensive procedure with a substan-
tial investment for a single patient.21 No
HSCTs were performed in countries
with less than US $700 gross national
income per capita. However, gross na-
tional income per capita explained only
parts of the variations. Therefore, we
were specifically interested in other
macroeconomic factors associated with
HSCT rates. These factors were cho-
sen with intention. They were either di-
rectly linked to availability of re-
sources (gross national income per
capita, health care expenditures), to
governmental support (governmental
health care expenditures), or to the
overall infrastructure in a country (hu-
man development index). Others re-
flect quality measures of the health care
system (mortality rates) or indicate po-
tential overuse of the health care sys-
tem (hospital beds, cesarean deliv-
ery). Of all macroeconomic factors, this
study identified governmental health
care expenditures as the most closely
associated factor with HSCT rates.

Our study could not assess the role
of the health care system in the partici-

pating countries because there is no
globally accepted definition available.
Definitive explanations cannot be given,
but some assumptions can be made.
The cost-effectiveness of HSCT com-
pared with conventional treatment has
at least recently been discussed for pa-
tients with chronic myeloid leukemia
in middle-income countries.14,23 Trans-
plant rates were strongly associated with
team density. There was no indication
for saturation in this association. Hence,
a minimum number of transplant teams
per inhabitants must be available so that
patients have sufficient access. It does
not appear that transplant teams over-
use their infrastructure.22,24 None of the
other traditional health care indica-
tors or the composite human develop-
ment index provided a higher explana-
tory content or added information in
the multiple regression analyses.

There were significant differences be-
tween the regions concerning indica-
tions and donor type, with fewer au-
tologous HSCTs in Asia and the Eastern
Mediterranean and Africa than in the
Americas and Europe. There were more
unrelated donors for HSCTs in the
Americas, Asia, and Europe than in the
Eastern Mediterranean and Africa; the
highest proportion of unrelated do-
nors for HSCTs was in Japan. There also
were more HLA identical sibling do-
nor HSCTs for congenital disorders or

Figure 2. Macroeconomic Factors and Transplant Rates
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for aplastic anemia in countries with
limited resources. A matched sibling do-
nor HSCT might represent the most ef-
ficient way of therapy for a patient with
aplastic anemia, thalassemia, or se-
vere combined immunodeficiency in a
country with some but still limited re-
sources. No induction, consolidation
chemotherapy is needed as would be
the case for patients with acute leuke-
mia.15,23

There are some limitations of this
study that warrant caution in interpre-
tation. The organizations collecting the
data had neither legal enforcement to
obtain nor the possibility to control all
data locally for accuracy and complete-
ness. Cross-checks with national orga-
nizations indicate that the report cov-
ers nearly 100% of all HSCTs within
their country. A few countries choose
not to report any data. Most missing in-
formation relates to numbers of autolo-
gous HSCTs because they are per-
formed in some countries outside of the
realm of national transplant organiza-
tions and in nonuniversity institu-
tions. Despite these limitations, the
main observations of this study regard-
ing the main indications, donor type,
transplant rates, and associations with
macroeconomic factors should re-
main valid. Finally, we had neither in-
formation on outcome of the trans-
plant procedures nor on correctness of
the indication; this is beyond the scope
of this study and would require a much
longer follow-up time.24

This study was in part triggered by
the increasing awareness by scientific
and health care organizations, includ-
ing the World Health Organization, to
address key aspects of cell, tissue, and
organ transplantation on a global level.
In contrast to solid organ transplanta-
tion, HSCT faces limitations other than
donor organ shortage.25 Patients are in
need of a closely matched donor, fam-
ily or unrelated donor, but there are
many unrelated donor registries and
public cord blood banks throughout the
world. In 2008, there were, for the first
time, more unrelated donor HSCTs than
family donor HSCTs reported to the Eu-
ropean survey and more unrelated

HSCTs across than within borders. In
addition to traditional HSCT, novel
treatment forms with hematopoietic
stem cells for nonhematopoietic use or
transplantation of nonhematopoietic
stem cells for organ and tissue repair
are under investigation.26-29 The chal-
lenges with these new forms of therapy
have recently been addressed; stem cell
tourism has become a topic of con-
cern.30 Information on the current sta-
tus of HSCT use has become a neces-
sity for correct patient counseling and
health care planning.

In conclusion, this global overview
on HSCT activity demonstrates that it
is an accepted therapy worldwide, with
different needs and priorities in differ-
ent regions. Transplant activity is con-
centrated in countries with higher
health care expenditures, higher gross
national income per capita, and higher
team density; hence, the availability of
resources, governmental support, and
access to a transplant center deter-
mine regional HSCT activity.
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dicament, Alexion Europe, Pfizer, Merck Sharp and
Dohme, Chugai Sanofi-Aventis, and Novartis.
Role of the Sponsor: The funding organizations and
sponsors of the organizations had no role in the design
and conduct of the study; collection, management,
analysis, and interpretation of the data; and prepara-
tion, review, or approval of the manuscript. Funding sup-
port from corporate members was soley for keeping the
infrastructure of the organizations. No individual pay-
ment was made to any of the persons involved in the
study by the sponsors or organizations.
Disclaimer: The views expressed in this article do not
reflect the official policy or position of the National
Institute of Health, the Department of the Navy, the
Department of Defense, or any other agency of the
US government.
Online-Only Material: eTable and interactive graphs
are available at http://www.jama.com.
Additional Contributions: We greatly appreciate the
cooperation of all participating teams, countries, and
organizations and their staff (see eTable); specifi-
cally, the following: the Australian Bone Marrow Trans-
plant Recipient Registry; the Asian Pacific Blood and
Marrow Transplant Group (Minako Iida, MD, PhD);
Aichi Medical School; the Canadian Blood and Mar-
row Transplant Group; the Center for International
Blood and Marrow Transplantation (Kathy Sobocin-
ski, MS, and Wensheng He, MS); the Medical Col-
lege of Wisconsin; European Group for Bone Mar-
row Transplantation coordination offices in Barcelona,
Spain, Paris, France, and London, England; the Aus-

HEMATOPOIETIC STEM CELL TRANSPLANTATION

©2010 American Medical Association. All rights reserved. (Reprinted) JAMA, April 28, 2010—Vol 303, No. 16 1623

 at University of Basel on May 19, 2010 www.jama.comDownloaded from 

http://jama.ama-assn.org


trian Registry; the Czech Bone Marrow Transplanta-
tion Registry; the French Registry; the German Reg-
istry; the Italian Registry; the Dutch Registry; the
Spanish Bone Marrow Transplantation Registry; the
Swiss Registry; the Turkish Bone Marrow Transplan-
tation Registry; and the British Registry. We also thank
Susanna Stöckli (University Hospital Basel) for excel-
lent secretarial assistance.

REFERENCES

1. Copelan EA. Hematopoietic stem-cell trans-
plantation. N Engl J Med. 2006;354(17):1813-
1826.
2. Appelbaum FR. Hematopoietic-cell transplantation
at 50. N Engl J Med. 2007;357(15):1472-1475.
3. Ljungman P, Urbano-Ispizua A, Cavazzana-Calvo
M, et al; European Group for Blood and Marrow. Al-
logeneic and autologous transplantation for haema-
tological diseases, solid tumours and immune disor-
ders: definitions and current practice in Europe. Bone
Marrow Transplant. 2006;37(5):439-449.
4. Daikeler T, Hügle T, Farge D, et al; Working Party
Autoimmune Diseases of the EBMT. Allogeneic he-
matopoietic SCT for patients with autoimmune
diseases. Bone Marrow Transplant. 2009;44(1):
27-33.
5. Hirano M, Martı́ R, Casali C, et al. Allogeneic stem
cell transplantation corrects biochemical derange-
ments in MNGIE. Neurology. 2006;67(8):1458-
1460.
6. Sorror M, Storer B, Sandmaier BM, et al. Hema-
topoietic cell transplantation-comorbidity index and
Karnofsky performance status are independent pre-
dictors of morbidity and mortality after allogeneic non-
myeloablative hematopoietic cell transplantation.
Cancer. 2008;112(9):1992-2001.
7. Giralt S, Ballen K, Rizzo D, et al. Reduced-intensity
conditioning regimen workshop: defining the dose
spectrum: report of a workshop convened by the cen-
ter for international blood and marrow transplant
research. Biol Blood Marrow Transplant. 2009;
15(3):367-369.
8. Appelbaum FR. What is the impact of hematopoi-
etic cell transplantation (HCT) for older adults with
acute myeloid leukemia (AML)? Best Pract Res Clin
Haematol. 2008;21(4):667-675.

9. Hegenbart U, Niederwieser D, Sandmaier BM, et al.
Treatment for acute myelogenous leukemia by low-
dose, total-body, irradiation-based conditioning and
hematopoietic cell transplantation from related and un-
related donors. J Clin Oncol. 2006;24(3):444-
453.
10. Horowitz MM. Uses and growth of hematopoi-
etic cell transplantation. In: Appelbaum FR, Forman
SJ, Negrin E, Blume KG, eds. Hematopoietic Cell Trans-
plantation. 3rd ed. Hoboken, NJ: Blackwell Publish-
ing; 2009:9-15.
11. Tan SS, Uyl de-Groot CA, Huijgens PC, Fibbe WE.
Stem cell transplantation in Europe: trends and
prospects. Eur J Cancer. 2007;43(16):2359-2365.
12. Saito AM, Cutler C, Zahrieh D, et al. Costs of al-
logeneic hematopoietic cell transplantation with high-
dose regimens. Biol Blood Marrow Transplant. 2008;
14(2):197-207.
13. Cornelissen JJ, van Putten WL, Verdonck LF, et al.
Results of a HOVON/SAKK donor versus no-donor
analysis of myeloablative HLA-identical sibling stem
cell transplantation in first remission acute myeloid leu-
kemia in young and middle-aged adults: benefits for
whom? Blood. 2007;109(9):3658-3666.
14. Gajewski JL, Robinson P. Do affluent societies have
the only options for the best therapy? Leukemia. 2007;
21(3):387-388.
15. Swanson RC, Mosley H, Sanders D, et al. Call for
global health-systems impact assessments. Lancet.
2009;374(9688):433-435.
16. Gratwohl A; European Group for Bone Marrow
Transplantation (EBMT). Bone marrow transplanta-
tion activity in Europe 1990: report from the Euro-
pean Group for Bone Marrow Transplantation (EBMT).
Bone Marrow Transplant. 1991;8(3):197-201.
17. Kodera Y. The Japan Marrow Donor Program, the
Japan Cord Blood Bank Network and the Asia Blood
and Marrow Transplant Registry. Bone Marrow
Transplant. 2008;42(suppl 1):S6.
18. Nivison-Smith I, Bradstock KF, Dodds AJ, et al.
Hematopoietic stem cell transplantation in Australia
and New Zealand, 1992-2004. Biol Blood Marrow
Transplant. 2007;13(8):905-912.
19. Horowitz M. The role of registries in facilitating
clinical research in BMT: examples from the Center for
International Blood and Marrow Transplant Research.
Bone Marrow Transplant. 2008;42(suppl 1):S1-
S2.

20. Aljurf MD, Zaidi SZ, El Solh H, et al. Special is-
sues related to hematopoietic SCT in the Eastern Medi-
terranean region and the first regional activity report.
Bone Marrow Transplant. 2009;43(1):1-12.
21. Gratwohl A, Passweg J, Baldomero H, Horisberger
B, Urbano-Ispizua A; Accreditation Committee of the
European Group for Blood and Marrow Transplanta-
tion (EBMT). Economics, health care systems and utili-
sation of haematopoietic stem cell transplants in
Europe. Br J Haematol. 2002;117(2):451-468.
22. Gratwohl A, Baldomero H, Schwendener A, et al;
Joint Accreditation Committee of the International So-
ciety for Cellular Therapy; European Group for Blood
and Marrow Transplantation; European Leukemia Net.
Predictability of hematopoietic stem cell transplanta-
tion rates. Haematologica. 2007;92(12):1679-
1686.
23. Gratwohl A, Baldomero H, Schwendener A,
Gratwohl M, Urbano-Ispizua A, Frauendorfer K. He-
matopoietic stem cell transplants for chronic myeloid
leukemia in Europe: impact of cost considerations.
Leukemia. 2007;21(3):383-386.
24. Gratwohl A, Stern M, Brand R, et al; European
Group for Blood and Marrow Transplantation and the
European Leukemia Net. Risk score for outcome af-
ter allogeneic hematopoietic stem cell transplanta-
tion: a retrospective analysis. Cancer. 2009;115
(20):4715-4726.
25. Aubrey P, Arber S, Tyler M. The organ donor cri-
sis: the missed organ donor potential from the acci-
dent and emergency departments. Transplant Proc.
2008;40(4):1008-1011.
26. Giordano A, Galderisi U, Marino IR. From the labo-
ratory bench to the patient’s bedside: an update on
clinical trials with mesenchymal stem cells. J Cell
Physiol. 2007;211(1):27-35.
27. Novotny NM, Ray R, Markel TA, et al. Stem cell
therapy in myocardial repair and remodeling. J Am Coll
Surg. 2008;207(3):423-434.
28. Beeres SL, Atsma DE, van Ramshorst J, Schalij MJ,
Bax JJ. Cell therapy for ischaemic heart disease. Heart.
2008;94(9):1214-1226.
29. Einstein O, Ben-Hur T. The changing face of neu-
ral stem cell therapy in neurologic diseases. Arch Neurol.
2008;65(4):452-456.
30. Barclay E. Stem-cell experts raise concerns about
medical tourism. Lancet. 2009;373(9667):883-
884.

HEMATOPOIETIC STEM CELL TRANSPLANTATION

1624 JAMA, April 28, 2010—Vol 303, No. 16 (Reprinted) ©2010 American Medical Association. All rights reserved.

 at University of Basel on May 19, 2010 www.jama.comDownloaded from 

http://jama.ama-assn.org

