Patient 3 had HLA-A*02:01 and A*11:01. Although pep-
tides of CTL epitopes for both HLA alleles were available, we
chose the Tax11-19 peptide for HLA-A2 because HLA-A2
has a higher frequency in Japanese individuals. After each
vaccination, the patient developed a low-grade fever and der-
matitis (grade 2); however, no other severe adverse events
were noted. She achieved a PR with an improvement in the
KPS 8 weeks after the initiation of the Tax-DC vaccine ther-
apy. Thereafter, the level of sIL2R returned to normal
(Fig 2B). The patient subsequently achieved a CR at
6 months and has remained in this status for more than
19 months after the completion of the Tax-DC vaccine
therapy.

Immunological responses after the Tax-DC vaccine
therapy

In Patient 1, Tax-specific CD8" CTLs (HLA-A*24:02/
Tax301-309 tetramer’) were detectable prior to vaccination,
and their frequency in peripheral CD8" cells transiently
" decreased during the Tax-DC vaccine administration, then
recovered and maintained a constant level with some fluctua-
tion (Fig 3A). The IFN-y production from Tax-specific CTL
also fluctuated. It is noteworthy that a vigorous proliferative
response of Tax-specific CTLs was observed in vitro in the
PBMC sample obtained at 20 weeks after the initiation of
the Tax-DC vaccine therapy (Fig 3B), in which the propor-
tion of HLA-A*24:02/Tax301-309 tetramer® cells in CD§"
cells increased up to 22-5% within 2 weeks of the culture. A
mild proliferative response of CTLs was also observed at
12 weeks. Samples obtained from the same patient prior to
vaccination lacked such strong responses, implying a func-
tional improvement in CTLs after the Tax-DC vaccine
therapy.

Similar to that observed in Patient 1, a markedly increased
level of spontaneous in vitro proliferative responses of Tax-
specific CTLs was observed in the PBMC samples obtained
from Patient 2 at 16 weeks after the initiation of the Tax-DC
vaccine therapy, although the CTLs of this patient had exhib-
ited a proliferative response prior to vaccination to a lesser
degree (Fig 3B). The IFN-y producing response of the CTL
in this patient slightly improved after vaccination and
showed some peaks at later time points.

As the size of the lymph nodes in Patient 2 did not
improve within the first 8 weeks, a biopsy of the inguinal
lymph node was performed at 9 weeks during the study per-
iod. The tumour cells isolated from the lymph node were
CD4* CD8" CCR4" (Fig 4A) and possessed HTLV-I provi-
ruses (849-5 copies/1000 cells). However, HTLV-I Tax pro-
teins or mRNA expression was not induced in the lymph
node cells after a short-term in vitro culture, whereas the
viral expression was inducible in the PBMC sample of the
same patient before vaccination (Fig 4B,C).

Tax-specific CTLs were below detectable levels prior to
vaccination in Patient 3. However, 2 weeks after the initiation
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of the vaccine therapy with Tax 11-19 peptide-pulsed DCs,
CD8" Tax-specific CTLs became detectable with HLA-
A*0201/Tax11-19 tetramers, but not HLA-A*1101/Tax88-96
tetramers (Fig 3A). Although the IFN-y producing response
was barely detectable because of the low CTL frequency, an
in wvitro proliferative response of Tax-specific CTLs was
observed in the PBMC samples obtained from Patient 3 most
clearly at 16 weeks of the Tax-DC vaccine therapy, upon
stimulation with Tax11-19 peptides, but not Tax 88-96 pep-
tides (Fig 3B).

In all three patients, the level of the proviral load in the
peripheral blood mostly remained below 100 copies per 1000
PBMCs at least for 1 year after vaccination, with the excep-
tion of sporadic small spikes (Fig 3A).

Discussion

Although various therapeutic trials have been conducted, the
prognosis of ATL remains dismal. According to the simpli-
fied ATL prognostic index (ATL-PI) (Katsuya et al, 2012),
the median survival time is only 4-6, 7-0 and 16-2 months,
while the 2-year overall survival rate is 6%, 17% and 37%,
for patients in high-, intermediate- and low-risk groups,
respectively. According to the ATL-PI, Patients 1 and 2 were
classified as intermediate-risk, while Patient 3 was classified
as high-risk. Therefore, it is quite unique and surprising that
all three patients remained in a favourable condition, without
the need for any additional anti-tumour therapy, for at least
24, 14 and 19 months respectively, after only three adminis-
trations of the Tax-DC vaccine. In particular, Patients 1 and
3 obtained PR by 8 weeks after the initiation of the Tax-DC
vaccine therapy.

Although these results are exciting, we cannot com-
pletely rule out the persisting effects of lenalidomide and/
or mogamulizumab, which were previously administered in
each patient prior to the Tax-DC vaccine therapy. These
previous treatments may also have positively contributed
to the present results via their immunomodulatory effects.
According to recent reports, mogamulizumab has been
shown to decrease the level of CCR4" regulatory T cells
(Ishida & Ueda, 2011), and lenalidomide has immunomod-
ulatory effects indirectly enhancing the activity of natural
killer and T cells (Wu et al, 2008; De Keersmaecker et al,
2012).

The biopsy specimen of a residual surface lymph node
from Patient 2 contained HTLV-I proviruses, although the
viral expression was not inducible in the isolated cells even
after in vitro culture (Fig 4). In general, induction of Tax
expression after short-term culture is observed in approxi-
mately 50% of ATL cases (Kurihara e al, 2005). In the other
50% of ATL cases, the ATL cells lack the ability to express
Tax, presumably due to the genomic and epigenetic changes
in the HTLV-I proviruses (Takeda et al, 2004). Given that
the viral expression was inducible in PBMCs of Patient 2
obtained prior to vaccination, the absence of viral induction
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Fig 3. Immunological responses in the three patients after the Tax-DC vaccine therapy. (A) Long-term kinetics of the Tax-specific cytotoxic T
cells (CTLs; % CD8+ cells, blue solid line), and y-interferon (IFN-y)-producing Tax-specific CTLs (% CD8+ cells, blue broken line), and human
T cell leukaemia virus type-I proviral load (HTLV-I PVL) [copies/1000 peripheral blood mononuclear cells (PBMCs), red] in the peripheral blood
of the three patients. Each arrow indicates administration of the vaccine. (B) The proliferative ability of the Tax-specific CTLs was evaluated using
flow cytometry following incubation of the PBMCs for 13-15 d in vitro with cognate Tax peptide (100 nmol/l) or dimethyl sulfoxide (DMSO) in
the presence of 10 u/ml of recombinant human IL2. The cells were stained with HLA/Tax tetramer-PE, anti-human CD8-PE-Cy5 mAb and anti-
human CD3-FITC mAb. The values represent the percentage of tetramer” cells/CD3" CD8" cells.
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Fig 4. Absence of HTLV-I expression in the lymph node cells obtained from Patient 2. Cells were isolated from a biopsy specimen of the inguinal
lymph node (LN) from Patient 2 at 9 weeks after the initiation of the Tax-DC vaccine therapy and subjected for characterization. (A) The cell
surface phenotype of the LN cells immediately after isolation was analysed following staining with the indicated mAbs. (B) The intracellular Tax
and CCR4 expression levels (red) in the LN cells after a 1-d culture in vitro were analysed following fixation of the cells with methanol. The blue
histogram indicates the results of control antibody staining. (C) The HTLV-I pX mRNA expression levels in the LN cells before and after a 1-d
culture in vitro were evaluated by quantitative reverse transcription polymerase chain reaction. The viral mRNA expression in peripheral blood
mononuclear cells (PBMCs) obtained from the same patient before vaccination was similarly analysed as a positive control. The relative values
standardized by GAPDH mRNA copy numbers were indicated as the means and standard deviations of duplicate samples. The proviral load
(PVL) in the samples (copies/1000 cells) is indicated in parenthesis.
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in the lymph node cells suggests that these tumour cells had
escaped from Tax-specific CTLs.

Intriguingly, the Tax-specific CTLs demonstrated a vigor-
ous proliferative response in vitro in all three patients at
approximately 16-20 weeks after the initiation of the Tax-
DC vaccine therapy. In particular, in Patients 1 and 2, the
CTLs proliferated  spontaneously stimulation
(Fig 3B). Similar phenomena have been reported in patients
with HTLV-I-Associated Myelopathy/Tropical Spastic Para-
paresis (Jacobson et al, 1990; Takamori et al, 2011) and
occasionally in ATL patients post-HISCT (Harashima et al,
2005), interpreted to be the result of a normal CTL response
against HTLV-I-infected cells in vivo. In the present study,
although it is unclear whether the Tax-DC vaccine newly

without

induced CTLs or simply activated pre-existing CTLs, Tax-
specific CTLs appear to survey infected cells, at least for sev-
eral months after the Tax-DC vaccine therapy, in responding
to the dynamic activity of HTLV-I-infected cells i1 vivo.

In Patient 3, the Tax-specific CTLs emerged after vaccina-
tion and exhibited a clear proliferative response that peaked
at 16 weeks. This response was preferentially directed toward
the HLA-A2-restricted Tax epitope used for the therapy, not
the HLA-All-restricted epitope, suggesting the contribution
of the Tax-DC vaccine therapy to CTL induction.

Although active CTL responses were observed in the first
several months in all three patients, the responses dimin-
ished thereafter. At later time points (6 months or later) the
sIL2R levels gradually increased in Patients 1 and 2 (Fig 2B).
This finding suggests the need for a boosting vaccination or
additional treatment to decrease the degree of immune sup-
pression in order to maintain long-lasting anti-tumour
effects.

In conclusion, the Tax-DC vaccine therapy is a safe and
feasible treatment for ATL patients in stable condition. The
promising clinical outcomes observed in the present study
imply that the Tax-DC vaccine therapy has the potential to
be an effective second-line treatment for ATL, although the
anti-tumour effects of this vaccine therapy must be con-
firmed in further clinical trials with an increased number of
patients. To our knowledge, this is the first clinical report to
show the significance of a therapeutic vaccine targeting viral
antigens as a new treatment modality for HTLV-I-induced
malignancies. Given that Tax-specific CTL responses are

impaired in patients with smouldering types of ATL and also
in a small subset of asymptomatic HTLV-I carriers (Taka-
mori et al, 2011), the vaccine therapy may be beneficial in
these populations as well. The present study thus provides
important information in a new era of anti-ATL immune
therapies with the potential to be extended for prophylaxis of
the disease in the future.
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Abstract

Objectives To assess chest high-resolution computed tomog-
raphy (HRCT) findings in patients with acute transformation
of adult T cell leukaemia/lymphoma (ATLL).

Methods We retrospectively identified 72 consecutive pa-
tients at our institution with ATLL between October 2000
and March 2014. The cases included acute type (n=20),
lymphoma type (n=21), smouldering type (n=24) and chron-
ic type (n=7). Sixteen (7 men, 9 women; aged 36-85 years,
mean 63.3 years) of 31 patients (24 with smouldering and
seven with chronic type; 51.6 %) developed acute transfor-
mation of ATLL, and had undergone chest HRCT examina-
tions. Parenchymal abnormalities, enlarged lymph nodes,
pericardial effusion, pleural effusion and skin lesions were
evaluated on HRCT.

Results Chest HRCT of 15 of the 16 patients showed abnor-
mal findings, including ground-glass opacity (GGO) (n=8),
consolidation (n=35), interlobular septal thickening (n=5) and
nodules (n=>5). Pleural effusion was found in five patients,
lymph node enlargement in 10 patients and multiple skin
thickening in two patients.

Conclusions Almost all patients with acute transformation of
ATLL had abnormal findings on chest HRCT, which
consisted mainly of lymph node enlargement, GGO, interlob-
ular septal thickening, nodules and bilateral pleural effusions.
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Key points
* The recognition of CT findings of acute transformation is
important
* Almost all patients with acute transformation have abnormal
findings on HRCT
* Characteristic CT features are present in acute transforma-
tion of indolent ATLL

Keywords Computed tomography - Chest - Adult T cell
leukemia/lymphoma - Acute transformation - HTLV-1

Abbreviations

ATLL Adult T cell leukaemia/lymphoma
BAL Bronchoalveolar lavage

GGO Ground-glass opacity

HRCT  High-resolution computed tomography
HTLV-1 Human T-lymphotropic virus type 1
LDH Lactate dehydrogenase

TBLB  Transbronchial lung biopsy
Introduction

Human T-lymphotropic virus type 1 (HTLV-1), which is
prevalent in southwestern Japan and the Caribbean basin [1],
is aetiologically associated with adult T cell leukaemia/
lymphoma (ATLL). The diversity in clinical features and
prognosis of patients with ATLL has led to its categorization
into four subtypes: acute, lymphoma, chronic and smoulder-
ing. These are defined by organ involvement, lactate dehydro-
genase (LDH) and calcium values. In patients with acute type
and lymphoma type (aggressive ATLL), intensive chemother-
apy is usually recommended. Patients with aggressive ATLL
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have a very poor prognosis owing to intrinsic chemoresistance
and frequent infectious complications because of immune
deficiency. Patients with chronic type and smouldering type
(indolent ATLL), however, have a better prognosis than those
with aggressive ATLL, and watchful waiting until disease
progression has been recommended. However, the long-term
prognosis of patients with indolent ATLL is not good without
a plateau phase in the survival curve [2]. There are several
reports documenting acute transformation to aggressive type
in up to 40 % of patients with indolent ATLL [2].

Okada et al. reported thoracic computed tomography (CT)
findings based on radiological features in 87 patients with
ATLL [3]. These CT findings mainly consisted of ground-
glass opacity (GGO), centrilobular nodules, and thickening of
the bronchovascular bundles in the periphery. Recently,
Hanaka et al. reported a case of ATLL with rapid progression
of pulmonary areas of GGO and multiple nodules, resulting
from acute transformation of chronic ATLL [4]. To our knowl-
edge, no other English-language studies on CT features in
patients with acute transformation of ATLL have been pub-
lished. The purpose of this study was to assess chest high-
resolution CT (HRCT) findings in patients with acute trans-
formation of ATLL that may be of clinical significance.

Materials and methods
Patients

Our institutional review board approved this retrospective
study and waived the requirement for informed consent.

On the basis of the patient population at our institution, we
retrospectively identified 72 consecutive patients with ATLL
between October 2000 and March 2014. The patients
consisted of 20 with acute type, 21 with lymphoma type, 24
with smouldering type and seven with chronic type. Of the 31
patients with smouldering type or chronic type, 16 (seven
men, nine women; aged 36-85 years, mean 63.3 years;
51.6 %) developed acute transformations by serological and
clinical findings, and had undergone chest HRCT. At the same
time, there were no patients diagnosed with infectious disease
by serological tests and clinical findings.

ATLL was diagnosed by positive HTLV-1 antibody and the
presence of abnormal lymphocytes with convoluted nuclei
(ATLL cells) in the peripheral blood or histological findings
compatible with a diagnosis of ATLL in biopsied tissue.

The diagnosis for acute transformation of ATLL was
established by fulfilling the diagnostic criteria for acute type
or lymphoma type of ATLL. The periods between the diag-
nosis of smouldering type or chronic type and acute exacer-
bation of ATLL were 1— 124 months (mean 25.8 months). The
patients presented with several symptoms, such as general
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fatigue in eight, fever in seven, eruption in seven, lymph node
enlargement in six, chest pain in one and joint pain in one.

CT examinations

HRCT examinations were performed with a variety of
scanners, volumetrically with a multi-detector CT with 1-
mm reconstruction from the apex of the lung to the dia-
phragm. The images were obtained with the patient in the
supine position at full inspiration. Images were captured at
window settings that allowed viewing of the lung paren-
chyma (window level —600 HU; window width 1,500 HU)
and the mediastinum (window level 10-30 HU; window
width 300 HU).

A pulmonary CT was performed within 1 day to 1 month
(mean 18.5 days) after the onset of fever, general fatigue,
lymph node enlargement and other abnormal conditions. In-
travenously administered contrast material was used in six
patients.

CT image interpretation

Two chest radiologists (with 27 and 12 years of experience
in interpretation of chest CT images), who were aware of
the underlying diagnoses, retrospectively and independent-
ly interpreted the CTs. Conclusions were reached by
consensus.

CT images were evaluated for the presence and extent of
abnormalities, including GGO, consolidation, bronchial wall
thickening, centrilobular nodules, intralobular reticular opac-
ity, nodules, cavity, interlobular septal thickening and lymph
node enlargement. The presence or absence of pleural effusion
and pericardial effusion was also recorded. In addition, the
combination of abnormalities was assessed. Radiological fea-
tures were defined according to the glossary of terms
established by the Fleischner Society [5].

The distribution of parenchymal disease was also noted.
We assessed whether abnormal findings were located unilat-
erally or bilaterally. If the main lesion was predominantly
located in the inner third of the lung, the disease was classified
as centrally distributed. If the main lesion was predominantly
located in the outer third of the lung, the disease was classified
as peripherally distributed. If the lesions showed no predom-
inant distribution, the disease was classified as randomly
distributed. Additionally, zonal predominance was classified
as upper, lower or random. Upper-lung zone predominance
indicated that most abnormalities were observed at a level
above the tracheal carina, while lower-zone predominance
indicated that most abnormalities were located below the
upper zone. When abnormalities showed no clear zonal pre-
dominance, the lung disease was classified as randomly
distributed.

Follow-up examinations after treatment were also assessed.
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Results
CT patterns

Chest CTs showed abnormalities in 15 of the 16 patients
(93.8 %) with acute transformation of ATLL (Table 1). In nine
of the 15 patients (60.0 %), parenchymal abnormal findings
were found, in which GGO (n=38; 53.3 %; Figs. 1 and 2) was
the most frequently observed abnormality, followed by con-
solidation (n=5; 33.3 %; Figs. 1 and 2), interlobular septal
thickening (n=35; 33.3 %; Figs. 1, 2, and 3) and nodules (n=5;
33.3 %; Fig. 1). Intralobular reticular opacity (n=3; 20.0 %)
and cavity (n=1; 6.7 %) were also observed. Centrilobular
nodules could not be found.

Pleural effusions were identified in five of the 15 patients
(33.3 %); four were bilateral pleural effusions (26.7 %) and
one was unilateral pleural effusion (6.7 %). In one of the five
patients (20.0 %), parenchymal abnormalities were not
observed.

Mediastinal and/or axillary lymph node enlargements were
observed in 10 patients (66.7 %): mediastinum lymph node
enlargement alone in one (6.7 %); axillary lymph node en-
largement alone in three (20.0 %; Fig. 4) and both in six
(40.0 %). Enlarged lymph nodes were found in the
paratracheal, tracheobronchial and subcarinal regions. Hilar
lymph node enlargement was not seen in the patients.

Thickening of the skin was found in two patients (13.3 %;
Fig. 5), in multiple regions such as the anterior and posterior
chest wall. In these two patients, there were no abnormal
findings in the lung parenchyma.

Table 1 CT findings in 15 patients
Findings‘ No. of patients
Ground-glass opacity 8 (53.3)
Consolidation 5(33.3)
Interlobular septal thickening 5(33.3)
Nodule/mass 5(33.3)
Intralobular reticular opacity 3(20.0)
Bronchial wall thickening 2 (13.3)
Cavity 1(6.7)
Centrilobular nodules 0(0)
Pericardial effusion 0(0)
Pleural effusion 5(33.3)
Unilateral 1(6.7)
Bilateral 4 (26.7)
Lymph node enlargement 10 (66.7)
Mediastinum 7 (46.7)
Axillary 9 (60.0)
Skin lesions 2(13.3)

Data in parentheses are percentages

Fig. 1 Acute transformation (acute type) in a 67-year-old male patient
with smouldering type ATLL, 21 days after the onset of fever. Transverse
CT image (1-mm thickness) at the level of the aortic arch shows mass-like
consolidation with surrounding GGO and air bronchogram and
interlobular septal thickening (arrow). Small nodule is present in the
right upper lobe (arrowhead)

The most frequently observed combination of abnormali-
ties was GGO and interlobular septal thickening (n=35;
33.3 %; Figs. 1 and 2), followed by GGO and lymph node
enlargement (n=5; 33.3 %), GGO and consolidation (n=4;
26.7 %; Figs. 1 and 2), GGO and nodules (n=4; 26.7 %;
Fig. 1), GGO and pleural effusion (n=4; 26.7 %) and pleural
effusion and lymph node enlargement (n=4; 26.7 %).

Disease distribution

Among the nine patients with parenchymal abnormalities,
abnormal findings were found bilaterally in all of the patients,

Fig. 2 Acute transformation (acute type) in a 77-year-old female patient
with smouldering type ATLL, 7 days after the onset of fever and general
fatigue. Transverse CT image (1-mm thickness) at the level of the left
upper lobe shows consolidation (arrowhead), GGO and interlobular
septal thickening (arrows)
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Fig. 3 Acute transformation (acute type) in a 69-year-old male patient
with smouldering type ATLL, 10 days after the onset of fever. Transverse
CT image (1-mm thickness) at the level of the tracheal carina shows
interlobular septal thickening (arrows) and bronchial wall thickening
(arrowheads)

and were randomly distributed in eight of the patients
(88.9 %). The remaining patient showed a peripheral distribu-
tion (11.1 %).

The predominant zonal distribution was the upper zone
in two patients (22.2 %), the lower zone in one patient
(11.1 %) and a random distribution in six patients
(66.7 %).

Follow-up study

All 15 patients underwent chemotherapy. In 11 patients,
abnormal findings improved on follow-up CT examina-
tions or chest radiographs, whereas in the remaining four
patients abnormal findings worsened and the patients
died.

There were no significant differences in the initial HRCT
patterns and distribution of disease between the improved
patients and the deceased patients.

Fig. 4 Acute transformation (acute type) in a 43-year-old female patient
with chronic type ATLL, 14 days after the onset of general fatigue and
lymph node enlargement of the neck and axillary regions. Transverse CT
image (1-mm thickness) at the level of the axillary regions shows multiple
axillary lymph node enlargement (arrows)
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Fig. 5 Acute transformation (lymphoma type) in a 73-year-old female
patient with smouldering type ATLL, 20 days after the onset of eruptions
and lymph node enlargement of the inguinal regions. a Transverse CT
image (1-mm thickness) at the level of the tracheal carina shows multiple
thickening of the skin (arrows). b Photomicrograph of the biopsy
specimen obtained from the thickened skin of the right chest wall
shows a microabscess (arrow) and dens dermal infiltration by lymphoid
cells with nuclear atypia

Pathological findings

Skin biopsies were performed in two patients with thickening
of the skin. The pathological findings showed a microabscess
and dens dermal infiltration by lymphoid cells with nuclear
atypia.

Transbronchial lung biopsy (TBLB), surgical lung biopsy
or bronchoalveolar lavage was not performed because patients
were in poor general health and needed to undergo immediate
chemotherapy. Additionally, postmortem studies in four de-
ceased patients were not undertaken.

Discussion

ATLL was first described in 1977 as a distinct clinicopatho-
logical entity with a suspected viral aetiology [6]. Subsequent-
ly, HTLV-1 was isolated as a carcinogenic pathogen. HTLV-1
infects approximately 15-20 million people worldwide, with
endemic areas in southwestern Japan, the Caribbean and
Africa. After prolonged latency periods (10-30 years), ap-
proximately 0.5-5.0 % of HTLV-1-infected individuals will
develop ATLL [7-9]. The three major routes of HTLV-1
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transmission are mother-to-child via breast-feeding, sexual
intercourse and blood transfusions. HTLV-1 infection early
in life, in the form of breast-feeding, is crucial in the develop-
ment of ATLL. ATLL is defined as a neoplastic clonal growth
of HTLV-1-infected cells. ATLL can present in various clini-
cal manifestations by involving many organs, including lungs,
skin, gastrointestinal tract, the central nervous systems and
bones. The diverse clinical features of this disease have led to
its subclassification as acute, lymphoma, chronic and smoul-
dering subtypes [10]. The first is the smouldering type, in
which more than 5 % of T lymphocytes are abnormal, the
peripheral blood contains less than 4,000 lymphocytes per
microlitre, there is no hypercalcaemia, LDH level is up to
1.5-fold the normal upper limit, there is no lymphadenopathy
and no involvement of extranodal organs except the skin or
lungs. This type is the least common, accounting for approx-
imately 5 % of ATLL. The second is the chronic type, in
which lymphocytosis occurs (defined as T lymphocytosis
greater than 4,000/uL), LDH is less than twice the normal
upper limit, no hypercalcaemia is present and there is possible
lymph node, liver, spleen, skin and lung involvement. This
type accounts for approximately 15-20 % of ATLL. The third
is the lymphoma type, in which histologically proven lymph
node enlargement is present but there is no lymphocytosis
(defined as less than 1 % abnormal T lymphocytes). This type
accounts for approximately 20 % of ATLL. Patients frequently
have an elevated LDH level and can have hypercalcaemia.
The fourth is the acute type, for patients not classified into any
of the above three types, and occurs in approximately 55—
60 % of ATLL. Patients with the acute type present with
systemic symptoms, organomegaly, lymphadenopathy and
an elevated LDH level. The white blood cell count is usually
greater than 20,000/mL.

The median survival time is 6.2 months for the acute type,
10.2 months for the lymphoma type and 24.3 months for the
chronic type; 62.8 % of patients with the smouldering type
were still alive after 4 years [10].

Because ATLL patients present with a variety of clinical
symptoms and course, it is important for the clinician to
differentiate between aggressive ATLL (acute type and lym-
phoma type), necessitating immediate treatment, and indolent
ATLL (chronic type and smouldering type) that does not
require specific treatment. In the last two types, the disease
has an indolent initial course but frequently progresses to
acute type ATLL. Ishitsuka et al. reported that, in 26 patients
with smouldering type ATLL, 10 patients (38.5 %) developed
acute transformation to acute or lymphoma type ATLL, and
died despite chemotherapy [11]. Takasaki et al. evaluated the
long-term prognosis of 60 Japanese patients with indolent
ATLL [2]. Among the patients, 44 (73.3 %) progressed to
aggressive ATLL (all were acute type), and 41 (68.3 %) died.
The median time to acute transformation was 18.8 months
(range 0.3 months to 17.6 years).

In our study, 16 of 31 patients (24 with smouldering and
seven with chronic type; 51.6 %) developed acute transfor-
mation of ATLL (14 patients with acute type, two with lym-
phoma type) and four of these patients (25 %) died. The mean
time between the diagnosis of smouldering or chronic type
and acute exacerbation of ATLL was 25.8 months (range 1—
124 months).

There have been several reports of the mechanisms of acute
transformation of ATLL. Tsukasaki and colleagues compared
the gene-expression profiles of four pairs of chronic and acute
ATLL samples using oligonucleotide microarrays to elucidate
the differences in gene expression during progression to acute
ATLL [12]. They identified 203 genes that were commonly
up-regulated in acute- vs. chronic-phase samples, and an
additional 91 commonly down-regulated genes. Some of the
up-regulated genes were located in amplified regions identi-
fied by comparative genomic hybridization in the correspond-
ing chronic/acute ATLL samples. Tsukasaki et al. concluded
that distinct sets of genes that are known to be critical in
cellular transformation and/or activation are up- or down-
regulated during the transition to the acute phase of ATLL.

A close relationship between strongyloidiasis and HTLV-1
has also been reported [13-18]. Nakada et al. studied the
prevalence of HTLV-1 antibody in sera from Strongyloides
carriers and controls [13]. In their study, 99 of 166
Strongyloides carriers (59.6 %) had HTLV-1 antibodies but
595 0f 2,962 controls (20.1 %) had HTLV-1 antibody. Con-
versely, the detection rate of faecal larvae among the
Strongyloides-seropositive patients was significantly higher
in patients with the HTLV-1 antibody than in those without
the HTLV-1 antibody. These findings suggest an effect of a
concurrent HTLV-1 infection on the course and intensity of
Strongyloides infection [14].

Nakada et al. reported that 36 patients with strongyloidiasis
were seropositive for HTLV-1, and that 14 of these patients
(38.9 %) had monoclonal integration of HTLV-1 proviral
DNA in their blood lymphocytes [15]. They concluded that,
although the immunodeficiency caused by HTLV-1 could
predispose patients to hyperinfestation by Strongyloides, par-
asitic and retroviral infestations might be important co-factors
leading to the development of ATLL. Nonetheless, the mech-
anisms of acute exacerbation of ATLL remain unclear. In the
present study, Strongyloides stercoralis infection in patients
with acute transformation of ATLL was not examined.

With regard to the radiological findings in ATLL, Okada
et al. reported thoracic CT findings in 87 patients with ATLL,
of which 60 patients (69.0 %) had abnormal findings [3]. They
consisted mainly of GGO (62 %), centrilobular nodules
(42 %), bronchovascular bundles thickening (37 %), interlob-
ular septal thickening (28 %) and nodules (22 %). Moreover,
pleural effusion and lymph node enlargement were found
frequently in 37 % and 45 %, respectively. In 46 patients,
CT-pathology correlation was performed using surgical or
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autopsy specimens. Pathologically, these CT findings
corresponded to atypical lymphocyte infiltration along the
interstitium and the alveolar spaces. As for CT findings in
acute transformation of ATLL, there is only one case report
[4]. Hanaka et al. reported a case of a 48-year-old Japanese
man with acute transformation from ATLL chronic type [4] in
which CT findings were correlated with pathological findings
using TBLB specimens. The chest CT images showed GGO
and nodules in both lungs. Pathologically, the extent of GGO
corresponded to the partial infiltration of ATLL cells and foam
cells into the alveolar walls, and the nodules corresponded to
thickening of the alveolar walls, mild alteration of alveolar
structures and overt precipitation of fibrin.

Distinguishing between acute transformation of ATLL and
infection in patients with indolent ATLL is important because
the treatment strategies are quite different. In the clinic, the
diagnosis of pneumonia is established by the isolation of
causative pathogens from sputum, bronchoalveolar lavage,
urine or blood, along with respiratory symptoms and abnor-
mal findings on chest radiographs. Additionally, the elevation
of the serum level of F-p-glucan or antigen for each type of
fungus antigen in combination with HRCT findings is sug-
gestive of fungal infection and Preumocystis jirovecii
pneumonia.

Increased numbers of ATLL cells, elevated LDH level,
hypercalcaemia and lymphadenopathy were findings sugges-
tive of acute transformation in patients with indolent ATLL.
Bronchoalveolar lavage fluid or transbronchial lung biopsy
specimens provide clues to the differential diagnosis of pul-
monary manifestation of ATLL acute transformation versus
infections; however, patients with ATLL often have poor
general status and it is difficult to undergo a transbronchial
lung examination. Moreover, immediate treatment should be
started. This was the case in the present study.

Recently, Okada and colleagues reported HRCT findings
in 749 pneumonia patients (385 with community-acquired
pneumonia and 364 with nosocomial pneumonia: 86 Strepto-
coccus pneumoniae, 211 Haemophilus influenzae, 109
Moraxella catarrhalis, 83 Staphylococcus aureus, 80 Klebsi-
ella pneumoniae, 33 Streptococcus milleri, 35 Pseudomonas
aeruginosa, 40 Chlamydia pneumoniae, 42 Mycoplasma
prneumoniae and 30 seasonal influenza virus); this included
136 patients with malignancy [19-27]. In those reports, the
CT findings of interlobular septal thickening, lymph node
enlargement and nodules were found in 2.9-15.0 % (mean
9.5 %), 0-18.2 % (mean 4.3 %) and 0-18.2 % (mean 7.9 %),
respectively. In the present report of patients with acute trans-
formation of ATLL, these CT findings were found in 33.3 %,
66.7 % and 33.3 %, respectively. These frequencies were
higher in patients with acute transformation of ATLL than in
patients with pneumonia. Moreover, thickened skin and axil-
lary lymph node enlargement could not be found in patients
with each type of pneumonia. In patients with
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cytomegalovirus pneumonia and Preumocystis jirovecii pneu-
monia, HRCT finding of nodules is often seen; however, in
cytomegalovirus pneumonia, interlobular septal thickening,
lymph node enlargement and thickening of the skin are rarely
seen [28, 29]. In Preumocystis jirovecii pneumonia, interlob-
ular septal thickening or lymph node enlargement is relatively
rarely seen [30].

Therefore, the HRCT of interlobular septal thickening,
lymph node enlargement (especially in axillary regions) and
thickened skin lesions, which may be non-specific findings,
are suggestive of acute transformation in patients with indo-
lent ATLL, along with clinical findings.

It should be noted that there are several limitations to the
present study. First, this was a retrospective study and CT
image interpretation was performed by consensus. Second,
this study included only a small number of patients. Differ-
ences in HRCT findings between acute type and lymphoma
type in acute transformation of ATLL could not be assessed.
Third, the differences between acute transformation of ATLL
and infection in indolent ATLL patients were not studied on
HRCT. Therefore, it might be difficult to generalize the HRCT
findings observed in this study as ‘characteristic findings’.
Fourth, no correlation with pathological findings of the lungs
was possible because patients were in poor general health.
Finally, the HRCT images were obtained using different
protocols.

In summary, almost all of the patients with acute transfor-
mation of ATLL had abnormal findings on chest HRCT,
which mainly consisted of lymph node enlargement, GGO,
interlobular septal thickening, nodules and bilateral pleural
effusion. In particular, lymph node enlargement in axillary
regions, interlobular septal thickening and thickened skin
lesions are suggestive of acute transformation in patients with
indolent ATLL, along with clinical findings.
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ABSTRACT
Allogeneic bone marrow and peripheral blood stem cell transplantations are curative treatment modalities
for adult T cell leukemia/lymphoma (ATLL) because of the intrinsic graft-versus-ATLL effect. However, limited
information is available regarding whether cord blood transplantation (CBT) induces a curative graft-versus-
ATLL effect against aggressive ATLL. To evaluate the effect of CBT against ATLL, we retrospectively analyzed
data from 175 patients with ATLL who initially underwent single-unit CBT. The 2-year overall survival (0S)
rate was 20.6% (95% confidence interval [CI], 13.8% to 27.4%). A multivariate analysis revealed that the
development of graft-versus-host disease (GVHD) was a favorable prognostic factor for OS (hazard ratio, .10;
95% (1, .01 to .94; P = .044). Furthermore, the 2-year OS (42.7%; 95% Cl, 28.1% to 56.6%) of patients with grade
1 to 2 acute GVHD was higher than that of patients without acute GVHD (24.2%; 95% Cl, 11.2% to 39.8%;
P =.048). However, the cumulative incidence of treatment-related mortality (TRM) was high (46.1%; 95% Cl,
38.2% to 53.7%), and early death was particularly problematic. In conclusion, CBT cures patients with ATLL
partly through a graft-versus-ATLL effect. However, novel interventions will be required, particularly in the
early phase, to reduce TRM and optimize GVHD.
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lymphotropic/leukemia virus type-1, has an extremely poor
prognosis {1 ]. Intensive chemotherapy and autologous stem
cell transplantation have not been shown to improve this
prognosis {2,31. As a curative treatment, allogeneic hemato-
poietic stem cell transplantation (allo-HSCT) can confer long-
term remission via a graft-versus-ATLL effect in a proportion
of patients with ATLL {4-7}. Recent reports have demon-
strated that allo-HSCT using bone marrow (BM) or peripheral
blood stem cells (PBSC) from a related or unrelated donor can
effectively treat ATLL, yielding a 3-year overall survival rate
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(OS) of approximately 30% {%-161. However, patients with
ATLL typically lack a suitable HLA-identical sibling donor
because both the recipients and donors are typically elderly
and because the aggressive ATLL tumor burden reduces the
available time to find a suitable unrelated donor within the
Japan Marrow Donor Program. Umbilical cord blood, which
can serve as an alternative to BM or PBSC as a source of stem
cells, has been used primarily to treat children; however, the
number of unrelated-donor cord blood transplantation (CBT)
procedures used to treat adult patients with ATLL is
increasing in Japan. The rapid availability of CBT may provide
a great advantage for patients who require urgent allo-HSCT
to treat aggressive ATLL {17].

Currently, the outcome of CBT in patients with acute
leukemia is comparable to that of other graft sources {18,13};
however, there are few reports on the outcomes of CBT in
patients with ATL [20,21]. Moreover, it is difficult to draw
firm conclusions regarding the efficacy of this procedure
because of the small number of cases. Therefore, to evaluate
the role of CBT for ATLL in a larger and more recent cohort,
we performed a nationwide retrospective study of patients
with ATLL who underwent CBT as the initial allo-HSCT.

PATIENTS AND METHODS
Data Collection

We analyzed nationwide survey data from the Japan Society for He-
matopoietic Cell Transplantation regarding patients with ATLL who had
undergone an initial CBT between March 2001 and December 2009 (n = 175).
This analysis included the patients’ clinical characteristics, such as the age at
transplantation, gender, disease status at transplantation, date of trans-
plantation, time from diagnosis to transplantation, conditioning regimens,
and number of infused cells. The number of mismatches was counted with
respect to HLA-A, HLA-B (low-resolution typing), and DRB1 (high-resolution
typing). The present study was approved by the data management com-
mittees of the Japan Society for Hematopoietic Cell Transplantation as well as
the institutional ethics committee of the Kyushu University Graduate School
of Medical Sciences.

Definitions

0S was defined as the time from transplantation until death, and pa-
tients who remained alive at the time of the last follow-up were censored.
The causes of death were reviewed and categorized as either ATLL-related or
transplantation-related mortality (TRM). ATLL-related mortality was defined
as death caused by a relapse or progression of ATLL, whereas TRM was
defined as any death related to transplantation other than ATLL-related
mortality, according to the judgment of each institution. The patients
were divided into 2 groups according to the conditioning regimen: full-
intensity conditioning (FIC) and reduced-intensity conditioning (RIC). FIC
and RIC were defined according to the proposals of Giralt et al. {22} and
Bacigalupo et al. {23}, respectively, with slight modifications. In the present
study, conditioning regimens that included >5 Gy of total body irradiation
(TBI) in a single fraction or >8 Gy of TBI in multiple fractions, oral busulfan
(BU) at >8 mg/kg, intravenous BU at >6.4 mg/kg, or melphalan (Mel) at
>140 mg/m? were considered FIC; all others were classified as RIC.

Statistical Analysis

Descriptive statistics were used to summarize the variables related to
patient demographics and transplantation characteristics. The probability of
the OS time was estimated according to the Kaplan-Meier method. To
evaluate the influences of confounding factors on acute graft-versus-host
disease (GVHD) and survival, the log-rank test and proportional hazards
modeling were used for the univariate and multivariate analyses, respec-
tively. The Cox proportional hazard model was used for the multivariate
analyses of OS in which all independent variables were incorporated in the
model, followed by the use of a stepwise selection method {24!, Fine and
Gray proportional hazard modeling was used to estimate the effects of the
same variables used in the multivariate analysis for OS on the cumulative
incidence rates of TRM and ATLL-related mortality [2%75%L In these
regression models, the occurrence of GVHD was treated as a time-
dependent covariate {27, In the analysis of acute GVHD, patients were
assigned to the “no acute GVHD group” at the time of transplantation and
transferred to the “acute GVHD group” at the onset of the maximum grade of
acute GVHD. The landmark method was used to evaluate the effects of GVHD

on OS and the cumulative incidence of disease-associated and treatment-
related deaths among patients who remained alive at 60 days for acute
GVHD and at 100 days for chronic GVHD after transplantation. Factors
associated with at least borderline significance (P < .10) in the univariate
analysis were subjected to a multivariate analysis using a backward stepwise
covariate selection. All P values were 2-tailed, and P values <.05 were
considered statistically significant. All statistical analyses were performed
using EZR (Saitama Medical Center, Jichi Medical University), a graphical
user interface for R (The R Foundation for Statistical Computing, version
2.13.0) {281

RESULTS
Patient Characteristics

The characteristics of 175 ATLL patients who received a
single CBT are shown in Tabiz 1. The median age at CBT was
55 years (range, 27 to 79 years). The cohort comprised 70
women and 105 men with the following ATLL statuses at CBT:
complete remission (CR; n = 50), not in CR (n = 116), and
unknown (n = 9). The conditioning regimen intensity was
classified as FIC in 63 (36%) patients and RIC in 128 (62%)
patients. FIC was further subdivided into 2 groups as follows:
TBI(n = 47) or non-TBI(n = 15). RIC was also subdivided into 3
groups as follows: fludarabine (Flu) 4+ Mel (n = 75), Flu + BU
(n = 15), and other types (n = 15). Cyclosporine and tacroli-
mus were administered for prophylaxis to 90 (51%) and 77
patients (44%), respectively. Cyclosporine-based prophylaxis
was subdivided into 3 groups as follows: (1) cyclosporine

Table 1
Patient Characteristics at Cord Blood Transplantation

Variables No. of Patients
(n =175)
Age at transplantation, median (range), yr 55 (27-79)
Gender
Male 105
Female 70
Disease status at transplantation
CR 50
Not in CR 116
Unknown 9
Conditioning regimen
FIC 63
RIC 108
Unknown 4
GVHD prophylaxis
Cyclosporine-based 90
Tacrolimus-based 77
Unknown 8
Time from diagnosis to transplantation, d
<200 94
>200 75
Unknown 6
Year of transplantation
<2005 71
>2005 104
HLA matching
0 mismatched loci 5
1 mismatched locus 36
2 mismatched loci 73
>3 mismatched loci 42
Unknown 19
ABO matching
Matched 56
Minor mismatched 49
Major mismatched 69
Unknown 1
Nucleated cells infused per 107 kg, median 2.58 (.36-5.34)
(range)
CD34-positive cells infused per 10°/kg, median .85 (.07-5.39)
(range)

* Number of mismatches was counted among HLA-A, -B (low-resolution
typing), and DRB1 (high-resolution typing).
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alone (n = 33), (2) cyclosporine - short-term methotrexate
(MTX) (n = 45), and (3) cyclosporine -+ mycophenolate
mofetil (MMF; n = 12). Tacrolimus-based prophylaxis was
subdivided into 4 groups as follows: (1) tacrolimus alone
(n = 37), (2) tacrolimus -+ short-term MTX (n = 32), (3)
tacrolimus + MMF (n = 5), (4) and tacrolimus + prednisolone
(n = 3). Ninety-four patients (54%) received CBT < 200 days
after diagnosis. One hundred twenty-four (71%) patients
underwent CBT with 2 HLA-mismatched loci. The numbers of
infused nucleated and CD34-positive cells were 2.58 x 107 kg
(range, .36 t0 5.34 x 107/kg) and .85 x 10°/kg (range, .07 to
5.39 x 10°/kg), respectively. Engraftment evaluation was
possible in 125 patients (71%) within a median interval of
19 days after CBT (range, 7 to 46 days). Among the survivors,
the median follow-up duration was 22.5 months (range, 0 to
74.5 months).

Prognostic Factors for Survival

The OS rates of 175 patients with ATLL who received CBT
were 30.2% (95% confidence interval [Cl], 23.0% to 37.4%) at
1 year and 20.6% (95% Cl, 13.8% to 274%) at 2 years
(Figure 1A). The cumulative incidence rates of ATLL-related
mortality and TRM at 2 years were 31.9% (95% Cl, 24.8% to
39.3%) and 46.4% (95% ClI, 38.5% to 54.0%), respectively
(¥igure 1B). The following confounding factors affected
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survival; age, gender, disease status at transplantation, days
from diagnosis to transplantation, date of transplantation,
age at transplantation, conditioning regimen, number of
infused nucleated and CD34-positive cells, ABO compati-
bility, HLA compatibility, GVHD prophylaxis, and the devel-
opment of acute GVHD. A univariate analysis revealed that
higher OS (P < .05) correlated with CR at transplantation,
minor ABO incompatibility, the addition of other agents to
calcineurin inhibitors (MTX or MMF), and the development
of acute GVHD (Table 2). A multivariate analysis was per-
formed to further examine the effects of an age <55 years,
the development of acute GVHD as a time-dependent co-
variate coincident with CR at transplantation, minor ABO
incompatibility, and the addition of other agents to calci-
neurin inhibitors (Table 3). Compared with the absence of
GVHD, the development of acute GVHD was associated
independently with higher OS (hazard ratio [HR], .10; 95% CI,
.01 to 0.94; P =.044).

Effects of Acute GVHD on Survival

To further validate the effect of acute GVHD on OS, we
examined survival according to the acute GVHD grade in a
landmark analysis. The median time to onset of acute GVHD
of any grade after transplantation was 21 days (range, 5 to
100 days). Acute GVHD occurred in 80 patients (46%) as
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Figure 1. Survival, adult T cell leukemia/lymphoma (ATLL)-related mortality rates, and transplantation-related mortality (TRM) rates of patients receiving cord blood
transplantation (CBT). (A) Kaplan-Meier curves of the estimated overall survival rates (OS) of ATLL patients treated with CBT. UCB, umbilical cord blood; PBSC,
peripheral blood stem cells; BM, bone marrow, GVHD, graft-versus-host disease. (B} Cumulative incidence curves of ATLL-related mortality and TRM in patients
treated with CBT. (C) Landmark plots of OS to determine the effects of acute GVHD. (D) Landmark plots of OS to determine the effects of chronic GVHD.
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Table 2
Univariate Analysis of Risk Factors for Overall Survival
Variables No. [0}
Two-Year OS (%) 95% Cl PValue

Age 1 <60 yr 134 23.0 15.0-31.0 .080
>60 yr 41 12.0 6.0-22.4

Age 2 <55 yr 85 254 15.0-35.8 .100
>55yr 90 15.6 7.0-24.2

Sex Female 70 22.3 11.5-33.1 453
Male 105 194 10.8-28.0

Disease status at transplantation CR 50 403 25.5-55.1 .003
Not in CR 116 143 7.1-21.7

Time from diagnosis to transplantation <200d 94 224 12.8-32.0 752
>200d 75 19.9 9.7-30.1

Yr of transplantation <2005 71 176 8.2-27.0 .160
>2005 104 231 13.5-31.5

Conditioning regimen FIC 63 20.2 9.8-30.6 .740
RIC 108 20.2 11.8-28.6

Infused nucleated cell dose (x 107/kg) <2 19 10.8 0-29.3 290
>2 145 226 14.9-30.3

Infused CD34 cell dose (x 10%/kg) <1 97 233 13.9-32.7 .396
>1 66 19.1 8.0-30.2

ABO matching Matched 56 12.8 34-222 024
Minor mismatched 49 305 15.5-45.5
Major mismatched 69 20.5 9.9-31.1

HLA matching 0 mismatched 5 30.0 0-77.4 525
1 mismatched 36 21.6 5.6-37.6
2 mismatched 73 24.6 14.3-35.9
>3 mismatched 42 18.1 3.9-323

GVHD prophylaxis 1 Cyclosporine-based 90 219 12.5-314 710
Tacrolimus-based 77 203 10.0-30.4

GVHD prophylaxis 2 (cyclosporine/tacrolimus + other drug) No 70 124 48-20.0 003
Yes 97 327 21.1-443

Acute GVHD No 59 16.8 5.7-27.9 <.0001
Yes 80 294 18.2-40.6

follows: grade 1, n = 23 patients; grade 2, n = 37 patients;
grade 3, n = 14 patients; and grade 4, n = 6 patients. There
was no significant difference in OS between patients with
grades 1 and 2 GVHD (P = 1.00), in contrast to the difference
between patients with grades 1 and 3 GVHD (P = .013).
Moreover, based on the previous national survey analysis of
the effect of acute GVHD on survival in patients with ATLL
15,15}, the effect of acute GVHD on OS in the present study
was evaluated using landmark plots (landmark day 60) ac-
cording to the following 3 categories: (1) no acute GVHD
(n = 38),(2) grade 1 to 2 acute GVHD (n = 53), and (3) grade

Table 3
Multivariate Analysis of Risk Factors for OS
Variables 0s
HR 95% ClI P Value

Age, yr

<55 1

>55 115 .63-2.09 .652
Disease status at transplantation

CR 1

Not in CR 138 .73-2.63 .190
ABO matching

Matched 1

Minor mismatched 56 25-1.24 152

Major mismatched 77  39-148 337
GVHD prophylaxis (cyclosporine/

tacrolimus -+ other drug)

No 1

Yes 76 42-138 365
Acute GVHD (time-dependent covariate)

No 1

Yes .10 .01-94 .044

3 to 4 acute GVHD (n = 14). The 2-year OS rates for patients
according to the acute GVHD grade were as follows: 24.2%
(95% CI, 11.2% to 39.8%) without acute GVHD; 42.7% (95% (I,
28.1% to 56.6%) with grade 1 to 2 GVHD; and 0% with grade 3
to 4 GVHD (¥igure 1C). These analyses demonstrated that the
development of grade 1 to 2 acute GVHD was associated with
higher OS compared with the absence of acute GVHD
(P = .048), whereas the development of grade 3 to 4 acute
GVHD was associated with lower OS compared with that in
patients with grade 1 to 2 acute GVHD (P = .0003). The cu-
mulative 2-year ATLL-related mortality rates according to the
GVHD grades were as follows: 32.6% (95% CI, 19.7% to 46.1%)
for grade 1 to 2 acute GVHD; 29.8% (95% (I, 8.2% to 55.6%) for
grade 3 to 4 acute GVHD; and 45.9% (95% Cl, 29.0% to 61.3%)
for no acute GVHD. There was a trend toward a lower risk of
relapse or progression in those who developed grade 1 to 2
acute GVHD relative to those without GVHD. Among patients
with non-CR at transplantation, there was also a trend to-
ward higher 2-year OS (36.7%; 95% CI, 18.7% to 54.9%) in
those who developed grade 1 to 2 acute GVHD than in those
without GVHD (15.6%; 95% Cl, 3.4% to 35.9%). These data
suggested a graft-versus-ATLL effect induced by CBT.

Effects of Chronic GVHD on Survival

Chronic GVHD was evaluated in 74 patients who survived
for at least 100 days after transplantation. Chronic GVHD
occurred in 28 patients (37%) with a median time to onset of
115 days (range, 73 to 1287 days) after CBT. The effect of
chronic GVHD on OS was evaluated using landmark plots
(landmark day 100), and the 2-year OS results were as fol-
lows: no chronic GVHD (n = 46), 35.6% (95% Cl, 21.0% to
50.0%); limited chronic GVHD (n = 15), 68.1% (95% Cl, 35.4%
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~ to 86.8%); and extensive chronic GVHD (n = 13), 40.4% (95%
Cl, 13.4% to 66.4%) (Figure 1D). There was a trend toward a
higher OS among patients with limited chronic GVHD, but
there were no significant differences relative to patients
without chronic GVHD (P = .10) and those with extensive
chronic GVHD (P = .12).

Cause of Death

At the last follow-up, 46 patients remained alive and 129
were deceased. The median follow-up time among the sur-
vivors was 22.5 months (range, 0 to 74.5 months). Disease
progression (n = 52) was the leading cause of death. Infec-
tion was the cause of death in 40 patients (31%; bacterial,
n = 27 patients; fungal, n = 3; viral, n = 8; and others, n = 2).
Viral infection-related deaths were caused by the following
pathogens: cytomegalovirus, n = 3; adenovirus, n = 2; hu-
man herpesvirus-6, n = 2; and varicella-zoster virus, n = 1.
Among the 27 patients who succumbed to bacterial infec-
tion, 16 died before engraftment at a median of 17 days after
CBT (range, 7 to 38 days). Among the 20 patients who
developed severe acute grade 3 to 4 GVHD, 2 remain alive
without disease progression. However, 9 of the 20 patients
died of GVHD, 5 of disease progression, and 4 of infection.

The Fine and Gray proportional hazards model was
applied to identify the variables affecting ATLL-related mor-
tality and TRM. The pretransplantation variables included
age, gender, disease status at CBT, days from diagnosis
to transplantation, age at transplantation, conditioning
regimen, number of infused nucleated cells, ABO compati-
bility, HLA compatibility, and GVHD prophylaxis. The
following pretransplantation factors associated with a higher
risk of ATLL-related mortality were identified in a multivar-
iate analysis: not in CR at CBT (HR, 3.37; 95% Cl, 1.12 to 10.2;
P =.032) and an age > 55 years at CBT (HR, 2.32; 95% Cl, .98
to 5.48; P = .054). The following pretransplantation factors
were associated with a marginally higher risk of TRM: lower
number of infused nucleated cells (>2 x 107/kg versus
<2 x 107 [kg; HR, .56; 95% CI, .30 to 1.02; P =.059) and GVHD
prophylaxis with a calcineurin inhibitor alone (additional
agents plus calcineurin inhibitors versus calcineurin in-
hibitors alone; HR, .60; 95% Cl, .34 to 1.07; P = .064).

DISCUSSION

We present here the results of the largest retrospective
study of ATLL patients receiving CBT; these results have
extended our knowledge relative to that gained from other
studies, which were limited by the numbers of cases
[115,20.21]. Because graft source selection is strongly influ-
enced by the donor availability, it is difficult to directly
compare the outcomes of CBT with those of other allo-HSCT
modalities. Nevertheless, the outcome of CBT for ATLL in the
previous nationwide survey, with a 3-year OS rate of 17%,
was clearly unsatisfactory because the study period corre-
sponded with the developmental phase of CBT in adult pa-
tients [ 15]. Recent improvements in the outcome of CBT have
been expected after optimization of the number of cells used
for CBT and the improved HLA-compatibility of cord blood
units {29-31]. Consequently, a recent nationwide survey data
of adults with acute non-ATLL leukemia revealed no differ-
ences in the outcome of CBT in comparison with those of
other allo-HSCT modalities {18,19]. However, the updated
data (through December 2009) indicated that CBT for ATLL
remained associated with a poorer 3-year OS of 20.6%,
compared with OS of 34.4% among the 374 patients who
received related BM or PBSC and 37.1% among the 319

patients who received unrelated BM (P <.0001) (Figure 1A).
Therefore, the aim of the present study focused on the
feasibility of CBT in the context of a larger cohort of patients
with ATLL.

In the present study, 2 important findings were identified
regarding CBT for ATLL. First, CBT cured patients with ATLL
partly through a graft-versus-ATLL effect. Second, the high
rate of TRM (approximately 50%) remains a significant
problem. The OS curve for ATLL patients who received CBT
reached a plateau by 3 years, suggesting long-term survival
of selected patients, although the outcome of CBT for ATLL
(3-year OS, 20%) did not compare favorably with those of
other allo-HSCT modalities. Regarding the prognostic factors
affecting survival, our present univariate analysis identified
the 5 following significant variables associated with higher
0S: (1) age, (2) disease status at transplantation, (3) ABO
compatibility, (4) addition of agents such as MTX or MMF to
calcineurin inhibitors for GVHD prophylaxis, and (5) devel-
opment of acute GVHD. Further, the multivariate analysis
revealed that the development of acute GVHD was inde-
pendently associated with better OS relative to the absence
of acute GVHD. A landmark analysis showed that the devel-
opment of grade 1 to 2, or so called mild-to-moderate acute
GVHD, was associated with better OS when compared with
the absence of acute GVHD. There was also a trend toward a
lower risk of relapse or progression with the development of
acute GVHD when compared with the absence of GVHD and
better OS in patients with limited chronic GVHD. Taken
together, these data suggest the presence of a curative graft-
versus-ATLL effect conferred by CBT.

However, it is typically difficult for physicians to optimize
the effects of acute GVHD to prevent disease progression via
graft-versus-ATLL. Therefore, a more realistic attempt would
be the control of pretransplantation factors that might affect
the CBT outcome and, thus, enhance the benefit of allo-HSCT.
The multivariate analysis performed herein with respect to
ATLL-related deaths identified disease status at CBT as the
most important factor. ATLL usually resists conventional
chemotherapy and must be treated soon after diagnosis
because of the rapid proliferation of tumor cells, which
generates a high tumor burden {2,2]. In the future, novel
agents, such as mogamulizumab, a humanized anti-CCR4
monoclonal antibody, might improve CBT-associated sur-
vival by decreasing the tumor burden before transplantation
[32-35]. Another possibility for improving survival might be
reducing the time from diagnosis to transplantation while
patients with ATLL remain chemosensitive. Moreover, CBT
provides a considerable advantage for patients who require
urgent allo-HSCT to combat aggressive ATLL.

In the present study, we have shown that CBT is feasible
and curative. However, the high rate of TRM remained a
significant problem. Bacterial infection caused the highest
incidence of death (21%) during the neutropenic period. The
infusion of lower numbers of nucleated cells (<2 x 107 /kg),
which is usually associated with delayed engraftment, was
marginally associated with TRM. Neutrophil recovery is
slower in patients treated via CBT, and immunosuppressed
patients with ATLL might be at an increased risk of devel-
oping more frequent opportunistic infections {35}, Improved
supportive care to prevent bacterial infection is required af-
ter CBT for patients experiencing a prolonged neutropenic
period. The ongoing development of better graft engineering
{371 or double-CBT [38] might facilitate rapid neutrophil
recovery and, thus, help to reduce the TRM rate in CB
recipients.
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The present study has several limitations. First, our results 5 ion for adult T-cell leukernla: a retrospective cobort study,
concerning the effect of chronic GVHD on survival should be s :
interpreted with caution because the relatively small num-
ber of patients who developed chronic GVHD did not allow
us to evaluate the effect of this condition on survival in a
multivariate analysis. Instead, we were limited to performing
a landmark analysis of OS according to the severity of chronic
GVHD. Certainly, we detected a trend toward higher OS in
patients with limited chronic GVHD when compared with
patients without chronic GVHD, suggesting the possible
presence of a graft-versus-ATLL effect. However, these results
might be biased because of insufficient statistical power. Our
future studies will assess the effect of chronic GVHD on the
outcome of CBT for the treatment of ATLL after a long-term
follow-up. Although the present study employed, to our
knowledge, the largest cohort of CBT-treated patients to date 11, 3
and our results demonstrated that CBT is a feasible and
effective treatment, this was a retrospective analysis.
Therefore, this finding requires confirmation in prospective donors for
studies. To establish reliable criteria for CBT administration, a i{‘uwn ym;f.}ﬁwma: 1% of data from
prospective multicenter clinical trial is underway in Japan to ;:i?f» apan Marrow Donor Program. Biol Blood Marvow Transplont. 2007,
evaluate the safety and efficacy of CBT combined with Flu, 13, ¢ S0
Mel, and low-dose TBI (4 Gy) along with GVHD prophylaxis
(tacrolimus and MMF {391).

In conclusion, CBT is feasible and effective for patients
with ATLL and acts via a graft-versus-ATLL effect. However, ;
the outcome of CBT is unsatisfactory when compared with celt {1 wation. wrrow T
those of other allo-HSCT modalities. The high rate of TRM e sunomiya A, et
must be reduced, and the development of novel strategies is
required to further improve the outcome of CBT.
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