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6, BRI EDOMBE~OBITHERED L, BR, M BB

A. BFRE®

HETHbR TV AR AERER, 5+
BHAgRE, {LFEERE, BOTREEL, &
BERRIEIC KB SN D, T OERIEIE
PR RRD T &0 D, B OREE
ERRAEDEBZ EIZL ST, RO
AT IND,

ZOHTEENL, {LFERE L GRRE
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(TF-PEG VY Ry —»A) D IDF AN
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MBE~DOEBEEL T T 0D, Bl
72 E OB~ DBITHENBA L, FEHR.
S NHI DR HIFF S D,
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7= DC U 7 F U L BREREL OB
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B. BFEESIE
Y B — L DFHHL
J R —A}X Ethanol Injection ¥EIZ X
DHRB L, EXEHE% POPC
Cholesterol =2:1 (mol / mol) & L.
DSPE-PEG2k-OMe % 5 mol%, DSPE-
PEG2k-COONHS % 1 mol%#%sin L7z,
L-OHP solution (8 fng/mL\ 9% sucrose)
FIRE L., PR FEN 150 nm D Y
R —b&21ET, TF[% NHS &L=
AT VIR &, L-OHP TF-PEG VU
RY —b&2H/T,
S RE

Colon26 M2 DB & L3 (Colon26
CM) THi#E L7z HUVEC b7 %/
— )L Hl 12 & > T Colon26CM-HU
VEC fiR &R L, = v R BRI
etk ipE (DC) /v A Lz,
ZFODCESVAIREZETH LITK
D EEEGNLENZERETES S L
RSB EFE LT,
(LB & R RIE A

Colon26 43 A, < 7 A|Z L-OHP # A
TF-PEG Y RY—L%EL-OHPE L LT
5 mg/kg. L-OHP ¥A#&I% 10 mg/kg % 3
BREiZ 2 @, BHIRKRE LT,
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H? L-OHP O#%5H & ZD 7 BRI
BEREE Uiz, IRNFITALR & Rk
TEHm L7,
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Do Rbohd &5 ReEmilixBiEsn

ighofe, £OFER. TF-PEG U RY
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100 ¢ 1-OHP 7 # (10 mg/ke) + %f¥
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8
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6 §
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4
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K2 TF-PEG URY—LDEEIZL D CDS+T HA~DEE (a) BLIV
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D. #&m —AIRBERESHFAT LI L TH
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21



E. RERESR

HMEEL

F. BFERERK
1.
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EEHEF, HBEFERIT. &KTE.
THROEM, SIL—B, XY
V775> (L-OHP) D YRV —
LA K D e I oo [E]EE
&N AGERIEGR ORF R,
Progress in Drug Delivery System,
16, 65-71, 2007.

. Ryo Suzuki, Tomoko Takizawa,

Yasuhiro Kuwata, Mahito Mutoh,
Nobuyuki Ishsiguro, Naoki
Utoguchi,  Atsuko  Shinohara,
Masazumi  Eriguchi,  Hirinobu
Yanagie, Kazuo Maruyama,
Effective anti-tumor activity of
oxaliplatin encapsulated in
transferrin—PEG-liposome; Int. J.
Pharm, 346, 143-150 (2008)
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1. BB EFR., EEFRIT. SR,
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S LERETCTOLAR - LT D
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F— b7 7 U—FHEIZ L B HRE
FEEPRE LT,
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3)
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KRz U Y Y — ABEREERI OB
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1.

K Sato, K __Tsuchihara, et al.

Autophagy is activated in colorectal

cancer cells and contributes to the
tolerance to nutrient derivation.
Cancer Res. 67:9677-84. 2007.
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BEAFBRFHERMEDE (OB 3 KA AR EEITRESR)
SRR EE
AR EDH O OHH ARIORFEICE T 5%

HHEBEE B# 2
MEAEABEDCERES MEMERTE & — BEARERFEHIH

M E s L,

WEESE BEEIANEBICR O RERZIREIX, EFHERICI
BRONBWEENRADEBR THAZ D, RERZIKEOMIRIZE
R EE 2 RTIEE D2 BREDRMER I VER L, 208K
B OACOERBIKRIVEFRATSF ML ERHE Lz, TOM, KR
B ORI L Y Antimycin A,,. Dunaimycin D,S. Piericidin A;, A E
DOEEEIK L Y Leucinostatin A ZRH L. Wb RFBHMBERGOM

A. HFEEW

B0 AN ERIX AR 43 72 1 & T2 RK
RO RZMFEDORZITE D BRI
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IR VB ABNREOREBTH D
T Ehh, FEIMKEOMEIZER
MBSt S T EIL. B
BAFNZI2D 9 BEEZBELADND, £Z
TRBIRED B WHRIC XK R =M
ERET, REHEREOMIEIZER
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b NVa—A, T I BEROCER
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T. b MBS A PANC-1 HRARIZ IS 1)
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T ERbhol,

F O, BBREOERKRLY
Antimycin A,.,. Dunaimycin DS,
Piericidin A%, I EDEIEIE LY
Leucinostatin AZ BEERERIL 72, W
THNLEEMH THoN, BBHE L
REJSBERMREEELTT I L
BodoT,

D. B

KAV —=v7RIZT, BB L L
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1. FRXER
1) Momose, 1., Iijima, M., Kawada, M.,

Ikeda, D. A new proteasome inhibitor,
TP-110, induces apoptosis in human
prostate cancer PC-3 cells. Biosci.
Biotechnol. Biochem., 71: 1036-1043,
2007.
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BEARFHAEMBE (B 3RAB ARSI ITREZE)
ST ERES

PR REIBUINRIEES O 7 TV REEZFA LIc B AR OB R

YRR FEE

JERERFEFHEEE BE LF (£

MEES  IERMENAMK PANC-1 2RAWVWT, TOREMI VI SBNR TN a—
ARZIHEIFL T Kigamicin DICX WAEEND Z L #BA LI LT, BEICIXME
BUETHY, £/, TOREIX. VYV —LRIRISERELIIRLDZ LN
oo, TRNETCIHLNTWRWEFORERITHA Z EBHALE,

A. TEEH
TNETERIADOETLE LT
PANC-1 #ifa %28t & LT, 1EFRBEHE
TCHRETERII VR IGRRTHDIA—
k7 7 O—iZ RIE7 Kigamicin D DEE
FRELT&E R, TRICK L THRERY
T BIMBRICL A - T U—
~DOEBIFILEALRDLNT, Fi=,
Tor X S6 ¥ F—FE¥REF— 77—
FEICED D VS I RES FICHT
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Ref gl ATy, 4—
N7 7Ok LARET S HFRIZE
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HC 22 BEfEEEER U, FEHUHME leucine
PETEMTC2RET = 4 22TV,
ZTDHEIESERAT 4 VLHT 34
RERIREE, BPHUIC AR S N DB FTEAHE
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DOHEFEEEZEE L. ¥ /N7 OER
ERDI, AT 4 ULELT, A BF
? high glucose % & ¢ DMEM/10% FCS,
B. 7 /va—ATRE DMEM/10% FCS,
C. 7 X /L MEE R KEIBSE
{4 (Krebs-Ringer bicarbonate buffer, LA T
KRB), D. KRB NH X HIZ 7 a—=R
RV EbH D (KRB()) TORBZE{T
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RISTEHELRE L,
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IABESG T HBTEMEL EN TV B2 ARER(L
ENTWBEEREFTLE, £, 203 4%
iz & BT Kigamicin ZHML., FORE
o R e
(REE~DERE) ~ v R FHIR BB
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DATAY—BIZHE-T,

C. HFEHER
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Y Y I—LFRE NI GRRILE &M
SORETHD Z & ETRBRT 5,
2) VITFNBESTFORLEN
T/ EBHBTHEEINIA—b TV
— T, A VRV URT I JBOV 7T Y
VBB LE > TINEHIE L TW
5LEZLNRTEY, #TH Tor L
42 S6 kinase DREBENRHFHRIN TNV B,
F 3= A b Tor ZBHE L T S6 kinase @
REEEM L. BREEXGTTA—F77
V—%FHHE T 5, Kigamicin (1 EXEBLRHET
TS6 DY UELICREB LRV, Jva—
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Ref v EERABRAED, SbiT, 7
a—AEBERGTTINAvA T ) =
—F v d—ExF—¥ 8 (GSK-3p) @
Y VERBICRE L2\ A3, Kigamicin D (XA
Y UBMEEBIEEI T EMHBALRE,
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ElLlk, MEOKREXIRFIYY—L1T
n7 7 —EHERTH S E64d ZMA -
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1. Sato K, Tsuchihara K, Fujii §,
Sugiyama M, Goya T, Atomi Y, Ueno
T, Ochiai A, Esumi H.
Autophagy is activated in colorectal
cancer cells and contributes to the
tolerance to nutrient deprivation.
Cancer Res. 2007; 67(20):9677-9684.
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A phase | and pharmacokinetic study of NK105, a paclitaxel-
incorporating micellar nanoparticle formulation

T Hamaguchi"', K Kato', H Yasui', C Morizane', M lkeda', H Ueno', K Muro', Y Yamada', T Okusaka',

K Shirao', Y Shimada', H Nakahama® and Y Matsumura®

!Department of Medicine National Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo 104-0045, Japan; *Clinical Trial Coordinating Division, National
Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo 104-0045, Japar; investigative Treatment Division, Research Center for Innovative Oncology,
National Cancer Center Hospital East, 6-5-1 Kashiwanoha, Kashiwa, 277-8577, Japan

This phase | study was designed to examine the maximum tolerated dose (MTD), the dose-limiting toxicities (DLTs), the
recommended dose (RD) for phase I, and the pharmacokinetics of NKI05, a new polymeric micelle carrier system for paclitaxel
(PTX). NK105 was administered as a |-h intravenous infusion every 3 weeks, without antiallergic premedication. The starting dose
was [0mgm™2 and the dose was escalated according to the accelerated titration method. Nineteen patients were recruited. The
tumour types treated included pancreatic (n = | I'), bile duct (n =15), gastric (n =2), and colonic (n = ) cancers. Neutropenia was the
most common haematological toxicity. A grade 3 fever developed in one patient given 180mgm™2 No other grades 3 or 4
nonhaematological toxicities, including neuropathy, was observed during the entire study period. DLTs occurred in two patients given
180 mgm™2 (grade 4 neutropenia lasting for more than 5 days). Thus, this dose was designated as the MTD. Grade 2 hypersensitivity
reactions developed in only one patient given 180mgm™2 A partial response was observed in one patient with pancreatic cancer.
The maximum concentration (Cmax) and area under the concentration (AUC) of NK105 were dose dependent. The plasma AUC of
NK105 at 150mg m~2 was approximately |5-fold higher than that of the conventional PTX formulation. NK |05 was well tolerated,
and the RD for the phase Il study was determined to be 150mgm™2 every 3 weeks. The results of this phase | study warrant further

clinical evaluation.
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Paclitaxel (PTX), an antimicrotubule agent, has a wide spectrum of
antitumour activity including ovarian, breast, stomach, lung, and
head and neck cancers (Rowinsky et al, 1990; Carney, 1996; Crown
and O’Leary, 2000). The clinically used PTX preparation is a
mixture of Cremophor EL and ethanol because of PTX’s poor
water solubility. However, the use of Cremophor EL is known to be
associated with acute hypersensitivity reactions (Weiss et al, 1990;
Rowinsky and Donehower, 1995; Kloover et al, 2004). Other PTX
preparations that have been categorised as drug delivery systems
(DDS) have also been developed. These preparations include
Xyotax (polyglutamate-conjugated PTX; Singer et al, 2003; Boddy
et al, 2005), Abraxane (PTX coated with albumin; Ibrahim et al,
2002; Deisai et al, 2003; Nyman et al, 2005), and Genexol-PM (a
PTX micelle in which PTX has been simply solubilised; Kim et al,
2004). The common advantage shared by these formulations is that
they are injectable intravenously without the mixture of Cremo-
phor EL and ethanol. Among them, Abraxane has been approved
for metastatic breast cancer by the Food and Drug Administration
in the USA based on the results of a randomised phase 3 trial. In
this trial, Abraxane demonstrated significantly higher response
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rates, compared with standard PTX, and a significantly longer time
to progression (Gradishar et al, 2005). In addition, the incidence of
grade 4 neutropenia was significantly lower for Abraxane than for
PTX. However, peripheral sensory neuropathy was more common
in the arm (Gradishar et al, 2005).

NK105 is a PTX-incorporating ‘core-shell-type’ polymeric
micellar nanoparticle formulation (Hamaguchi et al, 2005). This
particle can be injected intravenously without the use of
Cremophor EL or ethanol as a vehicle. Therefore, NK105 is
expected to possess a clinical advantage similar to that of the
above-mentioned PTX formulations. The difference between
NK105 and the other PTX dosage forms is that NK105 is expected
to yield a markedly higher plasma and tumour area under the
concentration (AUC), compared with those for the other PTX
formulations. Moreover, regarding the toxic profiles, the repeated
administration of NK105 to rats at 7-day intervals produced
significantly fewer toxic effects on peripheral nerves than free PTX.
Macromolecular drugs, including NK105, have been developed
based on the characteristic macroscopic features of solid tumours,
such as hypervasculature, the presence of vascular permeability
factors stimulating extravasation within cancer, and the sup-
pressed lymphatic clearance of macromolecules. These character-
istics, which are unique to solid tumours, constitute the basis of
the enhanced permeability and retention (EPR) effect (Matsumura
and Maeda, 1986; Maeda et al, 2000; Duncan, 2003). The in vivo



antitumour activity of NK105 was significantly more potent than
that of free PTX, probably because of enhanced tumour exposure
through the EPR effect (Hamaguchi et al, 2005).

We conducted a phase I clinical trial using NK105 in patients
with advanced solid tumours. The objectives of this trial were to
determine the maximum tolerated dose (MTD), the phase II
recommended dose (RD), and the pharmacokinetics of NK105.

PATIENTS AND METHODS

The protocol and all materials were approved by the Institutional
Review Board of the National Cancer Center, Tokyo. This study
was conducted in compliance with the Good Clinical Practice
Guidelines of the International Conference on Harmonization and
the Declaration of Helsinki Principles. Written informed consent
was obtained from all the patients.

Therapeutic agent

NK105 was supplied by Nippon Kayaku Co. Ltd. (Tokyo, Japan) in
20-ml glass vials containing a dose equivalent to 30mg of PTX.
When reconstituted in 10ml of 5% glucose solution and diluted
with a total volume of 250ml of 5% glucose, the reconstituted
solution was stable for 24 h at room temperature. In our preclinical
study, DLS and HPLC analysis showed that less than 2% of PTX
incorporated in the micelles was released for 24h at room
temperature (data not shown).

Figure 1 shows the schematic structure of NK105, a PTX-
entrapped polymeric micelle formulation. The NK105 polymers
were constructed using polyethylene glycol (PEG) as the hydro-
philic component and modified polyaspartate as the hydrophobic
component. PEG is believed to form the outer shell of the micelle,
producing a ‘stealth’ effect that enables NK105 to avoid being
captured by the reticuloendothelial system.

The modified polyaspartate chain is hydrophobic and is believed
to form the hydrophobic inner core of the micelles in aqueous
media. The hydrophobic inner core enables NK105 to entrap a
sufficient amount of PTX. NK105 has a diameter of about 90 nm
(Hamaguchi et al, 2005).

Patients

Patients with solid tumours refractory to conventional chemo-
therapy and for whom no effective therapy was available were
eligible for enrolment in this study, provided that the following
criteria were met: a histologically confirmed malignant tumour; a
performance status of <2; an age of >20 and <75 years; a normal
haematological profile (neutrophil count >2000mm™>, platelet
count 100000 mm™>, hemoglobin >9gdl"); normal hepatic
function (total bilirubin level <1.5mgdl™", AST and ALT <25

PEG outer shell

Block copolymer

PEG P(Asp)
e PTX

Hydrophobic inner core

Figure | Schematic structure of NKI05. A polymeric micelle carrier of
NKI105 consists of a block copolymer of PEG (molecular weight of about
12000) and modified polyaspartate. PEG is believed to be the outer shell
of the micelle. PEG is believed to form the outer shell of the micelle.
NKI105 has a highly hydrophobic inner core, and therefore can entrap a
sufficient amount of PTX.
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times the upper normal limit); normal renal function (serum
creatinine <1.5mgdl™'); normal cardiac function (New York
Heart Association (NYHA) classification of <1); normal pulmon-
ary function (PaO, > 60 mm Hg); no chemotherapy within 4 weeks
(6 weeks for nitrosourea or mitomycin C) of the administration of
NK105; and a life expectancy of more than 2 months. Patients with
serious infections (including hepatitis B, hepatitis C, or HIV) were
ineligible for enrolment in the study. Patients who had been
previously treated with a taxane were excluded because of
assessing neuropathy. Patients were also excluded if they were
pregnant or lactating. Additionally, any patient whom the
investigators considered ineligible was excluded.

Drug administration

NK105 was dissolved in 5% glucose solution for injection at room
temperature. NK105 was administered intravenously without in-
line filtration and without premedication. NK105 solution was
infused using an electric pump at a speed of 250 mlh™".

Dosage and dose escalation

The starting dosage of NK105 was 10 mg m™2, which is one-third of
the toxic dose low in dogs. NK105 was administered once every 3
weeks, and the treatment was continued unless a severe adverse
event or disease progression was observed. Dose escalation was
performed according to the previously described accelerated
titration method (Simon et al, 1997; Matsumura et al, 2004).

Toxicity was graded from 1 to 4 using the National Cancer
Institute Common Toxicity Criteria (version 2.0). Intrapatient dose
escalation was not permitted. The MTD was defined as the level at
which two out of six patients experienced dose-limiting toxicities
(DLTs). The recommended dosage for a phase 11 trial was defined
by the Efficacy and Safety Assessment Committee based on the
safety, pharmacokinetics, and efficacy results of this trial. DLT was
defined as grade 4 neutropenia lasting more than 5 days, a platelet
count of less than 25000u1"', or grade 3 or higher non-
haematological toxicity, with the exception of nausea, vomiting,
appetite loss, and hypersensitivity.

Pretreatment assessment and follow-up care

A complete medical history and physical examination, perfor-
mance status evaluation, complete blood cell count (CBC), blood
chemistry, urinalysis, electrocardiogram (ECG), and a computed
tomography (CT) examination were performed in each patient.
Other examinations were performed only in the presence of a
specific clinical indication. Patients were physically examined
every day until the second administration of NK105; CBC and
blood chemistry tests were performed on day 3 and weekly
thereafter. An ECG examination was repeated- before each
administration of NK105. Tumour marker levels were also
measured before every administration. Tumour response was
evaluated according to the Response Evaluation Criteria in Solid
Tumors criteria (Therasse et al, 2000).

Liquid chromatography/tandem mass spectrometry
determination of PTX concentrations

The PTX concentrations determined in the present phase I study
represented the total drug concentrations (both micelle-entrapped
and released). It was difficult to measure released PTX and micelle-
entrapped PTX separately, because the equilibrium between both
forms could not keep constant during the separating procedure.
PTX was extracted from human plasma (0.2 ml) or urine (0.5 ml)
by deproteinisation with acetonitrile. The quantifications of PTX
in plasma and urine were performed using liquid chromatography/
tandem mass spectrometry. Reversed-phase column-switching
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chromatography was conducted using an ODS column and
detection was enabled by electrospray ionisation of positive mode.

Pharmacokinetic analysis

The following pharmacokinetic parameters were calculated for each
patient using a non-compartmental model using the WinNonlin
Professional version 4.1 program (Pharsight Corporation, Mountain
View, CA, USA). The maximum concentration (Cp.) was the
maximum observed plasma concentration of PTX, and the time-to-
the-maximum concentration (Ty,,,) was the time corresponding to
Cmax- The area under the concentration (AUC)-time curve from
time zero up to the last quantifiable time point (AUC,.,) was
calculated using the linear trapezoidal rule, and the area under the
concentration - time curve from zero until infinity (AUC,_jn¢) was
calculated as the sum of AUC,_, and the extrapolated area under the

" zero moment curve from the last quantifiable time point to infinity

calculated by dividing the plasma concentration of the last
quantifiable time point (observed value) by the elimination rate
constant. The half-life of the terminal phase (t,/,z) was calculated as
log. 2/Az, where Az is the elimination rate constant calculated from
the terminal linear portion of the log of the concentration in plasma.
Total clearance (CL,), the volume of distribution at steady state
(Vss), and renal clearance (CL,) were calculated using the following
equations, where D is the dose and AUMC,,;, the area under the first
moment curve from time zero until infinity:

CLiot = D/AUC;ys.
Vs = AUMCiy¢, /AUCins. X Loy

CL, =cumulative urinary excretion/AUC;ys.
/bady surface area

RESULTS

Patient characteristics

Nineteen eligible patients were recruited for the study (Table 1).
All the patients had received chemotherapy before enrolment.
Prior therapies ranged from 1 to 3 regimens of chemotherapy.
None of the patients had received taxane chemotherapy. All the
patients were included in the safety and response analyses.

Dosing

Dosage escalation started at 10mgm™> and was increased up to
180mgm™2 In total, 73 administrations were performed in 19
patients. Eighteen patients received more than two administra-

Table | Patient characteristics
Number of patients 19
Male/female _ 13/6
Age (vears)
Median 57
Range 43-72
ECOG PS
Median 0
0 10
| 9
Prior treatrnent
Chemotherapy regimens
Median |
Range 1-3
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tions. The maximum number of treatments was 14 courses at
150 mgm™?; the average number of administrations at all levels
was 3.8 courses. Up until 80 mgm™2, grade 2 toxicity was not
observed during the first course.

According to the original protocol, the dosage of NK105 should
have been doubled for each escalation until grade 2 toxicity.
However, the safety committee recommended that the dosage
should be raised by 40% instead of 100% at 110 mgm ™2 and that a
modified Fibonacci escalation method should be implemented.
Therefore, we recruited three patients at dosage level 5
(110mgm™2) and re-started the dose identification study using a
modified Fibonacci method.

Haematological toxicity

Significant myelosuppression was not observed up to level 4
(80mgm™2). At level 7 (180mgm™2), two out of five patients
appeared to have acquired DLTs, namely grade 4 neutropenia
lasting for more than 5 days. On the basis of these results,
180mgm™2 was considered to be the MTD, with neutropenia as
the DLT. Since a dosage of 150 mg m™2 was considered to be the
recommended dosage for phase II studies, an additional four
patients were enrolled at a dosage of 150 mgm™? one patient
developed DLT, namely grade 4 neutropenia lasting for more than
5 days (Table 2). During the entire period of this study, G-CSF was
never used to rescue patients.

Nonhaematological toxicity

The NK105 injection was generally uneventful and well tolerated in
terms of nonhaematological toxicities (Table 2). Most of the
toxicities were grade 1; none of the patients manifested grade 4
toxicity. A few patients developed a grade 1 elevation in AST or
ALT, but these changes were transient. Pain or local toxicity in the
area of the injection was not observed in any of the patients treated
with NK105. No infusion-related reactions were observed; such
reactions sometimes occur during liposomal drug administration.
Patients were not premedicated with steroids or antihistamines.
Only one patient at 180 mgm ™2 developed grade 2 hypersensitiv-
ity. After the first course, the patient received premedication of
hydrocortisone and did not develop such hypersensitivity after
that. The other 18 patients did not experience any hypersensitivity
during the study. Neuropathy occurred in a typical stocking/glove
distribution and was manifested by numbness. Three patients at
level 6 (150mgm™2) and three patients at level 7 (180 mgm™2)
experienced grade 1 neurotoxicity during 1 cycle. Of the four
patients who received multicycle treatment more than five times,
only three patients developed grade 2 neuropathy and the other
patient developed grade 1 neuropathy. Even one patient who
received 14 cycles of treatment experienced only grade 2
neuropathy.

Pharmacokinetics

The plasma concentrations of PTX after the intravenous infusion
of NK105 were determined in each of the patients enrolled at a
dose of 150 mgm™2 (Figure 2A). The Cpax (Figure 2B) and AUC
(Figure 2C) increased as the doses were escalated from 10 to
180 mgm 2. The pharmacokinetic parameters are summarised in
Table 3. The t,/,7 ranged from 7.0 to 13.2h, and a slight tendency
towards a dose-dependent extension of this parameter was
observed. The CL,,, ranged from 280.9 to 880.4mlh™'m™2, and
the V,, ranged from 3668.9 to 10400.3mim™2 Although these
parameters were slightly reduced depending on the dose, linear
pharmacokinetics was assumed to have been observed in the dose
range from 10 to 180 mgm™>, The AUC of NK105 at 150 mgm™2
(recommended phase II dose) was about 15-fold larger than that of
conventional PTX at dose of 210 mg m™? (conventional dose for a
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