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Interestingly, although NY-ESO-1-specific CD8* T-cell induc-
tion was augmented in the cell culture containing anti-CCR4
mAD, the addition of anti-CD25 mAb reduced the frequency of
NY-ESO-1-specific CD8* T cells (Fig. 4C), indicating that it
might have killed some CD25*CD8" activated effector T cells
in addition to CD25*CD4™ Treg cells.

These results indicate that depletion of CCR4™ T cells before in
vitro induction or even simple incubation with anti-CCR4 mAb
during the induction effectively augments NY-ESO-1-specific
CD8* T-cell responses by selectively reducing eTreg cells.

Anti-CCR4 mAb Administration into Adult T-Cell Leukemia-Lymphoma
Patients Reduces CD4*FOXP3"CD45RA~ eTreg Cells and Augments
NY-ESO-1-Specific CD8* T-Cell Responses. In adult T-cell leuke-
mia-lymphoma (ATL), which is caused by human T-lympho-
tropic virus 1 infection, ATL cells are CD4* and the majority—if
not all—of them express FOXP3, CD25, CTLA-4, and CCR4,
thus resembling naturally occurring FOXP3™* Treg cells (25-28).
Although it is currently difficult to discriminate whether anti-
CCR4 mAb reduces ATL cells or normal FOXP3* Treg cells
(29), we examined whether in vivo administration of anti-CCR4
mAb (Mogamulizumab), which has a cell-depleting effect by
antibody-dependent cellular cytotoxicity, was able to reduce
FOXP3™" cells or a subpopulation thereof. Analysis of PBMCs
from ATL patients collected before and after anti-CCR4 mAb
therapy revealed that CD4*FOXP3"CD45RA™ cells including
both ATL cells and eTreg cells were markedly reduced after the
therapy (Fig. 54). In addition, in a patient whose ATL cells
expressed NY-ESO-1, NY-ESO-1-specific CD8* T cells pro-
ducing IFN-y and TNF-a were induced after several rounds of
anti-CCR4 mAb administration (Fig. 5B). NY-ESO-1-specific
CD8* T cells producing these cytokines were much higher in
frequency than NY-ESO-1-specific CD8* T cells detected by
NY-ESO-1/HLA-B*3501 tetramers, suggesting that this patient
additionally possessed CD8" T cells recognizing other epitopes
of NY-ESO-1. These results collectively indicate that anti-CCR4
mADb therapy for ATL is able to selectively deplete eTreg cells as
well as ATL cells in vivo, and induce/augment tumor antigen-
specific T-cell responses, although it is possible that anti-CCR4
mAb-induced reduction of FOXP3™ ATL cells, which reportedly
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exhibit a Treg-cell-like in vitro suppressive activity (27, 28),
might also contribute to the augmentation of immune responses.

Discussion

Accumulating evidence indicates that effective cancer immuno-
therapy needs to control FOXP3™ Treg cells naturally present in
the immune system and abundantly infiltrating into tumor tissues
(10, 11, 30). Here, we have shown that CD4*FOXP3"CD45RA"
eTreg cells, which are terminally differentiated and most sup-
pressive, highly express CCR4, that they are predominant among
FOXP3™ T cells infiltrating into tumor tissues (e.g., melanoma),
and that specific depletion of eTreg cells in vivo or in vitro by
anti-CCR4 mAb evoked tumor antigen-specific immune re-
sponses mediated by CD4™ and CD8" T cells in healthy indi-
viduals and cancer patients.

Besides high expression of CCR4 in eTreg cells, CCR4 is
expressed, although to a lesser extent, in non-Treg CD4™ T-cell
fractions [i.e., the FOXP3'°CD45RA™ cells (Fr. III) and
FOXP3~CD45RA™ cells (Fr. IV)]. The former are capable of
secreting cytokines, such as IL-4 and IL-17, as previously
reported with PBMCs of healthy individuals (18). It has also
been shown that Th2 cells and a fraction of central memory
CD8" T cells express CCR4 (31-33). It is thus likely that tumor-
infiltrating activated macrophages, and presumably some tumor
cells produce CCL22, which predominantly chemoattracts and
recruits from peripheral blood both CCR4" eTreg and CCR4*
effector T cells that recognize tumor-associated antigens (such as
cancer/testis antigen) and presumably self-antigens released
from tumor cells (6, 10, 21, 34). However, the frequency of IL-4—
or IL-17-secreting CD4* T cells were much lower than eTreg
cells among CCR4TCD4™ T cells in PBMCs and TILs in mela-
noma tissues of nontreated patients; and CCR4 expression by
CD8" TILs were limited. Moreover, addition of anti-CCR4 mAb
into in vitro peptide stimulation more effectively induced anti-
gen-specific CD8" T cells than CCR4™ T-cell depletion, in-
dicating that anti-CCR4 mAb had reduced eTreg cells but spared
CD8" effector T cells. The result contrasted with the addition of
anti-CD25 mAb, which appeared to deplete CD25"CD8™ T cells
and cancel the enhancing effect of Treg-cell depletion. These
results taken together indicate that anti-CCR4 mAD treatment to
augment antitumor immunity mainly target CCR4"* eTreg cells
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Fig.5. Reduction of CD4*FOXP3MCD45RA™ T cells and augmentation of NY-
ESO-1-specific CD8* T-cell responses in ATL patients after anti-CCR4 mAb
(Mogamulizumab) therapy. (A) FOXP3* Treg-cell subpopulations in PBMCs
from two ATL patients (Pt. #17: acute type, HLA-A*2402/-, B*3901/5401,
C*0102/0702 and Pt. #18: lymphoma type, HLA-A*0201/3101, B*3501/4002,
C*0303/0401) before and after anti-CCR4 mAb therapy. These experiments
were performed at least twice with similar results. The numbers indicate the
percentage of gated CD4™ T cells. (B) Analysis of NY-ESO-1-specific CD8*
T-cell induction before and after anti-CCR4 mAb therapy. PBMCs from Pt.
#18 were presensitized in the presence of APCs pulsed with NY-ESO-1g4_110
peptide corresponding to the patient’s HLA. NY-ESO-1-specific CD8* T cells
were detected with NY-ESO-1/HLA tetramers, and cytokine secretion of
these NY-ESO-1-specific CD8" T cells upon recognition of autologous acti-
vated T-cell APCs pulsed with NY-ESO-1g1-110 Or control peptide was ana-
lyzed by intracellular cytokine staining. The numbers in figures indicate the
percentage of gated CD8* T cells. The result was derived from a single assay
because of limited availability of the patient’s samples.

in tumor tissues and the regional lymph nodes, as well as pe-
ripheral blood, which would otherwise be a reservoir of fresh
tumor-infiltrating Treg cells. Further study is warranted to
determine whether depletion of CCR4*CD4" and CD8* effector
T cells in vivo affects antitumor immunity to a clinically signifi-
cant extent.

Both NY-ESO-1-specific CD4* and CD8* T cells induced by
in vitro anti-CCR4 mAb treatment possessed high-avidity T-cell
receptors, and responded to dendritic cells processing tumor
antigens and histocompatible tumor cell lines, respectively. This
finding raises the issue of whether Treg depletion by anti-CCR4
mAD activates and expands already present antigen-primed ef-
fector T cells or newly induces effector T cells from a naive T-cell
pool. We previously showed that in vitro NY-ESO-1-peptide
stimulation following CD25"CD4* T-cell depletion could acti-
vate NY-ESO-1-specific naive CD4™ T-cell precursors in healthy
individuals and in melanoma patients who possessed NY-ESO-
1-expressing tumors but failed to develop anti-NY-ESO-1 Ab
(23). In contrast, most NY-ESO-1-specific CD4* T cells in
melanoma patients who had spontaneously developed anti-NY-
ESO-1 Ab were derived from a memory population and could be
activated even in the presence of CD25YCD4* Treg cells (23). In
addition, following vaccination of ovarian cancer patients with
a HLA-DP-restricted NY-ESO-1 peptide, development of NY-
ESO-1-specific high-avidity effector T cells from naive T cells
was hampered by the presence of CD257CD4" Treg cells, al-
though the vaccination could expand low-avidity NY-ESO-1-
specific CD4™ T cells that were apparently present in an effector/
memory fraction before the vaccination (24). These results collec-
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tively indicate that elimination of eTreg cells by CCR4* T-cell
depletion abrogates Treg cell-mediated suppression on NY-ESO-
1-specific high-avidity naive T-cell precursors, allowing their ac-
tivation and differentiation into high-avidity effector T cells ca-
pable of mediating strong antitumor immune responses. This
successful induction of tumor antigen-specific CD4* and CD8* T
cells indicates that the combination of anti-CCR4 mAb admin-
istration and vaccination with tumor antigens, such as NY-ESO-1,
could be an ideal strategy for immunotherapy of a variety of
cancers including ATL, which express NY-ESO-1 (353).

On the other hand, it was noted that not all healthy individuals
or melanoma patients developed NY-ESO-1-specific T cells in
vitro after Treg depletion for several possible reasons. For ex-
ample, individuals who do not have a proper HLA haplotype
may fail to select NY-ESO-1-reactive T cells thymically (22),
hence possessing few NY-ESO-1-specific T-cell precursors. Other
types of suppressor cells (such as myeloid-derived suppressor
cells, immunosuppressive macrophages, and Foxp3™ Treg cells)
might contribute to inhibiting the induction of the responses
(30). Alternatively, T cells specific for NY-ESO-1, a cancer/testis
antigen, may also be subjected to other mechanisms of immu-
nological self-tolerance—for example, anergy—hence being
hyporesponsive to the antigen (36). These possibilities are under
investigation to make anti-CCR4 mAb therapy more effective.

Would in vivo anti-CCR4 mAb treatment to deplete Treg cells
elicit harmful autoimmunity? It has been shown in animal
models that a longer period and a more profound degree of
Treg-cell depletion is required to elicit clinically and histologi-
cally evident autoimmunity than evoking effective antitumor
immunity (37, 38). In humans, naive Treg cells are generally well
preserved in peripheral blood in cancer patients, even if they are
low in frequency in tumor tissues. Furthermore, CCR4™ T-cell
depletion selectively eliminates eTreg cells but spares naive Treg
cells. Assuming that effective tumor immunity can be evoked
without significant autoimmunity via controlling the degree and
duration of Treg-cell depletion, it is likely that, although anti-
CCR4 mAb administrations reduce eTreg cells in the immune
system during the treatment, the residual CCR4~ eTreg cells (as
shown in Fig. 2), including those which have newly differentiated
from naive Treg cells, are sufficient to prevent deleterious au-
toimmunity. Supporting this notion, only a minor population of
ATL patients treated with anti-CCR4 mAb experienced severe
immune-related adverse events, except skin rashes (29). Anti-
CCR4 mAb therapy can therefore be a unique cancer immu-
notherapy aiming at depleting eTreg cells without clinically se-
rious adverse effects that would be incurred by total Treg-cell
depletion or functional blockade (39).

The critical roles of CCR4 in Treg-cell recruitment to tumors
have been reported with various types of human cancers, such as
malignant lymphomas, gastric, ovarian, and breast cancers (10).
CCR4" eTreg cells abundantly and predominantly infiltrated
into gastric and esophageal cancers as observed with melanoma.
Although it remains to be determined whether every cancer
tissue has predominant infiltration of CCR4™ eTreg cells, it is
envisaged that possible combination of anti-CCR4 mAb treat-
ment, tumor antigen immunization, and antibody-mediated im-
mune checkpoint blockade will further increase clinical efficacy
of cancer immunotherapy.

Materials and Methods

Donor Samples. PBMCs were obtained from healthy donors, malignant
melanoma patients with NY-ESO-1 expression, and ATL patients. To collect
tumor-infiltrating T cells, melanoma tissues were minced and treated with
gentleMACS Dissociator (Miltenyi Biotec). All healthy donors were subjects
with no history of autoimmune disease. All donors provided written informed
consent before sampling according to the Declaration of Helsinki. The
present study was approved by the institutional ethics committees of Osaka
University, Osaka, Japan and Landesarztekammer Hessen, Frankfurt,
Germany.
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Antibodies and Peptides. The information of antibodies and synthetic pep-
tides is provided in S/ Materials and Methods.

Preparation of CD25~ or CCR4™~ Cells. PBMCs or CD4™ T cells were treated with
biotin-anti-CD25 mAb (BC96) or biotin-anti-CCR4 (1G1) mAb (0.01 mg/mL),
otherwise specified, for 15 min at 4 °C. Subsequently, anti-Biotin MicroBeads
(Miltenyi Biotec) were added as described in the manufacturer's protocol,
then washed using PBS containing 2% (vol/vol) FCS. CD25~ or CCR4™ cells
were separated on autoMACS Pro Separator (Miltenyi Biotec).

In Vitro Sensitization of NY-ESO-1-Specific CD4™ T Cells. NY-ESO-1-specific
CD4™ T cells were presensitized as previously described (23, 24) and in S/
Materials and Methods.

In Vitro Sensitization of NY-ESO-1-Specific CD8" T Cells. For in vitro sensiti-
zation of NY-ESO-1-specific CD8* T cells, 1.5-2 x 10° cells were cultured with
NY-ESO-1 peptides (NY-ESO-1457..165 for HLA-A*0201 restricted, NY-ESO-1g;_100
for HLA-Cw*0304 restricted, NY-ESO-1g;.110 for HLA-B*3501 restricted, 10 uM)
(22, 23) in a 48-well dish or round-bottom 96-well plate. After 8 h, one-half of
the medium was replaced by fresh medium containing IL-2 (20 U/mL) and IL-7
(40 ng/mL) and repeated twice per week. In some assays, purified anti-CD25
(M-A251) mAb or anti-CCR4 (KM2160) mAb (1 pg/mL) was included in some
wells during the entire period of culture.

ELISpot Assay. The number of IFN-y-secreting NY-ESO-1-specific CD4™ T cells
was assessed by ELISpot assay as previously described (23, 24) and in §/
Materials and Methods.

Intracellular Cytokine Secretion Assay. The presensitized CD4* and CD8*
T cells were restimulated with peptide-pulsed autologous activated T-cell
APCs, SK-MEL-21 cells (NY-ESO-1~, HLA-A*0201%), or SK-MEL-37 cells (NY-
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Allogeneic hematopoietic cell transplantation (HCT), but not autologous HCT, can provide long-term remis-

sion in some patients with adult T cell leukemia-lymphoma (ATL). We retrospectively analyzed the effects of
acute graft-versus-host disease (GVHD) among the 616 patients with ATL who survived at least 30 days after

Key Words: allogeneic HCT with other than cord blood grafts. Multivariate analyses treating the occurrence of GVHD as
HTLV-1 a time-varying covariate demonstrated an association between grade I-Il acute GVHD and favorable overall
ATL-related mortality survival (0S) (hazard ratio [HR], 0.634; 95% confidence interval [Cl], 0.477 to 0.843), whereas grade M-IV
TRM lpumab acute GVHD showed a trend toward unfavorable OS (HR, 1.380; 95% CI, 0.988 to 1.927) compared with
Mogamulizuma nonacute GVHD. In subsequent multivariate analyses of patients who survived at least 100 days after HCT
(n = 431), the presence of limited chronic GVHD showed a trend toward favorable OS (HR, 0.597; 95% (I,
0.354 to 1.007), and extensive chronic GVHD had a significant effect on OS (HR, 0.585; 95% CI, 0.389 to 0.880).
There were no significant interactions between myeloablative conditioning or reduced-intensity conditioning
with OS even when acute GVHD was absent or present at grade [-II or grade III-IV or when chronic GVHD was
absent, limited, or extensive. This study demonstrates the actual existence of graft-versus-ATL effects in
patients with ATL regardless of whether myeloablative conditioning or reduced-intensity conditioning is

used.

© 2013 American Society for Blood and Marrow Transplantation.

INTRODUCTION

Adult T cell leukemia-lymphoma (ATL) is an aggressive
peripheral T cell neoplasm caused by human T cell lympho-
tropic/leukemia virus type 1 (HTLV-1). It has a very poor
prognosis, and it has been generally accepted that conven-
tional chemotherapeutic agents alone, even including zido-
vudine/IFN-a, yield few or no long-term remissions or
potential cures in patients with ATL [{-5]. Although early
experience in myeloablative chemoradiotherapy together
with autologous hematopoietic cell rescue for ATL has been
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associated with high incidences of relapse and fatal toxicities
[7], allogeneic hematopoietic cell transplantation (HCT) has
been explored as a promising alternative treatment that can
provide long-term remission in a proportion of patients with
ATL [8-101.

We previously performed a nationwide retrospective
study of patients with ATL who underwent allogeneic HCT in
Japan, with special emphasis on the effect of the graft source.
We concluded that allogeneic HCT using currently available
sources is an effective treatment in selected patients with
ATL, but that the use of unrelated cord blood as a stem cell
source is associated with lower survival {11]. Our results
suggest that allogeneic bone marrow transplantation (BMT)
and peripheral blood stem cell transplantation (PBSCT) could
be considered the more standard transplantation forms
compared with unrelated cord blood transplantation (CBT)
for ATL.
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As the next step, we conducted a nationwide retrospec-
tive study of patients with ATL who underwent allogeneic
HCT other than CBT, with special emphasis on the effects of
the preconditioning regimen, whether conventional mye-
loablative conditioning (MAC) or reduced-intensity condi-
tioning (RIC). No significant difference in overall survival (OS)
was observed between patients receiving MAC and those
receiving RIC, but a trend toward RIC contributing to better
OS in older patients was noted. Thus, we conclude that
allogeneic HCT not only with MAC, but also with RIC, is an
effective treatment resulting in long-term survival in
selected patients with ATL [12].

ATL has a long latency and occurs in older individuals
at a median age of nearly 66 years. The median age at diag-
nosis of ATL has been increasing over the last few decades
[13]. Accordingly, the proportion of patients with ATL
undergoing HCT with RIC is currently increasing in relation to
HCT with MAC. It is thought that compared with HCT with
MAC, allogeneic HCT with RIC depends more on donor
cellular immune effects after transplantation and less on the
cytotoxic effects of the conditioning regimen to eradicate
residual tumor cells. In this context, RIC might be suitable
for ATL, given that several reports have indicated the high
immunogenicity of ATL cells | 14-18] and even the existence of
graft-versus-HTLV-1 and/or graft-versus-ATL effects {19-21].

Although we previously reported the impact of
post-transplantation immune reactions, graft-versus-host
disease (GVHD), on outcomes in patients with ATL [21], our
cohort included CBT recipients whose OS curve had a quite
different trajectory from that of BMT and PBSCT recipients
[12]. Thus, in the present study, we evaluated whether acute
and chronic GVHD affect outcomes in patients with ATL
undergoing allogeneic HCT other than unrelated CBT, with
special emphasis on the effects of the preconditioning
regimen. Our present analysis included the previous cohort
(1996 to 2005) [21] with updated clinical information, as
well as data on 1 patient who underwent allogeneic HCT in
1995 and patients who underwent allogeneic HCT between
2006 and 2010.

PATIENTS AND METHODS
Data Collection

Data on patients with ATL who had undergone a first allogeneic BMT,
PBSCT, or BMT + PBSCT were collected from nationwide survey data of the
Japan Society for Hematopoietic Cell Transplantation (JSHCT). Cases with
missing preconditioning information, acute GVHD, or survival data were
excluded, leaving 679 patients. Because the association between the
occurrence of acute GVHD and disease-associated mortality was difficult to
evaluate in the event of early toxic death, patients who died within 30 days
or were censored within 29 days of transplantation (n = 63) were excluded;
thus, 616 patients who underwent HCT between March 1995 and December
2010 were included in our analysis.

Data collected for analysis included clinical characteristics, such as age at
HCT, sex, disease status at HCT, date of HCT, time from diagnosis of ATL to
HCT, performance status (PS) according to the Eastern Cooperative Oncology
Group criteria at transplantation, stem cell source, donor—recipient rela-
tionship, ATL clinical subtype {2Z}, preconditioning regimen, type of GVHD
prophylaxis, date alive at last follow-up, date and cause of death, date of
occurrence of acute GVHD and maximum grade of acute GVHD, and grade
and date of occurrence of chronic GVHD. The study was approved by the Data
Management Committees of the JSHCT, as well as by the Institutional Ethics
Committee of Nagoya City University Graduate School of Medical Sciences.

Definitions

0S was defined as the time from HCT until death, and patients who
remained alive at the time of the last follow-up were censored. Reported
causes of death were reviewed and categorized into ATL-related mortality or
treatment-related mortality (TRM). ATL-related mortality was defined as
death caused by relapse or progression of ATL based on the judgment of each
institution. TRM was defined as any death other than ATL-related mortality.
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Table 1
Patient and Transplantation Characteristics by Type of Conditioning
Regimen

Characteristic MAC RIC P Value
284 (46.1) 332(53.9)

Total patients, n (%)
Age at HCT, y, n (%)

<50 178 (62.7) 43 (13.0) <.0001
51-55 79 (27.8) 91 (27.4)
56-60 20(7.0) 125 (37.7)
61+ 7(2.5) 73 (22.0)

Sex, n (%)
Male 159 (56.0) 160 (48.2) .0628
Fernale 125 (44.0) 172 (51.8)

Disease status at HCT, n (%)
CR 104 (36.6) 128 (38.6) 1013
Not in CR 161 (56.7) 194 (58.4)
Unknown 19 (6.7) 10 (3.0)

GVHD prophylaxis, n (%)
CyA + MTX 129 (45.4) 112(33.7) <.0001

FK506 + MTX 142 (50.0) 147 (44.3)

CyA 6(2.1) 58 (17.5)

FK506 5(1.8) 13(3.9)

Unknown 2(0.7) 2 (0.6)

Stem cell source, n (%)

BM 216 (76.1) 213 (64.2) .0015
PBSCs 68 (23.9) 117 (35.2)

BM + PBSCs 0(0.0) 2(0.6)

Donor—recipient relationship, n (%)

HLA-matched related 98 (34.5) 120 (36.1) 3649

HLA-mismatched related 24 (8.5) 40 (12.0)
Unrelated 160 (56.3) 171 (51.5)
Unknown 2(0.7) 1(0.3)

PS at HCT, n (%)

0 111 (39.1) 144 (43.4) .0012
1 127 (44.7) 154 (46.4)
2 26 (9.2) 27 (8.1)
3 3(1.1) 5(1.5)
4 1(0.4) 1(0.3)
Unknown 16 (5.6) 1(0.3)

ATL clinical subtype, n (%)
Chronic/smoldering 11(3.9) 10 (3.0) 5278
Acute 171(60.2) 189 (56.9)
Lymphoma 80 (28.2) 97 (29.2)
Unknown 22(7.7) 36(10.8)

Time from diagnosis to HCT, d, n (%)
16-153 82 (28.9) 72 (21.7) .0632
154-204 64 (22.5) 88 (26.5)
205-307 75 (26.4) 78 (23.5)
308-4355 63 (22.2) 91 (27.4)
Unknown 0(0.0) 3(0.9)

Time of HCT, n (%)
March 1995 to March 2005 75 (26.4) 79 (23.8) 3119
April 2005 to May 2007 75 (26.4) 79 (23.8)
June 2007 to February 2009 73 (25.7) 81 (24.4)
March 2009 to December 2010 61 (21.5) 93 (28.0)

Grade of acute GVHD, n (%)

No acute GVHD 80(28.2) 128(386)  .0111
Grade I-II 148 (52.1) 159 (47.9)
Grade IlI-1V 56(19.7) 45 (13.6)

Acute GVHD was diagnosed and graded using traditional criteria {23] by the
physicians who performed HCT at each institution, as was chronic GVHD
[24]. Among the 487 patients who survived at least 100 days after HCT, 431
patients with complete information on the grade and the day of occurrence
of chronic GVHD were included in the analysis for chronic GVHD.

Patients undergoing allogeneic BMT or PBSCT were divided into 2
groups, MAC and RIC, based on the preconditioning regimen. MAC and RIC
were defined according to Giralt et al. {25} and Bacigalupo et al. {26} with
slight modifications. In the present study, MAC was defined as any regimen
that includes (1) >5 Gy of total body irradiation (TBI) as a single fraction or
>8 Gy fractionated, (2) busulfan >8 mg/kg orally or the i.v. equivalent, or (3)
melphalan >140 mg/m?. All other regimens were classified as RIC.

Statistical Analysis
Comparisons among the groups were performed using Fisher's exact
test as appropriate for categorical variables. The probability of survival was
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estimated by the Kaplan-Meier method. TRM and ATL-related mortality
were estimated using cumulative incidence curves to accommodate the
competing events ATL-related mortality for TRM and TRM for ATL-related
mortality {27}, Semilandmark plots were used to illustrate the effects of
GVHD on survival and the cumulative incidence of ATL-related mortality and
TRM. This landmark method was used to exclude bias that might have arisen
from including patients who died too early to develop GVHD in the group
without GVHD | 1. For patients with acute or chronic GVHD, the prob-
ability of survival and the cumulative incidences of ATL-related mortality
and TRM were plotted as functions of time from the onset of acute or chronic
GVHD. Day 25, the median day of onset for acute GVHD (range, 6 to 166
days), was designated the landmark day for acute GVHD. Day 126, the
median day of onset for chronic GVHD (range, 52 to 1203 days), was
designated the landmark day for chronic GVHD.

Multivariate Cox proportional hazards regression models were used to
evaluate variables potentially affecting OS, and Fine and Gray proportional
subdistribution hazards models {33} were used to evaluate variables
potentially affecting ATL-related mortality and TRM. In these regression
models, the occurrence of acute and chronic GVHD was treated as a time-
varying covariate [31}]. In the analysis of acute GVHD, patients were
assigned to the no acute GVHD group at the time of HCT and then transferred
to the grade I-1I acute GVHD group or to the grade I1I-1V acute GVHD group at
the onset of acute GVHD. In the analysis of chronic GVHD, patients were
assigned to the no chronic GVHD group at the time of HCT and then trans-
ferred to the limited chronic GVHD group or to the extensive chronic GVHD
group at the onset of chronic GVHD. We also assessed the interaction
between acute and chronic GVHD and the preconditioning regimen in the
multivariate models.

The heterogeneities of the effects of grade I-11 or [1I-IV acute GVHD on OS
according to background transplantation characteristics were evaluated by
forest plots stratified by variables included in the regression analyses.
Results are expressed as hazard ratio (HR) with 95% confidence interval (CI).
All tests were 2-sided, and a P value <.05 was considered to indicate
statistical significance. All statistical analyses were performed by Kureha
Special Laboratory (Tokyo, Japan) using SAS 9.3 (SAS Institute, Cary, NC).

RESULTS
Patient Characteristics

Among the 616 patients in the study cohort, 284 received
MAC and the remaining 332 received RIC. Characteristics of
these patients are summarized in Table 1. Compared with
MAC recipients, significantly fewer RIC recipients belonged
to the youngest age group (<50 years), and significantly
more were in the 2 oldest age groups (56 to 60 and 61+
years). In addition, significantly fewer RIC recipients received
cyclosporin A (CyA) + methotrexate (MTX), but significantly
more received CyA without MTX. PBSCT was significantly
more frequent in RIC recipients compared with MAC recipi-
ents. There was no significant difference between MAC and
RIC recipients regarding PS distribution from 0 to 4, but an
unknown PS was observed significantly more frequently in
the MAC recipients. A significantly greater number of RIC
recipients did not have acute GVHD, and significantly fewer
had grade III-IV acute GVHD.

Effects of Acute GVHD on Survival

In the 208 patients with ATL and no acute GVHD, the
unadjusted 1-year and 3-year probabilities of survival from
the landmark day for acute GVHD were 45.4% (95% CI, 38.3 to
52.2%) and 37.3% (95% CI, 30.3 to 44.4%), respectively. The
unadjusted 1-year and 3-year probabilities of survival from
the onset of acute GVHD were 60.1% (54.2 to 65.5%) and 49.1%
(43.0 to 55.0%), respectively, in the 307 patients with grade I-
Il acute GVHD and 36.4% (26.9 to 46.0%) and 21.7% (13.9 to
30.6%), respectively, in the 101 patients with grade III-IV
acute GVHD (Figure 1A).

Forest plots revealed that the development of grade I-II
acute GVHD was associated with longer OS compared with
the absence of acute GVHD in patients with the following
characteristics: age <56 years, either male or female, not in
complete remission (CR), receiving FK506 + MTX,
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Figure 1. Semi-landmark plots illustrating the effects of acute GVHD on
survival, ATL-related mortality, and TRM. (A) HR for survival in patients with
grade I-II and grade HI-IV acute GVHD compared with patients with no acute
GVHD: 0.681 (95% CI, 0.537 to 0.863) versus 1.437 (95% CI, 1.082 to 1.910). (B)
HR for ATL-related mortality in patients with grade I-Il and grade III-IV acute
GVHD compared with patients with no acute GVHD: 0.729 (95% (I, 0.540 to
0.984) versus 0.624 (95% CI, 0.403 to 0.967). (C) HR for TRM in patients with
grade I-II and grade III-IV acute GVHD compared with patients with no acute
GVHD: 0.824 (95% CI, 0.552 to 1.232) versus 2.793 (95% CI, 1.884 to 4.229).

undergoing either BMT or PBSCT, having an unrelated donor,
PS 1 at transplantation, acute type of ATL, interval between
ATL diagnosis and HCT of 308 to 4355 days, and date of HCT
between June 2007 and February 2009. The development of
grade I-1I acute GVHD was also significantly associated with
longer OS compared with the absence of acute GVHD
regardless of whether the patient received MAC or RIC. On
the other hand, this comparison revealed a shorter OS in the
patients with lymphoma type ATL (Figure 2). These plots also
revealed that the development of grade III-IV acute GVHD

-525-



1734 T. Ishida et al. / Biol Blood Marrow Transplant 19 (2013) 1731-1739
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Figure 2. Impact of the grade of acute GVHD on OS in each stratified category. Effects of grade I-11 (A) and grade IlI-IV acute GVHD (B) on OS are shown as forest plots.
Closed ellipses on lines indicates HRs compared with the no acute GVHD group, and horizontal lines represent the corresponding 95% CI.

was significantly associated with shorter OS compared with analysis in the same manner as described above. HRs for OS
the absence of acute GVHD in patients with PS 0 and who of patients with grade [, I1, IlI, and IV acute GVHD compared
underwent HCT between March 2009 and December 2010. with the absence of acute GVHD were 0.568 (95% CI, 0.402 to
However, this comparison revealed no significant findings 0.801), 0.688 (95% Cl, 0.501 to 0.946), 1.199 (95% CI, 0.831 to
for OS according to whether the patient received MAC or RIC 1.730), and 2.245 (95% (I, 1.354 to 3.722), respectively.
(Figure 2).

Multivariate analysis of the 616 study patients was per- Interactions of the Preconditioning Regimen with Acute
formed to examine whether acute GVHD affects OS using the GVHD for 0S
following variables: age (15 to 55 or 56 to 72 years), sex, We tested statistical interactions between the pre-
disease status at HCT (CR, not CR, or unknown), pre- conditioning regimens and acute GVHD with regard to OS by
conditioning regimen (MAC or RIC), GVHD prophylaxis adding an interaction term to the multivariate analysis. This
(CyA + MTX, FK506 + MTX, or other/unknown), relationship analysis included the same variables as the multivariate Cox
between recipient and donor (HLA-matched related, HLA- proportional hazards regression models for OS. Among the
mismatched related, or unrelated), PS (0, 1, 2 to 4, or 616 patients, when the HR for death of MAC recipients with
unknown), ATL clinical subtype (chronic/smoldering, acute, no acute GVHD was set as 1.000, the HRs in MAC recipients
lymphoma, or unknown), time from diagnosis to HCT (16 to with grade I-II acute GVHD and in RIC recipients with no
153,154 to 204, 205 to 307, or 308 to 4355 days or unknown), GVHD and with grade I-1I acute GVHD were 0.659, 0.971, and
date of HCT (March 1995 to March 2005, April 2005 to May 0.592, respectively (Pinteraction = -7962), and the HRs in MAC
2007, June 2007 to February 2009, or March 2009 to and RIC recipients with grade HI-IV acute GVHD were 1.343
December 2010), and source of stem cells (bone marrow and 1.387, respectively (Pinteraction = .7603) (Figure 3A).
[BM], peripheral blood stem cells [PBSCs], or BM + PBSCs), as
well as acute GVHD as a time-dependent covariate (no, grade Effects of Acute GVHD on ATL-Related Mortality and TRM
I-II, or grade III-1V). There was a significant positive impact of Among the 616 patients receiving allogeneic BMT or
grade I-1I acute GVHD on OS (HR, 0.634; 95% CI, 0.477 to PBSCT, 10 patients could not be assigned to either the ATL-
0.843) compared with no acute GVHD (Table 2). related mortality or TRM category because of missing

To further investigate the clinical significance of acute detailed information on the cause of death. The cumulative
GVHD for OS, we divided acute GVHD into 5 categories (none incidences of ATL-related mortality at 1 year and 3 years
or grade [, II, 1Il, or IV) and then performed multivariate from the landmark day for acute GVHD were 35.0% (95% CI,
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Table 2
Effect of Acute GVHD on OS, ATL-related Mortality, and TRM after Allogeneic
HCT

Outcome HR (95% CI) P Value
0s’
No acute GVHD 1.000 Reference
Grade I-1I acute GVHD 0.634 (0.477-0.843) .0017
Grade III-IV acute GVHD 1.380 (0.988-1.927) .0590
ATL-related mortality’
No acute GVHD 1.000 Reference
Grade -1l acute GVHD 0.833 (0.566-1.224) 3511
Grade II-1V acute GVHD 0.599 (0.373-0.964) 0347
TRM*
No acute GVHD 1.000 Reference
Grade I-Il acute GVHD 0.645 (0.407-1.023) 0624
Grade II-IV acute GVHD 2.474 (1.495-4.095) .0004

» Other than acute GVHD, the following 4 variables significantly affected
0S: older age (56 to 72 yr compared with 15 to 55 yr: HR, 1.356; 95% CI,
1.033 to 1.781), male sex (HR, 1.404; 95% CI, 1.127 to 1.750), not in CR
compared with CR (HR, 1.877; 95% CI, 1.459 to 2.416), and worse PS (1
compared with 0: HR, 1.486; 85% CI, 1.168 to 1.889; 2 to 4 compared with 0:
HR, 2.691; 95% (], 1.918 to 3.777).

t QOther than acute GVHD the following 2 variables significantly affected
ATL-related mortality: not in CR compared with CR(HR, 2.633; 95% CI, 1.818
to 3.814) and worse PS (2 to 4 compared with 0: HR, 3.272; 95% (I, 2.100 to
5.099).

* Other than acute GVHD, the following 3 variables significantly affected
TRM: older age (56 to 72 yr compared with 15 to 55 yr: HR, 1.663; 95% Cl,
1.025 to 2.697), male sex (HR, 1.545; 95% CI, 1.078 to 2.214), and trans-
plantation from an unrelated donor compared with an HLA-matched related
donor (HR, 2.098; 95% CI, 1.131 to 3.895).

27.6% to 42.5%) and 39.2% (95% CI, 31.1% to 47.2%), respec-
tively, in the 203 patients with no acute GVHD. Those of TRM
were 20.0% (95% Cl, 13.5% to 27.5%) and 22.0% (95% Cl, 14.8%
to 30.1%), respectively (Figure 1B and C). The cumulative
incidences of ATL-related mortality at 1 year and 3 years
from the onset of acute GVHD were 25.8% (95% CI, 20.5% to
31.4%) and 33.0% (95% CI, 26.9% to 39.3%), respectively, in the
304 patients with grade I-Il acute GVHD, whereas those of
TRM were 14.5% (95% Cl, 10.1% to 19.6%) and 18.5% (95% (I,
13.0% to 24.6%), respectively (Figure 1B and C). In the 99
patients with grade III-IV acute GVHD, the cumulative inci-
dences of ATL-related mortality at 1 year and 3 years from
the onset of acute GVHD were 21.2% (95% CI, 10.8% to 33.8%)
and 27.0% (95% CI, 14.2% to 41.5%), respectively, and those of
TRM were 42.7% (95% Cl, 31.8% to 53.3%) and 50.7% (95% Cl,
38.6% to 61.7%), respectively (Figure 1B and C).

We next applied the Fine and Gray proportional hazards
model to the 606 patients. The analysis included the same

variables as in the multivariate Cox proportional hazards
regression models for OS. There were significant associations
between grade III-IV acute GVHD and lower ATL-related
mortality (HR, 0.599; 95% CI, 0.373 to 0.964) and higher
TRM (HR, 2.474; 95% Cl, 1.495 to 0.964) compared with no
acute GVHD (Table 2).

In investigating the clinical significance of acute GVHD for
ATL-related mortality or TRM, we divided acute GVHD into 5
categories (none and grade |, I1, I, and IV) and conducted the
analysis in the same manner as described above. HRs for ATL-
related mortality in patients with grade I, II, III, and IV acute
GVHD compared with the absence of acute GVHD were 0.809
(95% Cl, 0.517 to 1.268), 0.857 (95% CI, 0.558 to 1.315), 0.585
(95% (I, 0.347 to 986), and 0.654 (95% CI, 0.298 to 1.435),
respectively. HRs for TRM in patients with grade [, I, IIl, and
IV acute GVHD compared with the absence of acute GVHD
were 0.519 (95% CI, 0.282 to 0.955), 0.747 (95% Cl, 0.455 to
1.227), 2.153 (95% (I, 1.267 to 3.659), and 4.114 (95% CI, 2.033
to 8.326), respectively.

Effects of Chronic GVHD on Survival

Among the 431 patients evaluable for chronic GVHD, 199
received MAC and 232 received RIC. In the MAC group,
limited and extensive chronic GVHD occurred in 26 (13.1%)
and 67 patients (33.7%), respectively, and in the RIC group,
limited and extensive chronic GVHD occurred in 35 (15.1%)
and 65 patients (28.0%), respectively. Regarding the inci-
dence and grade of chronic GVHD, there were no significant
differences between MAC and RIC recipients. In the 214
patients with no chronic GVHD, the unadjusted 1-year and 3-
year probabilities of survival from the landmark day for
chronic GVHD were 58.7% (95% (I, 51.6 to 65.1%) and 51.0%
(95% CI, 43.6 to 57.9%), respectively,. Those probabilities from
the onset of chronic GVHD were 77.4% (64.2 to 86.2%) and
61.7% (46.7 to 73.6%), respectively, in the 60 patients with
limited chronic GVHD and were 70.4% (61.7 to 77.5%) and
55.1% (45.5 to 63.7%), respectively, in the 132 patients with
extensive chronic GVHD. Twenty-five patients were
excluded from this semilandmark plot because they were
censored or died before the landmark day for chronic GVHD
(Figure 4A).

We performed a multivariate analysis of data on 431
patients to examine whether chronic GVHD affects OS using
the following variables: age, sex, disease status, pre-
conditioning regimen, GVHD prophylaxis, donor—recipient
relationship, PS, ATL clinical subtype, time from diagnosis to

2.0 2.0
P=0.7603 P=0.9413
P=0.7962 P=0.1502
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o 1.153%
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Figure 3. Interactions of the preconditioning regimen with acute GVHD for overall survival. Statistical interactions between the preconditioning regimens (MAC or
RIC) and acute GVHD (absent versus grade -l or grade I-IV; A) and chronic GVHD (absent versus limited or extensive type; B) for overall survival were analyzed.
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Figure 4. Semilandmark plots illustrating the effects of chronic GVHD on
survival, ATL-related mortality, and TRM. (A) HR for survival in patients with
limited and extensive chronic GVHD compared with patients with no chronic
GVHD: 0.719 (95% Cl, 0.457 to 1.131) versus 0.796 (95% CI, 0.576 to 1.100). (B)
HR for ATL-related mortality in patients with limited and extensive chronic
GVHD compared with patients with no chronic GVHD: 0.461 (95% Cl, 0.237 to
0.897) versus 0.570 (95% CI, 0.366 to 0.886). (C) HR for TRM in patients with
limited and extensive chronic GVHD compared with patients with no chronic
GVHD: 1.609 (95% CI, 0.815 to 3.175) versus 1.620 (95% ClI, 0.955 to 2.749).

HCT, date of HCT, and stem cell source, as well as chronic
GVHD as a time-dependent covariate. We found a significant
positive impact of extensive chronic GVHD on OS compared
with no chronic GVHD (HR, 0.585; 95% Cl, 0.389 to 0.880)
(Table 3).

Interactions of the Preconditioning Regimen with
Chronic GVHD for 0S

We tested the statistical interactions between the pre-
conditioning regimens and chronic GVHD for OS by adding
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Table 3
Effect of Chronic GVHD on OS, ATL-related Mortality, and TRM after Allo-
geneic HCT

Outcome HR (95% CI) P Value
0s’
No chronic GVHD 1.000 Reference
Limited chronic GVHD 0.597 (0.354-1.007) .0533
Extensive chronic GVHD 0.585 (0.389-0.880) .0100

ATL-related mortality’

No chronic GVHD 1.000 Reference

Limited chronic GVHD 0.395 (0.184-0.847) .0170

Extensive chronic GVHD 0.421 (0.240-0.740) .0026
TRM'

No chronic GVHD 1.000 Reference

Limited chronic GVHD 1.549 (0.704-3.409) 2767

Extensive chronic GVHD 1.204 (0.659-2.201) 5462

+ Other than chronic GVHD, the following 3 variables significantly
affected OS: male sex (HR, 1.480; 95% C1, 1.103 to 1.986), not in CR compared
with CR (HR, 1.629; 95% CI, 1.171 to 2.266), worse PS (1 compared with 0:
HR, 1.446; 95% CI, 1.057 to 1.980, 2 to 4 compared with 0: HR, 2.828; 95% Cl,
1.751 to 4.568).

! Other than chronic GVHD, the following 2 variables significantly
affected ATL-related mortality: not in CR compared with CR (HR, 2.499; 95%
Cl, 1.563 to 3.994), worse performance score (1 compared with 0: HR, 1.524;
95% Cl, 1.013 to 2.294, 2 to 4 compared with 0: HR, 2.383; 95% Cl, 1.216 to
4.669).

} The following 4 variables significantly affected TRM: older age (56 to 72
yr compared with 15 to 55 yr: HR, 2.022; 95% Cl, 1.045 to 3.913), male sex
(HR, 2.254; 95% ClI1.322 to 3.844), worse performance score (2 to 4
compared with 0: HR, 3.127; 95% Cl, 1.260 to 7.762), and ATL clinical
subtype (acute compared with chronic/smoldering type: HR, 0.288; 95% (I,
0.093 to 0.897; lymphoma compared with chronic/smoldering type: HR,
0.249; 95% CI, 0.078 to 0.794).

an interaction term into the multivariate analysis. The anal-
ysis included the same variables as the multivariate Cox
proportional hazards regression models for OS with chronic
GVHD. Among the 431 patients, when the HR for death of
MAC recipients with no chronic GVHD was set as 1.000, the
HRs in MAC recipients with limited chronic GVHD and RIC
recipients with no GVHD and limited chronic GVHD were
0.845, 1.159, and 0.536, respectively (Pinteraction = .1502), and
the HRs in MAC and RIC recipients with extensive chronic
GVHD were 0.565 and 0.689, respectively (Pinteraction = -9413)
(Figure 3B).

Effects of Chronic GVHD on ATL-Related Mortality and
TRM

Among the 406 patients analyzed by a semilandmark plot
for survival, 9 could not be assigned to either the ATL-related
mortality or TRM category. The cumulative incidences of
ATL-related mortality at 1 year and 3 years from the land-
mark day for chronic GVHD were 29.0% (95% Cl, 22.4% to
35.8%) and 33.7% (95% CI, 26.4% to 41.1%), respectively, in the
208 patients with no chronic GVHD, whereas those of TRM
were 12.0% (95% CI, 7.3% to 18.1%) and 13.9% (95% CI, 8.5% to
20.7%), respectively (Figure 4B and C). In the 59 patients with
limited chronic GVHD, the cumulative incidences of ATL-
related mortality at 1 year and 3 years from the onset of
chronic GVHD were 7.0% (95% CI, 2.1% to 16.1%) and 18.3%
(95% Cl, 7.7% to 32.4%), respectively, and those of TRM were
16.0% (95% Cl, 7.5% to 27.4%) and 20.8% (95% CI, 10.1% to
34.1%), respectively (Figure 4B and C). In the 130 patients
with extensive chronic GVHD, the cumulative incidences of
ATL-related mortalities at 1 year and 3 years from the onset
of chronic GVHD were 15.1% (95% Cl, 9.0% to 22.6%) and 23.1%
(95% CI, 14.7% to 32.6%), respectively, and those of TRM were
15.0% (95% CI, 9.1% to 22.3%) and 21.6% (95% Cl, 13.9% to
30.5%), respectively (Figure 4B and C).
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We next applied the Fine and Gray proportional hazards
model to the 422 patients evaluable for chronic GVHD who
could be assigned to either the ATL-related mortality or the
TRM category. The analysis included the same variables as
the multivariate Cox proportional hazards regression models
for OS. Chronic GVHD was significantly associated with
reduced ATL-related mortality. HRs for recipients with
limited and extensive chronic GVHD compared with the
absence of chronic GVHD were 0.395 (95% CI, 0.184 to 0.847)
and 0.421 (95% (I, 0.240 to 0.740), respectively (Tabie 3). On
the other hand, chronic GVHD was not significantly associ-
ated with TRM.

DISCUSSION

To the best of our knowledge, this is the largest retro-
spective study reported to date analyzing the impact of acute
and chronic GVHD on clinical outcomes in ATL. As shown in
Table 1, the associations with no acute GVHD and without
grade II-IV acute GVHD were significant in RIC recipients
compared with MAC recipients. Those findings are consistent
with reports of an association between dose-intensified
conditioning, especially regimens including TBI, and acute
GVHD [32,33]. Our results also show no significant difference
in the occurrence of chronic GVHD between MAC and RIC
recipients. This may be because the effects of older age and
more frequent PBSCT, which increase the occurrence of
chronic GVHD, were counterbalanced by the lower frequency
of history of previous acute GVHD, which reduces the inci-
dence of chronic GVHD, in the RIC recipients [32,34].

Forest plots revealed that the development of grade I-1I
acute GVHD was associated with favorable OS compared
with the absence of acute GVHD in most categories, with the
exception of lymphoma in the ATL clinical subtype category.
The reason for this exception is unclear, however. Our forest
plots also show that the occurrence of grade III-IV acute
GVHD was associated with unfavorable OS in most
categories.

The significant positive impact of grade I-1I acute GVHD
on OS identified by multivariate analysis confirmed the
results presented in our previous report [21]. However, in the
present study, we found that grade I-II acute GVHD had no
significant association with ATL-related mortality, in
disagreement with our previous report showing a significant
association between grade I-II acute GVHD and decreased
ATL-related mortality in ATL patients undergoing allogeneic
HCT {21]. We surmise that the incompatibility might stem
from 2 factors, the influence of unrelated CBT, which was
included in the previous study [21}], and the progress in
transplantation-related medicine from 2006 onward. The
clear trend of decreased TRM in patients with grade I-1l acute
GVHD observed here seems a bit puzzling, but we have no
suitable explanation. With respect to preconditioning, there
were no significant interactions between MAC and RIC for OS
even when post-transplantation acute GVHD was absent or
present at grade I-II or III-IV.

Our multivariate analysis revealed a clear trend toward
a favorable OS with limited chronic GVHD and a significant
association with lower ATL-related mortality. These findings
are consistent with previous reports by our group [20] and
others {35]. The latter report included a variety of hemato-
logic diseases. Even though our univariate analyses revealed
a trend toward better survival (but without significance) in
patients with extensive chronic GVHD in the semilandmark
plots (Fizure 4A), our multivariate analysis demonstrated
that a significant association between extensive chronic

GVHD and a favorable OS. This finding is in disagreement
with our previous report {21} and another study demon-
strating a negative impact of extensive chronic GVHD on OS
{351 Extensive chronic GVHD had a significant association
with lower ATL-related mortality, but not with TRM. The
former finding was reasonable and expected, but the latter
was not consistent with our previous report demonstrating
significant associations between extensive chronic GVHD
and greater TRM {21]. Although the present study found
a significant association between extensive chronic GVHD
and favorable OS in the patients with ATL, we also must pay
special attention to the fact that quality of life after HCT is
highly compromised by chronic GVHD {36]. With respect to
preconditioning, there were also no significant interactions
between MAC and RIC with OS even when chronic GVHD was
absent, limited, or extensive.

Several promising new agents for treating ATL are
currently under development [37-40]. These novel treat-
ments should increase the number of patients with a suffi-
cient disease control status and who have maintained a good
PS who could become suitable candidates for HCT {12]. These
agents will also contribute to the establishment of better
rescue strategies for patients relapsing after HCT [41]. Among
the novel agents, we should pay special attention to moga-
mulizumab (humanized anti-CCR4 monoclonal antibody)
[42], which was approved for the treatment of ATL in Japan in
2012, because of its potent activity that depletes regulatory T
(Treg) cells, leading to enhanced antitumor activity
[38,43,44]. The occurrence and severity of GVHD are closely
associated with low Treg frequency [45]; thus, a decrease in
Treg cells caused by mogamulizumab not only may lead to
enhanced GVHD, but also may provoke an anti-HTLV-1/ATL
immune effect.

Although this study reports significant novel findings on
GVHD in patients with ATL, it also has inherent limitations
common to observational retrospective studies. First, eligi-
bility for HCT as well as choice of transplantation protocol,
including the selection of MAC or RIC, were determined by
physicians at each institution. Second, regarding analysis of
mortality, it was not always easy to determine whether death
after allogeneic HCT was an ATL-related mortality or TRM, in
part because patients with relapsed ATL sometimes achieve
partial or complete remission after decreasing or dis-
continuing immunosuppressive agents, donor lymphocyte
infusions, or chemotherapy, which can result in long-term
remission and survival {20]. Third, acute GVHD is occasion-
ally induced in some patients considered at high risk for
relapse by treating clinicians. Finally, the evaluation of
chronic GVHD according to the 2005 National Institutes of
Health consensus criteria [46] is not possible in this study,
which was based on nationwide survey data of the JSHCT.

In conclusion, we found that the development of mild to
moderate (grade I-II) acute GVHD was significantly associ-
ated with favorable OS, as was the development of both
limited and extensive chronic GVHD. Regarding pre-
conditioning, we found no difference in the clinical impact of
acute GVHD and chronic GVHD on OS between patients
receiving MAC and those receiving RIC. These findings
confirm the actual existence of graft-versus-HTLV-1 and/or
graft-versus-ATL effects in recipients of HCT for ATL regard-
less of whether MAC or RIC was used. New strategies that
enhance the post- transplantation allogeneic anti—HTLV-1
effect targeting HTLV-1—associated antigens, such as Tax
and/or HBZ [14-17], and/or the anti-ATL effect targeting
tumor-specific antigens, such as cancer testis antigens | 18],
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which do not provoke GVHD, lead to improved outcomes in
patients undergoing allogeneic HCT for ATL.
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A 34-year-old Japanese man was diagnosed in 2008 as
having stage III symptomatic multiple myeloma (IgD-
lambda type) as defined by the Durie Salmon and Inter-
national staging system. Chromosomal analysis revealed a
normal karyotype, although overexpression of Cyclin DI
was detected by reverse-transcription/real-time polymerase
chain reaction assay. After three cycles of induction che-
motherapy with vincristine, doxorubicin, and dexametha-
sone, he received high-dose melphalan therapy with
adjunct autologous peripheral blood stem cell transplanta-
tion (PBSCT). A very good partial response (VGPR) was
achieved, although he relapsed at 11 months after PBSCT.
Four cycles of bortezomib and dexamethasone therapy
were subsequently given, resulting in a second VGPR. In
March 2010, he underwent allogeneic bone marrow trans-
plantation (BMT) from an HLA-matched unrelated donor.
The conditioning regimen consisted of fludarabine (30 mg/
m*/day on days —8 to —3) and intravenous busulfan
(3.2 mg/kg/day on days —6 to —5) and total body irradi-
ation (4 Gy on day —2). Prophylaxis for graft-versus-host
disease (GVHD) included tacrolimus and short-term
methotrexate. Neutrophil engraftment was observed on day
16 after BMT, and 92 % donor chimerism was confirmed
in the bone marrow on day 32. He developed grade 1 skin
GVHD on day 31, which resolved with topical corticoste-
roids. On day 120, as monoclonal IgD levels increased to
502 mg/dl, tacrolimus was reduced in dose to relieve
immunosuppression. However, IgD levels continued to
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increase up to 968 mg/dl 2 weeks later. Lenalidomide
(Len) (10 mg/day per-oral [PO] for 21 days of a 28-day
cycle) was then given on day 154. No symptoms of GVHD
developed, and tacrolimus was discontinued before the
second cycle of Len began. The patient’s IgD levels
promptly decreased, and after the forth cycle of Len, the
monoclonal protein was undetectable on immunofixation
electrophoresis of serum and urine, which correlated with
resolution of immunoparesis. On day 840, stringent com-
plete remission was confirmed by serum-free light chain
assay and bone marrow examination (Fig. 1).

As the patient relapsed just 4 months after allogeneic
BMT, his myeloma cells were considered refractory to the
prior treatment. However, Len alone was highly effective
and has yielded a durable response for nearly 2 years
without any serious adverse events. Currently, there is no
standard regimen of Len as salvage treatment for patients
with relapsed myeloma after allogeneic hematopoietic stem
cell transplantation (HSCT) [1]. Len has direct anti-tumor
and anti-angiogenic properties in addition to immuno-
modulatory effects including enhanced T cell and NK-cell
activation [2], which could be clinically useful to enhance
graft-versus-myeloma (GVM) effects.

The results of Len treatment for multiple myeloma using
salvage or maintenance treatment following allogeneic
HSCT are summarized in Table 1. Lioznov et al. retro-
spectively investigated the efficacy and toxicity of Len
(25 mg/day or 15 mg/day PO on day 1 to 21 of a 28-day
cycle) in 24 heavily pretreated patients who relapsed after
allogeneic HSCT. They reported an overall response rate of
66 %, a median time to progression of 9.7 months and
13 % of patients developed mild grade 1-2 GVHD [3].
More recently, Coman et al. also reported the efficacy and
tolerance of Len in 52 relapsed multiple myeloma patients
after allogeneic HSCT. Most of these patients were treated
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Fig. 1 Clinical course after allogeneic bone marrow transplantation. UR-BMT unrelated bone marrow transplantation, Len lenalidomaide 10 mg/
day PO on days 1-21 of a 28-day cycle, GVHD graft-versus-host disease

using a reduced intensity conditioning regimen and
peripheral blood stem cells from HLA-matched sibling
donor. In approximately 40 % of the transplants, in vivo
T-cell depletion was conducted. Salvage treatment com-
posed mainly of Len (25 mg/day) combined with dexa-
methasone (40 mg/day). With the median follow-up time
of 16.3 months, the median progression-free survival (PES)
and overall survival were 18.0 and 30.5 months, respec-
tively. In some cases, Len was discontinued due to the
development of progressive diseases (44 %) and GVHD
(22 %) [4]. As compared with the results of these two
retrospective studies of salvage Len treatment, our case has
an interesting clinical course that a relatively low dose of
Len alone induced long-term complete remission even in a
refractory myeloma patient.

The role of Len as maintenance treatment after alloge-
neic HSCT is controversial. The HOVON group investi-
gated Len (10 mg/day PO on days 1-21 of a 28-day cycle)
as maintenance treatment after allogeneic HSCT from an
HIL.A-matched sibling donor in a prospective phase 2 study.
Patients who developed acute GVHD of grade 2 or higher
at the time of registration were excluded from the study.
Because 37 % of the patients developed GVHD of grade 2

or higher, which was thought to correlate strongly with Len
treatment, and the dropout rate was 43 %, it was concluded
that Len was not feasible as maintenance therapy after
allogeneic HSCT [5]. However, Kroger et al. reported that
Len (median dose of 5 mg/day PO on days 1-21 of a
28-day cycle) is feasible as maintenance therapy after non-
myeloablative allogeneic HSCT. Acute GVHD (grade 2-3)
rate after Len administration and dropout rates due to
toxicity were 28 and 30 %, respectively. Seven patients
with partial responses and one patient with stable disease
after transplantation achieved complete response after Len
treatment and 3-year PES was 52 % [6]. Itis difficult to simply
compare the results of these studies due to the different con-
ditioning regimens used, GVHD prophylaxis, donor sources
and start timing of Len treatment shown in Table 1.
Although in the current case report we used the same
dose and schedule of Len monotherapy adopted by the
HOVON group, long-term complete remission was
obtained even in a patient with early relapsed myeloma
after allogeneic HSCT. He did not experience any GVHD
symptoms after Len, but we speculate that the GVM effects
may have been enhanced by Len treatment. Further well-
designed studies are warranted to evaluate optimal patient
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Table 1 Summarized results of lenalidomide treatment for multiple myeloma using salvage or maintenance treatment following allogeneic

transplantation

Author Lioznov et al.

Coman et al.

Kneppers et al. Kroger et al.

Study design Retrospective

Retrospective

Prospective Prospective

Total number of patient »n = 24 n=52 n =30 n =24
Treatment setting of Salvage Salvage Maintenance Maintenance
Len
Dose of Len 25 mg/day 83 %, 15 mg/day 25 mg/day 79 %, others 21 % 10 mg/day Median 5 mg/day
17 %
(range 5-15)
Combination of Dexa NA Yes (77 %) No No
Median start time of 29 months® 24 months 3 months 6 months

Len
After allo-HSCT

Donor source Related 50 %

PBSC NA
Conditioning intensity ~ NA

Other NA

Median follow-up time

Median cycles of Len 5 (range 2-17)

(range 1.0-97.0)
Matched sibling 77 %

PBSC 87 %
RIC 85 %

In vivo T cell depletion 44 %
NA 16.3 months

(range 3.7-49.6)

6 (range 0.2-23)

(range 1.0-6.8)
Matched sibling

(range 2.8-15.3)
Matched sibling

100 % 18 %
NA PBSC 100 %
RIC 100 % (TBI MAC 100 %
2 Gy)
Unmanipulated graft ~ ATG 100 %
22 months 19 months

(range 8-34)
3 (range 1-24)

(range 3-58)
6 (range 1-30)

PFS Median 9.7 months median 18 months 2 year estimated 60 % 3 year estimated
52 %

(O] median 19.9 months Median 30.5 months 2 year estimated 93 % 3 year estimated
79 %

GVHD after Len grade 2, 16 %

12 %
Discontinuation of Len NA
Reasons of discontinuation

Progressive disease NA 44 % (12/27)
GVHD NA 22 % (6/27)
Other NA 34 % (9/27)

grade 1-2, 20 %; grade 34,

52 % (27/52)

grade 2-3, 37 % grade 2-3, 28 %

86 % (26/30) 54 % (13/24)
20 % (5/26)
50 % (13/26)
30 % (8/26)

46 % (6/13)
23 % (3/13)
31 % (4/13)

Len lenalidomide, Dexa dexamethasone, HSCT hematopoietic stem cell transplantation, PBSC peripheral blood stem cell, PFS progression free
survival, OS overall survival, GVHD graft-versus-host disease, NA not available, RIC reduced intensity conditioning, MAC myeloablative

conditioning, TBI total body irradiation, ATG anti-thymocyte globulin

? Data as follows: the median interval between allo-HSCT and relapse was 18 months (range 2-71), the median interval between relapse after

allo-HSCT and lenalidomide was 11 months (range 1-56)

selection, dosing and start timing of Len, in addition to
combination drugs to establish safer and highly effective
regimens after allogeneic HSCT. In conclusion, Len can be
an attractive choice for salvage treatment of relapsed
myeloma after allogeneic HSCT.
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Autologous Tax-Specific CTL Therapy in a Primary Adult
T Cell Leukemia/Lymphoma Cell-Bearing NOD/Shi-scid,
IL-2Ry™" Mouse Model

Ayako Masaki,* Takashi Ishida,* Susumu Suzuki,®" Asahi Ito,* Fumiko Mori,*
Fumihiko Sato,** Tomoko Narita,* Tomiko Yamada,* Masaki Ri,* Shigeru Kusumoto,*
Hirokazu Komatsu,* Yuetsu Tanaka,® Akio Niimi,* Hiroshi Inagaki,* Shinsuke Iida,* and
Ryuzo Ueda®

We expanded human T-lymphetropic virus type 1 Tax-specific CTL in vitro from PBMC of three individual adult T cell leukemia/
lymphoma (ATL) patients and assessed their therapeutic potential in an in vivo model using NOG mice bearing primary ATL cells
from the respective three patients (ATL/NOG). In these mice established with cells from a chronic-type patient, treatment by i.p.
injection of autologous Tax-CTL resulted in greater infiltration of CD8-positive T cells into each ATL lesion. This was associated
with a significant decrease of ATL cell infiltration into blood, spleen, and liver. Tax-CTL treatment also significantly decreased
human soluble IL-2R concentrations in the sera. In another group of ATL/NOG mice, Tax-CTL treatment led to a significant pro-
longation of survival time. These findings show that Tax-CTL can infiltrate the tumor site, recognize, and kill autologous ATL cells in
mice in vivo. In ATL/NOG mice with cells from an acute-type patient, whose postchemotherapeutic remission continued for >18 mo,
antitumor efficacy of adoptive Tax-CTL therapy was also observed. However, in ATL/NOG mice from a different acute-type
patient, whose ATL relapsed after 6 mo of remission, no efficacy was observed. Thus, although the therapeutic effects were
different for different ATL patients, to the best of our knowledge, this is the first report that adoptive therapy with Ag-specific
CTL expanded from a cancer patient confers antitumor effects, leading to significant survival benefit for autologous primary
cancer cell-bearing mice in vivo. The present study contributes to research on adoptive CTL therapy, which should be applicable

to several types of cancer. The Journal of Immunology, 2013, 191: 135-144.

matologic malignancy caused by human T-lymphotropic

virus type 1 (HTLV-1) (1-4). ATL patients have a very
poor prognosis for which no standard treatment strategy is avail-
able (5, 6). Over the last decade, allogeneic hematopoietic stem
cell transplantation has evolved into a potential approach to treat
ATL patients. However, only a small fraction of patients can
benefit from transplantation, such as those who are younger, have
achieved sufficient disease control, and have an appropriate stem

ﬁ dult T cell leukemia/lymphoma (ATL) is a distinct he-

*Department of Medical Oncology and Immunology, Nagoya City University Grad-
uate School of Medical Sciences, Aichi 467-8601, Japan; TDepartment of Tumor
Immunology, Aichi Medical University School of Medicine, Aichi 480-1195, Japan;
*Department of Anatomic Pathology and Molecular Diagnostics, Nagoya City Uni-
versity Graduate School of Medical Sciences, Aichi 467-8601, Japan; and *Depart-
ment of Immunology, University of the Ryukyus, Okinawa, 903-0215, Japan

Received for publication September 26, 2012. Accepted for publication May 1, 2013.

This work was supported by Grants-in-Aid for Young Scientists (A) (22689029 to T.I.),
Scientific Research (B) (22300333 to T.I. and R.U.), and Scientific Support Programs
for Cancer Research (221S0001 to T.I.) from the Ministry of Education, Culture, Sports,
Science and Technology of Japan, Grants-in-Aid from the National Cancer Center
Research and Development Fund (23-A-17 to T.L), and Health and Labour Sciences
Research Grants (H22-Clinical Cancer Research-General-028 to T.I. and H23-Third
Term Comprehensive Control Research for Cancer-General-011 to T.I. and H.L) from
the Ministry of Health, Labour and Welfare, Japan.

Address correspondence and reprint requests to Dr. Takashi Ishida, Department of
Medical Oncology and Immunology, Nagoya City University Graduate School of
Medical Sciences, 1 Kawasumi, Mizuho-chou, Mizuho-ku, Nagoya, Aichi 467-8601,
Japan. E-mail address: itakashi @med.nagoya-cu.ac.jp

Abbreviations used in this article: ATL, adult T cell leukemia/lymphoma; FSC-H,
forward light scatter-height; HTLV-1, human T-lymphotropic virus type 1; sIL-2R,
soluble IL-2R; SSC, side scatter-height; Treg, regulatory T.

Copyright © 2013 by The American Association of Immunologists, Inc. 0022-1767/13/$16.00

www.jimmunol.org/cgi/doi/10.4049/jimmunol. 1202692

cell source (7, 8). Therefore, the development of alternative treat-
ment strategies for ATL patients is an urgent issue.

HTLV-1 Tax, a virus-encoded regulatory gene product, is re-
quired for the virus to transform cells (9) and is thought to be
indispensable for oncogenesis. Therefore, Tax has been consid-
ered as a molecular target for immunotherapy against ATL (10—
14). However, it was reported that the level of Tax expression
in HTLV-1-infected cells decreases during disease progression,
and Tax transcripts are detected only in ~40% of established ATL
cases (15). Moreover, weak or absent responses to Tax were ob-
served in ATL patients (16), leading to controversy as to whether
Tax is an appropriate target for immunotherapy of ATL. In this
context, we have recently reported the potential relevance of Tax
as a target for ATL immunotherapy. Tax-specific CTL recognized
HLA/Tax—peptide complexes on autologous ATL cells and killed
them, even when their Tax expression was so low that it could
only be detected by RT-PCR but not at the protein level in vitro
(17). However, in general, tumors develop in a complex and dy-
namic microenvironment in humans (18-20). Therefore, antitumor
activities of cancer-specific CTL should be evaluated under con-
ditions including the cancer microenvironment. In addition, sus-
ceptibility to CTL is different in established cell lines and primary
tumor cells isolated directly ex vivo from patients, especially
autologous tumor cells, with the latter certainly being most rele-
vant for evaluating antitumor effects of CTL. Based on these
considerations, we expanded Tax-specific CTL in vitro from
PBMC of ATL patients and tested in this study the potential
significance of Tax as a target for ATL immunotherapy in an
in vivo model consisting of NOD/Shi-scid, IL-2Ry™!! (NOG)
mice (21) bearing the autologous primary ATL cells (ATL/NOG).
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Materials and Methods

Primary human cells

Primary ATL cells were obtained from three individual patients of which
patient 1 had chronic-type and patients 2 and 3 were acute. Diagnosis and
classification of clinical subtypes of ATL was according to the criteria
proposed by the Japan Lymphoma Study Group (22). Mononuclear cells
were isolated from blood or lymph node cells with Ficoll-Paque (Phar-
macia, NJ). Primary ATL cells were separated using anti-human CD4
microbeads (Miltenyi Biotec, Bergisch Gladbach, Germany) by means of
an autoMACS Pro (Miltenyi Biotec). Genotyping of HLA-A, -B, and -C was
performed using an HLA-typing Kit (WAKFlow HLA-typing kit; Wakunaga
Pharmacy, Hiroshima, Japan). The disease activity of patient | was stable;
this patient had been carefully observed under a wait-and-see policy for ~4 y
prior to sampling. Both patients 2 and 3 received systemic chemotherapies
and achieved complete remissions. Patient 2 remained in remission for >18
mo, but in patient 3, ATL relapsed after only 6 mo in remission. Thus, patient
3 subsequently again received systemic chemotherapy for his relapsed ATL.
In patients 2 and 3, primary ATL cells were obtained at first diagnosis, and
PBMC for CTL expansion were obtained in remission. They were cry-
opreserved until use. All donors provided informed written consent before
sampling according to the Declaration of Helsinki, and the current study was
approved by the institutional ethics committees of Nagoya City University
Graduate School of Medical Sciences.

Cell lines

ATN-1, MT-1, and TL-Om1 are ATL cell lines, TL-Su, TCL-Kan, and MT-4
are HTLV-l-immortalized lines, and K562 is a chronic myelogenous
leukemia blast crisis cell line, as previously described (17).

Expansion of HTLV-1 Tax-specific CTL

PBMC from the ATL patients were suspended in RPMI 1640 (Cell Science
and Technology Institute, Sendai, Japan) supplemented with 10% human
serum and 0.1 uM Tax epitope peptide (LLFGYPVYV or SFHSLHLLF;
Invitrogen, Carlsbad, CA) at a cell concentration of 2.0 X 10%ml. The
cells were cultured at 37°C in 5% CO, for 2 d, and then an equal volume of
RPMI 1640 supplemented with 100 [U/ml IL-2 was added. After subse-
quent culture for 5 d, an equal volume of ALyS505N (Cell Science and
Technology Institute) supplemented with 100 IU/ml IL-2 was added, and
the cells were cultured with appropriate medium (ALyS505N with 100 IU/
ml IL-2) for 7 d.

Abs, tetramers, and flow cytometry

PE-conjugated HLA-A*02:01/Tax11-19 (LLFGYPVYV) and HLA-A*24:02/
Tax301-309 (SFHSLHLLF) tetramers and PE-CyS-conjugated anti-CDS8
mADbD (clone, SFCI21Thy2D3) were purchased from MBL (Nagoya, Japan).
PE-Cy5—conjugated anti-CD4 mAb (13B8.2) was purchased from Beckman
Coulter (Luton, U.K.). Allophycocyanin-conjugated anti-human CD45 mAb
(2D1), PE-conjugated anti-CD25 mAb (M-A251), PerCP-conjugated anti-
CD4 mAb (SK3), and MultiTEST CD3 FITC/CD8 PE/CD45 PerCP/CD4
APC Reagent were purchased from BD Biosciences (San Jose, CA). For
assessing Tax expression, cells were fixed with 10% formaldehyde and then
stained with FITC-conjugated anti-Tax mAb Lt-4 (23) or isotype control Ab
(A112-3; BD Biosciences), with 0.25% saponin (Sigma-Aldrich, Tokyo, Ja-
pan) for 60 min at room temperature. For intracellular IFN-y staining, the
expanded cells including Tax-CTL were cocultured with target cells at 37°C
in 5% CO, for 2 h after which brefeldin A (BD Biosciences) was added at
2 pg/ml. The cells were then incubated for a further 2 h. Subsequently, they
were fixed in 10% formaldehyde and then stained with FITC-conjugated
anti-IFN-y mAb (45.15; MBL) with 0.25% saponin for 60 min at room
temperature. Cells were analyzed on a FACSCalibur (BD Biosciences)
with the aid of FlowJo software (Tree Star, Ashland, OR).

Quantitative RT-PCR

Total RNA was isolated with RNeasy Mini Kits (Qiagen, Tokyo, Japan).
Reverse transcription from the RNA to first-strand cDNA was carried out
using High Capacity RNA-to-cDNA Kits (Applied Biosystems, Foster City,
CA). Tax and B-actin mRNA were amplified using TagMan Gene Ex-
pression Assays with the aid of an Applied Biosystems StepOnePlus. The
primer set for Tax was as follows: sense, 5'-AAGACCACCAACACCA-
TGGC-3’, and antisense, 5'-CCAAACACGTAGACTGGGTATCC -3'. All
values given are means of triplicate determinations.

Animals

NOG mice were purchased from the Central Institute for Experimental
Animals and used at 6-8 wk of age. All of the in vivo experiments were

AUTOLOGOUS Tax CTL THERAPY IN PRIMARY ATL MOUSE

performed in accordance with the United Kingdom Coordinating Com-
mittee on Cancer Research Guidelines for the Welfare of Animals in Ex-
perimental Neoplasia, Second Edition, and were approved by the Ethics
Committee of the Center for Experimental Animal Science, Nagoya City
University Graduate School of Medical Sciences.

ATL tumor—bearing mouse model, therapeutic setting

CD4-positive primary ATL cells were separated from PBMC of patient 1
and suspended at | X 107 cells per 0.2 ml RPMI 1640, which were i.p.
inoculated into each of 20 NOG mice. The inoculated ATL cells consisted
of pooled cells from several blood samplings. The primary ATL-bearing
mice were divided into two groups of 10 each. One group was used for
evaluation of ATL cell organ infiltration and to measure levels of human
soluble IL-2R (sIL-2R) in sera using the human sIL-2R immunoassay kit
(R&D Systems, Minneapolis, MN) 27 d after tumor inoculation. The other
group was used for evaluation of survival. Each group was further divided
into two groups of five each for autologous Tax-CTL or control (0.2 ml
RPMI 1640) injections. Autologous Tax-CTL suspended in 0.2 ml RPMI
1640 were i.p. injected 2 (mononuclear cells, 4.59 X 106/mouse; CD8-
positive and HLLA-A*24:02/Tax 301-309 tetramer-positive cells, 7.89 X
10°/mouse), 7 (3.57 X 10% 9.71 X 10%), 12 (3.26 X 10% 5.49 X 10%), 20
(3.12 X 10% 5.48 X 10%), and 23 d (2.51 X 10% 4.22 X 10°) after ATL cell
inoculations. Control RPMI 1640 was i.p. injected in the same manner.

PBMC of patient 2, consisting of ~80% of CD4*CD25" ATL cells, were
suspended in 0.2 ml of RPMI 1640 and i.p. inoculated into each of six NOG
mice. The primary ATL-bearing mice were divided into two groups of three
each for autologous Tax-CTL or control injections. Autologous Tax-CTL
suspended in 0.2 ml RPMI 1640 were i.p. injected 2 (mononuclear cells,
7.50 X l()(’lmouse; CD8-positive and HLA-A*24:02/Tax 301-309 tetramer-
positive cells, 18.1 X 10%mouse), 7 (6.75 X 10% 22.3 X 10°), 14 (5.95 X 105
20.7 X 10%), 21 (5.70 X 10% 22.3 X 10%, and 23 d (6.04 X 10% 21.3 X 10°)
after ATL cell inoculations. Control RPMI 1640 was i.p. injected in the same
manner. The infiltration of ATL cells into the organs, and the levels of human
sIL-2R in the sera 31 d after tumor inoculation were determined.

Lymph node cells of patient 3, consisting of ~90% CD4*CD25" ATL
cells, were i.p. inoculated into each of six NOG mice in the same manner
as for patient 2. Autologous Tax-CTL suspended in 0.2 ml RPMI 1640
were 1.p. injected 2 (mononuclear cells, 10.3 X 10%mouse; CD8-positive
and HLA-A*24:02/Tax 301-309 tetramer-positive cells, 2.08 X 105/mouse),
7 (5.73 X 10% 7.53 X 10°), and 29 d (18.8 X 10% 16.1 X 10°) after tumor
cell inoculations. Control RPMI 1640 was i.p. injected in the same manner.
The infiltration of ATL cells into the organs and the levels of human sIL-2R
in the sera 33 d after tumor inoculation were determined.

Immunopathological analysis

H&E staining and immunostaining by anti-CD4 (4B 12; Novocastra, Wetzlar,
Germany), CD25 (4C9; Novocastra), and CD8 (C8/144B; DakoCytomation,
Glostrup, Denmark) was performed on formalin-fixed, paraffin-embedded
sections, using a Bond-Max autostainer (Leica Microsystems, Wetzlar,
Germany) with the Bond polymer refine detection kit (Leica Microsystems).

Statistical analysis

The differences between groups regarding the percentage of ATL cells in
mouse whole blood cells, liver, and spleen cell suspensions and human sIL-
2R concentrations in the serum were examined with the Mann—~Whitney U
test. Survival analysis was done by the Kaplan-Meier method, and survival
curves were compared using the log-rank test. All analyses were per-
formed with SPSS Statistics 17.0 (SPSS, Chicago, IL). In this study, p =
0.05 was considered significant.

Results

Tax expression in ATL cells from patients

The inoculated primary ATL cells from all three patients were pos-
itive for CD4 and CD25 (Fig. 1A, left panel, Fig. 1C, 1D, top left
panels). Tax proteins were weakly detected in a subpopulation of
ATL cells from all patients by flow cytometry (Fig. 1A, right two
panels, and Fig. 1C, 1D, top right two panels). The Tax/human
B-actin mRNA levels of the ATL cells from patients 1, 2, and 3,
were 0.192 = 0.005 (SD), 0.492 = 0.054, and 0.080 = 0.009, re-
spectively, when the value of TL-Su was set at unity as previously
described (17) (Fig. 2D). Although the short time of in vitro culture
changes the expression levels of Tax in primary ATL cells (17, 24),
the result presented in this study was obtained at the same time as
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FIGURE 1. Inoculated primary ATL cells and
adoptively transferred Tax-specific CTL. (A) The
inoculated primary ATL cells from patient I were
positive for CD4 and CD25 (left panel). Tax protein
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was weakly detected in a subpopulation of ATL
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cells (middle and right panels). (B) Autologous
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adoptively transferred Tax-CTL from patient 1 at
days 2, 7, 12, 20, and 23, respectively, are presented.
The lymphocyte population is determined by FSC-H

- D25 —>

and SSC-H levels (left panels) and plotted to show
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CD8 and HLA-A*24:02/Tax tetramer positivity
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(right panel). (C) The inoculated primary ATL cells
from patient 2 were positive for CD4 and CD25 (top
left panel). Tax protein was weakly detected in a
subpopulation of ATL cells (top right two panels).
Autologous adoptively transferred Tax-CTL from
patient 2 are presented. Lymphocyte population is

#
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determined by FSC-H and SSC-H levels (bottom left D
panel) and plotted to show CD8 and HLA-A*02:01/
Tax tetramer positivity (bottom right panel). (D) The
inoculated primary ATL cells from patient 3 were

s
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s b % 4

— (D25 —>

4 4,

positive for CD4 and CD25 (top left panel). Tax

protein was weakly detected in a subpopulation
of ATL cells (top right two panels). Autologous
adoptively transferred Tax-CTL from patient 3 are
presented. Lymphocyte population is determined by
FSC-H and SSC-H levels (bottom left panel) and
plotted to show CDS8 and HLA-A*24:02/Tax tetra-
mer positivity (bottom right panel).

the in vitro experiments were performed, showing Tax-specific CTL
responses against autologous ATL cells (Fig. 2A-C).

Adoptively transferred autologous Tax-specific CTL

Flow cytometric analyses of the expanded and adoptively transferred
Tax-CTL of patient 1 at days 2, 7, 12, 20, and 23 are presented. The
lymphocyte population was identified by forward light scatter-height
(FSC-H) and side scatter-height (SSC-H) values (Fig. B, left panels)
and is plotted to show CD8 and HLA-A*24:02/Tax tetramer-
positivity (Fig. 1B, right panel). Adoptively transferred Tax-CTL
from patients 2 and 3 are also shown in Fig. 1C and 1D, bottom
panels, respectively.

Tax-specific CTL responses against autologous ATL cells
in vitro

The adoptively transferred Tax-CTL from patient 1 were cocul-
tured with autologous ATL cells, ATL cell lines, HTLV-1-immor-
talized lines, or K562, and their responses were evaluated by
IFN-vy production in vitro (Fig. 24, 2D). HLA-A*24:02/Tax301-
309 tetramer-positive fractions of these expanded CDB8-positive
cells produced IFN-y when cocultured with autologous ATL
cells, TL-Su, or ATN-1. These tetramer-positive cells did not re-
spond to MT-1, MT-4, or TCL-Kan. These results indicate that
only target cells having both HLA-A*24:02 and Tax were rec-
ognized. The tetramer-negative fractions of these expanded CD8-
positive cells also produced IFN-y when stimulated with autolo-
gous ATL cells. This suggests that they recognize unidentified
Tax-derived epitopes, Ags derived from HTLV-1 components
other than Tax, or ATL-related tumor Ags not of viral origin such
as cancer testis Ags (25). The tetramer-negative fractions of these
expanded CD8-positive cells also produced IFN-y when stimu-
lated with TCL-Kan. Because both patient 1 and TCL-Kan share
HLA-A*02:07, -B*46:01, and -C*01:02, the tetramer-negative
cells might be recognizing unidentified Tax-derived epitopes,
other HTLV-1 Ags or ATL tumor Ag—derived epitopes presented
on a different shared MHC allele. These effector cells did not

respond to K562 by IFN-vy production, showing that they had no
NK activity.

The adoptively transferred Tax-CTL from patient 2 were tested
next. HLA-A*02:01/Tax11-19 tetramer-positive fractions of these
expanded CDS8-positive cells specifically produced IFN-y when
stimulated with 0.1 uM of the corresponding peptide. These cells
also respond to target cells including autologous ATL cells in
a manner restricted by Tax expression and the appropriate HLA
type as did patient 1 (Fig. 2B, 2D).

The adoptively transferred Tax-CTL from patient 3 were also
tested. Although HLA-A*24:02/Tax301-309 tetramer-positive
fractions of these expanded CD8-positive cells responded to TL-
Su and the corresponding peptide by producing IFN-y, they did
not respond to autologous ATL cells or ATN-1, the Tax expression
of which was relatively low (Fig. 2C, 2D).

Macroscopic findings in ATL/NOG mice with cells from patient
1 treated or not treated with adoptive autologous Tax-CTL

Ten primary ATL cell-bearing mice were evaluated for the efficacy
of treatment by adoptive transfer of autologous Tax-CTL. The ap-
pearance of the mice treated with Tax-CTL and of the controls is
shown in Fig. 3, top andbottom panels, respectively. In general,
spleens were much more enlarged in the control mice than in the
CTL-treated mice.

Flow cytometric analyses of infiltrating ATL cells in organs of
ATL/NOG mice with cells from patient 1

The percentage of CD4-positive ATL cells in whole blood of control
NOG mouse 1 was 0.57% (i.e., 0.57% [human CD45-positive pop-
ulation] X 100.0% [human CD4-positive CD8-negative cells] =
0.57%). In control NOG mice 2, 3, 4, and 5 and in Tax-CTL—treated
NOG mice 1, 2, 3, 4, and 5, the percentages of ATL cells in whole
blood, calculated in the same manner, were 1.57,2.53, 0.18, and 0.94%
and 0.22, 0.17, 0.01, 0.59, and 0.02%, respectively (Fig. 4A). Thus,
Tax-CTL treatment significantly reduced the percentage of ATL cells
present in the blood of these mice (p = 0.047; Fig. SA, left panel).
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