subpopulation was a minor but distinct subpopulation. In con-
trast, the highest cell density was observed in the CD3%™"CD7"¥
subpopulation in all acute-type ATL samples except for patient
no. 4, from whom the sample was obtained under conditions of
well-controlled ATL during chemotherapy. These subpopula-
tions were distinct but the expression pattern of the CD3 vs CD7
plot, such as the degree of downregulation of CD3 and CD7,
was variable among patients. The proportion of the CD3%™C-
D7'"¥ subpopulation was significantly higher in acute-type ATL
CD4" lymphocytes than in normal controls (Fig. 1C).

Analysis of the HTLVH proviral load in CD3M9hcp7hioh,
CD3%mCD79™ and CD3%™CD7'*" subpopulations. We next esti-
mated the HTLV-I proviral load by quantitative real-time PCR
in each FACS-sorted subpopulation. Representative results from
three patients with acute-type ATL (patients no. 6, 7 and 8) are
shown in Figure 2. In all patient samples, HTLV-I proviral inte-
gration, analyzed by real-time PCR, was detected in all subpop-
ulations. However, the proviral load (%) was significantly

higher in CD3%™CD7%™ and CD3%™CD7"" subpopulations
compared with the CD3™8"CD7"&" subpopulation. The proviral
load of the CD3%™CD7"" subpopulation in patients no. 7 and 8
was nearly 200%, indicating integration of two copies of the
HTLV-I viral genome and that almost all of the cells were
infected with HTLV-I. Similarly, in patient no. 6, the majority
of the CD34™CD7"°" subpopulation was infected with HTLV-I.
A substantial proportion of the CD3%™CD7%™ subpopulation
was infected with HTLV-I in patients no. 7 and 8, and nearly all
the cells in the same subpopulation in patient no. 6 were infected
with HTLV-1.

Differences in the immunophenotype of CD3"9hcp7Mioh,
CD39™cp79™ and CD39™CD7'°" subpopulations in patients with
acute-type ATL. To further characterize these three subpopula-
tions, we next examined CCR4 and CD25 expression in each
subpopulation. Representative results of a normal control and a
patient with acute-type ATL are shown in Figure 3A. The mean
fluorescence intensities (MFI) of CD25 and CCR4 of each sub-
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Fig. 3. Immunophenotypic analysis in CD3M8"CD7"e", CD39™MCD79™ and CD3¥™CD7'°% subpopulations. (A) Expression of CCR4 and CD25 in
each subpopulation. Representative FACS data of a normal control (no. 1) and a patient with adult T-cell leukemia (ATL) (no. 6) are shown Gray
dots, isotype antibody-stained cells; black dots, specific antibody-stained cells. (B) Mean fluorescence intensity (MFI) of CD25 and CCR4 in each

subpopulation from all normal controls and patients with ATL. The

MFI is shown in arbitrary units defined as follows: MFI of specific

antibody/MFI of isotype antibody. Each dot represents a sample *P < 005 by anova. (C) Expression of FoxP3 in each subpopulation. ND, analysis
could not be performed in the CD3MINCD7MM and CD3¥™CD79™ subpopulations in patients no. 6 and 7 due to an insufficient number of cells.
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population in all patients with ATL and normal controls are
shown in Figure 3B. Both CCR4 and CD25 expression levels
were very low and maintained at similar levels throughout
all subpopulations in normal control cells and in the
CD3™£"CD7"E" subpopulation of patients with ATL. In contrast,
CCR4 expression was significantly upregulated in the
CD3%™CD7%™ and CD3%™CD7" subpopulations of patients
with ATL compared with the CD3"8"CD7"&" subpopulation.
The expression of CD25 was also upregulated in these subpopu-
lations but this difference was not significant (P = 0.36). The
expression of Forkhead box P3 (FoxP3), a master regulator in
the development and function of regulatory T (Treg) cells,!'¥
was also analyzed in some patients. As shown in Figure 3C,
FoxP3 expression in the CD3™CD7"" subpopulations was var-
iably upregulated among patients. In addition, in patient no. 9,
FoxP3 was upregulated in the CD3MePCD7%eh ang cp3zdim
CD7%™ subpopulations.

Analysis of clonality in the CD3M9"cD7"9%, CD39™CD79™ and
CD39™Cp7'°™ subpopulations by inverse long PCR. To further
analyze the enrichment of ATL cells in the CD3%™CD7"" sub-
population, we estimated clonality in each FACS-sorted subpop-
ulation by inverse long PCR in four patients with acute-type
ATL (Fig. 4). An intense band, suggesting a major clone, was
detected in the CD3*™™CD7"" subpopulations in all patients. In
the same subpopulation, multiple bands with weak intensity
were also observed. As the levels of DNA extracted from the
CD3%™CD7"Y subpopulation were sufficient, we performed
duplicate PCR in three patient samples (Fig. 4B-D). Detection
of the major bands was consistent, but the presence of the minor
bands was variable. In the CD3%™CD7%™ subpopulations, bands
of the same size as those of the CD3%™CD7"°Y subpopulations
were observed, indicating that a distinct population in the
CD3%™CD79™ subpopulations belonged to identical clones.

Clonality in the CD3"9"cp7"9", cp39™CD79™ and CD3¥™CD7'W
subpopulations by flow cytometry-based TCR-VB repertoire
analysis. To further confirm clonality and to evaluate the degree

(A) ATL{No.g)
g &

of enrichment in each subpopulation, we performed TCR-Vf
repertoire analysis by flow cytometry’ in three ATL cases.
The representative results are shown in Figure 5. In patient no.
3, over 95% of the CD3%™CD7"*" subpopulation used specific
TCR-VB (VB9) and their proportion was quite low in the
CD3"e'CD7ME! and CD3™CD7%™ subpopulations. In addition,
in the two other cases, over 90% of cells in the CD3%™CD7%
subpopulation used the same TCR-Vp (data not shown). These
results indicate that ATL cells are highly purified in the
CD3%™CD7"Y subpopulation.

Differences in morphology of the CD3"9"cp7"9", cD39™cp7dim,
and CD3%™CD7'°" subpopulations in patients with acute-type
ATL. We reviewed the glass-slide specimens of FACS-sorted
samples to evaluate the morphology of each subpopulation on
the CD3 vs CD7 plots. Representative results for two patients
(no. 6 and 7) are shown in Figure 6A. In both patients, atypical
lymphocytes with notched nuclei and/or basophilic cytoplasm
were observed in all three subpopulations. In contrast, abnormal
lymphocytes, including cells with multilobulated nuclei (flower
cells) were mainly observed in the CD3%"CD7"" subpopulation
in patient no. 6 (Fig. 6, left) and in the CD34™CD74™ and
CD3%™CD7" subpopulations in patient no. 7 (Fig. 6, right
panel).

Discussion

To investigate the characteristics of ATL cells, the purification
of tumor cells is essential. In the present study, we successfully
discriminated the CD3%™CD7"" subpopulation in CD4* T cells
in the peripheral blood of patients with acute-type ATL by con-
structing a CD3 vs CD7 plot of CD4™ T cells from multi-color
FACS (Fig. 1). Previously, Yokote et al’® reported that
CD3"Y gating facilitated the discrimination of ATL cells by
flow cytometry. If we constructed a CD4 vs either CD3 or CD7
plot, in which the downregulated cell subpopulation was not
clearly separated, then we could not define distinct cell subpopu-
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Fig. 4. Analysis of clonality in the CD3"9"CD7M9", CD3¥MCD79M and CD3¥™CD7'" subpopulations using inverse long PCR. (A-D) Genomic DNA
was extracted from FACS-sorted cells of each subpopulation and subjected to inverse long PCR. Representative data of four cases (patients no. 3,
6, 7 and 8) are shown For the CD39™CD7"" subpopulations of patients no. 3, 6 and 7, PCR was performed in duplicate (black bars). ATL, adult

T-cell leukemia.
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lations using the CD3 or CD7 marker alone, because the degrees
of downregulation of CD3 and CD7 are variable. It should be
noted that the combination of CD3 downregulation and dimin-
ished expression or absence of CD7 clearly indicates this sub-
population. In addition, gating-out monocytes in the CD4 vs
CD14 plot is important for the CD3 vs CD7 plot because mono-
cytes were CD3/CD7 dull-positive based on the nonspecific
binding of the antibody.

A substantial subpopulation of T cells has been reported to be
CD7-deficient under physiological'®'” and certain pathological
conditions, including autoimmune disorders and viral infec-
tion."®2? Consistent with these reports, the present study indi-
cated that the proportion of CD4*CD7- T cells in the peripheral
blood of healthy adults is up to 10% (Fig. 1B,C). In ATL sam-
ples, the CD3 vs CD7 plot revealed various patterns, which may
reflect the differences in clinical characteristics of each patient;
however, the CD3%™CD7"" subpopulation, which was a minor
population in the normal controls, was prominent in all ATL
samples (Fig. 1B,C). These results prompted us to study this

574

subpopulation in detail. Estimation of the HTLV-I proviral load
by quantitative real-time PCR showed that the majority of cells
in the CD3%™CD7"Y subpopulation were infected with HTLV-I
(Fig. 2). Immunophenotypic analysis revealed that the expres-
sion of CD25, a common ATL marker,®* and CCR4. re)ported
to be expressed in around 90% of cases of ATL,(Q"L2 were
upregulated in the CD3%™CD7"% subpopulations of ATL
samples in contrast to normal controls in which both markers
were weakly expressed in the equivalent subpopulation
(Fig. 3A,B). As several studies indicated that ATL cells origi-
nate from CD4"CD25"FoxP3* Treg cells,*® we next analyzed
FoxP3 expression in each subpopulation. In the CD3%™CD7°%
subpopulation, the FoxP3 expression levels were variable,
consistent with previous reports.®” In one case, FoxP3 expres-
sion was upregulated in the CD3"8"CD7"E" and CD3%mCp79m
subpopulations suggesting that they were normal Treg cells.

The analysis of clonality is extremely important for determin-
ing whether cells are transformed and Southern blot analysis is
usually used to confirm clonality. However, in the present study,
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€D3%mCp7¥™ and CD3*™CD7™ subpopulations in
two representative adult T-cell leukemia (ATL)
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s Normal
50

staining of FACSsorted «cells from each
subpopulation from two patients with acute-type
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Normal, lymphocytes with normal  morphology;
atypical, lymphocytes with notched nuclei and
basophilic cytoplasm; abnormal, lymphocytes with
convoluted, deeply indented or multilobulated
flower cells.

the cell number following cell sorting was not sufficient for
Southern blotting, and thus inverse long PCR for clonality anal-
ysis of HTLV-I-infected cells was used.™ Studies of four ATL
samples revealed clonal expansion of ATL cells in the
CD3%™CD7"% subpopulations, although minor clones may exist
in the population (Fig. 4). When PCR was performed in dupli-
cate, we found that the major bands were consistently detected
in all cases, However, the detection of multiple minor bands was
not consistent. As reported previously, the inverse long PCR
method stochastically amplifies .the template originating from
small clones.***” The minor bands observed in the present
study will contain small clones. However, the presence of non-
specific bands cannot be eliminated. EEES

The inverse long PCR method is commonly used for clonality
analysis; however, it cannot quantify the size of major/minor
clones and the degree of enrichment in cach subpopulation.
Therefore, we tested the FACS-based TCR-VJ repertoire analy-
sis combined with our multi-color FACS system gFig. 5). In
ATL patient no. 3, almost all cells in the CD3*™CD7"°"¥ subpop-
ulations were clonal cells with TCR-V9. Inverse long PCR
analysis in the same patient showed multiple minor bands in the
CD3H™CD7'% subpopulations (Fig. 4D). These results did not
conflict with those of the TCR-V repertoire analysis, as the
inverse long PCR method is a more sensitive method for detect-
ing small clones compared with flow cytometry. Taken together,
the series of analyses in the present study indicated that the
CD3™CD7Y subpopulations consist of highly purified ATL
cells in patients with acute-type ATL.

Tian et o/,

- Atypical cell
o Abnormal cell

A substantial proportion of cells in the CD3¥MCD74™ qub-
population consisted of morphologically abnormal lymphocytes
(Fig. 6) that exhibited upregulation of CD25 and CCR4 expres-
sion (Fig. 3A,B). Using the inverse long PCR method, a similar
band pattern between CD3™CD7%™ and CD3MCD7% sub-
populations was observed in patients no. 6 and 8, suggesting that
these cells belonged to the same clone (Fig. 4A,B). However,
not all of the cells in this subpopulation were infected with
HTLV-I because the HTLV-I proviral load was less than that of
the CD3%™CD7"Y subpopulation (Fig. 2). Thus, at least a small
number of the CD3%™CD7%™ cells were expected to be ATL
cells. Those cells observed in the CD39MCp79™ «subpo;lmlation
that were phenotypically different from the CD3%™CD7"Y sub-
populations were of particular interest. We detected a band of
the same size on inverse long PCR in the CD3%™CD79™ gub-
populations as in the CD3%™CD7Y subpopulation. This may
have been because the  two subpopulations originated from
the same” clone ‘that evolved from a CD3¥CD79M (o 4
CD3%™CD7 phenotype. Further studies are required to deter-
mine the characteristics of the CD3*™CD7%™ subpopulation in
greater detail. ,

The results of the present study indicated that HTLV-I-
infected cells distribute from a CD7"#" to a CD7"* subpopula-
tion, although the proportion of HTLV-I-infected cells was
remarkably low in the CD3"8"CD7"2" subpopulation (Fig. 2).
A considerable proportion of cells in the CD3"E"CD7ME gyp.
population consisted of morphologically. atypical lymphocytes
(Fig. 6), but the CD25 and CCR4 levels were not upregulated
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(Fig. 3A,B). When analyzing the pattern of the inverse long
PCR of the CD3"8"CD7"8" subpopulations, we observed a dif-
ference from those of the CD3*"CD7%™ and CD3*"CD7"™
subpopulations (Fig. 4). In patients no, 6 (Fig, 4B) and 7
(Fig. 4C), the band detected in the CD3"E"CD7"¢" subpopula-
tion may represent an expanded clone that was not transformed.
Most likely, these cells do not represent ATL cells, but oligoclo-
nal HTLV-I-infected lymphocytes. Previous studies indicated
that HTLV-I-infected cells undergo transformation through
multi-step oncogenesis.®? A detailed analysis of these three
subpopulations may therefore provide some insight into the
oncogenesis of HTLV-I-infected cells.

Accurate determination of ATL cells in peripheral blood
is critical for estimating the response to chemotherapy. How-
ever, as discussed above, morphological studies (Fig. 6) have
limitations in_their ability to discriminate ATL from non-
ATL cells.®3?_ Recently, hematopoietic stem cell transplan-
tation has been explored as a promising treatment to over-
come the poor prognosis of this most incurable lymphoid
malignancy,®>*® and monitoring minimal residual disease
following hematopoietic stem cell transplantation is more
important. Our method of analyzing ATL cells may be par-
ticularly useful for monitoring minimal residual disease.
Although the CD3%™CD7%™ subpopulation in our analysis
may have included some ATL cells, this is a minor popula-
tion in the peripheral blood of patients with acute-type
ATL&nand it is sufficient for practical use to monitor the
CD34™CD7"% subpopulation. Another possible use of our
procedure is for the definitive classification of ATL subtypes
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according to Shimoyama’s criteria.® A proportion of abnor-
mal lymphocytes in peripheral blood comprise part of the
criteria for ATL-subtype classification but it is sometimes
confusing. Our multi-color FACS system may clearly quan-
tify this proportion.

In conclusion, we have constructed a multi-color FACS system
to purify ATL cells in the peripheral blood of patients with acute-
type ATL. This system may be useful for precisely monitoring
the disease during chemotherapy, detecting minimal residual
disease and analyzing ATL cells. This system may be of great
benefit in investigating oncogenesis in HTL V-I-infected cells.
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Abstract Adult T-cell leukemia—lymphoma (ATL) has a
very poor prognosis. Since there currently are limited
treatment options for ATL patients, several novel agents
are being developed and tested clinically. Antibody therapy
against ATL was initially started with interleukin-2
receptor ¢-subunit, CD25, as a target molecule in the late
1980s, and is currently ongoing. CC chemokine receptor 4
(CCR4) was postulated as a novel molecular target in
ATL antibody therapy, and humanized anti-CCR4 mAb
(KW-0761), whose Fc region was defucosylated to
enhance antibody-dependent cellular cytotoxicity, was
developed. A phase I study of KW-0761 in relapsed ATL
and peripheral T-cell lymphoma was started in 2006, and a
subsequent phase II study was completed in 2010. KW-
0761 showed a clinically meaningful antitumor activity in
patients with relapsed ATL, with an acceptable toxicity
profile. The prognosis of ATL patients should be improved
in the near future with clinical applications of novel
treatment strategies, including those involving KW-0761
and other promising antibody therapies targeting CD25 or
CD30.
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1 Imtroduction

Adult T-cell leukemia~lymphoma (ATL) is a peripheral
T-cell neoplasm caused by human T-cell leukemia virus
type-1 (HTLV-1) [1-3] that has a very poor prognosis. The
clinical features of 818 ATL patients with a mean age of
57 years, newly diagnosed from 1983 to 1987, were ana-
lyzed by Shimoyama [4] who demonstrated that the median
overall survival (OS) was 6.2 and 10.2 months for acute
and lymphoma type ATL, respectively.

2 Conventional chemotherapy for ATL

A most recent phase III trial for previously untreated
aggressive ATL (acute, lymphoma, or unfavorable chronic
type), with enrollment between 1998 and 2003, demonstrated
that dose-intensified multidrug chemotherapy, including
vincristine, cyclophosphamide, doxorubicin, prednisone,
ranimustine, vindesine, etoposide, and carboplatin (VCAP-
AMP-VECP), was superior to CHOP-14 and resulted in a
median OS of 12.7 months, and an OS at 3 years of 24% [5].
Comparing two reports of Shimoyama [4] and Tsukasaki
et al. [5], chemotherapy for ATL seems to have been
improved. However, some of the ATL patients who were in
good physical condition, relatively young and with preserved
organ functions, could be enrolled into the later VCAP-AMP-
VECP study, which likely might lead to a prolonged OS. A
vast knowledge in molecular biology and oncogenesis of
ATL has been accumulated since its recognition as a distinct
disease in 1977 [1], and discovery of its causative virus in
1980-1982 [2, 3, 6], however, this knowledge does not seem
to have contributed extensively to an improved clinical
prognosis of ATL patients. Conventional chemotherapy
seems to have reached its attainable limits of efficacy in ATL.
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3 Antiviral therapy for ATL

Antiviral therapy, consisting of a combination of zidovu-
dine (AZT) and interferon (IFN), was initially reported

with a median OS of 3.0 months in 19 patients with acute.

or lymphoma type ATL [7]. Recently, Bazarbachi et al.
proposed—based on a meta-analysis—that AZT/IFN
should be considered the gold standard of first-line therapy
for patients with acute, chronic, or smoldering types of
ATL. They reported a median OS of 9 months for acute
type ATL treated with AZT/IFN [8]. Considering this
report together with the results of conventional chemo-
therapy, such as VCAP-AMP-VECP [5], it is difficult to
conclude that AZT/IFN therapy should be considered as a
standard first-line therapy in acute ATL [9]. As for chronic
and smoldering types of ATL, Bazarbachi et al. reported
100% OS beyond 5 years, even though the number of
patients in their study (n = 17) was small. This OS is
surprisingly good, considering the report from Takasaki
et al. that a 5-year OS was 47.2% in patients with chronic
and smoldering types of ATL who were mainly observed
by a watchful waiting policy until disease progression
(n = 90) [10]. Considering the promising but preliminary
nature of the results by Bazarbachi et al., the Japan Clinical
Oncology Group is now planning a randomized phase 111
study that will compare the outcome of AZT/IFN versus
watchful waiting in patients with favotable chronic and
smoldering types of ATL. This study will establish the
standard care for patients with non-aggressive ATL. On the
other hand, it appears that antiviral therapy alone is likely
to have the same limited efficacy in aggressive ATL as
does conventional chemotherapy.

4 Allogeneic hematopoietic stem cell
transplantation in ATL

Allogeneic hematopoietic stem cell transplantation in ATL
has evolved over the last decade into a potential approach
to bring complete cure to ATL patients [11-13]. Recently,
Hishizawa et al. [14] reported a Japanese nationwide ret-
rospective study of allogeneic stem cell transplantation in
ATL, in which the unadjusted 3-year probability of OS was
33% (95% Cl 28-38%), which seems promising. The study
revealed that an age higher than 50 years was significantly
associated with lower survival rates by a multivariate
analysis, even though ATL has a long latency and occurs in
elderly individuals with a median age of 60 years. The
study also revealed that a status other than complete
remission (CR) was significantly associated with lower
survival rates by multivariate analysis, even though the CR
rates of patients treated with VCAP-AMP-VECP and
CHOP-14 were only 40% (95% CI 27.6-54.2%) and 25%
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(95% CI 14.5-37.3%), respectively [5]. These results
indicate that only a small fraction of ATL patients cur-
rently benefit from allogeneic stem cell transplantation.
Collectively, the development of alternative treatment
strategies for ATL patients is an urgent issue.

5 Development of novel agents in the freatment of ATL

There are currently limited treatment options for ATL
patients, as mentioned above, although several novel
agents are currently being developed and tested clinically.
Bortezomib, which inhibits the proteasome, is now widely
used for relapsed or refractory multiple myeloma [15]. This
agent induces cell death in HTLV-1-associated cell lines
and in primary ATL cells in vitro via multiple pathways,
including NF-kB inhibition [16, 17]. A phase II study of
bortezomib in relapsedfrefractory ATL is curently ongo-
ing (UMINO00004061). The immunomodulatory agent
lenalidomide is active in a variety of hematological
malignancies, including multiple myeloma [15] and B-cell
Jymphomas. A dose-escalation study to assess the safety
of lenalidomide in patients with advanced ATL and peri-
pheral T-cell lymphoma (PTCL) is also currently ongoing
(ClinicalTrials.gov: NCT01169298). In addition, other agents,
including the histone deacetylase inhibitor vorinostat and
the folate analog pralatrexate, are now being considered for
clinical trials-in ATL patients, whereas the present paper is
focused on the development of antibody therapy for ATL.

6 Antibody therapy for hematological malignancies

The use of therapeutic monoclonal antibodies (mAb) in the
treatment of cancer has evolved into a promising approach
over the last decade: In the clinical field of hematological
malignancies, development of the chimeric anti-CD20

mAb rituximab has changed the standard therapy in

patients with B-cell lymphomas and has markedly
improved their prognoses [18, 19]. The success of anti-
CD20 therapy in B-cell lymphoma is prompting investi-
gators (o search for a similarly efficacious mAb in T-cell
lymphoma.

7 CD25 targeting therapy in ATL

7.1 Unmodified anti-CD25 antibody therapy

Antibody therapy against ATL was initially started by
Waldmann et al. Because :ATL cells constitutively express

interleukin-2 (IL-2) receptor o-subunit, CD25 {20, 21],
they assigned this molecule as a target of antibody therapy.
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They developed a mouse 1gG2a mAb, termed anti-Tac, that
recognized CD25 [22]. Since this antibody blocks the
binding of IL-2 to its receptor on ATL cells, they postu-
lated that anti-Tac mAb prevented ATL cell proliferation.
Among 9 ATL patients treated with ant-Tac mAD,
objective responses were observed in two patients (22%),
including one CR [22]. Further evaluation of this agent in
19 ATL patients was performed, and objective responses
were observed in six patients (32%), including 2 CRs and 4
partial remissions (PRs) [23]. Although the use of
unmodified anti-Tac mAb in the treatment of ATL seems
encouraging, there are several problems. One obstacle to
the success of this antibody was provided by the observa-
tion that the ATL cells of most patients in the aggressive
phase no longer produce IL-2 or require TL-2 for their
proliferation and survival [24]. Another obstacle was the
appearance of antibodies against anti-Tac mAb, i.e. human
anti-mouse antibody (HAMA). HAMA was observed in
11.1% (1/9) of patients in the former [22] and in 15.8%
(3/19) of patients in the latter study [23]. The appearance of
HAMA is a common obstacle to success of therapeutic
mouse mADb such as anti-Tac [253]. Rodent mAbs have short
half lives in humdm and induce an immune response that
neuualms their therapeutic effect. Furthermore, the mur-
ine antibodies only weakly recruit buman effector cells or
elements, leading to insufficient ADCC (antibody-depen-
dent cellular cytotoxicity) or CDC (complement-dependent
cytotoxicity). These limitations of mouse antibodies have
largely been overcome by theu ‘chimerization, or human-
ization, or by the production of fully human antibodies
[26], and such advances have ushered in the current era of
antibody therapeutics. In the context of this scenario,
Queen et al. also generated a humanized version of the
anti- Tac mAb (daclizumab) [27]. In cell lines, it was
1hought that daclizumab blocked the interaction of IL-2 and
its receptor, resulting in apoptotic cell death. Clinical
efficacy in ATL was achieved predominantly in patients
with smoldering or chronic ATL. Responding patients were
hy pothcsucd to have a bloukaoc of the TL-2-1L-2 receptor
autocrine pathway. Unlike other therapeutic mAb used in
the treatment of human malignancies, daclizumab did not
seem Lo have a strong cytocidal activity [24]:

7.2 Radionuclide/toxin-conjugated CD25
targeting therapy

The limited efficacy of .unmodified anti-CD25 antibody
therapy prompted investigators to develop an alternative
approach to enhance antitumor activity, i.e., using this
agent as a carrier of radionuclides or toxins. Waldmann
et al. [28] administered 5, 10, 15 mCi Yitrium-90-conju-
gated anti-Tac to 18 ATL patients, and 9 (7 PR and 2 CR)

of 16 (56%) evaluable patients responded. Grade 3 and
more severe therapy-related adverse events, such as
granulocytopenia and thrombocytopenia, were limited to
the hematopoietic system, however, a significant fraction
of patients also developed HAMA, thus preventing the
ability to administer repeated treatments.. A Pseudomonas
exotoxin A-single chain anii-CD25 (s¢) Fy-fragment
fusion protein (LMB-2) showed promising results in IL-2
receplor g=expressing Ivmphmd malignancies, including
ATL [29]. A phase II trial of LMB-2 combined with
fludarabine and. oyclophosphamlde for ATL is currently
ongoing (ClinicalTrials. gov: NCT00924170) Other app-
roaches to CD25 receptor-targeted therapy. use ligand-
toxin fusion molecules. Denileukin diftitox (Ontak) is a
recombinant fusion protein composed of diphtheria toxin-
A and a human TL-2 fragment [30]. It is able to direct.its
cytotoxic action: to cells expressing a functional 1L-2
recéptor, and when it is internalized, active diphtheria
toxin is released to kill tumor cells, In a pivotal trial in 71
patients with advanced refractory cutaneous T-cell lym-
phoma (CTCL), Ontak produced a 30% response rate with
10% CRs [31], while this study did not include ATL
patients. Now, a phase I study of the efficacy and toxicity
of Ontak in the therapy of ATL is ongoing (Clinical-
Trials.gov: NCT00117845). ”

8 CC chelnokiné receptor 4 (CCR4)~targeting anﬁ'body
- therapy fox: ATL

8 1 ATL and CCR4

Chcmokmes are a group of btructuml!y related . small
cytokines (814 kDa) that play essential roles in migration
and homing of lymphocytes., Individual T-cell subsets
express specific sets of. chemokine receptors that impart
unique migration and tissue homing properties to the cells
[32], so manipulating a specific chemokine network: can
lead to altered behavior of the corresponding functional
T-cell subset. CCR4 is known to be expressed selectively
on regulatory T (Treg) and type 2 helper T (Th) cells
[33-37] (Fig.-1). Yoshie et al. first carried out RT-PCR
analysis of CCR4 in peripheral blood mononuclear cells
(PBMCs) from ATL patients, and observed strong signals
in 22 out of 24 patients.(92%).. They also showed that most

ATL cases were positive for CCR4 by flow cytometric

analysis (8/10, 80%) and immunologic staining of blood
smears (6/7, 86%) [38]. We also performed an extensive
immunohistochemical study of CCR4 on tissue biopsy
samples from 103 ATL patients, and then reported that
tumor cells from;'a large majority of patients with ATL
expressed CCR4 (917103, 88.3%) [39].
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anti-CCR4 monoclonal antibody

N-terminat

Extracellular regions of CCR4

C-terminal

Fig. 1 CC chemokine receptor 4 (CCR4) and humanized anti-CCR4
monoclonal antibody, KW-0761. The CCR4 gene is located on
chromosome 3p24. CCR4 is a seven-domain transmembrane G
protein-coupled receptor, and TARC/CCL17 and MDC/CCL22 are
ligands of CCR4, The anti-CCR4 monoclonal antibody recogmze% the
N-terminal portion of the CCR4 molecule

8.2 Importance of ADCC in antibody therapy

ADCC is triggered following binding of the antibody Fc
region to the Fcy-receptor (FeyR) on effector cells, and is
believed to represent the major in vivo antitumor mechanism
of the antitumor therapeutic mAbs such as rituximab, trast-
uzumab, and alemtuzumab [40-42). Tn particular, Carton
et al. [42] found that follicular lymphoma patients homo-
zygous for FeyR1Ta-158VV, which has the highest affinity
for the IgG1 Fc region, have the best clinical and molecular
responses to rituximab, The clear role for FeyR-bearing
effectors in mediating the response to rituximab in clinical
settings furt’he:rdemonstrates the‘importance of ADCC.

8.3 ADCC-enhancing defucosyhtecl mAb

ADCC requires the presence of olwosacchandes in the Fe
region and is sensitive to change in-the oligosaccharide
structure [43]. Of all the sugar components in the oligo-
saccharide, galactose, bisecting-GleNAc, and fucose [44,
45] have been reported to affect ADCC. Shinkawa et al.
[45] reported that fucose was the most important of these
sugar components, and  that defucosylation of IgGl
enhanced their- ADCC »50-fold. The influence of non-fu-
cosylated oligosaccharide on ADCC has also ‘been reported
by Shields et al. [44]. Subsequently, we revealed that
fucose depletion of IgG1 could reduce the antigén amount
on target cells required for the same’ level of ADCC
induction by 3- to '10-fold [46]. Recently, it has been
generally accepted that endogenous plasma IgG inhibits
ADCC mediated by the therapeutic mAb by a competition
for binding to Feyllla on effector cells, especially NK cells
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[47]. Tida et al, [48] reported that defucosylated IgG1 can
evade the inhibitory effect of plasma IgG on ADCC
through its high level of FeyRIIla binding. Defucosylated
IgG1 also has increased binding affinity to FcyRIIIb on
neutrophils, leading to enhanced antibody-dependent neu-
trophil phagocytosis [49].

8.4 Preclinical study of the therapeutic defucosylated
anti-CCR4 mAb

The work demonstrating that CCR4 was expressed on
tumor cells from most ATL patients prompted us 1o pos-
tulate that this molecule might represent a novel molecular
target for mAb therapy in ATL. Together with the ADCC-
enhancing defucosylation technology. the therapeutic chi-
meric (KM2760) and humanized (KW-0761) anti-CCR4
mAbs were developed [50, 51] (Fig. 2). The therapeutic
defucosylated anti-CCR4 mAb induced a robust ADCC
activity against not only CCR4-positive human ATL cells,

‘but also against other types of CCR4-positive human leu-

kemia/lymphoma lines in the presence of PBMC from
healthy individuals in 4 dose-dependent manner in vitro. In
addition, a robust ADCC of the therapeutic defucosylated
anti-CCR4 mAb mediated by autologous effector cells was
triggered in some ATL cells as well as cells from other
types of PTCL patients in vitro [52, 53].

Next, we evaluated antitumor activity of this antibody in
mice in vivo, and this mAb demonstrated a significant
antitumor effect in disseminated and non-disseminated
CCR4~pt}siiive.',]’ymphoma models in SCID mice [54, 55].
The defucosylated anti-CCR4 mAb can induce a highly
enhanced ADCC activity, but it does not mediate comple-
ment-dependent cytotoxicity or possess direct antitumor
activities [51, 52]. ADCC depends on the cytotoxic activity
of immune effector cells, so to evaluate the antitumor
effects of therapeutic mAb in a small animal model in vivo,
the species mcompatibﬂlty of the immune systems in
humans and ammalq is a critical issue. Indeed, we have
previously reported that the mouse effector system medi-
ating the antitumor action of therapeutic mAb does differ
from that of the human [54, 55]. Thus, a current crucial
problem in the field of human ADCC research is the lack of
suitable small animal models. To overcome this, we have
recently established “humanized mice,” in which Human
immune cells mediate the antitumor action of the ‘thera-
peutic mAb, using NOD/Shi-scid, IL-2Rynull (NOG) mice
[56. 57] as recipients. In this model, we showed that human
PBMC “from healthy ‘individuals functioned as ADCC
effector cells against allogeneic tumor cell lines engrafted
in the mice [58]. Using this humanized mouse model, we
had the opportunity to perform more appropriate preclinical
evaluations of many types of Ab-based immunotherapy,
although in the initial study we could not completely
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Fig. 2 Development of the

Anti-CCR4 monocdlonal antibodies

therapeutic anti-CCR4

monoclonal antibodies. The /
structure of oligosaccharide in
the Fe region of human IgGl is
shown. Antibody-dependent
cellular cytotoxicity (ADCC)
requires the presence of
oligosaccharides in the Fe
region and is sensitive to change
in the oligosaccharide structure.
Of all the sugar components in
the oligosaccharide, fucose has

*Asn297Jinked

‘mouse antibody

{ref3s)

defucosylated

, defucosylated ™,
chimermanﬁbociy

, humm%zedamxbcdy ;

the most important influence on
ADCC. The therapeutic anti-
CCR4 mAbs, KM2760 and
KW-0761, whose Fc regions are
defucosylated were developed
to enhance ADCC activity by
increasing its binding affinity to
the Fe receptor on effector cells

exclude nonspecific allogeneic immune responses because
target and effector cells were obtained from different indi-
viduals. To overcome these problens, we have established a
primary human-tumor-bearing NOG mouse model, in
which autologous human immune cells are engrafted and
mediate ADCC, and endogenous murine cells are unable to
mediate ADCC. In that study, we used primary ATL cells-
bearing NOG mice. The therapeutic anti-CCR4 mAb
showed significant antitumor activity against the primary
ATL cells in the NOG mice in vivo by a robust ADCC
mediated by autologous effector cells [59]. That study was
the first to report on a mouse model in which a potent
antitumor effect of the therapeutic mAb against primary
tumor cells was mediated by autologous human immune
cells. This approach should make it possible to model a
human immune system that is active in mAb- based immu-
notherapy in vivo, and thus to carry out more dppx()plldte
preclinical evaluations of novel therapeutic mAbs

8.5 Clinical studies of KW-O?(SI

Based on the promising results of this preclinical’ work,

KW-0761 moved to the clinical phase. Yamamoto et al.
[60] reported the results of a multicenter phase I study of
KW-0761 in Japan (Clinicaltrials.gov: NCT00355472) in

patients with relapsed CCR4-positive T-cell leukemia/

lymphoma, including 13 ATL, 2 PTCL-not otherwise
specified, and a mycosis fungoides. This phase 1 study was
the first clinical trial to examine the safety and efl ﬁcacy ofa
next-generation deiucosylalcd (hm apeutic antibody against

cancer. The study demonstrated uood tolerability and pre-

dictable phdrma(,okmqu,xs,‘ and resulted in a recommended
dose of 1.0 mg/kg for subsequent clinical trials. This study
also demonstrated preliminary evidence of potent antitumor

activity, thus, objun\m responses were observed in 31% of -

162

Asn297-linked oligosaccharides

High ADCC defucosylation
technology
{ref44)

patients, with 13% CRs. Among 13 ATL patients, objective
responses were observed in 31% of patients, with 15% CRs.
In this study, clinical responses were observed even at
0.01 mg/kg, which is approximately 1/1,000 of the ’ritujx~
imab dose of about 10 mg/kg (375 mg/m?) [18, 19]. The
clinical effect observed at the 0.01 mg/kg dose of KW-0761
would be consistent with the concept of using defucosyla-
tion of therapeutic mAbs to enhance ADCC [45].

We subsequently carried out a multicenter phase II study
of KW-0761 in patients with relapsed, aggressive CCR4-
positive ATL in order to evaluate efficacy, pharmacoki-
netic profiles, and safety. The patients received 8 weekly
intravenous infusions of KW-0761 at doses of 1.0 mg/kg.
Objective responses were noted in 13 of 26 evaluable
patient% including 8§ CRs, with an overall response rate of

% (95% CI 30-70%) (Ishida et al., ASH Annual Meeting
Abstractc. 2010 116: Abstract 285) The median progres-
sion-free and OS were 5.2 and 13.7 months, respectively.
These results suggested an improvement compared to the
results achmved with other agents in 1elap‘;ed ATL [61].
The most common adverse events were mfusmn reactions
and skin rashes, which were manageable and reversible in
all cases. Colleclwaly, this phase II study demonstrated
that KW-0761 showed clinically meaningful antitumor
activity in patients with relapsed ATL, with an acceptable
toxicity profile. Based on this phase II study, an application
has been submitted for approval of KW-0761 use in relapsed
CCR4-positive ATL to Pharmaceuticals and Medical Devices

~Agency (PMDA), Japan, in April, 2011,

Following upon a phase IT study, JCOG9801, on untreated

~aggressive ATL [5], the present promising results of KW-

0761 nmi}bthcrapy prompted us to conduct a subsequent
randomized trial of VCAP-AMP-VECP chemotherapy with
or without KW-0761 for previously untreated ATL (Clini-
caltrials.gov:NCTO01173887). CCR4 is also expressed on
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tumor cells from a subgroup of PTCL, other than ATL,
which also has an unfavorable prognosis [62, 63]. Thus, we
are currently conducting a phase II study of KW-0761
monotherapy in relapsed CCR4-positive PTCL (Clinical-
trials.gov: NCT01192984). In addition, Duvic et al. recently
reported a phase I/Il study of KW-0761 in refractory CTCL.
They found that KW-0761 was well tolerated at doses of
0.1-1.0 mg/kg, and a promising overall response rate of 39%
(15/38) was achieved, though expression of CCR4 on lym-
phoma cells was not included as one of the eligibility criteria
(ASH Annual Meeting Abstracts 2010 116: Abstract 962,
Clinicaltrials.gov: NCT00888927). The history of transla-
tional research on the anti-CCR4 mAb is shown in Fig. 3.

8.6 Possible future direction of KW-0761

It has been generally accepted that an increased concen-
tration of Treg cells in the tumor microenvironment plays
an important role in tumor escape from host immunity in
several different types of cancer. Moreover, Treg cells
infiltrating the tumor may represent one of the main
obstacles 10 successful tumor immunotherapy. Therefore,
depletion of Treg cells in the vicinity of tumors is a
potentially promising strategy for boosting tumor-specific
immunity [64-66], We showed that the therapeutic anti-
CCR4 mAb actually depleted Treg cells in vitro [36, 52],

o e
el : .
Complete Response

#.

3 Tlymphoma

)

Anti-CCR4 mAbas ananti-Treg agent
: fref.36) ‘
Development of KIM2760
{ref.50}
CCR4 exprassion in peripheral T-gell lymphoma -
{ref. 62}
CLRY expressionin ATL *
fref 3839}
Development of KM2160
{ref. 23}

and, furthermore, that it also had this activity in vivo in
humanized mice [58]. Collectively, these data suggest that
therapeutic defucosylated anti-CCR4 mAb could -also be
used in novel strategies for treatment of many types of
cancer to overcome the suppressive effect of CCR4-
expressing Treg cells on the host’s immune response to
tumor cells. Simultaneously, attention should be paid to the
immune-related adverse events caused by KW-0761, as
observed in the anti-CTLA4 mAD, ipilimumab, study [67].

9 Other antibody therapies for ATL

A clinical trial of anti-CD32 antibody (alemtuzumab) for
ATL has been conducted, but the obtained information is
currently limited (Clinicaltrials.gov: NCT00061048). The
antitubulin agent monomethyl auristatin E (MMAE) was
attached to a CD30-specific mAb by an enzyme-cleavable
linker, thus producing the antibody—drug conjugate bren-
tuximab vedotin (SGN-35). Brentuximab vedotin induced
durable objective responses and resulted in tumor regres-
sion in most patients with relapsed or refractory CD30-
positive lymphomas [68]. Although ATL patients were not
included in this study, a subgroup of ATL is positive for
CD30 [39], thus brentuximab vedotin might be worth try-
ing in such subgroups of ATL.

. Phase {1 for relapsed PTCLIn Japan
\ {20104

Phase it for untraated ATL In fapan (2010

Phase I/lia for relapsed PTCL in the USA
{2009-10}

Phase 1 for retapsed ATL In Japan (2009-10}

KW-0761 mediated potent
antitumor activities invitro and vivo
fref.51}

KM2760 médlated antitumor
activity inhumanized mice models
{ref. 58,59}

KV12760 mediated potent
antitumor activity inmice models
{ref 53, 54,55}

KMZ760 mediated potent ADCCinvitro
' {ref 46,52}

Fig. 3 Translational research of the iinti»CCR%l mAb. Based on the preclinical studbilcs-—'such\as CCR4 expression in primary A'IL cells, potent
antitumor activity of the anti-CCR4 mAD against ATL cells in vitro and in mice in vivo—clinical trials of KW-0761 in ATL/PTCL were started
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10 Future directions for care-giving of HTLV-1
carriers and treatments of ATL patients

Finally, we would like to discuss the possible future
directions for care-giving of HTLV-1 carriers and weat-
ments of ATL patients. HTLV-1] is transmitted mainly from

mother to infant through breast milk, and then only a small

subpopulation of the virus-infected individuals (approxi-
mately 5% of subjects) progresses to ATL after a long
latency period of about 50-70 years [69]. Although we
now have only few ideas of what kind of HTLV-1-infected
individuals develop ATL, a recent cohort study of 1,218
asymptomatic HTLV-1 carriers demonstrated that high
proviral load levels (especially >4 copies/100 PBMCs),

advanced age, family history of ATL, and having first
learned about the HTLV-1 infection during treatment of
other diseases were independent risk factors for progres-
sion from carrier status to ATL [70]. In the context of this
scenario, the establishment of prevention strategies in ATL
development in such high risk HTLV-1 carriers is expected
(Fig. 4, @). Although, at the present time, smoldering or
favorable chronic type ATL patients should be considered
for watchful waiting or AZT/IFN therapy [71], the estab-
lishment of more effective treatment options leading to
inhibition of the development of aggressive ATL in such
indolent ATL patients is also expected (Fig. 4, @®). It is
now generally accepted that conventional chemotherapy
alone seems to have reached the limits of efficacy and

Fig. 4 Future directions for
care-giving of HTLV-1 carriers
and treatments of ATL patients.
The current and future
directions for care-giving of
HTLV-1 carriers and treatments
of ATL patients are described

The current care-giving of HTLV-1 carriers and

= Asymptomatic HTIV-1 carrier

i ﬁmaiéermgw or favami&ie chmmc:«tym ATL
L—> watch and wait or AZ'{iim

» Acute-, ig«'mphamaw or %xs%%‘awm?zie chronic-type ATL

s Dose mi:erts:fmd chamni’herapy
s aiiogenexc hemam meﬁc stem cell transpiantatmn

A part of patients, who are yaungez{ have achieved sufficient dis&ase coxz_tml;,
.and have an appwpr;ate stam cell saurce,‘ham;th,e ctxance.,

treatments of ATL patients

iium re directions for care-giving of HTLV-1 carriersand

A symptomatic HTLV-1 carrier

treatments of ATL patients
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presents an extremely low prospect for cure in patients with
aggressive ATL [68]. Therefore, there is an urgent need for
development of ideal treatment strategies—applied as
monotherapy or combined with the current conventional
chemotherapy—which will offer a more prolonged survival
and lead to a complete cure of some patients with
aggressive ATL (Fig. 4, ®@). These novel treatments should
simultaneously increase the percentage of ATL patients
who are in sufficient disease control—possibly leading to
an improvement in allogeneic hematopoietic stem cell
transplantation for ATL—and rescue some patients who
have relapsed after transplantation (Fig. 4, ®). Clinical
applications of novel treatment strategies, including those
involving KW-0761 and other promising antibody thera-
pies mentioned in this paper, will make a contribution at
each stage of the disease, from HTLV-1 carrier status to
aggressive ATL, and provide a more favorable prognosis.
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CLINICAL TRIALS AND OBSERVATIONS

Type of skin eruption is an independent prognostic indicator for adult T-cell

leukemia/lymphoma
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Cutaneous involvement is seen in ~ 50% of
aduit T-cell leukemia/lymphoma (ATLL) pa-
tients. We investigated the association be-
tween skin eruption type and prognosis in
119 ATLL patients. ATLL eruptions were cat-
egorized into patch (6.7%), plaque (26.9%),
multipapular (19.3%), nodulotumoral (38.7%),
erythrodermic (4.2%), and purpuric (4.2%)
types. When the T stage of the tumor-node-
metastasis-blood (TNMB) classification of
mycosis fungoides/Sézary syndrome was
applied to ATLL staging, 16.0% were T1,
17.7% T2, 38.7% T3, and 4.2% T4, and the

remaining 23.5% were of the multipapular
and purpuric types. For the patch type,
the mean survival time (median survival
time could not be estimated) was 188.4
months. The median survival times (in
months) for the remaining types were as
follows: plaque, 114.9; multipapular, 17.3;
nodulotumoral, 17.3; erythrodermic, 3.0;
and purpuric, 4.4. Kaplan-Meier curves of
overall survival showed that the erythro-
dermic type had the poorest prognosis,
followed by the nodulotumoral and multi-
papular types. The patch and plaque types

were associated with better survival rates.
Multivariate analysis demonstrated that
the hazard ratios of the erythrodermic
and nodulotumoral types were signifi-
cantly higher than that of the patch type,
and that the eruption type is an indepen-
dent prognostic factor for ATLL. The over-
all survival was worse as the T stage
became more advanced: the multipapular
type and T2 were comparable, and the
purpuric type had a significantly poorer
prognosis than T1. (Blood. 2011;117(15):
3961-3967)

Introduction

Adult T-cell leukemia/lymphoma (ATLL) is a malignancy of mature
CD4" T cells caused by the human T-cell lymphotropic virus type I
(HTLV-1).1* HTLV-1 infection is prevalent in southern Japan, espe-
cially in Kyushu,** and in the Caribbean region and Africa.57 Based on
the number of abnormal lymphocytes, organ involvement, and severity,
ATLL is divided into 4 clinical categories: acute, lymphoma, chronic,
and smoldering (Shimoyama classification).® This classification is the
most common tool used for estimating the prognosis of ATLL patients.
The smoldering type has the best prognosis, followed by the chronic
type, lymphoma type, and acute type. The median survival times
(MST5) of the acute, lymphoma, and chronic types are 6.2, 10.2, and
24.3 months, respectively.® Thus, the acute and lymphoma types of
ATLL are associated with remarkably poor prognoses despite advances
in chemotherapy and allogeneic hematopoietic stem cell transplanta-
tion>!! In contrast, the chronic and smoldering types are relatively
indolent and can usually be managed with “watchful waiting” until the
disease progresses to acute crisis, just as smoldering (asymptomatic)
myeloma is managed.'?

Studies have attempted to identify other prognostic factors for
survival of ATLL patients. Advanced performance status, high
blood lactate dehydrogenase (LDH) level, age of 40 years or more,
more than 3 involved lesions, and hypercalcemia have all been
associated with shortened survival.!> The existence of hepatospleno-
megaly and lymphadenopathy also indicates poor prognosis.®4
However, there has been no large study on the correlation between
the type and spread of skin eruptions and the prognosis of ATLL.

Because cutaneous involvement can be recognized in approxi-
mately 50% of ATLL patients,!%16 the evaluation of skin lesions in
relation to prognosis is important. Tumor cells infiltrating the skin
exhibit several differences in phenotype and function.!”18 ATLL
patients can develop various types of eruptions, including nodules,
tumors, plaques, erythrodermas, and even purpuric lesions, %20 and
the categorization of these eruption types remains unclear. In this
study, we retrospectively analyzed the prognosis of ATLL on the
basis of the skin manifestations. We classified the skin eruptions
and applied the T stage of the tumor-node-metastasis-blood (TNMB)
classification for mycosis fungoides (MF) and Sézary syndrome
(SS) to the type of skin lesions of ATLL. Our results indicate that
eruption type is a predictor for prognosis.

Methods

Patients

We analyzed 119 patients with newly diagnosed, untreated ATLL who had
skin eruptions and were seen at the University of Occupational and
Environmental Health and Kyushu Kosei Nenkin Hospital from April 1979
to December 2009. The cutoff date for analysis was June 2010. The
diagnosis of ATLL was based on clinical features, histopathologically and
cytologically proven mature T-cell malignancy, presence of anti—-HTLV-1
antibody, and monoclonal integration of HTLV-1 proviral DNA into the
blood and/or skin tumor cells, as described previously.?32122 The subtypes
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Figure 1. Clinical features of ATLL with skin eruptions. (A) Patch type, (B) plaque
type, (C) multipapular type, (D) nodulotumoral type, (E) erythrodermic type, and
(F) purpuric type.

of ATLL were classified according to the criteria established by the
Lymphoma Study Group of Japan Clinical Oncology Group (Shimoyama
classification).? Our retrospective, nonrandomized, observational study
using existing data was granted an exemption from the institutional review
board and was exempt from the requirement for written informed consent in
accordance with the Declaration of Helsinki.

Clinical evaluation and definitions

The patients were categorized into 2 age groups: younger than 60 years and
60 years or older. Complications at diagnosis were classified into present
and absent. Leukocytosis and lymphocytosis were defined as white blood
cell count more than 12 X 10%/L, and total lymphocyte count more than
6.5 X 10°/L, respectively. LDH and calcium levels were classified into
2 groups according to a standard index.'3 We categorized skin eruptions of
ATLL into 6 different types: patch, plaque, multipapular, nodulotumoral,
erythrodermic, and purpuric (Figure 1). We defined the criteria for
categorizing ATLL-related skin involvement into the patch type as no
infiltrated erythema, the plaque type as infiltrated erythema, the multipapu-
lar type as multiple papules with diameter less than 1 cm, the nodulotu-
moral type as nodules or tumors with diameters more than 1cm, the
erythrodermic type as generalized erythema involving 80% or more of the
patient’s skin, and the purpuric type as red or purple discolorations that did
not change with diascopy.

Statistical analyses

Overall survival (OS) was defined as the time from the date of first
diagnosis to the date of death or the latest contact with the patient. Survival
curves were drawn using the Kaplan-Meier method and were compared
with the log-rank test. P values were calculated using the generalized
Wilcoxon test. MST was defined as the time point at which the Kaplan-
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Meier survival curves crossed 50%. Mean survival time was provided when
MST could not be calculated. To examine the multiple comparisons of the
factors and of the pairs of groups, univariate and multivariate Cox
regression analyses were applied to evaluate prognosis factors for survival.
The effects of clinical parameters were evaluated as hazard ratios (HRs) and
their 95% confidence intervals. All statistical analyses were performed
using Dr SPSS I software (SPSS). A P value < .05 was considered
statistically significant.

Results
Patient clinical characteristics

The clinical data of 119 patients with skin eruptions (ratio of male:
female = 1.2:1) are summarized in Table 1. The mean age of the
patients was 64.0 years (range, 23-91 years; SD, 12.00 years). Accord-
ing to Shimoyama classification, 40 (33.6%) patients were diagnosed
with the acute type of ATLL, 6 (5.0%) with the chronic type, 17 (14.3%)
with the lymphoma type, and 56 (47.1%) with the smoldering type.
Twenty-three patients had complications at the time of diagnosis,
including 7 patients with diabetes mellitus, 10 with hypertension, 3 with
stroke, and 9 with opportunistic infections. Blood examination revealed
that 36 patients (30.3%) had leukocytosis, 26 (21.9%) had lymphocyto-
sis, and 49 (41.2%) had high LDH levels. Hypercalcemia was found in
70 patients (58.8%).

Patient skin lesions

We categorized the skin eruptions into the patch, plaque, multipapu-
lar, nodulotumoral, erythrodermic, and purpuric types (Figure 1).
The most highly incident was the nodulotumoral type in 46 patients
(38.7%), followed by the plaque type in 32 patients (26.9%), the
multipapular type in 23 patients (19.3%), the patch type in
8 patients (6.7%), the erythrodermic type in 5 patients (4.2%), and
the purpuric type in 5 patients (4.2%). Because the categorized skin
eruptions of ATLL have similarities to those of MF/SS (with the
exception of the multipapular and purpuric types), and because the
TNMB classification for MF/SS!¢ has been widely used, we
attempted to apply the T stage of the TNMB classification to ATLL
skin lesions. According to the MF/SS classification,'S eruptions are
classified into: T1 (patch/plaque, less than 10% of body surface),
T2 (patch/plaque, more than 10% of body surface area), T3
(nodulotumoral type), and T4 (erythrodermic type). Ninety-one
(76.5%) of our 119 patients could be classified using this system:
19 patients (16.0%) belonged to T1, 21 (17.7%) to T2, 46 (38.7%)
to T3, and 5 (4.2%) to T4. The remaining 28 patients (23.5%) had
multipapular (19.3%) and purpuric (4.2%) types, which are pecu-
liar for ATLL and are not described in the T classification of
MF/SS. We also evaluated these 2 types to investigate whether they
are comparable with either the T1 or T4 category of the MF/SS
classification system.

We examined the frequencies of the clinical subtypes of
Shimoyama classification in each of the eruption types and T stages
(Table 2). All patients with the erythrodermic type belonged to the
acute type, whereas most of the patients with the patch type were
grouped into the smoldering subtype. As the T stage advanced, the
frequencies of the aggressive types (the acute and lymphoma types)
increased, whereas those of the smoldering type decreased.

Survival by baseline clinical factors

Sixty-nine of our 119 patients died during the observation period,
with a median follow-up duration of 3.0 years (range, 30 days-
20.3 years). The MSTs of the acute, lymphoma, chronic, and

- 169 -



From bloodjournal.hematologylibrary.org at NAGASAKI U LIB on March 13, 2012. For personal use only.

BLOOD, 14 APRIL 2011 - VOLUME 117, NUMBER 15

Table 1. Survival by baseline clinical factors

No. of
evaluated
cases

No. of
deaths

MST,

Factor mos P

Tot
Clinical subtype
- Actte typ
Lymphoma type
 Chronictype
Smoldering type
Patient-related factors

Cpresent
" Diabetes et
. Stoke

Opportunistic infections 9 4
Hematologic facto

Skin lesions
Patch type
 Plaquetype |
Multipapular type
 Nodulotumoral type.
Erythrodermic type
- Purpurictype
T stage

T2
T4

The cumulative probability of the survival rate was estimated using the Kaplan-
Meier method and the Pvalue was calculated using the generalized Wilcoxon test.

MST indicates median survival time; and NI, normal index.

*Mean survival time is given because the MST cannot be calculated.

smoldering types were 7.7, 15.0, 16.6, and 154.0 months, respec-
tively (Table 1). Of the 69 fatal cases during the observation,
45 patients died of acute ATLL, 17 of acute crisis from the other
subtypes, 5 of other diseases (3 of chronic pulmonary diseases and
2 of acute respiratory disease syndrome [ARDS]), and 2 patients of
unknown causes.

The effects of various clinical factors on prognosis in the 119 patients
were analyzed using the Kaplan-Meijer method (Table 1). There was no
statistically significant difference in survival rates between the absence
and presence of any complication (P = .114), between the = 60 years
and < 60 years age groups (P = .702), or between males and females
(P = .956). The survival rate was poor in patients with leukocytosis
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(P <.001), lymphocytosis (P <.001), and higher LDH levels
(P <.001). Blood calcium level did not significantly affect survival in
this study.

Survival and multivariate analyses in each eruption type

The MSTs were different between the types of skin eruptions. In the
erythrodermic type, all 5 patients died of the disease with 3.0 months of
MST. In the nodulotumoral type, the MST was 17.3 months, and 38 of
46 patients died, 17 of acute ATLL, 16 of acute crisis, 1 of ARDS, 2 of
chronic pulmonary disease, and 2 of unknown causes. In the plaque
type, the MST was 114.9 months, and 9 of 32 died of the disease. The
multipapular type showed the same MST (17.3 months) as the nodulotu-
moral type, and 9 died of acute ATLL, 1 of acute crisis, 1 of ARDS, and
1 of chronic pulmonary disease. The patch type exhibited a good
prognosis, with 188.4 months of mean survival time (the MST was not
estimable). The purpuric type was found to have a poor prognosis, with
an MST of 4.4 months and 3 of 5 patients dying of the disease.

Kaplan-Meier curves of the OS for each eruption type are shown in
Figure 2A. The OS rate of the erythrodermic type was significantly
lower than those of the other eruption types (P < .001, erythrodermic
type vs the nodulotumoral, multipapular, plaque, or patch types). The
OS rate of the nodulotumoral type was significantly lower than those of
the multipapular, plaque, or patch types (P = .010, nodulotumoral type
vs multipapular type; P << .001, nodulotumoral type vs plaque or patch
type). The OS rate of the multipapular type was significantly lower than
that of the patch type (P = .045). Therefore, the erythrodermic type of
ATLL is associated with the poorest prognosis, followed by the
nodulotumoral and multipapular types. The patch and plaque types
showed better survival rates.

We performed univariate and multivariate analyses of the
eruption types in a comparison with Shimoyama classification, sex,
age, complications, leukocyte counts, lymphocyte counts, LDH
level, and calcium level (Table 3). In the multivariate analysis, the
smoldering type proved to be a good prognostic factor. We fixed the
HR of the patch type to be 1, and then compared it with those of the
other eruption types. In the univariate analysis, the HRs of the other
eruption types were significantly higher than that of the patch type.
In the multivariate analysis, the HRs of the nodulotumoral and
erythrodermic types were significantly higher than that of the patch
type. The purpuric type also showed such a tendency; however, this
result provided limited power for tests against the other groups. The
analysis demonstrated that the eruption type is an independent
prognostic factor for ATLL.

Survival and univariate and multivariate analyses in
each T stage

We also performed the univariate and multivariate analyses of T stage
and other clinical and laboratory parameters for OS. Of 19 patients in the
T1 stage, 3 died of the disease, and the mean survival time (the MST was
not estimable) was 192.6 months (Table 1). In the T2 stage, 8 of 21 died
of the disease and the MST was 47.9 months. In the T3 stage, the MST
was 17.3 months and 38 of 46 patients died: 17 of acute ATLL, 16 of
acute crisis, 1 of ARDS, 2 of chronic pulmonary disease, and 2 of
unknown etiology. In the T4 stage, 5 patients died of the disease with
3.0 months of MST. The OS of the patients was worse as the T stage
became more advanced (Figure 2B). Patients in the T1 stage had the
longest OS, followed by patients in the T2-T4 stages (P = .034, T1 vs
T2; P <.001, T1 vs T3 or T4; P < .001 T2 vs T3 or T4; and P < .001,
T3 vs T4).

The multipapular and purpuric types are missing in the T stage of the
MF/SS system due to their peculiarity. We therefore compared the OS of
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Table 2. Frequencies of the clinical types of Shimoyama classification in each eruption type and T stage

Acute type

Lymphoma type

Chronic type Smoldering type P

Eruptiontype
Patch type
. Plague type.

0
L 9(28.1%)
10 (43.5%)
4 004%
5 (100%)

 (12.5%)
2 (8.7%)

 Nodulotumoral type
) Erythrqdermic type

1 (5s%)
3(14.3%)

14(30.4%)
5 (100%) 0

1021.7%)

7 (87.2%)
L A9(504%)
11 (47.8%)
A7.(37.0%)

10 (47.6%)

L Haew ‘ R
. 5(10.9%) TETew
0 0

these 2 eruption types with those of the T stages. Patients with the
multipapular type and T2 had a similar outcome (Figure 2C), and there
was no statistical significance (P = .415). Patients with the purpuric
type had a significantly poorer prognosis than those with T1 (P = .001);
Figure 2D). The differences in OS between the purpuric type and the
other T stages were not statistically significant (P = .412, purpuric type
vs T2; P = .257; purpuric type vs T3; P = .099, purpuric type vs T4).
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Figure 2. OS of ATLL patients with skin eruptions. (A) OS rates of skin eruption
types. (B) OS rate of T stage. (C) OS rate of the T stage and the multipapular type.
(D) OS rate of the T stage and the purpuric type. (E) OS rate of the T stage and the
no-eruption type.

We performed univariate and multivariate analyses of T stage
and clinical and laboratory parameters with the HR of T1 set as
1 (Table 3). The univariate analysis revealed that the prognoses of
T2, T3, T4, and the multipapular and purpuric types were
significantly higher than that of T1. In the multivariate analysis, the
HR of T3 and T4 and the multipapular and purpuric types were
significantly higher than that of T1.

Survival and univariate and multivariate analyses in
each T stage and in the no-eruption group

We performed univariate and multivariate analyses of T stage by
comparing them with the no-eruption group and other clinical and
laboratory parameters for OS. Of 51 patients without skin eruptions,
10 died of the disease and the mean survival time (the MST was not
estimable) was 66.5 months. When classifying the no-eruption patients
into each clinical Shimoyama subtype, 7 patients (13.7%) belonged to
the acute type, 5 (9.8%) to the lymphoma type, 12 (23.5%) to the
chronic type, and 27 (52.9%) to the smoldering type. The OS of the
patients without eruption was better than those at T2-T4 (Figure 2E;
no-eruption group vs T2, P = .033; no eruption group vs T3 or T4,
P <.001). There was no statistically significant difference in OS
between the no-eruption group and T1.

We performed univariate and multivariate analyses of T stage,
including the no-eruption group and clinical and laboratory param-
eters, by assigning a value of 1 to the HR of T1 (Tables 4 and 5).
The univariate and multivariate analyses revealed that the progno-
ses of T3 and T4 were significantly worse than that of T1.

Discussion

In the present study, we investigated the association of each type of
skin eruption with prognosis in ATLL patients and attempted to
apply the T stage of MF/SS classification to the assessment of
ATLL skin lesions. We classified ATLL skin eruptions into 6 cate-
gories: patch, plaque, multipapular, nodulotumoral, erythrodermic,
and purpuric. Table 2 shows that the frequencies of the clinical
subtypes of Shimoyama classification were different for each
eruption type and T stage. All erythrodermic patients belonged to
the acute type, whereas most of patients with the patch type were of
the smoldering type. This raised the possibility that prognosis is
different among the individual eruption types. Our results revealed
the poorest prognosis in the erythrodermic type, followed by the
nodulotumoral and multipapular types. The patch and plaque types
exhibited better survival rates. Moreover, our multivariate analysis
demonstrated that the HRs of the erythrodermic and nodulotumoral
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