










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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