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Figure 1. Age distribution of aplastic anemia (AA) patients with or without HLA-DR15. The number of AA patients with or without HLA-DR15 in different
age groups is shown. DRB1#1501715027, patients with both DRB1*1501 and DRB1*1502; DRB1*1501%15027, patients with DRB1*1501 but not
DRB1%1502; DRB1#1501 715027, patients with DRB1*1502 but not DRB1*1501; DRB1#1501 715027, patients with neither DRB1*1501 nor DRB1*1502.

DRB1#1501%1502" patients, 85.3% (35 of 41 patients)
in DRB1*1501715027, 59.3% (32 of 54 patients) in
DRB1*#150171502" . and 53.8% (21 of 39 patients) in
DRB1*150171502".

Allele frequencies in the PNH and PNH™ AA patients
‘We next divided the 140 AA patients for whom both DRB1
alleles were determined into PNH™ patients (n = 92) and
patients without a small population of PNH-type cells
(PNH™ patients, n = 48), and then compared the frequency
of each DRB1 allele among the three different groups in-
cluding the PNH™ patients, PNH™~ patients, and controls
(Fig. 2). The frequency of DRB1*1501 compared to the
controls was significantly higher in only the PNH™ patients
(39 of 92 patients, 42.4%, p. < 0.01), not in PNH™ patients
(8 of 48 patients, 16.7%). On the other hand, the frequency
of DRB1*1502 in comparison to the controls was higher in
both the PNH™ patients (37 of 92 patients, 40.2%, p. =
0.05) and PNH™ patients (24 of 48 patients, 50.0%). Fre-
quencies of other DRBI alleles, including DRB1*0403,
were similar among PNH™ patients, PNH™ patients, and
controls.

Correlation of HLA-DRI5 alleles with the

prevalence of increased PNH-type cells in AA patients

We analyzed the associations between the prevalence of
PNH-type cells and genetic factors, such as age, sex, sever-
ity, chromosomal abnormality, and HLA-DRB1 allele to
determine which factors might contribute to a slight in-
crease in PNH-type cells in our AA patients. The presence

of DRB1*1501 (p < 0.01, odds ratio = 3.68) was the only
significant factor associated with an increase in the propor-
tion of PNH-type cells based on a univariate analysis, and
a multivariate analysis confirmed this result (p < 0.01).
The presence. of DRB1*1502 was not considered to be
a contributing factor.

Favorable factors affecting

response to ATG plus CsA therapy

Fifty-five of 77 patients (71.4%) improved with ATG plus
CsA therapy. The factors favorably affecting the response
to IST in the AA patients were examined under a univariate
and multivariate analysis (Table 3). Only the presence of
PNH-type cells was significantly associated with the re-
sponse to IST based on a multivariate analysis. After taking
into account the kinetics of the response to treatment, we
made Kaplan-Meier curves to determine the probability
of response to IST in three different groups of patients as
defined by DRB1 alleles (Fig. 3). There were significant
differences in the probability of the response to IST be-
tween the DRBI1%#1501715027 patients and either the
DRB1*150171502" patients (p < 0.01) or the DR15™ pa-
tients (p = 0.01) (Fig. 3A). However, these differences in
the probability of response IST were no longer observed
when the probability of response was compared in either
the PNH™ patients or the PNH™ patients (Fig. 3B, C).

Discussion
This study demonstrated for the first time that, in addition
to DRB1#1501, which is a major DRB1 allele determining
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Figure 2, HLA-DRB! allele frequencies in paroxysmal noctumal hemoglobinuria (PNH)* and PNH™ aplastic anemia (AA) patients. Frequencies of the
three alleles, DRB1¥1501, DRB1#1502, and DRB1*0405 are compared in the PNH" AA patients, PNH™ AA patients, and controls.

the presentation of HLA-DR15 in Caucasian [2,3] and
Chinese populations [4], DRB1*1502 is frequently present
in Japanese AA patients. This finding, based on a large
number of patients, suggests that the DR15 molecule plays
a definite role in development of a subset of AA. Another
novel finding in the present study was that the significantly
increased frequency of HLA-DR15 was only observed in
old AA patients. The frequency of HLLA-DR15 reached
up to 80% in AA patients 40 years of age or older. The ap-
parent age-dependent differences in HLA-DR15 frequency
suggest that the pathophysiology of AA in older patients
may therefore differ from that in younger patients. Several
studies of Japanese pediatric patients have revealed a rela-
tively high incidence of MDS secondary to AA compared
to adult patients [22-24]. Given the lower frequency of
HLA-DRI135, pediatric AA may thus display a higher pro-
portion of bone marrow failure caused by nonimmune
mechanisms than adult AA.

In contrast to the findings of previous reports,
DRB1%¥1501 appeared to confer a better chance of response
to regimens including ATG than other DRB1 alleles, in-
cluding DRB1¥1502. We previously demonstrated that
DRB1*1501 predicts the response to CsA, but not to
ATG [11]. In the previous study, only 6 of 59 ATG-treated
patients received CsA. The combined use of CsA and the
larger number of ATG-treated patients in the present study
probably accounts for the different findings regarding the
role of DRB1%#1501 in predicting the response to ATG ther-
apy. DRB1%1501 may affect the response of AA to ATG

therapy only when CsA is administered in combination
with ATG. :

Several previous studies failed to confirm the role of
HLA-DR15 in predicting the response to ATG [3,10].
Most previous studies analyzed DRBI1 alleles using
low-resolution methods that are unable to sufficiently dis-
tinguish DRB1*#1502 from DRB1#1501. DRB1*1502 ac-
counts for 3% to 7% of the DRB1 alleles corresponding
to DR15 even in Caucasians [25], and this frequency may
even be higher in AA patients, particularly among AA pa-
tients 40 years of age or older. As a result, some patients
with DR15 who did not respond to ATG in previous studies
may have been DRB1#15027, rather than DRB1*1501.
The results of this study indicate the importance of

Table 3. Pretreatment variables associated with a response to
antithymocyte globulin plus cyclosporin A therapy

p Value
Favorable factors univariate*  multivariate®*
Gender (male vs female) 0.32 0.47
Age (at least 40 y vs younger) 0.79 0.37
Severity (severe vs moderate) 0.61 0.86
HLA-DRB1*1501 (positive vs negative) 0.03 0.19
HLA-DRB1%1502 (positive vs negative) 0.61 0.46
PNH-type cells (positive vs negative) <0.01 <0.01

*Fisher’s exact probability test.
*+Wald c” test for a logistic regression model.
PNH = paroxysmal nocturnal hemoglobinuria.
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Figure 3. Kinetics of response to antithymocyte globulin (ATG) plus cyclosporin A (CsA) therapy. Kaplan-Meier curves for the response in the different
groups of patients based on the DRBI alleles are shown. DRB1¥1501%15027 patients were not showed in this figure because only one patient (he was par-
oxysmal nocturnal hemoglobinuria [PNH]*) was available for the analysis. (A) all patients; (B), PNH™ patients; (C), PNH™ patients.

accurately determining the DRB1 alleles using high-resolu-
tion methods to clarify the role of HLA-DR15 in predicting
a response to IST.

A higher frequency of HLA-DR15 among PNH* pa-
tients in comparison to PNH™ patients has been reported
by Maciejewsky et al. [26]. The present study confirmed
this finding using a different flow cytometry assay that dis-
tinguished PNH™ patients from PNH ™ patients using lower
levels of glycosylphosphatidyl inositol-anchored protein-
deficient cells than the assay used in the previous study.
Our methods also identified a significant difference be-
tween DRB1*¥1501 and DRB1%1502 in the minimal expan-
sion of PNH clones. The frequencies of both alleles
increased in the PNH* patients in comparison to normal
controls, thus supporting the preliminary results of our
study of 23 patients with refractory anemia [13]. However,
only DRB1*#1501 represented a genetic factor significantly
associated with an increase in the proportion of PNH-type
cells in AA patients in the present study because the fre-
quency of DRB1¥1502 was high in both PNH* and
PNH™ AA patients, thus indicating that the minimal expan-
sion of PNH clones is not affected by DRB1*1502. To-

gether with the difference in the response rate to IST
between DRB1#1501F and DRB1#1502% AA patients, all
these findings suggest that DRB1*#1501 and DRB1*¥1502,
therefore, play a different role in the pathogenesis of AA.

In AA patients carrying DRB1#1501, the presentation of
autoantigen by this molecule may readily induce a cell-me-
diated attack against hematopoietic stem cells that may be
associated with minimal expansion of a PNH clones. Previ-
ous studies have demonstrated that the presence of a CD4™
T-cell attack against hematopoietic stem cells allows the
survival of PNH-type stem cells [27,28]. On the other
hand, polymorphic gene alleles of myelosuppressive
cytokines, in linkage disequilibrium with DRB1¥1502
may predispose individuals with HLA-DRB1*#1502 toward
development of AA. In keeping with this hypothesis, a
recent study on diabetes mellitus patients revealed that a
haplotype of TNFal2-DRB1*1502 was, therefore, more
frequent in patients likely to develop insulin-dependency
than in those who do not develop insulin-dependency
[29]. Several reports have demonstrated TNFal2 to be
associated with a higher secretion of tumor necrosis
factor-a [30].
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HLA-DR15 molecules derived from DRB1*1502 differ
from those derived from DRB1*1501 in only one amino
acid at position 86 (valine for DRB1*¥1502 and glycine
for DRB1*1501) of the B-chain [31]. This structural simi-
larity indicates that antigenic epitopes presented by these
molecules are common [32,33]. For most autoimmune dis-
eases where DRB1#1501 is associated with susceptibility in
patients from Western countries, DRB1*1502 is expected to

play the same role as DRB1*1501 in Japanese patients.

However, in Japanese patients with multiple sclerosis, the
frequency of DRB1*1502 is not increased in comparison
to that in the controls [34,35]. As a result, DRB1#1502 ap-
pears to contribute to development of some autoimmune
diseases via different mechanisms to DRB1#1501. In AA
patients carrying DRB1¥1501, certain antigens of which
presentation requires position 86 of the B-chain to be gly-
cine may likely induce an immune system attack to hema-
topoietic progenitor cells. It is also possible that
DRB5*0101 and DRBS5*0102, which are in complete
linkage disequilibrium with DRB1#1501 and DRB1¥1502,
respectively, in the Japanese population [19] may be
responsible for the difference becanse DRB5*0101 differs
from DRB5+%0102 by three amino acids in the antigen-
peptide binding domain.

Our data may be relevant to the management of AA. Al-
though the incidence of HLA-DR15 is significantly higher
in AA patients than in the normal controls, only
DRB1#1501 was found to be a predictive marker for
a good response to ATG plus CsA therapy. AA patients
with DRB1#1502 who do not show an increased proportion
of PNH-type cells may not benefit from IST. HLA-DR typ-
ing has been considered to be useful for predicting a good
response to IST in AA patients [7,8], but this costly test
may not be necessary in the circumstance where the highly
sensitive flow cytometry is available because the presence
of a small population of PNH-type cells is the only signif-
icant factor that affects the response to ATG plus CsA ther-
apy based on the findings of our multivariate analysis.
Prospective studies are called for to confirm these findings.
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Abstract

We investigated the clinical significance of a blood eosinophilia in a cohort of 158 consecutive patients with adult T-cell leukemia/lymphoma
(ATLL), and multivariate analysis revealed that a blood eosinophilia was an independent and a significant unfavorable prognostic factor.
Interestingly, a blood eosinophilia was independent of serum LDH level, which might reflect the tumor burden. The present study shows that
measurement of the blood eosinophil count is usefut for predicting the prognosis and for determining a suitable treatment strategy for ATLL

patients.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Adult T-cell leukemia/lymphoma (ATLL) patients are in
a severely immunocompromised state, leading to frequent
and severe infectious complications and to an unfavorable
outcome [1,2]. The human immune system depends on bal-
anced production of cytokines by two distinct T helper (Th)
cell subsets: Thl and Th2 cells [3,4]. Thl cells produce
interferor (IFN)-y, and interleukin (IL)-2, while Th2 cells
produce IL-4 and IL-5. Th1 cells play a critical role in cellular
immunity, while Th2 cells are involved in humoral immunity.
Eosinophilia is induced by overproduction of IL-5 [5], and
thus the ATLL patients with a blood eosinophilia seem to
have shifted their Th1/Th2 balance in favor of a Th2 response.

* Corresponding author. Tel.: +81 52 853 8216; fax: +81 52 852 0849.
E-mail address: itakashi @ med.nagoya-cu.ac.jp (T. Ishida).

0145-2126/$ — see front matter © 2006 Elsevier Ltd. All rights reserved.
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Since Thl cells are likely to play a key role in the initiation
and persistence of an anti-tumor response, while a predomi-
nant differentiation to Th2 has been associated with a relative
defect in the anti-tumoral and anti-infectious responses [6],
the hypothesis that a blood eosinophilia in ATLL patients
might be an indicator of poor prognosis was proposed. In fact,
a blood eosinophilia is a significant prognostic factor in the
other hematological neoplasm, cutaneous T-cell lymphoma
[7]. Furthermore, we have recently examined the levels of
serum cytokines including IFN-y, TNF-a, IL-2, -4, -5, -6,
-10, and TGF-B1 in 94 ATLL patients, 39 asymptomatic
HTLV-1 carriers, and 50 healthy adult volunteers, in order
to clarify whether elevated levels of particular cytokines are
associated with the prognosis of ATLL patients. Multivariate
analysis indicated that high IL-5 and IL-10 levels were inde-
pendent and significant unfavorable prognostic factors among
the ATLL patients, and most importantly, there was a signifi-
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cant relationship between a high serum IL-5 level and a blood
eosinophilia (a blood eosinophil absolute count > 500 uL—1)
among the ATLL patients [8]. In addition, it is generally
known that a blood eosinophilia is sometimes seen in ATLL
patients [1,9,10]. These findings prompted us to undertake
the present study. We retrospectively investigated the clini-
cal significance of a blood eosinophilia in a cohort of 158
consecutive patients with ATLL,

2. Materials and methods
2.1. Patients

This study included 158 consecutive ATLL patients for
whom there was sufficient clinical information and follow-
up, who were diagnosed between 1989 and 2005 at two
independent hospitals in Japan (Imamura Bun-in Hospital
and Nagoya City University Hospital). The diagnosis and
classification of ATLL clinical subtypes were made accord-
ing to the criteria proposed by the Japan Lymphoma Study
Group [2]. The clinical characteristics of the ATLL patients
who were analyzed in this study included age, sex, clinical
subtype, performance status (PS), presence or absence of B
symptoms, white blood cell count (WBC), lymphocyte count,
eosinophil count, hemoglobin level (Hb) and platelet count
(P1t) in the peripheral blood, serum calcium level, serum albu-
min level, serum lactate dehydrogenase (LDH) level, and
involved sites [lymph node (LN), bone marrow (BM), periph-
eral blood, lung, liver, spleen, gastrointestinal tract, kidney,
central nervous system (CNS), bone, and skin]. We desig-
nated a blood eosinophil absolute count exceeding 500 L1
as a blood eosinophilia throughout the present study [11].
ATLL patients with the acute and lymphoma subtypes receive
an aggressive clinical course, while ATLL patients with the
chronic and smoldering subtypes survive longer [1,2]. Thus,
we designated the acute and lymphoma subtypes of ATLL
as the aggressive variant, and the chronic and smoldering
subtypes of ATLL as the indolent variant in the present
study. For these analyses, we used the clinical characteristics
recorded at the time the blood examination was performed,
and all blood samples were obtained at the time of initial
diagnosis of ATLL. Although the treatments administered
to the ATLL patients enrolled in this study varied, combi-
nation chemotherapy protocols including doxorubicin such
as the RCM protocol [12], the LSGI15 protocol [13], or
the cyclophosphamide-doxorubicin—vincristine—prednisone
(CHOP) regimen were administered to the majority of the
patients.

2.2. Satistical analysis -

The significance of differences in clinical characteristics
between the two groups was assessed by Fisher’s exact test,
For survival analyses, the starting time was the date of blood
collection, and a census was taken of all patients who were

still alive at the date of the last follow-up. Kaplan—Meier
curves were plotted to assess overall survival (OS), and dif-
ferent survival curves were compared using the log-rank test.
Prognostic factors were examined by univariate and multi-
variate analyses using the Cox proportional hazard model.
The variables for univariate analysis were age, sex, clinical
variant, PS, presence or absence of B symptoms, WBC, lym-
phocyte count, eosinophil count, Hb count and Plt count in
the peripheral blood, serum calcium level, serum albumin
level, serum LDH level, and presence or absence of extran-
odal involvement at more than one site. Variables considered
for possible inclusion in the regression analysis were those
that showed a significant difference in the univariate anal-
ysis. All statistical analyses were performed using StatView
software (SAS Institute, version 5.0, Cary, NC). In this study,
P <0.05 was considered significant.

3. Results
3.1. Patient characteristics

Among the 158 ATLL patients enrolled in the present
study, there were 90 males and 68 females with an age
range of 38-89 years (median age, 62 years), and the event
(patient’s death) was observed in 109 patients (69.0%). The
OS curve of all ATLL cases is shown in Fig. 1A. The
50% OS = standard error was 11.4 +0.3 months, which was
nearly in agreement with values obtained in previous clin-
ical trials in Japan [14]. The OS was significantly shorter
in ATLL patients with the aggressive variant than in those
with the indolent variant (50% OS, 10.5 months versus 22.5
months) (Fig. 1B). The OS was significantly shorter in ATLL
patients with a blood eosinophilia than in those without a
blood eosinophilia (50% OS, 8.9 months versus 12.1 months)
(Fig. 1C). Among the ATLL patients with the aggressive vari-
ant, a blood eosinophilia was significantly associated with
shorter survival (50% OS, 8.9 months versus 10.8 months)
(Fig. 1D). ’

3.2. Associations between a blood eosinophilia and
clinical characteristics among the ATLL patients

The clinical characteristics of the ATLL patients with
or without a blood eosinophilia are summarized in
Table 1. A blood eosinophilia was significantly asso-
ciated with a younger age (<60 years) (P=0.0315),
leukocytosis (>10.0 x 103 pLL=!) (P <0.0001), lymphocyto-
sis (>4.0 x 103 pL~!) (P=0.0238), and hypoalbuminemia
(<3.0g/dL) (P=0.0385). Regarding the involvement sites,
a blood eosinophilia was significantly associated with
favored tumor involvement of the liver (P=0.0129), spleen
(P=0.0124) and skin (P =0.0290). None of the other clini-
cal characteristics were associated with a blood eosinophilia
among the ATLL patients.
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Fig. 1. Overall survival (OS) of ATLL patients. (A) OS curve of all patients with ATLL enrolled in this study (n=158). (B) OS curves of the 124 ATLL patients
with the aggressive variant and the 34 ATLL patients with the indolent variant. The 50% survival times were 10.5 and 22.5 months, respectively. The ATLL
patients with the aggressive variant showed a significantly worse prognosis. (C) OS curves of the ATLL patients according to a blood absolute eosinophil count.
The ATLL patients with a blood eosinophilia (a blood absolute eosinophil count> 500 pL~1) showed a significantly worse prognosis. (D) OS curves of the
ATLL patients with the aggressive variant (n = 124) according to a blood absolute eosinophil count. The ATLL patients with the aggressive variant with a blood

eosinophilia showed a significantly worse prognosis.

3.3. Prognostic factors in ATLL patients

Univariate Cox proportional hazard analysis identified
the following unfavorable prognostic factors with respect to
the ATLL patients’ survival: the aggressive variant, worse
PS (2-4), presence of B symptoms, a blood eosinophilia,
a high serum calcium level (>11mg/dL), hypoalbumine-
mia, a high LDH level (greater than twice the upper limit
of normal), and extranodal involvement of more than one
site (Table 2). Multivariate analysis demonstrated that worse
PS, a blood eosinophilia, and a high LDH level were
independent and significant unfavorable prognostic factors
(Table 2).

3.4. Associations between a blood eosinophilia and
clinical characteristics among the ATLL patients with
the aggressive variant

The clinical characteristics of the aggressive ATLL
patients with or without a blood eosinophilia were also
analyzed. A blood eosinophilia was significantly associ-
ated with leukocytosis (>10.0 x 103 pL~1) (P <0.0001) and
lymphocytosis (>4.0 x 10% pL~!) (P=0.0296) among the
ATLL patients with the aggressive variant (data not shown).
Regarding the involvement sites, a blood eosinophilia was
significantly associated with favored tumor involvement
of the liver (P=0.0152), spleen (P=0.0296) and skin
(P=0.0181) among the ATLL patients with the aggressive
variant (data not shown). None of the other clinical charac-
teristics were associated with a blood eosinophilia among the
ATLL patients with the aggressive variant.

3.5. Prognostic factors for ATLL patients with the
aggressive variant

Univariate Cox proportional hazard analysis identified the
following unfavorable prognostic factors with respect to the
aggressive ATLL patients’ survival: worse PS, presence of
B symptoms, a blood eosinophilia, and a high LDH level
(Table 3). Multivariate analysis demonstrated that worse PS
and a high LDH level were independent and significant unfa-
vorable prognostic factors among the ATLL patients with the
aggressive variant (Table 3).

4. Discussion

In the present study, we found that a blood eosinophilia
was an independent and significant unfavorable prognostic
factor in patients with ATLL. This study is in agreement with
our previous study showing that there was a significant rela-
tionship between a blood eosinophilia and a high serum IL-5
level, and that a high serum IL-5 level was an independent and
significant unfavorable prognostic factor among the patients
with ATLL [8]. Interestingly, a blood eosinophilia did not
seem to directly reflect the tumor burden, since it was nei-
ther significantly associated with an increased serum LDH
level nor with extranodal involvement at more than one site.
In addition, the incidences of blood eosinophilia in indolent
and aggressive variants of ATLL patients were not signifi-
cantly different. Since it was reported that the ATLL cells of
some, but not all, patients with ATLL express IL-5 [15~17],
the main source of serum IL-5 in patients with a high serum
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Table 1
Clinical characteristics according to peripheral eosinophil count
Characteristics Eosinophil count ’ P value
>500 uL~Y, 1 (%) [15 (9.5)] <500 pL~Y, n (%) [143 (90.5)] »
Age (year)
>60 4(26.7) 81 (56.6)
<60 11 (73.3) 62 (43.4) 0.0315
Sex
Male 12 (80.0) } 78 (54.5)
Female 3(20.0) 65 (45.5) n.s.
Clinical variant
Aggressive 13(86.7) 111 (77.6)
Indolent 2(13.3) 32(22.4) n.s.
Performance status
2-4 5(33.3) 49 (34.3) )
0-1 10(66.7) 94 (65.7) ns.
B symptom
+ 6 (40.0) 37(25.9)
- 9 (60.0) 106 (74.1) n.s.
WBC (x10° pL™h
>10.0 14 (93.3) 56 (39.2)
<10.0 1(6.7) 87 (60.8) <0.0001
Lymphocyte (x103 pL=1)
>4.0 10(66.7) 50 (35.0)
<4.0 5(33.3) 93 (65.0) i 0.0238
Hb (g/dL)
<10 ) 3(20.0) 16(11.2)
>10 12 (80.0) 127.(88.8) n.s.
Plt(x103 uL 1)
<100 3(20.0) 14.(9.8)
>100 12 (80.0) 129 (90.2) n.s.
Ca (mg/dL)
>11.0 2(13.3) 24 (16.8)
<11.0 13 (86.7) 119 (83.2) n.s.
Albumin (g/dL)
<3.0 5(33.3) 17(11.9)
>3.0 10 (66.7) 126 (88.1) 0.0385
LDH
>2N 8(53.3) 52(36.4)
<2N 7 (46.7) 91 (63.6) n.s.
Involvement sites
Lymph node 12 (80.0) 106 (74.1) ns.
Bone marrow ' 9 (60.0) 63 (44.1) n.s.
Peripheral blood 12 (80.0) 106 (74.1) n.s.
Lung 1(6.7) 3.1 ns.
Liver 6 (40.0) 18 (12.6) 0.0129
Spleen 9 (60.0) 36 (25.2) 0.0124
Gastrointestinal tract 1(6.7) 29(20.3) n.s.
Central nervous system 0(0) 2(14) n.s.
Bone 1(6.7) 3@ n.s.
Skin 8(53.3) 35(24.5) 0.0290
Extra lymph node involvement at more than one site 10 (66.7) 63 (44.1) n.s.

r, number; WBC, white blood cell count; Hb, hemoglobin; Plt, platelet count; Ca, calcium level; LDH, lactate dehydrogenase; Aggressive: acute and lymphoma
subtypes of ATLL; Indolent: chronic and smoidering subtypes of ATLL; LDH > 2N, the LDH level is greater than twice the upper limit of normal at the
laboratory of the respective hospital; ns., not significant.
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Table 2
Prognostic factors affecting overall survival among all ATLL patients
Variable Unfavorable Univariatc Multivariate
Hazard ratio (95%*CI) P value Hazard ratio (95%°CI) P value
Clinical variant Aggressive 2.838 (1.433-5.621) 0.0028 -
Performance status 2-4 2.132 (1.454-3.126) 0.0001 1.879 (1.251-2.821) 0.0024
B symptom Present 2.081 (1.396-3.101) 0.0003 -
Blood eosinophilia >500 pL~! 1.988 (1.102-3.588) 0.0225 1.887 (1.029-3.462) 0.0403
Calcium >11mg/dL 1.689 (1.036-2.755) 0.0357 -
Albumin <3.0g/dL 1.736 (1.027-2.933) 0.0395 -
LDH >2N 2.232(1.523-3.271) <0.0001 1.760 (1.173-2.641) 0.0063
Extranodal involvement >2 1.829 (1.250-2.675) 0.0019 -
2 (l, confidence interval.

Table 3
Prognostic factors affecting overall survival among the ATLL patients with the aggressive variant
Variable Unfavorable Univariate Multivariate

Hazard ratio (95%CI) P value Hazard ratio (95%CI) P value
Performance status 2-4 1.881 (1.263-2.802) 0.0019 1.662 (1.102-2.508) 0.0155
B symptom Present 1.715(1.136-2.589) 0.0102 -
Blood eosinophilia >500 wL ! 1.867 (1.009-3.455) 0.0469 -
LDH >2N 1.884 (1.265-2.806) 0.0018 1.668 (1.106-2.516) 0.0147

IL-5 level seems to be ATLL cells. Thus, patients with ATLL
cells that express IL-5 seem to have a blood eosinophilia and
an unfavorable prognosis, regardless of the tumor burden. We
surmise that the IL-5 produced by ATLL cells may induce a
much greater shift in the Th1/Th2 balance in favor of a Th2
response in some ATLL patients, placing the host in a highly
immunoc¢ompromised state.

In ATLL patients with the aggressive variant, a blood
eosinophilia was a significant unfavorable prognostic factor,
but it was not an independent prognostic factor. Multivari-
ate Cox proportional hazard analysis including two factors,
a blood eosinophilia and a high LDH level, showed that a
blood eosinophilia was not an independent prognostic factor
in ATLL patients with the aggressive variant.

We showed here that a blood eosinophilia was significantly
associated with favored tumor involvement of the liver, spleen
and skin, not only in all ATLL patients but also in ATLL
patients with the aggressive variant. These observations were
consistent with our previous report that a high IL-5 level
was significantly associated with favored tumor involvement
of the liver and skin in ATLL patients, and favored tumor
involvement of the skin in ATLL patients with the aggres-
sive variant [8]. With respect to the association between a
blood eosinophilia and liver/spleen involvement in ATLL
patients, we have neither data of our own nor any reports by
other investigators that might suggest possible explanations
of this, and thus further investigations are warranted. In con-
trast, we have some possible explanations for the association
between a blood eosinophilia and skin involvement in ATLL
patients, as follows. The CC chemokine receptor 4 (CCR4)
is expressed on Th2 cells [18], and the specific ligand, thy-
mus and activation-regulated chemokine (TARC)/CCL17 for
CCR4, is abundant in inflamed skin [19-21]. It is important

to note that we have previously reported that CCR4 expres-
sion was significantly associated with skin involvement in
ATLL, and CCR4 expression was an independent and sig-
nificant unfavorable prognostic factor in ATLL [22]. These
observations suggest that the TARC/CCL17, which is pro-
duced abundantly in the lymphoma-affected skin, strongly
stimulates and attracts not only CCR4 positive ATLL cells,
which may produce IL-5, but also Th2 cells, which produce
IL-5, thus contributing to a blood eosinophilia.

In conclusion, a blood eosinophilia is an independent
and significant unfavorable prognostic factor in patients with
ATLL, and it seems to reflect the fact that the host’s Th1/Th2
immune balance favors a Th2 response. Measurement of a
blood eosinophil count, which is usually part of a routine
blood examination in any hospital and can be performed
quickly and easily using a small blood sample, is useful
for predicting the prognosis and for determining a suitable
treatment strategy for ATLL patients.
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ABSTRACT

Allogeneic hematopoietic stem cell transplantation (allo-HSCT) from an HLA-matched related donor has been
suggested to improve the poor prognosis of adult T-cell leukemia/lymphoma (ATLL). However, the infusion
of HTLV-I-infected cells from HTLV-I-positive related donors could lead to the development of donor-
derived ATLL under immunosuppressive conditions. Although most ATLL patients lack a suitable HLA-
matched related donor and require an HTLV-I-negative unrelated donor, little information is currently
available regarding the outcome of unrelated bone marrow transplantation (UBMT) for ATLL. To evaluate the
role of UBMT in treating ATLL, we retrospectively analyzed data from 33 patients with ATLL treated by
UBMT through the Japan Marrow Donor Program (JMDP). Overall survival (OS), progression-free survival,
and cumulative incidence of disease progression and progression-free mortality at 1 year after UBMT were
49.5%, 49.2%, 18.6%, and 32.3%, respectively. Multivariate analysis identified recipient age as an independent
prognostic factor for OS (P = .044). Patients age =50 years who showed nonremission at transplantation
tended to have higher rates of treatment-related mortality. Our observations suggest that UBMT could
represent a feasible treatment option for ATLL patients and warrant further investigation based on these risk
factors.

© 2007 American Society for Blood and Marrow Transplantation

KEY WORDS
Adult T-cell leukemia/lymphoma e Allogeneic hematopoietic stem cell transplantation s Unre-
lated donor e Graft-versus-adult T-cell leukemia/lymphoma

INTRODUCTION classified into 4 clinical subtypes based on clinical and

Adult T-cell lenkemia/lymphoma (ATLL) is a pe- laboratory features: acute, chronic, smoldering, and
ripheral T-cell neoplasm caused by human T-cell leu- lymphoma type. Clinically, acute- and lymphoma-
kemia virus type I (HTLV-I) [1,2]. ATLL is generally type ATLL show an aggressive course, with tumor
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burden, severe hypercalcemia, multiorgan failure, and
poor performance status. ATLL has an extremely
poor prognosis, with a median survival of about 6
months for the acute type and about 10 months for the
lymphoma type; these patients are usually highly im-
munocompromised and develop various opportunistic
infections. [3] Furthermore, their tumor cells are usu-
ally resistant to conventional chemotherapies, because
overexpression of multidrug-resistance genes leads to
intrinsic drug resistance. [4,5] Intensified chemother-
apy [6,7] and autologous stem cell transplantation [8]
likewise have failed to improve the prognosis. Thus,
alternative treatment strategies for ATLL are needed.

Some cases of successful treatment with allogeneic
stem cell transplantation (allo-HSCT) from an HLA-
matched related donor have been reported, and a
graft-versus-ATLL (GvATLL) effect has been impli-
cated for improving treatments outcomes in trans-
plant patients undergoing transplantation for ATLL.
[9-11] However, more -than 2/3 of patients with
ATLL lack HLA-matched related donors. Further-
more, approximately 2/3 of the siblings of patients
with ATLL are HTLV-I carriers [12], and allo-
HSCT from an HTLV-I-positive donor may carry a
risk of promoting the development of ATLL through
the addition of a new HTLV-I load on the immuno-
compromised host. [13,14] Although most ATLL pa-
tents lack a suitable HLLA-matched related donor and
require an unrelated donor to benefit from allo-
HSCT, few reports are available concerning the re-
sults of unrelated donor bone marrow transplantation
(UBMT) for ATLL [9,11,15-18], and the number of
patients in these few reports has been too small on
which to base any solid conclusions. Therefore,, to
clarify the feasibility and efficacy of UBMT from an
HTLV-I-negatve donor for ATLL, we retrospec-
tively analyzed registered data and clinical outcomes
of UBMT for ATLL through the Japan Marrow Do-
nor Program (JMDP).

PATIENTS AND METHODS
Patients and Transplantation Procedure

The subjects of this retrospective study consisted
of 33 patients with ATLL (acute type, n = 20; lym-
phoma type, n = 7; not described, n = 6) who received
UBMT from a donor mediated and recruited through
the JMDP between September 1999 and January
2004. The clinical indications for UBMT were deter-
mined by each individual institution. The median time
from diagnosis of ATLL to UBMT was 8 months
(range, 5-28 months). At the time of transplantation,
13 patients were in complete remission (CR), 2 pa-
tents were in partial remission (PR), and 14 patients
were in nonremission (INR); disease status at the time
of transplantation was not described in 4 patents. CR

Table L. Patient characteristics

Characteristic Value

Median age at transplantation, years 49 (range, 24-59)

(range)
Sex, n
Male 18
Female 15
Performance status, n
0-1 21
2-4 4
ND : 8
Subtypes of ATLL, n
Acute 20
Lymphoma 7
ND [
Disease status at transplantation, n
CR or PR 15
NR 14
ND 4
Duration from diagnosis to UBMT, n
Within | year 21
Beyond | year 11
ND [

(TBIl-containing, 22; non-
TBl-containing, 1)

Conditioning, n

CsT 27

RIST [
Cell dose, n

< 3.0 x 10%kg 16

= 3.0 X 10%kg 14

ND 3
GVHD prophylaxis, n .

CsA + MTX 13

TCR + MTX 20

ND indicates not described; CR, complete remission; PR, partial
remission; NR, nonremission; UBMT, unrelated bone marrow
transplantation; TBI, total body irradiation; CST, conventional
stem cell transplantation; RIST, reduced-intensity stem cell
transplantation; GVHD, graft-versus-host disease; CsA, cyclo-
sporine; MTX, methotrexate; TCR, tacrolimus.

status was reported in detail for 13 patients, with 11
patients in first CR (CR1) and 2 patients in second CR
(CR2) (Table 1). All unrelated donors were HTLV-I
antibody-negative. Serologic typing for HLA-A, -B,
and -DR was performed using a standard 2-stage com-
plement-dependent test of microcytotoxicity. [19] Al-
leles at the HLA-A, -B, and -DRBI loci were identi-
fied by high-resolution DNA typing as described
previously. [20] Serologic typing revealed that 22 pa-
tients were matched at the HLA-A, -B, and -DR lodi.
Four patdents were mismatched at 1 HLA-DR locus,
and 1 patient was mismatched at 2 loci of HLA-A and
-DR. DNA typing revealed that 13 patients were
matched at HLA-A, -B and -DRBI loci. Ten patients
were mismatched at 1 locus; 9 patients were mis-
matched at the HLA-DRBI locus, and the remaining
patient was mismatched at 1 HL.A-A locus. Another 4
patients were mismatched at 2 loci. HLA typing data
were not described in 6 patients. Patient and donor
characteristics are summarized in Table 2.
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Table 2. Patient and donor characteristics

Characteristic Value

HLA-A, -B, and -DRBI allele mismatches, n

0 13

L 10

2 4

ND 6
Sex of donor/patient, n

Male/male 13

Female/female 8

Female/male 5

Male/female 7
Extent of ABO match, n

Match ]

Minor mismatch
Major mismatch
Major/minor
ND

NN Ao

ND indicates not described.

Transplantation was performed according to the
protocol of each institution; therefore, conditioning
regimens and prophylaxis against graft-versus-host
disease (GVHD) differed among patients. Condidon-
ing regimens were myeloablative in 27 patients; total
body irradiation (TBI) was incorporated in 22 pa-
tients. Reduced-intensity conditioning regimens were
used in 6 padents. GVHD prophylaxis included cy-
closporine (n = 13) and tacrolimus (n = 20) combined
with methotrexate. All recipients received bone mar-
row transplantation, which was not manipulated.

Assessment of Engraftment, GVHD, Survival, and
Progression-Free Mortality

The day of sustained engraftment was defined as
the first of 3 consecutive days with an absolute neu-
trophil count exceeding 0.5 X 10°/L. Acute GVHD
was diagnosed and graded according to the standard
criteria described previously. [21,22] Chronic GVHD
was evaluated according to standard criteria [23] in
patients who survived more than 100 days after trans-
plantaton. Overall survival (OS) was defined as the
duration (in days) from transplantation to death from
any cause. Progression-free survival (PFS) was defined
as days from transplantation to disease progression or
death from any cause. Progression-free mortality was
defined as death without disease progression.

Data Management and Statistical Considerations

Data were collected by the JMDP using a stan-
dardized report form. Follow-up reports were submit-
ted at 100 days, 1 year, and every subsequent year after
transplantation. The cumulative incidence of disease
progression and progression-free mortality were eval-
uated using Gray’s method, [24] considering each
other risk as a competing risk. OS and PFS were
estimated using the Kaplan-Meier method. Potential
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confounding factors considered in the analysis were
age, sex, disease status, duration from diagnosis to
transplantation, Eastern Cooperative Oncology
Group (ECOG) performance status, [25] conditioning
regimen, number of bone marrow cells transplanted,
and presence of grade II-IV acute GVHD. Propor-
tional hazard modeling was used to evaluate any in-
fluence of these factors on OS, treating development
of acute GVHD as a time-dependent covariate. Fac-
tors associated with at least borderline significance (P
< .05) in univariate analyses were subjected to multi-
variate analyses using backward-stepwise proportional
hazards modeling. P values P < .10 were considered
statistically significant.

RESULTS
Engraftment and GYHD

Transplantation outcomes are summarized in Ta-
ble 3. The median number of cells transplanted was
2.44 X 10® nucleated cells/kg of recipient body weight
(range, 0.58-3.58 X 10® nucleated cells/kg of recipi-
ent body weight). Five patients (15%) died within 20
days. Neutrophil engraftment was achieved in 28 pa-
tients. Late graft failure occurred in 1 of these 28
patients, although the patient showed engraftment on

Table 3. Transplantation outcome

Value
Alive/dead, n 19/14
Median follow-up for survivors, days (range) 139 (87-600)
Cause of death
Progression,n . 2
Death without progression, n 9
Median days after transplantation (range) 32 (10-71)
Late graft failure, n i
GVHD, n 1
Infection, n 3
TMA, n 2
vOD, n 1
Arrhythmia, n 1
Not described, n 3
Disease progression, n 5
Median days after transplantation (range) 122 (61-223)
Engraftment, n
Engraftment 28
Death within 20 days 5
Late graft failure 1
Acute GYHD, n
None 3
Grade | 8
Grade Il 12
Grade 1l 3
Grade IV 2
Chronic GYHD, n
None 14
Limited . I
Extensive 3

GVHD indicates graft-versus-host disease; TMA, thrombotic mi-
croangiopathy; VOD, venooculusive disease.
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Figure 1. Cumulative incidence of grade II-IV acute GVHD in patients who achieved neutrophil engraftment.

day 14. Acute GVHD developed in 25 of the 28
patients who achieved engraftment (89%): grade I
GVHD in 8 patients, grade Il in 12 patients, grade II1
in 3 patients, and grade IV in 2 patients. The cumu-
lative incidence of grade II-IV acute GVHD was 61%
(Figare 1). Chronic GVHD developed in 4 of 18
patients, with limited disease in 1 patient and extensive
disease in the other 3 patents.

Survival and disease progression

The 1-year OS and PFS were 49.5% (95% confi-
dence interval [CI), 31.2%-78.5%) and 49.2% (95%
Cl, 33.6%~72.1%), respectively (Figure 2). Disease
progression was observed in 5 patients, and the me-
dian number of days from transplantation to disease
progression was 122 (range, 61-223 days). As of the
last follow-up, 14 deaths had been reported. Primary
cause of death was disease progression in 2 patients
and was not described in 3 patents, but the other 9
deaths were not due to disease progression (see Table
3). Primary causes of transplantation-related death
within 100 days after transplantaton were late graft
failure in 1 patient, GVHD in 1 patient, infection in 3
patients (with methicillin-resistant Staphylococcus au-
reus~positive sepsis in 1 patient and pulmonary infec-
don in 2 patients), thrombotic microangiopathy
(TMA) in 2 patents, veno-occlusive disease (VOD) in
1 patdent, and arrhythmia in 1 patient.

Univariate and Multivariate Analyses for OS

Pretransplantation and posttransplant factors were
calculated for OS (Table 4). In univariate analyses, OS
was not significantly associated with sex, duration
from diagnosis to transplantation, ECOG perfor-
mance status, conditioning regimen, number of bone
marrow cells transplanted, or presence of grade II-IV
acute GVHD. On the other hand, patient age and

disease status at transplantation were identified as sig-
nificant independent risk factors. In multivariate anal-
yses, only patient age at transplantation was identified
as exerting a significant independent risk impact on
OS (=50 years vs <50 years; relative risk, 3.47; 95%
CI, 1.03-11.6; P = .044). Disease status at transplan-
tation exerted a marginally significant impact on OS
(INR vs CR or PR,; relative risk, 3.17; 95% CI, 0.96~
10.5; P = .059) (Figure 3).

Influence of Pretransplantation Factors on Disease
Progression and Progression-Free Mortality

The cumulative incidence of disease progression
and progression-free mortality at 1 year were 18.6%
and 32.3%, respectively (Figure 4). To clarify how age
and disease status at transplantation affected OS, we
evaluated the relationship between these factors and
the incidence of progression-free mortality. The cu-
mulative incidence of progression-free mortality was
significantly higher in patients age =50 years at trans-
“plantation (50% vs 18%; P = .048; Figure 5A). NR at
transplantation exerted a marginally significant effect
on increased progression-free mortality (54% vs 20%;
P = .070; Figure 5B).

DISCUSSION

This study analyzed the data and evaluated treat-
ment outcomes for 33 patients with ATLL who re-
ceived UBMT. Two important findings were identi-
fied regarding UBMT for ATLL. First, UBMT from
HTLV-I-negative donors for ATLL represents a fea-
sible treatment. Second, recipient age (=50 years) and
NR disease status at transplantation were independent
risk factors for OS, and patients with ATLL display-
ing these risk factors tended to exhibit higher frequen-
cies of treatment-related mortality.
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Figure 2. Probability of progression-free survival (A) and overall survival (B) after unrelated bone marrow transplantation for adult T-cell

leukemia/lymphoma. Dashed lines represent 95% confidence intervals.

Table 4. Prognosis factors in univariate and multivariate analyses

Univariate Multivariate
Relative risk (95% CI) P Relative risk (95% CI) P
Age =50 versus <50 years 4.03 (1.23-13.3) .022 4.03 (1.23-13.3) 022
Male versus female 0.97 (0.34-2.80) 95
PS 0-I versus 2-4 0.44 (0.11-1.70) 23
NR versus CR or PR 3.37 (1.03-11.0) .044 059
UBMT within | year versus beyond | year 0.54 (0.15-2.00) 35
RIST versus CST 0.71 (0.19-2.59) .60
TBI versus non-TBI .35 (0.45-4.04) 59
Cell dose < 3.0 X 10%kg versus = 3.0 X 10%kg 0.98 (0.31-3.05) 97
GVHD -1V present versus absent 1.91 (0.50-7.26) 34

CI indicates confidence interval; PS, performance status; NR, nonremission; CR, complete remission; PR, partial remission; UBMT, unrelated
bone marrow transplantation; RIST, reduced-intensity stem cell transplantation; CST, conventional stem cell transplantation; TBIL, total

body irradiation; GVHD, graft-versus-host disease.
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Figure 3. Overall survival according to pretransplantation factors, age (A) and disease status at transplantation (B).

ATLL has an extremely poor prognosis, with pro-
jected 2- and 4-year survival rates of 16.7% and 5.0%
for the acute type and 21.3% and 5.7% for the lym-
phoma type, respectively. [3] Neither intensified che-
motherapy nor autologous stem cell transplantation
have improved the prognosis. Encouraging results for
allo-HSCT for ATLL from HLA-matched related
donors have been reported by several groups; thus,
allo-HSCT may improve the poor prognosis of
ATLL. However, the number of patents in most
reports has been too small to allow evaluadon of the
efficacy of allo-HSCT for ATLL. The present results
were derived from a large number of patents who
underwent transplantation (33 patients) performed
through the JMDP. Longer follow-up is, of course,
needed to confirm the curative potential of allo-
HSCT for ATLL. However, the good survival rates
noted here suggest that allo-HSCT is an effective
treatment for ATLL, and that padents with ATLL
will benefit from allo-HSCT through HTLV-I-neg-

ative unrelated donors, because the OS and PFS rates
at | year after UBMT were 49.5% and 49.2%, respec-
tively. Compared with the results for patients with
non-Hodgkin’s lymphoma in the National Marrow
Donor Program, the incidence of grade III-IV acute
GVHD in the present study was low (18% vs 30%).
[26] The outcome in the present study appears to be
favorable, possible due to the lower incidence of grade
IITI-IV acute GVHD. This observation is compatible
with previous studies showing a lower incidence of
acute GVHD in Japanese patients compared with
Western patients, which might reflect the less diverse
genetic background of in the Japanese population.
[27,28]

Frequency of relapse after transplantation differs
between autologous and allo-HSCT for ATLL. The
use of high-dose chemotherapy with autologous
HSCT has been reported in only 9 patients, all of
whom relapsed or died from transplantation-related
mortality. {8] In contrast, the cumulative incidence of
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Figure 4. Cumulative incidence of disease progression (—) and progression-free mortality (---) after transplantation.

disease progression was lower after UBMT in this
study. Interestingly, patents with ATLL displaying
acute or chronic GVHD reportedly did not relapse.
[9] In another report, patients with ATLL who re-
lapsed after allo-HSCT reachieved CR after tapering
or discontinuadon of immunosuppressive agents and
donor lymphocyte infusions. [10,11] Reactivation in
tax-specific CD8-positive cytotoxic T lymphocytes
(CTLs), which has been recently shown in patients
with ATLL after allo-HSCT, may indicate a potential
contribution of CTLs to anti-ATLL immunity and
induction of a GvATLL effect. [29] These results
strongly suggest that a GVATLL effect could work on
some patients with ATLL to prevent relapse after
allo-HSCT. In the present study, neither univariate
nor multivariate analysis showed 2 survival benefit for
acute GVHD. We were unable to analyze the rela-
tionship between chronic GVHD and relapse, because
of the low number of patients with chronic GVHD. In
fact, the number of patients may have been insufficient
to confirm GvATLL in this study. On the other hand,
the absence of benefit from GVHD in preventing
relapse suggests that a GvATLL effect could occur in
patients with ATLL after allo-HSCT without clini-
cally obvious GVHD. [11]

Transplantation-related mortality was a signifi-
cant problem in this study. Five patients (15%) died
within 20 days, from infection in’3 patients and TMA
in 2 patents. Nine patients (27%) died within 100
days, due to infection in 3 patients, TMA in 2 patients,
and VOD in 1 patient. Patients with ATLL might
have an increased risk of frequent opportunistic infec-
tion, because they have an associated T-cell immuno-
deficiency. Furthermore, ATLL is usually systemic in
distribution, and the accumulated organ damages as a

result of repeated cytotoxic chemotherapy seen in pa-
tients before transplantation may have contributed to
the onset of TMA. In univariate and multivariate
analysis, recipient age (=50 years) and NR disease
status at transplantation represented significant risk
factors for OS. The multivariate analyses were limited
by the small number of patients in each subgroup;
however, patients displaying these risk factors tended
to have a higher rate of treatment-related mortality
than patients without these factors, and it can be
assumed that these risk factors have a significant rela-
tionship with outcome clinically. In this study, mostly
myeloablative conditioning regimens were used be-
fore transplantadon. Given that conventional allo-
HSCT is designed to eradicate tumor cells with my-
eloablative intensity using maximally tolerated doses
of high-dose chemotherapy and radiotherapy, the de-
sirable effects often may be offset by overwhelming
toxicity in patients age =50 years. Moreover, the
number of patients with ATLL who are eligible for
allo-HSCT with myeloablative conditioning is lim-
ited, because the typical patient with ATLL has a
relatively advanced age at presentation (about 60
years). To reduce treatment-related mortality, allo-
HSCT with reduced-intensity conditioning offers a
new treatment option for patients with ATLL who are
ineligible for allo-HSCT with myeloablative condi-
tioning due to advanced age or medical infirmity.
[30,31] Okamura et al {32] reported on 16 patients age
> 50 years with ATLL who underwent allo-HSCT
with reduced-intensity conditioning from HLA-
matched related donors and found that treatment-
related mortality was acceptable and that allo-HSCT
with reduced-intensity conditioning was a feasible
treatment for ATLL. Given these findings, UBMT
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Figure 5. Cumulative incidence of progression-free mortality grouped according to pretransplantation factors, age (A) and disease status at

transplantation (B).

with reduced-intensity conditioning should be consid-
ered for elderly patients with ATLL.,

Another concern related to allo-HSCT for ATLL
involves the use of HTLV-1—positive carrier donors.
About 2/3 of siblings of patents with ATLL are
HTLV-I carriers. From the perspective of HTLV-I-
positive donor risk, granulocyte colony-stimulating
factor (G-CSF) can reportedly stimulate the prolifer-
atdon of ATLL cells [33], and HTLV-I-positive do-
nors may be at increased risk of developing ATLL due
to the administration of G-CSF in the setting of allo-
geneic peripheral blood stem cell transplantaton.
From the perspective of patients with ATLL, allo-
HSCT from an HTLV-I-positive donor may carry a
risk of HTLV-I-associated disease after allo-HSCT
[34] or a risk of promoting the future development of
ATLL due to the new HTLV-Iload on immunocom-

promised recipients [13,14]. On the other hand, to
date there is no evidence in the JMDP or the literature
that ATLL can develop from infected HTLV-I-neg-
ative donor cells due to the HTLV-I load of the
recipient. The HTLV-I proviral load dramatically de-
creased to an undetectable level after transplantation,
especially after transplantation from HTLV-I-nega-
tive donors. [18, 32] This decreased HTLV-I proviral
load was observed after both myeloablative and re-
duced-intensity conditioning. Transplantatdon from
an HTLV-I-positive donor is reportedly associated
with a higher frequency of relapse compared with
transplantation from an HTLV-I-negative donor.
[11] Therefore, the uninfected normal donor T cells
might overwhelm infected HTLV-I recipient T cells
due to a GvATLL response and might act as an
antiviral therapy. However, an HTLV-I-positive do-
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nor might avoid clonal expansion of HTLV-I-in-
fected T lymphocytes after allo-HSCT through the
provision of cytotoxic T cells. Thus, it is currently
difficult to determine whether an HTLV-I-positive
or-negative donor should be selected. Longer fol-
low-up is needed to resolve this issue. In the mean-
time, 2 prudent clinical attitude toward both HTLV-
I-positive donors and recipients with ATLL is
warranted. ‘

In conclusion, allo-HSCT from an HT'LV-I-neg-
ative unrelated donor appears to be an feasible alter-
native treatment for padents with ATLL for whom an
HILA-matched related donor is unavailable. Further
prospective controlled studies are needed to assess the
efficacy of allo-HSCT for ATLL and to define the
clinical indications of allo-HSCT for ATLL, taking
into account donor selection, the conditioning regi-
men, and the prognostic factors identified in this
study.
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APPENDIX: PARTICIPATING INSTITUTIONS

The following centers in Japan participated in this
study: Hokkaido University Hospital, Sapporo Uni-
versity Hospital, Sapporo Hokuyu Hospital, Japanese
Red Cross Asahikawa Hospital, Asahikawa Medical
College Hospital, Hirosaki University Hospital, To-
hoku University Hospital, Yamagata University Hos-
pital, Akita University Hospital, Fukushima Medical
College, National Cancer Center Central Hospital,
Institute of Medical Science at the University of To-
kyo, Toho University Hospital, Omori Hospital, To-
kyo Metropolitan Komagome Hospital, Nihon Uni-
versity Hospital, Itabashi Hospital, Jikei University
Hospital, Keio University Hospital, Tokyo Medical
College Hospital, Tokyo Medical and Dental Univer-
sity Hospital, Tokyo University Hospital, Yokohama
City University Hospital, Kanagawa Children’s Med-
ical Center, Kanagawa Cancer Center, Tokai Univer-
sity Hospital, St Marianna University Hospital, Chiba
University Hospital, Chiba Children’s Hospital, Mat-
sudo Municipal Hospital, Kameda General Hospital,
Saitama Children’s Medical Center, Saitama Cancer
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Center Hospital, Saitama Medical School Hospital,
Ibaraki Children’s Hospital, Jichi Medical School
Hospital, Dokkyo University Hospital, Fukaya Red
Cross Hospital, Saiseikai Maebashi Hospital, Gunma
University Hospital, Niigata University Hospital, Ni-
igata Cancer Center Hospital, Shinshu University
Hospital, Saku Central Hospital, Hamamatsu Univer-
sity Hospital, Hamamatsu Medical Center, Shizuoka
General Hospital, Shizuoka Children’s Hospital, Jap-
anese Red Cross Nagoya First Hospital, Nagoya
Daini Red Cross Hospital, Meitetsu Hospital, Nagoya
University Hospital, Nagoya Ekisaikai Hospital, Na-
tional Nagoya Hospital, Aichi Medical School Hospi-
tal, Nagoya City University Hospital, Showa Hospi-
tal, Anjo Kousei Hospital, Fujita Health University
Hospital, Mie University Hospital, Kanazawa Univer-
sity Hospital, Kanazawa Medical University Hospital,
Toyama Prefectural Central Hospital, Fukui Medical
School Hospital, Shiga University of Medical Science,
Center for Adult Disease in Osaka, Kinki University
Hospital, Osaka University Hospital, Osaka Medical
Center and Research Institute for Maternal and Child
Health, Matsushita Memorial Hospital, Hyogo Col-
lege of Medicine Hospital, Hyogo Medical Center for
Adults, Kobe City General Hospital, Kobe University
Hospital, Kyoto University Hospital, Kyoto Prefec-
tural University of Medicine Hospital, Social Insur-
ance Kyoto Hospital, Tottori Prefectural Central
Hospital, Tottori University Hospital, Hiroshima Red
Cross Hospital and Atomic-Bomb Survivors Hospital,
Yamaguchi University Hospital, Ehime Prefectural
Central Hospital, Okayama National Hospital,
Kurashiki Central Hospital, Kyushu University Hos-
pital, Harasanshin General Hospital, Hamanomachi
General Hospital, National Kyushu Cancer Center, St
Mary’s Hospital, Kokura Memorial Hospital, Saga
Prefectural Hospital, Nagasaki University Hospital,
Miyazaki Prefectural Hospital, Kumamoto National
Hospital, Kumamoto University Hospital, Oita Med-
ical University Hospital, Kagoshima University Hos-
pital, and Imamura Bun-in Hospital.
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