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Abstract Peripheral T-cell lymphoma (PTCL) is a group of
lymphoid malignancy that remains difficult to treat, as most
PTCL becomes refractory or relapses, and thus there is an
unmet medical need for novel treatment modalities. CC
chemokine receptor 4 (CCR4) is expressed in various types
of PTCL including adult T-cell leukemia-lymphoma (ATL),
which has the worst prognosis among them. A phase II
study of a defucosylated, humanized anti-CCR4 monoclonal
antibody, mogamulizumab (KW-0761), yielded an overall
response rate of 50 % (13/26) and a median progression-free
survival of 5.2 months in relapsed patients with CCR4-
positive ATL who had been previously treated with chemo-
therapy. Mogamulizumab also showed potential efficacy for
cutaneous T-cell lymphoma in a US phase /Il study. Further
preclinical and clinical investigations are needed to examine
whether concomitant use of this novel agent with other
agents with different mechanisms of action would be more
effective for ATL and other PTCLs.
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Introduction

Peripheral T-cell lymphoma (PTCL) represents a small,
heterogeneous group of non-Hodgkin lymphoma (NHL)
which is derived from more mature T-cells and natural killer
(NK) cells, and accounts for approximately 10 % of NHL
cases in Western countries [1, 2] and for approximately
20 %25 % of those in Japan [3, 4]. PTCL, a collective
entity of nearly 20 different subtypes defined according to
morphology, immunophenotype, genotype, and clinical fea-
tures [5], can be largely classified into the following two
groups according to clinical features including the sites of
lesions: (1) cutaneous T-cell lymphoma (CTCL), which is
the general term for diseases that initially or mainly occur in
the skin, and (2) PTCL other than CTCL. Treatment strategies
have been separately developed for these two groups [6].
Treatment options are substantially different for B-cell
and T-cell lymphomas. Rituximab, an anti-CD20 monoclo-
nal antibody, was developed for the treatment of B-cell
lymphomas. The introduction of this agent into clinical
practice has greatly improved the prognosis of patients with
B-cell lymphoma [7]. Recently, bendamustine, which has
little cross resistance with other chemotherapeutic agents
presumably associated with its unique chemical structure
of an alkylating agent and a nucleoside analog, has been
developed as effective treatment of relapsed or refractory
B-cell lymphoma, considering its lack of cross resistance
with other chemotherapeutic agents [8]. However, PTCL
remains extremely difficult to treat, because most PTCL sub-
types become refractory to even aggressive chemotherapy
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regimens or relapse, with the exception of anaplastic lympho-
ma kinase-positive anaplastic large cell lymphoma (ALK"
ALCL), which responds well to the cyclophosphamide, doxo-
rubicin, vincristine, and prednisone (CHOP) regimen [9].
Among the various entities of PTCLs, adult T-cell leukemia-
lymphoma (ATL) harbors the worst prognosis [10]. Here, we
will discuss novel agents that have been developed for the
treatment of ATL and other PTCLs, mainly focusing on moga-
mulizumab/KW-0761, which is a humanized monoclonal an-
tibody targeting CC chemokine receptor 4 (CCR4) that has
been actively developed for clinical use in Japan and the
United States.

PTCL and Novel Agents

PTCL-not otherwise specified (PTCL-NOS) and angioim-
munoblastic T-cell lymphoma (AITL), which are the most
common subtypes of PTCL (PTCL-NOS, 26 %; AITL,
19 %), show a poor prognosis with 5-year overall survival
(OS) and failure-free survival (FFS) of about 30 % and
20 %, respectively [10]. Several new agents have recently
been developed for the treatment of PTCL, mainly in patients
with relapsed or refractory disease. Such agents have various
mechanisms of action, including an immunomodulator
(lenalidomide), a proteasome inhibitor (bortezomib), histone
deacetylase inhibitors (vorinostat, romidepsin, panobinostat),
antifolate (pralatrexate), and biologics including antibodies
and antibody-toxin/drug conjugates (alemtuzumab, siplizu-
mab, denileukin diftitox, and brentuximab vedotin) as well
as nucleoside analogs such as fludarabine, gemcitabine, nelar-
abine, and forodesine [11]. Of these agents, pralatrexate and
romidepsin have been recently approved by the U.S. Food and
Drug Administration (FDA) and are now being used in the
U.S. for the treatment of relapsed or refractory PTCL. In 2011,
brentuximab vedotin (formerly known as SGN-35) was also
approved for the treatment of relapsed or refractory ALCL and
Hodgkin lymphoma.

ATL has the worst prognosis among PTCL, with 5-year
OS and FFS of 14 % and 12 %, respectively [10]. ATL is a
peripheral T-cell malignancy associated with human T-cell
lymphotropic virus type I (HTLV-1), and is relatively frequent
in southwestern Japan, West Africa, the Caribbean islands,
and Brazil, which are HTLV-1 endemic areas [12]. It is esti-
mated that there are about 1.2 million HTLV-1 carriers in
Japan, of whom a few percent develop ATL [13], and approx-
imately 700 to 1000 people die of this disease per year [14].
ATL is classified into four disease subtypes (acute, lymphoma,
chronic, and smoldering), based on clinical features including
leukemic changes, high lactate dehydrogenase, hypercalcemia
and organ infiltration, and the median survival time varies
according to the disease type: acute type, 6 months; lympho-
ma type, 10 months; chronic type, 24 months; and smoldering
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type, 3 years or more [15]. It is recommended that treatment
strategies should be selected according to the disease subtype
[15]. In Japan, the acute type, lymphoma type, and chronic
type with unfavorable prognostic factors have been regarded
as aggressive ATL subtypes requiring immediate treatment,
and intensive combination chemotherapy or allogeneic hema-
topoietic stem-cell transplantation are generally recommended
therapeutic options [16].

The Japan Clinical Oncology Group-Lymphoma Study
Group (JCOG-LSG) has been investigating the efficacy of
combination chemotherapy for aggressive lymphomas in-
cluding ATL or for ATL alone since the early 1980s. At the
start of the investigation, CHOP-like regimens were evalu-
ated because ATL was considered to be a type of NHL, but
the outcome was poor [17]. Then, the LSGI15 regimen
consisting of the drugs used in the CHOP regimen plus four
other drugs (ranimustine, vindesine, etoposide, and carbo-
platin) with the prophylactic use of granulocyte colony-
stimulating factor (G-CSF) was evaluated. In a phase III
trial, JCOG9801, this dose-intensified multiagent chemo-
therapy regimen was shown to be more effective than
CHOP-14 regimen, with a complete response rate of 40 %,
3-year OS of 24 %, and median survival time of 12.7 months
[18, 19]. However, since the outcome of this dose-intensified
regimen was still inferior to that in other PTCLs and B-cell
lymphomas, further improvement is necessary. In Western
countries, combination therapy with interferon-« and zidovu-
dine has been widely used for all disease subtypes of ATL. A
recently published meta-analysis suggested the effectiveness
of this combination therapy for ATL, especially leukemic
forms such as acute and chronic types [20].

Several new antibodies are currently under development
for the treatment of T-cell lymphoma. They are based on the
unique immunophenotypic features of ATL cells, which
express mature T-cell antigens such as CD2, CD25 (inter-
leukin [IL]-2 receptor), and CDS52. Because of the unique
intense expression of CD25 compared to that in other
PTCL, monoclonal antibodies targeting the IL-2 receptor
(anti-Tac), either radiolabeled or unlabelled (daclizumab),
have been tested in patients with relapsed or refractory ATL.
However, the clinical efficacy appears to be limited [21]. An
anti-CD2 monoclonal antibody (siplizumab) [22], anti-CD52
antibody (alemtuzumab) [23, 24], and anti-transferrin receptor
antibody (A24) [25] are also under development, but data are
currently limited.

Currently Available Therapeutic Agents for ATL

Pentostatin and sobuzoxane are chemotherapeutic agents
that were previously approved for the treatment of ATL in
Japan. Pentostatin, a purine nucleoside analog that inhibits
adenosine deaminase, has been reported to be effective for
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T-cell malignancies, including T-cell prolymphocytic leuke-
mia, CTCL, and PTCL [26]. The clinical efficacy of pentos-
tatin was evaluated in patients with ATL from the 1980s to
1990s, and a phase II study of pentostatin revealed a re-
sponse rate of 32 % (10 of 31) in patients with relapsed or
refractory ATL [27]. Other drugs that are often used in
patients with relapsed or refractory ATL are some combina-
tion chemotherapy regimens, including EPOCH (etoposide,
prednisolone, vincristine, cyclophosphamide, and doxorubi-
cin) and ESHAP (etoposide, methylprednisolone, high-dose
cytarabine and cisplatin); however, there is no apparent
evidence of an advantage of these combination chemothera-
pies over other therapeutic options. In the U.S., pralatrexate
and romidepsin have been approved for the treatment of
PTCL and can also be used for ATL. The efficacy of these
drugs for ATL is not clear because they have been evaluated
only in a very limited number of patients (the efficacy of
pralatrexate was evaluated in a clinical study in one patient)
[28].

CCR4 as a Novel Therapeutic Target

Chemokines act as signaling molecules in the migration and
tissue homing of various leukocytes. Among them, thymus
and activation-regulated chemokine (TARC) and monocyte-
derived chemokine (MDC) induce the selective recruitment
of distinct subsets of T-cells through triggering of a chemo-
kine receptor, CCR4. CCR4 is a seven-transmembrane G-
protein coupled receptor and selectively expressed on Th2
cells and regulatory T cells [29, 30]. The expression on
normal cells such as Th2 cells can be partly regulated by
the ligand, especially MDC [31], while the regulation by the
ligands on cancer cells are not yet understood. Ishida et al.
analyzed 103 patients with ATL, and found that tumor cells
from about 90 % of patients showed CCR4 expression [32].
They also found that patients with CCR4-positive ATL were
more likely to have skin infiltration and had a worse out-
come than those with CCR4-negative ATL, indicating that
CCR4 played an important pathogenetic role in ATL [32]. In
addition, Yoshie et al. found that the expression of CCR4
was increased in association of HTLV-1 and showed a
relationship to Fra-2/Jun D which induces downstream
genes such as c-Myb and SOX4, and MDM2 which pro-
motes growth and inhibits apoptosis [33]. CCR4 is also
expressed on other types of PTCL (29 % of total cases;
PTCL-NOS, 38 %; AITL, 35 %; ALK ALCL, 67 %; my-
cosis fungoides [MF], 41 %) [34]. Jones et al. independently
reported that some types of PTCL expressed CCR4, as well
[35]. In addition, analysis of 50 patients with PTCL-NOS
revealed that CCR4-positive patients had significantly
shorter survival than CCR4-negative patients [34]. Nakagawa
et al. analyzed 51 patients with PTCL-NOS using the array

comparative genomic hybridization technique, and found that
patients with PTCL-NOS with genomic aberrations had a
significantly higher frequency of CCR4 positivity and a worse
outcome than those with PTCL-NOS without genomic aber-
rations [36]. These findings resemble those observed in
patients with ATL. Although the role of CCR4 in the tumor-
igenesis and progression of PTCL-NOS has not been fully
elucidated, CCR4 seems to be a promising target molecule in
the treatment of PTCL as well as in ATL.

Clinical Trials of Mogamulizumab

Mogamulizumab/KW-0761 is a humanized monoclonal an-
tibody that recognizes the N-terminal region of human
CCR4 [37-39]. It is a therapeutic antibody produced using
a novel glycoengineering technology that enhances antibody-
dependent cellular cytotoxic (ADCC) activity [40]. Mogamu-
lizumab and its human-mouse chimeric version, KM2760,
showed potent antitumor activity mediated by enhanced
ADCC against ATL cell lines and primary ATL cells in vitro
and in vivo [39, 41, 42].

A phase I clinical study (0761-0501 Study: Clinical-
Trials.gov Identifier NCT00355472) has been conducted in
patients with CCR4-positive relapsed PTCL, including ATL
[43<]. The primary objectives of the study were to assess the
safety of mogamulizumab, and analyze its maximum toler-
ated dose (MTD) and pharmacokinetics. The secondary
objectives were to determine the best overall response rate
(ORR) and progression-free survival (PFS). Mogamulizu-
mab was intravenously administered once a week for
4 weeks at four dose levels (0.01, 0.1, 0.5, and 1.0 mg/kg)
according to the conventional 3+3 design. Enrolled in the
study were 16 patients, of whom 13 had ATL (11 acute type,
2 lymphoma type), 1 had tumor-stage MF, and 2 had PTCL-
NOS. All 16 patients receiving mogamulizumab were in-
cluded in the safety and efficacy analyses. No dose-limiting
toxicity (DLT) was observed in any of the 13 patients who
received mogamulizumab at a dose of 0.01-1.0 mg/kg, and
thus MTD was not reached. Then, three additional patients
were enrolled to receive 1.0 mg/kg, the highest dose. One
patient showed grade 4 neutropenia, grade 3 febrile neutro-
penia, and grade 3 skin eruption, but these adverse events
occurred in only 1 of the 6 patients who received a dose of
1.0 mg/kg, indicating that this drug would be tolerated at
least up to 1.0 mg/kg. The best ORR in the total 16 patients
was 31 % (of those, 2 had complete response [CR] and 3
had partial response [PR]), and the best ORR was also 31 %
in patients with ATL (of those, 2 had CR and another 2 had
PR). Pharmacokinetic analysis revealed a plasma mogamu-
lizumab trough concentration of 7.5-19.6 pg/mL after the
Ist to 4th administration of mogamulizumab at a dose of
1.0 mg/kg. These concentrations were sufficient to kill
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primary ATL cells by ADCC activity in vitro (10 pg/mL).
After the 4th administration of mogamulizumab at a dose of
1.0 mg/kg, its plasma half-life was approximately 18 days,
which is comparable to the half-life (14 to 21 days) of
endogenous human IgG. Lastly, although MTD was not
reached, a tendency toward an increased incidence of grade
3 or higher toxicity was observed at 1.0 mg/kg. Therefore, it
was concluded that a dose of 1.0 mg/kg should be recommen-
ded for a subsequent phase II trial of this novel agent [44].

A subsequent phase II study of mogamulizumab (0761—
002 Study: ClinicalTrials.gov Identifier NCT 00920790)
was conducted in patients with CCR4-positive relapsed
ATL [45¢°]. The primary endpoint was the best ORR, and
the secondary endpoints included the best response of each
disease site such as peripheral blood ATL cells, skin and
nodal/extranodal lesions as well as PFS and OS. It was
planned for 25 patients to be enrolled for efficacy analysis,
assuming the expected ORR of 30 % with a 5 % threshold
response rate. Mogamulizumab was intravenously adminis-
tered once a week for 8 weeks at a dose of 1.0 mg/kg. In this
study, 28 patients in total were enrolled. Of these, 27
patients who received mogamulizumab were included in
the safety analysis, and 26 patients, excluding 1 patient
who was judged ineligible for enrollment after starting
mogamulizumab administration, were evaluated in the effi-
cacy analysis. Of the 27 patients who received mogamuli-
zumab, 14 had acute type, 6 lymphoma type, and 7 chronic
type with unfavorable prognostic factors. The best ORR was
50 % (13/26) including 8 CR. With the lower limit of the
95 % confidence interval (30 % to 70 %) exceeding the
threshold response rate of 5 %, the clinical efficacy of
mogamulizumab was confirmed. Responses according to
disease sites were 100 % (of 13 patients, all CR) for periph-
eral blood, 63 % (of 8§ patients, 3 CR and 2 PR) for skin, and
25 % (of 12 patients, 3 CR/CRu) for nodal and extranodal
lesions. Median PFS and OS were 5.2 and 13.7 months,
respectively. The best ORR was also calculated for each
disease subtype, giving 43 % in patients with acute type
(of 14 patients, 5 CR and 1 PR), 33 % in patients with
lymphoma type (of 6 patients, 1 CR and 1 PR), and 83 %
in patients with unfavorable chronic type (of 6 patients, 2
CR and 3 PR). Thus, it was demonstrated that mogamuli-
zumab induced favorable responses in patients with any
disease subtype of ATL. In addition, for each age group,
the best ORR was 39 % (of 13 patients, 3 CR and 2 PR) in
patients younger than 65 years, and 62 % (of 13 patients, 5
CR and 3 PR) in patients 65 years or older. The most
common adverse events observed during the study were
lymphopenia (96 %), neutropenia (52 %), and thrombocyto-
penia (52 %) as hematologic toxicity, and acute infusion
reaction (89 %) and skin eruption (63 %) as non-
hematologic toxicity. There was no death related to mogamu-
lizumab in either the phase I or phase II study. Of 8 serious
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adverse events with a relationship to mogamulizumab in the
phase I and II studies, 5 events including 4 cases of skin
eruption and 1 case of Stevens-Johnson syndrome occurred
during the phase II study. However, these reactions were
manageable with supportive measures including corticoste-
roid or other drugs in all patients. Considering the seriousness
of the disease, even skin eruption might be considered accept-
able for the treatment of ATL by treating physicians, while
close and appropriate follow-up of the event is necéssary.
Elucidation of the mechanism of skin eruption and preventive
measures against it are awaited.

In the U.S., a phase VI study (ClinicalTrials.gov Identi-
fier: NCT00888927) in patients with relapsed or refractory
PTCL including CTCL has been conducted [46]. Mogamu-
lizumab was well tolerated at doses of 0.1-1.0 mg/kg in 42
patients including 1 with PTCL-NOS. MTD was not
reached and thus 1.0 mg/kg was chosen for subsequent
studies. A promising ORR of 42 % (of 38 evaluable patients
with CTCL, 3 CR and 13 PR) was achieved, although
expression of CCR4 on lymphoma cells was not mandatory
for patient enrolment in this particular phase /Il study.
Regarding subtypes of CTCL, ORR in Sezary syndrome
(SS) patients was 50 % and in MF patients was 36 %.
Eighty-seven percent of SS patients had a response in pe-
ripheral blood, with 50 % CR. Further study of mogamuli-
zumab is warranted in patients with nodal PTCL as well as
CTCL.

Conclusions

It is evident that there are limitations to improvement of the
treatment outcome of PTCL, especially ATL, with the cur-
rently available chemotherapeutic agents alone. Mogamuli-
zumab has a less severe toxicity profile and induces a high
response rate in patients with ATL, even in elderly patients.

ATL 1% line
] mLsG1s i
| {VCAPSAMPIVECR) 1
%4 cycles

Untreated
ATL

Primary endpoint: CRrate ¢
ClinicalTrials.gov ID:NCT01173887

PTCL 2™ line

Relapsed T/NK-cell |
fymphoma
!

Primary endpoint: ORR

ClinicalTrials.gow 1D; NCT01192984

Fig. 1 Ongoing clinical studies of mogamulizumab/KW-0761 for
peripheral T-cell lymphomas in Japan
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Therefore, it may provide an effective treatment option for
the disease, especially for elderly patients who are not eligible
for intensive chemotherapy or hematopoietic stem-cell
transplantation.

In Japan, based on the results of the clinical studies
mentioned above, a single-arm phase II study of mogamu-
lizumab monotherapy in patients with CTCL and PTCL
(ClinicalTrials.gov Identifier: NCT01192984) and a random-
ized phase II study of dose-intensified combination chemo-
therapy (mLSG15 regimen) with or without mogamulizumab
in untreated patients with ATL (ClinicalTrials.gov Identifier:
NCT01173887) are being conducted as shown in Fig. 1.
Patient enrollment has already been completed in these phase
11 studies. In the U.S., based on the aforementioned phase I/I1
study in patients with relapsed or refractory CTCL, a pivotal
phase III study in patients with relapsed or refractory CTCL is
being planned. In conclusion, mogamulizumab is expected to
provide new, promising treatment options in patients with
ATL and other T-cell lymphomas.
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Purpose
Adult T-cell leukemia-lymphoma (ATL) is usually resistant to conventional chemotherapies, and

there are few other treatment options. Because CC chemokine receptor 4 (CCR4) is expressed on
tumor cells from most patients with ATL, KW-0761, a humanized anti-CCR4 monoclonal antibody,
which markedly enhances antibody-dependent cellular cytotoxicity, was evaluated in the treat-
ment of patients with relapsed ATL.

Patients and Methods
A multicenter phase Il study of KW-0761 for patients with relapsed, aggressive CCR4-positive ATL

was conducted to evaluate efficacy, pharmacokinetic profile, and safety. The primary end point
was overall response rate, and secondary end points included progression-free and overall survival
from the first dose of KW-0761. Patients received intravenous infusions of KW-0761 once per
week for 8 weeks at a dose of 1.0 mg/kg.

Results

Of 28 patients enrolled onto the study, 27 received at least one infusion of KW-0761. Objective
responses were noted in 13 of 26 evaluable patients, including eight complete responses, with an
overall response rate of 50% (95% Cl, 30% to 70%). Median progression-free and overall survival
were 5.2 and 13.7 months, respectively. The mean half-life period after the eighth infusion was
422 + 147 hours (* standard deviation). The most common adverse events were infusion
reactions (89%) and skin rashes (63%), which were manageable and reversible in all cases.

Conclusion
KW-0761 demonstrated clinically meaningful antitumor activity in patients with relapsed ATL, with

an acceptable toxicity profile. Further investigation of KW-0761 for treatment of ATL and other
T-cell neoplasms is warranted.

J Clin Oncol 30:837-842. © 2012 by American Society of Clinical Oncology

poside, carboplatin, and prednisone), resulted in
median progression-free (PFS) and overall sur-

Adult T-cell leukemia-lymphoma (ATL) is an ag-
gressive peripheral T-cell neoplasm caused by hu-
man T-cell lymphotropic virus type I. The disease
is resistant to conventional chemotherapeutic
agents, and there currently exist limited treatment
options; thus, it has a poor prognosis.' ™ A recent
phase III trial for previously untreated patients
with aggressive ATL (acute, lymphoma, or unfa-
vorable chronic type) age 33 to 69 years demon-
strated that a dose-intensified multidrug regimen,
VCAP-AMP-VECP (vincristine, cyclophospha-
mide, doxorubicin, and prednisone; doxorubicin,
ranimustine, and prednisone; and vindesine, eto-

vival (OS) of 7.0 and 12.7 months, respectively.’
This remains unsatisfactory compared with re-
sponses in other hematologic malignancies. Allo-
geneic hematopoietic stem-cell transplantation
has evolved into a potential approach to treating
patients with ATL over the last decade. However,
only a small fraction of patients with ATL 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.®” Therefore, the development of alterna-
tive treatment strategies for patients with ATL is
an urgent issue.

© 2012 by American Society of Clinical Oncology 837
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Because CC chemokine receptor 4 (CCR4) is expressed on
tumor cells from most patients with ATL,*? we postulated that it
might represent a novel molecular target for immunotherapy.
Accordingly, KW-0761, a next-generation humanized anti-CCR4
immunoglobulin G1 (IgG1) monoclonal antibody (mAb) with a
defucosylated Fc region, which markedly enhances antibody-
dependent cellular cytotoxicity (ADCC), was developed.'®!' We
demonstrated that robust ADCC by the defucosylated anti-CCR4
mADb against primary tumor cells from patients with ATL mediated
by autologous effector cells was triggered both in vitro and in a
humanized mouse model in vivo.''"'* These promising preclinical
results prompted us to conduct a phase I clinical trial of KW-0761
for patients with relapsed CCR4-positive peripheral T-cell lym-
phoma (PTCL), including ATL. This study demonstrated good
tolerability, predictable pharmacokinetics, and preliminary evi-
dence of potent antitumor activity and resulted in a recommended
dose of 1.0 mg/kg for subsequent clinical trials.'* Herein, we report
the results of a multicenter phase II study designed to assess the
efficacy, pharmacokinetic profile, and safety of KW-0761 mono-
therapy in patients with relapsed CCR4-positive aggressive ATL.

Patients

Patients 20 years of age or older with CCR4-positive aggressive ATL
(acute, lymphoma, or unfavorable chronic type)* who had relapsed after at
least one prior chemotherapy regimen were eligible. The unfavorable chronic
type of ATL was defined by the presence of at least one of the following three
factors: low serum albumin, high lactate dehydrogenase, or high blood urea
nitrogen concentration.” CCR4 expression was determined by immunohisto-
chemistry or flow cytometry using a mouse anti-CCR4 mAb (KM2160)%*
and confirmed by a central review committee. All patients were required to
have an Eastern Cooperative Oncology Group performance status of 0 to 2.
Eligibility criteria also included the following laboratory values: absolute neu-
trophil count = 1500/uL, platelet count = 50,000/uL, hemoglobin = 8.0
g/dL, AST = 2.5 X the upper limit of the normal range (UNL), ALT [lteuq]
2.5 X UNL, total bilirubin = 1.5 X UNL, serum creatinine < 1.5 X UNL,
corrected serum calcium = 11.0 mg/dL, and arterial partial oxygen pressure
= 65 mmHg or arterial blood oxygen saturation = 93%. Patients were ex-
cluded if they had an active infection, a history of organ transplantation, active
concurrent cancers, CNS involvement, a bulky mass requiring emergent ra-
diotherapy, or seropositivity for hepatitis B virus antigen, hepatitis C virus
antibody, or HIV antibody.

Study Design

This study was a multicenter, single-arm, phase II trial. Objectives of the
study were to evaluate the efficacy, pharmacokinetic profile, and safety of
KW-0761 monotherapy. Patients received intravenous infusions of KW-0761
once per week for 8 weeks at a dose of 1.0 mg/kg.'* Oral antihistamine and
acetaminophen were administered before each KW-0761 infusion to prevent
infusion reactions. The primary end point was overall response rate (ORR),
and secondary end points included the best response by disease site, PFS, and
OS. Objective responses were assessed after the fourth and eighth infusions of
KW-0761 by an independent efficacy assessment committee according to the
modified response criteria for ATL.* It was estimated that 25 patients would be
required to detect a lower limit of the 95% CI exceeding the 5% threshold of
ORR based on the assumptions that the minimum required ORR for a new
drug for relapsed, aggressive ATL is 5%, with an expected ORR for KW-0761
of 30%"* with 90% power. Adverse events (AEs) were graded according to the
National Cancer Institute Common Terminology Criteria for AEs, version 3.0.
The presence of human anti-KW-0761 antibodies in the patients’ plasma was
examined using enzyme-linked immunosorbent assay. Blood samples col-

838  © 2012 by American Society of Clinical Oncology

lected at times strictly in accordance with the protocol were employed for the
pharmacokinetic analysis. Samples were obtained from patients who had
received at Jeast one dose of KW-0761 up to all eight doses. When any event
resulted in an alteration in the infusion protocol, only those samples taken
before the alteration were used for the analysis. The following parameters were
calculated for plasma KW-0761: maximum drug concentration and trough
drug concentration of each KW-0761 administration, area under the blood
concentration time curve from 0 to 7 days after the first and eighth doses, and
half-life period (t, ,) after the eighth dose. As an additional research parameter,
we investigated blood T-cell subset distribution during and after KW-0761
treatment and compared these values with those of 10 healthy donors as
controls (five men, five women; median age, 45 years; range, 41 to 57 years).

Statistical Analysis

Survival estimates were calculated using the Kaplan-Meier method. PFS
was defined as the time from the first dose of KW-0761 to progression, relapse,
or death resulting from any cause, whichever occurred first. OS was measured
from the day of the first dose to death resulting from any cause. Regarding
T-cell subset analysis, differences between the patients’ values before KW-0761
treatment and those of the controls were examined using the Mann-Whitney
U-test. Differences between KW-0761 pretreatment values and those at each
time point after KW-0761 treatment were examined using the Wilcoxon
signed-rank test. All analyses were performed with SPSS Statistics 17.0 (SPSS,
Chicago, IL). In this study, P < .05 was considered significant.

Study Oversight

The study was sponsored by Kyowa Hakko Kirin Company (Tokyo,
Japan). The academic investigators and the sponsor were jointly responsible
for the study design. The protocol was approved by the institutional review
board at each participating site, and all patients and controls provided written
informed consent before enrollment according to the Declaration of Helsinki.

Patients :

Of the 28 patients enrolled onto the study, 27 (12 men, 15
women) received at least one infusion of KW-0761. One patient was
withdrawn for aggravation of the general condition before the admin-
istration of KW-0761. Demographics and clinical characteristics of the
27 patients are summarized in Table 1. Median age was 64 years
(range, 49 to 83). The disease subtypes included 14 acute, six lym-
phoma, and seven unfavorable chronic type ATL. Of these 27 patients,
14 (52%) completed the schedule of eight planned infusions. Of the
remaining 13 patients, 11 (41%) discontinued treatment because of
disease progression, one (4%) because of skin rash, and another (4%)
because of concurrent colon cancer, for which this patient was ex-
cluded from the efficacy evaluation.

Efficacy of KW-0761

Of 26 patients evaluable for efficacy, objective responses were
noted in 13 patients (ORR, 50%; 95% CI, 30% to 70%), including
eight complete responses (CRs). Responses according to disease site
were 100% (13 of 13; all CRs) for blood, 63% (five of eight) for skin,
and 25% (three of 12) for nodal and extranodal lesions. Responses
according to disease subtype were 43% (six of 14) for acute, 33% (two
of six) for lymphoma, and 83% (five of six) for unfavorable chronic
type ATL. Responses according to number of prior chemotherapy
regimens were 48% (10 of 21) in those who had one prior regimen and
60% (three of five) for those who had two or three prior regimens.
Median PFS and OS were 5.2 and 13.7 months, respectively (Figs
1A, 1B).
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Table 1. Patient Demographics and Clinical Characteristics (n = 27)*
Characteristic No. %
Age, years
Median 64
Range 49-83
= 65 13 48
Sex
Male 12 44
Female 15 56
ECOG performance statust :
0 ; ; 15 56
1 7 . 26
2 5 19
Disease subtype
Acute 14 52
Lymphoma 6 22
Chronic 7 26
Prior chemotherapy regimens, No.
1 ! : . 22 82
2 : 3 11
3 ; 2. 7
Abbreviation: ECOG, Eastern Cooperative Oncology Group.
*Of 28 patients enrolled, 27 received at least one infusion of KW-0761.
TECOG performance status scores range from 0 (normal activity) to 5
(death), with higher scores indicating more severe disability.

Pharmacokinetics

KW-0761 plasma concentrations over eight infusions, once per
week, at 1.0 mg/kg are shown in Figure 2. Mean maximum drug
concentration and trough drug concentration (= standard deviation)
of the eighth infusion were 42.9 * 14.2 ug/mL and 33.6 = 10.6
wmg/mL, respectively. Mean area under the blood concentration time
curve from 0 to 7 days after the eighth infusion was 6,297 = 1,812
g X hours/mL. The mean t,,, after the eighth infusion was 422 *=
147 hours.

AEs

Table 2 lists AEs that occurred in at least 15% of patients or at
grades 3 to 4, which were determined as possibly, probably, or defi-
nitely KW-0761 related. The most common nonhematologic AE was
an infusion reaction (89%). In addition, 80% or more of the following
recorded AEs occurred along with an infusion reaction: fever, chills,
tachycardia, hypertension, nausea, and hypoxemia (Table 2). These
events occurred primarily at the first infusion, becoming less frequent
with subsequent treatments. The infusion reactions and component
events were transient, and all patients recovered, although some
needed systemic steroids. Skin rashes were observed as another fre-
quent nonhematologic AE (63%), mostly occurring after the fourth or
subsequent infusions. Of the 14 patients who developed grade 2 or
higher skin rashes, objective responses were noted in 13 patients
(93%), including eight CRs. On the other hand, of the 12 patients who
developed no or grade 1 skin rashes, no objective responses were
observed. A typical clinical course of the rash is depicted in Appendix
Figures A1A and A1B (online only). The skin rash observed in this
patient appeared after the seventh infusion, and the corresponding
skin biopsy revealed mild perivascular CD8-positive cells dominating
an inflammatory reaction, with an absence of ATL cells. The skin rash
recovered on application of topical steroid. Of the 17 patients who
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Fig 1. Kaplan-Meier curves of estimated (A) progression-free survival (PFS;
median, 5.2 months) and (B) overall survival {OS; median, 13.7 months).

developed skin rashes, one developed Stevens-Johnson syndrome,
which was determined as possibly KW-0761 related, although that
patient also received trimethoprim/sulfamethoxazole, fluconazole,
and acyclovir for prevention of infection according to the protocol.
This patient stopped those preventive agents and was treated with

100

Plasma Concentration of
KW-0761 (ug/mL)

4 1.0 mgrkg KW-0761
1188834

0 7 14 21 28 35 42 49 56 63 70 77 84

1

Time (days)

Fig 2. Pharmacokinetics of KW-0761. Mean KW-0761 plasma concentrations
during and after 1.0 mg/kg KW-0761 infusions once per week for 8 weeks. Bar
indicates upper limit of standard deviation.
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Table 2. Adverse Events (n = 27)*
Infusion Reaction
Grade (No. of Related
patients) All Grades (No. of patients)
No. of All
Adverse Event 1 2 3 4 Patients % Grades = Grade 2
- Nonhematologic
Infusion reaction 1221 0 24 89 :
Fever 20020 0 22 8 18 A
Rash 3950 17 63 1 0
Chills 14 200 16 59 .16 2
ALT 5 42 .0 114 :
AST 3 .52 0 10 37
Tachycardia 9 00 0 9 33 9 0
Hypertension 6 20 0 8 .30 8 1
Albuminemia 7. 10 0 8 30 ‘
ALP 4200 6 22
Weight gain 5 00:0 5 19 :
Nausea 4100 5 19 5 1
Hyponatremia 5 00 0 519 :
Hypoxemia 023 0 5 19 4 4
Hypotension 2.20..0 4 15 3 1
Pruritus 031 0 4 15 :
y-GTP 0 1370 4 15
Hypophosphatemia 0 40 0 415
Hyperuricemia 4 00 0 4 15
Hypercalcemia 110 1 31
Hypokalemia 1. 02 0 3
Erythema multiformet 0 0 1. 0 14
Hyperglycemia 001 0 14
Tumor lysis syndrome- 0010 1 4
Metabolic/laboratory, i
other# 4 7.3 0 14 52
Hematblogic
Lymphopenia$ 0 6 9 11 26 96
Leukocytopenia 3 78 0 18 67
Thrombocytopenia 7 23 2 14 52
Neutropenia 5 45 0 14 52
Hemoglobin 4 31 0 8 30

Abbreviations: ALP, alkaline phosphatase; BUN, blood urea nitrogen; CRP,
C-reactive protein; GTP, glutamyl transpeptidase.

*Of 28 patients enrolled, 27 received at least one infusion of KW-0761.
Listed are adverse events determined as possibly, probably, or definitely
KW-0761 related that occurred in at least 15% of patients or were of grade 3
10 4 severity.

TOne patient diagnosed as having Stevens-Johnson syndrome.

+Other metabolic and laboratory test abnormalities included hypoproteine-
mia, BUN elevation, CRP, glycosuria, hypochloremia, and hyperammoniemia.

§Lymphopenia included decrease of abnormal lymphocytes.

systemic steroids, but improvement required the passage of 4 months.
Lymphopenia, including a decrease in the number of ATL cells, oc-
curred in 26 (96%) of the 27 patients. Grades 3 to 4 thrombocytopenia
was observed in five patients (19%) but was not associated with bleed-
ing, and grade 3 neutropenia also occurred in five patients but did not
lead to a febrile episode. The latter two hematologic AEs improved in
all patients. None of the patients developed detectable anti-KW-
0761 antibody.

T-Cell Subset Analysis

The numbers of circulating blood CD4+ CCR4+, CD4+
CD25+ FOXP3+, CD4+ CCR4—, and CD4~ CD8+ cells from
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KW-0761-treated patients and those from the 10 controls are pre-
sented as box and whisker plots in each graph (Appendix Figs A2A to
A2D, online only). The numbers of CD4+ CCR4+ and CD4+
CD25+ FOXP3+ cells in patients with ATL before treatment were
significantly higher than those in the controls but were significantly
reduced after the first KW-0761 infusion. The reduction lasted for at
least 4 months after the eighth infusion (Appendix Figs A2A, A2B;
online only). The numbers of CD4+ CCR4—, and CD4— CD8+ cells
in patients with untreated ATL were significantly lower than those in
the controls. KW-0761 treatment led to a transient further reduction
of those cells; however, recovery took place by the fifth infusion (Ap-
pendix Figs A2C, A2D; online only).

In the present multicenter phase II study, KW-0761 monotherapy
demonstrated significant responses in patients with relapsed ATL with
an acceptable toxicity profile. An ORR of 50% and median PFS and
OS values of 5.2 and 13.7 months, respectively, were observed. Because
the lower limit for an ORR with a 95% CI was 30%, this study met the
primary end point. These results suggest an improvement over what
has been achieved with other agents in relapsed ATL."” Cladribine was
associated with an ORR of 7% (one of 15 patients),'® and irinotecan
hydrochloride treatment had an ORR 0f 38% (five of 13 patients) with
amedian duration of response of 31 days."” Antiviral therapy consist-
ing of a combination of zidovudine and interferon, which has been
proposed as a standard first-line therapy in leukemic subtypes of
ATL," was initially reported as having a median OS of 3.0 months in
19 patients with acute or lymphoma type ATL."® In addition, White et
al®® reported three objective responses lasting longer than 1 month
with zidovudine plus interferon in 18 patients with ATL, of whom 15
had received prior therapy. Those observations collectively suggest
that KW-0761 may offer an advantage over or provide an additional
therapeutic option to the currently available therapy for relapsed ATL,
although there were no direct comparisons.

On examining the results of ATL treatment according to disease
site, disease in blood seemed to be more sensitive to KW-0761 than at
other disease sites. Currently, we are unable to fully explain this differ-
ence; however, factors such as the KW-0761 delivery or the amount of
ADCC effector cells such as natural killer (NK) cells and monocytes/
macrophages in each disease site may be important.

Pharmacokinetic analyses demonstrated that the t,,, after the
eighth administration of KW-0761 was nearly the same as that of
circulating endogenous human IgG1, indicating good stability of this
antibody in vivo. In addition, no anti-KW-0761 antibody was de-
tected, suggesting that the antigenicity of this novel defucosylated
mADb is not likely to be a problem clinically, consistent with findings in
our preceding phase I study.'*

The infusion reactions observed in the present study may also
provide novel insights into problems associated with antibody ther-
apy. It is generally recognized that complement plays a major role in
infusion reactions,?' but this mechanism cannot apply to KW-0761,
because the agent is unable to mediate complement-dependent cyto-
toxicity.'" Therefore, the infusion reactions observed here may have a
different mechanism compared with those of other antibody thera-
pies, such as rituximab. KW-0761 has a defucosylated Fc region, which
markedly enhances ADCC because of increased binding affinity to the
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Fcvy receptor on effector cells. Defucosylated IgG1 is a more potent
activator of NK cells than nondefucosylated IgG1 during ADCC.** We
surmise that the infusion reactions to KW-0761 were mainly induced
by cytokines and related cytotoxic molecules released from highly
activated NK cells.

The present study demonstrated that compared with the levels in
the controls, KW-0761 led to a significant and lasting decrease in the
number of CD4+ CCR4+ but not CD4+ CCR4— or CD4— CD8+
cells in patients with ATL. Consistent with the fact that CCR4 is
expressed not only on T-helper type 2 cells but also on regulatory T
(Treg) cells,”>® KW-0761 treatment also resulted in a significant and
lasting decrease in CD4+ CD25+ FOXP3+ cells, including both ATL
cells and endogenous non-ATL Treg cells.”’ ™ Reduction or suppres-
sion of Treg cells is expected to be a potentially promising strategy for
boosting antitumor immunity in patients with cancer, as observed in
studies with ipilimumab,’*** although ipilimumab and KW-0761
have different targets; the former suppresses Treg cell function, and
the latter decreases their number. Hence, KW-0761 could also lead to
activation of antitumor immunity, which might also contribute to its
potent anti-ATL response. Because ipilimumab causes immune-
related AEs such as diarrhea and colitis, we were especially vigilant in
monitoring for this type of AE. Because CCR4 contributes to lympho-
cyte skin-specific homing,™ it was not surprising that skin rashes,
which could be an immune-related AE, were frequently observed in
the present KW-0761 study. Skin rashes, including the most severe
case of Stevens-Johnson syndrome, the causal association of which
with concomitant medications other than KW-0761 could not be
excluded, proved to be manageable, and patients improved in all cases,
although some needed systemic or topical steroid treatment. The
observed better responses to KW-0761 in patients with grade 2 or
higher skin rashes were highly impressive. However, the underlying
mechanisms for this finding are not clear; thus, further detailed inves-
tigation is warranted. All of the 14 patients who developed grade 2 or
higher skin rashes received five or more KW-0761 infusions according
to the protocol, whereas only three of the 12 patients who developed
no or grade 1 skin rashes received five or more KW-0761 infusions.
This suggests the possibility that skin rashes were associated with the
number of KW-0761 infusions. The Cochran-Mantel-Haenszel test
stratified by the number of KW-0761 infusions (< four v = five)
indicated a significant association between clinical response and skin
rashes (no or grade 1 v grades 2 to 4; P = .009). However, the sample
size is insufficient to draw such a conclusion.

Following on a phase III study (JCOG9801 [Japan Clinical On-
cology Group 9801]) for untreated aggressive ATL,” the present
promising results for KW-0761 monotherapy prompted us to
conduct a subsequent randomized trial of VCAP-AMP-VECP chem-
otherapy with or without KW-0761 for previously untreated ATL
(Clinicaltrials.gov: NCT01173887). CCR4 is also expressed on tumor
cells from a subgroup of PTCL other than ATL, which also has an
unfavorable prognosis.>*>*® Thus, we are currently conducting a
phase II study of KW-0761 monotherapy for relapsed CCR4-positive
PTCL (Clinicaltrials.gov:NCT01192984). In addition, Duvic et al*’
recently reported a phase I/II study of KW-0761 for refractory cutane-
ous T-cell lymphoma. They found that KW-0761 was well tolerated at
doses of 0.1 to 1.0 mg/kg, and a promising ORR of 39% (15 of 38
patients) was achieved, although expression of CCR4 on lymphoma
cells was not included as one of the eligibility criteria (Clinicaltrials-
.gov: NCT00888927). Furthermore, clinical trials of KW-0761 for

WWW.jCO.0Tg

patients with Hodgkin’s lymphoma may be worth trying, because it
has been reported that Hodgkin’s lymphoma tumor cells produce
CCR4 ligand molecules, and migratory CCR4-expressing Treg cells
prevent a host immune attack on tumor cells, thereby creating an
immunologically favorable environment for the tumor cells.”®

Although this phase II study offers a novel promising treatment
option (KW-0761) for patients with relapsed ATL, some limitations
should be discussed. First, the present phase II study was relatively
small, with consequent limitations on drawing definitive conclusions
about the efficacy and safety profile of KW-0761. Second, patients re-
ceived different prior systemic chemotherapy regimens, which could af-
fect the results of the present study. Finally, the enrolled patients all had
aggressive ATL, but three clinical subtypes (acute, lymphoma, and
unfavorable chronic type) were included. Although there may be no
significant differences in susceptibility to conventional chemothera-
pies between these subtypes, the heterogeneity of the enrolled patients
might have affected the results.

In conclusion, this multicenter phase II study demonstrated that
KW-0761 monotherapy showed clinically meaningful antitumor ac-
tivity in patients with relapsed ATL, with an acceptable toxicity profile.
Further investigation of KW-0761 for ATL and other T-cell neoplasms
is warranted on the basis of the present results.
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Reply to H. Charalambous et al

We agree with Charalambous and Silbermann' that action needs
to be taken to improve the skills of oncologists to manage chronic
cancer pain. Their suggestion for clinical training programs at first
seems logical; they cite findings that classroom training did not im-
prove residents’ knowledge,” a finding consistent with ours, that is,
that continuing medical education in cancer pain management
seemed to be ineffective.” They also cite a study showing that clinically
based training in palliative care is effective.* In that study, however,
there was only a 10% improvement, with statistically significant im-
provement in only six of 25 questions. In addition, the program was
optional, which might suggest that those who took it were more
motivated than most, making the generalizability of these findings
questionable. Thus, although we agree that change is critically needed,
the way to accomplish that change remains elusive. We continue to
study this issue and hope that a more complete characterization of this
problem will inform the development of more effective programs to
support best practices in pain management and palliative care for the
broad oncology community.

Brenda Breuer, Ricardo A. Cruciani,

and Russell K. Portenoy
Beth Israel Medical Center, New York, NY
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Concurrent Chemoradiotherapy for
Localized Nasal Natural Killer/T-Cell
Lymphoma: An Updated Analysis of
the Japan Clinical Oncology Group
Study JCOGO0211

To tHE EpIrToR: Extranodal natural killer (NK)/T-cell lym-
phoma (NKTCL), nasal type," is a predominantly extranodal lym-
phoma associated with Epstein-Barr virus. Before the early 2000s, no
prospective clinical trials had been conducted for localized nasal
NKTCL. In the November 20, 2009, issue of Journal of Clinical Oncol-
ogy, we reported the results of our first analysis of a phase I/Il study of
concurrent chemoradiotherapy for newly diagnosed localized nasal
NKTCL (Japan Clinical Oncology Group study JCOG0211).> Our
first analysis demonstrated improved overall survival (OS) and
progression-free survival (PFS) at 2 years with a median follow-up of
32 months (range, 24 to 62 months) compared with a historical
control of radiotherapy (RT) alone.> Soon after the publication of
our study, a Korean group reported promising results from a phase II
study of concurrent chemoradiotherapy.” Since then, concurrent che-
moradiotherapy has been regarded as one of the reasonable treatment
options for newly diagnosed localized nasal NKTCL.® However, to our
knowledge, no long-term follow-up studies on survival or complica-
tions of concurrent chemoradiotherapy have been published. We
report the results of a long-term follow-up of the JCOG0211 study.

A total of 33 patients were enrolled and received concurrent
chemoradiotherapy that consisted of 50 Gy of RT and three cycles
of dexamethasone, etoposide, ifosfamide, and carboplatin (De-
VIC). Two doses, which consisted of a two-thirds dose of DeVIC
(2/3DeVIC) and a full dose of DeVIC (100%DeVIC), were evalu-
ated in the phase I portion, and 2/3DeVIC was selected for the
phase IT portion.” In total, 27 patients were treated with RT and

4044 © 2012 by American Society of Clinical Oncology

2/3DeVIC (RT-2/3DeVIC), and six patients were treated with RT
and 100%DeVIC (RT-100%DeVIC). Clinical parameters of all 33
patients were comparable with those of the 27 patients treated
with RT-2/3DeVIC.

The data used for this analysis were updated as of December
2011. No patients received prophylactic therapy for CNS relapse.
Moreover, no patient with an objective response underwent consoli-
dative hematopoietic stem-cell transplantation. The median follow-up
time for the 27 patients who were treated with RT-2/3DeVIC was 67
months (range, 61 to 94 months). The OS at 5 years was 70% (90% CI,
53% to 829%0; 95% ClI, 49% to 84%; Fig 1A), which was superior to the
historical control of RT alone (40%)* that we used in the previous
analysis. The PES at 5 years was 63% (90% CI, 46% to 76%; 95% CI,
42% to 78%; Fig 1B). No disease progression was observed after the
first analysis. These results demonstrate that RT-2/3DeVIC pro-
vides reasonably long response durability for newly diagnosed
localized nasal NKTCL. The median follow-up time for all 33
patients was 68 months (range, 61 to 94 months). The OS at 5 years
was 73% (90% CI, 57% to 83%; 95% CI, 54% to 85%), and the PFS
at 5 years was 67% (90% CI, 51% to 78%; 95% CI, 48% to 80%; Fig
2). Recurrence within the RT field was observed in only two pa-
tients. Thus, the planning target-volume control rate at 5 years was
94% (31 of 33 patients).

The late toxicities were acceptable and manageable (Table 1).
One patient treated with RT-2/3DeVIC experienced perforation of the
nasal skin and received plastic surgery 18 months after RT. This event
was scored as a grade 4 late RT adverse event (AE), although the
patient had massive involvement of the nasal skin and subcutaneous
tissue before the protocol treatment. One patient treated with
RT-100%DeVIC experienced grade 3 irregular menstruation. No
other grade 3 or higher late AEs were observed. Eleven patients
(33%) experienced grade 1 or 2 late RT AEs of the eye, but none of
these patients required ophthalmologic surgery as a result of late
RT AEs other than cataracts. However, five of the 11 patients had
not recovered from the late RT AFEs of the eye at the last follow-up.
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Fig 1. (A) Overall survival and (B) progression-free survival of 27 patients treated
with radiotherapy and a two-thirds dose of dexamethasone, etoposide, ifosf-
amide, and carboplatin.

Of note, four of the five patients had been treated with RT-
100%DeVIC. With consideration of these results, and because the
patient who experienced grade 3 amenorrhea had been treated
with RT-100%DeVIC, it is unlikely that the full dose of DeVIC is
appropriate for concurrent chemoradiotherapy because of the ex-
cessive acute and late toxicities, although the number of evaluated
patients was small.

Our updated analysis confirmed that both the survival
benefit and disease control provided by concurrent chemora-
diotherapy with RT and DeVIC were maintained for more than
5 years, and to our knowledge, this analysis is the first to reveal
the profile of late AEs of concurrent chemotherapy for this
disease. We conclude that RT-2/3DeVIC is one of the most
recommendable options as a first-line treatment for localized
nasal NKTCL.
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Fig 2. (A) Overall survival and (B) progression-free survival of 33 patients treated
with radiotherapy and dexamethasone, etoposide, ifosfamide, and carboplatin.
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Table 1. Incidence and Maximum Severity of Late Adverse Events During Follow-Up (N = 33)
Grade 1 Grade 2 Grade 3 Grade 4
Adverse Event No. of Patients % No. of Patients % No. of Patients % No. of Patients %
Late RT adverse event, RTOG/EORTC Late
Radiation Morbidity Scoring Scheme . : .
Mucous membrane, head and neck 1 33 3 9 0 0 0 0
Salivary glands ; : 3 9 5 15 0 0 0 0
Skin, head and neck : 7 21 0 0 0 0 1" 3
Subcutaneous tissue; head and neck 2 6 0 0 0 0 1 3
Spinal cord 0 0 0 0 0 0 0 0
Brain 1. 3 0 0 0 0 0 0
Eye . 7 21 4 12 0 0 0 0
Other late adverse event, NCI-CTC 2.0
Irregular menses 0 0 0 0 11 3 0 0
Secondary malignancy 0 0
Abbreviations: EORTC, European Organisation for Research and Treatment of Cancer; NCI-CTC, National Cancer Institute Common Toxicity Criteria; RT,
radiotherapy; RTOG, Radiation Therapy Oncology Group.
“The same patient underwent plastic surgery.
1This 30-year-old patient had been treated with RT and full-dose dexamethasone, etoposide, ifosfamide, and carboplatin and recovered from this adverse event
after 3 years.
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Cancer Rehabilitation Evaluation
System (CARES) and CARES-SF Now
Publicly Available

To THE EpITOR: I was very pleased to read your special issue of
Journal of Clinical Oncology (April 10, 2012) focused on “Caring for
the Whole Patient: The Science of Psychosocial Care.” The issue
does an excellent job of amplifying the findings of the recent
Institute of Medicine report' by including review articles that
provide in-depth presentation of strategies that can be used to
implement the recommendations of the committee report. One of
the major failures of our current oncology practice is the lack of a
systematic approach to evaluating the unmet needs of patients with
cancer, and this is well described in the article by Carlson et al.”

4046  © 2012 by American Society of Clinical Oncology

Early in the 1980s, my colleagues Coscarelli (Schag) and Heinrich
developed a needs assessment tool, initially called the Cancer In-
ventory of Problem Situations® and then later refined as the Cancer
Rehabilitation Evaluation System (CARES)* and a short form
called the CARES-SF.> I have used this tool for intervention re-
search,® outcomes in clinical trials,” and clinical care. It is described
among a variety of instruments in Table 2 of the article by Carlson
et al” as a reliable and useful tool for assessing the unmet needs of
patients with cancer. Unfortunately, the widespread use of the
CARES and CARES-SF was limited by a copyright and user fee that
the developers chose to impose. Fortunately, this is no longer the
case. The CARES, CARES-SF, user manual and scoring sheets,
along with a listing of many related publications are now publicly
available at the Jonsson Comprehensive Cancer Center Web site.1
would encourage anyone interested in a comprehensive needs
assessment tool to review the CARES and consider its use. It is well

JOURNAL OF CLINICAL ONCOLOGY
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Paradoxical expression of IL-28B mRNA in
peripheral blood in human T-cell leukemia virus
Type-1 mono-infection and co-infection with
hepatitis C Virus

Shimeru Kamihira'", Tetsuya Usui?, Tatsuki Ichikawa®, Naoki Uno'?, Yoshitomo Morinaga'”, Sayaka Mori?,
Kazuhiro Nagai®, Daisuke Sasaki'?, Hiroo Hasegawa ', Katsunori Yanagihara'~, Takuya Honda®, Yasuaki Yamada'?,
Masako Iwanaga®, Takashi Kanematu® and Kazuhiko Nakao®

Abstract

Keywords: IL-28B, IL-A3, HTLV-1, HCV, SNP

Background: Human T-cell leukemia virus type-1 (HTLV-1) carriers co-infected with and hepatitis C virus (HCV)
have been known to be at higher risk of their related diseases than mono-infected individuals. The recent studies
clarified that IL-28B polymorphism rs8099917 is associated with not only the HCV therapeutic response by IFN, but
also innate immunity and antiviral activity. The aim of our research was to clarify study whether IL-28B gene
polymorphism (rs8099917) is associated with HTLV-1/HCV co-infection.

Results: The genotyping and viral-serological analysis for 340 individuals showed that IL.-28B genotype distribution
of rs8099917 SNP did not differ significantly by respective viral infection status. However, the IL-28B mRNA
expression level was 3.8 fold higher in HTLV-1 mono-infection than HTLV-1/HCV co-infection. The high expression
level was associated with TT (OR, 6.25), whiles the low expression was associated with co-infection of the two
viruses (OR, 9.5). However, there was no association between down-regulation and ATL development (OR, 0.8).

Conclusion: HTLY-1T mono-infection up-regulates the expression of IL-28B transcripts in genotype-dependent
manner, whiles HTLV-1/HCV co-infection down-regulates regardless of ATL development.

Introduction
A retrovirus, human T-cell leukemia virus type-1
(HTLV-1), and a positive-strand RNA virus, hepatitis C
virus (HCV), are completely different in terms of virolo-
gic characteristics. Nevertheless, they play a similar role
in the pathogenesis of viral-induced malignant neo-
plasms, such as adult T-cell leukemia (ATL) in HTLV-
1- infected individuals, and hepatocellular carcinoma
(HCC) and B-cell lymphoma in HCV- infected indivi-
duals, during long-term chronic infections.
Furthermore, it is known that co-infection with HCV
and HTLV-1 is frequently observed in an area endemic

* Correspondence: kamihira@nagasaki-u.acjp

'Department of Laboratory Medicine, Nagasaki University Graduate School of
Biomedical Sciences, Nagasaki, 852-8501, Japan

Full list of author information is available at the end of the article

§) Blolied Central

for HTLV-1. HCV/HTLV-1 co-infected individuals have
been reported to be at higher risk for developing HCC
than those infected with HCV alone [1-3]. Although the
pathologic mechanism of the co-infection remains to be
elucidated, it is thought that the impaired immunity due
to HTLV-1 infection may contribute to HCV infection
and HCV-related disorders, which is suggested by pre-
vious reports. Kohno et al. reported that the severe
immunodeficiency and anergic state in patients with
ATL may be associated with a functional property of
leukemic cells originating from regulatory T-cells
expressing CD4, CD25, CCR4, GITR and Foxp3 [4].
Kishihara et al. also reported that impairment of the
immune response by HTLV-1 could explain the reduced
effectiveness of interferon (IFN) treatment in patients
co-infected with HTLV-1 and HCV [5].

© 2011 Kamihira et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http//creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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Recently, genome-wide association studies of patients
with HCV have made great advances in viral clearance
associated with /L-28B single nucleotide polymorphisms
(SNP) [6,7]. IL-28B is a type III Lambda interferon
(IFN-L) and a cytokine similar to IL-10 with IFN-like
activities [8]. This new IFN-A family includes IFN-A1
(IL-29), IFN-A2 (IL-28A) and IFN-A3 (IL-28B) [9].
Although the IFN-A genomic structure resembles that of
the IL-10 family [10], the amino acid and functional
level of IFN-As are more closely related to type I IFNs
than IL-10. The IFN-As are induced by stimulation with
several single-strand RNAs (ssRNA) and several kinds of
viruses. The IL-28B SNPs, such as rs8099917,
rs12979860, and 12980275, have been reported to be
associated with spontaneous clearance [10], innate HCV
immunity [9], HCV-related disease chronicity, and ther-
apeutic response to peglFN-a and ribavirin (RBV) [6,7].

From these observations, we hypothesized that IFN-A3
encoded from the IL-28B gene would be associated with
HTLV-1 infection. The aim of the present study was to
examine the mutual association between IL-28B poly-
morphism (rs8099917 SNP) and mono-infected-HTLV-1
and co-infected HTLV-1 with HCV subjects.

Materials and methods

Clinical subjects

All subjects were of Japanese origin living in Nagasaki
City, an endemic area for HTLV-1 in Japan. For geno-
mic specimens, 340 blood samples were randomly col-
lected from patients who visited a liver clinic and liver
transplantation center from April 2009 to March 2011
from the departments of Hepatology and a Hematology
Clinic. One hundred and twenty-four of the 340 samples
were also available for total RNA tests. Accordingly,
most patients had either chronic liver disease (CLD) or
adult T-cell leukemia (ATL). This study was done under
informed consent after the approval of the Nagasaki
University hospital IRB (IRB Approval No.10050). Since
the samples used here were un-linked materials, patient
information was restricted.

Cell lines

Eight HTLV-1-infected T-cell lines, Hut 102, MT-1,
MT-2, ST1, KK1, KOB, OMT, and LMY-1, were used
for IL-28B mRNA quantification. The first three were
purchased and latter five were established in our labora-

tory [11].

Serological and genetic tests for HCV and HTLV-1

HCV and HTLV-1 infections were mainly serologically
detected using commercially available kits, CLEIA-anti-
HTLV-1, Lumipulse-II Ortho HCV (Fujirebio-INC,
Tokyo, Japan). The confirming examination was geneti-
cally performed by the Cobas TagMan HCV test
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(TagMan HCV; Roche Tokyo INC, Tokyo, Japan) for
HCYV and in-house HTLV-1 proviral real-time RT quan-
tifiable PCR [12]. Genomic DNA and total RNA were
extracted from peripheral blood mononuclear cells
(PBMC) using commercially available QuickGene DNA
Whole blood kits (FUJIFILM Corp., Tokyo, Japan) and
PureLink RNA Micro Kits (Invitrogen Corp., Carlsbad,
Ca, USA). The extraction protocol was performed
according to the manufacturer’s instructions.

Genotyping for SNPs

SNP genotyping was performed using multiplex PCR
amplification and Pyrosequencing technology. To
amplify target regions, newly designed biotinylated-pri-
mers were employed: sense and anti-sense for
r$s8099917, 5-TCCTCCTTTTGTTTTCCTTTICTG-3’
and 5'-AAAAAGCCAGCTACCAAACTGT-3'. Then,
the amplicon was sequenced according to the manufac-
turer’s instructions based on Pyrosequence technology
(Qiagen, Hilden, Germany). Biotin-labeled amplicons
from the 1st PCR were captured by binding to streptavi-
din-coated Sepharose beads, and DNA was denatured to
produce an ssDNA template for the Pyrosequencing
assay. The ssDNA was released and combined with the
sequencing primer, which was extended during the Pyr-
osequencing reaction to provide the sequence of the
template DNA. Pyrosequencing data were produced in
the form of Pyrograms, and genotypes were assigned by
the peak pattern presented in the Pyrogram.

Real-time reverse transcription (RT) quantifiable PCR for
IL-28B mRNA

mRNA for IL-28B transcribed into ¢cDNA by a
GoScript" RT System (Promega, Madison, W1, USA)
was quantified by a LightCycler System (Rosche, Man-
nheim, Germany) using newly designed sense and anti-
sense primers, 5-AAGGACTGCAAGTGCCGCT-3’ and
5-GCTGGTCCAAGACATCCC-3" (AY129149). A stan-
dard curve was generated using a tenfold dilution
method with a reference material derived from pTAC-
1.2735 inserted with 166 base fragments including the
target. The amplicon was assayed by the Cyber green
method. The raw data were normalized by abl mRNA
density and evaluated as the relative value for abl gene
expression calculated by IL-28B data/abl data x 10%
modified from our previous mRNA real time RT qgPCR
method [12].

Statistical analysis

The minor-allele frequency (MiAF) was set as the less
frequent allele in a population for SNPs analyzed. Viral
infectious status was divided into 4 groups of HTLV-1
mono-infection, HCV mono-infection, HTLV-1/HCV-
co-infection, and non-infection (double negative; DN).
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Differences in the genotype distribution of IL-28B SNPs
among groups were compared using the Chi-square or
Fisher exact test. The level of mRNA expression was
compared using the Mann Whitney U test. Correlation
analysis was performed by the Nonparametric Spear-
man’s rank correlation method. The relationship
between a factor and an outcome was estimated the
magnitude of the association by the odds ratio with 95%
confidence intervals (95%CI). Statistical analysis was per-
formed using SAS 9.1. The statistical significance level
was set at 0.05.

Results

IL-28B genotypes and the sero-status

Three hundred and forty samples were genotyped on IL-
28B rs8099917 SNP and were serologically examined for
viral infection of HTLV-1 and HCV. As summarized in
Table 1. They consisted of 263 (77.4%) major TT homo-
zygotes, 171 (20.9%) minor TG heterozygotes, and 6
(1.8%) minor GG homozygotes. The virus tests revealed
that 59 were negative for both HTLV-1 and HCV, 73
were positive for HTLV-1 alone, 179 were positive for
HCYV alone and 29 were positive for both viruses. The
genotypic distributions, as well as minor allele frequency
(MAF) of the IL-28B gene, did not significantly differ
among each viral infection status as a control of no-
infection.

Since the HTLV-1 mono-infection group consisted of
47 ATL patients and 26 HTLV-1 carriers, we stratified
the two groups of ATL patients and carriers and the
minor allele frequencies of the two groups were com-
pared; the difference between that of ATL and carriers

Table 1 IL-28B genetic distribution and allele frequency
in stratification based on the combination of HTLV-1 and
HCV infection

Genotype r{rs8099917) Allele fequency

No TT TG GG T G
All cases 340 263 71 6 086 0.14
(774%)  (209%) (1.8%)
1) non-Infection 59  45(763) 10 4(68) 084 0.15
(16.9)
2) HTLV-1 mono 73 55(753) 17 1(1.9) 087 013 P=
(23.3) 090
ATL patients 47 37(78.7) 10 0(0.0) 089 0.11 P=
carriers 21.3) 0.11
26 18(692) 7(269) 1(38) 082 018 P=
0.46
3) HCV-mmono 179 141 37 10100 089 011 P=
(78.7) (20.7) 0.68
4) co-infection 29  22(759) 7(241) 0(00) 088 014 P=
09

There was no significant difference in the genetic distribution and allele
frequency among respective infectious states

P values were compared with non infection
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was not statistically significant (p = 0.21). The preva-
lence of TT was not different statistically either (p =
495).

Next, the expression levels of IL-28B were quantified
using 124 samples randomly collected during this study
period.

IL-28B mRNA expression level and HCV/HTLV-1 co-
infection
The expression levels of IL-28B mRNA were generally
low in most cases with a median value of 5.2 in no-
infection, 10.6 in HTLV-1 mono-infection, 3.9 in HCV
mono-infection, and 2.8 in HTLV-1/HCV co-infection
(Figure la). Notably, a small number of measurement
values shown as open circles was high, and they were
distributed only within the HTLV-1 mono-infected and
HCV mono-infected groups. Moreover, all of those who
had high values were exclusively TT homozygous, as
shown in Figure 1b (samples marked by *™® were the
same in Figure 1(a) and Figure 1(b)). Surprisingly, the
median value was the highest in HTLV-1 mono-infec-
tion and the lowest in the co-infection group (10.6 ver-
sus 2.8; p = 0.013). Therefore, to clarify whether ATL
cells directly affect the expression of IL-28B mRNA, we
compared the mRNA expression levels in mainly
HTLV-1 carriers, ATL patients with ATL cells, and
ATL cell lines. As shown in Figure 2, the median values
were significantly higher in mono HTLV-1 carriers with
TT (17.9 vs 5.6, P < 0.05) and ATL patients with TT
having ATL cells than those of non-infected individuals
(13.4 vs 5.6, p < 0.05). No high expression level was
observed in two ATL or 16 carriers with HTLV-1/HCV
co-infection. Surprisingly, these data were lower rather
those from TG/GG. On the other hand, IL-28B mRNA
expression in 8 HTLV-1-infected T-cell lines was unde-
tectable in all but one (Hut 102). The genotype was TT
in all cell lines.

In addition, there was no correlation between the IL-
28B mRNA levels and HCV-RNA levels (non-parametric
Spearman’s rank correlation, R * = 0.0543, Figure 3).

Assessment by odds ratio analysis for an outcome if a
risk factor is present

As shown in Figure 2, HTLV-1 was revealed to have an
association similar to HCV and IL-28B mRNA. How-
ever, the up-regulated-action of HTLV-1 was nullified if
the virus was co-infected with HCV. The prevalence of
a major TT and minor TG/GG was similar among indi-
viduals infected with either HTLV-1 or HCV, as well as
the allele frequency, indicating that there is no specific
correlation between IL-28B and HTLV-1. Thus, to
approach a causative clue, assessment by odds ratio
(OR) analysis was performed (Table 2). Only the high
mRNA level besides 3 states of HTLV-1 mono-infection,



