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infection who received rituximab plus steroids contain-
ing chemotherapy.'® The kinetics of HBV reactivation in
this case strongly suggested that monthly monitoring of
HBV DNA could prevent hepatitis even in such a highly
replicative clone with a precore mutation.

In summary, we first reported HBV reactivation fol-
lowing treatment with the anti-CCR4 antibody moga-
mulizumab and revealed the detailed kinetics of HBV
replication during reactivation. Further well-designed
studies are warranted to address the mechanisms of
HBV reactivation and to establish standard management
for reactivation in patients with previously resolved
HBV infection, following anticancer chemotherapy and
immunosuppressive therapy.
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Abstract

Objective: The objective of this study was to evaluate the therapeutic potential of bevacizumab with or
without systemic chemotherapy for adult T-cell leukemia/lymphoma (ATL) and clarify the significance of
angiogenesis for ATL pathogenesis. Methods: NOD/Shi-scid, IL-2Ry™" (NOG) mice were used as
recipients of tumor cells from a patient with ATL, which engraft and proliferate in a microenvironment-
dependent manner. The ATL cells could be serially transplanted in NOG mice, but could not be maintained
in in vitro cultures. Results: Injection of bevacizumab alone significantly increased necrosis and decreased
vascularization in the tumor tissue. Levels of human soluble interleukin two receptor in the serum
(reflecting the ATL tumor burden) of bevacizumab-treated mice were significantly lower than in untreated
mice. Although bevacizumab monotherapy showed these clear anti-angiogenesis effects, it did not prolong
survival. In contrast, injection of bevacizumab together with cyclophosphamide, doxorubicin, vincristine,
prednisolone (CHOP) led to a significant prolongation of survival of the ATL mice relative to CHOP alone.
Conclusions: This is the first report to evaluate the efficacy of bevacizumab for ATL in a tumor
microenvironment-dependent model. Bevacizumab therapy combined with chemotherapy could be a
valuable treatment strategy for that subgroup of ATL probably depending to a large extent on angiogenesis
via vascular endothelial growth factor.
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Adult T-cell leukemia-lymphoma (ATL) is an aggressive
peripheral T-cell neoplasm caused by human T-cell lympho-
tropic virus type 1 (HTLV-1). The disease is resistant to
conventional chemotherapeutic agents, and currently there
are only limited treatment options; thus, it has a very poor
prognosis (1-4). Over the past decade, allogeneic hemato-
poietic stem-cell transplantation has evolved into a potential
approach to treating patients with ATL. However, only a

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

small fraction of patients have the opportunity to benefit
from transplantation, such as those who are younger, have
achieved sufficient disease control, and have an appropriate
stem-cell source (5, 6). Therefore, the development of alter-
native treatment strategies for patients with ATL is an urgent
issue.

Bevacizumab is a humanized monoclonal antibody against
the vascular endothelial growth factor A (VEGF-A), a key
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factor inducing the formation of blood vessels (angiogenesis)
in tumors (7). Bevacizumab is currently approved worldwide
for the treatment of several types of cancer such as meta-
static colorectal cancer, metastatic non-small-cell lung can-
cer, renal cell carcinoma, and advanced ovarian cancer, in
combination with chemotherapy or interferon (8—14). Bev-
acizumab is also approved as a single agent for recurrent
glioblastoma in the USA (15). In this context, many aspects
of pathological angiogenesis have been extensively studied
in many types of cancer. On the other hand, the precise role
of these processes in pathogenesis of hematological malig-
nancies including ATL is still under active investigation
(16-19). Thus far, bevacizumab has not been approved for
the treatment of any hematological malignancy in the USA,
Europe, or Japan. The aim of the present study was to evalu-
ate the therapeutic potential of bevacizumab with or without
systemic chemotherapy for ATL and clarify the significance
of angiogenesis for ATL pathogenesis, using a microenvi-
ronment-dependent murine ATL model.

Methods

Animals

NOD/Shi-scid, IL-2Ry™" (NOG) mice (20) were purchased
from the Central Institute for Experimental Animals (Kanag-
awa, Japan) and used at 6-8 wk of age. All of the in vivo
experiments were performed in accordance with the United
Kingdom Coordinating Committee on Cancer Research
Guidelines for the Welfare of Animals in Experimental Neo-
plasia, Second Edition, and were approved by the Ethics
Committee of the Center for Experimental Animal Science,
Nagoya City University Graduate School of Medical Sci-
ences.

Immunopathological analysis

We assessed the affected lymph nodes of 23 patients with
ATL by immunopathology. The patients provided written
informed consent in accordance with the Declaration of Hel-
sinki, and this present study was approved by the institu-
tional Ethics Committee of Nagoya City University
Graduate School of Medical Sciences. Hematoxylin and
eosin (HE) staining and immunostaining using anti-human
CD4 (4B12; Novocastra, Wetzlar, Germany), CD25 (4C9;
Novocastra), CD20 (L26; DAKO, Glostrup, Denmark),
VEGF-A (sc-152, rabbit polyclonal; Santa Cruz, Heidelberg,
Germany), Alpha-Smooth Muscle Actin (¢-SMA) (1A4;
DAKO), CD31 (JC70A; DAKO), and von Willebrand Factor
(Rabbit polyclonal; DAKQO) were performed on formalin-
fixed, paraffin-embedded sections. VEGF-A expression lev-
els were categorized according to the following formula: 3+
positive if >50%, 2+ positive if <50 >30%, 1+ positive if
<30 >10%, and negative if <10% of the ATL tumor cells
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were stained with the corresponding antibody. Nine 100x
high-power fields (HPF) of HE tumor specimens were ran-
domly selected, and the area of tumor necrosis (%) was cal-
culated by Image J software (21), and then averaged. Nine
100x HPF of von Willebrand Factor-stained tumor speci-
mens were randomly selected, and numbers of vessels
(per mm?) were calculated by Image J software and then
averaged.

ATL mouse model

A leukemic cell clone from a patient with ATL, which could
be serially transplanted into SCID mice, designated S-YU as
reported previously (22), was injected intraperitoneally (i.p.)
into NOG mice. Three to 4 wk after i.p. injection, NOG
mice were presented with intraperitoneal masses along the
mesentery. Cells from these intraperitoneal masses were sus-
pended in RPMI-1640 and inoculated i.p. into healthy NOG
mice, which then presented with features identical to those
of the original mice.

Cell lines

ATN-1, MT-1, and TL-Om1 are ATL cell lines, whereas
MT-2, MT-4, and TL-Su are HTLV-1-immortalized lines, as
previously described (23).

Quantitative reverse transcription-polymerase chain
reaction

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 Inc, Foster City, CA,
USA). Human VEGF-A (Hs00900055_ml), VEGF-RI
(Hs00176573_m1), VEGF-R2 (Hs00911700_ml), and
f-actin  (Hs99999903_m1) mRNA were amplified using
TagMan® Gene Expression Assays with the aid of an
Applied Biosystems StepOnePlus™. The quantitative assess-
ment of the mRNA of interest was done by dividing its
level by that of fS-actin and expressing the result relative to
Human Testis Total RNA (Clontech, Mountain View, CA,
USA) as 1.0. All expressed values were averages of tripli-
cate experiments.

Monoclonal antibodies and flow cytometry

The following Monoclonal antibodies (mAbs) were used for
flow cytometry: APC-conjugated anti-human CD45 mAb
(2D1; BD Biosciences, San Jose, CA, USA), PerCP-conjugated
anti-CD4 mAb (SK3; BD Biosciences), PE-conjugated anti-
CD25 mAb (M-A251; BD Biosciences), PE-conjugated
VEGF-R1 mAb (49560; BD Biosciences), PE-conjugated
VEGF-R2 mAb (89106, R&D Systems, Inc. Minneapolis, MN,
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USA), and the appropriate isotype control mAbs. Whole blood
was treated with BD FACS lysing solution (BD Biosciences)
to remove RBC. Stained cells were analyzed on a FACSCali-
bur (BD Biosciences) with the aid of FlowJo software (Tree
Star, Inc. Ashland, OR, USA).

Cell proliferation assay

Proliferation of S-YU and HTLV-I-immortalized lines
expressing both VEGF-A and VEGF-RI1 in the presence of
different concentrations of bevacizumab for 48 h was
assessed using CellTiter 96 Aqueous One Solution cell pro-
liferation assay kits (Promega Corporation, Madison, WI,
USA). Bevacizumab was purchased from Chugai Pharma-
ceutical Co., Ltd., Tokyo, Japan.

ATL cell-bearing mice treated with bevacizumab

ATL tumor cells (S-YU) from the intraperitoneal masses
were suspended in RPMI-1640, and 1.0 x 107 was inocu-
lated ip. into each of 14 NOG mice. The animals were
divided into two groups of seven each for treatment with
bevacizumab or to serve as controls. Bevacizumab (10 mg/
kg) or vehicle (saline) was i.p. injected into the mice 3, 10,
and 17 d after tumor cell inoculations. Therapeutic efficacies
were evaluated for area of tumor necrosis, number of ves-
sels, and serum human sIL2R levels 22 d after tumor inocu-
lation. The concentration of human sIL2R in the serum was
measured by ELISA using human sIL2R immunoassay kits
(R&D Systems, Inc.).

ATL cells from the intraperitoneal masses suspended in
RPMI-1640 were also inoculated i.p. into another 10 NOG
mice at 1.0 x 107 per mouse. These animals were randomly
divided into two groups of five each for treatment with bev-
acizumab or as controls. Bevacizumab (10 mg/kg) or saline
was injected i.p. into the mice 2, 9, 16, and 23 d after tumor
cell inoculation. Therapeutic efficacy of bevacizumab was
evaluated by survival times.

A further 16 NOG mice that had also received 1.0 x 107
ATL cells from intraperitoneal masses were randomly
divided into two groups of eight each for treatment with
bevacizumab + cyclophosphamide, doxorubicin, vincristine,
prednisolone (CHOP) or CHOP alone. Bevacizumab
(10 mg/kg) or saline was i.p. injected into the mice 2, 9, 16,
23, 30, and 37 d after tumor cell inoculations. CHOP was
given ip. 17 d after tumor inoculation at the following
doses: cyclophosphamide, 40 mg/kg; doxorubicin, 3.3 mg/
kg; vincristine, 0.5 mg/kg; and prednisolone, 0.2 mg/kg (24,
25). Therapeutic efficacy of bevacizumab was evaluated by
survival time. Cyclophosphamide and vincristine were pur-
chased from Shionogi Pharmaceutical Co., Ltd, Osaka,
Japan; doxorubicin was from Kyowa Hakko Kirin Co., Ltd,
Tokyo, Japan, and prednisolone was from Nippon Kayaku
Co., Ltd, Tokyo, Japan.

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Statistical analysis

The differences between groups regarding the tumor necro-
sis area, vascular number, and human sIL2R concentrations
in serum were analyzed by the Mann—Whitney U test. In
this study, P < 0.05 was considered significant.

Results

VEGF-A expression in ATL

VEGF-A expression by ATL cells in the lymph node lesions
is shown in Fig. 1A. Immunopathological features of four
cases from each group stratified by VEGF-A expression are
shown in Fig. 1B. Most of the ATL cases (96%) were positive
for VEGF-A.

ATL cell-bearing NOG mice

In earlier studies, S-YU ATL tumor cells, which were seri-
ally transplanted into SCID mice (22), manifested multiple
enlarged mesenteric lymph nodes. In the present study, in
which NOG mice rather than SCID mice were the S-YU
recipients, larger tumor masses formed along the intestinal
tract. Figure 2A shows the intraperitoneal masses and intes-
tinal tract adhering tightly to one another in a NOG mouse
(demarcated by thin white dotted lines in the figure). Flow
cytometric analysis demonstrated that the mass mainly con-
sisted of human cells expressing CD4 and CD25 (Fig. 2B).
Immunopathological analysis revealed large atypical cells
with irregular and pleomorphic nuclei, and blood vessels.
The cells were CD4-positive, CD25-positive, but CD20-
negative (Fig. 2C). These findings are consistent with an
ATL cell phenotype in humans, and with earlier studies in
the SCID/S-YU model. The S-YU tumor cells in the NOG
mice were classed as VEGF-A 1+ positive (Fig. 2C).
Blood vessels in the tumor tissue were stained by anti-a-
SMA Ab (Fig. 2C). Vascular endothelial cells in the tumor
tissue were stained by anti-von Willebrand Factor Ab, but
not by anti-CD31 mAb (data not shown). Together, these
results show that the blood vessels in the tumor tissue orig-
inated from the mouse, because anti-a-SMA and von Wille-
brand Factor Ab used in this study recognized the
corresponding protein derived from both human and mouse,
whereas the anti-CD31 mAb recognized the corresponding
human but not murine protein (data not shown). CD4-posi-
tive CD25-positive ATL cell mild infiltration into spleen,
liver, and bone marrow was seen by flow cytometry
(Fig. 2D).

VEGF-A, VEGF-R1, and -R2 expression in ATL and
HTLV-1-immortalized lines

VEGF-A mRNA expression was detected in all 7 ATL
and HTLV-1-immortalized lines tested, and in S-YU cells
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A VEGF-A expression
Negative Positive
-) (14) (24) (3+)
1(4) 9(39) 9(39) 4(17) n (%)
B

expression was categorized based on the percentage of ATL cells stained as follows: >50%, 3+ positive; 30-49%, 2+ positive; 10-29%, 1+ posi-
tive; <10%, negative. (B) Cases 1, 2, 3, and 4 are representative of VEGF-A-negative, 1+, 2+, and 3+ positive categories, respectively. Photomi-
crographs with VEGF-A (upper panels) and hematoxylin and eosin staining (lower panels) are shown.

from intraperitoneal masses (Fig. 3A, upper left panel).
VEGF-RI mRNA expression was not present in ATL
and in only two HTLV-l-immortalized lines (MT-2 and
TL-Su) but was present in S-YU cells (Fig. 3A, upper
right panel). No VEGF-R2 mRNA expression was detected
in any of the 7 ATL and HTLV-l-immortalized lines
tested, or in S-YU cells (data not shown). Flow cytometry
demonstrated that VEGF-R1 protein was also expressed in
MT-2 and TL-Su, and very weakly in NOG S-YU cells
(Fig. 3A, lower panels), consistent with the RT-PCR
results. Flow cytometry demonstrated that VEGF-R2 was
not expressed at all in any of the ATL and HTLV-1-
immortalized lines tested, or in S-YU cells (data not
shown), which was also consistent with the RT-PCR
results.

VEGF-R1 and VEGF-R2 expression in primary ATL
cells

CD4-positive CD25-positive primary ATL cells in PBMC
obtained from nine individual patients with ATL (i—ix) were
evaluated for VEGF-R1 and -R2 expression. VEGF-R1 pro-
tein was expressed in only one patient (patient v) and

222

VEGF-R2 was not expressed in any of the patients
(Fig. 4B).

No Bevacizumab-mediated anti-proliferative activity
against HTLV-1-immortalized lines and S-YU in vitro

Bevacizumab did not directly block the proliferation of MT-2
and TL-Su cells in vitro, despite their expression of both
VEGF-A and VEGF-RI1. Neither did it inhibit S-YU cells
(Fig. 3C).

Therapeutic efficacy of bevacizumab monotherapy in
S-YU cell-bearing NOG mice

Photomicrographs of tumor tissue from each mouse are
shown (Fig. 4A). Treatment with bevacizumab resulted in an
increased percentage of tumor necrosis in the NOG/S-YU
mice (mean 25.3%, median 24.1%, range 19.2-33.6%), com-
pared to control mice (mean 15.9%, median 15.4%, range
11.7-21.0%, P = 0.0060) (Fig. 4B, left panel). An example
of calculating the percentage necrotic area is presented in
Fig. 4B, right-hand panels. Bevacizumab treatment resulted
in decreased vascular number in the tumor tissues [3.1, 2.6,

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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c HE CD4 CD25

SSC-H

hCpas " Cpa hcpas " cpa’

Figure 2 ATL cell-bearing NOG mouse model. (A) Macroscopic appearance of a primary DLBCL cell-bearing ATL mouse. The intraperitoneal mass
is demarcated by a thin white dotted line. (B) Human CD45-positive cells in the mass determined by human CD4 and CD25 expression. (C)
Immunohistochemical images of the intraperitoneal mass. (D) Human CD45-positive cells of each organ determined by human CD4 and CD25
expression.

0.0-8.3/mm?; (mean, median, range)], compared to controls right-hand panels. Because sIL2R appears in the serum, con-
(12.8, 15.6, 1.6-19.3/mm?, P = 0.0127) (Fig. 4C, left panel). comitant with its increased expression on cells, we measured
An example of this calculation is presented in Fig. 4C, human sIL2R concentrations as a surrogate marker reflecting
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Figure 3 Vascular endothelial growth factor A (VEGF-A), VEGF-R1, and -R2 expression in primary ATL cells, or ATL and HTLV-1-immortalized lines
(A) Quantitative RT-PCR analysis for VEGF-A and VEGF-R1 in 7 ATL and HTLV-1-immortalized lines, and NOG ATL cells from the intraperitoneal
mass (upper panels). Flow cytometry for VEGF-R1 in HTLV-1-immortalized lines MT-2 and TL-Su, and NOG ATL cells, from the intraperitoneal
mass (lower panels). (B} Flow cytometry for VEGF-R1, and -R2 in 9 primary ATL cells. (C) Bevacizumab has no direct anti-proliferative activity
against HTLV-1-immortalized lines (MT-2 and TL-Su) expressing both VEGF-A and VEGF-R1, or NOG ATL cells, in vitro. Each result represents
three independent experiments.

224 © 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

- 406 -



Mori et al.

Bevacizumab in a microenvironment-dependent ATL model

Bevacizumab
1 2 3 4

B C
40- P =0.0060 25+ P =0.0127
— 5‘ A
g e | W
o
g20- @, E
5 O g
E I 2 10 ©
2 QU S
© & g
3 ] £
< 2
0 B N B

Control Bevacizumab &% ; Necrosis area
;

Control Bevacizumab OStainedwith

D

- P =0.0127
_ o
E O] 2
: o _,,
= & O 4
o« i
B! - oo
» i e @ 5
5 . Oy
£ . ®
T

i ° 7

0 T 1

Control Bevacizumab
anti-factor VIl Ab

Figure 4 Bevacizumab therapy has significant therapeutic efficacy in the ATL cell-bearing NOG mouse model. (A) Macroscopic photomicrographs
with hematoxylin and eosin staining of mice given saline (control) {upper panels) or bevacizumab (lower panels). (B) Area of tumor necrosis (%)
of each ATL cell-bearing NOG mouse. The bevacizumab-treated mice had significantly greater tumor necrosis than control mice (left panel). An
example of a calculation for tumor necrosis area (%) by means of Image J software is shown (right panels). (C) Numbers of vessels {/mm? of
each ATL cell-bearing NOG mouse. The bevacizumab recipients had significantly fewer vessels than controls {left panel). An example of such a
calculation by means of Image J software is shown (right panels). (D) Serum sIL2R concentrations of each ATL cell-bearing NOG mouse. The
bevacizumab recipients had significantly lower levels of sIL2R than controls.

the tumor burden of the human CD25-expressing ATL (26).
Treatment with bevacizumab showed significantly greater
therapeutic efficacy as demonstrated by sIL2R concentrations
in S-YU cell-bearing NOG mice (617.9, 588.5, 513.2-755.7
x 10° pg/mL), compared to controls (996.6, 963.4, 575.7—
1565.0 x 10° pg/mL, P = 0.0127) (Fig. 4D). Although
bevacizumab monotherapy showed significant therapeutic
efficacy as demonstrated by the percentage of tumor necrosis,
vascular number in the tumor tissues, and sIL2R concentra-
tions in sera (Fig. 4), it did not confer any survival advantage
to the NOG/S-YU mice (Fig. 5A). No toxicity attributable to
bevacizumab injections was observed in any of the mice in
this setting.

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

Therapeutic efficacy of bevacizumab plus CHOP
compared to CHOP alone in S-YU cell-bearing NOG
mice

The bevacizumab plus CHOP group did have a significant
prolongation of survival compared with CHOP alone
(P = 0.046). The median survival time of bevacizumab plus
CHOP and CHOP alone was 38 and 34 d, respectively.

Discussion

In this study, we have demonstrated that bevacizumab pos-
sesses significant therapeutic efficacy in an ATL mouse
model in which the tumor cells from a patient survive and
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Figure 5 Survival analysis of ATL cell-bearing NOG mice treated with
bevacizumab (A) Kaplan-Meier survival curves of ATL cell-bearing NOG
mice treated with bevacizumab or saline. Arrows, bevacizumab or con-
trol (saline) injections. Each group consists of five mice. The difference
between the bevacizumab and control groups is not significant. (B)
Kaplan—Meier survival curves of ATL cell-bearing NOG mice treated
with bevacizumab + CHOP, or CHOP alone. Arrows, bevacizumab or
control (saline) injections. Arrow head, CHOP injection. Each group
consists of eight mice. The difference between the bevacizumab +
CHOP and CHOP alone is statistically significant.

proliferate in a murine microenvironment-dependent manner.
The present finding revealed the importance of angiogenesis
for the pathogenesis of VEGF-expressing ATL.

NOG mice have severe, multiple immune defects, such
that human immune cells engrafted into them retain essen-
tially the same functions as in humans (27, 28). While it has
been reported that S-YU cells can be serially transplanted
into SCID mice as recipients, the present study demonstrated
that S-YU cells could also be serially transplanted into NOG
mice. This was not unexpected given the even more severe
immune dysfunction of NOG mice compared to SCID mice.
This may also explain why the ATL tumor masses were
much larger in NOG than in SCID mice.

In this study, most primary ATL cases (22/23), and all of
the established cell lines tested (7/7), were positive for
VEGF-A. These results are consistent with data from other
investigators (16, 18, 19). Thus, the VEGF-A produced by
ATL cells is likely to play an important role in the patho-
genesis of ATL. On the other hand, VEGF-RI mRNA
expression was only seen in two of the seven ATL and
HTLV-1-immortalized lines, and VEGF-R2 in none of them.
VEGF-RI1 protein expression by primary ATL tumor cells
was only seen in one of nine patients, and VEGF-R2 in
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none. In B-cell lymphomas, an earlier study reported that
tumor cell growth was promoted in an autocrine fashion via
VEGF-A/VEGF-R!1 or VEGF-A/VEGF-R2 interactions (29).
However, the present analysis of VEGF-R1/R2 expression in
ATL, and the results of in vitro proliferation assays, did not
support the existence of such an autocrine loop in ATL.

Because S-YU cells can only be maintained by serial
transplantation in immunodeficient mice, but not by in vitro
culture (30), the microenvironment is likely to be indispens-
able for their survival. S-YU are positive for VEGF-A, and
therefore it would be expected that the interaction of VEGF-
A produced by ATL cells with receptors on host (murine)
endothelial cells should play an important role in tumor
angiogenesis. This would lead to tumor cell survival and
proliferation supported by transport of sufficient nutrients
and oxygen in the mouse. Therefore, the present ATL model
using S-YU should better reflect the human ATL in vivo
environment, compared to other mouse models using estab-
lished ATL cell lines, or HTLV-1-immortalized lines. Thus,
this model should provide a powerful tool for understanding
the pathogenesis of ATL. Furthermore, it should be useful
not only for evaluating novel cytotoxic anti-ATL agents, but
also provide a more appropriate in vivo model to test antitu-
mor agents targeting the microenvironment, including bev-
acizumab.

The effect observed in mice receiving bevacizumab mono-
therapy, as demonstrated by the increased tumor necrosis
area and reduced vasculature in the tumor tissue, was
expected, given the conventional antitumor mechanism of
bevacizumab, which neutralizes the human VEGF-A pro-
duced by the tumor cells, but not murine VEGF-A (31). It
then inhibits the growth of new blood vessels and thus
starves tumor cells of necessary nutrients and oxygen (32).
This should lead to a reduced tumor burden, as indicated by
the sIL2R concentrations measured. Although bevacizumab
monotherapy did show this anti-angiogenesis effect, it did
not lead to survival prolongation in this study. This finding
is consistent with the clinical observations in many types of
cancer such as colorectal cancer, non-small-cell lung cancer,
renal cell carcinoma, and ovarian cancer. On the other hand,
combination treatment with bevacizumab and CHOP did
prolong survival compared to CHOP alone. Nonetheless, the
extent of this prolongation was not marked, which is also
consistent with clinical observations in many types of cancer
where bevacizumab is of limited benefit and then only when
combined with chemotherapy. This study suggested that the
tumor cell ‘starvation effect’ alone mediated by bevacizumab
does not result in prolonged survival. It has been reported
that VEGF-targeted therapy can ‘normalize’ the tumor vas-
cular network and that this can lead to a more uniform blood
flow, with subsequent increased delivery of chemotherapeu-
tic agents (33, 34). This normalization by bevacizumab is a
possible explanation for the prolonged survival in the present
combination setting.

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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The present study demonstrated the importance of angio-
genesis for the pathogenesis of ATL and the potential effi-
cacy of blocking this in at least a subgroup of patients with
ATL. In recent clinical cancer therapy experience, the epi-
dermal growth factor receptor (EGFR) tyrosine kinase inhib-
itor, gefitinib, failed to yield significantly improved overall
survival in patients with refractory NSCLC, but did show
therapeutic benefit in a subgroup of patients with mutated
EGFR (35). In the case of mAb targeting the EGFR, both
panitumumab and cetuximab also yield clinical benefits only
in a subgroup of colorectal cancer patients with wild-type
KRAS and BRAF (36). These findings indicate that we
should develop novel treatment strategies based on tumor
biology, and not on tumor category. Therefore, as a next
step, further investigations are warranted to determine which
subgroups of patients with ATL will benefit from bev-
acizumab therapy (37). In other words, we should face the
challenge of developing robust biomarkers that can guide
selection of those patients with ATL for whom bevacizumab
therapy will be most beneficial. In addition, several promis-
ing new agents for treating ATL are currently being devel-
oped (1, 38-40). Investigations of combinations of
bevacizumab with these novel agents are also warranted.

In conclusion, to the best of our knowledge this is the first
report to evaluate the efficacy of bevacizumab for ATL in a
_ tumor microenvironment-dependent animal model. Bev-
acizumab therapy combined with chemotherapy could be a
potential treatment strategy for that subgroup of patients
with ATL probably depending to a large extent on angiogen-
esis via VEGF for tumor survival and proliferation.
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Summary Adult T-cell leukemia/lymphoma (ATL) is a highly aggressive tumor caused by human T-cell
leukemia virus type 1. MicroRNAs (miRNAs) are closely involved in the development and progression of
various tumors. Here we investigated the dysregulation of miRNAs in ATL and its clinical significance. Studies
using miRNA arrays and subsequent real-time reverse transcription polymerase chain reaction showed that, in
the 9 ATL cell lines examined, 1 miRNA was consistently up-regulated, whereas another 3 were consistently
down-regulated, compared with normal CD4-positive lymphocytes. Next, we analyzed the prognostic impact
of these 4 miRNAs in patients with aggressive-type ATL (n =40). Of the 4 dysregulated miRNAs selected, 3
(miR-130b higher expression, miR-145 lower expression, and miR-223 lower expression) were significantly
associated with a worsened overall patient survival. We found that expressions of these 3 miRNAs were
correlated with each other. To clarify which of the 3 had the most significant impact on overall survival, we
performed a multivariate prognostic analysis that included these 3 miRNAs, and only miR-145 lower
expression was selected as an independent risk factor (P = .0005). When overexpressed in an ATL cell line in
vitro, miR-145 specifically inhibited tumor cell growth. In conclusion, our study suggests that miR-145 down-
regulation provides a growth advantage in ATL and is highly associated with a worsened prognosis for patients
with ALT. Hence, miR-145 may be a useful prognostic marker and a potential therapeutic target for ATL.
© 2014 Elsevier Inc. All rights reserved.
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1. Introduction

MicroRNAs (miRNAs) are 18- to 25-nucleotide, single-
stranded noncoding RNA molecules that play an important
regulatory role by targeting mRNAs for repressing
translation or mRNA cleavage [1]. They are transcribed
with primary miRNAs, transported into the cytoplasm,
cleaved into mature miRNAs, and then loaded onto the
miRNA-induced silencing complex for RNA interference.
The miRNA-induced silencing complex is guided to its
mRNA target by the miRNA strand, which typically base
pairs imperfectly to its target in the 3’ untranslated region,
signaling the target for translational repression or degrada-
tion. Global changes of miRNAs are closely involved in
neoplastic processes and tumor progression, and differential
expression of miRNAs has been described in various
tumors [2,3].

Human T-cell leukemia virus type 1 (HTLV-1) is a
retrovirus known to be an etiologic agent of adult T-cell
leukemia/lymphoma (ATL) [4]. More than 20 million
people are infected with HTLV-1 worldwide, with the
highest prevalence in southwest Japan and the Caribbean
basin. HTLV-1 infection has a long clinical latency before
transforming into ATL. It has a very poor prognosis
because tumor cells are usually resistant to conventional
chemotherapeutic agents [5,6]. Patients with ATL are
typically highly immunocompromised and have frequent
severe infections. Tumor cells from most patients with
ATL are positive for CD4, CD25, and FOXP3. These
immunologic and phenotypic characteristics of ATL are
similar to those of regulatory T cells, and it has been
suggested that ATL cells may originate from regulatory T
cells, which actively suppress activation of the immune
system [7].

Recently, some miRNAs have been shown to be involved
in ATL [8-13]. However, oncogenetic and clinical signifi-
cance of miRNAs have not been well clarified. In this study,
we examined ATL cell lines and clinical ATL cases for
miRNA expression using miRNA arrays, quantitative
reverse transcription (RT) polymerase chain reaction
(PCR), and the miRNA transfection assay.

2. Materials and methods

2.1. ATL cell lines and normal CD4-positive T cells

The 9 cell lines used in this study were as follows; ATL-
102, ATN-1, HUT-102, MJ, MT-1, MT-2, MT-4, TL-Oml,
and TL-SU. These cell lines were cultured in RPMI 1640
media supplemented with 10% fetal bovine serum, 50 U/mL
penicillin, and 50 pug/mL streptomycin (Invitrogen, GIBCO,
Carlsbad, CA), at 37°C with 5% CO,. Mononuclear cells
obtained from healthy volunteers (n = 4) were sorted into
CD4-positive T cells.

2.2. Patients with ATL

Forty specimens from patients with aggressive ATL of the
acute- or lymphoma-type [5] were retrieved from the
pathology files of Nagoya City University, Graduate School
of Medical Sciences, and Imamura Bun-in Hospital. All
specimens were obtained at the initial presentation of the
patients and were fixed in formalin and embedded in
paraffin. All cases were positive for monoclonal integration
of HTLV-1 provirus DNA. The pathological specimens were
reviewed according to criteria of the World Health
Organization classification of malignant lymphomas [6].
The median age at diagnosis was 60 years (range, 42-88
years), with a male-to-female ratio of approximately 1:1. All
cases were within the morphologic boundaries of ATL and
exhibited the following immunophenotypes: CD20—, CD3+,
CD5+, CD4+, and CD25+. Thirty-three cases were histo-
logically classified as the pleomorphic medium-large cell
type, 3 as the pleomorphic small cell type, 3 as the anaplastic
type, and 1 as the Hodgkin-like type. All patients were
treated with doxorubicin-containing combination chemo-
therapy regimens. The study was approved by the institu-
tional review board of Nagoya City University.

2.3. miRNA expression array

Using a flash PAGE system (Ambion, Carlsbad, CA),
miRNA was extracted from 4 ATL cell lines (ATN-1, HUT-
102, MJ, and TL-Om1). For the miRNA microarray, CD4-
positive T-cell samples obtained from peripheral blood of 4
healthy volunteers were evenly mixed, and miRNA was
extracted and used as a control miRNA. ATL has been
suggested to originate from regulatory T cells, which are less
than 2% of total CD4-positive cells in peripheral blood [14]
and include 2 subsets, naturally occurring and inducible
types [15]. Because it was difficult to obtain sufficient
numbers of regulatory T cells for the experiment and to
induce regulatory T cells specifically, we used CD4-positive
T cells as a control in this study. miRNA samples were
labeled with Cy-5 using a Label IT miRNA Labeling kit
(Mirus Bio, Madison, WI) and hybridized to the array slides
(mirVana miRNA Bioarray V2; Ambion). Signals were
scanned with an Axon GenePix 4000B scanner (Molecular
Devices, Sunnyvale, CA), and the miRNA array data thus
obtained were analyzed using a Microarray Data Analysis
Tool (Filgen, Nagoya, Japan) to select miRNAs significantly
up- or down-regulated in all 4 ATL lines compared with
control normal CD4-positive T cells.

2.4. miRNA isolation and quantitative RT-PCR in
ATL cell lines

Total RNA extracted from fresh ATL cell lines (n=9) and
normal CD4-positive T cells from the 4 healthy volunteers
was further miRNA-enriched using a PureLink miRNA
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Isolation kit (Invitrogen, Tokyo, Japan). Quantitative RT-
PCR for the targeted mature miRNAs was performed using

TagMan MicroRNA Reverse Transcription kit (Applied

Biosystems, Foster City, CA) and a TagMan MicroRNA
Assay kit (Applied Biosystems). All PCR reactions were run
in triplicate, and miRNA expression relative to control
RNU6B was calculated using the 2724C method. The
expression of miRNAs in T cells from the 4 healthy
individuals was used as a quantitative control. ATL cell lines
were fixed in formalin and embedded in paraffin. miRNAs
extracted from the paraffin sections were subjected to
quantitative RT-PCR to confirm that the target miRNAs
were correctly quantified using paraffin sections as well.

2.5. miRNA expression in patients with ATL

Enriched total miRNA was extracted from paraffin-
embedded materials of CD4-positive T cells from healthy
patients and patients with ATL. Expression of target
miRNAs was similarly semiquantified using quantitative
RT-PCR. Cutoff values for higher or lower expression of
respective miRNAs were set to give superior segregation into
prognostic groups in overall survival. For patients with ATL,
selected miRNAs were correlated with various clinicopath-
ological factors (age, sex, the presence of B symptoms,
extranodal sites, bone marrow involvement, serum lactate
dehydrogenase (LDH) values more than twice the normal
upper limit [5], histologic lymphoma subtype, and overall
survival of the patients).

2.6. miRNA transfection and cell viability and death

MT-4 ATL cells (2 x 10%) were resuspended in 100 uL of
Nucleofector solution (Cell Line Nucleofector Kit V; Amaxa
Biosystems, Cologne, Germany). Cells were electroporated
with 100 and 300 nmol/L pre-miR has-miR-145 miRNA
precursor, and a pre-miR negative control no. 1 using a
Nucleofector (Pre-miR miRNA precursor Starter Kit;
Ambion). Transfected cells were plated onto 6-well plates,
and 1 mL/well antibiotic-free medium was added for
incubation at 37°C with 5% CO,. After 6 hours, 1.5 mL/
well RPMI 1640 media supplemented with 10% fetal bovine
serum, 50 U/mL penicillin, and 50 pg/mL streptomycin were

added. Cells were plated in 96-well plates at 6 x 103 cells/
well and cultured for 0, 24, 48, and 72 hours to test their
viability using a methyl thiazolyl tetrazorium (MTT). The
remaining cells were extracted for miRNA using an miRNA
Isolation kit (Invitrogen) to verify electroporation quality.

2.7. Statistical analysis

All statistical analyses were performed using JMP (SAS,
Cary, NC). The relationship between miRNA expression and
various clinicopathological factors was evaluated using the
Mann-Whitney U test or Fisher exact test. Survival curves
were plotted using the Kaplan-Meier method, and the Cox
proportional hazards model was applied for univariate and
multivariate prognostic analysis. The in vitro data were
analyzed using a paired ¢ test. A probability value of P < .05
was regarded as statistically significant. All tests were 2 tailed.

3. Results

3.1. miRNA array analysis using ATL cell lines

Using miRNA array analysis, we profiled 4 ATL cell lines
(ATN-1, HUT-102, MJ, and TL-Om1l) using normal CD4-
positive T cells as a control. In these 4 ATL cell lines, 3
miRNAs (miR-34a, miR-130b, and miR-155) were consis-
tently highly up-regulated, and 3 miRNAs (miR-145, miR-
150, and miR-223) were consistently highly down-regulated
(Supplementary Fig. S1). To confirm the results of miRNA
array data, we quantified these 6 miRNAs using quantitative
real-time RT-PCR with the fresh 9 ATL cell lines (ATN-1,
HUT-102, MJ, TL-Oml, ATL-102, MT-1, MT-2, MT-4, and
TL-SU), including the 4 ATL cell lines used for miRNA
array analysis (Fig. 1A). Of the 6 miRNAs tested, 4 (miR-
130b, miR-145, miR-223, and miR-150) were consistently
up- or down-regulated in the 9 ATL cell lines (Fig. 1A).
Although up-regulated in the miRNA array, miR-34a and
miR-155 were down-regulated in 1 and 2 of the 9 ATL cell
lines, respectively (Fig. 1A), and we excluded these 2
miRNAs. The remaining 4 miRNAs were precisely quanti-
fied by quantitative RT-PCR using formalin-fixed, paraffin-
embedded ATL cell lines as well (Fig. 1B).

Table  Univariate and multivariate pro‘gn‘oystic analyses of miRNAs for overall survival of the patients with ATL

miRNA Expression Overall survival :
‘ 'Univériate i = Multivariate
P Hazard ratio 95%CI P Hazard ratio 95% CI
miR130b Higher 0017 183 12428 NS
miR 145 - Lower <.0001 3.01 1.79-5.16 .0005 2.59 1.52-4.49
miR150 Lower NS L ' ' '
miR223 Lower 0010 096 1.29-3.25 NS

‘Abbreviations: CI, confidence interval; NS, not significant.
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;g_m 3.2. Expression of miRNAs in clinical ATL samples
gij_ < 0.0001 Using quantitative RT-PCR, 40 clinical ATL cases
T : (paraffin-embedded tumor samples) were examined for
2 0.6 i ) expression levels of the selected 4 miRNAs (miR-130b,
% 0.5 L eT;;i;:;i:I(%ZZ%) miR-145, miR-150, and miR-223). To explore miRNAs
g 04— highly associated with the clinical course, the prognostic
© 03~ impact of the 4 miRNAs on the overall survival of patients
02— miR-145 lower with ATL was analyzed. As shown in the Table, using a
0.1 expression (n=10) respective cutoff value that showed superior segregation into
0.0 " i prognostic groups, 28 cases were higher expressers for miR-

0 10 20 30 40 50 60 130b (P = .0017) and 10 cases each were lower expressers
Months for miR-145 (P < .0001) and miR-223 (P = .0010).

Fig. 2 Overall survival analysis of patients with ATL for miR- Expression of miR-150 failed to show any prognostic

145 expression. impact. The 3 miRNAs that showed a prognostic impact
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Fig. 3 miR-145 transfection assay. A, Relative expression (log 10) of miR-145 in ATL cells (MT-4) transfected with pre—miR-145
precursor or with negative control pre-miRNA precursor after a 48-hour incubation at a final concentration of 100 (left) or 300 nM (right).
B, The effect of pre—miR-145 on growth of ATL cells (MT-4) as determined by an MTT assay. Cell proliferation is significantly inhibited by
enforced expression of miR-145. The data represent the means = SEM of 4 independent experiments. *P < .05 and **P < .01.

- 415 -



miR-145 down-regulation in ATL

1197

were found to be associated with each other (miR-130b
versus miR-145, P = .019; miR-130b versus miR-223, P <
.0001; and miR-145 versus miR-223, P = .043). To explore
which miRNA was the most associated with the patients’
prognosis, we performed a multivariate analysis. Only miR-
145 lower expression was selected as a prognostic factor (P =
.0005; hazard ratio, 2.59 [1.52-4.49]), whereas the other 2
miRNAs failed to achieve statistical significance (Table).
Fig. 2 shows the overall survival curve of patients with ATL
for miR-145 expression. miR-145 expression of patients with
ATL relative to that of normal CD4-positive T cells was
0.0495 £ 0.0276 and 3.02 + 1.03 (mean + SEM) for lower
and higher expressers, respectively. When correlated with
clinicopathological factors including age, sex, the presence
of B symptoms, performance status, extranodal sites, bone
marrow involvement, elevated LDH value, and histologic
lymphoma subtype, miR-145 lower expression was not
associated with any of these factors.

3.3. Overexpression of miR-145 and cell growth
inhibition in ATL cells

Because miR-145 was consistently down-regulated in
ATL cell lines and showed the highest prognostic impact on
patients’ survival, we focused on this miRNA in further
analysis. To examine the association between miR-145
expression and the growth of ATL cells, MT-4 cells were
transfected with a pre-miR-145 precursor and a pre-miR
negative control, and an MTT assay was conducted.
Overexpression of mature miR-145 in the transfected cells
was confirmed by quantitative RT-PCR (Fig. 3A). Cell
growth was significantly inhibited in cells transfected with
pre-miR-145 48 hours after the transfection by approxi-
mately 40% as compared with those transfected with the pre-
miR negative control (Fig. 3B). These results indicated that
miR-145 specifically inhibited the cell growth of the MT-4
cell line.

4. Discussion

In this study, we found that 1 miRNA (miR-130b) was
consistently up-regulated, and 3 (miR-145, miR-223, and
miR-150) were consistently down-regulated in ATL cell
lines using an miRNA array and subsequent quantitative RT-
PCR. It has been shown that expression of some of these
miRNAs is dysregulated in ATL cell lines: miR-130b and
miR223 have been reported to be up-regulated [8] and down-
regulated [10], respectively. miR155, which was selected in
the present miRNA array but was subsequently excluded
because of its inconsistent expression in the quantitative RT-
PCR, has been frequently up-regulated in ATL [9,10,13]. Tt
is difficult to explain this discrepancy. A similar observation
was reported in cutaneous T-cell lymphoma, and it was
speculated that cross-hybridization of pre-miR-155 to the

hybridization probe might have masked the signal of the
mature miR-155 [16]. Recently, Yamagishi et al [11] and
Tomita et al [12] determined the miRNA signatures and
revealed miR-31 down-regulation and miR-146a up-regula-
tion in primary ATL cells, respectively. However, these 2
miRNAs were not highly dysregulated in our miRNA array.
This is partly explained by our use of the ATL tumor samples
and control samples. For the ATL tumor samples and
controls, we used ATL cell lines and normal CD4-positive
lymphocytes while Yamagishi et al used clinical ATL cells
as tumor samples [11] and Tomita et al used HTLV-1-
uninfected T-cell lines as a control [12].

Of the 4 dysregulated miRNAs we determined (miR-
130b, miR-145, miR-150, and miR-223), we searched for
miRNAs that had a prognostic impact on clinical ATL cases.
For each of the 4 miRNAs, we divided our ATL cases into 2
groups (higher and lower expression) using a respective
cutoff value that showed superior segregation into prognostic
groups. Univariate prognostic analysis showed that miR-
130b, miR-145, and miR-223, but not miR-150, had a
significant association with the overall survival of patients
with ATL. The reason why miR-150 did not achieve
statistical significance is difficult to discern, but may be
partly explained as follows. First, some miRNAs are
expressed differently in ATL cell lines compared with
clinical samples, and miR-150 was reported to be differen-
tially expressed in ATL cell lines and uncultured ATL cells
[9]. Second, miR-150 may be more associated with tumor
development than tumor progression.

We found that the expressions of 3 selected miRNAs
(miR-130b, miR-145, and miR-223) were significantly
associated with each other. Multivariate prognostic analysis
including these 3 miRNAs revealed that only miR-145 lower
expression achieved statistical significance. Interestingly,
this miRNA was not correlated with any of the clinicopath-
ological or risk factors examined, suggesting that miR-145
lower expression might be a useful independent prognostic
factor. Although down-regulated in all ATL cell lines
examined, miR-145 was not always down-regulated in
patients with clinical ATL. One possible explanation may
be that ATL cell line tumor cells are highly activated and
more aggressive than clinical ATL cases.

We then focused on miR-145, and to confirm whether
miR-145 expression was inversely associated with ATL cell
proliferation, we performed an MTT assay to measure cell
proliferation rates before and after enforced miR-145
expression in an ATL cell line, MT-4, and showed that
overexpression of miR-145 significantly inhibited tumor cell
growth. This inhibition was not complete, suggesting that
some other factors or pathways may be involved in tumor
cell growth. Down-regulation of miR-145 has been reported
in various types of human carcinoma [17-20] and B-cell
malignancy [21-23]. These studies suggest that miR-145
plays a role in controlling cell proliferation, thereby serving
as a tumor suppressor. The precise upstream mechanism of
miR-145 down-regulation in ATL has not been clarified.
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Recently, down-regulation of miR-145 by DNA methylation
and p53 mutation pathways has been suggested in prostate
cancer [24]. We searched a Web site (microRNA.org-
Targets and Expression; http://microma.org/micromna) for
specific targets of miR-145 and retrieved more than 20
targets with high matching scores. However, no association
has been suggested between these candidate targets and
ATL in the literature. Potential targets of miR-145 have
been reported including MYC in colon cancer [25], ERG in
prostate cancer [26], and connective tissue growth factor in
glioblastoma [27].

In conclusion, we investigated ATL cell lines and clinical
ATL cases for miRNA expression using miRNA arrays and
quantitative RT-PCR, and we found that down-regulation of
miR-145 was highly associated with a worsened clinical
course in patients. An in vitro functional assay showed that
miR-145 expression was inversely associated with tumor cell
proliferation. To the best of our knowledge, the involvement
of miR-145 in ATL has not been reported. Our findings shed
light on the biological and clinical roles of miR-145 in ATL
and provide the basis for the development of new miRNA-
targeted therapeutic strategies against this tumor.

Supplementary data

Supplementary data to this article can be found online at
http://dx.doi.org/10.1016/j.humpath.2014.01.017.
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Purpose

CCpchemokine receptor 4 (CCR4) is expressed by peripheral T-cell lymphomas (PTCLs) and is
associated with poor outcomes. Mogamulizumab (KW-0761) is a defucosylated humanized
anti-CCR4 antibody engineered to exert potent antibody-dependent cellular cytotoxicity. This
multicenter phase Il study evaluated the efficacy and safety of mogamulizumab in patients with
relapsed PTCL and cutaneous T-cell lymphoma (CTCL).

Patients and Methods
Mogamulizumab (1.0 mg/kg) was administered intravenously once per week for 8 weeks to patients

with relapsed CCR4-positive PTCL or CTCL. The primary end point was the overall response rate, and
the secondary end points included safety, progression-free survival (PFS), and overall survival (OS).

Results

A total of 38 patients were enrolled, and 37 patients received mogamulizumab. Objective
responses were noted for 13 of 37 patients (35%; 95% Cl, 20% to 53%), including five patients
(14%) with complete response. The median PFS was 3.0 months (95% ClI, 1.6 to 4.9 months), and
the median OS was not calculated. The mean maximum and trough mogamulizumab concentra-
tions {* standard deviation) after the eighth infusion were 45.9 = 9.3 and 29.0 = 13.3 ug/mL,
respectively. The most common adverse events were hematologic events, pyrexia, and skin
disorders, all of which were reversible and manageable.

Conclusion

Mogamulizumab exhibited clinically meaningful antitumor activity in patients with relapsed PTCL
and CTCL, with an acceptable toxicity profile. Further investigation of mogamulizumab for
treatment of T-cell lymphoma is warranted.

J Clin Oncol 32:1157-1163. © 2014 by American Society of Clinical Oncology

lymphoma (AITL), and anaplastic large-cell lym-
phoma (ALCL)." Cyclophosphamide, doxorubi-

Mature T/matural killer (NK)-cell neoplasms
comprise approximately 20 subclassified hetero-
geneous groups of non-Hodgkin lymphomas
(NHLs) that account for approximately 10% of
NHLs in Western countries'~ and approximately
25% of NHLs in Japan.*® Mature T/NK-cell neo-
plasms are largely subdivided into peripheral
T-cell lymphoma (PTCL) and cutaneous T-cell
lymphoma (CTCL), and different treatment
strategies are used for each of these entities."
According to the WHO dlassification, PTCL
includes peripheral T-cell lymphoma not otherwise
specified (PTCL-NOS), angioimmunoblastic T-cell

cin, vincristine, and prednisone (CHOP) and
CHOP-like regimens have been widely used as the -
standard first-line treatment for patients with
PTCL.”® With the exception of those patients with
anaplastic lymphoma kinase-positive ALCL, the ef-
ficacy of these combination therapies is unsatisfac-
tory because those who achieve remission eventually
experience relapse and poor outcomes.>® Several
agents have been approved by the US Food and
Drug Administration for the treatment of relapsed
or refractory (Rel/Ref) PTCL: pralatrexate, ro-
midepsin for Rel/Ref PTCL, and brentuximab vedo-
tin for Rel/Ref ALCL. The overall response rates

© 2014 by American Society of Clinical Oncology 1157
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(ORRs) were reported to be 29% and 25% for PTCL and 86% for
ALCL, respectively.'®'?

CTCL can be classified as mycosis fungoides (MF), Sézary syn-
drome, or cutaneous ALCL. The majority of cases of CTCL in Japan
consist of MF." The therapeutic approaches and outcomes for these
conditions are primarily dependent on disease stage.>”'* Patients with
advanced stage CTCL who relapse after systemic chemotherapies and
those with transformed MF have particularly poor outcomes.'*'
Recently, the US Food and Drug Administration approved agents for
Rel/Ref CTCL treatment, including vorinostat, denileukin diftitox,
and romidepsin, with ORRs of 30%, 30%, and 34%, respectively.'”"*?
However, there are few treatment options or approved agents for
CTCL in Japan, partly because of its low prevalence here.>'*"?

CC chemokine receptor 4 (CCR4) is a marker for type 2 helper T
cells or regulatory T (Treg) cells and is expressed on tumor cells in
approximately 30% to 65% of patients with PTCL.*>*' CCR4-positive
patients (eg, in the PTCL-NOS subgroup) have a shorter survival time
when compared with CCR4-negative patients.>’ > Further, CCR4
expression increases with advancing disease stage in patients with MF/
Sézary syndrome.**

Mogamulizumab (KW-0761) is a humanized anti-CCR4 mono-
clonal antibody with a defucosylated Fc region that enhances
antibody-dependent cellular cytotoxicity.*>*® In vitro antibody-
dependent cellular cytotoxicity assay and in vivo studies in a human-
ized mouse model revealed that mogamulizumab exhibited potent
antitumor activity against T-cell lymphoma cell lines and against pri-
mary CTCL cells from patients.”*>®

In a phaseI study of patients with relapsed adult T-cell leukemia-
lymphoma (ATL) and PTCL/CTCL, mogamulizumab was well toler-
ated up to a dose of 1.0 mg/kg. An ORR of 31% (five of 16) was
obtained, including one partial response (PR) among three patients
with PTCL/CTCL.* Mogamulizumab yielded an ORR of 50% (13 of
26) for relapsed CCR4-positive ATL in a subsequent phase II study.*
In the United States, a phase I/II study for patients with Rel/Ref CTCL
revealed that mogamulizumab was well tolerated with an ORR of 37%
(14 of 38, 8% complete response [CR], 29% PR) and a median PFS of
341 days.”*

The present report describes the results of a multicenter phase IT
study in Japan that was designed to assess the efficacy and safety of
mogamulizumab in patients with relapsed CCR4-positive PTCL
or CTCL.

Study Design and Treatment

This was a multicenter, single-arm phase II study conducted at 15 Japa-
nese centers. At least 35 patients were required to detect a lower limit of the
95% CI that exceeded the 5% threshold, and the expected ORR for mogamu-

lizumab was 25% with a statistical power of 90%.'%*

All patients gave written informed consent before enrollment. Patients
received intravenous infusions of 1.0 mg/kg mogamulizumab once per week
for 8 weeks. Dose modification of mogamulizumab was not allowed. Oral
antihistamine and acetaminophen were given before each dose of mogamuli-
zumab as premedication.**® A systemic corticosteroid (hydrocortisone 100
mg intravenously) was also administered before the first dose of mogamuli-
zumab to prevent an infusion reaction. The same dose of hydrocortisone was
administered before the second and subsequent administrations at the inves-
tigators’ discretion. The plasma concentrations of mogamulizumab and
antimogamulizumab antibodies in plasma were determined by using enzyme-
linked immunosorbent assays.***° Blood samples were collected from all

1158 © 2014 by American Society of Clinical Oncology

patients who received at least one dose of mogamulizumab at times deter-
mined by the protocol for pharmacokinetic analyses. Maximum plasma mog-
amulizumab concentration and trough concentration parameters were
calculated from 0 to 7 days after the eight doses. T-cell subsets and NK cell
distribution were also investigated by flow cytometry during and after mog-
amulizumab treatment. This study was conducted in accordance with the
Declaration of Helsinki and in compliance with Good Clinical Practices. The
protocol was approved by the institutional review board at each participat-
ing institution.

Patients

Patients who were = 20 years of age and who had CCR4-positive PTCL
or CTCL with relapse after their last systemic chemotherapy were eligible for
participation. Patients who were refractory to their most recent therapy were
not eligible for this study. Histopathological subtypes were assessed and reclas-
sified by the Independent Pathology Review Commiittee according to the 2008
WHO classification." CCR4 expression was determined by immunohisto-
chemistry by using an anti-CCR4 monoclonal antibody (KM2160) and was
confirmed by central review, as described previously.?® In brief, CCR4 expres-
sion was classified according to the proportion of stained tumor cells (negative,
< 10%; 1+, 10% to <<25%; 2+, 25% to << 50%; 3+, = 50%). Staging of
nodal/extranodal and/or cutaneous lesions was performed if the lesions met
the following requirements: nodal and extranodal lesions were > 1.5 cm in
measurable length on cross-sectional computed tomography images, cutane-
ous lesions were identifiable on visual inspection, and peripheral blood abnor-
mal lymphocyte count was = 1,000/uL and comprised = 5% of total
leukocytes. All patients were required to have an Eastern Cooperative Oncol-
ogy Group performance status of 0 to 2. Other notable eligibility criteria
regarding laboratory values were as follows: neutrophil count = 1,500/pL,
platelet count = 50,000/uL, hemoglobin level = 8.0 g/dL, AST level < 2.5X
the upper limit of normal (ULN), ALT level < 2.5X the ULN, total bilirubin
level = 1.5X the ULN, and serum creatinine level = 1.5X the ULN. Patients
were excluded if they had any severe complications, such as CNS involvement
or a bulky lymphoma mass requiring emergent radiotherapy, a history of
allogeneic stem-cell transplantation, active concurrent cancers, an active infec-
tion, or positivity for hepatitis B virus DNA, hepatitis B surface antigen,
hepatitis C virus antibody, or human immunodeficiency virus antibody.

Efficacy and Safety Assessment

The primary objective was to assess the best overall response, and the
secondary objectives included assessments of the best response according to
disease site, progression-free survival (PES), and overall survival (OS). Efficacy
was evaluated by the Independent Efficacy Assessment Committee according
to modified response criteria based on the International Working Group
Criteria.”**? Cutaneous lesions were evaluated by using the modified Severity
Weighted Assessment Tool.** In addition, treatment efficacy in patients with
CTCL was evaluated by using a Global Response Score.”® Responses were
assessed after the fourth and eighth mogamulizumab infusions and at 2 and 4
months after the end of treatment. Treatment was discontinued if progressive
disease (PD) was evident. PD and survival were monitored until at least 4
months after the completion of dosing. For safety evaluations, adverse events
(AEs) were graded according to the National Cancer Institute Common Ter-
minology Criteria for AEs, version 4.0.

Statistical Analysis

PES and OS were analyzed by using the Kaplan-Meier method. PFS was
defined as the time from the first dose of mogamulizumab to progression,
relapse, or death by any cause (whichever occurred first). OS was measured
from the day of the first dose to death by any cause.

Patient Characteristics

Sixty-five patients were screened, and 64 biopsy specimens were
histologically confirmed as PTCL or CTCL by the Independent Pa-
thology Review Committee. In total, 50 (78%) of the 64 screened
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