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Histologic subtypes and OS according 1o PT/INKCL
subtypes

There were 53 patients with PTCL-U, 46 with
angioimmunoblastic T-cell lymphoma (AITL), 18
with ALCL, 17 with NKT'CL, one with subcutaneous
panniculitis-like T-cell lymphoma (SCPTCL), and
one with enteropathy-type T-cell lymphoma (ETCL).
A Kaplan-Meier analysis showed that patients
diagnosed with PTCL-U and NKTCL had signifi-
cantly inferior survival curves than patients with ALCL
and AITL (Figure 2). The 5-year OS of patients with
ALCL, AITL, NKTCL, and PTCL~U was 61% (95%
CI, 35-79%), 55% (95% CI, 39-68%), 41% (95% CI,
19-63%), and 38% (95% CI, 25-51%), respectively.

Prognostic paramerters for OS in patients with PT/
NKCLs

The clinical characteristics of the 136 patients with
PT/NKCLs examined using a univariate analysis and
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Figure 1. OS according to the IPL. Patients with T- and NK-cell
lymphomas (n=127) with complete data sets available for the IPL
L, low risk; LI, low-intermediate risk; HI, high-intermediate risk;
H, high risk.
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Figure 2. OS according to WHO histologic subtype (n=134).

AICL, anaplastic large cell lymphoma; AITL, angioimmunoblas-
- tic T-cell lymphoma; NKTCL, extranodal NK/T-cell lymphoma,

nasal type; PTCL-U, peripheral T-cell lymphoma, unspecified.

their cut-off values are listed in Table II. The
following clinical parameters were significantly asso-
ciated with reduced survival in a univariate analysis:
pretreatment serum TP levels, gastrointestinal (GI)
tract involvement, histologic subtype, and pretreat-
ment serum Alb levels (Table III). None of the
parameters used in the IPI were prognostically
significant.

Eight variables reached the cut-off value of p < 0.3
in a univariate analysis (Table III) and were subse-
quently evaluated in a multivariate analysis. Conse-
quently, only pretreatment TP levels (hazard ratio
[HR], 2.21; 95% CI, 1.28-3.83; p=0.004) and the
histologic subtype (HR, 1.73; 95% CI, 1.08-2.77;
p=0.024) remained significant. Pretreatment serum
TP levels, with a cut-off value of 6.3 g/dL, which was
determined by the lower limit value of the normal
range, clearly separated patients with PT/NKCLs into
two groups with different outcomes (Figure 3).

Comparison of clinical and biologic characteristics among
histologic subtypes

The distribution of Ann Arbor stage, PS, LDH, and
IPI was unbalanced among histologic subtypes
(Table IV). However, the ratio of low serum TP
level, which remained significant by the multivariate
analysis, was not statistically different among the
histologic subtypes, in addition to two or -more
extranodal sites, BM, and GI tract involvement
(Table IV). Patients with NKTCL more frequently
had a localized disease and an ambulatory PS
(ECOG PS of 0 or 1 was 100%), and less frequently
had B symptoms compared with other histologic
subtypes, Patients with ALCL, AITL, and PTCIL-U
had a more advanced disease and lower PS (26—
39%), and more than half of them had B symptoms.
Seventy percent or more of the ALCL. and NKTCL
patients were classified as the low/low-intermediate-
risk group according to the IPI scoring, while 58% of
the AITL patients were in the high-intermediate
(HD)/high (H)-risk group, and the proportion of the
HI/H-risk group of the patients with PTCL-U was
intermediate between that of the HI/H-risk group of
patients with ALCI/NKTCL and AITL (Table IV).

Discussion

Both serum TP and Alb levels were prognostic
factors in a univariate analysis, but only TP remained
significant in a multivariate analysis. Among the
prognostic studies to date, only one report found that
TP was significant in a multivariate analysis in PT/
NKCLs [20]. TP and Alb levels may reflect patient
exhaustion resulting from severe constitutional
symptoms, or the patient’s inability to tolerate
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Table II. Clinical and biologic characteristics of 136 patients with
peripheral T- and NK-cell lymphomas.

No. of patients

Characteristic and with available No. of

cut-off value data patients %
Sex 136

Male 91 67

Female 45 33
Age (years) 136

<60 95 70

>60 41 30
Ann Arbor CS 135

LI 26 19

I, IvV 109 81
Dimensions of largest tumor 131 ‘

<5cm 88 67

>5cm, <10 cm 29 22

>10 cm 14 11
Extranodal sites 132

0,1 93 70

>2 39 30
BM involvement 135

No 106 79

Yes 29 21
GI tract involvement 135

No . 118 87

Yes 17 13
Liver involvement T 135

No 115 85

Yes 20 15
Spleen involvement 135

No 107 79

Yes 28 21
Other involvement 135

No 77 57

Yes 58 43
ECOGPS 135 :

0,1 95 70

>2 40 30
B symptoms 133

Absent 62 47

Present 71 53
LDH 129 .

Normal range 53 41

Higher than normal 76 59
TP (g/dL) 131

>6.3 101 77

<6.3% 30 23
Alb (g/dL) 130

>3.7 62 48

<3.7* 68 52
AST (U/L) : 132 .

<40 112 85

>40 20 15
Hb (g/dL) 132

>10.0 114 86

<10.0 18 14

(continued)
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Table II. (Continued).

No. of patients

Characteristic and with available No. of

cut-off value data patdents %
Histologic subtype 136
AITL 46 34
- ALCL 18 13
SCPTCL 1 1
NKTCL : 17 13
PTCL-U 53 39
ETCL 1 1

*The lower limit value of the normal range.

CS, clinical stage; BM, bone marrow; GI, gastrointestinal; ECOG,
Eastern Cooperative Oncology Group; PS, performance status;
LDH, lactate dehydrogenase; TP, total protein; Alb, albumin;
AST, aspartate transaminase; Hb, hemoglobin; AITL, angioim-
munoblastic T-cell lymphoma; ALCL, anaplastic large cell
lymphoma; SCPTCL, subcutaneous panniculitis-like T-cell lym-~
phoma; NKTCL, extranodal NK/T-cell lymphoma, nasal type;
PTCL-U, peripheral T-cell lymphoma, unspecified; ETCL,
enteropathy-type T-cell lymphoma.

. Table III. Clinicopathological parameters influencing survival of

patients with peripheral T- and NK-cell lymphomas in a univariate
analysis.

Hazard
Parameter Cut-off value ratio p-Value
TP* (g/dL) <6.3" 239 0.0003
GI tract involvement* Yes 1.81 0.049
Histologic subtype* NKTCL+PTCL~ 1.71 0.015
U+ETCL

Alb* (g/dL) <3.7t 1.68  0.021
Extranodal sites* >1 site 1.46 0:11
Hemoglobin* (g/dL) <10.0 1.39 0.28

B symptoms* Present , 1.35 0.17
ECOG PS* >1 1.31 0.24
Ann Arbor stage >2 1.26 0.42
Age ) >60 1.22 0.38
LDH > 1 xnormal 1.22 0.37
BM involvement Yes 1.01 0.98

*These variables were used in a multivariate analysis.

TThe lower limit value of the normal range.

TP, total protein; GI, gastrointestinal; NKTCL+PTCL-
U+ ETCL, extranodal NK/T-cell lymphoma, nasal type, periph-

~eral T-cell lymphoma, unspecified, and enteropathy-type T-cell

lymphoma versus angioimmunoblastic T-cell lymphoma, anaplas-~
tic large cell lymphoma, and subcutaneous panniculits-like T-cell
lymphoma; Alb, albumin; ECOG PS, Eastern Cooperative
Oncology Group performance status; LDH, lactate dehydrogen-
ase; BM, bone marrow.

intensive chemotherapy. One of the potential reasons
why TP is superior to Alb as a prognostic factor is
that hypergammaglobulinemia might be a relevant
and favorable prognostic factor. Unfortunately, in
older trials, such as JCOG9002 and JCOG9203,
where half of patients with AITL were registered,
immunoglobulin levels were not monitored. Patients
with TP < 6.3 g/dL, were found in 33, 17, 12, and
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25% of ALCL, AITL, NKTCL, and PTCL-U,
respectively (Table IV). The meaning of TP should
be confirmed for each histologic subtype in future
studies. .

One reason for the conflicting results concerning
the histologic subtypes of PT/NKCLs between the
studies may be because disease prognosis differs
depending on the geographic distribution of the
various subtypes [22]. Another considerable reason
for the discrepant outcome between the histologic
subtypes is that one-third of patients with AITL
progress so rapidly that those with a poor perfor-
mance status (PS) are excluded from prospective
multicenter clinical trials. Patients with a PS of 3
were excluded in two of the clinical trials, JCOG9203
and JCOG9Y9809, in the present study.

A recent report from GELA showed that neither
the IPI nor the PIT model predicted the survival of
patients with AITL [14]. The 5-year OS of patients
with AITL in our study population was superior 1o
that described in the GELA study (55% [95% CI,
39-68%) vs. 33% [95% CI, 26-41%)] [14]). One
possible explanation for this difference is that these
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Figure 3. OS according to pretreatment total serum protein levels
(n=131).

studies used different treatments. Another explana-
tion is that the agreement level of the expert
hematopathologists with the consensus diagnosis for
some of the T-cell lymphoma subtypes was generally
poor [21,22], and different AITL. diagnostic criteria
might have been used for the different study groups.

The majority of ALCL cases are positive for the
anaplastic large cell lymphoma kinase (ATK) protein,
but cases without ALK expression were also included
in this category. Unfortunately, the proportion of
Al K-negative cases, which usually have a poor
prognosis [23], could not be determined in this
study. The immunoreactivity to ALK was not
systematically assessed, because this: distinction was
not included in the eligibility criteria in any of the
original clinical trials in this study.

The important prognostic factors, as well as
prognostic models, may differ according to the
treatment regimen. PT/NKCLs are relatively rare,
and are treated with various therapies according to
the disease state. A Taiwanese group revealed that
patients with PTCL who received only CPA, VCR,
and PSL as induction chemotherapy had a markedly
unfavorable outcome [24]. Therefore, a homoge-
neous population of patients who have received at
least anthracycline-containing regimens should be
analyzed when the prognostic factors of PTCL are
investigated. Our study was a combined analysis of
multicenter prospective clinical trials, as GELA was
previously [14]. The IPI was originally described for
patients with aggressive lymphomas treated with
DXR-containing combination chemotherapies, and
has been known to predict the survival of patients
with aggressive B-cell lymphomas, as shown in this
study and other studies, but not always for patients
with PT/NKCLs [21,25]. Moreover, previous re-
ports have shown that the IPI poorly predicts the
survival of patients with AITL [14], ALCL [26],
PTCL-U [26], or NKTCL [27]. '

Table IV. Comparison of clinical and biologic characteristics of patients with peripheral T- and NK-cell lymphomas according to histologic

subtype.

Parameter ALCL (n=18) (%) AITL (n=46) (%) NKTCL (n=17) (%) PTCL-U (n=53) (%) p-Value
Sex (male/female) 72/28 65/35 82/18 62/38 0.45
Age (<60/>60) 72/28 65/35 65/35 74/26 0.79
Ann Arbor stage (I + II/III+1V) 33/67 2/96 47/53 21/79 <0.001
Extranodal sites (<1/>2) 83/17 67/26 65/35 66/32 0.57
ECOGPS (0+1/>2) : 61/39 59/39 100/0 74/26 0.01
IDH (<N/>N) 67/28 15/83 71/18 38/57 <0.001
B symptoms (no/yes) 44/56 35/63 71/29 - 45/51 0.10
IPI (L/LI/HI/H) 50/22/11/11 7/33/30/28 41/29/18/0 28/34/17/15 0.003
BM involvement (no/yes) - 100/0 67/30 88/12 75125 0.12
GI tract involvement (no/yes) 83/17 96/2 100/0 77/123 0.54
TP <6.3 (nofyes) 61/33 80/17 82/12 72/25 0.62

ALCL, anaplastic large cell lymphoma; ATTI, angioimmunoblastic T-cell lymphoma; NKTCL, extranodal NX/T-cell lymphoma, hasal
type; PTCL-U, peripheral T-cell lymphoma, unspecified.
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There are several potential reasons why the IPI
model did not retain its prognostic significance for
patients with PT/NKCLs in our study. The extent of
disease and presence of extranodal sites were no
longer significant prognostic factors, probably be-
cause PT/NKCLs per se are characterized by both the
presentation of disease in an advanced stage, IIT or IV
[10,12,13], and in two or more extranodal sites
(Table I) [12,13]. Moreover, DLBCL has different
characteristics from PT/NKCLs, which are more
frequently associated with a poor PS and B symp-
toms [10,12] (Table I). The IPI incorporates age,
LDH, and the abovementioned factors, except for B
symptoms. Consequently, PT/NKCLs should have
different prognostic factors than those for DILBCL.

An early GELA study noted that the freedom-
from-relapse survival of patients with PTCL, unlike
patients with B-cell lymphoma, was not impacted by
either LDH or bone marrow (BM) involvement [10].
BM involvement, which is one of the risk factors
adopted in the PIT, was not a significant adverse
factor in our study including other histologic
subtypes besides PT'CL-U. Although patients with
NKTCL had the property of a localized disease, 53%
of them had advanced diseases, and 12% of them had
BM involvement in this study‘(Table IV). Instead of
BM involvement, we found that GI involvement was
significantly associated with survival in a univariate
analysis. However, when we tried additional uni-
variate analysis excluding NKTCL and ETCL, this
was not significant, although the GI tract was not
involved in any patients with NKTCL, as shown in
Table IV, and there was a sole patient with ETCL.

New prognostic models have been proposed for
certain categories of PT/NKCLs, such as the PIT
model [13] and clinical-pathologic prognostic score
[28] for PTCL-U and a prognostic model for
NKTCL [29]. In addition, new molecular prognostic
markers such as CD15 [28], EBER-ISH [25,30],
cytotoxic T-cell phenotype [31,32]}, various chemo-
kine receptors [33,34], Ki-67 [28], and the prolifera-
tion-core signature [35] have been investigated for
PTCL-U. As for NKTCL, P19 [27], Ki-67 [36], and
FOXP3-positive regulatory T-cells [37] have been
proposed as predictors for clinical outcome.
Although biochemical data, f,-microglobulin com-
bined with the adjusted IPI, has been reported to
predict the outcome after autologous hematopoietic
stem cell transplant in relapsed/refractory PTCL
[38], we had no available data to analyze in four out
of the six clinical trials included in this study.
Allowing for or to validate these prognostic factors
with homogeneous treatment, histology-specific ther-
apy is warranted. As PT/NKCLs have variable
characteristics dependent on histologic subtype
(Table IV), patients with PT/NKCLs should not be
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studied as a whole, and studies in future should be
performed for each histologic subtype. However,
pretreatment serum low TP levels might be an
adverse prognostic factor independent of histologic
subtype, because its frequency was not different
among the histologic subtypes (Table IV). Therefore,
this prognostic factor should be noteworthy even
with regard to each histologic subtype.

In conclusion, TP is a significant prognostic factor
to predict the outcome of PT/NKCLs. A validation
study is required in order to establish the importance
and meaning of TP in patients with each histologic
subtype of PT/NKCLs. Further, the new therapeutic
strategies, including new agents and/or first-line
high-dose chemotherapy followed by autologous or
allogeneic hematopoietic stem cell transplant, should
be explored for patients with lower TP levels and/or
higher-risk histologic subtypes in the future.
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Appendix. Supporting information

Antibodies used for immunophenotyping.

Antigen Antibody Poly/Mono Source

CD20 1.26 M DAKO Glostrup, Denmark
CD3 PS1 M Novocastra Newcastle, UK
CD4 1F6 M Novocastra Newecastle, UK
CD5 4C7 M Novocastra Newecastle, UK
CDs8 4B11 M Novocastra Newecastle, UK
CD10 56C6 M Novocastra Newecastle, UK
CD15 MMA M Becton Dickinson San Jose, CA, USA
CD21 1F8 M DAKO Glostrup, Denmark
CD23 1B12 M Novocastra Newcastle, UK
CD30 BerH2 M DAKO Glostrup, Denmark
CD45 LCA M DAKO Glostrup, Denmark
CD45R0 UCHLI1 M DAKO Glostrup, Denmark
CD56 NCC-LU-243 M Nihon Kayaku Tokyo, Japan
CD79a CD79a M DAKO Glostrup, Denmark
CD246 AIK1 M DAKO Glostrup, Denmark
bel-2 124 M DAKO Glostrup, Denmark
cyclin D1 SP4 M Nichirei Tokyo, Japan
MUM1 MUMIP M DAKO Glostrup, Denmark
Ki-67 MiIB1 M DAKO Glostrup, Denmark
TdT anti-TdT P DAKO Glostrup, Denmark

TdT, terminal deoxyribonucleotide transferase; M, monoclonal; P, polyclonal.

_59_



Frorn Deparrnent of Hematdogy and Calf
Theyapy, Ak Canosr Corter; Departrant
of Clinical Pathophysiology and Department
of Infectious Dissases, Nagoya Urdversity
Graduate Sshoot of Medicing; Departrasnt
of Hemaiclagy and Oneology, Nagoya
Daint Red Cross Muspital, Nagoya; Depare
riert of Clinical Pathology and Departroent
of hadical Onenlogy and frvmurology,
Magoya City University Graduate School of
Fadical Sclsnces, Magaye: Departroerd of
Hermatelogy, maraur Buneds Hospital;
Drepartment of intemal Medicine, Natiorad
Houpital Organization Kageshima Medical
Cerier, Departreent of Hamatology sed
Imraunologry, Kagnshitaa Univensity Hospi
tal, Kagoehima; H logy ared Stera Celf
Transplantation Division, National Cancer
Conter Hospital Department of Safety
Reseateh on Blood and Bichsgics, National
foatitute of Infectious Diseases; Depart

£y eﬁf Of AL 1. s';,,.. ™ § Az crhioods 1
Graduate Schoal of Medicine, The Univer
sity of Tolyn; Kyowa Malder Kiin Co Lad,
Tokyo, Departrant of Hematology and
tdetecular Medising Urit and Departrrsnt
of Labasatory Madicine, Nagaseld Uriver-
sity Staduate Sehool of Birnedical
Slenos, Nogesakd Department of Hemve
tokegy, Natieal Kyushu Carser Center; The
Dupsartrment of Medicing, Division of Madic
aal Cneologgy, nfctious Diseass, and
Endoctinology, Ssheol of Medidne,
Fukuoka Univarsity, Fukuoka; and the
Department of Pathophysiology, Kunume
Univarsity School of Meadicine, Kuaurme,
Japan,

Subinitted July 27, 2009; ansepted
Movember 16, 2008; published enline
shead of print at wwww 00.01g on
Februay 32, 2010

Frasered in part at the 50th Annual
Mesting of the dmerian Sociaty of
Hematology, San Francioes, O, Decern-
et 89, 2008

Authors’ disclosurss of potential cone
flicts of intersnt and author contribu-
tions are fournd at the snd of this
article.

Chinical Trigls rapusitory link available on
JCG e

Comesponding suthor, Kuzubito
Yamamoto, MD, FhD, Departrrent of
Hematukogy and Cell Therapy, Aich
Cancer Center, 1-1 Kanckodsn, Chilusa
ku, Nagoya, Alchi 484-8681, Japary
emall kyarorveto@aichize jp.

@ 2070 by Avwtloan Sostety of Ulinieal
Oncology

LISIAEIXA VLS BIZD00

D0k 10 10400 2008 28 2675

Phase I Study of KW-0761, a Defucosylated Humanized
Anti-CCR4 Antibody, in Relapsed Patients With

Adult T-Cell Leukemia-Lymphoma and Peripheral
T-Cell Lymphoma

Razuhite Yamamete, Atac Utsunomiya, Keasei Tobinai, Kunihiro Tsukasaki, Naokuni Utke,
Kimihary Uszumi, Kazunari Yamagschi, Yasuaki Yamada, Shuichi Honsda, Kazue Tamura,

Shigee Nakamuira, Hiroshi Inggaki, Koichi Ohshima, Hitoshi Kiyel, Takashi Ishida, Rouji Matsushima,
Shire Akinaga, Michinori Ogura, Masao Temonaga, and Ryuze Uzda

Purpose

KV&O?G?, a defucosylated humanized anti-CC chemokine receptor 4 {CCR4) antibody, exerts a
strong antibody-dependent callular cytotoxic effect. This phase | study assessed the safety,
pharmacokinetics, recommended phase | dose and efficacy of KN-0761 in patients with relepsed
CCR4-positive adult T-cell leukemiatymphotna (ATL) or peripheral T-cell lymphoma (PTCLIL
Patients and Methods

Sixteen patients received KW-0781 once a wesk for 4 weeks by intravenous infusion. Doses were
sgcalated, starting at 0.01, 0.1, 0.5, and finally 1.0 mg/kg by a 3 + 3 design.

Results

Fifteen patients completed the protocol reatment. Only one patient, at the 1.0 mgfkg dose, developsd
grade 3 doselimiting toxicities, skin rash, and febrile neutropenia, and grade 4 nsutropenia. Cther
treatmentrelated grads 3 1o 4 foxicities wers lymphaopenia in = 10}, neutropenia in = 3}, leukopenia
{n = 2}, herpes zoster In = 1), and acute infusion reactionfoylokine release syndrome i = 1). Neither
the frequency nor severity of toxicities increased with dose escalation. The maximum tolerated dose
was not reached. Therefore, the recommended phase Il dose was determined 1o be 1.0 mglkg. No
patients had detectable levels of anti-KW0761 antibody. The plasma maxinmum and trough, and the
area under the curve of 0 10 7 days of KW-07671, tended 1o increase dose and frequency dependently.
Five patients (31%; 95% Cl, 11% to B9%) achieved objective responses: two complete (0.1; 1.0
mglkg) and three partial {0.01; 2 at 1.0 ma/kg) responses.

Conclusion

KW-0761 was tolerated at all the dose levels tested, demonstrating potential efficacy against
relapsed CCR4-positive ATL or PTCL. Subsequent phase |l studies at the 1.0 mg/kg dose are
thus warranted.

J Clin Oncol 28:1591-1898, @ 2010 by American Society of Ciinical Oncology

angioimmuncblastic T-cell lymphoma, is 32%
compared with only 149 for adult T-cell levkemia
Iymphoma (ATLL* A recent phase 1II trial for
newly diagnosed aggressive ATL demonstrated
that a dose-intensifiad multidrug chemotherapy
with vincristine, cyclophospharide, doxorubicin,
and prednisone (VCAP), doxorubicin, ranirnustine,
and prednisone (AMP}, and vindesine, etoposide,
carboplatin, and prednisone (VECP) was more ef-
fective than biweekly cyclophosphamide, doxo-

The successtul use of monoclonal antibodies {mAb)
has evolved into a promising approach to treating
cancer over the last decade. In the field of hemato-

logic malignancies, development of the therapeutic
mADb rituximab has changed the standard of therapy
for patients with B-cell Iymphomas and has mark-
edly improved prognesis.t® In contrast, the progno-

sis of patients with T-cell neoplasnas remains very
poor.* The 5-year overall survival (OS} for coromon
subtype of peripheral Tw-cell lyrophoma (PTCL),
such as PTCL not otherwise specified (NOS) and

rubicin, vincristine, and prednisone {CHOP).”
However, the median survival time and OS at 3
years were still unsatisfactory, at approximately
13 months and 249, respectively.””
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G chemokine receptor 4 {CCR4) is a chernokine receptor ex-
pressed on T-helper type 27 and regulatory T cells (Treg).®"® Because
numercus studies, including our own, have demonstrated CCR4 to
be expressed on certain types of T-cell neoplasms,' ™ we hypoth-
esized that this molecule might represent a novel molecnlar target for
immunotherapy against velapsed or refractory T-cell lpmphomas
Accordingly, we developed KW-0761, a next generation humanized
anti-CCR4 mAD, with a defucosylated Fe region, which markedly
enhanced antibody-dependent cellular cytotoxicity (ADCC) due to
increased binding affinity to the Foy receptor on effector celle. ™

Herstn, we report the results of a phase 1 study designed to assess
the safety, pharmacckinetics, reconunended phase 1T dose, and effi-
cacy of KW-0761 in patients with relapsed CCR4-positive ATL and
other peripheral T-cell lymphomas (PTCL).

Investigational Drug and Eligibility

KW-078) is a defocesylated humanized immunoglebulin G1 (IgG1) 1
mAb generated from a mouse anti-CCOR4 mAbY by Kyowa Hakke Kirin
Co Lt d.’lﬁ,ﬁd

Patients between 20 and 69 years of age with CCR4-positive aggressive
ATL {acute type, Irmphoma type, or unfavorable chronic type)™* or PTCL
with CCR4 expression were eligible. CCR4 expression was confirmed by im-
munehistochenistey or flow cytometry using an anti-CCR4 mAb (KM2160,
Eyowa Hakko Kirin Co L1d)," " and confiomed by the review committee
with a central evaluation, Patients with relapse after at least one prior course of
chemotherapy were eligible. All patients were required 1o have an Fastern
Cooperative Oncology Group performance status of 0 or 1. Eligibility criteria
also inchuded the following laboratory values: an absolute peutrophil count

1,500/uL, plateletcount  75,000/ul, hemoglobin ~ 8.0g/dL, AST 2.5
the upper limit of the normal range (UNL), ALT 25 UNL, total biliru-
bin 1.5 UNL serumcreatinine L5 UNL, corrected serum calcium
11.0mg/dL, negative for hepatitis B surface antigenand for hepatitis B virus

DBA, and arterial partial oxygen pressure 65 mmHg or arterial blood
oxygen saturation . 90%, All subjects underwent electrocardiography to
confirm the absence of abnormalities requiring treatment and that the left
ventricular ¢jection fraction was at Jeast 5096,

Patients were excluded i they had any severe complication, an infectious
complication or active tuberculpsis, a history of organ transplantation, active
concurrent cancers, CNS involvennent, a bulky mass requiring emergent radio-
therapy, or tested positive for hepatitis Cvirus antbody andfor HIV antibody.

The institutional review boards of the participating institutions ap-
proved this study, and all patients gave written informed consentaccording to
the Declaration of Helsinki.

Study Design

This was a multicenter dose-escalation study with three to six patlents at
each dose level 1o determine the maximum-tolerated dose (MTD) and esti-
mate the recommended plase I dose. Colorts of patients received KW-0761
at 0,01, 0.1, 0.5, and 1.0 mygfkg, weekly for 4 weeks by intravenons infision,
Premedications {antihistamine and antipyretic) were administered before
cach KW-0761 treatment,

If no dose-limiting toxicity (DLT) was observed in a cohort of three
patients at a given dose level, the next cohort of three new patients would be
treated with thenext higher dose. IfDLT was experienced by one or two of the
three patients at any dose, three additional patients would be treated at the
same dose level. If three or more patients ata given dose level exhibited DLT,
this dose would be considersd to exceed the MTD and the dose escalation
would thusbehalted, Therecommended phase Il dosewas defined as one dose
{evel below the MTD or the maxitaum dose leve] judged to be tolerable. An
expanded cohort of three additional newly enrolled patients was also treated at
the recommended phase II dose. Patients who relapsed after achieving re-
sponses to KW-0761 were allowed to be re-treated with this antibody.

Toxicity Evaluation and Definftion of DLT

Patients treated at each dose level were evaluated weekly during therapy
and il 4 weeks after the last infusion to assess toxicity, Toxicity was graded
according to the National Cancer Institute Common Terminology Criteria for
Adverse Events version 3. Human anti-KW-0761 antibodies in the plasma of
patients were detected by an enzyme-linked immunosorbent assay. The plates
were coated with KW-0761 to capture any anti-KW-0761 antibodies, followed
by addition of biotinylated KW-0761, and then horseradish pevoxidase—
labeled avidin. Detection sensitivity of this assay was 5 ng/mL as standard
antibody equivalent in plasma.

DLT was defined as an adverse event or a laboratory abnormality that
occred within 28 days after the first infusion, judged to be related to KW-
0761 and meeting any of the following criteriaz - grade 4 hematologic
toxicity except lymphopenia,  grade 4 symptoms judged to be consistent
with an acute infusion reaction/cytokine release syndrome or with tumor lysis

Table 1. Pationt Demographic and Clinical Characteristics by Cohont

Cohort and Dasage

Characteristic 1: 0.01 mgfyg

2: 0.1 mggkg

Expandiad:

2 0.5 mglkg 4 1.0 mgky 1.0 mgikg Total

Notof patients L 0
Mediian age, vsars

Range 5556

Dtagn&sié
ATL 2 4
FTCL 1 IMF) 0

5562

4889

2 2 13

<«

0 TPTCLNOS) TPTCL-NOS) 3

Abbrevistions: ATL, adult T-cell lsukemiatymphoma; PTCL, peripheral Tcsll lymphorna; KOS, not otherwise spscified; MF, myeosis fungeides.
*One patient enrolled at 0.1 mg/kg was withdrawn due to sarly progressive dissass.
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syndrome, and  grade 3 nonhematologic toxicities. The independent data
monitoring committee evaluated the safety data at all dose levels.

Responses
Responses were evaluated within 2 weeks and again at 4 weeks after the
fast KW-0761 infusion. The antitumor effects were determined according to
criteria described previously, "% The overall response {OR) rate included
patients with a complete response {CR}, CR unconfimed, or a partial re-
sponse {PR). Progression-free survival (PFS) was defined from the day of the
first KW-0761 infusion until the day of progressive disease (PD) detection ar
death due to any cause. The tumor response and PFS of each subject were
" confirmed by the efficacy assessment committes with a central evaluation
based on computed tomography imaging.

Pharmacokinetics

Blood was drawn. into a heparin-containing tube before and after the
infusion in all patierds and plasma concentrations of KW-0761 were assessed
using an enzyme-linked imrnunosorbent assay. One blood sample was ob-
tained before each infusion, six during the 0-to 72-howr peried after the first or
fourth infosion, one immediately after the second or thivd infusion, and four
inthe 7 to 28 days after the fourth infusion. The pharnmacokinetic pavameters
of plasma KW-0781 concentrations were calculated by eniploving a noncom-
pactment model using WINNoplin (Scientific Consulting, Apex, NC) soft-
ware; plasmamaximum (G, . and trough (Cypi,, ) ding concentrations after
each admipistration of KW-0761, and the plasma half-ife (1, ;, } and area urder
the bloed voncentration time curve (AUC, ;4,.) after the fisst and the
fourth infusions.

Table 2 Grade 2 or Higher Nonhematologic and Hematologic Adverse Events by Cohort

Adverse Bvent

Lohort 4 and
Cohort 1in = 3} Cohort 2in = 4) Cohort 3 {n = 3} Expanded i = 6
Grada 2 Grade 3 Grade 2 Grade 3 Grade 2 Grade 3 Grads 2

Cohort 1 in = 3)

Cohort 2in = 4}

Cohort 3 {n = 3) Cohort 4 in = 8}

Grade 2  Grade 3 Graded4 (Grade?2 Grade 3  Graded  Grede 2 Grade 2 Graded Grade2 Grade 3 Grade 4
Hermatologic™
teukopenia 1 o e 1 — — 2 1 . 1 1 e
Lymphopenisd 1 1 — 1 1 1 1 2 — 1 3 2
MNeutropenia 1 — — 1 1 - — 1 — 1 . 1
Thrombooytopsnia 1 P — — - —— — — — e e e
Ensinophiia 1 - e — — J—. J— - — — — —

HRWL078 1 -related adverse svents.

#0bserved 2.5 months after the last administration.

Abbrevietions: QTe, correctad OT interval; v-GTP, wglutarmy! trenspeptidase; CRP, Craactive protein.
Thdverse avents ohserved as the acute infusion reactionfovtoking relesase syndrums,

§includes abnormat cslls and was excluded from the definition of dese-dimiting toxicities.

Wi fo.org
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Patient Characteristics

Sixteen patients (13 ATL, two PTCL-NOS, one mycosis fun-
goides} were enrolled in this phase I study {Table 1). Patients
characteristics both at first presentation and at study entry are listed in
Appendix Table Al (online only). Four patients were enrdlled in
cohort 2 because one participant {203} withdrew due to PD afer
receiving the first infusion. The other 15 patients conipleted the
planned treatment. All 16 enrolled patients were evaluated for toxicity
and response on an intent-to-treat basis,

Adverse Events and Nonhematologic Toxicities

All adverse events  grade 2 are listed in Table 2.

The grade 3 nonhematologic toxicities were herpes zoster, skin
rash, febrile neutropenia, elevations of ALT, AST, and y-glutamyl
transpeptidase {yGTP), and acute infusion/cytokine release syn-
drorne (n = 1, each). All other toxicities observed were  grade2,and
there were no grade 4 or grade 5 nonhematologic toxicities. Ameng
the grade 3 toxicities, increases liver transansinases and y-GTP were
judged to be infusion-related toxicity. Neither the frequency nor the
severity of toxicities increased with dose escalation, None of our pa-
tients had detectable human anti-KW-0761 antibody. Recovery from
toxicities was observed in all cases.

Hematologic Toxicities

Lymphopenia occurred in 14 (38%) of the 16 patients: grade 2 or
grade 3 in 11 and grade 4 in three. Grade 4 nentropenis, which
developed in one patient, was associated with a febrile episode. Other
hermatologic toxicities were leukopenia, thrombocytopenia, and eo-
sinophilia, These hematologic toxicities, which were  grade 3, oc-
curred at all the dose levels, but were transient. Recovery to normal or
baseline levels was eventually seen in all cases,

Infusion-Related Toxicities

As presented in Table 2, seven (44%) of the 16 patients exhib-
fted  grade 2 acute infusion reaction or cytokine release syndrome.
In six cases, the severity was grade 2, and in one grade 3. Overall, 14
patients (88%) had such events with a severity of at least grade 1. These
adverse events occurred primarily at the first infusion, then became
less frequent with subsequent treatments. The common infusion-
related events were vasovagal episodes, hypotension, fever, hypox-
emia, and elevations of alkaline phosphatase, C-reactive protein
(CRP}, liver transaminases, and y»GTP. None of the patients required
interruption of antibody infusion due to these toxicities.

Ounly one patient (201) who developed grade 2 infusion-related
toxicities needed steroid administration for his infusion reactions. He
was given one dose of 100 mg hydrocortisone with symptomatic
improvement. The remaining patients did not need steroids.

Dose Escalation and DLT

In cohort 1, no DLT was observed during the DLT observation
period, although one patient {102} developed grade 3 herpes zoster 2.5
months after the last infusion. This adverse event was treated with
topical dressing by ointment and acyclovir and resolved in 1 week.
Another patient (103} in cohort 1 showed a grade 3 increase in liver
transaminase due to hepatitis B virus reactivation {grade 2} 6 months
after the last infusion. At the onset, this patient was receiving the
second course of KW-0761 because of PD after achieving PR with

1884 & 2010 by American Society of Clinfzal Oncology

the first course, accordingto the protocol. This event resolved with the
antiviral drug entecavir. This event was not judged to represent DLT
by the independent data monitoring committee. In cohort 2, one
patient (203} showed grade 3 liver function impairment. The event
was not, however, considered to represent DLT, instead being judged
to be an acute infusion reaction and cytokine syndrome toxicity.
Patients in cohorts 3 and 4 developed neither grade 3 nonhematologic
or grade 4 hematologic toxicities, nor acute infusion reaction and
cytokine syndrome toxicities. Therefore, the MTD was not reached by
cohort 4 and the ruaxinmum dose of 1.0 mg/kg was thus selected a5 the
dase for the expanded cobort. In the expanded cohort, one patient
(412) exhibited grade 4 nentropenia and grade 3 skin rash and febrile
neutropenia (Appendix Fig Al, online only), possibly related to KW=
0761 treatrent. In total, one of the six patients at the 1.0 mg/kg dose
level showed a DLT, Taking all data into account, the recommended
phase I dose was determined to be 1.0 mg/kg,

Pharmacokinetics

KW-0761 exhibited dose-proportional pharmacokinetics. The
plasma Cyp and Coog 95 well as the AUC, 4., increased dose and
frequency dependently, as presented in Figure 1 and Table 3, At 1.0
mg/kg, the mean values ( standard deviation [SD]) of Cyyes Corugno
and AUC, 4., after the first infusion were 21,758 3495 ng/ml,
7544 3009 ng/ml, and 1,879,383 464,447 ng  howrs/inl,
respectively, while the corresponding values after the fourth infusion
were41,374 5,517 ng/ml,; 19,637 3,826 ng/mL, and 4,224,459
533,158 ng  howrs/mL. The t,,, was prolonged at the 0.5 and 1.0
mglkg dose levels as compared with lower doses. The mean value
S of t,, after the fourth infusion at 1.0 mg/kg was 438 76 houwrs
{183 3.2days). There were no significant correlations between any
of the pharmacokinetic parameters and either the clinical response to
treatment or adverse events.

Responses

Five (319 95% CI, 11% to 59%) of the 16 enrolled patients
achieved objective responses, including two {13%) with CR and three
(19%) with PR (Table 4), The two patients achieving CR had acute-
type ATL and thelr CR status was maintained until the last follow-up
{12 and 3 months) without subsequent therapy. Two other acute-type
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Fig 1. Mean KW.0751 plasma concentration profile by cohart; bar indicates
upper limit of standard deviation,
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Table 3, Mean Value of Pharmacokinetic Parameters of KA0781 by Cohort

AUCsy gms
Coeangr, (ML ing  hoursmbd

Mazn D RMean Ris]

Coveae refonild
Mean 80

1 thoursd

Dose nglkgl

by Frecuency No, Mean 5D

1,8664.8 15182 327212 32201 261 196

7,544.2
18,636.7

30088
38287

1,679,283
4,224,459

464,447 122 11
533,158 438 78

1ot 21,7880 34884
g,

4th 41,3737 3188

w2,

Abbreviations, Cu,,.. plasma maxitnumn; Cugugn, Plasis trough; AUC, arsa under the turve; 14y, terminal hattlife; S, standard deviation.

ATL and one PTCL-NOS patient showed PR, and one of these three
patients mmaintained PR until the last follow-up (6 months). The moe-
dian progression-free swrvival was 46 days although some patients
remwin progression free at last follow-up,

Clinical response was observed even at 0.01 mogrkg (Table 4), Itds
noteworthy that tumor cells disappeared vapidly from peripheral
blood in most patients after KW-0761 infusion, as documented in
patient 204 (Fig 2). Two other representative cases are also shown in
Appendix Figures Al and A2 {online only). These patients had ATL
(102} and PTCL-NOS (401} and had previously been treated with
VCAP plus AMP plus VECP and CHOP, respectively. The ATL pa-

tient (102} showed systemic skin involvernent of ATL cells, and alytic
bone lesion, This patient received KW-0761 once a week for 4 weeks
by intravenous infusion at 0.01 mg/kg, and 3 weels Jater, his skin and
bone lesions were assessed as stable disease according to the response
criteria. Subsequently, both lesions gradually dininished in size, and
by 1 year after treatment, the disease had corapletely disappeared, and
this patient was categorized as showing CR, His CR status was main-
tained until the last follow-up {Appendix Fig A2, online only). The
PTCL-NOS patient (401) had an enlarged inguinal lymph node and
tyraphoma cell nvolvement in peripheral blood and the skin, This
patient received KW-0761 once a week for 4 weeks by intravenous

Talde 4. Summary of Clinisal Response of Bach Patient

Patient No, by Cohort Sex

No, of infusions PB Skin Li OR

Response

PFS {days}

201 M 58 ATL acuts 4 CR PR st SD 50
207 F ot ATL souts 4 PR —— 50D S 38
203 M G5 ATL acute 1 e s 3D PO 8
204 F &7 4 : CR CR 3794

401 f 84 PTCL-NOS
402 F &2 ATL acutz
403 F 84

ATL lympshoma

Cioe

not otherwise spacified.

Abbreviations: PB, peripheral blood; LN, ymiph node; PFS, progression-free survival; OR, overall responsa; M, male; MF, mycosis fungoides; PD, progresaive
disease; 8D, stable disease; F, famale; ATL, adult T-cell lsukemis-ymphoma; CR, complits responss; FR, pertial response; PTCL-NOS, peripheral T-cell lymphoma,

“Target lesions among measurable enlarged lymph nodes and tumer nodulss in extranodal organs.
1Ths diseases had disappeared by 1 vear after treatment and 102 was categorized as showing CR.
+Patients had nontarget lesions {nonincraass on 102, intrease on 208} and new tumor legions (3031,
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Fig 2. Response to KW-0781 in & representative patient (204}, The time course
of ymphooyviss and adult T-cell lsuksmisdymphoma (ATL) cells in paripheral
bload of a patient with acute-type ATL treatechwith 0.1 mofag KALOTBT is shown,

infusion at 1.0 mg/kg. Lymphoma cells rapidly decreased after the fivst
infusion and had completely disappeared before the second infusion.
The skin lesions also resolyed completely after the last infusion, while
the lymph node remained somewhat enlarged, indicating PR in this
case. The PR status was maintained for at least 6 months until the last
follow-up (Appendix Fig A3, onlfine only).

KW-0761 Is a first-in-class therapeutic antibody targeting CCR4. In
addition, this phase T study was the first clinical trial to examine the
safety and efficacy of this next-generation defucosylated therapeutic
antibody against hematologic rmalignancies. In humans, however, up
to 15% of 1gG does not contain fucose, and its physiological impor-
‘tance fas yet to be fully elucidated,”®™ although defucosylated anti~
bodies narkedly enhanced ADCC due to increased binding affinity to

the Foy receptor on effector cells in vitro and in & mouse model**

In this study, one patient showed DLT (grade 3 skin rash and
febrile neutropenia; grade 4 neutropenia) at the 1.0 mg/kg dose in the
expanded cohort. These toxicities were judged to possibly be related to
Kw-0761, although a causal association with trimethoprim/sulfame-
thoxazole could not be excluded. Purther safety assessment is needed
to determine whether KW-0761 itself maight directly cause these tox-
icities. All other toxicities and symptoms including infusion reactions
were mild to moderate and easilymanaged. The incidence and severity
of infusion-related toxicity were the highest at the first infusion, di-
minishing with subsequent infusions, as has been observed with other
antibody therapies™*® The other important adverse event was viral
reactivation. Hepatitis B virus reactivation and varicella-zoster virus
infection were observed. These episodes might be related to a reduc-
tion in the number of CCR4-expressing cells caused by KW-0761
infusion, resulting in an alteration of the imwmune balance, Alterations
intheproportions ofeach T-cell subset including Treg cells, due to this
treatment, are currently being evaluated in detail in an ongoing phase
1 study.

Althoughthe number of patients was small, it would benotewor-
thy that objective responses were achieved in 31% of patients, with
13% of CR. This is a particularly promising result since the response
rate of relapsed patients with ATL to conventional chematherapy with
a single agent is reportedly extremely low.®**%¢ Clinical responses
were observed even at 0,01 mgfkg, which is approximately 1/1,000 of

1586 @ 2010 by Americen Society of Clinioal Onselogy

the ritugimab dose, The clinical effect observed at the 0.01 mgrkg dose
of KW-0761 would be consistent with this defocosylated mAb mark-
edly enhancing ADCCH

Pharmacokinetic analyses of KW-0761 revealed plasma C,.,
Corongro 204 AUC, .. for both the first and the fourth infusion
increased as the dose was Increased, The ty,, sfter the fourth adminis-
tration at 1.Orng/kg was almost 18 days, which is nearly equal to the t,
of circulating endogeneous human IgG,” indicating good stability of
KW-0761 in the hwman body. In addition, in this study, no anti-KW-

0761 antibody was detected, suggesting that the antigenicity of this

novel defucosylated mAb agent was not therapeutically problematic.
The Cypuenlevel of 10 g/mLwas achieved after the fourth infusion of
KW-0781 at 1.0 mgfkg. The in vitro study using primary ATL cells
from patients demonstrated profound autologous ADCC mediated
by 10 g/ml KW-0761," suggesting that an antibody concentration
sufficlent to exert ADCC against prisnary leukemia/lymphoma cells
can be achieved clinically at this dose.

Increased Treg cells in the tumor microenvironment are thought
to play an froportant role in tumor escape from host Immunity in
several different types of cancer.™ Eimerging recent evidence has der-
onstrated that the presence of Treg cells among tumor infiltrating
lymphocytes is the nmain obstacle to successful tumor immunother-
apy. Therefore, depletion of Treg cells around tumors is a potentially
proroising strategy for boosting turmor-associated antigen-specific
imumunity,>** ! We previously reported that chimeric anti-CCR4
mAb actually depleted CD4-positive, CCR4-positive, and forkhead
box protein P3-positive Treg cells both in vitro™" and in vive in a
murine model™ The unexpected long-term CR in one pitient (102)
after stable disease at the 0.01 mg/kg dose of KW-0761 might be
related to such a KW-0761-induced Treg reduction, resulting in en-
hancing the tumor immunity against ATL cells, However, there is no
direct evidence for this and further studies are needed to assess the
validity of this concept.

In surmmary, the results of this phase I trial show that KW-0761
infusion is tolerated at all dose levels tested in patients with relapsed
CCR4~positive PTCL, including ATL and PTCL-NOS, This prelimi-
naryevidence of antitumor activity, in addition to the gond tolerability
and reasonable pharmacokinetics of KW-0761, warrants further in-
vestigation including a single-agent phase 1l study at the 1.0 mg/kg
dose level and combination studies with conventional chemothera-
pentic agents in patients with ATL and PTCL.
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