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Allogeneic hematopoietic stem cell transplantation for
chronic myeloid leukemia in Europe 2006: transplant
activity, long-term data and current results. 
An analysis by the Chronic Leukemia Working Party
of the European Group for Blood and Marrow
Transplantation (EBMT)

The first report of a successful transplant
of bone marrow from syngeneic twin
donors in patients with chronic myeloid

leukemia (CML) 30 years ago marked the
beginning of a new era in the treatment of this
disease.1 It established the concept that CML
could be eradicated by intensive chemoradio-
therapy and transplantation of healthy donor
cells and gave proof of principle that successful
immunotherapy of a hematological malignan-
cy could become reality. The concept was rap-
idly followed by others with transplants from
HLA-identical siblings2-5 and was soon con-
firmed in a series of more than 100 patients by
the International Bone Marrow Transplant
Registry.6 In the 1990s the use of allogeneic
hematopoietic stem cell transplantation
(HSCT) for CML expanded rapidly  and CML
became the most frequent indication for an
allogeneic transplant worldwide.7 Despite its
inherent morbidity and mortality, allogeneic
HSCT became standard care for patients with
CML.8-11 Risk factors were defined and an early
transplant within the first year after diagnosis
became the preferred choice for patients with
a compatible donor.12 Not needing splenecto-
my eased the procedure.13 The successful
introduction of donor lymphocyte infusions in
cases of relapse14-19 further enhanced the suc-
cessful eradication of the Philadelphia positive
clone and paved the way for the introduction
of reduced intensity conditioning trans-

plants.20-26 HSCT became available for patients
of advanced age and with associated co-mor-
bidities. This strategy was changed in 1999
with the advent of a new, specific tyrosine
kinase inhibitor, imatinib mesylate (GlivecR).27-

34 Imatinib blocks BCR/ABL expression and
can induce hematologic and cytogenetic com-
plete remissions far more frequently than
could previous treatments with interferon α or
other agents. Even molecular remissions,
though not durable, can be achieved in some
patients. These excellent short-term results are
obtained with minimal side effects and with
an only once daily oral medication. Although
long-term results with imatinib are lacking, the
big difference in early outcome has challenged
the previous concept of early HSCT for
patients with CML.10 However, the numbers
of transplants for CML declined even before
imatinib became available. It is evident that
information on the current status of HSCT for
CML and up-to-date results are necessary for
adequate patient counselling. 

Design and Methods

Study design 
This retrospective multicenter study by the

EBMT Chronic Leukemia Working Party com-
bines two elements. First it summarizes HSCT
activity for CML in Europe between 1990 and
2004. This period reflects the time span of the
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The introduction of imatinib mesylate has changed attitudes towards hematopoietic
stem cell transplantation (HSCT) for chronic myeloid leukemia (CML). Information on
the current use and results of HSCT is warranted. Data from 592 teams in 42
European countries described their use of HSCT  for CML from 1990 to 2004.
Outcomes were analyzed for 13,416 patients, with a median age of 36 years (range 1-
71 years); 60% were male. The analysis considered three time cohorts, 1980 to 1990,
1991 to 1999 and 2000 to 2003. Survival, transplant-related mortality and relapse
incidence were assessed at 20 years for the first cohort and compared at 2 years
between the three cohorts. The numbers of HSCT for CML increased from 540 allo-
geneic HSCT in 1990 to 1,396 HSCT in 1999 and declined to 802 in 2004. One third
of all patients and half of those with a low risk were alive at 20 years. Survival at 2
years has improved from 53% to 61% in the most recent years due to a reduction in
transplant-related mortality from 41% to 30% in all patients and from 31% to 17% in
low-risk patients. Stage, donor type, time interval, age and donor-recipient sex combi-
nation remain the main risk factors; patients with a risk score of 0 or 1 have a survival
probability of 80% at 2 years. HSCT remains an important treatment option for patients
with CML. The data describe the current status of this option and the outcome a
patient can expect today. They provide an objective basis for decision making.
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annual EBMT activity surveys. Second, it provides long-
term outcome results of a large cohort of patients and
gives perspectives on long term outcome beyond 20 years
after HSCT. Comparison of the outcomes of three cohorts
at 2 years gives an estimate of the improvements over
time with regard to early outcome, e.g. survival and cumu-
lative incidence of transplant-related mortality and
relapse. 

Activity survey
The activity survey of the EBMT was introduced as a

quality control instrument in 1990.35 All member teams
and affiliated transplant teams annually report their trans-
plant numbers for the preceding year, providing data on
the indication for transplantation, donor type and stem
cell source. This survey is estimated to cover over 90% of
all allogeneic HSCT performed in Europe. In 2004, 592
teams from 42 countries participated; 342 did both allo-
geneic and autologous HSCT (58%), 224 restricted their
activity to autologous HSCT (38%) and 6 teams to allo-
geneic HSCT only (1%).  Twenty teams had performed no

transplants in 2004 (3%).36 The participating teams are list-
ed in the Online Appendix. The focus of this report is on
transplant numbers for CML. Information on CML in the
survey is restricted to its phase, first chronic phase or not
first chronic phase. The data on transplants are summa-
rized in absolute numbers and calculated as transplant
rates (number of HSCT per 10 million inhabitants; based
on 2002 census data), as previously published for all par-
ticipating European countries.36 Numbers are expressed for
all transplants combined and for CML specifically. 

Outcome analysis 
All patients transplanted in Europe for CML between

1980 and 2003 and reported to the EBMT were included in
this analysis. Overall, 13,416 patients with sufficient base-
line information were analyzed in three time cohorts as
outlined in Table 1. The median age of these patients was
36 years (range 1-71 years) and 60% were male. The time
periods covered were 1980 to 1990 (2,628 patients, 20%)
1991 to 1999 (58%) and 2000 to 2003 (22%). The time of
the data analysis was December 31st, 2005 which allowed
a minimum follow-up of 2 years for all patients.
Information was obtained in paper form or by the EBMT
data capture system PROMISE (www.ebmt.org). There were
significant differences between the cohorts. The median
age rose from 33 to 37 years, accompanied by an rise in
maximum age from 62 to 71 years and a rise in the propor-
tion of patients above the age of 40 years from 22% to
41% from the first to the last cohort (p< 0.01). The propor-
tion of unrelated donors rose from under 10% (7%) to
more than a third (36%) in the most recent cohort and
there was also a shift in stage of disease towards more
patients being transplanted in second chronic phase or
more advanced stage (p<0.01). The proportions of trans-
plants in first chronic phase or blast crisis remained com-
parable. This trend is reflected in a larger proportion of
patients with higher EBMT risk scores, despite an increase
in numbers of patients transplanted within 12 months of
diagnosis (p<0.01).

Only five patients in the first time cohort were treated
with reduced intensity conditioning, whereas about 17%
of patients were given reduced intensity conditioning in
the most recent cohort.

Statistical analysis
All statistical analyses were performed using SPSS ver-

sion 11 with the exception of the cumulative incidence
analyses which were carried out in NCSS 2001. Analyses
of categorical variables were performed using χ2 tests for
association or a trend test for proportions when categories
were ordered. Survival curves were estimated using the
Kaplan-Meier approach for overall survival. Cumulative
incidence curves were applied to estimate the competing
risks, i.e. transplant related mortality and relapse inci-
dence. The use of cumulative incidences permits a real
estimate of the proportion of patients alive with or with-
out relapse or death from transplant-related causes or
relapse at any given time post-transplant. A Cox model
was used to assess in multivariate analyses the relative
impact of previously defined risk factors: age, stage of dis-
ease, donor type, time interval and donor recipient sex
combination. Calendar period of transplantation, stem cell
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Table 1. Characteristics of patients transplanted for CML during
the three time periods. 

Total 1980-1990 1991-1999 2000-2003 p
number 2628 7770 3018

Age 33 37 37 <0.01*
Median years 1-62 1-71 1-69
(Range)

Numbers
<20 years 320 777 333 <0.01°
20-40 years 1717 4058 1457
>40 years 590 2935 1224

Sex
Male 1537 (59%) 4646 (60%) 1817 (60%) 0.19°
Female 1091 (41%) 3126 (40%) 1201 (40%)

Donor type
HLA-identical sibling 2238 (85%) 4839 (62%) 1698 (56%) <0.01°
Twin 40 (2%) 52 (1%) 22 (1%)
Other family member 164 (6%) 617 (8%) 202 (7%)
Unrelated donor 186 (7%) 2264 (29%) 1096 (36%)

Disease stage
First chronic phase 1828 (70%) 5611 (72%) 2081 (69%) <0.01°
Accelerated phase 444 (17%) 1091 (14%) 327 (11%)
Other 189 (7%) 455 (6%) 438 (14%)
Blast crisis 167 (6%) 615 (8%) 172 (6%)

Stem cell source
Bone marrow 2628 (100%) 6143 (79%) 1397 (47%) <0.01°
Peripheral blood − 1590 (21%) 1593 (53%)

First chronic phase
HLA-id sibling 1621 (89%) 3706 (66%) 1274 (61%) <0.01°
Twin 17 (9%) 41 (1%) 13 (6%)
Other family member 79 (4%) 373 (7%) 108 (5%)
Unrelated donor 111 (6%) 1491 (26%) 686 (33%)

Time interval#
<12 months 1114 (42%) 3757 (48%) 1829 (61%) <0.01°
>12 months 1514 (58%) 4015 (52%) 1189 (39%)

Risk score@

0-1 594 (23%) 1466 (19%) 645 (21%) <0.01°
2-4 1902 (72%) 5582 (72%) 2003 (67%)
>4 132 (5%) 724 (9%) 370 (12%)

Conditioning
Standard 344 (99%) 3555 (94%) 2107 (83%) <0.01°
Reduced intensity 5 (1%) 234 (6%) 436 (17%)

*One-way ANOVA; °all tests are the trend version of the χ2 test. Subtotals do
not always add up to grand totals due to missing values.  #Time from diagnosis
to transplant; @EBMT risk score.12 
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source and type of conditioning regimen were included as
additional elements. Results are expressed as relative risks
in a hazards ratio. The definition of relapse of CML
changed over time. For this analysis, the general crude
information of whether a relapse had or had not occurred,
as reported by the individual team, was used. This was
intended to signify hematologic relapse but cytogenetic
and molecular relapses might inadvertently have been
reported as relapses. In order to test for a potential impact
of calendar period on outcome after relapse a specific
analysis was added. This should detect an influence of
new modalities, such as the introduction of donor lym-
phocyte infusions in 199014-19 or differences in reporting.
The impact of relapse on survival post-relapse was ana-
lyzed as follows. Relapse was evaluated as a time depend-
ent covariate. Its influence on survival at 2 years post-
relapse was compared to that in patients with no relapse
in a Cox model integrating all EBMT risk score factors.
This impact of relapse on 2-year post relapse survival sta-
tus was calculated separately for all three time cohorts. No
attempt was made to estimate current leukemia-free sur-
vival37,38 since information at various time points was insuf-
ficient for too many patients.

Results 

Activity survey: transplant numbers and transplant rates
for CML in Europe 1990 to 2004

Overall, 22,216 HSCT were carried out in Europe in
2004, of which 7,407 were allogeneic (33%) and 14,809
were autologous (67%). As previously reported,36 there
were major differences in transplant rates between the
European countries for HSCT as a whole, for autologous
HSCT (data not shown) and for allogeneic HSCT (Figure
1A).

Of these 22,216 HSCT, 832 (3.7%) were for CML.
These 832 transplants for CML included 802 allogeneic
HSCT [524 performed in first chronic phase (65%) and
278 (35%) in advanced phase] and only 30 autologous
HSCT [11 (37%) in first chronic phase and 19 (63%) in
advanced phase]. Transplant rates differed substantially
between European countries (Figure 1B). There were addi-
tional differences in transplant rates depending on disease
stage. The numbers of HSCT have increased continuously
during the last decade in Europe. Numbers of autologous
HSCT have risen at a slower rate since 1997, whereas allo-
geneic HSCT continued to rise at a rate of 8 -10% per year.
As illustrated in Figure 2A, the rate of traansplants in 2004
was 165 autologous and 82 allogeneic HSCT per 10 mil-
lion inhabitants in Europe. The evolution was different for
CML. The number of allogeneic HSCT for CML rose from
540 in 1990, of which 80% were performed in first chron-
ic phase, to a peak of 1,396 in 1999. The overall number
then declined to 791 in 2003, with a greater decrease for

HSCT for CML in Europe

A

B

Figure 1. Transplant rates in Europe 2004 per 10 million inhabi-
tants per country. A. All allogeneic HSCT only. B. Allogeneic HSCT
for CML only. 
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Figure 2. Development of HSCT in Europe from 1990 to 2004. A.
Absolute numbers () of allogeneic HSCT (blue) and autologous
HSCT (red) and transplant rates (TR) (- - -) per 10 million inhabi-
tants. B. Absolute numbers of allogeneic HSCT (blue) and autolo-
gous HSCT (red) for various stages of CML.
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allogeneic HSCT in first chronic phase than in advanced
phase disease. The number of allogeneic HSCT plateaued
at 802 in 2004. The practice of autologous HSCT for CML
has almost completely come to a halt (Figure 2B).

Outcome analysis 
Long-term outcome of the first cohort

At the time of this analysis, 1,492 of the 2,628 patients
in the cohort transplanted between 1980 and 1989 were
alive (57%) and 1,136 had died: 253 patients were
observed for a follow up period of 15 years and more, 16
for a follow up of 20 years or more. The probability of sur-
vival at 20 years was 34% with a cumulative incidence of
transplant-related mortality at 20 years of 47% and of
relapse of 26%. Survival was clearly influenced by disease
stage at transplant (Figure 3). Survival was better for
patients transplanted from an HLA-identical sibling, trans-
planted in first chronic phase, and for patients with a low
EBMT risk score. Probability of survival at 20 years for the
subgroup of patients transplanted in first chronic phase
from an HLA-identical sibling was 41% with a cumulative
incidence of transplant-related mortality at 20 years of
45% and of relapse of 24%, as illustrated in Table 2.
Almost half of all patients transplanted with an EBMT risk
score 0 or 1 were alive at 20 years post HSCT (49%).
Nearly 40% of all patients transplanted in first chronic
phase are expected to be alive at 20 years. The proportion
of patients who died of transplant-related causes or relapse
and the proportion of patients alive free from disease or
with disease are illustrated in Figure 4. 

Comparison of the outcome of the three time cohorts
at 2 years 

Table 3 documents the main outcomes for the three
time cohorts at 2 years and illustrates the improvements
over time and the main risk factors. In the cohort trans-
planted between 2000 and 2003, probability of survival at
2 years was 61% compared to 53% among those trans-
planted earlier, with a cumulative incidence of transplant-

related mortality at 2 years of 30% (vs 41%) and of relapse
of 22% (vs 14%). The probability of survival at 2 years for
the subgroup of patients transplanted in first chronic phase
from an HLA-identical sibling was 74% (vs 61%) with a
cumulative incidence of transplant related mortality at 2
years of 22% (vs 37%) and of relapse of 18% (vs 11%).
Improvements were observed in all subgroups of patients
for survival as well as for reduction in transplant-related
mortality. Survival was most markedly improved for
patients with an unrelated donor (from 29% to 53%), for
patients transplanted in first chronic phase (from 54% to
70%) and for patients with low EBMT risk score (from
65% to 80%). Transplant-related mortality in the same
groups decreased from 41% to 30% for the whole group,
from 65% to 37% for unrelated transplants, from 38% to
26% for those transplanted in first chronic phase and from
31% to 17% for patients with low EBMT risk score (0-1).
In contrast, there was no improvement in risk of relapse

A. Gratwohl et al.

Table 2. Probability of survival and cumulative incidence of transplant-related mortality and relapse in a cohort of 2628 patients
undergoing allogeneic HSCT for CML between 1980-1990.

At Tx At 2 years At 5 years At 10 years At 15 years At 20 years
N N SURV TRM RI N SURV TRM RI N SURV TRM RI N SURV TRM RI N SURV TRM RI

All patients 2628 1365 50% − − 1154 44% − − 822 39% − − 255 34% − − 16 32% − −
Donor type

HLA-id sibling 2238 1228 53% 38% 14% 1035 46% 41% 21% 738 41% 42% 25% 241 36% 44% 26% 16 34% − −
Twin 40 28 69% 10% 46% 28 53% 10% 54% 13 44% 10% 60% 6 36% 10% 60% − − − −
Other 164 56 32% 50% 14% 47 28% 51% 20% 36 25% 53% 20% 5 25% 54% 22% − − − −
Unrelated 186 53 27% 58% 8% 50 26% 59% 8% 35 22% 60% 9% 3 16% 66% 10% − − − −

Disease stage
1st chronic phase 1828 1069 57% − − 923 51% − − 670 46% − − 219 40% − − 15 38% − −
Accelerated phase 444 175 35% − − 130 29% − − 88 23% 24 20% − − 1 18% −
Other 189 85 42% − − 71 37% − − 43 31% − − 5 25% − − − − − −
Blast crisis 167 36 21% − − 30 18% − 21 16% − − 7 14% − − − − − −
First chronic − − − − − − − − − − − − − − − − − − − − −
phase only
HLA-id sibling 1621 − − − − − − − − − − − − 207 41% 45% 24% − − − −

Risk score*
0-1 541 359 65% − − 319 60% − − 239 55% − − 83 50% − − 8 49% − −
2-4 1080 617 55% − − 528 48% − − 369 43% − − 124 37% − − 7 35% − −
>4 132 41 24% 62% 15% − − − − − − − − 1 14% 67% 20% − − − −

Tx: transplantation; SUR: survival; TRM: transplant-related mortality; RI: relapse incidence; N: number of patients at this time point; At tx: at time
of transplant; cp: chronic phase; *EBMT risk score.12

Figure 3. Survival probability of 2,628 patients transplanted
between 1980 and 1990 according to disease stage at time of
transplant. CP-1: first chronic phase, AP: accelerated phase, BC:
blast crisis, other: all other stages.
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with an increase in relapse from 14% to 22% and prima-
rily an increased risk of relapse in patients transplanted
from HLA-identical siblings and for patients transplanted
in advanced stages or with high EBMT risk scores. The
change in transplanted-related mortality and relapse inci-
dence in low risk patients from the first to the last cohort
is illustrated in Figure 5. 

Main factors influencing outcome
The previously described main pre-transplant risk fac-

tors for outcome12 were confirmed in this analysis.
Survival was better for patients transplanted in chronic
phase than for those transplanted in other stages or blast
crisis due to increased transplant-related mortality and
relapse among patients with more advanced disease.
Survival was better for patients transplanted from an HLA-
identical sibling than for those receiving grafts from anoth-
er family donor or an unrelated donor. This was still valid

for the most recent cohorts, even though substantial
reductions in transplant-related mortality were achieved.
It was true for all disease stages and for the most recent
cohort and patients transplanted in first chronic phase.
Survival was related to the EBMT risk score in all three
cohorts. Both transplant-related mortality and deaths due
to relapse rose with increasing risk score in all three time
cohorts to a similar extent.

Multivariate analysis
The results of the multivariate analysis are summarized

in Table 4. They confirm the constant impact of risk fac-

HSCT for CML in Europe

Figure 4. Survival of 1,828 patients transplanted between 1980
and 1990 in first chronic phase. The cumulative probabilities of
transplant related mortality (TRM) and relapse (REL) are superim-
posed. The fraction above the curves illustrates the proportion of
patients who died from relapse, the fraction between the curve
the proportion of patients alive but after relapse.

Figure 5. Cumulative impact of transplant related mortality (TRM)
(blue) and relapse incidence (REL) (red) in low-risk patients trans-
planted between 1980 and 1990 (upper panels) or between 2000
and 2003 (lower panels). 
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Table 3. Outcome of allogeneic HSCT for CML at 2 years in three cohorts: survival (SUR), transplant-related mortality (TRM) and relapse (RI).

Cohorts N 1980-1990 N 1991-1999 N 2000-2003
SUR TRM RI SUR TRM RI SUR TRM RI

All patients 2628 53% 41% 14% 7771 59% 34% 17% 3018 61% 30% 22%
HLA-id sibling 2238 55% 38% 14% 4838 64% 28% 116% 1698 68% 25% 21%
Other family donor 164 35% 57% 14% 617 49% 43% 16% 202 49% 40% 23%
Unrelated donor 186 29% 65% 12% 2264 49% 42% 16% 1096 53% 37% 14%
Syngeneic twin 40 73% 10% 46% 52 80% 4% 41% 22 82% 5% 50%
First chronic phase 1818 59% 38% 11% 5611 66% 31% 14% 2081 70% 26% 18%
Accelerated phase 444 40% 49% 20% 1091 42% 44% 23% 327 47% 37% 28%
Other 189 46% 39% 20% 615 47% 36% 25% 438 46% 39% 25%
Blast crisis 167 22% 52% 29% 454 22% 48% 35% 172 16% 50% 38%
First chronic phase HLA-id sibling 1621 54% 37% 11% 3706 70% 25% 12% 1274 74% 22% 18%
First chronic phase unrelated 111 38% 59% 10% 1491 56% 38% 12% 686 63% 32% 19%
Risk score* 

0-1 594 54% 31% 13% 1466 74% 22% 13% 645 80% 17% 16%
2-4 1902 51% 42% 15% 5581 58% 35% 17% 2003 60% 32% 22%
>4 132 25% 62% 15% 724 32% 51% 24% 370 38% 41% 31%

$Standard conditioning 344 53% 41% 16% 3555 61% 32% 18% 2107 63% 29% 21%
reduced intensity 5 25% 234 55% 34% 30% 448 55% 31% 33%

$variable introduced at the end of the cohort and not always recorded in in the Registry; *EBMT risk score.12
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tors with similar risk ratios for the individual risk factors.
It is noteworthy that the relative risk (RR) for unrelated
transplants has decreased from 2.2 to 1.5 and that the RR
for transplants in blast crisis has increased from 2.6 to 3.7.
Overall survival has improved by 50% with a RR of 1.0 for
the oldest cohort and a RR of 0.5 for the most recent
cohort. This is due to a halving in transplant-related mor-
tality from the earliest to the most recent cohort. Relapse
as a post-transplant event had a strong impact on survival
in this analysis and the risk of relapse increased the likeli-
hood of subsequent death of any cause 4-fold (HR 4.2)
compared to that of patients alive at the same time post
transplant without a relapse. This risk of subsequent death
in patients with relapse was not different in the three
cohorts. This analysis failed to show a change in the rate
of relapse death over time.

Discussion

This report reflects the past and current use and results
of HSCT for CML in Europe. The numbers of transplants
for CML have changed substantially. They increased rap-
idly up to 1999 and then began to decline despite an over-
all increase of allogeneic HSCT in general in 2000. This
observation is intriguing, since imatinib was approved by

the FDA in October 2001 and only became available in
Europe in 2002. In addition, the differences in the use of
HSCT between European countries are substantial. These
differences are new and are evolving. Only 5 years ago,
CML was the most frequent indication for an allogeneic
HSCT in Europe with the lowest coefficient of variation in
transplant rates.7 There was a clear consensus for early
transplantation.9,10 This strategy changed with the intro-
duction of imatinib.27 For many physicians early transplant
is no longer the first choice management for CML.39 This
is also reflected by an increase in transplants performed at
later stages of the disease.36 It is also interesting to note
that transplant rates for CML are no longer primarily influ-
enced by the economic strength of a country.40 Indeed,
cost considerations might favor HSCT as a once-in-a-life-
time procedure in countries with limited resources in
which lifelong drug treatment with an expensive drug rep-
resents an excessive burden on resources. A recent report
from South America and Mexico41 is clearly compatible
with the situation in Eastern Europe where HSCT remains
the preferred choice.40 This report also describes the
expected outcome from HSCT for CML: half of the
patients transplanted for early disease with an HLA-iden-
tical sibling are alive at 20 years after their transplant. The
marked reduction of transplant-related mortality over
time implies that patients transplanted today can expect

A. Gratwohl et al.

Table 4. Multivariate analysis of factors influencing outcome at 2 years. Results are expressed as hazard ratios.

1980-1990 1991-1999 2000-2003 All*
SUR TRM RI SUR TRM RI SUR TRM RI SUR TRM RI

Age, years
< 20 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
20-40 1.4 1.5 0.8 0.9 1.0 0.9 1.2 1.3 0.9 1.1 1.1 1.1
> 40 1.5 1.8 0.6 1.3 1.4 1.0 1.4 1.5 1.3 1.3 1.5 1.1

Stage
First accelerated phase 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Accelerated phase 1.4 1.3 3.6 1.9 1.7 2.1 1.7 1.4 2.2 1.8 1.6 2.2
Other 1.7 1.2 3.3 3.7 1.5 2.2 1.5 1.3 1.6 1.8 1.4 1.9
Blast crisis 2.6 2.0 6.9 2.0 2.6 4.9 4.1 2.9 4.9 3.7 2.6 4.9

Donor type
HLA-identical sibling 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Other family 1.3 1.4 1.3 1.7 2.0 1.2 1.6 1.5 1.2 1.8 1.7 1.3
Unrelated 2.2 2.2 1.2 1.7 1.9 1.4 1.5 1.6 1.4 1.6 1.8 1.2

Source
Bone marrow 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Peripheral blood n.a. n.a. n.a. 1.0 1.0 1.1 1.2 1.2 1.1 1.1 1.1 1.1

Time interval
<12 months 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
>12 months 1.5 1.6 1.1 1.1 1.1 0.9 1.4 1.4 1.0 1.2 1.3 1.6

Conditioning
Standard 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Reduced intensity n.a. n.a. n.a. 0.8 0.8 1.4 1.0 0.8 1.8 0.9 0.9 1.6

Cohort
1980-1990 1.0 1.0 1.0
1991-1999 0.7 0.6 1.0
2000-2003 0.6 0.5 1.1

*Overall analysis adjusted by cohort to avoid confounding by cohort (i.e. by differences in distribution of the other risk factors among the two cohorts. All hazard ratios
are adjusted for all other factors mentioned (each column represents one Cox model). Hazard ratio > 1 implies increased risk of the (adverse) outcome (= death,
transplant-related death and relapse). SUR: survival; TRM: transplant-related mortality; RI: relapse incidence. 
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far better survival rates at 20 years post-HSCT than those
established long-term results. It is comforting to see the
confirmation of earlier reports5,7,12,42-45 in a very large data-
base with a substantial number of patients observed
beyond 20 years. It is also comforting to see that survival
has improved over time with a marked reduction in trans-
plant related mortality. These findings fit with a recent
publication of the EBMT concerning patients with early
leukemia which documented a significant reduction of
transplant-related mortality over time, mainly due to a
reduction in infectious deaths.45 The reduction in trans-
plant-related mortality has been  most marked in patients
with unrelated donors and in those transplanted with low-
risk disease. These observations are of major importance.
The discussion of whether to do a transplant or not prima-
rily concerns patients with an unrelated donor and
patients with a low risk score. On the other hand, it is sur-
prising and somewhat disappointing that the main risk
factors for outcome, which were described many years
ago,12 still remain valid and remain so for both standard
and reduced intensity conditioning transplants. Reduced
intensity conditioning has increased the use of HSCT
among older patients. The 2-year survival was not differ-
ent in this analysis of CML patients nor was it in a recent
analysis in patients with acute myeloid leukemia.46,47 Stage
of the disease, donor type, donor recipient sex combina-
tion and time interval from diagnosis to transplant deter-
mine the fate of the patient.48-52

A new and disappointing surprise was the finding that
relapse had and still has a major detrimental impact on
survival. Despite the introduction of both donor lympho-
cyte infusions and imatinib-post HSCT, the hazard ratio
for a subsequent death has not changed over the whole 25
years of observation for patients with relapse. These find-
ings indicate that treatment approaches for hematological
relapse after HSCT can alter the course for some patients
but not for all. Relapse remains of concern and further
studies are warranted. 

The data presented from this large heterogeneous group
of patients and transplant teams all over Europe appear
worse than those reported for single center series.45 This is
not surprising but reflects reality. At least, they represent
the minimum a patient can expect from HSCT.
Admittedly, there are drawbacks in this study. No detailed
information is available for the large majority of the
patients concerning transplant technology or, more so,
pretransplant therapy. No information can be drawn con-
cerning the impact of imatinib on transplant outcome
directly. There is a debate on whether imatinib increases
transplant-related mortality or not, similar to the earlier
debate on the impact of busulfan or interferon α on trans-
plant-related deaths. This information will become avail-
able with maturing data from the CML study groups, as
happened for inferferon α. It is interesting to note that in
a recent report of a prospective study cohort with a long
follow-up, patients with complete response to interferon
had the best survival after HSCT.53

Guidelines on the management of CML were published
several years ago by an ASH committee10 and update of
these guidelines is currently being prepared. The data pro-
vided here are not guidelines and yet they do give some

guidance. They provide an estimate of survival probabili-
ty after HSCT. This previously shown long-term benefit54

must be balanced against early transplant-related death
and against the unknown prospect of 20-year treatment
with tyrosine kinase inhibitors. The data provide an addi-
tional estimate of the increased risk to be faced when
transplants are deferred and disease stage changes. The
consequences of these estimates were recently debated.39

Clearly, the general recommendation that all patients with
CML and an HLA-identical donor should be transplanted
within the first 12 months after diagnosis can no longer be
upheld. The approach to patients with high risk disease,
e.g. those with a high Hasford or Sokal risk score, and
with a low-risk donor is no longer the same as for a patient
with low-risk disease and a high-risk donor. Patients with
high risk disease and an EBMT risk score of 0 or 1 should
be considered for early transplants. In contrast, in patients
with low-risk disease, e.g. those with a low Hasford or
Sokal risk score, a prior trial with imatinib might be
favored. An additional element must be taken into
account. Different successful strategies are available today.
A patient’s preference might not be the same as a physi-
cian’s preference. Patients might prefer a low-risk treat-
ment despite its uncertain future or they might prefer an
early risk with a late benefit. Cost needs to be considered
as well. All these points must be discussed with patients at
diagnosis and at defined time-points. In addition, new
developments in drug treatment, e.g. new tyrosine kinase
inhibitors, vaccination strategies and safer transplant pro-
cedures, will increase long-term perspectives for all
patients.55,56 As they stand, the present data give an
overview of risks and benefits from HSCT for CML. They
provide an objective basis for decision making for individ-
ual patients’ and for health care agencies.
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