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Background and Objectives. The management of chronic myeloid leukemia (CML) has
changed radically since the introduction of imatinib therapy. The decision of whether to
offer a patient a hematopoietic stem cell transplant (HSCT) must be based on the
probability of success of the procedure. The aim of this retrospective analysis of 1,084
CML patients who received an allogeneic HSCT in 10 Brazilian Centers between
February 1983 and March 2003 was to validate the EBMT risk score.

Design and Methods. The study population comprised 647 (60%) males and 437
(40%) females, with a median age of 32 years old (range 1 - 59); 898 (83%) were in
chronic phase, 146 (13%) were in accelerated phase and 40 (4%) were in blast crisis;
151 (14%) were younger than 20 years old, 620 (57%) were between 20 and 40 and
313 (29%) were older than 40; 1,025 (94%) received an HLA fully matched sibling
transplant and only 59 (6%) received an unrelated transplant. In 283 cases (26%) a
male recipient received a graft from a female donor. The interval from diagnosis to
transplantation was less than 12 months in 223 (21%) cases and greater in 861
(79%). The overall survival, disease-free survival, transplant-related mortality and
relapse incidence were 49%, 50%, 45% and 25%, respectively.

Results. Of the 1084 patients, 179 (17%) had a risk score of O or 1, 397 (37%) had
a score of 2, 345 (32%) had a score of 3, 135 (12%) had a score of 4 and 28 (2%) a
score of 5 or 6. The overall survival (OS) rate in patients with risk scores 0-1 and 2
was similar (58% and 55%, respectively) but significantly better than that in patients
with scores 3 or more (score 3 - 44%, 4 - 36 % and 5-6 - 27%, respectively) (p<0.001).
Disease-free survival (DFS) and transplant related mortality (TRM) in a patients with a
score of 3 or more were 46% and 49%, respectively and the relapse rate beyond score
5-6 was 77%. Disease status had a negative impact on all outcomes (OS, DFS, TRM,
and relapse). The OS rate for male recipients of a graft from a female donor was 40%
compared to 52% among the other donor-recipient pairs (p=0.004). DFS and TRM were
significant for disease phase and female donor-male recipient (p<0.001 and p<0.003,
respectively). In our experience, age and interval between diagnosis and transplant did
influence OS, DFS, TRM, and relapse rate.

Interpretation and Conclusions. Our results validate the EBMT risk score in the context
of a developing country and confirm its usefulness for making point decisions in the
imatinib era.
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he approach to primary treatment

| for patients with newly diagnosed
chronic myeloid leukemia (CML)

has changed as a result of the effectiveness
and safety of imatinib mesylate.”® This
drug has shown activity in all phases of
CML but the best responses are seen in
the early chronic phase." The results of
the IRIS study of imatinib alone versus
interferon-a (IEN-a) plus cytarabine (Ara-
C) showed that the chance of preventing
progression to accelerated phase or blast
crisis was 97% in a median time of 18
months for patients receiving imatinib
alone versus 93% for those who received
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[EN-a plus Ara-C. This was accompanied
by a significant increase in the number of
patients achieving a major cytogenetic
response (MCR) or a complete cytogenet-
ic response (CCR) to 87% and 76%,
respectively for patients receiving imatinib
versus 34% and 15% for those treated
with IFN-o plus Ara-C." However, 20-
30% of newly diagnosed patients receiv-
ing 400 mg/day of imatinib fail to achieve
a good molecular response™ and a small
proportion has undetectable levels of BCR-
ABL  transcripts.” BCR-ABL positive
hematopoietic progenitors persist in the
marrow of patients in CCR, indicating that



the malignant progenitor may be suppressed but not
eliminated during imatinib treatment.” Besides these
considerations, concerns exist regarding the develop-
ment of resistance to imatinib.""

Allogeneic hematopoietic stem cell transplantation
(HSCT) results in long-term disease control and may
cure selected patients with CML, depending on the
contribution of the graft-versus-leukemia effect.’”
Comparisons of survival rates afforded by various
treatments are used to formulate general treatment
policies but the decision on whether or not to offer
an allogeneic HSCT should be based on the probabil-
ity of success using this procedure. Prognostic scores
incorporating patient — and disease—specific variables
can assist this decision-making.? The European
Blood and Marrow Transplant Group (EBMT)
devised a prognostic score for patients receiving allo-
geneic HSCT based on five variables: donor type,
stage of disease, recipient age, donor-recipient sex
match and interval from diagnosis to transplant. The
different scores resulted in substantially different sur-
vival rates® and this risk score was recently validated
by the International Bone Marrow Transplant
Registry.” In the imatinib era and in situations with
limited resources we need information regarding the
best chance to benefit from HSCT. Our aim was to
validate the EBMT risk score in a Brazilian popula-
tion in order to be able to give adequate counseling
and take decisions in the imatinib era.

Design and Methods

This retrospective study is based on data from
1,084 patients who underwent an allogeneic HSCT
for CML from an HLA-identical sibling or unrelated
donor in 10 Brazilian centers between February 1983
and March 2003. The EBMT score was not used as an
eligibility criterion for transplant all the time. No
patients had previously received imatinib. A stan-
dardized questionnaire was provided to each institu-
tion to collect the data, which included details of the
patient’s age and sex, donor sex, stage of disease, his-
tocompatibility, time from diagnosis to transplant
and outcome. The stage of disease was classified
according to International Bone Marrow Transplant
Registry.* Overall survival and transplant-related
mortality were also recorded for different periods of
time.

EBMT risk-score

The variables were defined as those used to calcu-
late the original EBMT risk score and categorized as
reported by Gratwohl et al.,:* age (under 20, between
20-40, over 40 years old); interval from diagnosis to
transplant, (>1 and =lyear); disease status (chronic,

EBMT risk scores for AHSCT in CML

Table 1. Distribution of patients according to gender and variables
of the EBMT risk score.

Status No. (%)
chronic phase 898 (83)
accelerated phase 146 (13)
blast crisis 40 (4)

Age (years)
<20 151 (14)
20-40 620 (57)
>40 313 (29)

Gender of patient
male 647 (60)
female 437 (40)

HLA - full match
identical sibling 1,025 (94)
unrelated 59 (6)

Gender match donor/recipient
female/male 283 (26)
other 801 (74)

Time from diagnosis
<12 months 223 (21)
>12 months 861 (79)

accelerated or blast crisis); donor-recipient sex match
(female donor for male patient versus other); and
donor type (HLA-identical sibling versus unrelated
donor). The risk-score for an individual patient is
simply the sum of the scores for the risk factors used
to calculate the published EBMT risk score:* donor
type (0 for HLA-identical sibling donor, 1 for a
matched unrelated donor); disease stage (0 for first
chronic phase, 1 for accelerated phase, 2 for blast cri-
sis or higher chronic phase); age of recipient (0 for <
20 years, 1 for 20 — 40 years, and 2 for > 40 years); sex
match (0 for all, except 1 for male recipient /female
donor); and time from diagnosis to transplantation (0
for < 12 months and 1 for > 12 months). No addition-
al prognostic factor was included.

Statistical analysis

The statistical analysis was performed based on
data of March 1%, 2003. The overall survival (OS), dis-
ease-free survival (DES), transplant-related mortality
(TRM) and relapse incidence (RI) were estimated
using the Kaplan-Meier method and cumulative inci-
dence whenever appropriate. Cumulative incidence
was estimated using deaths unrelated to these causes
as competing risks. The EBMT risk score was ana-
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Table 2. Distribution of patients stratified according to EBMT
score.

Score N. %

01 179 17
2 397 37
3 345 32
4 135 12
5-6 28 2

lyzed in a multivariate Cox proportional-hazards
regression model. S-Plus software version 2000 was
used.

Results

The characteristics of the patients according to the
variables used to calculate the risk score are shown in
Table 1. Eight hundred and ninety-eight patients
(83%) were in first chronic phase, 620 (57 %) were
between 20 and 40 years old, 1,025 (94%) received
grafts from HLA identical siblings, and the interval
from diagnosis to transplant was greater than 12
months in 861 (79%) patients. In 283 (26%) cases a
male recipient had a female donor. Only 59 patients
(6%) received grafts from fullly matched unrelated
donors. After a median observation time of 15
months (range: 1-2183), the OS, DFS, TRM and RI
were 49%, 50%, 45%, and 25%, respectively.
Although not incorporated in the EBMT score, it is
important to add that the source of stem cells was
bone marrow in 1,040 cases (95.9%), peripheral
blood progenitor cells in 40 (3.7 %) and cord blood in
just 4 (0.4%). The conditioning regimen used in 86%
of the patients was busulfan (Bu) plus cyclophos-
phamide (CY), whereas 14% received a variety of
other regimens (TBI + CY; Bu + melphalan; TBI + flu-
darabine; fludarabine + melphalan). Graft-versus-
host disease (GVHD) prophylaxis in 94% of the
patients was methotrexate plus cyclosporin A. The
OS rate varied according to the different periods,
being 56% for the years 1998-2003; 49% for 1993-
1997; 38% for 1988-1992 and 25% for 1983-1987,
showing a significant difference between the periods
(p=0.001). TRM was also significantly different
(»<0.001) between the periods being 39% for 1998-
2003; 45% for 1993-1997; 59% for 1988-1992 and
75% for 1983-1987.

Table 2 shows the distribution of patients stratified
according to EBMT risk score from 0 to 6. No
patients had a score of 7. One hundred and seventy-

| 234 | haematologica/the hematology journal | 2005; 90(2)

Relative risk
1)

Median Final value N Events
Snnrel]nn NA 58.5% 179 63
Score 2 NA

100 1 %A & 1 (re
55.4% 307 163  O. 545) 1.19 (0.89-1.59)
1 Scoro 3 29 3% 345 1.53 (1.14-2.04)
Score 4 36.2% 135 77 0. unuaz <0.001) 1.84 (1.32-2.57
Sooedors & 20.4% 25 16 0.00053(<0.001) 246 (147431
g s 1“‘—.,‘_‘“‘\ p=9.1€-005(<0.001)
= Likelil ratio test
= ‘_|_rn_
";- core 0 or 1
=
]
%5 50
>
E Score 4
g
.g 2% Score 5 or 6
e Overall survival according to scores
A
0 T T T T T T 1
0 12 24 36 48 60 72 84
Time from transplants
MedianFinal value N Events pWald Relative rlsk
Sl:nre Oor1 NA  352% 167 51 1 (r
100 Score2  NA  “gi%, 378 144 { (515) 128 o5 1 74
Score 3 NA  48.9% 309 13! l ]
Scored 17 595% 123 66 unooﬂ <0.001) i 1429&
Score50r6 8 59.4% 21 12 0.0091 2.31(1.23-4.32)
= p=0.00072 (<0.001)
t 5 Likelihood ratio test
E Score 5 or 6
- Score 4
k5
2 50 Score 2
E Score 0 or 1
S
e
a 25 -
TRM according to scores
B
0 T T T T T T 1
0 12 24 36 48 60 72 84

Time from transplants

Figure 1. Overall survival according to EBMT risk scores (A) and
transplant-related mortality (B).

nine patients (17 %) had a score of 0 or 1, 397 (37 %)
had a score of 2, 345 (32%) had a score of 3, 135
(12%) had a score of 4, and the remaining 28 patients
had a score of 5 or 6 (2%). The influence of risk score
on outcome of the 1,084 patients is presented in
Figure 1. Patients with a risk score of 3 or above had
higher TRM and lower OS and DES. The relapse rate
was influenced by risk scores 5 and 6. In addition,
disease phase had a negative impact on all outcomes
(OS, DES, TRM, and relapse) (Figure 2). The OS in
chronic phase, in accelerated phase and in blast crisis
was 55%, 28% and 14%, respectively (p<0.001).
Furthermore, OS for male recipients transplanted
from a female donor was 40% compared to 52% (p=
0.004). The patient’s age and time from diagnosis to
transplantation had no influence on the outcome.

Discussion

A large amount of data has been published in
recent years regarding the use of imatinib as front-
line therapy for CML. The high levels of hematolog-
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Disease-free survival according to status

Chronic phase NA 55.4% 782 299 (ref) 1 (ref)
Accelerate phase 9 26.8% 122 826.5e-011(<0.0012) 26 (1.77-2.89)
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Figure 2. Overall survival (A), disease-free survival (B), transplant-related mortality (C) and relapse incidence (D) according to disease status.

ic and cytogenetic responses, combined with the
drug’s safety, have created a new and important par-
adigm in the treatment of CML. However, low lev-
els of molecular response (about 5% using the con-
ventional 400 mg/day dose™ up to about 30% using
a high dose of 800 mg/day,* primary and acquired
resistance, and the possibility of progression, are
the most important concerns that must be analyzed
in order to be able to choose the most effective and
least toxic approach. Allogeneic HSCT has been
demonstrated to be able to cure CML in all clinical
phases. However, the risks of high morbidity and
TRM associated with acute and chronic GVHD
must be considered against the benefit of HSCT.
The present challenge is to identify subsets of
patients best suited to receive either imatinib or
HSCT. Based on our observation and important
papers published by Gratwohl® and then by
Passweg,” patients with low EBMT risk scores (0 to
2) may be the subgroup best treated with HSCT. In

fact, patients with a risk score of 3 or above who are
treated with HSCT have a low OS and DFS and
high TRM and relapse rate. In addition, the status of
disease at transplantation is a powerful predictor of
outcome. Patients in accelerated phase or in blast
crisis have a very bad prognosis. Although HSCT
might be the only treatment able to cure patients in
advanced phase, only a few patients in this sub-
group achieve a long and stable remission or defini-
tive cure. There are currently two important points
that need to be examined: (i) the increase in risk if
imatinib is given first and transplants are performed
only at progression or if imatinib fails; (ii) a defini-
tion of a cohort of patients with such a low chance
of success with HSCT that it is not justifiable to use
the limited resources.

This study was intended to present the results of
CML patients treated with HSCT in a developing
country and validate the EBMT risk score in the
same context. The patients in the study represent
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10 2 Overall survival according to period
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Figure 3. Overall survival (A) and TRM (B) according to period of time.

the evolution and history of 20 years of HSCT for
CML in Brazil. Our data, in an independent popula-
tion, demonstrate that the EBMT risk score is reli-
able and represents a useful guide for clinical deci-
sion-making. Our data differ slightly from those in
Gratwohl!’s original study.” Advanced disease status
and transplantation from a female donor into a male
recipient were the factors with the worst prognostic
impact, whereas patients’ age and time from diag-
nosis to transplant were not significant in either uni-
variate or multivariate analysis. These differences
may be related to differences in the characteristics
of the patients in the two populations: there were
fewer patients in blast crisis in our study than in the
original study (4% vs. 14%), our patients were
much younger, as assessed by the proportion of
patients younger than 20 years (14% in our study
vs. 8% in the original study), and the time from
diagnosis to transplantation was much longer (79%
of our patients were transplanted >12 months after
diagnosis, compared to 51% in the study by
Gratwohl et al.). Regarding the time from diagnosis
to transplant, we speculate that in our country there
is a delay in making the diagnosis and referring the
patient to a bone marrow transplant center. This has
been reported to be the case for Brazilian patients

with acute myeloid leukemia.?

OS and TRM showed a progressive improvement
over time which could be predicted from the
improvements in support treatment, modern typ-
ing, GVHD and CMV control. Despite these slight
differences, our study validates the EBMT risk
score” and confirms its usefulness for point-deci-
sion, especially in choosing the best treatment in
the imatinib era.

CADS, ACV, MAR, MN and, RP were the principal authors.
They were primarily responsible for this paper from the conception
10 the submission of the manuscript. The remaining authors quali-
fied for authorship of the paper according to the World Association
of Medical Editors (WAME) and take spec;ﬁc responsibility for the

ollowing parts of its content: FJ[PA, FLD, LS, A./Vf and, AG revised

it critically for important intellectual content. VVME DT, AMA, RB,
MCMM, RS, GBO, WMW, JCV, BPS, VC, FML, HB, MPDS
and LR collected, analyzed and interpreted the data. RZ and
ECMM were responsible for the statistical analyses. All the
authors discussed and agreed on the final version of the paper.
CADS was responsible for all Tables and Figures. The authors
declare that they have no potential conflicts of interest.

The authors sincerely thank Atlete Rocha for secretatiatal assis-
tance and Daniel Sturaro and Laura Fogliatto for data manage-
ment. Supported in part by FAPESP (Fundagao de Amparo a
Pesquisa do Estado de Sdo Paulo) and Swiss National Research
Foundation, n° 3200BO-106105/1.

Manuscript received October 19, 2004. Accepted December 22,
2004.

References

1.

Goldman JM, Druker BJ. Chronic
myeloid leukemia: current treatment
options. Blood 2001;98:2039-42.

. Goldman JM. Therapeutic strategies

for chronic myeloid leukemia in the
chronic (stable) phase. Semin Hematol
2003;40:10-7.

. Goldman JM, Marin D. Management

decisions in chronic myeloid leukemia.
Semin Hematol 2003;40:97-103.

. Goldman JM, Marin D, Olavarria E,

Apperley JE Clinical decisions for
chronic myeloid leukemia in the ima-

tinib era. Semin Hematol 2003;40:98-
113.

. Deininger MW, O’Brien SG, Ford JM,

Druker BJ. Practical management of

atients with chronic myeloid leu-
Eemia receiving imatinib. J Clin Oncol
2003;21:1637-47.

. Peggs K, Mackinnon S. Imatinib mesy-

late — the new gold standard for treat-
ment of chronic myeloid leukemia. N
Engl J Med 2003;348:1048-50.

. Druker BJ, Sawyers CL, Kantarjian H,

Resta DJ, Reese SE Ford JM, et al.
Activity of a specific inhibitor of the
BCR-ABL tyrosine kinase in the blast
crisis of chronic myeloid leukemia and

| 236 | haematologica/the hematology journal | 2005; 90(2)

. Kantarjian H, Sa

acute lymphoblastic leukemia with
the Philadelphia chromosome. N Engl
] Med 2001;344:1038-42.

ers C, Hochhaus A,
Guilhot E Schiffer C, Gambacorti-
Passerini C, et al. Hematologic and
cytogenetic responses to imatinib me-
sylate in chronic myelogenous leu-
kemia. International STI571 CML
Study Group. N Engl ] Med 2002; 346:
645-52.

. Talpaz M, Silver RT, Druker BJ,

Goldman JM, Gambacorti-Passerini C,
Guilhot E et al. Imatinib induces
durable hematologic and cytogenet-
ic responses in patients with acceler-



10.

11.

12.

13.

14.

15.

ated phase chronic myeloid leukemia:
results of a phase 2 study. Blood 2002;
99:1928-37.
Sawyers CL, Hochhaus A, Feldman E,
Goldman JM, Miller CB, Ottmann
OG, et al. Imatinib induces hemato-
logic and cytogenetic responses in
atients with chronic myelogenous
eukemia in myeloid blast crisis:
results of a phase II study. Blood 2002;
99:3530-9.
O’Brien SG, Guilhot E Larson RA,
Gathmann [, Baccarani M, Cervantes F,
et al. Imatinib compared with interfer-
on and low-dose cytarabine for newly
diagnosed chronic-phase chronic mye-
Ioi<§ leukemia. N Engl ] Med 2003;
348:994-1004.
Hughes TP, Kaeda ], Branford S, Rudzki
Z, %—Iochhaus A, Hensley ML, et al.
Frequency of major molecular respons-
es to imatinib or interferon alfa plus
cytarabine in newly diagnosed chronic
myeloid leukemia. International Ran-
domised Study of Interferon versus
STI571 (IRIS) Study Group. N Engl ]
Med 2003;349:1428-32.
Bhatia R, Holtz M, Niu N, Gray R,
Snyder DS, Sawyers CL, et al
Persistence of malignant hematopoiet-
ic progenitors in chronic myelogenous
leukemia patients in complete cytoge-
netic remission following imatinib
mesylate treatment. Blood 2003;101:
4701-7.
Gorre ME, Mohammed M, Ellwood K,
Hsu N, Paquette R, Rao PN, et al
Clinical resistance to STI-571 cancer
therapy caused by BCR-ABL gene
mutation or amplification. Science
2001;293:876-80.
Shah NP, Nicoll JM, Nagar B, Gorre

16.

17.

18.

19.

20.

ME, Paquette RL, Kuriyan J, et al.
Multiple BCR-ABL kinase domain
mutations confer polyclonal resistance
to the tyrosine kinase inhibitor ima-
tinib (STI571) in chronic phase and
blast crisis chronic myeloid leukemia.
Cancer Cell 2002;2:117-25.

Branford S, Rudzki Z, Walsh S, Grigg A,
Arthur C, Taylor K, et al. High frequen-
cl}ll of point mutations clustered within
the adenosine triphosphate-bindin;
region of BCR/ABE in patients wi
chronic mﬁ/eloid leukemia or Ph-posi-
tive acute lymphoblastic leukemia who
develop imatinib (STI571) resistance.
Blood 2002;99:3472-5.

Hochhaus A, Kreil S, Corbin AS, La
Rosee P, Muller MC, Lahaye T, et al.
Molecular and chromosomal mecha-
nisms of resistance to imatinib
(STI571) therapy. Leukemia 2002;
16:2190-6.

Branford S, Rudzki Z, Walsh §,
Parkinson I, Grigg A, Szer ], et al.
Detection of BC%{—ABL mutations in
patients with CML treated with ima-
tinib is virtually always accompanied
by clinical resistance, and mutations in
the ATP phosphate-binding loop (P-
loop) are associated with a poor prog-
nosis. Blood 2003;102:276-83.
Thomas ED, Clift RA, Fefer A, Appel-
baum FR, Beatty P, Bensinger WI, et al.
Marrow transplantation for the treat-
ment of chronic myelogenous leu-
kemia. Ann Intern Med 1986; 104:155-
63.

Goldman JM, Apperley JE Jones L,
Marcus R, Goolden AW, Batchelor R, et
al. Bone marrow transplantation for
patients with chronic myeloid leuke-

mia. N Engl ] Med 1986;314:202-7.

22.

23.

24.

25.

26.

EBMT risk scores for AHSCT in CML

. Barrett AJ, Malkovska V. Graft-versus-

leukaemia: understanding and using
the alloimmune response to treat
haematological malignancies. Br ]
Haematol 1996;93:754-61.
Passweg JR, Walker I, Sobocinski KA,
Klein JB, Horowitz MM, Giralt SA.
Validation and extension of the EBMT
Risk Score for patients with chronic
myeloid leukaemia (CML) receivin;
aH}(/)geneic haematopoietic stem ceﬁ
transplants. Br ] Haematol 2004; 125:
613-20.
Gratwohl A, Hermans J, Goldman JM,
Arcese W, Carreras E, Devergie A, et
al. Risk assessment for patients with
chronic myeloid leukaemia before
allogeneic blood or marrow transplan-
tation. Chronic Leukemia Workin,
Party of the European Group for Bloo
and Marrow Transplantation. Lancet
1998;352:1087-92.
Speck B, Bortin MM, Champlin R,
Goldman JM, Herzig RH, McGlave PB,
et al. Allogeneic bone-marrow trans-
lantation for chronic myelogenous
Feukaemia. Lancet 1984;1:665-8.
Kantarjian H, Talpaz M, OBrien S,
Garcia-Manero G, Verstovsek S, Giles
E et al. High-dose imatinib mesylate
therapy in newly diagnosed Phila-
delphia chromosome-positive chronic
hase chronic myeloid leukemia.
lood 2004;103:2873-8.
Pulcheri W, Spector N, Nucci M, de
Morais JC, Pimenta G, de Oliveira HP.
The treatment of acute myeloid
leukemia in Brazil: progress and
obstacles. Haematologica 1995; 80:
130-5.

haematologica/the hematology journal | 2005; 90(2) | 237 |



