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ABSTRACT
Central nervous system (CNS) involvement in adult acute myeloid leukemia (AML) is rare and associated with
poor outcomes. Therefore, CNS involvement in AML is an indicator for allogeneic hematopoietic stem cell
transplantation (allo-HSCT). However, the impact of CNS involvement in AML on the outcome of allo-HSCT
remains unclear. We performed a large-scale nationwide retrospective analysis to elucidate the outcomes
of allo-HSCT on AML with CNS involvement (CNS+AML). Clinical data were collected from a registry database
of the Japan Society for Hematopoietic Cell Transplantation. CNS involvement was defined as the infiltration
of leukemia cells into the CNS or myeloid sarcoma in the CNS identified at any time from diagnosis to
transplantation. One hundred fifty-seven patients with CNS+AML underwent allo-HSCT between 2006 and
2011. The estimated overall survival, cumulative incidence of relapse and nonrelapse mortality at 2 years for
CNS+AML (51.2%, 30.2%, and 14.5%, respectively) were comparable with those for AML without CNS
involvement (48.6%, 27.4%, and 22.0%, respectively). Univariate and multivariate analyses indicated that the
development of chronic graft-versus-host disease, disease status, and cytogenetic risk category were inde-
pendent prognostic factors for overall survival for CNS+AML. These results suggest that allo-HSCT may
improve outcomes in patients with CNS-+AML.

© 2014 American Society for Blood and Marrow Transplantation.

Article history:
Received 3 July 2014
Accepted 1 September 2014

Keywords:

Acute myeloid leukemia
Central nervous system
involvement

INTRODUCTION

Central nervous system (CNS) involvement in acute
myeloid leukemia (AML) is a rare complication, occurring
in 2% to 5% of patients at the time of AML diagnosis
{1,21. Predisposing factors for AML with CNS involvement
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(CNS+AML) include higher level of lactate dehydrogenase
and WBC counts at diagnosis, chromosome 16 inversion and
chromosome 11 abnormality, French-American-British (FAB)
subgroup M4 and M5, and younger age {3-51.

Outcomes for patients with CNS+AML are poor | 3.5}, and
optimal treatment is yet to be established, mainly because of
the rarity of this condition. Although conventional therapy,
such as intrathecal chemotherapy with methotrexate and/or
cytarabine, irradiation, and systemic chemotherapy with
high-dose cytarabine, are effective, the remission duration is
short and relapse rate is high | 5-7. Dekker et al. {3} reported
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the median survival time after diagnosis of CNS disease was
about 10 months without allogeneic hematopoietic stem cell
transplantation (allo-HSCT). Therefore, allo-HSCT is consid-
ered optimal for patients with CNS+AML. However, the
impact of CNS involvement on the outcomes after allo-HSCT
remains unclear. Therefore, we conducted a nationwide
retrospective study to examine the outcome of patients with
CNS+AML who underwent allo-HSCT.

METHODS
Study Population

Clinical data were collected from the registry database of the Japan
Society for Hematopoietic Cell Transplantation. Patients with AML
(excluding acute promyelocytic leukemia) older than age 15 years who
underwent allo-HSCT for the first time between January 2006 and
December 2011 were extracted from the database. We retrospectively
analyzed the clinical features and the outcome of patients with CNS+AML.
Outcomes after allo-HSCT for patients with CNS+AML were compared with
those of patients with AML without CNS involvement {CNS~AML), and
prognosis factors for overall survival (05) in patients with CNS+AML were
examined. This study was approved by the Institutional Review Board of the
Tokyo Metropolitan Otsuka Hospital.

Statistical Analysis

08 was defined as the number of days from allo-HSCT until death from
any cause. The incidence of relapse was defined as the number of days from
allo-HSCT to relapse of the underlying disease. Nonrelapse mortality (NRM)
was defined as the number of days from allo-HSCT to death without relapse,
Any patient who was alive at the last follow-up date was censored. 05 and
NRM were analyzed in all patients, and relapse was analyzed in patients
who achieved complete remission (CR).

CNS involvement was defined as infiltration of leukemia cells into the
CNS or myeloid sarcoma in the CNS, as identified at any time from diagnosis
to transplantation. Patients with other concurrent extramedullary disease
were included,

The myeloablative conditioning (MAC) regimen was classified as either
total body irradiation (TBI) >8 Gy or regimens containing oral busulfan
>9 mglkg {or intravenous injection in equivalent doses) or melphalan
=140 mg/m?. Other regimens were classified as reduced-intensity condi-
tioning {91. Cytogenetic subgroups were classified according to the South-
west Oncology Group definition {10 HLA mismatch was defined as
incompatibility between the recipient and donor when at least a 1-antigen
mismatch was detected at the serological level of HLA-A, -B, or -DR.

Fisher's exact test and the Mann-Whitney test were used for comparison
of categorical and continuous variables, respectively. 0OS was estimated by
the Kaplan-Meier method and was compared using a log-rank test. Relapse
and NRM were considered competing risk events for each other and were
compared using Gray's test. The Cox proportional hazard model was used for
multivariate analysis of prognostic factors. Covariates found to be significant
in univariate analysis (P < .1) were included in the model. The following
variables were compared in univariate analysis: age at allo-HSCT, gender,
donor source, serological HLA mismatch, donor-recipient gender
mismatch, gender, ABO mismatch, FAB classification (M4/M5 or others) and
conditioning regimen (non-TBI-based MAC, TBiI-based MAC, or reduced-
intensity conditioning), Eastern Cooperative Oncology Group performance
status, cytogenetic risk category, and incidence of acute or chronic
graft-versus-host disease (GVHD). The impact of chronic GVHD on other
outcomes was always studied as a time-dependent variable. P values were
2-sided, and differences were considered to be statistically significant when
P <.05. All statistical analyses were performed using EZR (R version 2.13.0
111

RESULTS
Patient Characteristics

Of the 5068 AML patients who underwent first allo-HSCT,
157 patients were CNS+AML and 4911 patients were
CNS—AML. Table 1 shows their clinical characteristics. The
median age was lower and the proportion of male patients
was higher in the CNS+AML group than in the CNS—AML
group. A higher proportion of patients had non-CR disease
status and worse Eastern Cooperative Oncology Group per-
formance status at allo-HSCT in the CNS+AML group than in
the CNS—AML group. The proportion of patients receiving
TBI-based MAC regimens was higher in the CNS-+AML group
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Table 1
Patient Characteristic
CNS+AML CNS—AML r

Median age, yr {range) 451(17-68) 50 (16-82) <.001

<50 99 (63.1%) 2434 (49.6%)

=50 58 (36.9%) 2477 (50.6%) <.001
Gender

Male 109 (69.4%) 2877 (58.6%)

Female 48 {30.6%) 2034 (41.4%) 006
Disease status

CR 66 (42.0%) 2602 (53.0%)

MNon-CR 91 (58.0%) 2308 (47.0%) 007
Donor source

Related 40 (25.5%) 1557 (31.7%)

Unrelated BM/PB 75 (47.8%) 1959 (39.9%)

Unrelated CB 42 {26.8%) 1385 (28.2%) 123
Serological HLA match

Match 95 (60.5%) 2851 (58.1%)

Mismatch 62 (39.5%) 2045 (41.6%) 622
Conditioning

TBI-based MAC 88 (56.1%) 1992 (40.6%)

Non-TBl-based MAC 29 (18.5%) 1273 (25.9%)

RIC 40 (25.5%) 1624 (33.1%) =.001
Performance status

0,1 125 (79.6%) 4360 (88.8%)

2-4 31(19.7%) 523 {10.6%) .001
Cytogenetic risk category

Favorable 34 (21.7%) 544 (11.1%)

Intermediate 62 (39.5%) 2287 (46.6%)

Unfavorable 55 (35.0%) 1485 (30.2%)

Unknown 4(2.5%) 465 (9.5%) <.001
FAB classification

M4/5 67 (42.7%) 1100 (22.4%)

Other 84 (53.5%) 3395 (69.1%) <.001

BM indicates bone marrow; PB, peripheral blood; CB, cord blood; MA,
myeloablative conditioning; RIC, reduced-intensity conditioning.

than in the CNS—AML group. The incidence of favorable
cytogenetic risk category and M4/M5 FAB classification was
higher in the CNS+AML group than in the CNS—AML group.

Transplantation Outcomes of the CNS+AML Group and
CNS—AML Group

The probability of OS was comparable in the CNS+AML
group and the CNS—AML group (2-year OS rates in the
CNS+AML group and the CNS—AML group were 51.2% and
48.6%, respectively [P = .847]; Figure 1A). Subgroup analysis
according to age, disease status, and cytogenetic risk cate-
gory was performed. The probability of OS in the CNS--AML
group and the CNS—AML group was similar in both patients
younger than 50 years and patients aged 50 years or older
(Figure 1B), in both patients with CR and non-CR at the time
of allo-HSCT (¥igure 1C), and in patients with all cytogenetic
risk categories (Suppiemental Figure 1). The cumulative
incidence of relapse and NRM were not significantly different
(2-year cumulative incidences of relapse in the CNS+AML
group and the CNS—AML group were 30.2% and 27.4%,
respectively [P = .418] [Figure 2A], and the 2-year NRM rates
in the CNS+AML group and the CNS—AML group were 14.5%
and 22.0%, respectively [P = 142] [Figure ZB]). Multivariate
analysis showed that CNS involvement did not affect OS
significantly after adjusting for covariates (Table 2).

Outcome of Allo-HSCT for OS in the CNS--AML Group
Further analysis of the CNS+AML group was performed.
Six patients received CNS irradiation as part of the condi-
tioning regimen; their OS did not significantly differ from
that of patients who did not receive CNS irradiation
(P = .343). Multivariate analysis showed the development of
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Figure 1. Surviva] of patients stratified by CNS involvemnent. (A) OS of all patien
patients grouped according to disease status at transplantation.

chronic GVHD (hazard ratio [HR] = .471; 95% confidence
interval [Cl], .232 to .956; P =.037), non-CR at the time of
allo-HSCT (HR = 4.11; 95% CI, 2.10 to 8.04; P < .001), and
intermediate (HR = 4.185; 95% (I, 1.55 to 11.3; P =.005) and
poor (HR = 3.59; 95% (I, 1.32 to 9.79; P = .012) cytogenetic
risk categories were independent prognostic factor for OS
(Table 3).

Forty-three patients developed relapse after allo-HSCT;
systemic relapse other than CNS and CNS relapse occurred
in 21 patients and 10 patients, respectively. The relapse site
was not known in 12 patients.

1.0
P=.418

0.8
g AML CNSneg (n=4363)
g AML CNSpos (n=128)
o
2
ks
=2
£0.4
$)

Time (years)

ts in the study. (B) OS of patients grouped according to age at transplantation. (C) OS of

DISCUSSION

The current analysis showed the estimated OS, relapse,
and NRM rates were comparable in the CNS+AML and
CNS—AML groups. Although there were significant differ-
ences in patient characteristics between the CNS+AML group
and the CNS—AML group, subgroup analyses according to
age, disease status, and cytogenetic risk category showed
similar results to those observed in the entire study popu-
lation. CNS+AML patients were significantly younger than
CNS—AML patients; however, Figzure 1B shows CNS involve-
ment did not affect transplantation outcome in both patients

B
1.0
P= 142

o
i

— AML CNSneg(n=4832)
--- AMLCNSpos(n=152)

°
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o
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Figure 2. Cumulative incidence of events after transplantation stratified by CNS involvement. (A) Cumulative incidence of relapse of patients who achieved CR.

(B) Cumulative incidence of NRM of all patients.
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Table 2
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Univariate and Multivariate Analysis of 0S in All Patients

Variables Risk Factors  Univariate  Multivariate
P HR 95% Cl r
CNS No 847 1
involvement
Yes 106 .806-1.40 664
Age, yr <50 <.001 1
=50 1.53  1.36-1.73 «.001
Gender Male =.001 1
Female 911 .822-1.01 074
Disease status  CR «.001 1
Non-CR 241 217-2.68 <001
Donor source Related <.001 1
Unrelated 945 825-1.08 414
BM/PB
Unrelated CB 82 .693-971 021
HLA match Match <001 1
Mismatch 1.06  .913-1.23 438
Conditioning Non-TBI- <001 1
regimen based MAC
TBI-based 1.09  947-1.25 231
MAC
RIC 979 .856-1.12 757
Performance 0.1 <001 1
status
2-4 1.63  1.38-1.92 «.001
Cytogenetic Favorable <.001 1
risk category
Intermediate 964 .811-1.15 674
Unfavorable 1.35  1.13-1.61 <.001
Unknown 113 .907-1.41 276
Acute GVHD No <.001 1
Yes 1.17  1.06-1.30  .003
Chronic GVHD  No =001 1
Yes 645 574-724 <001

younger than 50 years and patients aged 50 years or older.
Furthermore, multivariate analysis showed that CNS
involvement did not significantly affect 0S. These results
suggest that allo-HSCT may decrease the relapse rate and
overcome the poor prognosis otherwise associated with
CNS--AML. This notion is consistent with the observations of
Shihadeh et al. |3}, in which 4 of 5 patients who survived for
more than 18 months received allo-HSCT. The clinical char-
acteristics of patients with CNS+AML in this study were
consistent with those seen in previous studies {3-51.
Mayadev et al. | 12] and Bommer et al. { 13| reported that
persistent CNS involvement at the time of allo-HSCT was
associated with dismal outocomes. However, the current
study included patients in CR at the time of allo-HSCT. These
differences of patient populations appear to be cause of the

discrepancy.

Table 3
Univariate and Multivariate Analysis of OS in CNS-+AML Patients

Variables Risk Factors  Univariate Multivariate
P HR 95% Cl P
Chronic GVHD  No .024 1
Yes 471 .232-956  .037
Disease status CR <.001 1
Non-CR 411  2.10-8.04 <.001
Performance 0,1 <.001 1
status
2-4 1.86 .927-3.72 .082
Cytogenetic risk Favorable .04 1
category
Intermediate 419 1.55-11.3  .005
Unfavorable 3.59 1.32-979 .012
Unknown 334 .640-174 153

-300 -

The current analysis showed a significantly higher
population of CNS-+AML patients was in non-CR at the time
of allo-HSCT compared with CNS—AML patients. Further,
patients with CNS+AML in non-CR had poor outcomes,
similar to previous studies [ 12,13 ], These results suggest that
additional therapy should be considered for these patients;
whereas the benefit of intrathecal chemotherapy after allo-
HSCT as maintenance therapy is controversial | 14-171, addi-
tional cranial irradiation for remaining CNS disease might
improve outcomes for AML patients after allo-HSCT [12].
Because only 6 patients received CNS irradiation as part of
the conditioning regimen in our cohort, we could not suffi-
ciently evaluate the role of CNS irradiation. Therefore,
optimal additional treatment for patients with CNS+AML
remains unclear, and further study is necessary.

Because lumbar puncture and intrathecal prophylaxis are
not routinely performed in AML patients [ 18], CNS involve-
ment was not evaluated in all patients. However, the inci-
dence of CNS involvement is compatible with that seen in a
previous report {2|. Therefore, it is considered that our
cohort included a substantial proportion of those with
CNS-+AML from the entire registry population.

The current analysis showed a higher proportion of
patients had worse Eastern Cooperative Oncology Group
performance status at allo-HSCT in the CNS+AML group
compared with the CNS—AML group. It may be suspected
that some CNS+AML patients could not receive allo-HSCT
due to poor performance status or severe comorbidity.

This analysis had some limitations. First, the data about
pretransplant therapy were lacking. The pretransplant ther-
apy for the CNS+AML group likely differed from that of the
CNS—AML group and contributes to the overall outcomes for
these patients, possibly with respect to relapse and NRM.
Second, the CNS+AML group only represents 3% of the entire
data set. Thus, there may not be enough power to detect a
small difference in outcomes between the CNS+AML and
CNS—AML groups.

In conclusion, our study showed that outcomes after
allo-HSCT were comparable in CNS-+AML and CNS—AML
patients. Furthermore, the outcomes for patients in CR were
similar when comparing CNS+AML and CNS—AML patients.
To the best of our knowledge, the current nationwide
retrospective analysis included the largest number of pa-
tients with CNS+AML who have undergone allo-HSCT within
the published literature. Therefore, the current study may be
useful in deciding whether patients with CNS-+AML should
undergo allo-HSCT.
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Abstract We retrospectively compared transplant out-
comes for related bone marrow transplantation (rBMT),
related peripheral blood stem cell (transplantation
(PBSCT), unrelated bone marrow transplantation (uBMT),
and unrelated cord blood transplantation (CBT) in 1,062
patients with chronic myeloid leukemia (CML) aged
20 years or over between January 1, 2000 and December
31, 2009 in Japan. The disease status was as follows:
chronic phase 1 (CP1, n = 531), CP 2 or later including
accelerated phase (CP2-AP, n = 342) and blastic crisis
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(BC, n = 189). Graft sources (GS) were rBMT (n = 205),
uBMT (n = 507), rPBSCT (n = 226) or CBT (n = 124).
In multivariate analysis in CP1, lower overall survival (OS)
(relative risk [RR]: 6.01, 95 % confidence interval [CI]:
1.20-29.97, P = 0.029) and leukemia-free survival (LFS)
(RR: 426, 95 % CI. 1.24-14.62, P = 0.021) were
observed in uBMT compared with those in rBMT. For
patients in the advanced phase of CML beyond CP1, GS
had no significant impact on OS or LFS. Our results sup-
port the use of tBMT for adults with CML in CP1, but in
contrast to previous reports, the superiority of rPBSCT in
advanced stage of CML was not confirmed in our cohorts.

Keywords Chronic myeloid leukemia - Allogeneic
hematopoietic stem cell transplantation - Graft sources

K. Miyamura
Department of Hematology, Japanese Red Cross Nagoya Daiichi
Hospital, Nagoya, Japan

T. Mori
Division of Hematology, Department of Medicine, Keio
University School of Medicine, Tokyo, Japan

M. Kurokawa
Department of Cell Therapy and Transplantation Medicine, The
University of Tokyo, Tokyo, Japan

S. Taniguchi
Department of Hematology, Toranomon Hospital, Tokyo, Japan

J. Ishikawa
Department of Hematology and Chemotherapy, Osaka Medical
Center for Cancer and Cardiovascular Diseases, Osaka, Japan

Y. Morishima
Division of Epidemiology/Prevention, Aichi Cancer Center
Research Institute, Nagoya, Japan

-303 -



Clinical impact of graft sources on transplant outcome in CML

297

Introduction

According to the Japan Society for Hematopoietic Cell
Transplantation  (JSHCT), the number of transplants
reported annually for the treatment of CML was 3006 in
2000, but drastically dropped to 406 transplants in the year
2009. Unsurprisingly, the drop in transplant activity was
observed in Japan after imatinib (JM) became available as
an experimental drug in 2000 and subsequently as a
frontline treatment for CML in 2001. Thus, the excellent
outcomes demonstrated by tyrosine kinase inhibitors
(TKIs) argue against the use of allogeneic hematopoietic
stem cell transplantation (allo-HSCT) as an upfront therapy
for CML in CP1; allo-HSCT is currently recommended for
patients with a T3151 mutation, or who failed TKIs and
progress to advanced phase disease [I-6]. Moreover, the
newly launched third generation TKI, ponatinib, having a
unique binding mechanism allowing inhibition of BCR-
ABL kinases, including those with the T3151 mutation may
further narrow the range of transplant indication [7, 8].
Therefore, those CML patients who undergo allo-HSCT
represent a selection of high-risk patients due to more
advanced disease with high rates of accelerated or blast
phase. To improve transplant outcomes, comprehensive
approaches in transplant strategies including timing, choice
of conditioning and GS, maintenance therapy might be
needed for those CML patients being selected nowadays
for allo-HSCT. The main purpose of this study was to
analyze the impact of GS on transplant outcome for
patients with CML in the era of TKls, particularly the role
of GS in each disease status. We also clarified the prog-
nostic factors for transplant outcomes in each disease sta-
tus. We herein report our analysis of 1,062 patients, whose
complete registry-based clinical data which were provided
by the JSHCT.

Patients and methods
Patients

Data on a total of 1,143 patients of at least 20 years of age
who had undergone allogeneic bone marrow, peripheral
blood, or cord blood transplantation for CML between

Y. Morishima
Japan Marrow Donor Program, Tokyo, Japan

Y. Atsuta
Department of HSCT Data Management/Biostatistics, Nagoya
University Graduate School of Medicine, Nagoya, Japan

Y. Atsuta - H. Sakamaki
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January 1, 2000 and December 31, 2009 were initially
collected through the Transplant Registry Unified Man-
agement Program (TRUMP). Eighty-one patients were
excluded from the analysis, because one or two critical data
such as alive, relapse, and engraftment status with or
without date of onset were missing. Other missing data
were dealt as missing data in the study and the analysis
numbers in each variable were described, respectively.
This included data from the Japan Cord Blood Bank Net-
work (JCBBN), the Japan Marrow Donor Program
(JMDP), and JSHCT. These are the 3 largest allo-HSCT
registries in Japan, and their roles have been described
previously [9]. The study was approved by the data man-
agement committees of JSHCT, as well as by the ethical
committee of Tokyo Metropolitan Cancer and Infectious
Disease Center, Komagome Hospital (Tokyo, Japan),
where this study was organized.

Statistical analysis

The outcome endpoints were neutrophil recovery, platelet
recovery, acute and chronic GVHD, relapse, transplanta-
tion-related mortality (TRM), overall survival (OS), and
leukemia-free survival (LFS). The definitions of the sta-
tistical models used were in accordance with the statistical
guidelines of the European Group for Blood and Marrow
Transplantation (EBMT) (http://www.ebmtorg/I Whati
sEBMT/whatisebmtZ.htiml).  Neutrophil recovery was
defined by an absolute neutrophil count (ANC) of at least
0.5 x 10°/L for 3 consecutive days, with the first day
considered as the recovery day. Platelet recovery was
defined by a non-transfused platelet count of at least
20 x 10%/L for 3 consecutive days. Deaths occurring
before day 90 or day 180 were considered as competing
risks for neutrophil or platelet recovery, respectively. The
graft failure rate for neutrophils was calculated for patients
living without relapse for more than 30 days. Acute and
chronic GVHD were diagnosed and graded at each center
according to the standard criteria [10-12]. Relapse was
defined on the basis of the reappearance of the blast or
Philadelphia chromosome (Ph) or BCR-ABL] transgene by
cytogenetic and/or molecular analysis, including polymer-
ase chain reaction and fluorescence in situ hybridization.
TRM was considered a sole cause of non-leukemic deaths
occurring after transplantation; OS was defined as the time
between transplantation and death due to any cause; LFS
was defined as the time interval from allo-HSCT to a first
event, either relapse or death, in patients achieving com-
plete remission. HLA antigen disparities were categorised
as either GVHD or rejection direction. Low-resolution
antigens of HLA-A and HLA-B were identified for all
patients by serologic typing or low-resolution molecular
typing methods. While, HLA-DRB1 alleles were
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determined by high-resolution molecular typing using the
sequence-based HLA typing method. In rBMT, HLA-
DRBI1 alleles were counted as identical, if the low-reso-
lution antigens of HLA-A, B, and DR were identical. Data
on HLA-DRBI allele were not fully available; there were 2
lacking data in CP1, 4 lacking data on CP2-AP and 2
lacking data in BC. Detail of HLA disparity toward either
rejection or GVHD are noted in Table 1 and Supplemen-
tary Table 1.

Adjusted probabilities of OS and LFS were analyzed
using Cox proportional-hazards regression model. The
variables used were patients’ age at HSCT, patients’ sex,
body weight at HSCT, time from diagnosis to HSCT,
ABO mismatch, conditioning regimen, imatinib admin-
istration, kind of GVHD prophylaxis, and year of HSCT.
Variables with more than two categories were dichoto-
mized for the final multivariate analyses. Variables were
dichotomized as the followings: patient’s age at HSCT

Table 1 Characteristics of patients with CML in CP1, CP2-AP, and BP

younger or older than median; patient’s body weight at
HSCT lighter or heavier than median; time from diag-
nosis to HSCT <1 year or >1 year. ABO major mis-
match or others; myeloablative conditioning regimen or
others; cyclosporine-based GVHD prophylaxis regimen
or tacrolimus-based; year of HSCT before or after 2004.
The endpoints of neutrophil and platelet recovery, acute
GVHD and chronic GVHD, relapse and TRM were
analyzed using cumulative incidence curves that esti-
mated incidence according to the Fine and Gray models,
in which we first used univariate models that contained
each of the variables one at a time. Then all variables
with a P < 0.05 by the likelihood-ratio test were inclu-
ded in a multivariate model.

Cause-specific hazard ratios were estimated with 95 %
confidence intervals (CIs). Statistical analysis was per-
formed with the R Foundation statistical computing pack-
age, version 2.12.2 (http://www.r-project.org/).

CP1 (n = 531) CP2-AP (n = 342) BP (n = 189)

Graft source FBMT/uBMT/tPBSCT/CBT
Gender )

Male/female

Median age at transplantation (range)

GVHD prophylaxis CyA + MTX/CyA based/FK + MTX/FK based/
others

Pre-transplant IM

Yes/no

Duration from diagnqéis to transplantation, months median (range)
Duration from diagnosis to transplantation <1 year/> 1 year

Patient’s body weight, kg Median (range)
Conditioning regimen Myeloablative/reduced intensity
Years at transplantation 2000-2004/2005-2009

ABO mismatch No/yes

HLA disparities (rejection direction)® 0-1/> 2

HLA disparities (GVHD direction)® 0-1/> 2

138/258/125/10
338/193 (P < 0.001)

43/176/59/64
215/127 (P < 0.001)

24/73/42/50
123/66 (P < 0.001)

40 (20-67) 43 (21-69) 43 (20-74)

331/27/144/12/14° 148/17/145/19/9° 88/22/58/17/2%

133/249° 187/108° 94/95 (P = 0.94)
(P < 0.001) (P < 0.001)

12.5 (0.8-169.0) 18.2 (1.6-255.3) 15.5 (2.4-322.7)

248/258° (P = 0.65) 135/195¢ 80/100° (P = 0.14)

(P < 0.001)
61 (40-104) 60 (34-104) 58.5 (34-96)

475/53% (P < 0.001)
447/84 (P < 0.001)
189/161° (P = 0.13)

289/53 (P < 0.001)
211/131 (P < 0.001)
132/156° (P = 0.16)

161/28 (P < 0.001)
116/73 (P < 0.01)
64/91° (P = 0.03)

510/19" (P < 0.001)  281/57° (P < 0.001)  145/42"

(P < 0.001)
507/22" (P < 0.001)  285/53" (P < 0.001) 140/47°

(P < 0.001)

CP chronic phase, AP accelerated phase, BP blastic phase, rBMT related bone marrow transplantation, rPBSCT related peripheral blood stem cell
transplantation, uBMT unrelated bone marrow transplantation, CBT unrelated cord blood transplantation, GVHD graft-versus-host disease, CyA
cyclosporine, MTX methotrexate, FK tacrolimus, /M imatinib mesylate, HLA human leukocyte antigen

# Data on GVHD prophylaxis were not fully available; there were 3 missing data in CP data, 4 missing data on CP2-AP and 2 missing data in BC

® Data on pre-transplant imatinib administration were not fully available; 149 data and 47 data were not retrieved in CP1 and in CP2-AP,

respectively

¢ Loss of data on duration from diagnosis to transplantation (< 1 year/> | year) was noted; 25 data in CP, 12 data in CP2-AP, and 9 data in BP

were not retrieved

9 Three data regarding conditioning regimen in CP were not retrieved

¢ Loss of data on ABO mismatch was noted; 181 data in CP, 54 data in CP2-AP, and 34 data in BP were not retrieved
{ Data on HLA-DRBI allele were not fully available; there were 2 lacking data in CP, 4 lacking data on CP2-AP and 2 lacking data in BC
& More detail of HLA disparity toward either rejection or GVHD is noted in supplementary Table 1
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Results
Patient characteristics

Of 1,062 patients (676 men, 386 women; median age,
41 years; range, 20-74), 414 patients (39 %) had a
clear history of pre-transplant IM use. Disease status
was as follows: CPl (n = 531), CP2-AP (n = 342)
and BC (n = 189). GS were related rfBMT (n = 205),
uBMT  (n = 507), rPBSCT (n=226) and CBT
(n = 124). The unrelated PBSCT has not been
allowed in Japan until 2012 and, therefore, our data
included only unrelated BMT, not PBSCT. In addi-
tion, during the study period, there were no related
CBTs at all. The other variables, including GVHD
prophylaxis, pre-transplant IM, body weight at allo-
HSCT, duration from diagnosis to transplant, condi-
tioning intensity, years at transplantation (2000-2004
vs. 2005-2009), ABO mismatch, HLA mismatch in
either GVHD or rejection direction, are shown in
Table 1.

Overall survival and leukemia-free survival

The median follow-up period was 914 days after trans-
plantation (range 2-3.902) and 1,914 days after diagnosis
(range 29-9,120). Three-year OS was 70.6 % (95 % (I,
60.8-74.7 %) for patients in CP1 at the time of transplan-
tation, 58.9 % (95 % Cl, 53.7-64.7 %) for those with CP2-
AP, and 26.9 % (95 % CI, 20.9-34.6 %) for those in BC.
The probability of 3-year LES for patients in CP1, CP2-AP
and BC was 64.6 % (95 % Cl, 60.4-68.6 %), 46.1 %
(95 % Cl, 40.9-519 %) and 192% (5% CI,
14.1-26.1 %), respectively (data not shown).

0S8 and LFS according to GS in CPl, CP2-AP, and
BC are shown in Fig. la~c, and d-[, respectively. In
view of OS and LFS according to GS, 3-year OS after
rBMT, rPBSCT, uBMT, and CBT in CPl was 84.4,
70.0, 64.4, and 48.0 %, respectively (Fig. la). Three-
year LFS after rBMT, rPBSCT, uBMT, and CBT in
CP1 was 76.3, 64.3, 593, and 30 %, respectively
(Fig. 2d). Multivariate analysis for OS identified the
following factors as adverse prognostic factors for
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patients in CP1: older age (>median age, 40 years: HR
1.67, 95 % CI, 1.15-2.41, P = 0.007), ABO mismatch
(HR 1.44, 95 % CI, 1.003-2.06, P = 0.048) (Table 2),
and uBMT (RR 6.01, 95 % CI, 1.20-29.97, P = 0.029)
(Table 3). In CP2-AP, older age (> median age,
43 years: HR 1.74, 95 % CI, 1.25-2.43, P < 0.001)
was the only factor an adverse prognostic factor
(Table 2). In BC, pre-transplant IM (HR 0.61, 95 % CI,
0.49-0.89, P = 0.011) was the only factor for better
OS (Table 2). Concerning LFS, multivariate analysis
showed that uBMT (RR 4.26, 95 % CI, 1.24-14.62,
P = 0.021) and older age (>median age, 40 years: HR
1.43, 95 % CI, 1.02-1.99, P = 0.038) were adverse
risk factors in CP1 (Table 2, 3). For patients in CP2-
AP and BC, no significant factor for OS or LFS was
found. Thus, for patients in CPl, GS could have a
significant impact on survival outcomes. While, for
patients in the advanced phase of CML of beyond CP1,
GS could have no significant impact on OS or LFS
(Table 3).

@ Springer

TRM and relapse

The 1-year cumulative TRM rate by disease stage was
23.1 % (95 % CI, 19.5-26.7 %) in CP1, 24.2 % (95 % CI,
19.5-289 %) in CP2-AP, and 432 % (95 % CI,
35.9-50.5 %) in BC. TRM by GS is shown in Fig. 2a—c.
The TRM rate appeared low in rBMT compared with
uBMT or rPBSCT in CP1 (Fig. 2a). Multivariate analysis
showed that uBMT (RR 249, 95 % CI 1.02-6.10,
P = 0.046) and older age (>median age, 40 years: HR
1.69, 95 % CI, 1.19-2.39, P = 0.003) were factors asso-
ciated with a significantly increased risk of TRM in CPI
(Table 2, 3).

The 3-year cumulative relapse rate by disease stage was
9.0 % (95% CI, 3.9-79 %) in CP1, 28.2 % (95 % CI,
23.3-33.1 %) in CP2-AP, and 43.6% (95 % CI,
36.3-50.9 %) in BC. Relapse rate by GS is demonstrated in
Fig. 2d—f. For patients in CP1, the relapse rate after CBT
appeared to be higher than that after other GS (Fig. 2d). In
multivariate analysis by the effect of GS in CP1, CBT (RR
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Table 2 Multivariate analysis of risk factors for the main outcomes after allo-HSCT for CML in CP1, CP2-AP, and BP

Main outcomes Factors CP1 CP2-AP BP

Factors HR 95 % CI) P value  Factors HR (95 % CIy P value  Factors HR (95 % CIy P value

oS Age <40 1 <43 1
>40 1.67  1.15-2.41 0.007 >43 .74 1.25-243 < 0.001
ABO mismatch No 1
Yes 1.44  1.003-2.06 0.048
Pre-transplant IM No 1
Yes 0.61 041-0.89  0.011
LFS Age <40 1
>40) 143 1.02-1.99 0.038
TRM Age <40 1
>40 .69 1.19-2.39 0.003
Relapse HLA mismatch (rejection) 0,1 1
>2 1.7 1.04-2.76  0.033
HLA mismatch (GVHD) 0.1 1
>2 357  1.55-8.21  0.003
Acute GVHD (all grades®) Pre-transplant IM No 1
Yes 0.75  0.57-0.99 0.04
BW <60 kg 1
>60 kg 1.35  1.01-1.82  0.045
Acute GVHD BW <60 kg 1
(>grade 2) >60 kg  1.53 1.05-224  0.028
Chronic GVHD (extensiveb) BW <60 kg 1
>60 kg 175 1.06-2.73  0.028 0

OS overall survival, LFS leukemia-free survival, TRM transplantation-related mortality, ANC absolute neutrophil count, GVHD graft-versus-host disease, /M imatinib, LA human leukoevte
antigen, BW body weight, HR hazard ratio, CI confidence interval, CP chronic phase, AP accelerated phase, BP blastic phase, ématinib imatinib mesylate

% Qverall grade of acute GVHD assigned according to the Center for International Blood and Marrow Transplant Research (CIBMTR) severity index

® Chronic GVHD was graded as limited or extensive based on the Seattle criteria
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Table 3 Impact of graft sources on main outcomes after allo-HSCT for CML in CP1, CP2-AP, and BP

Main outcomes Graft sources CPl CP2-AP BP
RR 95 % CI) pvalue RR  (95% CI) pvalue RR (95 % CI) p value

0OS rBMT 1.00 1.00 1.00

uBMT 6.01  (1.20-29.97)  0.029 1.12  (0.33-3.79) 0.851 >99  (0.00-99.99) 0.999

rPBSCT .76 (0.77-4.04) 0.180 0.84 (0.21-3.43) 0.809 .13 (0.56-2.30) 0.727

CBT 1.00  (0.00-99.99)  1.000 NA NA NA NA NA NA
LFS rBMT 1.00 1.00 1.00

uBMT 426  (1.24-14.62) 0.021 1.61 (0.55-4.74) 0.383 0.00 (0-99.99) 0.999

rPBSCT 1.72 (0.95-3.11) 0.073 042 (0.14-1.31) 0.135 0.67 (0.31-1.44) 0.299

CBT 1.00  (0.00-99.99)  1.000 NA NA NA NA NA NA
TRM rBMT 1.00 1.00 1.00

uBMT 249 (1.02-6.10) 0.046 1.36  (0.60-3.09) 0.47 271 (0.74-9.96) 0.13

rPBSCT .03 (0.52-2.07) 0.93 094 (0.52-1.70) 0.83 143 (0.64-3.22) 0.39

CBT 0.33  (0.04-2.63) 0.29 0.98 (0.60-1.60) 0.94 1.26 (0.82-1.92) 0.29
Relapse rBMT 1.00 1.00 1.00

uBMT 033 (0.12-0.95) 0.041 0.66 (0.29-1.55) 0.34 223 (0.28-17.61) 045

rPBSCT .13 (0.62-2.07) 0.68 1.17 (0.64-2.14) 0.6 1.06 (0.44-254) 09

CBT 25.16 (1.76-369.10) 0.018 1.15 (0.74-1.80) 0.53 0.77 (0.39-1.60) 0.49
ANC recovery rBMT 1.00 1.00 1.00

uBMT 0.82  (0.55-1.23) 0.35 0.83 (0.53-1.31) 043 0.58 (0.27-1.26) 0.17

rPBSCT 131 (1.02-1.69) 0.036 1.2 (0.90-1.59) 0.21 091 (0.33-2.52) 0.86

CBT 2 (0.67-5.98) 0.22 0.53 (0.42-0.67) <0.001 0.55 (0.37-0.82) 0.003
Platelet recovery BMT 1.00 1.00 1.00

uBMT 0.75  (0.46-1.21) 0.24 0.89 (0.51-1.56) 0.68 0.21 (0.07-0.61)  0.0039

rPBSCT 093  (0.69-1.26) 0.65 091 (0.61-1.35) 0.63 0.67 (0.28-1.57) 0.35

CBT 1.07  (0.35-3.28) 0.9 0.78 (0.62-0.99) 0.049 044 (0.26-0.74)  0.0018
Acute GVHD (all grades®)  rBMT 1.00 1.00 1.00

uBMT 335 (1.50-6.22) <0.001 1.67 (0.92-3.02) 0.09 1.22 (0.46-3.25) 0.69

rPBSCT 149  (0.94-2.37) 0.091 0.86 (0.51-1.44) 0.56 0.94 (0.32-2.73) 0.91

CBT 1.67  (0.684.11) 0.26 0.76 (0.58-1.01) 0.054 1.05 (0.56-1.96) 0.87
Acute GVHD (>grade 2) rBMT 1.00 1.00 1.00

uBMT 428  (1.92-9.53) <0.001 2.14 (0.93-4.94) 0.075 1.34  (0.39-4.61) 0.65

rPBSCT 1.5 (0.82-2.72) 0.19 1.53 (0.82-2.86) 0.18 223 (0.36-1.39) 0.39

CBT 1.00  (0.00-99.99)  1.000 0.84 (0.58-1.22) 0.36 1.45 (0.55-3.81) 0.45
Chronic GVHD rBMT 1.00 1.00 1.00

uBMT 0.95  (0.53-1.70) 0.86 1.1 (045-2.68) 0.84 0.27 (0.06-1.33) 0.11

rPBSCT 1.37  (0.97-1.92) 0.075 1.24  (0.70-2.19) 0.47 0.84 (0.22-3.20) 0.8

CBT 8.52 (0.64-11.43) 0.11 0.8 (0.52-1.25) 0.33 0.73 (0.32-1.66)  0.46
Chronic GVHD (extensive”) rBMT 1.00 1.00 1.00

uBMT 1 (0.49-2.04) 1 0.84 (0.33-2.15) 0.72 0.69 (0.14-3.46) 0.65

rPBSCT 1.31  (0.87-1.96) 0.19 1.19 (0.60-2.34 0.62 1.08 (0.27-4.24) 0.92

CBT 6.61  (0.22-200.8) 0.28 0.63 (0.36-1.09) 0.097 0.77 (0.31-1.88) 0.36

OS overall survival, LFS leukemia-free survival, TRM transplantation-related mortality, ANC absolute neutrophil count, GVHD graft-versus-host
disease, RR relative risk, CI confidence interval, CP chronic phase, AP accelerated phase, BP blastic phase, rBMT related bone marrow
transplantation, rPBSCT related peripheral blood stem cell transplantation, uBMT unrelated bone marrow transplantation, CBT unrelated cord
blood transplantation, NA not available

* Overall grade of acute GVHD assigned according to the Center for International Blood and Marrow Transplant Research (CIBMTR) severity

index

° Chronic GVHD was graded as limited or extensive based on the Seattle criteria

@ Springer

- 309 -



Clinical impact of graft sources on transplant outcome in CML

303

25.16, 95 % CI 1.76-369.10. P = 0.018) showed higher
relapse, while uBMT (RR 0.33. 95 % CI 0.12-0.95,
P = 0.041) was lower relapse compared with those in
rBMT (Table 3).

Engraftment

The cumulative neutrophil recovery rate on day 90 was
97.5 % (95 9% CI, 96.1-98.9 %) in CP1, 93.2 % (95 % CI,
90.5-959 %) in CP2-AP, and 823 % (95 % (I,
76.8-87.8 %) in BC. On day 180, the cumulative platelet
recovery rate, as indicated by more than 2 x 10"/L of
platelets in blood, was 91.9 % (95 % CI, 89.5-94.3 %) in
CP1, 851 % (95 % CI, 81.2-89.0 %) in CP2-AP, and
67.2 % (95 % Cl, 60.3-74.1 %) in BC. Note that the
neutrophil recovery and platelet recovery rates were lower
after CBT, especially in patients in the advanced phase;
i.e., neutrophil recovery in CBT: 90 % in CP1, 79.4 % in
CP2-AP, and 64.0 % in BC; platelet recovery after CBT:
90.0 % in CP1, 72.5 % in CP2-AP, and 52.0 % in BC
(Fig. 3a~f). Multivariate analysis showed that rPBSCT (RR
1.31, 95 % CI 1.02-1.69, P = 0.0396 was a significant
factor for early neutrophil recovery in CP1. While, CBT
(RR 0.53, 95 % CI 0.42-0.67, P < 0.001) was a significant
factor for delayed neutrophil recovery in CP2-AP
(Table 3). The factor statistically associated with delayed
platelet recovery was CBT in CP2-AP (RR 0.78, 95 % CI
0.62-0.99, P = 0.0049) and in BC (RR 0.44, 95 % CI
0.26-0.74, P = 0.0018). Unrelated BMT (RR 0.21, 95 %
CI 0.07-0.61, P = 0.0039) was also a significant factor for
delayed platelet recovery in BC (Table 3).

Acute and chronic GVHD

The cumulative incidence of acute GVHD at all grades
before day 100 was 62.8 % (95 % CI, 58.6-67.0 %) in
CP1, 63.5 % (95 % Cl. 58.2-58.8 %) in CP2-AP, and
68.6 % (95 % CI, 61.3-74.9 %) in BC. Patients who
underwent uBMT showed a higher incidence of acute
GVHD (all grades) in CP1 and CP2-AP (Fig. 4a, b). This
association was confirmed by multivariate analysis;
uBMT (RR 3.35, 95 % CI 1.50-6.22, P < 0.001) was a
significant factor in CP1 (Table 3). Pre-transplant IM
(HR 0.75, 95 % CI 0.57-0.99, P = 0.04) was a signifi-
cant risk factor for acute GVHD (all grades) in CP1
(Table 2). Focusing exclusively on grade II or higher
acute GVHD, uBMT (RR 4.28, 95 % CI 1.92-9.53,
P < 0.001) (Table 3) was a significant risk factor in CP1
(Table 2). For patients in CP2-AP, body weight (>60 kg)
was a factor significantly associated with increased risk
of aGVHD (all grade; RR 1.35, 95 % CI, 1.01-1.82,
P = 0.045, grade II or higher grade; RR 1.53, 95 % CI,
1.05-2.24, P = 0.028) (Table 2).

The cumulative incidence of chronic GVHD among
evaluable patients who survived at least 100 days after
allo-HSCT was 49.4 % (95 % Cl, 44.7-54.1 %) in CPI,
42.2 % (95 % CI, 36.4-48.0 %) in CP2-AP, and 37.8 %
(95 %CI, 30.0-45.6 %) in BC. For patients in CPIl,
rPBSCT showed a higher incidence of chronic GVHD
(714 %), which was compared to other GS (Fig. 4d);
however, this significant association was not confirmed in
multivariate analysis  (fPBSCT: RR 1.37 95 % (I
0.97-1.92, P = 0.075). For patients in CP2-AP and BC,
chronic GVHD after CBT occurred at rates of 23.1 and
23.8 %, respectively, which were apparently lower than
that of other GS (Fig. de, ), bul these statistical associa-
tions were not also confirmed by multivariate analysis in
CP2-AP or BC (Table 3). Concerning extensive chronic
GVHD, multivariate analysis showed the significant asso-
ciation between body weight (>60 kg: RR 1.75, 95 % CJ,
1.06-2.73, P = 0.028) and chronic GVHD in CP2-AP
(Table 2).

Discussion

Our study reviewed 1,062 Japanese adult patients who
underwent allo-HSCT during the past decade (2000-2009);
thus, our cohort reflects the current use and results of allo-
HSCT for CML in Japan. Moreover, the TRUMP database
offers the advantage of a large number of patients with
extensive data, which permits multivariate analysis. The
3-year OS was 70.6 % for patients in CP1, and the prob-
ability of 3-year LFS for patients in CP1 was 64.6 %.
These survival data for patients in CP1 were comparable to
those reported by others [12]. Based on the report from the
EBMT, which included 13,416 CML patients and was
apparently the largest CML transplant database including
the 3 times cohorts (i.e., 1980-1990, 1991-1999,
2000-2003), the probability of OS at 2 years for patients
transplanted in CP1 from an HLA-identical sibling was
74 %, with a cumulative incidence of TRM at 2 years of
22 % and of relapse of 18 % among the most recent cohort
transplanted between 2000 and 2003 (n = 3,018) [13]. The
Center for International Blood and Marrow Transplant
Research (CIBMTR) recently reported the transplant out-
comes of 449 patients with advanced phase CML; the
disease-free survival rates remained as low as 35-40 % for
CP2, 26-7 % for AP, and 8-11 % for BC [14]. Our series
including 432 cases of CP2-AP and 189 cases of BC
showed similar survival rates, as the probabilities of 3-year
LFS in CP2-AP and BC were 46.1 and 19.2 %,
respectively.

Our primary object in this study was to assess the
clinical impact of GS according to each disease status. Our
study results revealed that the patients in CP1 who were
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treated by rBMT showed a better 3-year OS (84.4 %) with
a lower l-year cumulative incidence of TRM, but the
3-year LFS and relapse rates were similar between patients
receiving rBMT and patients receiving rPBSCT. These
data were essentially in line with previous reports in which
the CIBMTR reported the data of CML patients undergo-
ing rPBSCT or tBMT in CP1; the I-year LFS and relapse
rates were similar for patients receiving rtBMT or rPBSCT
[14]. We also assessed the clinical impact of GS in CP2-
AP; our results showed that there were no significant dif-
ferences in OS or LFS between GS, despite lower proba-
bilities of relapse after uBMT and lower probabilities of
TRM after CBT. These results differ from the IBMTR
reports in that for patients in CP2 or AP, rPBSCT was
associated with a lower incidence of treatment failure and a
higher probability of LFS at 1 year [15]. Regarding
GVHD, a recent prospective randomized trial showed a
trend toward a higher incidence of chronic GVHD after
rPBSCT (59 % after rPBSCT vs. 40 % after rBMT,
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P = 0.11) for patients in CP1 [16]. Our results may con-
firm this report; although multivariate analysis in our study
showed that rPBSCT (RR 1.37 95 % CI 0.97-1.92,
P = 0.075) was not a significant risk factor for developing
chronic GVHD (Table 3), rPBSCT showed a higher inci-
dence of chronic GVHD (71.4 %), which was compared to
other GS in CP1 (Fig. 4d).

Several investigators have addressed the clinical impact
of pre-transplant IM on post-transplant outcomes for CML
[14, 17-20]. The CIBMTR data demonstrated that pre-
transplant IM was associated with better survival, but
revealed no statistically significant differences in TRM,
relapse, and LFS for patients in CP1 [17]. Among patients
transplanted in the more advanced phases beyond CP1, pre-
transplant IM was not associated with TRM, relapse, LFS,
OS, or acute GVHD [17]. In contrast to these studies, our
analysis showed that pre-transplant IM was significantly
associated with better OS for patients in BC. In addition,
multivariate analysis found pre-transplant IM was a

-311 -



Clinical impact of graft sources on transplant outcome in CML 305
Fig. 4 The cumulative A d .

) 4 p cpt SVH
incidence of acute GVHD at all 1o et AGVHD 1o cGVHD
grades for patients in CPI (a), ~ 0% ~ 08¢
CP2-AP (b) and BC (¢); and T T
chronic GVHD at all grades for 6 0.6+ fg 0.6 uBMT
patients in CP1 (d), CP2-AP & o4 2 0.4 D - S——
(e) and BC () =7 s 1

02 “oo2
| f
0 ‘i E ) ) ) 0 : : ) . ) )
0 50 100 150 0 200 400 600 800
days days
b 1.0 CP2-AP acvip €10 CP2AP ¢GVHD
A 08 ~ 08
e s
=06 =06
g <
B “ y P
= 04 o 04 J
©o02 T no - S
0 04 = , (
150 0 100 200 300 400 500 600
days
¢ o f 7
1.0 BP aGVHD 1.0 BY cGVHD
IBMT
~ 08 \ . A 08
T T
2 0.6 > 0.6 rBMT
= 04 5 04 .
S o2 O 021
0 . ‘ 0 ,
0 50 150 0 100 200 300 400
days days

significant factor associated with acute GVHD (>grade II)
in CP1 (data not shown). Despite the study in the era of
TKI, half of patients were in CP1, and 61 % of patients
underwent allo-HSCT without use of pre-transplant TKI in
this study. We should interpret these findings with utmost
caution. We assume that most patients had already initiated
the conventional treatment but could not reach a new, but
expensive IM treatment before allo-HSCT, as a reason for
these findings. Moreover, the findings that the number of
patients in CP1 underwent allo-HSCT was 447 in the early
period of IM from 2000 to 2004 and only 84 from 2005 to
2009 might support our assumption. Deininger et al.
reported an effect of pre-transplant IM in their study that
included 70 cases of CML and 21 cases of Ph (4) acute
lymphoid leukemia. These investigators compared the
outcomes with historical controls identified in the EBMT
database [21], and observed a trend towards higher relapse
mortality and significantly less chronic GVHD in patients
with pre-transplant IM (OR = 0.44, P = 0.027). Thus, the
clinical impact of pre-transplant IM is still a contentious

issue; additional studies evaluating the long-term use of IM
with a larger number of patients might permit a more
refined analysis of the effect of pre-transplant IM.
Although data on clinical outcomes after CBT are
conflicting, CBT has apparent advantages over uBMT,
including no risk to the donor and ease of availability.
Previous reports, mostly from pediatric studies, have
shown that, despite higher HLA mismatch, CBT carries a
lower risk of acute GVHD and chronic GVHD in com-
parison with uBMT [22-24]. A recent Japanese retro-
spective analysis assessing 86 patients, including pediatric
patients, disclosed the transplant outcomes of CBT: 2-year
OS was 53 %; for patients in CP, AP and BC, the OS
rates were 71, 59 and 32 %, respectively [25]. Although
our small population with only 10 cases of CBT in CP1
may prohibit drawing meaningful conclusions, a trend of
higher relapse and lower TRM, OS and LFS in CP1 was
similar to results obtained by previous study groups.
Nevertheless, in CP2-AP and BC, transplant outcomes
after CBT were comparable to those of other GS,
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suggesting CBT as an acceptable alternative option in
advanced phases of CML.

As with all retrospective studies, this study had several
limitations. Reported data from transplant centers were
often incomplete: data on pre-transplant IM, duration from
diagnosis to transplantation, and conditioning regimen
could not be fully retrieved. The reasons for which patients
in CP1 with IM proceeded with transplantation (planned, or
IM resistance) or the reasons for delay in proceeding with
transplantation in BC were unknown. Information on post-
transplant use of TKIs as maintenance therapy or data on
the presence of BCR/ABLI mutations was also unavailable
in our cohort. Moreover, the selection of GS would often
be governed by several unmeasured factors, but our data
nonetheless provide a clinical basis for current selection of
GS for the treatment of CML in the era of TKIs.

In conclusion, this retrospective study evaluated the
results of allo-HSCT for CML patients according to disease
status and GS. For patients in CP1, tBMT may be the
preferred option for better survival, whereas rPBSCT car-
ries a higher risk for chronic GVHD, which could be a
major drawback for patients in CP1. In advanced phases,
GS had no significant impact on survival, suggesting that
CBT is a reasonable alternative therapy when there is no
related or unrelated donor available, or when a transplant is
needed urgently. In the era of the new-generation TKIs,
indications for allo-HSCT and selection of GS for
advanced CML need further evaluation.

Acknowledgments We thank all of the physicians and nurses who
cared for patients in this study. We also thank all the data managers
and officers of the JSHCT, JMDP, and JCBBN.

Conflict of interest The authors declare no conflict of interest.

References

1. Cortes J, H Kantarjian. How I treat newly diagnosed chronic
phase CML. Blood. 2012;120:1390-7.

2. Baccarani M, Cortes J, Pane F, et al. Chronic myeloid leukemia:
an update of concepts and management recommendations of
European LeukemiaNet. J Clin Oncol. 2009;27:6041-51.

3. Hehlmann R, Berger U, Pfirmann M, et al. Drug treatment is
superior to allografting as first line therapy in chronic myeloid
leukemia. Blood. 2007;109:4686-92.

4. Saussele S, Lauseker M, Gratwohl A, et al. Allogeneic hemato-
poietic stem cell transplantation for chronic myeloid leukemia in
the imatinib era: evaluation of its impact within a subgroup of the
randomized German CML Study IV. Blood. 2010;115:1880-5.

5. Radich J. Stem cell transplant for chronic myeloid leukemia in
the imatinib era. Semin Hematol. 2010;47:354-61.

6. Venepalli N, Rezvani K, Mielke S, et al. Role of allo-SCT for
CML in 2010. Bone Marrow Transpl. 2010;45:1579-86.

7. Cortes JE, Kantarjian H, Shah NP, et al. Ponatinib in refractory
Philadelphia chromosome-positive leukemias. N Engl J Med.
2012;367:2075-88.

@_ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

-313 -

. O’Hare T, Shakespeare WC, Zhu X, et al. AP24534, a pan-BCR-

ABL inhibitor for chronic myeloid leukemia, potently inhibits the
T3151 mutant and overcomes mutation-based resistance. Cancer
Cell. 2009;16:401-12.

. Atsuta Y, Suzuki R, Yoshimi A, et al. Unification of hemato-

poietic stem cell transplantation registries in Japan and estab-
lishment of the TRUMP System. Int J Hematol. 2007;86:269-74.
Przepiorka D, Weisdorf D, Martin P, et al. 1994 Consensus
Conference on acute GVHD grading. Bone Marrow Transpl.
1995;15:825-8.

Sullivan KM, Agura E, Anasetti C, et al. Chronic graft-versus-
host disease and other late complications of bone marrow trans-
plantation. Semin Hematol. 1991;28:250-9.

Kanda J. Effect of HLA mismatch on acute graft-versus-host
disease. Int J Hematol. 2013;98:300-8.

Gratwohl A, Brand R, Apperley J, et al. 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). Haema-
tologica. 2006;91:513-21.

Khoury HJ, Kukreja M, Goldman JM, et al. Prognostic factors for
outcomes in allogeneic transplantation for CML in the imatinib
era: a CIBMTR analysis. Bone Marrow Transpl. 2012;47:810--6.
Champlin RE, Schmitz N, Horowitz MM, et al. Blood stem cells
compared with bone marrow as a source of hematopoietic cells
for allogeneic transplantation. IBMTR Histocompatibility and
Stem Cell Sources Working Committee and the European Group
for Blood and Marrow Transplantation (EBMT). Blood.
2000;95:3702-9.

Oehler VG, Radich JP, Storer B, et al. Randomized trial of
allogeneic related bone marrow transplantation versus peripheral
blood stem cell transplantation for chronic myeloid leukemia.
Biol Blood Marrow Transpl. 2005;11:85-92.

Lee SJI, Kukreja M, Wang T, et al. Impact of prior imatinib
mesylate on the outcome of hematopoietic cell transplantation for
chronic myeloid leukemia. Blood. 2008;112:3500-7.

Oehler VG, Gooley T, Snyder DS, et al. The effects of imatinib
mesylate treatment before allogeneic transplantation for chronic
myeloid leukemia. Blood. 2007;109:1782-9.

Perz JB, Khorashad JS, Marin D, et al. Imatinib preceding allo-
geneic stem cell transplantation in chronic myeloid leukemia.
Haematologica. 2006;91:1145-6.

Giralt SA, Arora M, Goldman JM, et al. Chronic Leukemia
Working Committee, Center for International Blood and Marrow
Transplant Research. Impact of imatinib therapy on the use of
allogeneic haematopoietic progenitor cell transplantation for the
treatment of chronic myeloid leukaemia. Br J Haematol.
2007;137:461-7.

Deininger M, Schleuning M, Greinix H, et al. The effect of prior
exposure to imatinib on transplant-related mortality. Haemato-
logica. 2006;91:452-9.

Gluckman E, Rocha V, Boyer-Chammard A, et al. Outcome of
cord-blood transplantation from related and unrelated donors.
Eurocord Transplant Group and the European Blood and Marrow
Transplantation Group. N Engl J Med. 1997,337:373-81.
Rubinstein P, Carrier C, Scaradavou A, et al. Outcomes among
562 recipients of placental-blood transplants from unrelated
donors. N Engl J Med. 1998;339:1565-77.

Sanz GF, Saavedra S, Jimenez C, et al. Unrelated donor cord
blood transplantation in adults with chronic myelogenous leu-
kemia: results in nine patients from a single institution. Bone
Marrow Transpl. 2001;27:693-701.

. Nagamura-Inoue T, Kai S, Azuma H, et al. Unrelated cord blood

transplantation in CML: Japan Cord Blood Bank Network ana-
lysis. Bone Marrow Transpl. 2008;42:241-51.



ASBMT

American Society for Blood
and Marrow Transplantation

Second Solid Cancers after Allogeneic Hematopoietic Cell

. . . ., . . rossMark
Transplantation Using Reduced-Intensity Conditioning cros

Olle Ringdén ', Ruta Brazauskas “, Zhiwei Wang “, Ibrahim Ahmed #, Yoshiko Atsuta®,

David Buchbinder®, Linda J. Burns7 Jean-Yves Cahn®, Christine Duncan”, Gregory A. Hale '°,
Joerg Halter "', Robert J. Hayashi '?, Jack W. Hsu ', David A. Jacobsohn '#, Rammurti T. Kamble i
Naynesh R. Kamani *°, Kimberly A. Kasow _ Nandita Khera 18 'Hillard M. Lazarus '°,

Alison W. Loren 20 David 1. Marks 2', Kasiani C. Myers Muthalagu Ramanathan <*,

Wael Saber * Blpm N. Savani %, Harry C. Schouten #* Gerard Socie *°, Mohamed L. Sorro
Amir Stemberg 8 Uday Popat 24, John R. Wingard ‘3, Jonas Mattsson |, Navneet S. I\/Iajhall

¥ Center for Allogeneic Stem Cell Transplantation, Karolinka University Hospital, Stockholm, Sweden

2 pivision of Biostatistics, Medical College of Wisconsin, Milwaukee, Wisconsin

3 Center for International Bone and Marrow Transplant Research, Medical College of Wisconsin, Milwaukee, Wisconsin

4 Department of Pediatric Hematology & Oncology, University of New Mexico, Albuquerque, New Mexico

5 Japanese Data Center for Hematopoietic Cell Transplantation, Nagoya University Graduate School of Medicine, Nagoya, japan
8 Division of Pediatric Hematology, Children’s Hospital of Orange County, Orange, California

7 Division of Hematology, Oncology and Transplantation, University of Minnesota, Minneapolis, Minnesota

8 Clinique Universitaire d’Hématologie, University Hospital, Grenoble, France

2 Pediatric Stem Cell Transplantation Program, Dana Farber Cancer Institute, Boston, Massachusetts

10 pepartment of Hematology Oncology, All Children’s Hospital, St. Petersburg, Florida

" Department of Hematology, University Hospital Basel, Basel, Switzerland

12 pivision of Pediatric Hematology/Oncology, Washington University, St. Louis Children’s Hospital, St. Louis, Missouri

13 Division of Hematology & Oncology, Shands HealthCare, University of Florida, Gainesville, Florida

4 Division of Blood and Marrow Transplantation, Children’s National Medical Center, Washington, DC

15 Center for Gene Therapy, Baylor College of Medicine Center for Cell and Gene Therapy, Houston, Texas

16 AABB Center for Cellular Therapies, Bethesda, Maryland

17 Pediatric Bone Marrow Transplantation Program, University of North Carolina Hospitals, Chapel Hill, North Carolina

18 Department of Hematology/Oncology, Mayo Clinic Arizona, Phoenix, Arizona

19 Division of Hematology and Oncology, Seidman Cancer Center, University Hospitals Case Medical Center, Cleveland, Ohio
20 Division of Hematology/Oncology, Perelman School of Medicine, University of Pennsylvania, Philadelphia, Pennsylvania
21 Adult BMT Unit, Bristol Children's Hospital, Bristol, United Kingdom

22 pivision of Bone Marrow Transplantation and Immune Deficiency, Cincinnati Children’s Hospital Medical Center, Cincinnati, Ohio
23 pivision of Hematology/Oncology, UMass Memorial Medical Center, Worcester, Massachusetts

24 pivision of Hematology/Oncology, Vanderbilt University Medical Center, Nashville, Tennessee

25 Department of Medicine and Hematology, Academische Ziekenhuis Maastricht, Maastricht, Netherlands

26 Service d’Hematologie-Greffe de Moelle, Hopital Saint Louis, Paris, France

27 Clinical Research Division, Fred Hutchinson Cancer Research Center, and Division of Medical Oncology, Department of Medicine, University of Washington School of
Medicine, Seattle, Washington

28 Department of Hematology and Medical Oncology, Mount Sinai Medical Center, Los Angeles, California

29 Department of Stem Cell Transplantation, MD Anderson Cancer Center, Houston, Texas

30 Biood & Marrow Transplant Program, Cleveland Clinic, Cleveland, Ohio

Article history: ABSTRACT
Received 12 June 2014 We examined risk of second solid cancers after allogeneic hematopoietic cell transplantation (AHCT) using
Accepted 7 July 2014 reduced-intensity/nonmyeloablative conditioning (RIC/NMC). RIC/NMC recipients with leukemia/myelodys-
plastic syndrome (MDS) (n = 2833) and lymphoma (n = 1436) between 1995 and 2006 were included. In
Key Words: addition, RIC/NMC recipients 40 to 60 years of age (n = 2138) were compared with patients of the same age
Hematopoietic cell receiving myeloablative conditioning (MAC, n = 6428). The cumulative incidence of solid cancers was 3.35% at
Financial disclosure: See Acknowledgments on page 1783. E-mail address: maihais®oclorg (NS, Majhail).

* Correspondence and reprint requests: Navneet S. Majhail, MD, MS,
Cleveland Clinic Taussig Cancer Institute, 9500 Euclid Ave., Desk R35,
Cleveland, OH 44195.

wdotorgl HLI1018/ . bbme

1083 8791 /© 2014 American Soc1ety for B]ood and Marrow Transplantation.

-315-



1778 0. Ringdén et al. / Biol Blood Marrow Transplant 20 (2014} 17771784
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Reduced-intensity conditioning
Nonmyeloablative conditioning
Second cancers

Solid tumors

10 years. There was no increase in overall cancer risk compared with the general population (leukemia/MDS:
standardized incidence ratio [SIR] .99, P = 1.00; lymphoma: SIR .92, P = .75). However, risks were significantly
increased in leukemia/MDS patients for cancers of lip (SIR 14.28), tonsil (SIR 8.66), oropharynx (SIR 46.70),
bone {SIR 23.53), soft tissue (SIR 12,92), and vulva (SIR 18,55) and skin melanoma (SIR 3.04). Lymphoma

patients had significantly higher risks of oropharyngeal cancer (SIR 67.35) and skin melanoma (SIR 3.52).
Among RIC/NMC recipients, age =50 years was the only independent risk factor for solid cancers (hazard ratio

[HR] 3.02, P <

.001). Among patients ages 40 to 60 years, when adjusted for other factors, there was no
difference in cancer risks between RIC/NMC and MAC in leukemia/MDS patients (HR .98, P =

=.905). In lym-

phoma patients, risks were lower after RIC/NMC (HR .51, P = .047). In conclusion, the overall risks of second
solid cancers in RIC/NMC recipients are similar to the gencxal population, although there is an increased risk
of cancer at some sites. Studies with longer follow-up are needed to realize the complete risks of solid cancers

after RIC/NMC AHCT.

@ 2014 American Society for Blood and Marrow Transplantation.

INTRODUCTION

It is well established that patients treated with allogeneic
hematopoietic cell transplantation (AHCT) using myeloa-
blative conditioning (MAC) are at increased lifelong risk for
second solid cancers [1-81. A latency period of 3 to 5 years
occurs before second solid cancers start appearing after
AHCT, and most recent large studies have reported cumula-
tive incidence rates of 1% to 2% at 10 years and 3% to 5% at
20 years after transplantation. The incidence of solid malig-
nancies continues to rise with increasing survival after
transplantation, and lifelong surveillance is recommended
for prevention in AHCT survivors [9]. Important risk factors
for these cancers in MAC AHCT recipients include exposure
to higher dose of total body irradiation (TBI), younger age at
transplantation, use of HLA- mismatc 1ed donor, and chronic
graft-versus-host disease (GVHD) [ 1,3.6,7].

The introduction of reduced- mtensxty condmomng (RIC)
and nonmyeloablative conditioning (NMC) regimens over the
last decade now allows AHCT to be offered as a treatment
option for patients who are otherwise ineligible for trans-
plantation using MAC based on age, performance status, or
comorbidities | 14-13 1. AHCT using RIC/NMC regimens leads to
long-term engraftment, exhibits graft-versus-malignancy
effect, and results in significantly lower early transplant-
related toxicity and mortality {14-18]. However, given the
recent introduction of these conditioning regimens, the
incidence and risk factors for late complications, including
second solid cancers, have not been adequately characterized.

In patients with cancer, less chemotherapy is associated
with a decreased probability of second malignancies { 1%-22 .
It is therefore possible that RIC/NMC patients may have a
lower probability of developing second solid malignancies
compared with patients treated with MAC. On the other
hand, lower doses of TBI and chemotherapy may be more
carcinogenic than MAC regimens because cells may be
damaged but not eliminated. Also, RIC/NMC regimens are
typically used in older patients who have a higher baseline
cancer risk compared with MAC recipients who tend to be
younger in age. Recent data from a single-center study sug-
gest that the risk of second cancers after RIC/NMC may not be
diminished compared with MAC {23}. Given the paucity of
studies characterizing second cancers in recipients of RIC/
NMC transplantation, additional data using large samples are
needed to better understand the impact of these potentially
devastating late effects.

Using data from an international transplant outcomes
registry, the Center for International Blood and Marrow
Transplant Research (CIBMTR), we describe the incidence
and risk factors for second solid cancers (excluding non-
melanoma skin cancers) after RIC/NMC AHCT for leukemia,
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myelodysplastic syndrome (MDS), and lymphoma. We also
compare the risks of second solid cancers after RIC/NMC
AHCT with general population control subjects. Finally, we
compare the risks of solid cancers after RIC/NMC and MAC
transplantation in a subgroup of patients with the same age
at transplantation (40 to 60 years).

METHODS
Data Source

The CIBMTR is a voluntary working group of more than 450 trans-
plantation centers worldwide that contribute detailed data on HCTs to a
Statistical Center at the Medical College of Wisconsin in Milwaukee and the
National Marrow Donor Program (NMDP) in Minneapolis. Participating
centers are required to report all transplants consecutively; compliance is
monitored by on-site audits. Patients are followed longitudinally. Comput-
erized checks for discrepancies, physicians' review of submitted data, and
on-site audits of participating centers ensure data quality. Data are collected
before transplant, 100 days, and 6 months after transplant and annually
thereafter or until death, Among other data, all centers contribute data on
the development of a new malignancy and causes of death. Observational
studies conducted by the CIBMTR are performed under guidance of the
Institutional Review Board of the NMDP and are in compliance with all
applicable federal regulations pertaining to the protection of human
research participants.

Patients

The study included all patients receiving AHCT for acute myeloid leu-
kemia, acute lymphoblastic leukemia, chronic myeloid leukemnia, MDS, and
lymphoma between 1995 and 2006 that were reported to the CIBMTR. We
limited our cohort to recipients of peripheral blood stem cell or bone marrow
grafts from related or unrelated donors; umbilical cord blood transplant
recipients were excluded. Also excluded were patients who had received
syngeneic transplants. To avoid bias from inclusion of teams with incomplete
follow-up and, consequently incomplete ascertainment of events in the late
post-transplant period, we excluded patients from centers with complete-
ness index of follow-up of <80% at 5 years post-transplantation (1179
patients from 68 centers) {241,

Study Definitions and Objectives

Conditioning regimens were defined as MAC, RIC, and NMC using pre-
viously defined guidelines |25}, Standard definitions were used for assigning
disease status (early, intermediate, or advanced) for patients with acute
myeloid leukemia, acute lymphoblastic leukemia, chronic myeloid leuke-
mia, and MDS {261 The NMDP classification of HLA-matching status was
used for unrelated donor AHCT recipients (well matched, partially matched,
or mismatched) {27}, Patients with leukemia/MDS and lymphoma were
analyzed separately given the differences in their pretransplant and trans-
plant treatment exposures. The CIBMTR routinely collects data on the
occurrence of secondary cancers after AHCT. For this study, when necessary,
pathology and physician reports of second cancers were requested from the
transplant centers and reviewed centrally at the CIBMTR and tumors
reclassified {281

Statistical Analyses

For comparing groups, we used the chi-square or Fisher's test (as
applicable) for categorical variables and Wilcoxon 2-sample test for
continuous variables. The cumulative incidence of solid cancers was esti-
mated taking into account the competing risk of death among patients who
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Table 1
Characteristics of Adult Patients Receiving RIC/NMC AHCT for AML, ALL, CML, MDS, and Lymphoma between 1995 and 2006 and Reported to the CIBMTR
Characteristics Leukemia Cohort Lymphoma Cohort All Patients
Number of patients 2833 1436 4269
Number of centers 196 148 206
Median age at transplant, yr (range) 54 (<1-79) 49 (8-75) 53 (<1-79)
Age at transplant, yr
<20 198 (7) 47 (3) 245 (6)
20-39 456 (16) 374 (26) 830 (20)
40-59 1388 (49) 802 (56) 2190 (51)
>60 791 (28) 213 (14) 1004 (23)
Patient gender
Male 1597 (56) 907 (63) 2504 (59)
Female 1236 (44) 529 (37) 1765 (41)
Karnofsky score before transplant
>80 2309 (82) 1180 (82) 3489 (82)
<80 342 (12) 148 (10) 490 (11)
Missing 182 (6) 108 (8) 290 (7)
Region of teams
United States 2144 (76) 1295 (90) 3439 (81)
Canada 28 (1) 5(<1) 33(1)
Europe 399 (14) 79 (6) 478 (11)
Asia 137 (5) 7 (<1) 144 (3)
Australia/New Zealand 60 (2) 24 (2) 84 (2)
Middle East/Africa 27(1) 20(1) 47 (1)
Central/South America 38(1) 6 (<1) 44 (1)
Disease
AML 1691 (60) — 1691 (40)
ALL 235 (8) — 235 (6)
CML 387 (14) — 387 (9)
MDS 520 (18) — 520 (12)
Lymphoma — 1436 (100) 1436 (34)
Disease risk before transplant*
Leukemia/MDS early 1195 (42) - 1195 (28)
Leukemia/MDS intermediate 613 (22) — 613 (14)
Leukemia/MDS advanced 989 (35) — 989 (23)
Missing 36 (1) — 36(1)
Lymphoma - — 1436 (100) 1436 (34)
Year of transplant
1995-1998 158 (6) 77 (6) 235(5)
1999-2002 777 (27) 457 (31) 1224 (29)
2003-2006 1898 (67) 912 (64) 2810 (66)
Median interval from diagnosis to transplant, mo (range) 9 (<1-343) 33 (<1-413) 14 («1-413)
Interval from diagnosis to transplant, mo
<6 899 (32) 29 (2) 928 (22)
6-11 816 (29) 142 (10) 958 (23)
>12 1110 (39) 1256 (88) 2366 (56)
Missing 8(<1) 9(<1) 17 (<1)
Conditioning regimen
TBI + Cy + Flud + other 106 (4) 20(1) 126 (3)
TBI + Flud = other (no Cy) 570 (20) 246 (17) 816 (19)
Bu + Flud + other 694 (24) 199 (14) 893 (21)
Mel + Flud =+ other 631 (22) 309 (22) 940 (22)
Cy + Flud + other 227 (8) 278 (19) 505 (12)
Other 605 (21) 384 (27) 989 (23)
TBI dose, cGy
No TBI 2019 (71) 1095 (76) 3114 (73)
<400 625 (22) 290 (20) 915 (21)
>400 185 (7) 51 (4) 236 (6)
TBI dose missing 4(<1) 0 4 (<1)
Donor
HLA-idential sibling 829 (29) 411 (29) 1240 (29)
Other related 99 (3) 38 (3) 137 (3)
Well-matched unrelated 1058 (37) 618 (43) 1676 (39)
Partially matched unrelated 448 (16) 276 (19) 724 (17)
Mismatched unrelated 145 (5) 62 (4) 207 (5)
Unknown degree of match, unrelated 254 (9) 31(2) 285 (7)
Graft type
Bone marrow 625 (22) 351 (24) 976 (23)
Peripheral blood stem cells 2208 (78) 1085 (76) 3293 (77)
GVHD prophylaxis
Ex vivo T cell depletion =+ other 88 (3) 34 (1) 112 (3)
FK506 -+ MMF + other 421 (15) 269 (19) 690 (16)
FK506 + MTX + other (except MMF) 595 (21) 433 (30) 1028 (24)
FK506 + others (except MTX, MMF) 196 (7) 83 (6) 279 (7)
CSA + MMF =+ other (except FK506) 719 (25) 298 (21) 1017 (24)
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