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~ Thesize of anticancer agent-incorporating micelles can be controlled’

within the diameter-range of 20-100'nm to ensure that they do not

penétrate normal vessel walls. With this development, itisexpected -

that the incidence of drug-induced side-effects may’ be decreased
owing to the reduced;drug distribution in normal tissue. Micellé
systems can also evade non-specific capture by the reticuloendothelial
system because. the outer shell of a micelle is covered with
polyethylene glycol. Consequently, a polymer micelle carrier can be
delivered selectively to a tumor by utilizing the enhanced permeability
and retention effect. Moreover, a water-insoluble drug can be
incorporated into polymer micelles. Presently, several anticancer
agent-incorporating micelle carrier systems are under preclinical and
clinical evaluation. Furthermore, nucleic acid-incorporating micelle carrier
systems are also being developed. (Cancer Sci 2009; 100: 572-579)

N anotechnology is one of the fast-moving technologies and
is presently contributing significantly to the progress of
medical science. Drugs categorized under the drug delivery
system (DDS) are made primarily by utilizing nanotechnology.
In the field of oncology, DDS drugs have been produced and
evaluated in preclinical or clinical trials, with some already

approved for clinical use (Table 1). More specifically, DDS can

be used for active or passive targeting of tumor tissues. Passive
targeting refers to the development of monoclonal. antibodies
directed against tumor-related molecules, allowing targeting of a
tumor from the specific binding of antibodies with respective
antigens. However, the application of DDS using' monoclonal
antibodies is restricted to tumors expressing high-levels of
related antigens.

Passive targeting* can be achieved by utilizing the enhanced
permeability. and retention (EPR) effect."® This effect is based
on the pathophysiological characteristics of solid tumor tissues,
namely, hypervascularity, incomplete vascular architecture,
secretion of vascular permeability factors stimulating extravasation
within cancer tissue, and absence of effective lymphatic drainage
from tumors that impedes the efficient clearance of macromole-~
cules accumulated in solid tumor tissues (Fig. 1A,B).

Several techniques have been developed to maximally utilize
the EPR effect such as modification of drug structures and
development of drug carriers. Polymeric micelle-based-anticancer
drugs were originally developed by Kataoka et al. in the late 1980s
or early 1990s.%® Polymeric micelles were expected to increase
the accumulation of drugs in tumor tissues by utilizing the EPR
effect as well as to incorporate various kinds of drugs into their
inner core with relatively high stability by chemical conjugation
or physical entrapment. Also, the size of micelles can be controlled
within the diameter range of. 20100 nm to ensure that they do
not penetrate normal vessel walls. With this development, it is
expected that the incidence of drug-induced side-effects may be
decreased owing to the reduced drug distribution in normal tissues.
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Table 1.

stage of development.
Passive targeting

Examples of drug delivery systems in oncology and their

Compound

Name Platform Clinical stage
NK105 Micelles Paclitaxel P2

NC-6004 Micelles Cisplatin P1/2

NK012 Micelles SN-38 P2

Smanics Polymer conjugate  Neocarzinostatin Approved
Doxil Liposome Doxorubicin Approved
Abraxane  Albumin particle Paclitaxel Approved
Xyota,” Polymer conjugate  Paclitaxel - P3

CT-2106 Polymer-conjugate  Camptothecin P2
EndoTAG  Cationic Liposome  Paclitaxel P2
MAG-CPT  Polymer conjugate  Camptothecin P1

LE-SN-38 Liposome SN-38 P2

PK1 Polymer conjugate = Doxorubicin P2

,hT-101 Polymer conjugate  Camptothecin P2

SP1049C Micelles Doxorubicin. P3

CPX-1 Liposome CPT-11,floxuridine P2

Active targeting

Name Platform Compound Clinical Stage
Mylotarg Anti-CD33-Ab Calicheamicin Approved
Zevalin . Anti-CD20-Ab 90Y Approved
Bexxar Anti-CD20-Ab 1311 Approved
PK2 Galactose-Polymer Doxorubicin P1
MCC465 Ab-liposome Doxorubicin P1
MBP-426 Transferrin-liposome Oxaliplatin P1
CALAA-01 Transferrin-polymer siRNA P1.

T-DM1 DM1 P1

Anti-HER2-Ab

In this paper, we review recent developments in polymeric
micelle systems presently being evaluated in clinical trials and
introduce new micellar formulations.

Anticancer agent-incorporating micelle carrier systems
under dinical evaluation

NK105: paclitaxe! (PTX)-incorporating micellar nanoparticle
Background. PTX is one of the most useful anticancer agents

against various cancers, including ovarian, breast and lung
cancers.” However, it produces serious adverse effects such as
neutropenia and peripheral sensory neuropathy. In. addition,
anaphylaxis and other severe hypersensitive reactions have been
reported in 2—4% of patients receiving the drug even after
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Fig. 1. (A) A diagram of normal and tumor tissue, demonstrating the presence of a lymphatic duct in normal tissue (upper) but the absence of
any lymphatic duct in tumor tissue (fower). Small molecules easily leak from normal vessels in the body, which gives small molecules a short plasma
half life. On the other hand, macromolecules have a long plasma half life because they are too large to pass through the normal vessel walls,
unless they are trapped by the reticuloendothelial system in various organs. In the solid tumor tissues shown in the lower panel, it was found that
solid tumors generally possess several pathophysiological characteristics: hypervasculature, secretion of vascular permeability factors stimulating
extravasation of macromolecules within the cancer, and absence of effective lymphatic drainage from tumors that impedes the efficient clearance
of macromolecules accumulated in sofid tumor tissues. These characteristics of solid tumors are the basis of the enhanced permeability and
retention (EPR) effect. Summarizing these findings, conventional low-molecular-weight anticancer agents disappear before reaching the tumor
tissues and exerting their cell-killing effect. On the other hand, macromolecules and nanoparticles including micelle carriers should have time to
reach the tumor, extravasate from the tumor capillaries, and stay for a long time in the tumor tissue, by means of the EPR effect. (B) Example of
the EPR effect. This in vivo imaging demonstrates that both control whole immunoglobulin G (igG) and the specific whole monodonal antibody
(mAb) accumulated selectively in the tumor tissue on day 1 after invravenous injection. On day 7, a greater degree of retention of the specific
whole mAb as compared to the control IgG was noted. On the other hand, the F(ab) region of the specific mAb with a molecular weight of 45 000
accumulated in the tumor to the same extent as the control whole IgG. Interestingly, fluorescence of the F(ab) could also be detected in both the
kidneys, which implied that the antigen binding fragment F(ab) could easily pass through the kidney glomerulus. This accumulation of the control
1gG in the tumor represents the EPR effect. The findings suggest that not only the specific affinity of the mAb, but also the size of the molecules

and the stability of the molecules in blood are important for tumor-selective targeting.

premedication with anti-allergic agents; these adverse reactions
have been attributed to the mixture of Cremophor EL and
ethanol used for solubilizing PTX.® Of the adverse reactions,
neutropenia can be prevented or managed effectively by
administering a granulocyte colony-stimulating factor. On the
other hand, there are no effective therapies to prevent or reduce
nerve damage associated with PTX-induced peripheral neuropathy.
Thus, neurotoxicity constitutes a significant dose-limiting toxicity
of the drug (%" : ' ‘

Preparation and characterization of NK105. To construct
NK105 micellar nanoparticles (Fig. 2A), block copolymers
consisting of polyethylene glycol (PEG) and polyaspartate,®
were used. PTX was incorporated into polymeric micelles
formed by physical entrapment utilizing hydrophobic interactions
between PTX and the block copolymer polyaspartate chain.
NK 105 was prepared by facilitating the self association of NK105
polymers and PTX. NK105 was obtained as a freeze-dried
formulation and contained about 23% (w/w)_ of PTX The
weight-average diameter of the nanoparticles was approximately
85 nm with a narrow size distribution.!?

Preclinical studies. In an in vivo pharmacokinetics study
using colon 26 tumor-bearing CDF1 mice, the plasma con-
centration at 5 min (C,_;) and the area under the curve (AUC)
of NK105 were 11- to 20-fold and 50- to 86-fold higher than
those of PTX. The maximum contentration (C,_,,) and AUC of
NK105 in colon 26 tumors were approximately 3 and 25 times
higher than those of PTX. NK105 continued to accumulate in
the tumors until 72 h postinjection (data not shown).

In BALB/c mice bearing subcutaneous HT-29 colon cancer
tumors, NK105 exhibited superior antitumor activity compared
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with PTX (P < 0.001). Tumor suppression by NK105 increased
in a dose-dependent manner (Fig. 2B).

Paclitaxel treatment has been shown to cause cumulative sensory-
dominant peripheral neurotoxicity in humans characterized
clinically by numbness and/or paraesthesia of the extremities.
Pathologically, axonal swelling, vesicular degeneration, and
demyelination have also been observed, We therefore examined
the pathologic effects of free PTX and NK105 using both
electrophysiological and morphological methods. After drug
administration for 2 months, the amplitude of the caudal sensory
nerve action potential in the control group increased in association
with rat maturation. The amplitude was significantly smaller in
the PTX group than in the control group (P <0.01); it was
significantly larger in the NK105 group than in the PTX group
(P < 0.05); and it was comparable between the NK105 group
and the control group (Fig. 2C). .

Clinical study. A phase I study was designed to determine the
maximum tolerated dose (MTD), dose-limiting toxicities (DLTs),
and recommended dose (RD) of NK105 for phase I, as well as
its pharmacokinetics.!"®

NK105 was administered by intravenous infusion for 1h
every 3 weeks without anti-allergic premedication. The starting
dose was 10 mg PTX equivalent/m?, and the dose escalated
according to the accelerated titration method. DLTs were observed
in two patients at 180 mg/m?* (grade 4 neutropenia lasting for
more than 5 days), which was determinéd as MTD. Allergic
reactions were not observed in any of the patients except in one.
The RD was 150 mg/m?. A partial response was observed in one
pancreatic cancer patient who received more than 12 courses of
NK105 (Fig. 2D). Colon and gastric cancer patients experienced
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Fig. 2. (A) The schematic structure of NK105; a micelle-forming polymeric drug, that is a polyethylene glycol (PEG)-poly (aspartic acid) block
copolymer conjugated with paclitaxel (PTX). NK105 was obtained as a freeze-dried formulation and contained approximately 23% (w/w) of PTX.
The weight-average diameter of the nanoparticles was approximately 85 nm with a narrow size distribution. (B) Antitumor activity of PTX or
NK105 on HT-29 human colon cancer xenografts.Each drug was administered intravenously weekly for 3 times at a PTX equivalent dose of 25 mg/kg,
50 mg/kg, or 100 mg/kg. Light blue lines show the treatment with PTX. Red lines show the treatment with NK105. NK105 exhibited significant
superior antitumor activity as compared with PTX at respective dose levels (P < 0.001). Especially, tumors disappeared after the first dosing to mice
treated with NK105 at 100 mg/kg. Dark blue line (control). Each point: mean = SE. (C) The amplitude of caudal sensory nerve action potential after
the drugs administration for 2 months. The amplitude was significantly smaller in the PTX group as compared to control or NK105 administration
group. (D) Serial computed tomagraphy scans. A 60-year-old man with pancreatic cancer who was treated with NK105 at a dose level of 150 mg/m?,
Baseline scan {left) showing multiple metastasis in the liver. Partial response, characterized by a more than 90% decrease in the size of the liver
metastasis (right) compared with the baseline scan. The antitumor response was maintained for nearly 1year. (E) Correlations between dosage
and maximum contentration (C,,,) and area under the curve (AUC) for both'PTX (M) d NK105 (@). Both C_,, and AUC of NK105 were significantly
higher than those of PTX. Different from PTX, the Cmax and AUC of NK105 increased linearly at doses between 10 and 15 mg/m? The AUC of NK105
at the recommended dose was 10-30-fold higher than that of PTX at a conventional dose, 210 mg/m?2, )

stable disease lasting for ten and seven courses, respectively.
Despite long-term administration, only grade 1 or 2 neuropathy
was observed when the dose or period of drug administration was
modified. The C_,
characteristics. The plasma AUC of NK105 at 150 mg/m* was
approximately 30-fold higher than that of the commonly used
PTX formulation (Fig. 2E).

Dose-limiting toxicity was Grade 4 neutropenia, NK105 facil-
itates prolonged systemic PTX exposure in plasma, Tri-weekly
1-h infusion of NK105 was feasible and well tolerated, with
antitumor activity. A phase II study of NK105 against advanced
stomach cancer as a second-line therapy is currently underway.

NC-6004: cisplatin-incorporating micellar nanoparticle

Background. Cisplatin (cis-dichlorodiammineplatinum [II]:
CDDP] is a key drug in the chemotherapy of various cancers,
including lung, gastrointestinal and genitourinary cancers.(*!9
However, it is often necessary to discontinue CDDP freatment
because of its adverse reactions (e.g. nephrotoxicity and
neurotoxicity) despite its persisting effects.!® To date, platinum

574

and AUC of NK105 showed dose-dependent

analogs (e.g. carboplatin and oxaliplatin)'” have been developed
to overcome these CDDP-related disadvantages. Consequently,
these analogs have become the standard drugs for ovarian!'* and
colon® cancers. On the other hand, these regimens including
CDDP constitute the standard treatment for lung, gastric, testicular®
and urothelial®? cancers. Therefore, the development of DDS
technology is anticipated, which would enable better selective
CDDP  accumulation in solid tumors while lessening its
distribution in normal tissue. ‘ : o
Preparation and characterization of NC-6004. NC-6004 was
prepared according to a slightly modified procedure reported by
Nishiyama et al.®® (Fig. 3A). NC-6004 consists of PEG, a
hydrophilic chain constituting the outer shell of micelles, and
the coordinate complex of poly(glutamic acid) and CDDP, a
polymer-metal complex-forming chain constituting the inner
core of micelles. A narrowly distributed size of polymeric
micelles (20 nm) was confirmed by dynamic light-scattering
measurement. Also, static light-scattering measurement revealed
that the CDDP-loaded micelles showed no dissociation upon
dilution and the critical micellar concentration was <5 X 1077,
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of CDDP and NC-6004 in rats. Rats were given
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suggesting remarkable stability compared with typical micelles
from amphiphilic block copolymers.@?

Preclinical study. NC-6004 showed a very long blood retention
profile compared with CDDP. The AUC,, and C_, values were
significantly higher in animals given NC-6004 than in animals
given CDDP, namely, 65-fold and 8-fold, respectively (P < 0.001
and P < 0.001, respectively). Regarding platinum accumulation in
the tumor, platinum concentrations peaked at 10 min following
CDDP administration and at 48 h following NC-6004 admini-
stration. The C,, in the tumor was 2.5-fold higher for NC-6004

. than for CDDP (P < 0.001). Furthermore, the tumor AUC was

3.6-fold higher for NC-6004 than for CDDP (81.2 pjig/mL/h and
22.6 pg/mL/h, respectively). 2.

In nude mice implanted with the human gastric cancer cel]
line MKIN-45, NC-6004 administration groups (5 mg/kg of CDDP)
showed no significant difference in tumor growth rate compared
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with CDDP administration groups. Regarding time-course changes
in body weight change rate, the CDDP (5 mg/kg) administration
group showed a significant decrease (P < 0.001) in body weight
compared with the control group. On the other hand, the NC-6004
administration group showed no decrease in body weight
compared with the control group (data not shown).

Regarding renal function, the CDDP (10 mg/kg) administration
group showed significantly higher plasma concentrations of BUN
and creatinine than the control group (P < 0.05 and P <0.001,
respectively) and NC-6004 (10 mg/kg) administration group
(P < 0.05 and P <0.001, respectively) (Fig. 3B).

In neurological examination, rats given NC-6004 showed no
delay in sensory nerve conductive velocity (SNCV) compared
with animals given 5% glucose. On the other hand, rats given
CDDP showed a significant delay (P < 0.05) in SNCV compared
with animals given NC-6004. Sciatic nerve concentrations of
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Fig. 4. (A) Schematic structure of NKO12. A polymeric micelle carrier of NK012 consists of a block copolymer of polyethylene glycol (PEG)
(molecular weight of =[15000) and partially modified polyglutamate (=[120 units). Polyethylene glycol (hydrophilic) is believed to be the outer
shell and SN-38 was incorporated into the inner core of the micelle. (B) The releasing rates of 7-ethyl-10-hydroxy-CPT (SN-38) from NK012, The
data suggested that NK012 is stable in 5% glucose solution before administration and starts to release SN-38, gradually, under physiological
conditions after administration. (C) (a) An orthotopic glioma model. Twenty days after U87MG/Luc inoculation. (b) The orthotopic tumor was
visualized using a photon imager. The maximum tolerated dose (MTD) of NK012 (30 mg/kg) or Irinotecan hydrochloride (CPT-11) (66.7 mg/kg) was
injected intravenously into the tail vein of mice. 24 h after NK012 injection, mice were also administered with fluorescein Lycopersicon esculentum
lectin (100 uL/mouse) to visualize tumor blood vessels (green). NK012 (blue) was accumulated selectively in tumor tissue. T: tumor, B: normal brain
(<) NK012 (30 mg/kg/day), CPT-11 (66.7 mg/kg/day) (M) and saline (@) were intravenously given on days 0 (20 days after tumor inoculation), 4, and
8 (V). Kaplan-Meier analysis was performed to determine the effect of drugs on time to morbidity, and statistical differences were ranked
according to the Mantel-Cox log-rank test using StatView 5.0. (D} Intra-tumor distribution of CPT-11, NK012 {or polymer bound SN-38), and free
SN-38 after administration of NK012 and CPT-11 to mice bearing Capan1 xenografts. The time profiles of polymer-bound SN-38 (W), free SN-38
released from NK012 (C1), CPT-11 (@), and free. SN-38 converted from CPT-11 (O) were obtained by high performance liquid chromatography (HPLC)

analysis. The time-points examined were 1, 6, 24, 48, 72, and 96 h after the administration of CPT-11 or NKO012,

- platinum were significantly (P < 0.05) lower in rats given

NC-6004 (Fig. 3C). This finding is believed to be a factor that
reduced "neurotoxicity following NC-6004 " administration
compared with CDDP administration.

Clinical study. A phase I clinical trial of NC-6004 has
recently been completed in the UK.?Y The starting dose of
NC-6004 was 10 mg/m? NC-6004 was administered once every
3 weeks with only 1000 mL water loading at the day of

“administration. Administration of doses up to 120 mg/m? was

performed without inducing significant nephrotoxicity. Although
nausea and vomiting are typical CDDP adverse effects, those
caused by NC-6004 were generally mild. However, hypersensitivity
reactions caused by NC-6004 occurred more frequently than
those caused by CDDP. A phase II study will soon be started
involving sufficient anti-allergic premedication.

576

NK012: SN-38-incorporating micellar nanoparticle

Background. Irinotecan hydrochloride (CPT-11) has recently
been demonstrated to be active against colorectal, lung, and
ovarian cancers.®? CPT-11 is a prodrug and is converted to 7-
ethyl-10-hydroxy-CPT (SN-38), a biologically active metabolite
of CPT-11, by carboxylesterases (CEs). SN-38 (Fig.4A) is an,
analog of the plant alkaloid camptothecin which targets DNA
topoisomerase I. SN-38 exhibits up to 1000-fold more potent
cytotoxic activity against various cancer cells in vitro than CPT-
11.89 Although CPT-11 is converted to SN-38 in the liver and
tumors, the metabolic conversion rate is less than 10% of the
original volume of CPT-11.%32 Moreover, the conversion of
CPT-11 to SN-38 depends on the genetic interindividual
variability of CE activity.®® Thus, further efficient use of SN-38
might be of great advantage and may be attractive for cancer

doi: 10.1111/j.13438-7006.2009.01103.x
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treatment. The progress of the manufacturing technology of
‘micellar nanoparticles’ may make it possible to use SN-38 for
in vivo experiments and further clinical use.

Preparation and characterization of NK012. NKO12 is an
SN-38-loaded polymeric micelle constructed in an aqueous
milieu by the self-assembly of an amphiphilic block copolymer,
PEG-PGlu(SN-38).%Y NK012 was obtained as a freeze-dred
formulation and contained about 20% (w/w) of SN-38 (Fig. 4A).
The mean particle size of NK012 is 20 nm in diameter with a
relatively narrow range (Fig. 4A). The releasing rates of SN-38
from NKO12 in phosphate buffered saline at 37°C were 57% and
74% at 24 h and 48 h, and those in 5% glucose solution at the
same temperature and times were 1% and 3%, respectively
(Fig. 4B). These results indicate that NKO12 can release SN-38
under neutral conditions even without a hydrolytic enzyme, and
is stable in 5% glucose solution. Thus, NKO12 is suggested to
be stable before administration and starts to release SN-38
gradually under physiological conditions following administration.

Preclinical study. Following CPT-11 injection, the plasma
concentrations of CPT-11 and SN-38 rapidly decreased with
time in a log-linear fashion. On the other hand, NKO012
(polymer-bound SN-38) exhibited slower clearance. In tumor
xenografts, NKO12 clearance was significantly slower and free
SN-38 concentration was maintained for a long time following
injection.®*? Interestingly, there was no significant difference
in the kinetic characteristics of free SN-38 in the small intestine
between mice treated with NK012 and CPT-11.

Deviating from the ordinary experimental tumor model, tumors
were allowed to grow until they became very large (approximately
1.5 cm), and then treatment was initiated. NK012 showed potent

_ antitumor activity against bulky small cell lung cancer (SCLC)

line, SBC-3/Neo, tumors compared with CPT-11. A striking
antitumor activity was observed in mice treated with NKO012
when we compared its antitumor activity with CPT-11 using
SBC-3/VEGF (vascular endothelial growth factor) cells. In the
clinical setting, CPT-11/5-FU (fluorouracil) combination therapy
is now a standard regimen for colorectal cancer.®?% Therefore,
it was speculated that the use of NK012 in place of CPT-11 in
combination with 5-FU may yield superior results. As expected,
the therapeutic effect of NK012/5-FU was significantly superior
to that of CPT-11/5-FU against HT-29 xenografts (P = 0.0004)%%
(data not shown). In other tumors such as renal cancer,®”
glioma,®® gastric cancer® and pancreatic cancer,®> NK012
exerted significant superior antitumor activity and induced longer
survival compared with CPT-11. In a glioma orthotopic xenograft
model, both NK012 and CPT-11 appeared to be able to effectively
extravasate from the blood-brain tumor barrier but not from normal
brain vessels (Fig. 4C).®® In a pancreatic cancer cell line, Capan-1
tumor xenograft as a hypovascular tumor model, it was also
demonstrated that NK012 showed significantly more potent
antitumor activity than CPT-11. Pharmacological examination
revealed that only a slight conversion of SN-38 from CPT-11 was
observed from 1 h to 24 h, and no SN-38 was detected thereafter.
On the other hand, SN-38 released from NK012 continued to be
detected from 1 h to 96 h following NK012 injection® (Fig. 4D).

Thus, NK012, which combines enhanced distribution with
prolonged sustained release of SN-38 within tumors, is ideal for
the treatment of hypovascular tumors since the antitumor activity
of SN-38 is time-dependent.

Clinical study. Two independent phase 1 clinical trials have
been conducted in the National Cancer Center in Japan“® and
the Sarah Canon Cancer Center in the US“Y in patients with
advanced solid tumors to define the MTD, DLT, and réecommended
phase II dose. NKO12 is infused intravenously over 60 min
every 21 days until disease progression or unacceptable toxicity
occurs. The MTD and RD were 37 mg/m” and 28 mg/m?,
respectively. DLT was neutropenia, and diarrhea was mild. The
pharmacokinetics (PK) profile in the US study was similar to
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that in the Japanese study. Antitumor activity was also promising.
Partial responses (PR)s were obtained in three patients with
triple negative breast cancer, one patient with esophageal cancer
and one patient with SCLC. A phase II study in patients with
triple negative breast and colorectal cancers will soon be started
in the US and Japan.

Future micelle formulations

The development of smart polymeric micelles that dynamically
change their properties owing to their sensitivity to chemical or
physical stimuli is the most promising trend, leading to the
development of targeting therapy with high efficacy and ensured
safety.“? In this way, such micelles can respond to pathological
or physiological endogenous stimuli already present in the body
or to externally applied stimuli such as temperature, light or
ultrasound. One sophisticated and rational formulation approach
is to increase the hydrophobicity of the core of the polymeric
micelles loaded with a platinum-based drug. This is to modulate
the drug-releasing profile induced by chloride ion in the body
fluid so as to have a sufficient induction period, and thus avoiding
systemic drug leakage and achieving selective and sustained drug
release at the site of a solid tumor.“¥ Based on this strategy,
dichloro (trans-1-1,2-diaminocyclohexane) platinum () (DachPt)-
loaded micelles have recently been developed showing longer
life.in blood circulation and improved anticancer effects compared
with cisplatin-loaded polymeric micelles (Fig. 5A).“ A pH-
triggered system also shows great promise in the treatment of
intractable cancers. Here, the therapeutic agent should be stably
associated with the hydrophobic core, and-drug release is
expected to occur with the destabilization of the micelle
structure in response to an acidic pH of tumor tissue as well as
with disruption of intracellular compartments such as the
endosome and lysosome.“” Notable antitumor efficacy against
hypovascular cancer, including pancreatic and diffuse-type gastric
cancers of doxorubicin-incorporating polymeric micelles with
a pH-responding property was demonstrated to emphasize the
promising application of DDS for the treatment of intractable
cancers.® Photodynamic therapy, which involves the systemic
administration of photosensitizers (PSs) and the subsequent
photoirradiation of the diseased sites, is a promising physical
approach for cancer treatment. However, PSs readily form
aggregates, resulting in a significant reduction in singlet oxygen
production. To prevent the self-quenching of PSs, ionic dendritic
PSs  (DPs) have been prepared and incorporated into polymeric
micelles (Fig. 5B).“? Eventually, the DP-loaded micelles
showed a. significant increase in photocytotoxicity compared
with free DPs, achieving a remarkable photodynamic efficacy
against a subcutaneous tumor model in experimental animals by
systemic injection.

Success in gene and nucleic acid delivery indeed relies on the
development of safe and effective carriers. In this regard, polyion
complex (PIC) micelles, which are formed between nucleic acid
and PEG-polycation block copolymers, have received much
attention owing to their small size (~100 nm) and excellent bio-
compatibility.® Recently, an siRNA-incorporating PIC micelle
has been prepared from the PEG-poly(lysine) block copolymer
with sulthydryl (SH) groups in the side chain (Fig. 5C).“” This
PIC micelle is expected to release the loaded siRINA selectively
in the cytoplasm by cleavage of disulfide cross-linking in
response to a reductive intracellular environment, leading to the
effective silencing of target genes related to oncogenesis. On the
other hand, the disulfide cross-linking is sufficiently stable in the
blood compartment, enabling prolonged circulation because of the
oxidized atmosphere in the body. Furthermore, facilitated endo-
somal escape occurs in the PIC micelle having an intermediated
layer between the shell and the core phase to exert selective
destablization of the endosomal membrane through the proton
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sponge effect as well as direct perturbation of the membrane
structure.®® The evaluation of these PIC micelles loaded with
plasmid DNA or siRNA will soon be performed in vivo for
future molecular therapy.

Conclusion

Presently, the phrase EPR proposed by Maeda et al. has become
a fundamental principle in the field of DDS. Until recently, the
EPR effect has not been recognized in the field of oncology;
however, some oncologists have now become more acquainted
with this effect since some drugs such as doxil, abraxane and
several PEGylated proteinacious agents formulated based on the
EPR effect have been approved in the field of oncology. Micelle
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NKO12

Apoptosis Inducer
Oncolytic

Nanosized-micellar particle containing 7-ethyl-10-hydroxycamptothecin (EHC), consisting of poly(ethylene glycol)-poly(glutamic acid)block

copolymer chemically bound to EHC

" EN: 417411

ABSTRACT

Selective tumor targeting by therapeutic agents is a long-standing
pharmacological goal to improve selectivity and therapeutic indices.
Most scientists have sought to use active receptor-mediated tumor-
targeting systems, although the passive targeting afforded by the
enhanced permeability and retention (FPR) effect provides a versatile
and nonsaturable opportunity for tumor-selective delivery. Polymeric
micelles are ideally suited to exploit the EPR effect, and they have been
used for the delivery of @ range of anticancer drugs in preclinical and
clinical studies. NKO12 is an SN-38-loaded polymeric micelle con-
structed in an aqueous milieu by the self-assembly of an amphiphilic
block copolymer, PEG-PGIu(SN-38). Recently, we have demonstrated
that NKOI12 exerts significantly more potent antitumor activity against
various human tumor xenografts than irinotecan (CPT-11). Preclinical
and clinical studies of NKO12 up to the present are reviewed here.

BACKGROUND

Nanotechnology is one of the fastest moving‘technotogies and is
presently contributing significantly to the progress .of medical sci-
ence. Drugs categorized under the drug delivery system (DDS) are
prepared primarily by utilizing nanotechnology. in the field of oncol-
ogy, DDS drugs have been prepared and evaluated in preclinical
and/or clinical trials, with some already approved for clinical use
(Tabte l). More specifically, DDS can be used for active or passive tar-
geting of tumor tissues. Active targeting refers to the development
of monoclonal antibodies directed against tumor-related molecules,
allowing targeting of a tumor from the specific binding of antibodies
with respective antigens. However, the application of DDS using
monoclonal antibodies is restricted to tumors expressing high levels
of related antigens. Passive targeting can be achieved by utilizing
the enhanced permeability and retention (EPR} effect (1, 2). This
effect is based on the pathophysiological characteristics of solid
tumor tissues, namely, hypervascularity, incomplete vascular archi-
tecture, secretion of vascular permeability factors stimulating
extravasation within cancer tissue, and absence of effective lym-
phatic drainage from tumors that impedes the efficient clearance of
macromolecules accumulated in solid tumor tissues (Fig. 1A, B).

Several techniques have been developed to maximally utilize the
EPR effect, including modification of drug structures and the devel-
opment of drug carriers. Polymeric micelle-based anticancer drugs
were originally developed by Kataoka et al. in the late 1980s and
early 1990s (3-5). Polymeric micelles were expected to increase the
accumulation of drugs in tumor tissues by utilizing the EPR effect, as
well as to incorporate various kinds of drugs into their inner core with
relatively high stability by chemical conjugation or physical entrap-
ment. Also, the size of micelles can be controtled within the diame-
ter range of 20-100 nm to ensure that they do not penetrate normal
vessel walls. With this development, it is expected that the incidence
of drug-induced side effects may be decreased owing to reduced
drug distribution in normal tissues.

Irinotecan hydrochloride (CPT-11) has been demonstrated to be
active against colorectal, lung and ovarian cancers (6-10). CPT-Wis a
prodrug that is converted to 7-ethyl-10-hydroxycamptothecin (SN-
38, 1), a biologically active metabolite of CPT-11, by carboxylester-
ases. SN-38 is an analogue of the plant alkaloid camptothecin,
which targets DNA topoisomerase . SN-38 exhibits up to 1,000-fold
more potent cytotoxic activity against various cancer cells in vitro
than CPT-11 (T). Although CPT-11 is converted to SN-38 in the liver
and tumors, the metabolic conversion rate is less than 10% of the
original volume of CPT-11 {12, 13). Moreover, the conversion of CPT-11
to SN-38 depends on the genetic interindividual variability of car-

SN-38 (1)
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Table I. Examples of DDS in oncology and their stage of dévelopment.

NK-012

Name Platform Compound Clinical stage
Passive targeting

NK-105 Micelles Paclitaxel il
NC-6004 Micelles Cisplatln 171
NKO12 Micelles SN-38 ) i
Zinostatin stimalamer {SMANCS) Potymer conjugate Neocarzinostatin Launched
Doxit Liposome Doxorubicin Launched
Abraxane Albumin-coated nanoparticle Paclitaxel Launched
Opaxio Polymer conjugate Paclitaxel Prereg.
CT-2106 Polymer conjugate Camptothecin i
EndoTAG Cationic tliposome Paclitaxel il
Mureletecan Polymer conjugate Camptothecin }
LE-SN-38 Liposome SN-38 ) IF

PK1 Polymer conjugate Doxorubicin it
IT-101 Polymer conjugate Camptothecin ’ il
SP-1048C Micelles Doxorubicin 1l
CPX-1 Liposome CPT-11, floxuridine i
Active targeting

Mylotarg Anti-CD33 antibody Calicheamicin Launched
Zevalin Anti-CD20 antibody 90Y Launched
Bexxar . Anti-CD20 antibody B Launched
PK2 Galactose—-polymer Doxorubicin ‘ |
MCC-465 Antibody liposome Doxorubicin |-
MBP-426 Transferrin-liposome Oxaliplatin !
CALAA-OT Transferrin-polymer SiRNA i
Trastuzumab-DM]1 Anti-HERZ2 antibody DM1 ) Il

boxylesterase activity (14). Thus, further efficient use of SN-38 might
be of great advantage and may be attractive for cancer treatment.
The progress in the manufacturing technology of “micellar nanopar-
ticles” may make it possible to use SN-38 for in vivo experiments and
further clinical use.

NKO12 is an SN-38-incorporating polymeric micelle that can accu-
mulate selectively in solid tumor tissues utilizing the EPR effect. The
micelle is constructed in an aqueous milieu by the self-assembly of
an amphiphilic block copolymer, PEG-PGIu{SN-38) (15). NKO12 was
obtained as a freeze-dried formulation and contained about 20%
(w/w) of SN-38. The mean particle size of NKO12 is 20 nm in diam-
eter, with a relatively narrow range (Fig. 2A). The release rates of SN-
38 from NKO12 in phosphate-buffered saline (PBS) at 37 °C were
57% and 74%, respectively, at 24 and 48 h, and in 5% glucose solu-
tion at the same temperature and times 1% and 3%, respectively
(Fig. 2B). These results indicate that NKO12 can release SN-38 under
neutral conditions even without a hydrolytic enzyme, and is stablein
5% glucose solution. Thus, NKO12 is suggested to be stable before
administration and starts to release SN-38 gradually under physio-
logical conditions following administration.

PRECLINICAL PHARMACOLOGY

Following CPT-11 injection, the plasma concentrations of CPT-11 and
SN-38 rapidly decrease with time in a log-linear fashion. On the
other hand, NKO12 (polymer-bound SN-38) exhibited slower clear-
ance. In tumor xenografts, NKO12 clearance was significantly slower
and the free SN-38 concentration was maintained for a long time
fotllowing injection (15, 16). Interestingly, there was no significant dif-

Monograph

ference in the kinetic characteristics of free SN-38 in the small intes-
tine between mice treated with NK012 and CPT-11.

Deviating from the usual experimental tumor models, tumors were
allowed to grow until they became very large (around 1.5 cm) and
treatment was then initiated. NKO12 showed potent antitumor activ-
ity against butky small cell lung cancer SBC-3/Neo tumors com-
pared with CPT-11. Striking antitumor activity was observed in mice
treated with NKO12 when its antitumor activity was compared with
CPT-11 using SBC-3/VEGF cells. In the clinical setting, CPT-11/5-flu-
orouracil (5-FU) combination therapy is now a standard regimen for
colorectal cancer {6, 7). It.was therefore speculated that the use of
NKO12 in place of CPT-T1 in combination with 5-FU might yield supe-
rior results. As expected, the therapeutic effect of NKO12/5-FU was
significantly superior to that of CPT-11/5-FU against human colon
adenocarcinoma HT-29 xenografts (P = 0.0004) (17). In other
tumors, such as renal cancer (18), glioma (19), gastric cancer (20)
and pancreatic cancer (16), NKO12 exerted significantly superior anti- -
tumor activity and was associated with longer survival compared

. with CPT-11. In an orthotopic glioma xenograft model, both NKO12

and CPT-11 appeared to be able to effectively extravasate from the
blood—brain tumor barrier but not from normal brain vessels {Fig.
2C) (19). In human pancreatic adenocarcinoma Capan-1 tumor
xenografts, a hypovascular tumor model, it was also demonstrated
that NKO12 showed significantly more potent antitumor activity than
CPT-11. Pharmacological examination revealed that only a slight
conversion of SN-38 from CPT-11 was observed from Th to 24 h, and
no SN-38 was detected thereafter. On the other hand, SN-38
released from NKO12 continued to be detected from 1h to 96 h fol-
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Figure 1. A. A diagram of normal and tumor tissue demonstrating the presence of a lymphatic duct in normal tissue (upper) but the absence of any tymphat-
ic duct in tumor tissue (lower). Small molecules easily leak from normat vessels in the body, which endows them with a short plasma hatf-life. On the other
hand, macromolecules have a long plasma half-life because they are too large to pass through the normal vessel walls, unless they are trapped by the retic-
uloendothelial system in various organs. In the solid tumor tissues shown in the lower panel, it was found that solid tumors generally possess several patho-
physiological characteristics: hypervasculature, secretion of vascular permeability factors stimulating extravasation of macromotecules within the cancer, and
absence of effective lymphatic drainage from tumors that impedes the efficient clearance of macromolecutes accumulated in solid tumor tissues. These char-
acteristics of solid tumors are the basis of the enhanced permeability and retention effect, or the EPR effect. B. In vivo imaging demonstrated that both con-
trot whole IgG and specific whole monoclonal antibody (mAb) accumulated selectively in the tumor tissue on day 1 after Lv. injection. On day 7, agreater degree
of retention of the specific whole mAb as compared to the control IgG was noted. On the other hand, the F(ab) region of the specific mAb with a molecular
weight of 50,000 accumulated in the tumor to the same extent as the controt whole IgG. Interestingly, fluorescence of the F(ab) could also be detected in both
Kidneys, which implied that the F(ab) could easily pass through the kidney glomerulus. This accumulation of the controt IgG in the tumor represents the EPR
effect. The findings suggest that not only the specific affinity of the mAb, but also the size of the molecules and the stability of the molecules in blood, are
important for tumor-selective tergeting.
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lowing NKO12 injection {16) (Fig. 2D). Thus, NK0O12, which combines ~ CLINICAL STUDIES

enhanced distribution with sustained release of SN-38 within Ty independent phase | clinical trials have been conducted at the
tumors, is ideal for the treatment of hypovascular tumors since the  National Cancer Center in Japan (21) and the Sarah Cannon Cancer

antitumor activity of SN-38 is time-dependent. Center in the U.S. (22) in patients with advanced solid tumors to
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Figure 2. A. Schematic structure of NKO12. A polymeric micelle carrier of NKO12 consists of a block copolymer of polyethytene glycol {PEG; molecular weight
of about 12,000) and partially modlified polyglutamate (about 20 units). PEG (hydrophilic) is believed to be the outer shell and SN-38 is incorporated into the
inner core of the micelle, B. The release rates of SN-38 from NKO12 in phosphate-buffered saline (PBS) were 74% at 48 h but only 3% &t 48 h in 5% glucose
solution. It is therefore suggested that NKO12 is stable in 5% glucose solution before administration and starts to release SN-38 gradually under physiotogi-
cal conditions after administration. C. a) An orthotopic glioma model. Twenty days after U-87 MG/Luc inocutation, the maximum tolerated dose {MTD) of
NKOT2 (30 mg/kg) or CPT-T1 (66.7 mg/kg} was injected Lv. into the tail vein of mice. b) 24 h after NKO12 (blue) injection, mice were also administered fluores-
cein Lycopersicon esculentum lectin {100 pl./mouse) to visualize turmor-blood vessels. T, tumor, B, normat brain. ¢) NK012 (30 mg/kg/day), CPT-11 (66.7
mag/kg/day) () and saline (e} were given i.v. on days 0 (20 days after tumor inoculation), 4 and 8(¥). Kaplan-Meier analysis was periormed to determine the
effect of drugs on time to morbidity, and statistical differences were ranked according to the Mantel~Cox log-rank test using StatView 5.0. D. Tumor distribu-
tion of CPT-11, NKO12 (or polymer-bound SN-38) and free SN-38 after administration of NKO12 and CPT-11 to mice bearing human pancreatic adenocarcino-
rma Capan-1(a) or PSN-1{b) xenografts. The time profiles of polymer-bound SN-38 (&), free SN-38 released from NKO12 (o), CPT-11 (e) and free SN-38 con-
verted from CPT-11 (o) were obtained by high-performance liquid chromatographic (HPLC) analysis. The time points examined were 1, 6, 24, 48,72 and 96 h
after administration of CPT-11 or NKO12.
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define the maximum tolerated dose (MTD), dose-limiting toxicity
{DLT) and recommended phase lf dose. NKO12 was infused i.v. over
30 min every 21 days until disease progression or unacceptable tox-
icity. The MTD was 37 mg/m? in the U.S. and 28 mg/m? in Japan.
The recommended dose was the same (28 mg/m?) in both coun-
tries. DLT was mostly neutropenia or related events, and diarrhea
was mitd. The pharmacokinetic profile in the U.S. study was similar
to that in the Japanese study. Antitumor activity was also promising.
Partial responses were obtained in three patients with triple-nega-
tive breast cancer, one patient with esophageal cancer, one patient
with small cell lung cancer and one patient with lung carcinoid.
Phase Il studies in patients with triple-negative breast and colorec-
tal cancers are being planned in the U.S. and Japan, respectively.
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Potent antitumor effect of SN-38-incorporating polymeric micelle, NK012,

against malignant glioma

Jun-ichiro Kuroda'?, Jun-ichi Kuratsu?, Masahiro Yasuriagal, Yoshikatsu Kogal, Yohei Saito! and Yasuhiro Matsumura'*

Investigative Treatment Division, Research Center for Innovative Oncology, National Cancer Center Hospital East, Kashiwa, Japan
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*Department of Newrosurgery, Faculty of Medical and Pharmaceutical Sciences, Kumamoto University, Kumamoto, Japan

Recent published reports on clinical trials of CPT-11 indicate the
effectiveness of this compound, a prodrug of SN-38, against malig-
nant glioma in combination with anti-vascular endothelial growth
factor antibody. Here, we determined if NK012, and SN-38 incor-
porating micelle, can be an appropriate formulation for glioblas-
toma treatment compared with CPT-11. In vitro cytotoxicity was
evaluated against several glioma lines with NK012, CPT-11, SN-
38, ACNU, CDDP and etoposide. For the in vivo test, a human
glioma line (US7MG) transfected with the luciferase gene was
inoculated into nude mice brain for pharmacokinetic analysis by
fluorescence microscopy and high-performance liquid chromatog-
raphy after intravenous injection of NK012 and CPT-11. In vivo
antitumor activity of NK012 and CPT-11 was evaluated by biolu-
minescence image and Kaplan-Meier analyses. The growth-inhibi-
tory effects of NK012 were 34- to 444-fold more potent than those
of CPT-11. Markedly enhanced and prolonged distribution of free
SN-38 in the xenografts was observed after NK012 injection com-
pared with CPT-11. NK012 showed significantly potent antitumor
activity against an orthotopic glioblastoma multiforme xenograft
and significantly longer survival rate than CPT-11 (p = 0.0014).
This implies that NK012 can pass through the blood brain tumor
barrier effectively. NK012, which combines enhanced distribution
with prolonged sustained release, may be ideal for glioma treat-
ment. Currently, a phase I study of NK012 is almost complete in
Japan and the US. The present translational study warrants the
clinical phase II study of NKO012 in patients with malignant
glioma.

© 2008 Wiley-Liss, Inc.

Key words: glioma; drug delivery system; blood brain barrier
(BBB); SN-38; micelles ’

Malignant astrocytomas, such as anaplastic astrocytoma and
glioblastoma multiforme (GBM), are the most common and highly
vascularized glial tumiors of the brain. At least 80 percent of ma-
lignant gliomas are categorized as GBM.! Currently, GBM
patients have a mean survival of only 50 weeks following the
standard treatment consisting of surgical and adjuvant therap‘ies.2
A recent phase III randomized trial for newly diagnosed GBM
demonstrated that radiation therapy with concurrent temozolomide
treatment, followed by 6 months of temozolomide treatment was
superior to radiation therapy alone in terms of overall survival.? In
addition, several clinical trials have demonstrated that the median
survival times of patients with recurrence were only 36 months,

The anticancer plant alkaloid 7-ethyl-10-hydroxy-camptothe-
cine (SN-38) is a broad spectrum anticancer agent targeting DNA
topoisomerase I with a different mechanism of action compared
with alkylating agents such as temozolomide. Although SN-38 has
shown promising anticancer activity in vitro and in vivo, its clini-
cal application has remained dormant because of its low therapeu-
tic efficacy and severe toxic effects.”® Trinotecan hydrochloride
(CPT-11), a prodrug of SN-38, shows some antitumor activities in
patient with recurrent GBM, with response rates of 0 to 17% in
several trials.” "% CPT-11 activity is thus similar to that of other
agents used for recurrent GBM.” A recent phase 11 trial for recur-
rent GBM demonstrated that the combination of CPT-11 and bev-
acizumab, an antivascular endothelial growth factor (VEGF)
monoclonal antibody, is an effective treatment against the neopla-
sia with a 6-month progression-free survival rate of 46% and a 6-
month overall survival rate of 77%.'"'? However, there is an
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increased risk of developing venous thromboembolic disease and
intracranial hemorrhage with this combination therapy. Therefore,
there is an urgent need to develop treatment modalities by which
cytotoxic drugs can exert more potent antitumor activity to their
full potential with modest adverse effects and thereby reasonably
prolong the overall survival in GBM patients.

The purpose of the drug delivery system (DDS) is to achieve
selective delivery of antitumor agents fo tumor tissue at an effec-’
tive concentration for the appropriate duration of time in order to
reduce the adverse effects of the administered drug and simultane-
ously enhance its antitumor effect. There are 2 main concepts in
DDS, active targeting and passive targeting. Active targeting
involves a monoclonal antibody and a ligand to a tumor-related re-
ceptor. Doxil, a doxorubicine incorporated polyethylene glycol
conjugated liposome, is categorized under passive targeting agents
and are already in clinical use.!>1* NK012, a novel SN-38-incor-
porating polymeric micelle, is a prodrug of SN-38 similar to CPT-
11 and categorized under passive targeting agent as well.
Although CPT-11 is converted to SN-38 in tumérs by carboxyles-
terase (CE), the metabolic conversion rate is within 2-8% of the
original volume of CPT-11.1%1% In contrast, the release rate of
SN-38 from NKO012 is 74% under physiologic pH condition even
without CEs.”” Recently, we have demonstrated that NKO12
exerted significantly more. potent antitumor activity against vari-
ous human tumor xenografts than CPT-11."72° However, there is
a fundamental question whether such nanoparticles can reach
brain tumors across the tumor microvessels. In the present study,
therefore, we established an orthotopic glioma model in this
experiment and then evaluated whether NKO12 can pass through
the BTB and exert its antitumor effect on orthotopic human gli-
oma xenografts in comparison with CPT-11.

Material and methods
Drugs

NKO12 and SN-38 were donated by Nippon Kayaku Co., Ltd.
(Tokyo, Japan). The size of NK012 was ~20 nm in diameter with
a narrow - size distribution.'”” ACNU [1-(4-amino-2-methyl-5-
pyrimidinyl) methyl-3-(2-chloroethyl)-3-nitrosourea, 'nimstine]
was purchased from DAIICHI SANKYO Co., Lud. (Tokyo,
Japan). CDDP (cis-diamminedichloroplatinum) and CPT-11 were
purchased from Yakult Co., Ltd. (Tokyo, Japan). Etoposide
[4'demethlepipodophyllotoxin-9-(4, 6-O-ethylidene-B-D-glucopy-
ranoside)] was purchased from BIOMOL (Plymouth Meeting,
PA).

- Grant sponsors: Ministry of Health, Labour and Welfare of Japan (Third
Term Comprehensive Contorol Research for Cancer), Core Research for
Evolutional Science and Technology, Ministry of Education, Culture,
Sports, Science and Technology.

*Correspondence to: Investigative Treatment Division; Research
Center for Innovative Oncology, National Cancer Center Hospital East,
6-5-1 Kashiwanoha, Kashiwa 277-8577, Japan. Fax: +81-4-7134-6857.
E-mail: yhmatsum@east.ncc.go.jp.

Received 10 September 2008; Accepted after revision 28 October 2008

DOT 10.1002/ijc.24171

Published online 24 November 2008 in Wiley InterScience (www.interscience.
wiley.com).



2506

Cells and animals

Five human glioma cell lines, namely U87TMG, U25IMG,
U118MG, LNI8 and LN229, were obtained from the American
Type Culture Collection (Rockville, MD). Cells were maintained
in Dulbecco’s modified Eagle’s minimum essential medium sup-
plemented with 10% fetal bovine serum (Cell Culture Technolo-
gies, Gaggenau-Hoerden, Germany), penicillin, streptomycin and
amphotericin B (100 units/ml, 100 pg/m! and 25 pg/ml, respec-
tively; Sigma, St. Louis, MO) in a humidified atmosphere contain-
ing 5% CO, at 37°C. Six- to eight-week-old athymic nude mice
(nu/nu Charles River Japan, Kandgawa Japan) were used for this
study, US7TMG cells (1 X 10°) were injected into the cerebral
hemisphere using a Hamilton syringe through an entry point 1 mm
anterior and 1.8 mm lateral to the bregma to an intraparenchymal
depth of 2.5 mm. The rate of injection was 0.5 ul/min, and the
needle was left in place for S min after completion of the injection.
All animal procedures were performed in compliance with the
Guidelines for the Care and Use of Experimental Animals estab-
lished by the Committee for Animal Experimentation of the
National Cancer Center, Japan; these guidelines meet the ethical
standards required by law and also comply with the guidelines for
the use of experimental animals in Japan,

Establishment of US7MG cell line stably expressing firefly
- luciferase and YFP mutant Venus

For the in vivo bioluminescence imaging of orthotopic brain
tumors, the US7TMG cell line stably expressing firefly luciferase and
the YFP mutant Venus was established. Briefly, the coding sequence
for firefly luciferase and Venus was subcloned into the the pIRES
Vector (Clontech Laboratories, Mountain View, CA). The fragment
consists of Luciferase-IRES-Venus generated from the plasmid with
the restriction enzymes Nhe I and Not 1. This fragment was subcl-
oned into the pEF6/VS-His Vector (Invitrogen, Carlsbad, CA) to
generate plasmids of pEF6-Lucifease IRES Venus. US7MG cells (2
X 10°% were seeded onto 10-cm dishes 24 hr before transfection.
The cells were transfected with 10 pg of pEF6-Lucifease IRES
Venus using FuGENE HD Transfection Reagent (Roche Diagnos-
tics, Mannheim, Germany) according to manufacturer’s instructions,
and then incubated for 48 hr at 37°C. The cells were then passaged
in medium containing Blasticidin (10 pg/ml; InvivoGen, San Diego,
CA) to select for the Blasticidin resistance gene integrated in the
PEF6/V5-His plasmids., Venus expression was used as a surrogate
marker of luciferase-positive cells. Venus-expressing US7TMG cells
(U8TMG/Luc) were sorted using the BD FACS Aria cell sorter (BD
Biosciences, San Jose, CA), and expanded in selection medium. The
accuracy of a quantitive bioluminescence image as an indicator of
U87MG/Luc cell number was analyzed using the Photon Imager
animal imaging system in vitro, as described under in vivo growth
inhibition assay. This analysis demonstrated clear correldtlon
between a quantitive bioluminescence image and cell number R*=
0.99). The sensitivity of U87MG/Luc cells to each drug (NKO12,

CPT-11, SN-38, ACNU, CDDP and etoposide) was almost similar

to that of parental US7MG cells (data not shown).

In vitro growth inhibition assay

Cell growth inhibition was measured by the tetrazolium salt-
based prohferauon assay (WST assay; Wako Chemicals, Osaka,
Japan). Briefly, cells (5 X 10% cells/well) in 96-well plates were
incubated overnight. Then, growth medium was changed to new
medium with various concentrations of SN-38, NK012, CPT-11,
ACNU, etoposide and CDDP. After 72 hr of incubation, medium
was changed to new medium containing 10% WST-8 reagents.
After 1 hr of incubation, the absorbance of the formazan product
formed was detected at 450 nm in a 96-well spectrophotometric
plate reader (SpectraMax 190; Molecular Devices, Sunnyvale,
CA). Cell viability was measured and compared with that of the
control cells. Each experiment was carried out in triplicates and
was repeated at least 3 times. Data were averaged and normalized
against the nontreated controls to generate dose-response curves.

KURODA ET AL.

The number of living cells (% Control) was calculated using the
following formula: % Control = (each absorbance—absorbance
of blank well)/absorbance of control well X 100.

Evaluation of NK0I2 and CPT-11 distribution in tumor tissue by
Sluorescence microscopy

The U87MG orthotopic xenograft model described earlier was
used for the analysis of the biodistribution of NK012 and CPT-11.
Twenty days after U87MG/Luc inoculation, the maximum toler-
ated dose (MTD) of NK012 (30 mg/kg) or CPT-11 (66.7 mg/kg)
was injected intravenously into the tail vein of mice. At this point,
tumor size reached to about 3 mm in diameter according to the
preliminary experiment {data not shown). Two, 12 or 24 hr after
NK012 or CPT-11 injection, mice were also administered with flo-
orescein Lycopersicon esculentum lectin (100 pl/mouse) (Vector
Laboratories, Burlingame, CA) to visualize tumor blood vessels.
Tumors were then excised and embedded in optimal cutting tem-
perature compound and frozen at —80°C until use. Tissue sections
(6 um thick) were prepared using Tissue-Tek Cryo3 (Sakura Fine-
tek USA, Inc., Torrance, CA), and frozen sections were examined
under a fluorescence microscope, BIOREVO BZ9000 (Keyence
Osaka, Japan); at an excitation wavelength of 377 nm and an emis- .
sion wavelength 447 nm to evaluate the distribution of CPT-11
and NK012 within the tumor tissues. Because formulations con-
taining SN-38 bound via ester bonds possess a particular fluores-
cence, both CPT-11 and NK012 were detected under the same flu-
orescence conditions. Image data were recorded using BZ-II Ana-
lyzer 1.10 software (Keyence, Osaka, Japan).

Pharmacokinetics study of NK0I2 and CPT-11

Female BALB/c nude mice bearing US7MG/Luc tumor (n = 3)
were used for the analysis of the biodistribution of NK012 and
CPT-11. Twenty days after the intracranial injection of U§7TMG/
Luc cells, NK012 (30 mg/kg) or CPT-11 (66.7 mg/kg) was intra-
venously administered to the mice. Under anesthesia, blood, nor-
mal brain tissues and tumor tissues were obtained 2, 12, 24 and 72
hr after NKO12 or CPT-11 administration. Blood samples were
collected in microtubes and immediately centrifuged at 1,600¢ for
15 min at 4°C. All samples were stored at —80°C until use.

The normal brain and tumor samples were rinsed with physio-
logic 0.9% NaCl solution, mixed with 0.1 M glycine-HCI buffer
(pH 3.0)/methanol at 5 w/w%, and then homogenized. To analyze
the concentration of free SN-38 and CPT-11, 100 pl of the tamor
homogenates was mixed with 20 pl of 1 mM phosphoric acid/
methanol (1:1), 40 pl of ultrapure water and 60 il of camptothecin
solution (10 ng/ml for SN-38 and 15 ng/ml for CPT-11) as an in-
ternal standard. To quantify free SN-38 and CPT-11 in plasma, 25
ul of plasma was mixed with 25 pl of 0.1 M HCl, and then added
with 20 pl of 1 mM phosphoric acid/methanol (1:1) and 100 pl of
CPT solution (10 ng/mi both for SN-38 and CPT-11). The samples
were vortexed vigorously for 10 sec, and then filtered through
Ultrafree-MC centrifugal filter devices with a cut-off molecular
diameter of 0.45 pm (Millipore Co., Bedford, MA). Reversed-
phase HPLC was performed at 35°C on a Mightysil RP-18 GP col-
umn 150 X 4.6 mm® (Kanto Chemical Co., Inc., Tokye, Japan).
Fifty microliters of a sample was injected into an Allxance Waters
2795 HPLC system {(Waters, Milford, MA) equipped with a
Waters 2475 multi A fluorescence detector. Fluorescence originat-
ing from SN-38 was detected at 540 nm with an excitation wave-
length of 365 nm and that originating from CPT-11 was detected
at 430 nm with an excitation wavelength of 365 nm. The mobile
phase was a mixture of 100 nmol/l ammonium acetate (pH 4.2)
and methanol (11:9 (v/v)). The flow rate was 1.0 ml/min. The con-
tent of SN-38 was calculated by measuring the relevant peak area
and calibrating against the corresponding peak area derived from
the CPT internal standard. Peak data were recorded using a chro-
matography management system (MassLynx v4.0, Waters).

For polymer-bound SN-38 detection, SN-38 was released from
the conjugate. Briefly, 20 ul of plasma and 100 pl of tissue
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TABLE I ~1Cq VALUES OF SN-38, NK012. CPT-11. ACNU, CDDP AND VP-16 IN VARIOUS HUMAN GLIOBLASTOMA CELL LINES

Cell line 1Cstpmolfl)

SN38 NKO012 CPT-11 ACNU CDDP Etoposide
1LN18 0.052 + 0.0034 0.069 + 0.0242 13.0 = 0.88 729 =30 3.57 £ 0.08 384+ 0.14
LN229 . 0.28 = 0.1094 0.36 = 0.0489 122 = 1.23 144 £ 23 214+ 0.62 0.945 = 0.025
UBTMG 0.18 £ 0.0216 0.093 = 0.0038 18.1 = 3.06 865+8 906057 20.8 £ 5.23
U118MG 0.0089 * 0.0003 0.022 = 0.0017 4.85 = 0.14 282 22 335 %035 4.05+0.18
U251MG 0.0076 = 0.0001 0.0087 = 0.0002 3.86 = 0.04 51.6 £ 3.7, 4.55 £ 0.03 242+ 0.13

Each cell line was treated in triplicate for 72 hr.
WST-8 assay was used for obtaining 1Csp value.
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Ficurg 1 — Effects of NKO12 and CPT-11 on U87MG/Luc tumor xenograft. (¢) Tumor volume in mice treated with CPT-11 or NKO12.
U87MG/Luc tumor was subcutaneously inoculated into the flank of mice, as described in the Materials and methods section. NaCl (0.9%) solu-
tion (@), CPT-11 at 66.7 mg/kg (W) and NKO12 at 30 mg/kg (A) were intravenously administered on days 0, 4 and 8 (arrows). Points, mean;
bars, SD. *p < 0.05, (b) Treatment-related body weight loss occurred in mice treated with CPT-11 and NK012. Points, mear; bars, SD.

samples were diluted with 20 pl of methanol (50%, v/v) and 20 pl
of NaOH (0.3 mol/i for plasma and 0.7 mol/t for tissue). The sam-
ples were incubated for 15 min at 25°C. After incubation, 20 ul of
HCI (0.3 mol/i for plasma and 0.7 mol/l for tissue) and 60 pl of
CPT solution (10 ng/ml for SN-38 and 15 ng/ml for CPT-11) were
added to the samples, and then the hydrolysate was filtered
through a MultiScreen Solvinert. Fifty microliters of the filtrate
was applied to-the same HPLC system as described earlier.

In vivo growth inhibition assay

Experiment 1. Six-week-old mice were subcutaneously inocu-
lated with 1 X 107 USTMG/Luc cells in the flank region. When tu-
mor volume reached ~605 mm®, mice were randomly divided into
test groups consisting of 3 mice per group (day 0). Drug was intra-
venously administered on days 0, 4 and 8 into the tail vein.
NKO012 was administered at its MTD of 30 mg/kg/day. The refer-
ence drug CPT-11 was given at its MTD of 66.7 mg/kg/day in the
optimal schedule reponed.”‘z' The length (/) and width (if) of tu-
mor masses were measured twice a week, and tumor volume (TV)
was calculated as follows: TV = (a X b%)/2. Relative tumor vol-
umes (RTVs) at day n were calculated according to the following
formula: RTV = TV, / TV, where TV, is the tumor volume at
day n, and TV is the tumor volume at day 0.

Experiment 2. To assess the antitumor effect of NKOI2 and
CPT-11, in vivo bioluminescence imaging studies were performed
using the Photon Imager animal imaging system (Biospace, Paris,
France). For imaging, mice with intracranial U§7MG/Luc tumor
were simultaneously anesthetized with isoflurane and ¢-luciferine
potassium salt (Synchem, Germany), and normal 0.9% NaCl solu-
tion was intraperitoneally administrated at a dose of 125 mg/kg
body weight, and images were obtained 5 min after the injection.
For bioluminescence image analysis, regions of interest encom-
passing the intracranial area of a signal were defined using Photo
Vision software (Biospace, Paris, France), and total numbers of
photons per minute (cpm) were recorded. The pseudo-color lumi-
nescent image from violet (least intense) to red (most intense) rep-

resented the spatial distribution of detected photon counts emerg-
ing from active luciferase within the animal. Twenty days after

U87MG inoculation, treatment was started (day 0). Normal 0.9%

NaCl solution (n = 4), NK012 (30 mg/kg, n = 4), or CPT-11
(66.7 mgfkg, n = 4) was intravenously administered to mice on
days 0, 4 and 8. In vivo bioluminescence imaging studies were
performed on days 0, 14, 21 and 28 from the day of treatment ini-
tiation. To determine the effect of treatment on the time to change
of intensity, Student’s ¢ test was carried out using the StatView 5.0
software package. p < 0.05 was regarded as significant.

Experiment 3. Mice with intracranial U87MG/Luc tumor was-
randomly divided into 3 groups consisting of 6 mice per group.
NKO12 (30 mg/kg/day) and CPT-11 (66.7 mg/kg/day) were intra-
venously given on days 0 (20 days after tumor inoculation), 4 and
8. After treatment, mice were maintained until each animal
showed signs of morbidity (i.e., 10% weight loss and neurological
deficit), at which point they were sacrificed. Kaplan-Meier analy-
sis was performed to determine the effect of drugs on time to mor-
bidity, and statistical differences were ranked according to the
Mantel-Cox log-rank test using StatView 5.0

Staristical analysis

Data were expressed as mean =+ SD. Significance of differences
was calculated using the unpaired f test with repeated measures of
StatView 5.0. p < 0.05 was regarded as significant.

Results

Cellular sensitivity of glioblastoma cells to SN-38, NK012
and CPT-11

The ICsq values of NK012 for the cell lines ranged from 0.0087
umol/l (U251MG cells) to 0.36 pmol/l (LN229 cells). The growth in-
hibitory effects of NK012 were 34- to 444-fold more potent than those
of CPT-11, 400- to 12818-fold more potent than those of ACNU,
52-to 523-fold more potent than those of CDDP, and 3- to 278-fold
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FiGure 2 ~ Distribution of NKO12 or CPT-11 in U87MG/Luc glioma xenografts. Mice bearing US87MG/Luc tumor were injected with
NKO12 (30 mg/kg/day) or CPT-11 (66.7 mg/kg/day). Tumor tissues were excised 2, 12 and 24 hr after the intravenous injection of NK0O12 or
CPT-11. Each mouse was administered fluorescein-labeled Lycopersicon esculentum lectin 5 min before sacrifice to detect tumor blood vessels.
Frozen sections were examined under a fluorescence microscope at an excitation wavelength of 377 nm and an emission wavelength of 477 nm.
The same fluorescence conditions can be applied for visualizing NK012 and CPT-11 fluorescence. Free SN-38 could not be detected under these
fluorescence conditions, The white lines indicate the border between the tumor and the brain tissue. T, US§7MG/Luc tumor; B, normal brain tis-

sue. (Scale bars: 20 pm).
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FiGure 3 — Plasma, brain tissue and orthotopic tumor concentrations of respective analytes after intravenous administration of NK012 (30
mg/kg/day}) and CPT-11 (66.7 mg/kg/day) to U87MG/Luc-bearing nude mice. () plasma; (b) tumor. @, polymer-bound SN-38; O, free SN-38
(polymer-unbound SN-38); A, CPT-11; A, free SN-38 converted from CPT-11.

more potent than those of etoposide. On the other hand, the ICsq val-
ues of NK012 were almost similar to those of SN-38 (Table. I).

Antitumor activity of NK0I12 and CPT-11 on subcutaneous
U87MG/Luc xenografts

Potent antitumor activity was observed in mice treated with
NKOI12 at 30 mg/kg in vivo (Fig. 1a). In mice treated with NK012,
tumor volume started to decrease on day 5, and the tumor com-
pletely disappeared by day 23, with no relapse observed until 80
days after treatment. Although CPT-11 at 66.7 mg/kg/day exerted
antitumor activity compared with the control group, tumor volume
continued to increase consistently. Comparison of the relative tu-
mor volume at day 8§ revealed significant differences between the
NKO12-treated and CPT-11-treated groups (p- = 0.0095).
Although treatment-related body weight. loss was observed in
mice treated with each drug, body weight recovery was observed

by day 19 (Fig. 1b). These results clearly show the significant in
vivo activity of NK012 against the U87MG/Luc tumor xeonograft.

Studies on distribution of NK0I2 and CPT-11 in orthotopic
U87MG/Luc tumor tissues

Both NKO012 and CPT-11 formulations accumulated in the tu-
mor- tissue but not in the normal brain tissue (Fig. 2). However,
the drug distribution pattern was clearly different between NK012
and CPT-11. In sections of the U87MG/Luc tumor treated with
CPT-11, maximum drug accumulation was observed within 2 hr
of CPT-11 injection. Twelve hours after the injection, fluorescence
originating from CPT-11 had almost disappeared. Subsequently,
no accumulation of CPT-11 was observed within the tumor tis-
sues. However, in sections of the U87MG/Luc tumor treated with
NK012, fluorescence from NKO012 started appearing around tumor
blood vessels 2 hr after intravenous injection and lasted until 24
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TABLE II - TUMOR AND PLASMA CONCENTRATION OF SN38 AFTER AN LV. ADMINISTRATION OF NK0i2 (30 MG/KG) AND CPT-11
(66.7MG/KG) TO NUDE MICE BEARING U87MG/LUC BRAIN TUMOR

Time after administration (hr)

Formulation tested Analyte -
2 12 34 72
NKO12 Free SN-38 Plasma (ng/ml) 1113 511 9.0 6.88
Tumor (ng/g) 67.7 84.1 137 24.6
CPT-11 Free SN-38 5 Plasma (ng/mi) 62.0 474 1.97 ND
Tumor (ng/g) 31.8 7.41 2.14 ND
Data were expressed as means of three mice.
Free SN-38; SN-38 released from NK012 or converted from CPT-11.
ND, not detectable.
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Ficure 4 — Antitumor effect of NK012 or CPT-11 on orthotopic xenograft and survival. Mice receiving intracranial injections of U87MG/
Luc were assigned into groups 20 days after tumor inoculation. Mice were intravenously administered with 0.9% NaCl solution (@), NKO12 (30
mg/kg/day, A) or CPT-11 (66.7 mg/kg/day, ®) on days 0 (20 days after tumor inoculation), 4 and 8 (arrows). (@) Representative luminescence
intensity images obtained in individual control and treatment-group mice on the days indicated. (b) Antitumor effect of NK012 or CPT-11 on
days 14, 21 and 28, Each group consisted of 4 mice. Points, mean; bars, SD. ¥p < 0.05. (¢) Treatment effects of NKO12 on survival, Survival
was assessed by Kaplan-Meier analysis. Each group consisted of 6 mice. Experiments were repeated twice with similar results,

hr. After 12 hr, the fluorescent area began to increase and the max-
imum fluorescence area was observed 24 hr after the injection.

Pharmacokinetics analysis of NK012 and CPT-11 in mice
bearing orthotopic U87MGILuc xenografts

Microscopic observations were confirmed quantitatively by
measuring the amount of SN-38 extracted from each solid tumor
by reversed-phase HPLC. After CPT-11 injection, the concentra-
tions of CPT-11 and free SN-38 in plasma decreased rapidly with
time in a log-linear fashion. On the other hand, the plasma concen-
tration of NK012 (polymer-bound SN-38) showed slower clear-
ance than that of CPT-11. Free SN-38 released from NKO012 also
showed slow clearance than that of SN-38 converted from CPT-11
(Fig. 3a). Meanwhile, there was a significant difference in drug
accumulation in the tumor between CPT-11 and NKO012, that is,
the accumulation of NK012 in the U87MG/Luc tumor was signifi-
cantly higher than that of CPT-11 (Fig. 3b) and that the concentra-

tion of free SN-38 originating from NKO012 was maintained at
24.6 ngfg even 72 hr after injection (Table II). On the other hand,
only slight conversion from CPT-11 to SN-38 was observed from
2 to 24 hr in the U87MG/Luc tumor, and no SN-38 was detected
thereafter (Fig. 3b). This result suggests that the BTB of the tumor
was partially destroyed in the tumor. vasculature and both drugs
extravasated from the tumor blood vessels. In addition, these
results indicate that NKO12 can remain in the tumor tissue for a
longer period and continue to release free SN-38.

Antitumor activity of NKOI12 and CPT-11 aguinst orthotopic
U87MG/Luc glioma xenografts

Antitumor activity was observed in mice treated with NKO012 at
30 mg/ke/day and CPT-11 at 66.7 mg/kg/day in vivo (Fig. 4a).
ANOVA analysis revealed a significant difference between the
control group and the NKO12-treated group (p = 0.02). However
there was no significant difference between the control group and
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the CPT-11-treated group (p = 0.23) and between NKO12 and
CPT-11 (p = 0.21) (Fig. 4b). Comparison of the relative tumor
volume at day 14 revealed significant differences between NK(012
(30 mg/kg/day) and CPT-11 (66.7 mg/kg/day) (p = 0.049).
Kaplan-Meier analysis showed that a significant improvement in
survival rate was observed in the NK0O12 treatment group com-
pared with the control (p = 0.001) and CPT-11 treatment groups
(p = 0.0014) (Fig. 4¢).

Discussion

The diameter of a micelle carrier is approximately in the range
of 10~100 nm, which is smaller than that of a liposome, Although
this size is small, it is still sufficiently large to prevent renal secre-
tion of the carrier. The micelle systems can evade nonspecific cap-
ture by the reticuloendothelial system in various organs because
the outer shell of the micelle is covered with polyethyleneglycol.
Therefore, drug-incorporating micelles can be expected to have a
long plasma half-life, which permits a large amount of the
micelles to reach tumor tissues, extravasate from tumor capilla-
ries, and then be retained in tumor tissues for a long time by utiliz-
ing the enhanced permeability and retention (EPR) effect,?

Several factors are reportedly involved in vascular permeability
in the body. Among them, bradykinin is the most potent vascular
permeability factor. We succeeded in purifying 2 types of kinin
from the ascitic fluid of a patient with gastric cancer.”™ We also
clarified that this kinin genera’non system was triggered by the
activated Hageman factor, an intrinsic coagulation factor XII1.**
Meanwhile, Dvorak et al. discovered that the vascular permeabil-
ity factor (VPF) is involved in tumor vascular permeability.” &
Later, it was found that VPF was identical to VEGFE.*® Recently,
an extrinsic coagulation factor, namel a tissue factor, has been
shown to activate VEGF production,” 28 Thus, both intrinsic and
extrinsic coagulation factors may be involved in tumor vascular
permeability. Furthermore, there have been several reports to date
indicatmég the mcreasmg expression of a tissue factor in human
glioma. % Also, it is well known that glioma is a typical hyper-
vascular tamor with an |rre§1ular vascular architecture and a high
expression level of VEGF.>! Therefore, it may be speculated that
nanoparticles extravasate from tumor capillaries and accumulate
more preferentially in brain glioma.

NKO12, an SN-38-incorporating polymeric micelle, is a novel
type of micellar formulation with long-time accumulation in
tumors, And shows prolonged sustained release of SN-38 within
the tumor.'”?® We have thus far reported that NKO012 shows sig-
nificantly hlgher antitumor activity against various human tumor
xenografts mcludmo small cell lung cancer,'” colorectal cancer,
renal cancer,'® and pancreatic cancer™® compared with CPT-11. In
addition, we have recently seen an increasing number of reports of
clinical trials indicating the effectiveness of CPT-11 a g,amst brain
glioma in combination with anti-VEGF antibody' !>

Under these circumstances, it may be reasonable to conduct an
investigation into the advantages of administering NKO12 over
CPT-11 for treatment against human glioma tumor xenografts, In
the present study, we showed that NKO12 exerted a significant
antitumor activity in U§7MG/Luc subcutaneous xenografts (Fig.
1). In the tumor intravenously administered with NK012 (30 mg/
kg), NK012 accumulated within and around tumor blood vessels
in’ the orthotopic xenografts 2 hr after the injection. Thereafter,
NKO012 started to spread from the blood vessel within the tumor

tissue of the xenografts. Fluorescence originating from NKO012
then increased up to the maximum in the entire tumor by 24 hr af-
ter NK012 injection. On the other hand, fluorescence originating
from CPT-11 increased up to the maximum 2 hr after its injection,
indicating that the maximum distribution of CPT-11 was achieved
within 2 hr of injection. Twelve hours after intravenous injection,
fluorescence from CPT-11 had almost disappeared, and subse-
quently, no accumulation of CPT-11 was observed within the tu-
mor tissues. The therapeutic effect of NK012 was superior to that
of CPT-11 in terms of antitumor effect and survival. Because the
antitumor activity of SN-38 is time-dependent, the superiority of
NKO012 over CPT-11 may be due to the enhanced accumulation of
NKO12 and the prolonged sustained release of SN-38 from NKO012
within the tumor tissues. Nevertheless, free SN-38 was not
detected in the normal brain tissues at any measurement time after
intravenous injection of NK012 or CPT-11 (data not shown). It is
thus speculated that both NKO12 and CPT-11 are unable to cross
the BBB in the normal brain, but can pass through tumor vessels
effectively. In clinical brain glioma, however, when the tumor
recurs, it would most likely recur in adjacent regions of the brain
with an intact blood brain barrier. Namely, at the border between
the brain tumor and normal brain tissue, malignant glioma cells
and normal brain tissues intermix in the gradient and angiogenesis
occurs at sites where there are large accumulation of tumor cells
under local hypoxia.* In addition, there is no clear evidence if tu-
mor vessels of orthotopic brain tumor xenografts are identical to
those of real human brain tumors in terms of their structure and
function: Therefore, it may be better to consider to conduct an
investigation of the advantages of administering some anti-angio-
genic inhibitors in’ combination with NK012 against highly inva-
sive tumor models established by several methods such as direct
implantation of patient surgical specimens into the brains of nude
mice, transplantation of patient surgical material s.c. in nude
mice followed b Y, dissociation Snd orthotopic reinjection of these
xenotransplants,”™ engraftment of glioblastoma-derived spheroids
after short- term culture into rat brain,”” and engraftment of glio-
blastomastem cell-enriched cultures into mouse brain.*®

The dose-limiting toxicities of CPT-11 appeared to be neutrope-
nia and diarrhea. However, in our previous data, there was no sig-
nificant difference in the level of SN-38 in the small intestine
between NKO12-treated and CPT-11-treated mice.'” Tt was also
reported that NKO012 showed significant antitumor effect with
diminishing incidence of diarrhea compared with CPT-11. 2
individual phase 1 tnals in Japan and the US, no serious diarthea
has been reported.*"** In addition, one confirmed partial response
(PR) was obtained in a panent with metastatic esophageal cancer in
a Japdnese trial,*' and 3 PRs in a patient with breast cancer and 1
PR in a patient with small cell lung cancer in a US phase 1 trial.*

In conclusion, we demonstrated not only the enhanced accumu-
lation, distribution, and retention of NK012 within glioma xeno-
grafts but also the superiority of the antitumor activity of NK012
compared with CPT-11. Taking the present data together with
very recent clinical data from phase 1 trials, a phase 2 trial in
patients with recurrent glioma may be warranted.
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