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upregulation of KLF2 at mRNA (Figure la) and
protein (Figure 1b) levels in all the five described cancer
cell lines. Upon EZH2 knockdown at 72h, we also
observed a defect on cell viability determined by the 3-
(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium
bromide (MTT) assay and an increase in G1/decrease in
S-phase assessed by fluorescence-activated cell sorting
analysis (Supplementary Figure 1). We strengthened the
link between EZH2 expression and KLF2 repression by
establishing a U20S cell line stably transfected with a
short hairpin RNA (shRNA) against EZH2 (Figure lc
and Supplementary Figure 2). EZH2-shRNA (Origene,
Rockville, MD, USA) transfection was accomplished by
electroporation and cells were selected with puromycin
(Calbiochem, Darmstadt, Germany). The stable inhibi-
tion of EZH?2 expression also led to a marked increase in

KLF2 mRNA (Supplementary Figure 2) and protein
levels (Figure 1c).

The observed inverse association between EZH?2 and
KLF2 levels might be mediated by a direct effect
of EZH2 on the KLF2 promoter or by secondary
mechanisms. Thus, we performed quantitative chroma-
tin immunoprecipitation (qChIP) for the minimal
promoter of KLF2 using antibodies against EZH2, the
trimethylated H3K27 mark (3meH3K27) established
by the enzyme and phosphorylated serine 2 of RNA
polymerase (RNAP-S2, a marker of active transcrip-
tion). A nonspecific IgG antibody was used as a
technical negative control, the EZH2-target gene
ADRB2 (Yu et al, 2007) was used as a positive
control and the GAPDH locus was used as a negative
control. Measurements were made in triplicate and
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Figure 2 EZH2 direct binding to the KLF2 promoter mediates the transcriptional repression effect. (A) ChIP-qPCR of EZH2 occupancy
and H3K27-3me marks in the KLF2 promoter in five cancer cell lines treated with EZH2 siRNA (72h) or scrambled siRNA. Treatment
with siRNA against EZH2 prevents EZH2 occupancy and the presence of the H3K27-3me mark, while enhanced RNAP binding is
observed in the KLF2 promoter. ChIP was performed using polyclonal antibodies raised in rabbit against EZH2 (pAb-039-050, Diagenode,
Liége, Belgium), RNAP-S2 (ab5095, Abcam, Cambridge, UK) and H3K27me3 (pAB-069-05, Diagenode), with rabbit IgG as a control
(ab37415, Abcam, ChIP grade). The primers used for the ChIP-qPCR analysis of the KLF2 promoter were 5-GAGACTCCAGACT
TCCCATCC-% (sense) and 5-CAGAGACTCTCAGGGGAGCAC-Y (antisense). (B) qChIP for EZH2 occupancy and H3K27-3me
presence for the KLF2 promoter in stable EZH2 knockdown clones (U20S-shEZH?2). (C) KLF2 promoter activities are analyzed by
luciferase reporter assay in stable EZH2 knockdown clones. In each experiment, firefly luciferase activities are normalized against those of
Renilla. n=3, mean*s.e.m. (error bars). We used a pGL3 Luciferase Reporter Vector (Promega, Madison, WI, USA) for the KLF2
promoter encompassing Nhel/Hind III sites (from —916 to + 129 bp). (D) Upregulation of KLF2 transcript (a) and protein (b) upon
treatment with 5um DZNep for 72h. (c) gChIP analysis shows how the treatment with DZNep decreased EZH2 occupancy and the
H3K27-3me mark in the KLF2 promoter, while it enhanced RNAP-S2 occupancy. P-values obtained from Student’s s-test.
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the polymerase chain reactions (PCRs) were done using
the Prism 7900 HT Sequence Detection System (Applied
Biosystems, Carlsbad, CA, USA). The qChIP analyses
demonstrated an enriched presence of EZH2 and
3meH3K27 in the KLF2 promoter for the described
cancer cell lines (Figure 2A). Conversely, RNAP-S2 was
depleted at this locus (Figure 2A). The EZH2 RNAI
experiments reduced EZH2 occupancy and 3meH3K27
presence and induced the recruitment of RNAP-S2 for
the KLF2 promoter (Figure 2A). These results for the
5'-end of the KLF2 gene were similar to those obtained
from the qChIP data of the well-known EZH2-target
gene ADRB2 (Yu et al., 2007) (Supplementary Figure 3).
The U20S cells that were stably depleted at EZH2 by
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shRNA reproduced this qChIP pattern (Figure 2B).
In these cells, evidence for the role of EZH2 in directly
repressing KLF2 was reinforced by the results
of luciferase assays (Figure 2C). Finally, the link
between EZH2 binding to the 5'-end of the KLF2 and
its corresponding silencing was corroborated by the use
of the small molecule 3-Deazaneplanocin A (DZNep),
which depletes the cellular levels of Polycomb-repressive
complex 2 components, including EZH2 (Tan et al.,
2007). Upon DZNep treatment, a marked increase
in KLF2 expression was observed in U20S cells
(Figure 2D). The DZNep-mediated enhancement
of KLF2 expression was associated with the depletion
of EZH2 occupancy and 3meH3K27 levels and an
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Figure 3 KLF2 induces apoptosis, directly activates the cell cycle-inhibiting genes p15/CDKN2B and p21/CDKNI1A and inhibits cell
proliferation. (A) Enhanced Annexin V expression relative to empty vector-transfected cells upon KLF2 transfection. The right panels
are the original red color/FL-4 (annexin-CyS5) histograms that show how KFL2 transfection induces apoptosis, demonstrated by the
increase in the number of cells that incorporate higher amounts of annexin V. (B) U20S cells transfected with a FLAG-tagged KLF2
(pCMV-Tag2B-KLF2) expression vector show increased expression of pl5Ukt and p21PXNA" determined by qRT-PCR (a) and
western blot (b). (C) The ectopically expressed KLF2 (FLAG-tagged KLF2) occupied the p15™* and p21°P¥N'4 promoters in
association with a gain of RNAP-S2 occupancy and the H3-K4 trimethylation mark determined by qChIP. (D) MTT (left) and colony
formation (right) assays reveal that stable KLF2-expressing U20S cells grow more slowly than cells transfected with control vector.
(E) Enhanced proliferation of normal MRCS5 fibroblasts after transfection of sShRNA against KLF2 in comparison with scrambled

shRNA. P-values obtained from Student’s ¢-test.
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enrichment of RNAP-S2 in the KLF2 promoter
determined by qChIP (Figure 2D). From the DNA
methylation standpoint, the KLF 5-end region contains
a canonical CpG island that remained unmethylated
under all the experimental conditions described
(Supplementary Figure 4).

Once we had determined that KLF2 was a direct
target of transcriptional repression by EZH2 in cancer
cells, we sought to understand the molecular and cellular
contribution of KLF2 silencing to the transformed
phenotype. To this end we constructed a FLAG-tagged
KLF2 expression vector using the pPCMV-Tag2B vector
(Stratagene, Santa Clara, CA, USA) and transfected
it by electroporation to U20S cells. Transfected cells
were selected by adding G418 (Calbiochem). Upon
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KLF2 transfection, we observed enhanced Annexin V
expression relative to empty vector-transfected cells
(Figure 3A). The pro-apoptotic effect mediated by
KLF2 transfection was also associated with an increase
in the expression levels of the cell cycle-inhibiting genes
pl5/CDKN2B and p21/CDKNI1A, as determined by
qRT-PCR (Figure 3B) and western blot (Figure 3B).
These two latter genes could be direct or indirect targets
of the transcription factor KLF2. The two possibilities
can be discriminated by the chromatin immunoprecipi-
tation assay. The qChIP analyses demonstrated an
enriched presence of KLF2 (using a FLAG-M2
antibody) in the 5'-end CpG islands of p15/CDKN2B
and p21/CDKNIA in the transfected U20S cells
(Figure 3C). The KLF2 occupancy at these promoters

Breast cancer tissue

Case no. 20

Case no. 21

EZH2

KLF2

W ~ S 2 . & M A
T2NOMO, LN 0/16  T2N1MO, LN 2/18 T2N3aMo, LN 15/24
Prostate cancer tissue
Case no.10

EZH2

KLF2

T3bNOMO, stage Ill T2cNOMO, stage Il T3bNOMO, stage 11l

d Prostate Cancer (N = 40) Breast Cancer (N = 15)
EZH2-KLF2+
1.09 1.0 EZH2-KLF2+
0.8 P=0.035 0.8l
B s g P=0.045
= 00 EzH2+ KLF2- = 061
g & EZH2+ KLF2-
S 0.4 S 0.4
=] 3
@ (7]
0.2 4 0.2
0.0 T T r T T . 0.0 T T T T -
0 20 40 60 80 100 120 0 20 40 60 80 100
weeks weeks

Figure 4 KLF2 as a tumor suppressor in mouse models and its effect on human tumors. (a) Effect of sh-EZH2 knockdown (left) or
KLF2 transfection (right) on the growth of U20S cells inoculated into nude mice. Tumor volume was monitored over time, and the
tumor was excised and weighed after 24 days. EZH2 depletion or KLF2 overexpression cause a reduction in tumor volume and weight.
(b) Significantly lower mortality following tail-vein injection in the mice of 1 x 10° U20S cells was observed in U20S-pCMV-KLF2 or
U20S-shEZH2 cells in comparison with the empty vector-transfected cells (P <0.001) (¢) EZH2 and KLF2 expression in clinical cancer
samples determined by immunostaining in prostate and breast cancer tissue microarrays. KLF2 expression was inversely associated
with EZH2 expression in prostate (Pearson’s correlation coefficient r*=0.32, P<0.05, n=40) and breast (Pearson’s correlation
coefficient *=0.57, P<0.05, n=15) cancer. (d) The high expression of EZH2 associated with the low expression of KLF2 predicts
overall shorter survival in breast and prostate cancer (Kaplan—Meier analysis, P=0.013 and P=0.062, respectively).
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also occurred with an enrichment of active transcription
marks, such as RNAP-S2 occupancy and the trimethy-
lation of lysine 4 of histone H3 (Figure 3C).

From the point of view of cellular growth, KLF2 also
had the expected features of a tumor suppressor gene.
KLF2-transfected U20S cells showed a marked reduc-
tion of proliferation determined by both the MTT
(Figure 3D) and colony-formation (Figure 3D) assays.
Conversely, stable depletion of KLF2 by shRNA in the
non-transformed MRCS5 fibroblast cells increased cell
viability as assessed by the MTT assay (Figure 3E). We
also wished to investigate the contribution of KLF2
repression to the overall tumorigenic phenotype con-
ferred by EZH2. To do this, we first depleted EZH2 by
RNAI in U20S cells (Supplementary Figure 5) and
observed that the induced diminished levels of EZH2
were associated with a lower level of cell proliferation,
as determined by the MTT assay (Supplementary
Figure 5). This finding was consistent with those of
previous reports (Varambally et al., 2002; Bracken et al.,
2003). As also described above, EZH2-RNAi caused
KLF2 upregulation (Supplementary Figure 5). We
proceeded to knock down KLF2 by RNAI in the
EZH2-depleted cells to investigate whether the loss of
KLF2 was able to ‘rescue’ partially the oncogenic
phenotype mediated by EZH2. We observed that the
double RNAI against EZH2 and KLF2 (EZH2-/KLF2-
cells) gave rise to cells with a higher proliferation rate
than those with single EZH2 depletion (Supplementary
Figure 5). Thus, KLF2 transcriptional silencing is an
important step in the proliferation pathways mediated
by the EZH2 oncogene.

We extended the study of the KLF2 growth-
inhibitory role to in vivo mouse models. Athymic
(nu/nu) mice, aged 4-5 weeks, were used for tumor
xenograft models. The experimental design was
" approved by the Bellvitge Biomedical Research Institute
Ethical Board. The mice were killed 30 days after
injection and tumors were excised and weighed, while
the mean volume of tumors +standard error of the
mean (s.e.m.) was also calculated. The subcutaneous
injection of 3 x 10 U20S cells in nude mice demon-
strated that KLF2-transfected cells (U20S-pCMV-
KLF2) developed significantly smaller tumors than
empty vector-transfected U20S cells (Student’s -test,
P=0.028) (Figure 4a). The characterization of the
spreading potential was developed by tail-vein injection
in the mice of 1 x 10° U20S cells suspended in 0.2 ml
phosphate-buffered saline, and the survival rate at 40
days was analyzed by the Kaplan—Meier method.
U20S-pCMV-KLF2-transfected cells had a significantly
lower mortality rate than U20S empty vector-trans-
fected cells (P<0.001) (Figure 4b). Depletion of EZH2
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Abstract We retrospectively compared transplant out-
comes for related bone marrow transplantation (fBMT),
related peripheral blood stem cell transplantation
(rPBSCT), 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 -tBMT (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 (LES)
(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 rBMT 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.
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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



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 306 in
2000, but drastically dropped to 46 transplants in the year
2009. Unsurprisingly, the drop in transplant activity was
observed in Japan after imatinib (IM) 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 [1-6]. Moreover, the
newly launched third generation TKI, ponatinib, having a
unique binding mechanism allowing inhibition of BCR-
ABL kinases, including those with the T315I 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 TKISs, 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
Japanese Society of Hematopoietic Cell Transplantation,
Nagoya, Japan

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.ebmt.org/1 Whati
sEBMT/whatisebmt2.html). 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-ABLI 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 HLLA 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 IBMT/uBMT/iPBSCT/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 diagnosis 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)

510/19F (P < 0.001)  281/57°7 (P < 0.001)  145/42°

(P < 0.001)
507/22F (P < 0.001)  285/53T (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/> 1 year) was noted; 25 data in CP, 12 data in CP2-AP, and 9 data in BP

were not retrieved

4 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
f 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: CP1 (n = 531), CP2-AP (n = 342)
and BC (n = 189). GS were related tfBMT (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.

Fig. 1 Kaplan-Meier estimate

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 % CI,
66.8-74.7 %) for patients in CP1 at the time of transplan-
tation, 58.9 % (95 % CI, 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 % CI, 60.4-68.6 %), 46.1 %
95 % CI, 40.9-519 %) and 192 % (95 % CI,
14.1-26.1 %), respectively (data not shown).

OS and LFS according to GS in CP1, CP2-AP, and
BC are shown in Fig. la—c, and d-f, respectively. In
view of OS and LFS according to GS, 3-year OS after
rBMT, rPBSCT, uBMT, and CBT in CP1 was 84.4,
70.0, 64.4, and 48.0 %, respectively (Fig. 1a). Three-
year LFS after rfBMT, rPBSCT, uBMT, and CBT in
CP1 was 76.3, 64.3, 59.3, and 30 %, respectively
(Fig. 2d). Multivariate analysis for OS identified the
following factors as adverse prognostic factors for
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Fig. 2 The cumulative
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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 CP1, 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).
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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 2.49, 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 CP1
(Table 2, 3).

The 3-year cumulative relapse rate by disease stage was
9.0% (95 % CI, 3.9-7.9 %) in CP1, 28.2 % (95 % CI,
23.3-33.1 %) in CP2-AP, and 436% (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



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% CI) P value Factors HR  (95% Cl) P value
0S Age <40 1 <43 1
>40 1.67 1.15-2.41 0.007 >43 1.74  1.25-243 < 0.001
ABO mismatch No 1
Yes 144 1.003-2.06 0.048
Pre-transplant IM No 1
Yes 0.61 041-0.89 0.011
LFS Age <40 1
>40 1.43  1.02-1.99 0.038
TRM Age <40 ]
>40 1.69 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 1.55-821 0.003
Acute GVHD (all grades®) Pre-transplant IM No 1
Yes 0.75 0.57-0.99 0.04
BW <60kg 1
>60kg 135 1.01-1.82 0.045
Acute GVHD BW <60kg 1
(=grade 2) >60kg 153 1.05-2.24 0.028
Chronic GVHD (extensive®) BW <60kg 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, HLA human leukocyte
antigen, BW body weight, HR hazard ratio, CI confidence interval, CP chronic phase, AP accelerated phase, BP blastic phase, imatinib imatinib mesylate

* 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
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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 CP1 CP2-AP BP

RR (95 % CI) pvalue RR (95% CI) pvalue RR (95 % CI) p value

oS 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 176  (0.77-4.04) 0.180 0.84 (0.21-3.43) 0.809 1.13 (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 172 (0.95-3.11) 0.073 0.42 (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 1BMT 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 1.03  (0.52-2.07) 0.93 0.94 (0.52-1.70) 0.83 143 (0.64-3.22) 0.39

CBT 033 (0.04-2.63) 0.29 0.98 (0.60-1.60) 0.94 126 (0.82-1.92) 0.29
Relapse BMT 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 1.13  (0.62-2.07) 0.68 117 (0.64-2.14) 0.6 1.06 (044-2.54) 0.9

CBT 25.16 (1.76-369.10) 0.018 1.15 (0.74-1.80) 0.53 077 (0.39-1.60) 0.49
ANC recovery BMT 1.00 1.00 1.00

uBMT 0.82  (0.55-1.23) 0.35 0.83 (0.53-1.31) 0.43 0.58 (0.27-1.26) 0.17

rPBSCT 1.31  (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) <0.001 055 (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) 0.68 021 (0.07-0.61)  0.0039

rPBSCT 0.93  (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 0.44 (0.26-0.74) 0.0018
Acute GVHD (all grades®)  BMT 1.00 1.00 1.00

uBMT 335 (1.50-6.22) <0.001 1.67 (0.92-3.02) 0.09 1.22 (6.46-3.25) 0.69

rPBSCT 1.49  (0.94-2.37) 0.091 0.86 (0.51-1.44) 0.56 0.94 (0.32-2.73) 091

CBT 1.67  (0.68-4.11) 0.26 0.76  (0.58-1.01) 0.054 1.05 (0.56-1.96) 0.87
Acute GVHD (>grade 2) BMT 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

PBSCT 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) 0.36 145 (0.55-3.81) 045
Chronic GVHD rBMT 1.00 1.00 1.00

uBMT 095 (0.53-1.70) 0.86 1.1 (0.45-2.68) 0.84 0.27 (0.06-1.33) 0.11

rPBSCT 1.37  (0.97-1.92) 0.075 124 (0.70-2.19) 047 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 (extensiveb) BMT 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 131 (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) 0.56

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

Y Chronic GVHD was graded as limited or extensive based on the Seattle criteria
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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 % CI, 96.1-98.9 %) in CP1, 93.2 % (95 % CI,
90.5-959 %) in CP2-AP, and 823 % (5% CI,
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, 85.1 % (95 % CI, 81.2-89.0 %) in CP2-AP, and
672 % (95 % CI, 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 tPBSCT (RR
1.31, 95 % CI 1.02-1.69, P = 0.0396 was a significant
factor for early neutrophil recovery in CP1l. 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 044, 95 % CI
0.26-0.74, P = 0.0018). Unrelated BMT (RR 0.21, 95 %
CI0.07-0.61, 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 % CI, 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 % CI, 44.7-54.1 %) in CP1,
422 % (95 % CI, 36.4-48.0 %) in CP2-AP, and 37.8 %
(95 %CI, 30.0-45.6 %) in BC. For patients in CPI1,
rPBSCT showed a higher incidence of chronic GVHD
(71.4 %), which was compared to other GS (Fig. 4d);
however, this significant association was not confirmed in
multivariate analysis (@PBSCT: RR 137 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. 4e, f), but 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 % (I,
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 (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 tBMT 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 rBMT in CPI; the 1-year LFS and relapse
rates were similar for patients receiving rBMT 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,

@ Springer

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), rtPBSCT 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
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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, rBMT 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, Pfimrmann 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.

25.

. 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 SJ, 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 I 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.



2014 July
Vol.73 No.7

Vi K 5 &

®LK—h
FWHAREZD
B EFAO—H

OV RO INDTER

@R

BEAE - M B S a >
0 TEESE

WO [0 ) DA TSRS D[S OB BT ()

; SRR SR

AR DB

Y—Iwid

OF—FFHF

FERABEILFAESEER

g SOOI
K19 kA SR




iR W73 M7 20145751 BRT(BA 16 BRIT) 1949488128 W= MBEEMERE]  ISSN 0385-2377 Byoin

FIHHEOHE T ETX5,

7o B 7 [ -t AL —E R
Hona! bhrsb! HHTE5!

Ef- B —E2X 2 AEOEEBEICA > TR UHA R Ty D 2014EE R
BATHHME 7 AO— U, B WMUFIEL KDBB UL IT<ARLS ICRRERBEL, XIERIET!

LEGETHAHE OBV ED SHIRICK > TRBZY—EZGIE T, BEBRLTVET,
FIRENSORMICR T LOHERICHIGT S DESR - UM RE AP D 1

\
=l A
s 1
NPOIEAHAER ) — v Vo —oBis &
ML R8T/ Veek 108 WA W%

Bk
2011 1 HEEEREED LA
\EREAE | 1 o
{BaNAETyy | I hmfteLc:
92. IV HEiliEY—EX
% vV RER - B#Y—-EX
H gl The € | VI RiE - RETED)0
"%';l* “- é‘ 7edic
5 TN | s oA
@ i oY (e
é- !Elz?‘l‘kl\ e T Vi ?i%ﬁﬁiﬁm &
g HESRUS /2 A8 08/ BHM y__?‘/""}bv_y
g LORH

@A4 E312 20145 7 - A4 3,300 B+H [ISBN 978-4-260-01955-2]

HUSHo,, == T113-8719 REENEXAH#E1-28-23 IOkH0]
@ E$ B;'E (BR5586] TEL : 03-3817-5657 FAX:03-3815-7804 4

E-mail : sd@igaku-shoin.co.jp http://www.igaku-shoin.co.jp &% : 00170-9-96693 [

W R Il “" ll Im Hu"l m‘ ”lll ” ll ““I“I“I ) 0076182;88



el

H o s p 1 17 A L 5

0497

0504

.

v

2014 July
Vol.73 No.7

752
EECHIEORAST BER<H5 U] Z2BIET —XKIEB K5 DiEEFTRR
P T O F 49—
ERAFEHLFESESS ROIRROR | £ - i 82
From Hospital O—5 =

5w RS EREE
YILYTIWIICHD 2 DDV 2 EF—IVORH HHES

SR & R

EIRE
OfiH &5
FoimEERE & i fRiE
OB #okE

FEEEHE —ERRRFIEICSI DEMEBR~NDT I AR EFHE
O¥RBE

FoimERDERREF T
OjtbH &tk

EXRBERE L TOEIRER
OHE &<

P ERERERMAIR I Y V=Y 7
OBE &t - K B

rSAU—=2aF VU —FOEZH
ORA 3E

FeinEEMFERFOPRT CRC ORI NERE
OSH RA - &F B—

502 (6)

Whe73% 7 2014% 78




SRR kgl

R 337

RS RROB

2004 45 12K E i R 3E i R (Food
and Drug Administration ; FDA) i
“Challenge and Opportunity on the
Critical Path to New Medical Products”
ML TORT BLIRT
&9 CEE RN ORE AL
DL L OB ORBEETH 5K
F&l S 55 A WP 78 FT (National Institute of
Health; NIH) & IZEA ML T
VB Phb LT, B2IZRT X
D) WCFDATCHREHFNZHMEN 2
VR TE V) BASEIES, -
BRI LTz BoEER
SRS LTHE R E R L
B4R OB & FRFE % RS 50
IBEZF B LT ERHHAD S
nTwia,

=7, TOIALY, BEHERT
12 2010 4E M ~N OIS K & 72
fi & o Tz, I, 8h k
oA ET A EERDE N
FRFOINELZ B, FhictoT

FERUR SR LA GENT S BTG & > & — BRI R W St 25U 2

o B KELDHF IR FE A ATz
Wi, BE LR Rfelte i b

WA LDOTH ol 1T 20024F

L 20RIEDOEEFOMWRIE Y HiF
by 710%RLAZSDTH S, 2002
S, 2R Bk i P R T
NAFHHCHH T AT RTF
BHIAA o TWBD, Zoizibs
WOSEYEH ZHERTHAIA Y —=
YUK DRSS W EERT
Hol T FOEIET20104
M CEENHEHINLEAZT
Wiz 20124EC R B L by Ti0d
EIFEETANED o T B,
BRI A28 E LT, 6t HA
EOVEARFE CHET29F% 5 —
o bl LenFENEEREETH
Y, Z0)LsHERETH - 72
ZEDBETFLNDE LaIFPEL
I — FOOEAEREIBEEY v
FEDRKTH % TNFa DBF LR
W3 U TR CTINFe 2 HET A
EThY, VT LR TNE DS
BTkl MuEru ) v
DFEHHP ORI TBY, TNF

Fo AL —Y g —F O T

MRFHOZEKEHETHI L
ZRHETS UV FF P BMM
P oSBT oSBT
CD20DSZEB L TCnwH T &, N—k
TF O EA AL THER2 SR
FEHLTWAHAENELZ VI LIZEH
L, BHEARTRBELTwE 0TI
PR AE LEELZ 525 2 L0ME
AFETH 5. BB A TEINEH
B BEEOWIARED OIS
B, TOSNAF O IMAE A AR
¥ 55F T B VEGF DY % [k
TAHEPMAE LTHBIN: wih
bIEMER-CORBRITER L, B3
e LCThdkd 5 Wik A Al &
LTHEINTYAS.
FSALV—YaF ) h—F
(Translational Research ; TR) X, 2%
TEWFFE 0 B % B0 T ER R 5Bk D B g
FCHEISHAT A EF1IODER
TH5. PEERLZHAEORME
EBFROBELZEICLINTS
D, TRORFLVWZ L. HlREE
mBAROAEE LTCTRIZEER S
NL L5, KEOEERRFE

540 (44)

Wk 73%7 %5

201447 B

0385/2377/14/%¥800/ i3 /JCOPY




