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vitro and in vivo.'™'"” We also found that wi-p53 gene transfer could
promote bystander effects to neighboring tumor cells through the
multiple mechanisms, including antiangiogenesis and neutrophil-
mediated immune responses.'®!”

On the basis of these promising preclinical results, a multi-
institutional, dose-escalation phase | study of ADVEXIN was con-
ducted in Japanese patients with advanced NSCLC who had failed
conventional treatments such as chemotherapy and radiotherapy. We
assessed the tolerability of repeated administration of ADVEXIN for
more than 6 months, which was not examined in previous phase [ and
11 trials in the United States.'®¢

Patient Eligibility

Patients were included who met the following criteria: between 15 and 75
years old; histologically confirmed advanced NSCLC, resistant or refractory to
standard therapies; lesions accessible for repeated injection; measurable dis-
case; Zubrod performance status of 2 or lower; life expectancy greater than 12
weeks; and adequate bone marrow, liver, and renal function. Pretreatment
tumor biopsies must show a p33 mutation by single-strand conformation
polymorphism analysis.

Study Design

The protocol was approved by the institutional review board of the
participating institutions as well as by the Ministry of Health and Welfare, The
trial was a multicenter, open-label, phase I dose-escalation study of ADVEXIN.
Six palients were treated per dose level, starting with a dosc of 1 X 107
plaque-forming units (PFU; 2 X 10" virus particles) and escalating in log
increments to a maximal dose of 1 X 10" PFU (2 X 10'? virus particles).
Initially, three patients were treated with ADVEXIN as monotherapy at cach
dose level. If no toxicity was abserved with the vector, then the next three
patients received ADVEXIN in combination with intravenous administration
ol cisplatin. In a cohort of 1 X 10" PFU, only three patients were treated with
ADVEXIN alone because of the modification of the protocol. As many new
drugs including taxanes, irinotecan, and vinorelbine became available in Japan
during this trial, and cisplatin was no more a sole key drug for NSCLCs, the
protocol was modified.

Treatment Plan

The construction and generation of ADVEXIN was reported pre-
viously, > ! The vector was injected directly into the primary tumor, either
endobronchially using a bronchoscope or percutaneously under computed to-
mography (CT)) guidance. For lesions of at least 4 cm in the largest diameter, the
final volume administered was 10 mL; for lesions with a diameter ofless than 4 cm,
the final volume injected was 3 mL. In the cohorts with ADVEXIN plus cisplatin,
patients were treated intravenously with 80 mg/m? of cisplatin on day 1 and study
vector injected intratumorally on day 4. Treatments were repeated every 28 days,

Toxicity and Response Criteria

Patients were monitored with regard to safety and tolerability according
to the National Cancer Institute’s Common Toxicity Criteria (version 2) for a
minimum of 12 months or until death. Indicator lesions were measured
serially by bronchoscope or radiographic scanning, and underwent biopsy for
histology and molecular analyses. Standard response criteria were used to
evaluate target tumor response.

Determinations of Antibody Titer

Serum samples were collected at baseline and before each course of
treatment, and tested for the presence of neutralizing antiadenovirus antibody
and anti-p53 antibody. Neutralizing antibodies to Ad5 were detected by their
ability to inhibit the cytopathic effect (CPE) of adenovirus on 293 cells. The
mixture of an Ad3 suspension and diluted plasma was applied to a monolayer
0f 293 cells in 96 well plates. The cells were incubated until the appearance of
CPE. The titer of neutralizing antibodies in plasma was equivalent to the
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inverse value of the dilution at which 100% of the CPE was observed. The titers
of anti-p53 antibodies were tested by means of a qualitative enzyme-linked
immunosorbent assay kit.

Analysis of Tumor Biopsy Tissues

Pretreatment (immediately before) and post-treatment (48 hours after)
tumor biopsy specimens were obtained by core biopsies of the vector-injected
tumor after cach course of treatment. Tissue samples were also used for
conventional reverse-transcriptase polymerase chain reaction (RT-PCR) assay
to detect expression of exogenous p33. Total RNA was isolated from frozen
biopsy samples and used as a template. After RT, a nested PCR procedure was
used, with vector-specific primers. mRNA copy numbers of exogenous p33,
P21, Noxa, pS3AIPL, and B-Globin, the housekeeping gene, were also deter-
mined by real-time quantitative RT-PCR using a LightCycler instrument
(Roche Diagnostics, Mannheim, Germany), a LightCycler DNA Master SYBR
Green I kit (Roche Diagnostics), and LightCycler-Control Kit DNA (Roche
Diagnostics). All expression levels were normalized to that of 8-Globin.

Analysis of Vector Dissemination and Biodistribution

ADVEXIN shedding was monitored in the gargle, urine, and plasma
specimens by a vector-specific DNA-PCR assay or the CPE assay. DNA was
isolated from samples and analyzed for the presence of vector DNA by PCR.
The vector-specific primers were used to detect p53 open-reading-frame/
adenoviral DNA junction. The CPE assay is a bioassay to semiquantitatively
detect the amount of vector contained in a biologic fluid.

Patient Characteristics

Fifteen patients with advanced NSCLC who had failed prior
conventional therapies were enrolled onto this clinical trial from Feb-
ruary 1999 to April 2003 (Table 1). Patients were primarily male (14
males and 1 female), with median age of 58 years (range, 46 to 71
years). Nine patients (60%) had prior chemoradiotherapy and six
patients (40%) had prior chemotherapy. Fourteen patients (93.3%)
were treated with platinum-based regimens containing either cisplatin
or carboplatin. The median number of courses per patient was three
(average, 4.2), and the range was one to 14 coursces.

Adverse Events

Toxicities and adverse events (AE) that occurred in all patients
are presented in Table 2. Among the 15 treated patients, none with-
drew from the study as a result of toxicity, and no grade 4 toxicities
classified as being possibly, probably, or definitely related to the vector
were observed. The most frequent vector-related AE was a transient
fever. In most patients (93.3%), self-limited fever developed 6 to 24
hours after ADVEXIN injection regardless of dose, with a highest
reported grade of 3. Patients generally recovered within 48 hours,
although four patients (26.7%; patients 3, 7, 8, and 13) developed
grade 2 or 3 obstructive pneumonia categorized as not related or
probably not related to study medication. Hematologic toxicity was
limited, with one incidence of grade 1 leukopenia (6.7%) and three
incidences of grade 2 or 3 anemia (20%). Transient, mild increases in
liver ALT and AST were noted in one patient treated with ADVEXIN
alone, Liver enzymes recovered to pretreatment values within 10 days.

Clinical Outcome

Thirteen of 15 patients (86.7%) were assessable for response with
CT scan, broncoscopic, and clinical findings. Objective responses were
a partial response in one patient (7.7%), stable disease (SD) in 10
patients (76.9%), and progressive disease in two patients (15.4%;
Table 1). The median time of SD was 4.4 months (range, 1 to 11
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Table 1. Characterisnes of Patients and Tumors Who Received Injgctons of ADVEXIN,™ and Response of thjected Lesion
Patient Age ) Locatior of ) Method:or  Viral Dose No..of
Ne. Sex {years) Histology Tumer Prior Therapy TN Stage injection Cisplatin Courses Response
1 tiale 83 Sauamons  Garira Chematheiapy: cT4NDMO stage Bronch 16" PEU 14 PR
rachotherapy the
2 ale 58 Sguamous refl lower lobe Chemotherapy; <TANZWMO stage Bronch; 10% PFU g SD
radiotherapy g Cl
3 fdale 86 Saparious Fegiht mamsiam Surgery, laser cTINORAD stige 1B, Broneh 0¥ PR 4 PR
ronahug nhematherapy ipre-opéerativel
& Feriiale 48 Adeno Left ugper lobe Chemgtherapy GT2N3MY stage (581 100 PRU £ 10 S0
cisplatin
5 Male 68 Sauarnous Rughit lower Chemoatherapy CTANARAD stage Brongh; PR+ 2 181
lobe e o7 claplatin
8 Male 54 Sauamious  Left upper lobe Chemothérapy:  ¢T3N2MO Stage T 0% PrU 2 58]
radiotherapy B cisrhatin
7 Male 7t Souamous Left dpper fobe Chemgtharapy, cTANIND stage Broneh 10" prUY 2 S5
racliotherapy e
8 Male §2 Sauamous  Right lower Chemotherapy:  cT2N2MO stege HE  Bronch 10 pFY 1 Mot assessable™
fobe radiotherapy
g WMales 66 Sguamoeus Left upper lobe Surgery, laser, cT2NOMO Stage 1B, ar 107 PRY 4 SB
cheriotherapy ipreropaEtivel
W0 Male &1 Adens Right lowet Chemotherapy  oT2N2MI stage v (T 16070 PR = 1 SD
lobe cisplaun
11 Male 51 Adenp Right upper Cheriotherapy cTAMIME stage cT 13" PRY + 7 sto]
lobe He cisplatin
32 Male [ SOUAmbuS gt upper Chemotherapy;  oTAN2RO stage Bronch 10 PRY 2 80
lohe rachotherapy He cisplatiy
3 hale: 554 Squamous Left iainstan Chematherapy; cTANGMO stage Brongly 10 PRY i Not assessablet
Hronchus racliothetapy HIB
L4 Male 70 Sauamous Left upper lobe Chemotherapy cT2N2MO stage gronch 10" PRy 4 sh
M
16 Kale 62 Soudmous  Biaht upper Chemotherapy,  eT4N2ME stage Brofieh 10 PRY 4 S0
lobe radiotheramy HHE
Abhreviations: Sguamous; squamous cell carcinoma; Bronch; bronchescopic injection; PRU, plaque-forming units; PR, partial response, €7, computed tomography
{CT-guided injectiony SO, stable disease; Laser, laser therapy: Adeno,; adenocarcinoma.
“Irtrogen Therapeutics Ine, Houstorn; TX,
TTumor sizes sould not he messured due 1o gbstructive. pheumonia.

maonths), Two patients (13.3%) were not assessable because their
wirnor sives could not be mcasured due to obsiructive pheurnonia.
Of 13 assessable patients, three patients assessed as having partial
response or SI received more than six cycles of ADVEXIN injection
alone {patients 1 and 2) or in combination with cisplatin {patient 4)
before-disease progression. Symptomatic improvement, including re-
duction in: dyspuea, cough, oF hemoptysis was observed in four pa-
tenits {26.7%) with refractory disease. One patient (patient 10)
received additional external radiation therapy to 60 Gy over 6 weeks
after two intratumoral injections of ADVEXIN and systemic admin-
istration. of cisplatin, and survived for 3.9 mionths with evidence of
thie tumor in the vight upper lobe. Overall survival analysis by Kaplan
and Meiet is 40% at 1 year, 13% at 2 years, and 7% at 3 years {Fig 1).
The first responding patient (patient 1) was a 58-year-old male
with locally advaneed squanious cell carcinoma al the tracheal bifur-
cation. He was unable to undergo surgery because of poor pulmonary
function and received standard chemoradiotherapy. At the time of
enrollment, he had relapsed endobronchial tumeor in thearea from the
carina to the left mainstem bronchus, and received ADVEXIN at the
167 PPU dose level every 28 days. Pour courses of bronchoscopic
injection of ADVEXIN arthe 10° PFU dose level svery 4 weeks resulted
in a marked tumor regression (Fig 2A) and relief of his symptomssuch
as hemoptysis, cotgh, and dyspnea. Pathologic examination demon-
strated squamous imetaplasia in most lesions, although there was &
microscopic residual timor in the left manstern bronchus, He re-
celved a total of 14 courses of treatient, during which time notumor
progression was noted for approximately 11 months. His treatnent
was finially discontinued because of additonallocal tuimor progression.

WRLCO.arg

Thesecond responding patient {patient 2} presented with locally
advanced unresectable squantous cell carcinoma that was completely
obstructing the left lower lobe, After two courses of broncoscopic
ADVERIN injection at 107 PRU, tadiographic tnmor destruction was
observed-at the central portion {Fig 2B), resulting in reopening of the
airway, He showed asignificant improvement in breathing treatment
was, however; discontinued alter nine courses of injections when
distant bone metastasis was diagnosed,

Along-term 5D was documented in a 46-year-old female with
adenocarcinoma at the left upper lTobe with multiple intrapulmeo-
nary metastasis (patient 4). Shie bad disease progression during
chemotherapy using cisplatin, vincristine, and etoposide as noted
by a radiographic increase during the preceding 3 months, and
received CT-guided injection of ADVEXIN at 10° PFU after sys-
temic administration of cisplatin at 80 mg/m” every 28 days. Her
primary adenocarcinoma in the left upper lobeas well as muliiple
pulmonary metastases were stable for approximately 10 months
during the period of treatment {Fig 2C).

immune Response fo Adenovirus and p83

Fourteer of 15 patients {93.3%) were tested at baseline foi neu-
tralizing antibody to-AdS5. St of these patients showed low (= 1:20)
neutralizing antibody titers, and the other eight patients had titers
tanging from 120 to 1:320. Titers of specimens collected at 4 weeks
after the first injection of ADVEXIN were higher than the titers at
baseline in 13 of 14 (92:9%) assessable patiénts, although the magni-
tude of mcrease in. titer varied (Table 3). There was a corrclation
between the dose of the vector and the fold increase in the antibody
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Table 2. Adverse Events Observed n Patients Who Received Injections of
ADVEXIN™ Summary by Toxicity Grade
ADVEXIN +
ADVEXIN Alone Cisplatin Total
n=29) (n =16) (N = 15)
Grade Grade
Toxicity 1 2 3 1 2 8 No. %
Fever 1 7 f [0} B 0 14 93.3
Hemopzysis 6 1 0 # 0 0 9 60.0
Nausea 0 0 b 2 2 0 5 333
Vomiting 0 0 G 3 2 0 g 3833
Cough 3 0 0 1 6] 0 4 28.7
Diarrhea 2 0 0 2 0 0 4 26.7
Obstructive pneumonia 0 3 i 0 0] 0 4 26.7
Constipation 2 0 0 1 0 0 3 200
Back pain 1 i 0 1 0 0 3 20.0
Chest pain 2 0 0 1 0 Q 3 20.0
Anemia 0 i 0 0 o] 2 3 200
Stomatitis 0 0] 0 2 0 0 Z 133
Shoulder pan 0 0 0 2 0 0 2 133
Infection 1 i 0 0 0 0 2 138
Fatigue 1 0 G 1 o} 0 Z 132
Lumbago 2 0 Q 0 Q 0 2 188
Paracusis 0 0 6, 0 2 0] 2 183
Dyspnea 0 0 H 0 0 0 1 6.7
Pneumonia 0 1 C 0 0 0 1 6.7
Atelectasis 0 0 i 0 0 0 1 6.7
Abdominal fullness i 0 6 o 0 0 1 6.7
Dysesthesia 0 Q 0 1 0 Q 1 6.7
Pnsumothorax 0 0 C i o] 0 1 6.7
Hematoma 0 0 0 1 0 0 1 6.7
Piturta Q 0 G 1 0] (0] 1 6.7
Pleural effusion i 0 0 0 0 0 1 6.7
Anal bleeding 1 0 G 0 0 0 1 6.7
Tooth pam 1 0 0 0 0 0 1 6.7
Bronchitis o) 0 6] 0 1 a 1 6.7
Dysthymia 0 0 o] 1 0] 0 1 6.7
Injection site pain G 0 0 1 0 Q 1 6.7
Leukopenia 1 0 0 0 0 0 1 6.7
Anorexia (6 1 0] 0 0 0 1 6.7
Weight loss 0 0 0 0] 0 1 1 6.7
Finger abscess 0 0 0 ] Q 0] 1 6.7
Arm pain 0 0 0 0 1 0 1 B7
NOTE. Toxicity defined by National Cancer Institute Common Toxicity Criteria
(grade 1 to 4).
‘Introgen Therapeutics Inc, Houston, TX.

titer (average/median fold increasc in titer for 10% 10'% 10" PFU
doses were: 27; 432; 516/16; 256; 516). Neutralizing antibody titers
remained elevated in all patients assessed throughout the study. Two
of 13 patients tested (patients 7 and 11) had detectable anti-p53 anti-
body levels at baseline, Anti-p53 titers increased after six courses and
the first course of ADVEXIN administration in patients 2 and 4,
respectively. The other nine patients remained negative for anti-p53
antibodies throughout the treatment.

Vector Shedding and Biodistribution

A total of 624 gargle and urine samples from 12 patients were
examined for virus shedding by DNA-PCR using vector-specific
primers (Table 4, Fig 2). Samples were collected just before vector
injection and daily thereafter for 15 days in each course. Vector DNA
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Fig 1. Kaplan-Meiler analysis for overall survival of patients studied.

was detectable in 29 of 39 (74.4%) gargle samples obtained at day 1
after vector injection, regardless of dosc level or treatment course, and
declined to undetectable levels within 15 days for most patients. One
patient (patient 11) was continuously positive for vector DNA until
day 15 or beyond, probably due to the shedding of infected tumor
cells. In total, 90 gargle samples (14.4%) were positive for vector DNA,
whereas vector was detected in only 13 urine specimens (2.19%). The
presence of ADVEXIN was assayed in the plasma obtained before and
30, 60, 90 minutes after vector injection (Fig 3). In all 12 patients
tested, vector was detected in plasma 30 minutes after injection either
by the DNA-PCR or CPE method, and the titers decreased over the
next 60 minutes. No correlation was noted between systemic virus
titer and AEs or clinical response.

Pathologic and Molecular Analysis of Tumor
Biopsy Tissues

Tumor biopsy samples obtained before and 48 hours after vector
injection in 12 patients were assessed for p53 mRNA expression by
RT-PCR analysis using vector-specific primers (Table 5). All pretreat-
ment samples were negative for p53 transgene expression because the
primers can distinguish exogenous wt-p53 from pre-existing mutant
P53 in tumor specimens. Vector-specific p53 mRNA expression was
detectable in 9 of 12 patients (75%) after the first vector injection.
Overall, 11 of 12 patients (91.7%) demonstrated positive p53 trans-
gene expression during the treatment. Of note, p53 mRNA expression
was consistently positive in 52 of 57 serial postinjection samples
(91.2%) obtained from patients who received more than six courses of
injection (patients 1, 2, and 4). To evaluate the biologic activity of
ADVEXIN-induced p53 expression, we performed quantitative anal-
ysis of p33-targeted gene expression by a real-time RT-PCR method.
Paired biopsy samples obtained before and 48 hours after injection at
courses 1, 5, 8, and 11 were analyzed in patient 1 for expression of
exogenous p53, p21, Noxa, and p53AIPI mRNAs. We found that
apoptosis-related gene expression such as Noxa and p53AIP]1 was
consistently higher m postinjection samples than that in preinjection
biopsies throughout the study (Fig4). The expression patterns of these
mRNAs almost paralleled that of exogenous p53. In contrast, p21
expression pattern varied on courses.

Autopsy results were obtained from two patients (patients 3 and
7) who died 25 and 151 days after receiving their fourth and second
injection of the vector, respectively. DNA-PCR assay indicated that
ADVEXIN was present in tumor tissue as well as proximal lymph
nodes, suggesting regional spread of the vector via the lymphatic
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Fig 2. \A) Patient 1 tronchoscopic appear-
ance at the time of enrollment (left) and
after four cycles of injections inght). (B)
Patient 2 computed tomography scans at
baseline (left), at month 2 iniddle), and at
month 9 (nght). (C Patient 4 computed
tomography scans at baseline {left), after
four cycles (middle), and 10 cycles (nght).

vessels. In contrast, viral distribution was not detected in other organs
including liver, kidney, testis, and distal lymph nodes.

In an effort to determine the feasibility of p53 gene therapy in human
cancer treatments, several clinical trials of locoregional administration
of adenoviral p53 have been conducted in patients with a variety of
advanced malignancies such as NSCLC,'®*"#? head and neck can-
cer,” bladder cancer,”™* recurrent glioma,”® and ovarian cancer.*’
No available data, however, has been reported yet evaluating this agent
in Japanese patients. As clinical trials of the epidermal growth factor
receptor tyrosine kinase inhibitor, gefitinib (Tressa; AstraZeneca, Lon-
don, United Kingdom), revealed significant variability in the response
to this drug, with higher responses seen in Japanese patients than in a
predominantly European-derived population,™ it is important to
evaluate variations in the response and safety profiles of novel thera-
peutic agents in Japanese patients. The results of the present multi-
center phase 1 trial indicate that intratumoral administration of
ADVEXIN is feasible, safe, and well tolerated in Japanese patients.
Fever was observed as the most common treatment-related AE,
which could be due to the transient systemic spread of the vector itself.

WWW.JE0. 018

In fact, flu-like symptoms, such as chills, fatigue or lethargy, and
diarrhea, frequently occurred in patients who received replication-
competent adenovirus™’; these symptoms, however, are rarely seen
in patients treated with ADVEXIN. Although the frequency of fever
(affecting 93.3% of the patients) was slightly higher in our trial than
those in the United States (79%) or European (76%) trials,”®** the
observation that most episodes recovered within 48 hours after injec-
tion suggests that ADVEXIN-related AEs are limited, and only mild to
moderate in severity.

The vector was shed into gargle specimens especially when
bronchoscopically injected as expected, whereas vector was rarely
detectable in urine despite of the systemic spread of the vector. Most
PCR-positive gargle samples were negative by CPE assay (data not
shown), indicating that sccondary infection through vector shedding
into gargle is unlikely to occur. The observation of systemic dissemi-
nation of ADVEXIN, which was maximal at 30 minutes after injec-
tion, is consistent with that observed in the United States trial,
although the highest vector titer in the plasma was approximately log,
to log, lower in Japanese patients.”’ The organ distribution of virus
foundin two deceased patientsis clearly of interest, because, to the best
of our knowledge, this is the first evidence of virus spread in the
regional lymphatic tissues in humans. It has been reported that
replication-deficient adenovirus expressing the lacZ gene could be
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Table 3. Titers of Neutralizing AntrAdS Antibody and Ant-pb3 Antibody After ADVEXIN® Tnjections
Viral Dése = Antibody Trer or Postivityt
Patient No. Cisplatin Basehne Course 2 Course 3 Course 4 Course 5 Course 6 Course:7
Neutralizing ante=Ad5 antibody
i 10% PRU 1,26 121,280 129,280 1:2,560 1:1,280 171,280 12,560
2 10% PFU < 120 1320 1:820 1640 15320 1160 1160
3 10% PEL} < 120 1:20 1:40 1120 V7S NA &
4 1O PRU - cisplatin 1320 1160 111,289 1:4.280 11,280 1:1.280 15,120
8 1Y PRU -+ cisplatin 140 = 1120,480 1:2,560 NA WA MA WA
&1 YW PFY ¢ ssplatin < 120 12660 NA NA NA MA A
7 00 PRU 1.20 1:20,480 NA NA NA, WA HNA
8 10 PRU 1:20 15120 A WA NA NA NA
S 10 PRY 1326 15,120 F0.240 1AQ240 A WA &
10 10Y PFU # cigplatin 140 o5 120,480 NA RIA NA NA A
11 10 PEL + cisplatin « 1:20 180 15,120 NA A A NA
12 101 PR 4 cisplatin < 1:20 1180 172,880 101,280 NA MNA NA
13 10V BRU A A NA MNA A NA NA
k] 10 PRY 1:64 1:2,048 1:1,024 1:2,048 RNA WA NA
15 1ot PRy ot 14088 > 14,008 = 14,006 A NA NA
Art-n53 antibody
} 10°% PEU - - - - - - -
2 0¥ PRU - ~ - - — - +
3 0¥ PFU = - - = NA NA NA
4 10" PEU -+ cisplatn - + + - + +
5 10Y PEU + asplann NA NA - A NA NA NA
8 ¥ PEU + cigplatin — - N& MA NA& N NA
7 10 PFU + + NA NA WA NA A
8 1674 PFU - e NA NA NA NA NA
9 10™ PFU - - - - KA WA NA
10 10" PRU + cisplatin - - NA NA NA& NA N&
11 1079 PFU -+ eisplatin “+ + + NA NA A NA
12 10% PFU + cisplatm — - - - NA NA NA
13 107 PFU KA P& NA NA NA NA NA
14 1077 PEU - - - - NA [NES NA
15 107 PRU KA A NA NA A NA NA
Abbrsviations” PFY, placue-Torming units, NA, not avellable.
‘Irrogen Therapauncs Ing, Houston, TX
TSamples were collected befors sach course of trestment.

transferred into regional lyinph nodes of the stomiach n dogs after
intratumoral injection™; no Iymph node tissues, however, were ana-
lyzed in any published clinical trials. This finding suggests that intra-
tumotally administered ADVEXIN ean spread notonly into the blood
cirenlation, but alse into the lymphatic vesscls, and potentially kill met-
astatic tumor cellyin regional lymph nodes. Schuler eral® have reported
that intratwmoral adenoviral p53 gene therapy provides no additional
benefit in NSCLC patients receiving systemnic chemotherapy by compar-
inig the responsés of injected lesions with those of noninjected comparator
lesions, such as hilar metastatic tumors. According to ow biodistribution
data, the possibility that thelr virus spread nto-comparator lesions and
showed antituinor effect caninot be ruled out.

Despite the presence of neutralizing antibodies for adenovirus,
wefound that p53 transgene expression was detected m most patients
throughout the period of treatment, In addition, quantitative real-
tinte RT-PCR analysis denionstrated that the expression patterns of
apoptosis-related p53-targeted genles such as Noxa and p53AIP! par-
alleled that of exogenous p33 {Fig 4), demonstrating that exogenous
153 produced after ADVEXIN treatient has biologic activity. These
findings further demonstrdte that dreulating nevtralizing anti-AdS
antibodies donotinhibit vector-mediated transgene expression when
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ADVEXIN is directly injected into the tumors, Two of 13 patients
{15:4%) had pre-cxisting anti-p53 antibodies, which. is consistent
with previous studies reporting that pS3avioantibodies were detected
in 10% to 209% of patients with lung cancer.™ Most patients, however,
did not exhibitanincrease of anti-ps3 titers after ADVEXIN injection,
presumably because of the short half-life of wi-p53 protein or duc to
lack of overcoming tolerance to this self protein,

As predicted by -our preclinical and other clinical studies,
sustained antitumor effect was seen with tumor regression orstabili-
zatton of tumor growth in 11 of 13 assessable patients. Patient 1
exhibited a 509% or greater reduction in fwmor size after ADVEXIN
injection and this response was maintaimed with monthly injections;
the growth rate of tumor, however, suddenly increased at 11 months
after the time of entry, leading to the uncontrollable progressive
disease. Although the molecular mechanism of this resistance to treat-
ment 1ss6ll underinvestigation, increasing the frequency of adminis-
tration beyond once per month may be an approach to improve
efficacy inv such patients. Previous experience with ADVEXIN has
shown that patients with alrway stenosis-or obstruction may be suit-
able candidates for this locaregional therapy.'™ Indeed, three
patients {patients I, 2, and 15) exhibited significant reppening-of
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Table 4. Vector Shedding Into Gargle and Urine After ADVEXIN® Injections
DNA-PCR Results

Fargle [day)
Course of Viral Dose 2 Cisplatin Pre i 2 3 4 5 & 7 3 g 10 11 12 13 T4 15
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Table 4. Vector Shedding nto Gargle and Unne After ADVEXIN' Injections (continued)
DHA-PCR Results
Unine [day)
Course of Viral Dose = Cisplatin Pre 1 2 3 4 5 8 7 8 8 19 Ik 12 13 14 15
10° PR (pavent 2)
1 p— o - — - . . — . — o e i e — -
2 - - - - - - - - . . - — - - - -
3 — P - e — e s - — oy —_ = - — — -
4 — - e - - - o~ — - — . - . — — -
5 e — — — . P Py — o - o - S — i .
6 —_ — o _— — — —_ . —_ — i it - —— — o
10% PEU (patient 3)
1 - - - e - - = - - - - - - . - -
3 - - oy . . - — — o — — — v o Py -
4 - — . p. — e - " P — — —_— e e, o o
10% PEU + cisplatin {patient 4)
”‘ i — i — p— P r - - . o — . o - o
2 _— S o — - — - - P s - P — o - e
3 - . — F— . - — — — . Py — — - —-— —
51 — . — i P e Py — p— — o P o — i =
5 g _— _— e s - i . o o - — . - . o
6 v e . p— . - — P . e . — — o, e —
109 PRU + cisplatin (patient 5}
2 o i — e s o — - i — Py [ il . e -
3 — e . P et l - o P — . e, P — — —
T0% PRU + Gisplatn {patignt 6)
‘ p— p— —— . — — e . o E— — — ey P — —
2 - - P e = g —— - s e . s S i - i
10" PFLU jpatient 7}
" P o F - — —. e, — — - — — —— — P
2 - - - - - - - - + - + + + + -
107 PEU (patient 8]
107 PFU {patient 9
'[ — s e - — - — - . — - — P, -y — —
7 — - - = + A + + - - -+ - - - - -
3 . i — — . e S - pooe - . - i o . i
;1 o - P e e — oy - s i Fo it — e, - .
1O PRU - prsplatin (patient 10
g - _ - - - ~ - ~ ~ - _ _ — — - -
1019 BEL = cisplann (patieht 1)
i - - - - - 4 - - — - - - - - - -
2 i e e . i P i P — - - — o, — o —
109 PRY = misplatn (patient 121
‘I — . s — — — —— P — — P — — - . -
2 o — — — — o — — m p— o e e et - -
Abbrewiations: PCR, polymerase chain redetion; PRU, plague-torming units.
“infrogen Therapsutics Inc, Houston, TX,

the airway after bromchoscopic injéction of ADVEXIN, and re-
sulted i the marked improverment of symptoms such as cough,
hemoptysis, and dyspnea.

Itis-ofinterest that three of six patients who were assigned to
the cohort with the lowest dose of ADVEXIN could réceive more
than six courses of treatment, whereas 1o patients treated with
higherdoses completed six cycles of injections. There was a possi-
ble selection bias of patients relateéd to the dose levels and the
centers; this finding, however, suggests that 10” PEU of ADVEXIN

1686

appears to be sufficient to induce local effect without toxicities n
certain patients. Another surprising observation from this study is
that there was no apparent differetice in clinical activity between the
groups with ADVEXIN alone and ADVEXIN plos cisplatin, One
possible explanation for this result s that cisplatin may affect indue-
tion of systemic imunune FCsponse against mutant-p53-—expressing
tumor cells triggered by ADVEXIN. Support for this hypothesis
is found in the reduced levels of anti-Ad5 antibodies in the high-
dose ADVEXIN plus cisplatin group compared with high-dose

douiniat or Cunioal Gatupouy
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Fig 3. Quantitative detection of ADVEXIN (Introgen. Houston, TX) the cytopathic effect (CPE) assay in the plasma cbtained before and 30, 60, and 80 minutes after

vector injection. (A) Patient 1; (B) patient 2; (C) patient 4; (D) patient 7; and (E) patient 9. (~) Indicates negative by the CPE assay, but positive by a DNA-polymerase

chain reaction analysis.

ADVEXIN as monotherapy. Furthermore, the study was not pow-
ered to identify differences in these groups.

In conclusion, this study demonstrates that repeated intratu-
moral injections of ADVEXIN in combination with or without cispla-
tin are feasible and well tolerated in Japanese patients. Despite
undergoing more treatment cycles than other trials, patients cxperi-
enced no severe toxicities and exhibited a long-term clinical activity

(= 9 months in 20% of patients). Therefore, it seems to be reasonable
to explore the antitumor effect of this virus in patients with earlier-
stage disease. This study provides support for the ongoing randomized
phase 1II trials to identify the therapeutic benefit of ADVEXIN in
squamous cell carcinoma of the head and neck and suggest that addi-
tional evaluations for NSCLC in phase II/III trials with appropriate

controls are warranted.

Table 5. Vector-Specific p53 mRNA Expression in Tumor Tissues After ADVEXIN® Injections
RT-PCR Results Course
Patient Course Course Course Course Course Course Course Course Course Course Course Course Course Course
No. Viral Dose * Cisplatin 1 2 8 4 5 6 7 8 9 10 11 12 13 14
1 10°PFU A ++ = Hty HE R = S AR - +H HNA
2 10% PFU —/1 [+ b/ A /4 e 4 /4 4[4 +/NA
3 107 PFU = T
4 10° PFU + cisplatin —/+ +/+ +/+ +/+ +/+ +/+ +/+ ++ +/NA
5 10% PFU - cisplatin —it /4 +
6 10% PFU + cisplatin —/= o
7 10" PFU —J= == ayNA
8 10'° PFU ==k —/NA
9 10" PFU ~I4 —4- * /4
10 10'° PFU + cisplatin = —/+
11 10" PFU + cisplatin = —/i Bl +/ NA
12 20*° PFU + cisplatin -~ —/+ +/+ =% —/NA
NCTE. Paired samples were collected before and 48 hours after AVEXIN injection in each course of treatment.
Abbreviations PFU, plaque-forming units; NA, not available.
Introgen Therapeutics Inc, Houston, TX.
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Fig 4. Expression of exogenous pb3 mRNA and pa3-targeted gene mRNAs (p21, Noxa, and p53AIP1) was measured by the real-ume quantitative polymerase chain
reaction assay. (A) p53, (B} p21, (C) Noxa, and (D) p53AIP1. Tumor biopsy samples were obtained before and 48 hours after ADVEXIN (Introgen Therapeutics Inc,
Houston, TX) Injection at the indicated cycle (one, three, eight, and 11} in patient 1. All expression levels are normalized to that of p-Globin.
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‘ Adenoviral p53: The E1- and E3-deleted, replication-
i deficient adenovirus vector encoding for the wild-type p53 tumor

SUppressor gene.

Apoptosis: Also called programmed cell death, it is a signaling
pathway that leads to cellular suicide in an organized manner.
Several factors and receptors are specific to the apoptotic path-
way. The net result is that cells shrink, develop blebs on their sur-
face, and their DNA undergoes fragmentation.

Bystander effect: The biologically positive response observed
in untreated cells when neighboring cells are treated. Because of
the bystander effect, the magnitude of the therapeutic response
exceeds the effect expected from direct target-cell treatment, il-
lustrating that the treatment not only induces direct cytotoxic
effects against the individual target cell but also causes the growth
suppression of bystander, untreated cells via other mechanisms.

CPE (cytopathic effect): Viruses can infect target cells and
cause cell death, referred to as the CPE. A CPE assay can be used
to determine the titer of viral stocks.

Noxa: Noxa is a proapoptotic member of the Bel-2 family,

i which contains the Bel-2 homology 3 (BI13) region, but lacks
other BH domains. Noxa functions as an carly response gene and
a mediator of p53-induced apoptosis. In human cells, Noxa is
also designated as PMA-induced protein 1 or APR.

P21: The cyclin-dependent kinase inhibitor p21Cip1 inhibits cell-cycle
progression by binding to cyclin/CDK complexes and arresting cells in
the G1 phase of the cell cycle.

P53: The normal function of p53 is to act as a transcriptional activator
of genes with a p53-binding site and an inhibitor of genes lacking a p53
binding site. Expression of high levels of wild-type p33 is associated with
cell cycle arrest and apoptosis. Mutations in p53 are seen in several
tumors.

p53AIP1 (p53-regulated, apoptosis-inducing protein 1):
PS3AIPL is a tumor suppressor gene that localizes to the mitochondria
and regulates mitochondrial membrane potential.

RT-PCR (reverse-transcriptase polymerase chain reac-
tion): PCR is a method that allows logarithmic amplification of short
DNA sequences within a longer, double-stranded DNA molecule. Gene
expression can be measured after extraction of total RNA and prepara-
Lion of cDNA by a reverse-transcription step. Thus, RT-PCR enables the
detection of PCR products on a real-time basis, making it a sensitive
technique for quantitating changes in gene expression.

Tumor suppressor gene: A gene whose protein product is re-
sponsible for antiproliferative signals. The retinoblastoma genc
product and the product of the p53 gene are two examples of tumor
SUPPTESSOT genes.

WIWWLJCO.01E

Information downloaded from www.jco.org and provided by OKAYAMA UNIVERSITY on April 9, 2006 from 150.46.141.240.
Copyright © 2006 by the American Society of Clinical Oncology. All rights reserved.

28

1699



Int 0. Cancer: 119, 432-440 (2006)
& 2006 Wiley-Liss, Inc.

Enhanced antitumor efficacy of telomerase-selective oncolytic adenoviral agent
OBP-401 with docetaxel: Preclinical evaluation of chemovirotherapy

Toshiya Fu;:wara . Shlmsuke Kagawa'

, Hiroyuki Kishimoto!, Yoshlkatﬂu Endo’, Masayoshi Hieki’, Yoshihire ikeda’,

Ryo Sakai’, Yasuo Urata’, Noriaki Tanaka and Teshivoshi Fu];wam
'Diviston of Surgicel Oncology, Department of Surgery, Okayama University. Graduare School of Medicineg and Dentistry,

()&amma Japan

{)kayuma University Hospital. Center for Gene and Cell Therapy, OGkayume, Japan

*Oucolvs Biopharma Inc., Tokye. Japun

Umcolytic adenoviruses are being developed as novel anticancer
therapeutics and currently undergoing clinical trials. We previ-
ously demonstrated that telomerase-specific replication-competent
adenovirus (Telomelysin: OBP-301), in which the human telomer-
ase reverse transoriptase (WTERT) promoter regulates viral repli-
cation, efficiently killed human tumor cells. We further con-
structed OBP-401 (Telomelysin-GFP) that expresses the green flu-
orescent protein (GFP) reporter gene under the control of the
eytomegalovirus prometer in the K3 region to monitor viral distri-
bution. Here, we examined the feasibility of a single-agent therapy
with OBP-401 as well as of combining OBP-404 with chemothera-
peutic agents. Infection of OBP-401 alone or followed by the treat-
ment of a chemotherapeutic drug, docetaxel (Taxotere), resulied
in a profound in vitro cyiofoxicity and GFP expression in various
human caneer cell lnes originating from different organs (lung,
eolon, esophagus, stomach, liver and prostate), although the mag-
nitude of antitimor efféct varied among the cell fypes. Other ehe-
motherapeutic drugs such as vinorelbine (Navelbine) and SN38
(the potent active metabolite of irinotecan) combined with OBP-
401 also inhibited the growth of buman cancer cells. Quantitative
real-time PCR analysis demonstrated that docetaxel did not affect
viral replication. ¥or in vivo evaluation, nu/nu mice xenografted
with HI1299 human lung tumor received intratumoral injection of
ORBP-401 and intraperitoneal administration of docetaxel. Analy-
sis of growth of implanted tumors showed 4 significant, therapeu-
fic synergism, although OBP-401 alone and doceiaxel alone
showed medest inhibition of tumor growth. Thus, OBP-481 in
combination with docetaxel efficiently enhances the antitumer ¢ffi-
cacy both in vitro and in vive, and the outcome has important
implications for tamor-specific oncolytic chemovirotherapies for
human cancers,

© 2006 Wiley-Liss, dnc.

Key words: oncolytic adenevirus; combination therapy; docetaxel;
GFP

Lack of restricted selectivity for fumor cells s the primary hmi-
tation of common cancer therapeutics such as chemotherapy and
radiotherapy, To improve the therapeutic indey, there 18 a need for
anticancer agents thal xelcuively target only tumor cells and spare
mn mal L@”S Telomerase is a-ribonucleoprotein complex xebp(}mp

ble for the complete replication of chromosomal ends.! Many
studies have-demonstrated the expression of ielomerase activity in
meore than 85% of human cancers,” but only in few normal somatic
cells.” Telomerase activation is considered 4 critical step i caret-
nogenesis and ity activity is closely correlated with human telo-
merase reveérse transcriptase (hTERT) expressian.® Replication-
selective tumor-specific d{lenm iruses are bemg developed as
novel anticancer thcmpxes 7 We previously developed an adeno-
virts vector that ditves E1A and EIB geénes under the hTERT pro-
moter, namely Telomelysin: OBP-30L, " and showed its selec-
tive replication as well as profound Lymwx;c activity in a variety
of human cancer cells. Although the development of OBP-301 ag
& monotherapy is currently underway clinically based 6n promis-
g results of preclical studies, muftimodal strategies to enhance
antitumor efficacy in vive is essential Tor successful clinical out-
come. In fact, most of the elinical trials for oncolytic viruses have
been conducted in combination with chemotherapy or radiother-
apy. 316
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Docetaxel is-an antiveoplastic agent and & member of the takane
family. which are novel antimicrotubule agents that promote the
assenibly of microtubules from tubulin dimers and stabilization of
such microtubules by preventing depolymenzd!mn This stability
results in the inhibition of the pormal dynamic reorganization of
the microtubule network that is essential for vital i merplmse and
niitotic cellular functions. In addition, the taxanes induce abnor-
mal arrays of microtubules throughout the eell eycle and muhiple
asters of microtubules during mitosts and arrestcells especially in
G2 und M phases.”" The effectiveness of any chemotherapy
against malignant tumors may be increased by dose intensificas
tion; however, such strategy is often associated with the appear-
ance of drug-induced toxicities. Ideally, the strategy for effective
treatment should include maximizing the dose enhancement while
mininyzing systemic toxicity.

in the present study, we hypothesized that combination of énco-
Iyfic adenoviral agents {with novel mechanidms of action) with
chemotherapentic agents could minimize the toxic side effects of
the latter by reducing the concentrations of anticincer drugs. To
test our hypothesis, we wsed a novel oncolytic adenovirus named
OBP-401, which expresses the green fluorescent protein (GFP) re-
porter gene under the control of the cytomegalovirus promoter in
the E3 region to monitor viral distribution by its fluorescence, The
therapeutic effects of ‘OBP-40! combined with docetaxel were
tested both in vitro-and.in vivo. The results showed that the combi-
nation therapy of OBP-401 and docetaxel produced additive thera-
peutic benelits over either individual modality. In addition, doce-
taxel is considered innocuous for rephication of OBP-401 because
this agent does not inhibit DNA synithesis.

Material and methods
Cell lines andd cell culiyres

The human non-small cell lung cances cell lincs H1299 and
H226Br. the human colorectal carcinoma cell lines SW6E20 and
DLD-1, the human gastric cancer cell line MKN28, the human
esophageal cancer cell lines T.Tn and TE& and the humun prostate
cancer cell line LNCaP were propagated in monolayer culture in
RPMI 1640 supplemented with 10% fetal calf serum (FCS). The
human non-small cell lung cancer cell line A549 way cultured in
Dulbecco’s modified Eagle's medivm (DMEM) containing Nutri-
ent Mixtuse (Ham's F-12). The transformed embryonic kidney cell
line 293 and human hepatic cancer cell line HepG2 were grown in
DMEM containing high glucose (4.5 g/ly and supplemented with
10% FCS.
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Figuge 1~ Schematic diagrams of OBP-401DNA suuctures, OBP-401 is a telomerasesspecifie replication-competent adensvirus variant, in
which the WTERT promoter element drives the expression of E1A and E1B genes linked with an IRES, and GFP gene is inserted under CMV

promoter info E3 region for monitoring viral replication.

Cheématherapeutic agents and viruses

Docetaxel {taxotere), SN-38 (topotecin) and vinorelbine (navel-
biney weére kindly provided by Aventis Pharma (Tokve. Japan,
Daiichi Pharmaceutical Co. {Tokye) and Kyowa Hakke Kogyo
Co. {Tokyo), respectively, These agents were diluted with the
respective medium just hefore use for in viro studies and with
phosphate-buffered saline (PBS) for in vivo studies, OBP-401 is a
telomerase-specific replication-competent adenoviras variant. in
which the hTERT promater element drives the-expression of E1A
and BI1B genes linked with an IRES. with the GFP gene inserted
under cviomegalovirus (CMV) promoter into E3 region (Fig. 1)
Construction of OBP-401 was described elsewhere. The virus was
purified by ultracentrifugation. in cesium chioride step gradients,
and the titer was determined by plaque assay in 203 cells, as
described previously, "

Cell viability ussay

XTT (sodium 3-[l-(phenylaminocarbonyl)-3 d-tetrazolium]-
bis(d-methoxy-6-nitro) benzene sulfonic acid hydrate) assay wag
performed by seeding human tomor cells at 1,000 cells/well in 96-
well plates 18-20 hr before viral infection. The cells were then
infected with OBP-401 at g multiplicity of infection (MOI) of 0.1
and 1 plague-forming units (PFU)/celf and subsequently treated
with chemotherapeutic agenis 24 hr after infection. Cell viability
was determined.-at the indicated times by using a Cell Proliferation
Kit 1 (Roche Molecular Biochemicals, Indiunapolis, IN) aceord-
ing to the protocol provided by the manufacturer.

Cell kifling assay

Human non-small cell lung cancer cell line H1299 and human
volorectal carcinoma cell line SW620 were plated on 25-cm”
flasks at'1 X 107 cells at 48 hr before viral infection. Cells were
then infected with OBP-401 at an MOI of 0.1 PFU/cell and the
culture medium was seplaced with freshly prepared medium con-
taining docetaxel ar 10 oM at 2 hy after infection, and photomicro-
graphs were taken every day at a magnification of X100,

Invitre replication assay

H1299 and SW620 cells were sceded on 25-cm? Basks af 5 X
107 cells at 48 hr before infection. Cells were infected with OBP-
401 at an MOI of 0.1 PFU/cell and a fresh medium containing
docetaxel at 10 aM was added 24 hr later. Alternatively, cells were

pretreated with 10 nM of docetaxel for 24 hu, infected with 0.1
PEU/cell of OBP-401 for 2 hr.and then cultured in the presence of
10 aM of docetaxel following the removal of viruses. The cells
were incubated at 37°C, trypsinized and harvested for intracelfular
replicition analysis at2, 12, 24, 36, 48 and 60 hre. The supernatants
of H1299 und SW620 cells were also harvested for viral progeniss
release analysis 4t the mdicated fime points over 120.he. DNA pu-
rification ‘was performed using QlAmp DNA mini kit (Qiagen
Inc., Valencia, CA). The EIA DNA copy number was determined
by guantitative real time PCR, using a LightCycler instrument and
LightCycler-DNA Master SYBR Green | (Roche Diagnostics).

In vive-fuman rumor model

HI299 cells (1 % 10 cells/mouse) were injected subcutane-
ously inta the Hank of 5-6-weck-old female BALB/c nu/nu mice
and permitted to grow to ~35--10 mim in-diameter: At that time, the
mice were randomly assigned into 4 groups, and a 50-1 solution
containmg OBP-401. at a dose of | ¥ 107 PFU/body or PBS was
injected into the tmor, Simultaneously, each mouse received an
intraperitoneal injection of 100 pl of docetaxel at a dose of 12.5
mg/kg every 2 days starting at day I, The perpendicular diameter
of each tumor was measured every 3 days, and tumor volume was
calculated wsing the following formula: tumer volomse tmm’) = «
X b7 X (1.5, where a is the longest diametet. b js the shortest dia-
mefer and (0.3 is a constant to calculate the volume of an ellipsoid.
The experimental protocol was approved by the Ethicy Review
Committee for Ammal Experimentation of Okayama University
School.of Medicine.

Histopathological stidy

Mice were sacrificed 6 days after the final dose of OBP-401 and
docetaxel, and histochemical examination wag performed. Tumors
and liver tissues were fixed in 10% Fosmalin, embedded in paraf-
fin, andd then cut into d-pm thick sections. Liver tissue samples
and fumor sections were $fained with hernatoxylin and eosin.

Results
Antitumor efficacy of OBP-401 plus doceraxel in himan cancer
cell fines iy vitro

The tumer-specific replication-competent GFP-expressing ade-
novirus OBP-40! was constructed by inserting the GFP gene
under the controt of the CMV promoter af the deleted E3 region of
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Ficure 2 ~ Combination effectof GBP-401 and docetaxel on human cancer cell lines. (¢) Cells were infected with 0.1 or 1 MOI of QBP-401.
and then exposed to-docetaxel at the indicated concentrations at 24 hr after infection. Cell viability was assessed by XTT assay at 5 duys afrer
OBP-401 infection. The results of H1299 (Jung). HepG2Z (iver) and T.Tn (esophugusy cells were shown ay representative of 1H-cell lines. Bars,

standard deviation (SD), (4 Time course of combined effect of OBP-401

plus docetaxel on HIi299 and SW620 cells. Cells were treated with 0.1

MOT of OBP-401, 10 nM of docetaxel, or 4 combination of both, and cell Killing efficacy was evaluated by XTT assay over 6 days. Doceraxel

was added to the mediom 24 hrafter QBP-401 infection (day 1}

the telomerase-specific replication-selective type 5 adenovirus
OBP-301 (Fig. 1) To examine the potential irteraction between
OBP-401 and docetaxel in virre, we first evaluated the effect of
the 2 miodalities ar vagouos doses in 10 human. cancer cell hines
originating from different organs (lung [HI299, A549 and
H226Br1], colon [SW620 and DLD-1], esophagus [TE8 and T.Tn},

stomach |MKN28], liver [HepG2| and prostate [LNCaP}y. The
cell vigbility with. 3 difterent doses of OBP-401 and 8 doses of
docetaxel was assessed by XTT assay 3 days after treatment. To
optimize the cxpenmental design, the concentrations of docctakel
that resulted in 0-100% cell kill when given dlone were chosen.
The addition of 0.4 MOLof OBP-401 increased the cell killing ac-

31



OBP-401-DOCETAXEL COMBINATION CHEMOVIROTHERAPY 435

v
&

10 10

H1299

Relative Cell Viability

10 100 0 0001 601 01 1 10

"l

SWe620

Relative Cell Viahility

0 01 1 10 100 6 0.1 1 io 100 0 0001 601 01 1 1D

Docetaxel (nh} Vinorelbine (ni) SN-38(mM)

=}~ mock
—ie— OBP-401 0.1MOI
—@~— OBP-401 1MOI

Docetaxel Vinorelbine SN-38
Mock (10 nM) (5 nM) (0.01 pM)

OBP-401
(0.1 MOI)
+

Drug

Figure 3 — Combination efficacy of OBP-401 with other chemotherapeutic agents, the topoisomerase 1 inhibitor SN-38 (active irinotecan
metabolite) and microtubule-interfering agent vinorelbine. (a) H1299 and SW620 cells were intected with 0.1 or | MOI of OBP-401, and then
exposed to docetaxel, vinorelbine or SN-38 at the indicated concentrations 24 hr after infection. Cell viability was assessed by XTT assay 5 days
after OBP-401 infection. Data are mean = SD. (b) H1299 cells were treated with OBP-401 alone or in combination with drugs (docetaxel
[10 nM], vinorelbine [S nM] or SN-38 [0.01 uM]) according to the schedule described above, and photographed 4 days after OBP-401 infection.
Upper panel: phase-contrast images; lower panel: fluorescent images for GFP expression. X 100 magnification.
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fivity of docetaxel. especially at Tow concentrations {< 10 oM), n
most of cell hnes, including H{299, S§W620, DLD-1, AS549,
MKN28 and TER, although OBP-401 at an MOI of | alone
showed an apparent cell killing activity in these cell lines. In con-
trast, the effect of the combination was unclear in HepG2, LNCaP,
H226Br and T.Tn cel lines, since HepG2 and LNCaP cells were
too sensitive and H226Br and T.Ta cells were too resistant to
OBP-401, The representative dose-response curves on HI209,
HepG2 and T.Tn cells were shown in Figure 2a;

We next performed a time-course analysis of the cell killing
effect of 0.1 MOI of OBP-401 conibined with 10 oM of docetaxel
in H1299 and SW620 cells. The viability of cells treated with both
agents was consistently lower than that of cells freated with either
drug alone over 6 days {Fig. 2b}. To determine whether the timing
of administration of the tested agents affected the combined cyto-
toxic effect, HI299 and SWa20 cells were treated with docetaxel
24 hr before infection, after infection or synchronously with OBP-
401. The results showed no apparent differerices in the cytotoxic
activity of the schedules (data not shown),

Effect of vinorelbine ard SN-38 on OBP-401 -prediated antitumor
gctiviry i limman cancer cells in vitto

We also examined the interactive effects of OBP-401 when
combined with other chemotherapeutic agents such as the topo-
somerase 1 mbibitor, SN-38 (the active irinotecan metabeolite),
and a microtubule-interfering agent, vinorelbine, in HI299 and
SW620 cells. As shown .in Figare 3a, the profile of the cytotoxic
eifects of OBP-401 plus vinorelbine was similar to that of OBP-
401 plus docetaxel. whereas the range of combination effective-
ness was narrow when combined with SN-38, The combined
effect.of OBP-401 plus SN38 diminished with the use of high con-
centrations of SN38, suggesting thar inhibition of DNA synthesis
may be deleterious for viral replication,

One of the advantages of OBP-401 over OBP-301 is that the vi-

I disuibution of OBP-30] can be monitored by GFP fluores-
cence. With time, infected cells fluoresce in green color, and they
expand, float and gather in the center of the well. To confirm visu-
ally the viral replicution and spread following OBP-401 applica-
iion. H1299 cells were treated with OBP-401 at an MOI of 0.}
plus 10 nM docetaxel, 5 oM vinorelbine or 801 uM SN-38.
Phase-contrast images demonstrated growth of H1299 cells'to sub-
confluence in the presence of the chemotherapeutic drugs alone
4 days after treatment, whergas a rapid loss of viability due 1o
massive cell death. as-cevidenced by ballooning and floating cells,
wias evident when combined with OBP-401 infection (Fig. 3b), A
strong and persistent. GFP fluorescence expression, which indi-
cates the viral replication and spread into the neighboring tumor
cells, was detectable 1n HI299 cells wnfected with OBP-404 under
a fluorescence microscope even in the presence of chemotherapeu-
tic drugs, The signal intensity of cells teated with OBP-401 plug
docelaxel or vinorelbine was cquivalent 1o that of cells infected
with OBP-401 alone. whereas the levels of GFEP expression was
relatively weak in cells treated with OBP-401 4nd SN-38.

FEffectof doceraxet on OBF-401 virus replicetion in human cancer
cells in vitro

We next examined the effect of docetaxel on replication and
release of viral progenies by quantitative real-time PCR analysis,
H1299 and SW620 cells were infected with OBP-401 at an MOI
of 0.1 for 24 hr, and then treated with 10 nM of docetaxel, Alter-
patively, cells were treated with docetaxel at 10 nM, and then
infected with 0.1 MOI of OBP-401 24 hr later. The cells and
supernatants were harvested at indicated time points over 60 or
120 hr after infection, and extracted DNA was subjected to the
assay. As shown in Figure-4, the increases of iniracellular and su-
pernatant viral copy numbers of OBP-401 by 5-9 orders of magni-
tude were consistent with and without docetaxel over time in both
treatment regimens. A plateau was reached at ~48 hr afier infec-
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tion. These results suggest that docetaxel does not. interfere with
OBP-401 replication.

Antitumor cffect of OBP-401 plus docetaxel in human
fumor xenografts

Finally. we assessed the therapeutic efficacy of OBP-407 in
combination with docetaxel against HI299 human cells in vivo.
HI1299 cells were imiplanted as xenografts into the hind fank of
nulnu mice. Mice bearing palpable H1299 tumors measuring 5~
10 mm in diameter received simultaneous treatment of intratu-
moral infection of either 167 PFU of OBP-401 or PBS plus intra-
péritoneal administration. of either 12,5 mg/kg docetaxel or PRS
every Z days for 3 cvcles starting at day 1. As shown in Figure 5,
administration of OBP-401 or docetaxel resulted in a sigmﬁcam
twmor growth suppression compared with mock-treated tumors st
27 days after initiation of treatment {p < 0.05). However, the com-
bination: of ‘OBP-401 plus docetaxel produced a more profound
and significant inhibiton of tumor growth compared with mice
treated with either modality (7 < 0.08), and mock-treated tumors
{(p < 000}, Intratumoral injection of a replication-deficient adeno-
virus with or without systemic administration of docetaxel had no
apparent.effect on the growtl of HI299 tumors (data not shown).

To investigate the mechanism of action of these therapies and
their lnﬁuuxcc on other body ussu:,s mice were sacrificed 6 days
after the fast administration of 1Y PRU of OBP-401 and 12.5 mg/
kg docetaxel, Fluarescent images of frézen sections demonstrated
that intratumorally administered OBP-401 spread throughout the
tumers whether combined with docetaxel or niot, whereas no GFP-
expressing cells were detected in the liver tissues (Fig. 6). The
broad virus distribation in the tumor was also confirmed by immu-
nohistochemical staining of adenoviral hexon protein (data not
shown). Histopathological analysis revealed massive degeneration
of tssues, especially in the central portions of tumors injected
with OBP-401, but nof in those treated with doeetaxel alone
{(Fig. 65). In contrast, analysis of liver sections from mice treated
with OBP-401 demonstrated np histological evidence of hepato-
cellular damage.
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Hycore 5 — Antitwmor effects of intratumerally injected OBP-
401and intraperitoneally administered docetaxel sgainst e\tabh%hm
flank H1299 xenograft tumors tn midny mice. HI299 wmior celly (
P cells/ench) were subcutancously injected into nc right llank Ui'
mice, OBP-401 {1 ¥ 17 PFU fbody) and docetaxei {12. mg,’kg) wWere
administered intratumoraily and intraperitoneally, rexpecmel} for
3 cyeles every 2 days. PBS was used as the contral, Six mice were
used for each group. Tumor growth was expressed by iumor mean
volumie. = SE. Statistical slgmhumc,c was detined as p < 0.01 (¥ or
p < 0.05 (5% (Student’s f-fest). Arrows. day of treatment,
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Discussion

Treatment of advanced human cancer has not significantly
unploved clinical outcome. Replication- mlnpetent omo]vtxc ade-
novirus is promising as a novel anticancer therapy.”™ 5 In our laho-
ratory, the tumor-speuﬁc replication-selective adenovirus, named
Telomelysin or OBP-301, has been shown to be effective against
human cancers.'’™'? This virus was genetically designed to repli-
cate under the control of hTERT promoter specifically in tumor
cells, causing specific “‘oncolysis.”” Therefore, OBP-301 did not
cause significant toxicity in normal human cell lines, as shown in
our previous report.''2 In humans. telomerase activity is found
in only few cell types like stem and germ-line cells. Thus, there is
concern that these cells might be permissive for OBP-301 replica-
tion; these cells, however, are not of epithelial origin and are there-
fore extremely difficult 1o be targeted with adenoviral vectors.

Preclinical studies provided expeumenldl evuleme for effective
killing of cancer cells by oncolytic viruses.”™ In animal models,
howcvex, established xenograft tumors are rarely eliminated de-
spite existence of persistently high viral titers within the tumor.
Total elimination of solid tumor requires higher doses of oncolytic
viruses, which might be toxic or lethal. In a report of clinical trial
of ONYX-015, no clinical benefit was noted in tlm majority of
pauents deﬁpne the encouraging biological activity.>' Tumor pro-
gressmn was rdpld in most patients, even thoucfh subbmmml necro-
sis was noted in the tumors after treatment.”>> Therefore, we
searched for new modalities and opted to evaluate chemovirother-

Docetaxel

Docetaxel
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F1GURE 6 — Mice bearing H1299
xenografts were treated as de-
scribed in the legend for Figure 5.
Tumor and liver sections were then
obtained 6 days after final adminis-
tration of OBP-401 and docetaxel.
(@) Fluorescent photomicrographs
showing GFP expression in H1299
tumors and the liver. Magnifica-
tion, X200. (b) Paraffin sections
of tumors and the liver were stained
with hematoxylin and eosin. Tumors:
(upper panel) magnification, X200,
(lower panel) magnification, X400.
Livers: magnification, X200).

apy. composed of oncolytic virotherapy combined with low-dose
chemotherapeutic agent. Combination of 2 agents may allow the
use of reduced dosage of each agent, and reduce the likelihood of
adverse effects.

The etficacy of virotherapy combined with dnnczmcer drugs has
been reported previously in preclinical studies.**% A replication-
selective adenovirus, ONYX-015, combined with 5-fluorouracil or
CDDP produced greater effect than each individual modality and
prolonged survival. 2423 Byrthermore. synergistic efficacy was also
observed in the combination of a tumor-specific HSV mutant
(HSV-1716) with chemotherapeutic agents in human non-small
cell lung cancer.”® However. care should he taken when using a
combination of anti-DNA synthetic agents because they might
have deleterious effects on viral replication. Because adenoviral
E1A directs the progression cells from G1/GO phase to S phase to
optimize viral DNA replication, these agents could harm this func-
tion by inhibiting DNA synthesis.

Taxanes are novel antimicrotubule agents that promote the as-
sembly of microtubules from tubulin dimers and stabilize microtu-
bules by preventing depolymerization. This stability results in the
inhibition of the normal dynamic reorganization of the microtu-
bule network, which is essential for vital interphase and mitotic
cellular functions, resulting in cell arrest in G2 and M phases.'”'®
Apoptotic cell death is induced subsequently, but this does not in-
hibit DNA synthesis of host cells. Therefore, taxanes are promis-
ing for combination with virotherapy. It was reported previously
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that paclitanel had & synergistic or an additive effect in several
canc)er models when combined with Ad-mediated p53 gene ther-
apy.”" It has been also demonsirated that CV787, a prostate can-
cer=specific adenovirus, exhibited synergistic antitwmor effect
when combined with paclitaxel or docetaxe},*‘

OBP-401, containing the hTERT promoter-driven replication
cassette and the GFP gene driven by the CMV promoter, was
developed 10 monitor replication and visualize distribution of vi-
rus (Fig. 1). As GFP was originally identified from the jellyfish
Aeqguorea victoria, and broadly used for molecular and functional
monitoring of cel}ular processes, GFP s considered nontoxic to
normal tissues.'*” We demonstrated that OBP-401 effectively
destroyed a variety of human cancer cells in vitro, and that such
effect was markedly enhanced when it was combined with doce-
taxel (Figs. 2 and 3). Quantitative real-time PCR analysis showed
that intracellular amplification of OBP-401 and viral release into
the culture supernatants were not affected by docetaxel (Fig. 4),
suggesting that the latter did not- alter viral replication in viro.
Low-dose taxanes induced G2/M arrest without inhibiting DNA
synthesis, which in turn led to apoptosis, whereas OBP-401 infoc-
tion had no effect on cell eycle distribution as demonstrated in
flow cytometric analysis {data not shown). These resulls indicate
that the antitumor machinery is different between docetaxel and
QBP-401. Indeed. nuclear morphology of cells infected with OBP-
401 was distinct from apopiosis, which is characterized by chrp-
mosome condensation and nuclear shrinkage and fragmentation
(data ot shown). Moreover, apoptosis in mammalian cells is
mediated by a family of cysieine proteases known as caspases,
which are the exccutioness of apoptosis und essential for the disas-
sembly of the cell. Western blot analyses denionstrated no changes
in procaspase-3 levels and no expression of cleaved form of cas-
pase-3 in HI1299 cells infected with OBP-401 {data not shown).

There is evidence that changes in the expression of micro=
tubule-associated protein 4 (MAP4) uffect the sensitivity to anti-
microtubule drugs, Expression of MAP4 is transcriptionally re-
pressed by wild-type p33. Increased expression of MAP4, which
occurs when p53 1s manscriptionally inactive, augments microtu-
bule polymerization, taxanes binding and sepsitivity {0 taxanes,
which stabilizes polymerized microtubules.™ Our preliminary
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experiments, however, demonstrated that OBP-401 infection did
not affect the expression of MAP4 in human cancer-cells (data not
shown). Thus, the mechanism of combination effect of OBP-401
and docetaxel is still unclear.

Our in vitro data raise the possibility that docefaxel-mediated
apoptosis and OBP-40[-mediated oncolysis coexisted: these
agents did nof interfere with mutually and individvally induced
antitumer efficacy. In fact, the antitumor effect of the combination
therapy was likely additive in viro. To determine whether the
interaction between the 2 drugs exhibited sypergistic or additive
cytotoxic effects, the data from a series of dose—response curves
was examined by constructing isobolograms. Isobologram analy-
sis indicated that the combination was less than synergistic across
all dose levels tested (data not showit). In contrast, interestingly,
intratumoral injection of OBP-40! combined with systemic
administration of docetaxel induced a more pronounced inhibition
of the growth of HI299 tumor xenografts over a fong period of
time (Fig. 5). Therefore, there might be some particular interac-
tions between OBP-401 and docetaxel to produce a synergisfic
etfectin vivo. It has been reporied that metronomic chemotherapy.
which refers to the chronic administration of comparatively low
doses of cvmtox;c drugs at close, regular intervals hag an antian-
giogenic basis,” " Like our appmdch the potent antiangiogenic
capacity of drug administered in a metronomic fashion finds favor
in & number of ir vive preclinical studies; to prove this efficacy
with in vitro experiments is, however, technically difficult. There
are some possible explanations for the superior @ vivo antitumor
activity in our experiments, Systemically administered docetaxel
may attack the vascular endothelial cells in the tumeor site, which
in turn can block the escape of locally injected OBP-40}1 into the
blood circulation. Another possibility is that OBP-40! itself may
inhibit the vascular supply by killing endothelial cells. Virtually,
the exact mechanisin of this /n vive combination effect needs fur-
ther examination.

In summary, our data demonstrated that the combination of
OBP-40! and docetaxel efficiently inhibited human cancer cell
growth both 11 vifro and in vive, an outcome that has important
implications for rumor-specific oncolytic chemovirotherapies for
hunian-cancers.
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In vivo imaging of lymph node metastasis with
telomerase-specific replication-selective adenovirus

Hiroyuki Kishimoto®?, Toru Kojima'?, Yuichi Watanabe?, Shunsuke Kagawa!?, Toshiya Fujiwara?,

1,2

Futoshi Uno!2, Fuminori Teraishil*2, Satoru Kyo4, Hiroyuki Mizuguchis, Yuuri Hashimoto?, Yasuo Urata?,

Noriaki Tanaka! & Toshiyoshi Fujiwara!?

Currently available methods for detection of tumors in vivo such
as computed tomography and magnetic resonance imaging are
not specific for tumors. Here we describe a new approach for
visualizing tumors whose fluorescence can be detected using
telomerase-specific replication-competent adenovirus expressing
green fluorescent protein (GFP) (OBP-401). OBP-401 contains
the replication cassette, in which the human telomerase reverse
transcriptase (hTERT) promoter drives expression of EI genes,
and the GFP gene for monitoring viral replication. When
OBP-401 was intratumorally injected into HT29 tumors
orthotopically implanted into the rectum in BALB/c nu/nu mice,
para-aortic lymph node metastasis could be visualized at
laparotomy under a three-chip color cooled charged-coupled
device camera. Our results indicate that OBP-401 causes viral
spread into the regional lymphatic area and selectively
replicates in neoplastic lesions, resulting in GFP expression

in metastatic lymph nodes. This technology is adaptable to
detect lymph node metastasis in vivo as a preclinical model

of surgical navigation.

ol §
@Medical imaging techniques have become an essential aspect of cancer

diagnosis, detection, and treatment monitoring. Advances and
improvements in the major imaging modalities such as computed
tomography, magnetic resonance imaging and ultrasound techniques
have increased the sensitivity of visualizing tumors and their metas-
tases in the body!?. A limiting factor of these techniques is, however,
the inability to specifically identify malignant tissues. Positron emis-
sion tomography with the glucose analog F-2-deoxy-D-glucose is the
first molecular imaging technique that has been widely applied for
cancer imaging in clinical settings®. Although 8F-2-deoxy-D-glucose—
positron emission tomography has high detection sensitivity, it has
some limitations such as the difficulty in distinguishing between
proliferating tumor cells and inflammation and the inability in
using it for real-time detection of tumor tissues. A relatively inexpen-
sive, robust and straightforward way of defining the location and area
of tumors in vivo would greatly aid the treatment of human cancer,

especially for surgical procedures. In particular, if tumors too small for
direct visual detection and therefore not detectable by direct inspec-
tion could be imaged in situ, surgeons could excise such tumors
precisely with appropriate surgical margins.

Sentinel lymph node (SLN) mapping is a minimally invasive
procedure and widely used in the management of patients with
cutaneous melanoma or breast cancer without clinical evidence of
nodal metastases*>. The technique assumes that early lymphatic
metastases, if present, are always found first within the SLN, the
first tumor-draining lymph node. A SLN free of tumor cells would
therefore predict the absence of metastatic disease in the rest of the
tumor-draining lymph node basin, which indicates that intensive
lymphadenectomy is unlikely to benefit those patients. Several studies
have validated this assumption; the sensitivity of intraoperative
frozen-section analysis for detection of nodal metastases, however, is
relatively low, and high false-negative rates have been reported®=. In
addition, thicker primary and larger SLN tumor size has been shown
to be predictive of non-SLN metastasis, presumably because of the
altered lymphatic drainage routes. These findings raise doubt about
the applicability of this technique in widespread surgical practice;
therefore, several different approaches have been taken to directly label
tumor cells to visualize and track them in vivo.

The GFP, which was originally identified from the jellyfish Aequorea
victoria, is an attractive molecular marker for imaging in live tissues
because of the relatively noninvasive nature of fluorescence!®-1>. We
previously demonstrated a real-time fluorescence optical imaging of
pleural dissemination of human non-small-cell lung cancer cells in an
orthotopic mouse model using tumor-specific replication-competent
adenovirus (OBP-301, Telomelysin)!®!7 in combination with replica-
tion-deficient adenovirus expressing GFP (Ad-GFP)'8, In the present
study we additionally modified OBP-301 to contain the GFP gene
driven by the cytomegalovirus (CMV) promoter for monitoring viral
replication. The resultant adenovirus, termed OBP-401, efficiently
labeled tumor cells with green fluorescence in vitro and in vivo.
The results showed that injection of OBP-401 into primary tumors
allows its lymphatic spread, which in turn induces viral replication in
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