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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 1
GVHD in 8 patients, grade II 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%
(Figure 1). Chronic GVHD developed in 4 of 18
patients, with limited disease in 1 patient and extensive
disease in the other 3 patients.

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%
CI, 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 patients, but the other 9
deaths were not due to disease progression (see Table
3). Primary causes of transplantation-related death
within 100 days after transplantation 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-
tion in 2 patients), thrombotic microangiopathy
(TMA) in 2 patients, veno-occlusive disease (VOD) in
1 patient, 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
(NR 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 0-1 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 II-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; TBI, 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 patients in most
reports has been too small to allow evaluation of the
efficacy of allo-HSCT for ATLL. The present results
were derived from a large number of patients 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 patients with ATLL
will benefit from allo-HSCT through HTLV-I-neg-

ative unrelated donors, because the OS and PFS rates
at 1 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
HI-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, patients 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 discontinuation 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 a 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 patients. 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 transplantation. 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 patients 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-
ation 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 transplantation.
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-I load 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. Transplantation 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-T-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, a prudent clinical attitude toward both HTLV-
I-positive donors and recipients with ATLL is
warranted.

In conclusion, allo-HSCT from an HTLV-I-neg-
ative unrelated donor appears to be an feasible alter-
native treatment for patients with ATLL for whom an
HLA-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.

REFERENCES

1. Uchiyama T, Yodoi ], Sagawa K, et al. Adult T-cell leukemia:
clinical and hematologic features of 16 cases. Blood. 1977;50:
481-492.

2. Yoshida M, Miyoshi I, Hinuma Y. Isolation and characteriza-
tion of retrovirus from cell lines of human adult T-cell leukemia
and its implication in the disease. Proc Nat! Acad Sci USA.
1982;79:2031-2035.

3. Shimoyama M. Diagnostic criteria and classification of clinical
subtypes of adult T- cell leukaemia-lymphoma. A report from
the Lymphoma Study Group (1984-87). Br 7 Haematol. 1991;
79:428-437.

4. Kawazuru Y, Hanada S, Furukawa T, et al. Expression of
P-glycoprotein in adult T-cell leukemia cells. Blood. 1990;76:
2065-2071.



Unrelated Bone Marrow Transplantation for Adult T-Cell Leukemia/Lymphoma 29

“

6.

14.

15.

16.

17.

19.

20.

. Tkeda K, Oka M, Yamada Y, et al. Adult T-cell leukemia cells

over-express the multidrug-resistance-protein (MRP) and lung-
resistance-protein (LRP) genes. Int J Cancer. 1999;82:599-604.
Taguchi H, Kinoshita KI, Takatsuki K, et al. An intensive
chemotherapy of adult T-cell leukemia/lymphoma: CHOP fol-
lowed by etoposide, vindesine, ranimustine, and mitoxantrone
with granulocyte colony-stimulating factor support. 7 Acguir
Immune Defic Syndr Hum Retrovirel, 1996;12:182-186.

. Yamada Y, Tomonaga M, Fukuda H, et al. A new G-CSF-

supported combination chemotherapy, LSG15, for adult T-cell
leukaemia-lymphoma: Japan Clinical Oncology Group Study
9303. Br J Haematol. 2001;113:375-382.

. Tsukasaki K, Maeda T, Arimura K, et al. Poor outcome of

autologous stem cell transplantation for adult T cell leukemia/
lymphoma: a case report and review of the literature. Bone
Marrow Transplant. 1999;23:87-89.

. Utsunomiya A, Miyazaki Y, Takatsuka Y, et al. Improved out-

come of adult T-cell leukemia/lymphoma with allogeneic he-
matopoietic stem cell transplantation. Bone Marrow Transplant.
2001;27:15-20.

. Kami M, Hamaki T, Miyakoshi S, et al. Allogeneic haemato-

poietic stem cell transplantation for the treatment of adult
T-cell leukaemia/lymphoma. Br J Haematol. 2003;120:304-309.

. Fukushima T, Miyazaki Y, Honda S, et al. Allogeneic hemato-

poietic stem cell transplantation provides sustained long-term
survival for patients with adult T-cell leukemia/lymphoma.
Leukemia. 2005;19:829-834.

. Momita S, Tkeda S, Amagasaki T, et al. Survey of anti-human

T-cell leukemia virus type T antibody in family members of
patients with adult T-cell leukemia. Jpn § Cancer Res. 1990;81:
884-889.

. Chen YC, Wang CH, Su TJ, et al. Infection of human T-cell

leukemia virus type I and development of human T-cell leuke-
mia lymphoma in patients with hematologic neoplasms: a pos-
sible linkage to blood transfusion. Blood. 1989;74:388-394.
Tamaki H, Matsuoka M. Donor-derived T-cell leukemia after
bone marrow transplantation. N Engl 7 Med. 2006;354:1758-
1759.

Ogata M, Ogata Y, Imamura T, et al. Successful bone marrow
transplantation from an unrelated donor in a patient with adult
T cell leukemia. Bone Marrow Transplant. 2002;30:699-701,
Ishikawa T. Current status of therapeutic approaches to adult
T-cell leukemia. Int 7 Hematol. 2003;78:304-311.

Izutsu K, Kanda Y, Ohno H, et al. Unrelated bone marrow
transplantation for non-Hodgkin lymphoma: a study from the
Japan Marrow Donor Program. Bleod. 2004;103:1955-1960.

. Nakase K, Hara M, Kozuka T, et al. Bone marrow transplan-

tation from unrelated donors for patients with adult T-cell
leukaemia/lymphoma. Bone Marrow Transplant. 2006;37:41-44.
Terasaki P1, McClelland JD. Microdroplet assay of human
serum cytotoxins. Nature, 1964;204:998-1000.

Sasazuki T, Juji T, Morishima Y, et al. Effect of matching of
class T HLA alleles on clinical outcome after transplantation of

21.

24,

26.

27.

28.

29.

30.

3L

32.

33.

34,

hematopoietic stem cells from an unrelated donor. N Eugl
7 Med. 1998;339:1177-1185.

Glucksberg H, Storb R, Fefer A, et al. Clinical manifestation of
graft-versus-host disease in human recipients of marrow from
HLA-marched sibling donors. Transplantation. 1974;18:295-304.

. Kernan NA, Bartsch G, Ash RC, et al. Analysis of 462 trans-

plantations from unrelated donors facilitated by the National
Marrow Donor Program. N Engl 7 Med. 1993;328:593-602.

. Shulman HM, Sullivan KM, Weiden PL, et al. Chronic cuta-

neous graft-versus-host syndrome on man: a long-term clini-
copathologic study of 20 Seattle patients. Am § Med. 1980;69:
204-217.

Gooley TA, Leisenring W, Crowley ], et al. Estimation of
failure probabilities in the presence of competing risks: new
representations of old estimators. Stat Med. 1999;18:695-706.

. Oken MM, Creech RH, Tormey DC, et al. Toxicity and

response criteria of the Eastern Cooperative Oncology Group.
Am F Clin Oncol. 1982;5:649-655.

Bierman PJ, Molina L, Nelson G, et al. Matched unrelated
donor (MUD) allogeneic bone marrow transplantation for
Non-Hodgkin’s lymphoma (NHL): results from the National
Marrow Donor Program (NMDP) {abstract]. Proc Am Soc Clin
Oncol. 1999;18:3a.

Morishima Y, Kodera Y, Hirabayashi N, et al. Low incidence of
acute GVHD in patients transplanted with marrow from
HILA-A, B, DR-compatible unrelated donors among Japanese.
Bone Marrow Transplant. 1995;15:235-239.

Kodera Y, Morishima Y, Kato S, et al. Analysis of 500 bone
marrow transplants from unrelated donors (UR-BMT) facili-
tated by the Japan Marrow Donor Program: confirmation of
UR-BMT as a standard therapy for patients with leukemia and
aplastic anemia. Bone Marrow Transplant. 1999;24:995-1003.
Harashima N, Kurihara K, Utsunomiya A, et al. Graft-versus-
tax response in adult T-cell leukemia patients after hematopoi-
etic stem cell transplantation. Cancer Res. 2004;64:391-399.
Giralt S, Estey E, Albitar M, et al. Engraftment of allogeneic
hematopoietic progenitor ccells with purine analog-containing
chemotherapy: harnessing graft-versus-leukemia without my-
eloablative therapy. Blood. 1997;89:4531-4536.

Slavin S, Nagler A, Naparstek E, et al. Nonmyeloablative stem
cell transplantation and cell therapy as an alternative to con-
ventional bone marrow transplantation with lethal cytoreduc-
tion for the treatment of malignant and nonmalignant hema-
tologic diseases. Blood. 1998;91:756-763.

Okamura J, Utsunomiya A, Tanosaki R, et al. Allogeneic stem-
cell transplantation with reduced conditioning intensity as a
novel immunotherapy and antiviral therapy for adult T-cell
leukemia/lymphoma. Blood. 2005;105:4143-4245.

Matsushita K, Arima N, Ohtsubo H, et al. Granulocyte-colony
stimulating factor-induced proliferation of primary adult T-cell
leukaemia cells. Brr 7 Haemarol. 1997;96:715-723.

Imirizaldu JJ, Esteban JC, Axpe IR, et al. Post-transplantation
HTLV-1 myelopathy in three recipients from a single donor.
7 Neurol Neurosurg Psychiatry. 2003;74:1080-1084.






