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Figure 6.

Selective visualization of orthotopic HCC tumors by i.v. injection of OBP-401. A, 5 d after systemic administration of OBP-401, orthotopic

Hep3B HCC was visualized by GFP fluorescence (yellow arrow). Top, bright-field observation; bottom, fluorescence detection. B, cross-section of liver
tumor 4 wk after i.v. injection of OBP-401. GFP expression was selectively detected in the tumor. White arrow indicates normal liver tissue. Top, bright-
field observation; bottom, fluorescence detection. C, H&E section of Hep3B liver tumor of B. Top, magnification, x10; bottom, detail of the boxed region.
Magnification, x40. Boxes refer to corresponding regions in B and C with high magnification in B and C (bottom). D, orthotopic HepG2 HCC tumors
(yellow arrows) were visualized by GFP fluorescence (yellow arrows) 4 wk after i.v. injection of OBP-401.

The colorectal liver metastasis model was made by deliv-
ering cells into the portal vein as described above, whereas
the orthotopic HCC model was made by injecting cells di-
rectly into the hepatic parenchyma, where at the early stage
of tumor development most cells were thought to locate
outside of the blood vessels. Thus, i.v. injected OBP-301
could target cancer cells more effectively in the colorectal
liver metastasis model than in the HCC model. In the
HCC model, therefore, we increased the number of injec-
tions of OBP-301, which was administered biweekly (5 x
10® PFU/2 weeks i.v. for 6 weeks) starting 2 weeks after tu-
mor cell inoculation. Treatment of OBP-301 caused a signif-
icant inhibition in liver tumor growth (P < 0.01; Fig. 1D and
E). These results show that systemic dosing of OBP-301 has
significant antitumor activity against Hep3B-GFP human
HCC tumors.

Selective Visualization of Colorectal Liver Metastases
by OBP-401 Delivery of the GFP Gene

To assess the tumor detection ability of OBP-401 for colorec-
tal liver metastases, OBP-401 was administrated to mice by
portal venous delivery or systemic delivery using the tail vein.

Animals with HCT-116 experimental liver metastases
were intrasplenically injected with OBP-401 (1 x 10°
PFU/mouse) 12 days after tumor cell inoculation. The
spleen was used to access the portal venous circulation.
Five days after injection of OBP-401, the liver metastases
could be visualized by GFP fluorescence. Representative
mice are shown in Fig. 3. Cross-sections of the liver
showed that GFP fluorescence occurred mainly at the pe-
riphery of the metastatic liver nodules (data not shown).
Liver metastases in mice given 1 x 10” PFU of OBP-401
were not visualized efficiently by GFP expression (data
not shown), indicating dose response.

HCT-116 liver metastases could also be visualized by GFP
fluorescence after i.v. injection of OBP-401 (1 x 10® PFU/
mouse; Fig. 4). Cross-sections of the liver also showed tiny
metastatic foci visualized by GFP fluorescence (Fig. 5A).
Moreover, a second-look observation done 1 week after
the first laparotomy showed that early metastatic liver
tumors, not clearly visible under bright light, had been vi-
sualized with GFP fluorescence after i.v. injection of OBP-
401 at as early as day 5, indicating the possibility of early
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detection of metastatic disease (Fig. 5B). When injected with
more than 2 x 10° PEU of OBP-401, mice often showed GFP
fluorescence in normal tissues such as liver, lung, spleen,
and thoracic duct (data not shown). Theses results suggest
that colorectal liver metastases can be visualized by GFP
fluorescence both by portal venous and i.v. administration
of OBP-401.

Selective Visualization of Orthotopic HCC by OBP-401

Five days after injection of OBP-401 (1 x 10° PFU/
mouse) into the tail vein, HCC liver tumors were visualized
by GFP fluorescence (Fig. 6A). Cross-sections of the liver at
4 weeks after i.v. injection of OBP-401 showed that GFP
expression was in the cancer cells and not in normal cells
(Fig. 6B and C). Small liver tumor nodules were also visu-
alized by GFP fluorescence after i.v. OBP-401 administra-
tion (Fig. 6D). Thus, we showed that HCC liver tumors
could be selectively visualized by GFP fluorescence after
i.v. injection of OBP-401.

Many studies have shown that the majority of malignant
human tumors tested express hTERT. OBP-301 and OBP-401
specifically replicate in tumors due to hTERT expression in
tumors (11, 12, 17-19). In previous studies, OBP-301 and
OBP-401 were administered locally, such as by intratumoral
or intrapleural administration. The present report shows the
systemic efficacy of OBP-301 and OBP-401 to selectively
replicate in and kill and label primary and metastatic liver
tumors after i.v. administration. Closely related virus con-
structs will be compared with OBP-301 and OBP-401 in
the future.

Our laboratory pioneered the use of fluorescent proteins
to visualize cancer cells in vivo. Cancer cells genetically la-
beled by fluorescent proteins have increased the possibility
and sensitivity to observe progression of cancer cells in live
animals (21). To evaluate antitumor efficacy of i.v. adminis-
tration of OBP-301 against primary and metastatic liver tu-
mors, we used GFP-expressing human cancer cell lines. We
showed that i.v. administration of OBP-301 resulted in a sig-
nificant reduction in experimental liver and pulmonary
metastases in a colorectal liver metastases model and
effectively inhibited tumor formation and growth in an
orthotopic HCC model. OBP-401 has less but still significant
cytotoxic effects compared with OBP-301 (22). In fact, a
significant inhibition of tumor growth by intratumoral
injection of OBP-401 was confirmed in vivo in our previous
study (20). However, OBP-401 at the tumor-selective label-
ing dose used in this i.v. injection study could not inhibit
tumor growth effectively.

The imaging strategy using OBP-401 has a potential of
being available in humans as a navigation system in the
surgical treatment of malignancy. During surgery, tumors
that would be difficult to detect by direct visual detection
could be positively identified with GFP fluorescence
using a handheld excitation light and appropriate filter
goggles as we have shown previously in mice (23-25).
Employment of a fluorescence surgical microscope would
enable visualization of the GFP-expressing microscopic
leading edge of the tumor and allow accurate resection
with sufficient margins.

Molecular Cancer Therapeutics

As for toxicity of OBP-301 and OBP-401, only when in-
jected with 5 x 10° PFU OBP-301 for the first time, a few
mice showed lethargy but fully recovered within 1 h. None
of the mice treated with OBP-301 or OBP-401 at the doses
used in this study showed significant adverse effects during
the observation period or histopathologic changes in the
liver at the time of sacrifice. In the near future, the safety
of OBP-301 will be confirmed in a phase I clinical trial,
which is currently under way (26).

Our studies suggest the clinical potential of OBP-301 and
OBP-401.
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A Phase | Study of Telomerase-specific Replication
Competent Oncolytic Adenovirus (Telomelysin)

for Various Solid Tumors
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A phase | clinical trial was conducted to determine the
clinical safety of Telomelysin, a human telomerase reverse
transcriptase (WTERT) promoter driven modified oncolytic
adenovirus, in patients with advanced solid tumors. A sin-
gle intratumoral injection (IT) of Telomelysin was admin-
istered to three cohorts of patients (1 x 10, 1 x 10",
1 x 10'2 viral particles). Safety, response and pharmaco-
dynamics were evaluated. Sixteen patients with a variety
of solid tumors were enrolled. IT of Telomelysin was well
tolerated at all dose levels. Common grade 1 and 2 tox-
icities included injection site reactions (pain, induration)
and systemic reactions (fever, chills). hTERT expression
was demonstrated at biopsy in 9 of 12 patients. Viral DNA
was transiently detected in plasma in 13 of 16 patients.
Viral DNA was detectable in four patients in plasma or
sputum at day 7 and 14 post-treatment despite below
detectable levels at 24 h, suggesting viral replication. One
patient had a partial response of the injected malignant
lesion. Seven patients fulfilled Response Evaluation Crite-
ria in Solid Tumors (RECIST) definition for stable disease
at day 56 after treatment. Telomelysin was well tolerated.
Evidence of antitumor activity was suggested.

Received 16 July 2009; accepted 15 October 2009; advance online
publication 24 November 2009. doi:10.1038/mt.2009.262

INTRODUCTION
Conditionally replicative oncolytic viruses are engineered to repli-
cate selectively in cancer cells with specified oncogenic phenotypes.
Multiple viral backbones have been employed, although the most
commonly utilized is derived from the adenovirus serotype 5.
Two different approaches have been used to limit adenoviral
replication to cancer cells. One approach is to delete components
of viral genes (E1A, E1B) that function in part to neutralize nor-
mal cell defense (p53, Rb) mechanisms. Loss of function of the cell
defense genes in cancer cells renders the virus cytotoxic to tumor
cells but incapable of replication in normal cells, as exemplified
by ONYX-015 or A24.! Alternatively, native viral promoters that

govern the initiation of viral replication can be replaced with a
promoter region for genes that are active and/or overexpressed in
cancer cells.* The resulting constructs display viral cytolytic activ-
ity that is confined to cancer cells but at a level that approaches
that of wild-type adenovirus.? Numerous studies have confirmed
that administration of live, wild-type adenovirus to healthy, adult
humans is safe.’

Telomelysin is a novel, replication-competent adenovirus
serotype 5-based adenoviral construct that incorporates a human
telomerase reverse transcriptase gene (hTERT) promoter. hTERT
encodes for the catalytic protein subunit of telomerase, a poly-
merase that acts to stabilize telomere lengths and is highly expressed
in tumors but not in normal, differentiated adult cells.**

Additional modifications of Telomelysin include the replace-
ment of the normal transcriptional element of viral E1B gene by an
IRES (Internal Ribosomal Entry Site) sequence to minimize “leak-
iness” further enhancing specificity. Furthermore, Telomelysin
is the first replication-competent adenovirus that retains a fully
functional viral E3 region.f

In vitro studies have validated the selective infectivity and
direct cytolysis of Telomelysin in cancer cells but not nonmalig-
nant cells.® In animal experiments, intratumoral injection (IT) of
Telomelysin demonstrated antitumor activity without significant
toxicity to normal organs. Additionally, distant viral uptake was
observed following IT evidenced by the presence of adenoviral
protein identified in noninjected tumor following intratumoral
treatment of the contralateral tumor.?

These encouraging preclinical findings of safety and directed
antitumor activity form the basis of our phase I study, which is
designed to validate safety, response and pharmacodynamics of
Telomelysin in advanced cancer patients.

RESULTS

Patient profile

Sixteen patients were entered into trial: three each into cohorts
1 and 2 and 10 into cohort 3. The age, sex, histological diagno-
sis, and prior treatments of the evaluated patients are shown in
Table 1.
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Table 1 Patient demographics

© The American Society of Gene & Cell Therapy

Table 2 List of common? adverse events

Patient Age Sex Histological diagnosis Prior treatments
1(101) 57 F  Squamous cell ca XRT, carboplatin,
unknown primary docetaxel, anastrozole
2 (102) 54 M Melanoma Interferon, dacarbazine
3(103) 34 F  Melanoma Lenalidomide,
dacarbazine, vinblastine,
cisplatin, IL-2, interferon
4(204) 60 M Salivary gland tumor XRT, perifosine
5(205) 69 M Squamous cell ca base Cisplatin, XRT
of tongue
6 (206) 60 F  Leiomyosarcoma Doxorubicin, ifosfamide,
gemcitabine, docetaxel,
perifosine
7 (307) 52 F  Neuroendocrine tumor  Irinotecan, cisplatin,
topotecan, docetaxel,
pemetrexed, CT 2103,
XRT
8 (308) 78 F  Melanoma Interferon
9 (309) 54 M NSCLC Paclitaxel, carboplatin,
pemetrexed, XRT
10 (310) 49 M Squamous cell cabase  Paclitaxel, carboplatin,
of tongue cisplatin, fluorouracil,
cetuximab, XRT
11 (311) 60 M Squamous cell ca floor  Cisplatin, XRT
of mouth
12 (312) 48 M Melanoma Interferon, melphalan,
actinomycin-D
13 (313) 54 F  Sarcoma None
14 (314) 38 M Basal cell carcinoma Cisplatin, fluorouracil
15 (315) 54 F  Squamous cell ca of Capecitabine,
gall bladder gemcitabine
16 (316) 46 F  Breast cancer Doxorubicin,
cyclophosphamide,

paclitaxol, herceptin,
tamoxifen, anastrozole,
capecitabine, docetaxel

M, male; F, Female.

Adverse events

No clinically significant grade 3 or 4 treatment related toxic events
were experienced by any patients. There were multiple grade 1
and 2 adverse events, with the most common being fever, chills,
fatigue, and injection site pain (Table 2). Thirteen patients devel-
oped asymptomatic transient lymphocyte decreases, seven grade
2, five grade 3 and one grade 4, 24 hours after Telomelysin injec-
tion with complete recovery by day 7 following injection.

Clinical response

Eleven patients satisfied Response Evaluation Criteria in Solid
Tumors (RECIST) criteria for stable disease response to the injected
lesion at Day 28, three had progressive disease and two more uneval-
uable. Seven of the day 28 stable disease patients had stable disease
at day 56, two had progressive disease and two were unevaluable.
One patient (pt 308) had 33% reduction of injected lesion at day 28
and 56.7% reduction of injected lesion at day 56 (see Figure 1).

103

Grade Grade Grade  Overall
1 2 3,4 (N=16)
Cardiac arrhythmia
Supraventricular and 2 1 0 3
nodal arrhythmia—sinus
tachycardia
Gastrointestinal
Nausea 3 1 0 4
Constitutional Sypmtoms
Chills 1 5 0 6
Fatigue 7 2 0 9
Edema peripheral 1 2 0 3
Fever 3 3 0 6
Pain -
Bone 2 1 0 3
Muscle 0 3 0 3
Extremity 2 1 0 3
Pain 3 1 0 4
Headache 3 1 0 4
Pulmonary/upper respiratory
Nasal cavity/paranasal 2 1 0 3
reactions
Dermatology/skin
Erythema 0 0 3 3
Injection site bruising 3 0 0 3
Injection site erythema 1 4 0 5
Injection site pain 4 2 0 6

*Occurring in >15% of patients (n = 16).

Postinjection biopsies performed at day 28 on four of the
patients with stable disease revealed necrosis that may or may
not be treatment induced. Three of these patients had melanoma.
Survival of all patients ranged from 1 to 21 months (median 10).

Viral pharmacokinetics analysis

Systemic dissemination of Telomelysin was evaluated by collec-
tion of patient plasma, urine, sputum, and saliva at time points
before and after IT. Quantitative real-time PCR analysis was car-
ried out with primers that were specific for the Telomelysin E1A
and IRES regions. We detected the presence of viral DNA in 13
of 16 patient plasma samples tested, including 9 of 10 patients
in cohort 3 (Table 3). Plasma viral DNA was detected between
30 minutes and 6 hours in most patients, at concentrations that
ranged from 2.1 x 10* to 1.5 x 107 viral copies/ml. We detected the
presence of plasma viral particles in two cohort 3 patients. Viral
DNA copies detected on day 7 (pt 312: 3.7 x 10% pt 316: 2 x 10*
viral copies/ml, respectively) were ~10-50-fold higher than detec-
tion threshold (400 vp/ml). Viral DNA was also detected in one
cohort 2 patient on days 7 and 14 [pt 205: 3.7 x 10? (day 7), 6.0 x
10° (day 14)] but not at (Figure 2). No viral DNA was detected at
24 hours post-treatment for these patients, suggesting that detect-
able levels of viral DNA at days 7 and 14 may constitute a second
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Figure 1 Patient 308: Initial response of the largest of three meta-
static melanoma lesions involving the right thigh.
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Figure 2 Detection of Telomelysin viral DNA in patient plasma
samples on various days post-treatment. Data represented at day 1
constituted peak values determined at up to 6 hours post-treatment.
All patients exhibited below detection levels of plasma viral particles
(<400vp/ml) at day 1 post-treatment.

wave of viremia from replication. Viral DNA was detected in
two cohort 3 sputum specimens on day 1 (pt 310: 8.2 x 10" viral
copies/ml) and day 7 (pt 307, 5 x 10* viral copies/ml) but not at
earlier time points post-treatment. Viral DNA was not detected
in any other body fluid compartments examined. The systemic
detection of viral DNA at these extended time points is suggestive
of viral replicative activity.

Viral ETA and hexon expression in treated tumors
Immunohistochemical evaluation of adenoviral hexon protein
expression in treated tumor biopsies was carried out as a sur-
rogate indicator of viral replicative activity at days 28 and 56
postinjection. Viral hexon protein expression was not detected in
Telomelysin treated tumor biopsies collected at days 28 and 56
from 15 of 16 patients (Table 3), whereas one patient displayed an
equivocal reaction at day 56 but not day 28. Viral E1A expression
was uniformly negative from all 16 patients. The negative find-
ings indicate that viral replicative activity did not extend to these
time points, despite suggestion of viral dissemination for up to day
7-14 after the single viral injection.

Neutralizing antibody response

To identify systemic immune-activating events from intratumoral
Telomelysin treatment, a functional assay with Telomelysin-
infected HEK 293 cells was used to determine the neutralizing
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Table 3 Pharmacokinetics and immune response assessments

No. positive?/No. tested

Analyses performed® Total Cohort 1 Cohort 2 Cohort 3
Viral DNA in plasma 13/16 2/3 2/3 9/10
Viral DNA in sputum 2/16 0/3 0/3 2/10
Viral DNA in urine and 0/16 0/3 0/3 0/10
saliva

Endogenous hTERT 9/12" 2/3 /1 6/8
expression

ADV neutralizing 14/14 3/3 3/3 8/8
antibody (D28) _

Viral plaque assay 3/16 0/3 0/3 3/10
Serum IL-6 8/9¢ 33 2/3 3/3
Serum IL-10 7194 2/3 2/3 3/3
Serum IFN-y 2/9¢ 2/3 0/3 0/3
In situ viral hexon (D56) 1/16 0/3 0/3 1/10
Lymphocyte subset 0/10 0/0 0/0 0/10
alterations by

immunophenotyping

analysis

Positive at any post-treatment time point tested. "12 of 15 patients with
adequately recovered RNA were analyzed. ‘d28 plasma samples were not
collected from patients 313 and 316 in cohort 3. ‘Only first 3 patients per cohort
were analyzed, per protocol.

antibody (NAD) titer of patients entered into trial. Blocking
activity of graded concentrations of the patient’s pre- and post-
treatment plasma was determined by light microscopy. An ele-
vated NAD titer was observed in 14 of 14 plasma samples collected
at day 28 (Table 3). Two patients (pt 313 and pt 316) did not have
samples collected. The increase in titer ranged from 8- to 512-fold
(Figure 3). However, the magnitude of titer increase did not cor-
relate either with dose or with the presence or absence of a pre-
existing NAD titer (Figure 3).

Serum cytokines

Non specific systemic immune activation from intratumoral
Telomelysin treatment was observed as evidenced by an elevated
increase in serum cytokine levels, in particular, interleukin-6
(IL-6) and IL-10 in all cohorts (Table 3). An elevated IL-6 level
(>50%) was observed in 8 of 9 patients tested, as early as 30 min-
utes after treatment. Increased IL-10 level was also observed in
7 of 9 patients, whereas two patients had elevated interferon-y.

Peripheral blood lymphocyte immunophenotyping
There were no demonstrable trends of altered post-treatment
changes in the frequency distribution of CD4* T, CD8* T, B, and
NK cells that correlated with viral treatment (Table 3) in 10 tested
patients.

hTERT mRNA

To validate viral replication permissiveness of injected tumor
specimens, real time, quantitative real-time-PCR assays were car-
ried out retrospectively using tumor biopsy specimens collected
before treatment, using total RNA from frozen patient tumor
biopsy and primers and a TagMan probe specific to hTERT or the
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Neutralizing antibody titer
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Figure 3 Neutralizing antibody titer. Change in neutralizing antibody
titer on day 28 after injection compared to baseline. *Patients 313 and
316 did not have day 28 plasma samples to determine post-treatment
neutralizing antibody titer.

housekeeping gene GAPDH (glyceraldehyde-3-phosphate dehy-
drogenase). Tumor hTERT expression was carried out in 12 of 15
tumor biopsies that yielded adequate RNA. Tumor biopsy was not
available from pt 316. Endogenous hTERT expression was detected
in 9 of the 12 tumor biopsy specimens (Table 3). These included
two with high hTERT (>10" copies/pg) mRNA expression (one in
cohort 2 and one in cohort 3), four with moderate expression (10*~
10* copies/pg) (one in cohort 1, three in cohort 3), and three with
low expression (<10° copies/pg) (one in cohort 1, two in cohort 3).
hTERT was below detection limit in three other patients tested
(one in cohort 1, two in cohort 3). Of the three patients with pro-
longed, detectable plasma viral DNA at day 7 post-treatment, pt
205 displayed a high level of endogenous hTERT mRNA, whereas
tumor samples were either unavailable (pt 316) or inadequate
(pt 312) for assessment. These limited findings confirm hTERT
expression in the majority of human tumors.

DISCUSSION

Telomelysin administration in this Phase I safety trial demon-
strated safety with no treatment related grade 3/4 adverse effects.
Further, we observed the encouraging findings of one patient
with partial response at day 56 after a single IT. The transient
presence of systemic Telomelysin dissemination following IT
was documented early after IT injection. Immune activation was
observed, with cytokine upregulation of IL-6 and IL-10 and the
induction of viral neutralizing antibodies. Limited suggestive
evidence of vial replication was observed at day 7 post-treatment
in three patients, for whom plasma viremia was not detected on
day 1. One of these three patients had elevated malignant tissue
hTERT expression with a significant clinical response. However,
these limited findings require additional confirmation as we can-
not completely exclude the unlikely possibility of delayed viral
clearance. Immunohistochemical analysis of viral E1A and hexon
was negative 28 days after injection suggesting rapid clearance.
In Galanis’ Phase II osteosarcoma trial with ONYX-015, 5 of 6
patients had detectable viral DNA on Day 5 of the first cycle.” In
Makower’s hepatobiliary tumor trial with ONYX-015, no viral
DNA was detected in plasma following intralesional injection.®
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In our previous work with ONYX-015 we showed that 41% of
patients had detectable viral DNA at days 5 and 6, and 9% had
circulating DNA at day 10.

Adenoviral immunogenicity can be affected by viral struc-
tural modification (E3 region function), physical properties
(temperature), other agents (enbrel, steroids), serotype status,
removal of neutralizing antiviral antibodies (plasmapheresis) or
presence of antibody producing cells (B-cell inhibition secondary
to Ribavirin, Rituxan), use of physical shields (liposome, poly-
mer, cellular delivery), and/or alteration of neutralizing surface
epitopes (hexon, knob, fiber).**

Evidence of clinical efficacy has previously been demon-
strated with a E1B-55 kd deleted oncolytic adenoviral therapeutic
(ONYX-015); however, the opportunity to move towards systemic
administration was hampered by efficacy results and the limita-
tions imposed by rapid viral clearance and low replication capac-
ity. These data were insufficient for advancement of phase III
development with ONYX-015. Telomelysin was designed with a
structure to enhance tumor selective viral gene expression (1"TERT
promoter) thereby allowing the opportunity to consider systemic
administration in tandem with masked delivery approaches.**
The adenovirus early transcription unit (E3) encodes for poly-
peptides (14.7 k, 10.4, 14.5),%* which function to directly block
tumor necrosis factor-o activation as well as apoptotic pathways
shared by tumor necrosis factor-a and fas. 44! The E3 gp19k pro-
tein functions to bind and retain MHC class I molecules within
the endoplasmic reticulum, thus preventing surface presentation
of viral antigens, thereby limiting class I-restricted CTL clear-
ance of virally infected cells.’*3*42-%> The expression of the E3 gene
region products may, therefore, decrease viral clearance, increase
the expression of those viral genes that suppress immune recogni-
tion and enhance viral replication.¢

In conclusion, both activity and safety of a single injection
approach for Telomelysin has been demonstrated. However, despite
activity in a subset of patients, limited clinical relevant responses
were observed in others. This may be attributed to the single viral
treatment administered to each patient. An increase in viral NAb
titer in all patients tested is indicative of systemic immune sensi-
tization following IT. We and others have shown previously that
systemic viremia can be maintained at 3-6 days after second intra-
venous or intra-arterial treatments in spite of the presence of high
levels of NADb titers and antiviral cytokines.”* Thus repeat intra-
tumoral or intranvenous injection of Telomelysin is a viable treat-
ment option to achieve an improved clinical response. Alternatively,
artificial envelopment of Telomelysin with bilamellar cationic lipo-
somes for “stealth” systemic delivery may be applicable for improv-
ing systemic pharmacokinetics and coxsackie and adenovirus
receptor-independent tropism.*** With these considerations, data
support further clinical assessment of a multi treatment schedule.

MATERIALS AND METHODS

Test article. Telomelysin is manufactured at Introgen Therapeutics,
Houston, TX. Telomelysin was reconstituted using aseptic technique in a
Biocontainment Level 2 ISO Class 5 Biosafety Cabinet.

Study design. This was a dose escalation study in patients with advanced
solid tumors. A single IT of virus particles (vp) was administered through a
single injection site using a radial method of distribution in order to evenly
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distribute material to both peripheral and central sites of growing tumor
without removing the needle completely from the tumor. Most of the viral
dose was administered at the tumor periphery and at the interface between
normal tissue and tumor; prior studies have indicated improved efficacy
with this administration approach.® Attempts were made to distribute the
virus uniformly along the needle tracks by gradually depressing the syringe
plunger during withdrawal of the needle. Each patient was enrolled into
one of the following cohorts: Cohort 1: 1 x 10*vp/tumor (1 = 3); Cohort
2:1 x 10" vp/tumor (n = 3); Cohort 3: 1 x 102 vp/tumor (n = 10). Patients
in cohorts 1 and 2 remained on study for 28 days after injection. Cohort 3
patients were followed until day 56 post-treatment.

Viral DNA was monitored using quantitative PCR (Q-PCR)
technique. After the first patient was enrolled into Cohort 1, each of the
remaining patients (i.e., pt 2 and pt 3) was enrolled. In Cohort 1, clearance
of viral DNA in all body fluid specimens including blood, saliva, sputum,
and urine of the preceding patients by two consecutive negative Q-PCR
results at least 3 days apart was required. Enrollment of the first patient
in Cohort 2 began when viral DNA results on the last patient in Cohort 1
were negative on two consecutive tests at least 3 days apart.

If a dose-limiting toxicity was observed in one of three patients related
to Telomelysin, an additional three patients were enrolled. If only one of
the six total patients experienced a dose-limiting toxicity, then the dose
escalation would be continued to the next cohort. If two or more of the
six patients experienced a dose-limiting toxicity, the maximum tolerated
dose would be defined as exceeded and an additional three patients would
be treated at the dose level below. Toxicities were graded and reported
according to the National Cancer Institute common terminology criteria
for adverse events, version 3.0. Response was evaluated in this study using
the international criteria proposed by the RECIST Committee.

Study population. Patients with superficial accessible cancer who had
failed at least one prior therapeutic regimen and for whom effective con-
ventional therapy was not available were eligible for the study. All patients
were required to be at least 18 years old, have histologically confirmed
carcinoma and a Karnofsky performance status of at least 70%. Inclusion
was also predicated on normal laboratory assessment. All patients were
required to provide written consent according to local institutional review
board-approved guidelines. Women and men of reproductive potential
were required to use contraception.

Baseline assessments included: concomitant medications, interval
history, physical examination, performance status, tumor assessment,
medical laboratory studies, adenoviral NAb, urinalysis, tumor biopsy,
viral DNA in blood, saliva, sputum, and urine. Viral plaque forming
titer in serum, cytokine levels (IL-6, IL-10, INE-y). Peripheral blood
immunephenotype analyses were performed for Cohort 3 patients.

Assessments were performed using samples collected as follows:
plasma viral DNA: pretreatment and at 30 minutes, 1 hour, 3 hours,
6 hours and on days 1, 7, 14, 21, 28, and 56 post-treatment; viral DNA
in sputum, urine, and saliva: pretreatment and days 1, 7, 14, 21, 28,
and 56 postinjection; endogenous hTERT expression: assessed with
pretreatment tumor biopsy; adenovirus NAb: pretreatment and day 28
post-treatment; cytokine: pretreatment and 30 minutes, 1 hour, 6 hours,
_ and on days 1, 14, and 28 post-treatment for first three patients per
cohort only; immunohistochemistry for viral hexon: tumor biopsies
collected - pretreatment - and -on days 28 and day 56 post-treatment;
immunephenotyping analysis: pretreatment and days 7, 14, and 28 post-
treatment. Viral plaque assay was performed only on patient plasma
samples that yielded 21 x 10°vp/ml by Q-PCR analysis.

Detection of viral DNA. Patient samples were collected previral infusion and
on day 0 (1 hour, 3 hours, 6 hours post-treatment), day 1, 7, 14, 21, 28, and
56 post-IT. DNA extraction was carried out from patient’s archived, frozen
tumor biopsy specimen, plasma; sputum, saliva, and urine specimens. Viral
DNA was quantified by real-time Q-PCRs. Briefly, DNA was extracted with
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the Qiagen QIAmp DNA Mini Kit (plasma and saliva samples) or QlAamp
Viral RNA Mini Kit (urine and sputum samples). Plasma, saliva, sputum,
and urine samples from normal donors were used for protocol validation,
with or without “spiking” with known amounts of Telomelysin immediately
prior to DNA extraction. Q-PCRs were carried out on the iQ5 Q-thermal
cycler (BioRad, Hercules, CA), using Telomelysin-specific primers for the
E1A and IRES region and the 2 x Power SYBR Green PCR Master Mix
(Applied Biosystems, Foster City, CA). The amounts of detectable viral par-
ticles were quantified by extrapolation with a standard curve, generated with
serially diluted (1:10) DNA templates with predetermined copy numbers
(10 to 1 x 10° copies) of pure Telomelysin viral DNA. A positive response is
based on the detection of both IRES- and E1A amplification products with
an assay threshold of 4 x 10?vp/ml for plasma and saliva; 1 x 10*vp/ml for
urine; 2 x 10° vp/ml for sputum samples for both reactions.

Primer sequences
IRES-Forward 5'-GAT TTT CCA CCA TAT TGC CG
IRES-Reverse 5'-TTC ACG ACATTC AAC AGA CC
ElA-Forward 5'-CCT GTG TCT AGA GAA TGC AA
E1A-Reverse 5'-ACA GCT CAA GTCCAA AGGTT.

Endogenous hTERT expression in patient tumor. To validate viral repli-
cation, real time, quantitative real-time-PCR assays were carried out with
total RNA from patient tumor biopsy. Briefly, Q-PCR assays were carried
out on iQ5 Q-PCR machine (BioRad), using primers and a TagMan probe
specific to hTERT or GAPDH (Sigma/Proligo, St Louis, MO), and TagMan
Core PCR reagents (Applied Biosystems). Total RNA was extracted with the
RNeasy Mini Kit (Qiagen, Valencia, CA). cDNAs were generated according
to manufacturer’s instructions (RETROscript kit; Ambion, Foster City, CA).
PCR standard curves for determination of gene copy number in the reaction
template were generated with triplicate reactions, using 1:10, serially diluted
samples of either the h\TERT or GAPDH PCR amplification products.

Primer sequences
hTERT Forward primer: 5'-GCACTGGCTGATGAGTGTGT-3'
hTERT Reverse primer: 5'- CTCGGCCCTCTTTTCTCTG-3'
WTERT TaqMan probe: 5'-(FAM) TTGCAAAGCATTGGAATCAGA
CAGCACT-(TAMRA)-3'
GAPDH Forward primer: 5'-GAAGGTGAAGGTCGTAGTC-3'
GAPDH Reverse primer: 5-GAAGATGGTGATGGGATTTC-3'
GAPDH TagMan probe: 5'-(FAM) CAAGCTTCCCGTTCTCAGCC
(TAMRA)-3'".

Immunohistochemical analysis. A previously described automated immu-
noperoxidase staining technique was used to characterize viral protein
expression.” Briefly, viral E1A and hexon expression was determined with
the avidin-biotin-complexed immunoperoxidase reaction (iVIEW DAB
Detection kit; Ventana Medical Systems, Tucson, AZ) following initial
incubation with antibodies specific to viral E1A (prediluted mouse mono-
clonal adenovirus type 5 E1A antibody, GeneTex, Irvine; CA), or hexon
(goat antiadenovirus polyclonal antibody (Millipore, Billerica, MA), using
the Ventana 320ES System (Ventana Medical Systems, Tucson, AZ).

Flow cytometric immunophenotype analysis. Peripheral blood immuno-
phenotype analysis was carried by a two color immunofluorescence reac-
tion and flow cytometric analysis as described previously.® The frequency
distribution of T, B, and NK cell subsets: CD45-FITC/CD14-PE, CD3-
FITC/CD19-PE, CD4-FITC/CD8-PE, CD13-FITC [CD16 CD56]-PE (all
from BD Biosciences, San Jose, CA) were determined.

Serum cytokine analysis. ELISA assays (R&D Quantikine kits, Minneapolis,
MN) were used to quantify patient serum cytokine levels.*’ Serial serum
samples were analyzed simultaneously, using cytokine-specific immunoas-
say reagents. The colorimetric reaction was quantified as a function of optical
density absorbance at 450nm with the correction wavelength set at 540nm
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(SpectraMax 340; Molecular Devices, Sunnyvale, CA). The minimal detectable
concentration was as follows: interferon-y: <16pg/m}; IL-10: <8 pg/ml; IL-6:
<1pg/ml. The percent increase in cytokine level at any time point post-treat-
ment was determined through comparison with serum harvested before
Telomelysin injection. Based on inter- and intra-sample variations, increases
in cytokine level of 250% over baseline were considered significant.

Antiadenovirus antibodies. Adenovirus-NAb titer in patient plasma samples
was measured as a function of blocking human adenovirus infection of 293
cells. Briefly, twofold serially diluted patient plasma samples were added to
293 cells that were infected with Telomelysin virus. The plates were evaluated
microscopically for the percentage of cells that lysed in presence of patient
plasma samples at 72 and 96 hours postinfection. The adenovirus-NAb titer
for a given sample was the highest dilution of the plasma that showed a
blocking effect (>60% 293 cells intact and attached as monolayer).
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