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DESCRIPTION

ONCOLYTIC VACCINIA VIRUS CANCER THERAPY

BACKGROUND OF THE INVENTION

I. FIELD OF THE INVENTION

[0001] The present invention relates generally to the fields of oncology and virology.
More particularly, it concerns poxviruses, specifically including oncolytic vaccinia viruses

suitable for the treatment of cancer.

IL. BACKGROUND

[0002]  Normal tissue homeostasis is a highly regulated process of cell proliferation and
cell death. An imbalance of ecither cell proliferation or cell death can develop into a
cancerous state (Solyanik et al., 1995; Stokke et al., 1997, Mumby and Walter, 1991; Natoli
et al., 1998; Magi-Galluzzi et al., 1998). For example, cervical, kidney, lung, pancreatic,
colorectal, and brain cancer are just a few examples of the many cancers that can result
(Erlandsson, 1998; Kolmel, 1998; Mangray and King, 1998; Mougin ef al., 1998). In fact,
the occurrence of cancer is so high that over 500,000 deaths per year are attributed to cancer

in the United States alone.

[0003] The maintenance of cell proliferation and cell death is at least partially regulated
by proto-oncogenes and tumor suppressors. A proto-oncogene or tumor Suppressor can
encode proteins that induce cellular proliferation (e.g., sis, erbB, src, ras and myc), proteins
that inhibit cellular proliferation (e.g., Rb, p16, p19, p21, p53, NF1 and WT1) or proteins that
regulate programmed cell death (e.g., bc1-2) (Ochi et al., 1998; Johnson and Hamdy, 1998;
Liebermann et al., 1998). However, genetic rearrangements or mutations of these proto-
oncogenes and tumor suppressors result in the conversion of a proto-oncogene into a potent
cancer-causing oncogene or of a tumor suppressor into an inactive polypeptide. Often, a
single point mutation is enough to achieve the transformation. For example, a point mutation
in the p53 tumor suppressor protein results in the complete loss of wild-type p53 function

(Vogelstein and Kinzler, 1992).

[0004] Currently, there are few effective options for the treatment of many common

cancer types. The course of treatment for a given individual depends on the diagnosis, the
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stage to which the disease has developed and factors such as age, sex, and general health of
the patient. The most conventional options of cancer treatment are surgery, radiation therapy
and chemotherapy. Surgery plays a central role in the diagnosis and treatment of cancer.
Typically, a surgical approach is required for biopsy and to remove cancerous growth.
However, if the cancer has metastasized and is widespread, surgery is unlikely to result in a

cure and an alternate approach must be taken.

[0005] Radiation therapy and chemotherapy are the most common alternatives to surgical
treatment of cancer (Mayer, 1998; Ohara, 1998; Ho ef al., 1998). Radiation therapy involves
a precise aiming of high energy radiation to destroy cancer cells and much like surgery, is
mainly effective in the treatment of non-metastasized, localized cancer cells. Side effects of
radiation therapy include skin irritation, difficulty swallowing, dry mouth, nausea, diarrhea,
hair loss, and loss of energy (Curran, 1998; Brizel, 1998). Chemotherapy, the treatment of
cancer with anti-cancer drugs, is another mode of cancer therapy, and most chemotherapy
approaches include the combination of more than one anti-cancer drug, which has proven to
increase the response rate of a wide variety of cancers (U.S. Patent 5,824,348; U.S. Patent
5,633,016 and U.S. Patent 5,798,339, incorporated herein by reference). However, a major
side effect of chemotherapy drugs is that they also affect normal tissue cells, with the cells
most likely to be affected being those that divide rapidly in some cases (e.g., bone marrow,
gastrointestinal tract, reproductive system and hair follicles). Other toxic side effects of
chemotherapy drugs can include sores in the mouth, difficulty swallowing, dry mouth,

nausea, diarrhea, vomiting, fatigue, bleeding, hair loss, and infection.

[0006] Replication-selective oncolytic viruses hold promise for the treatment of cancer
(Kirn et al., 2001). These viruses can cause tumor cell death through direct replication-
dependent and/or viral gene expression-dependent oncolytic effects (Kirn et al., 2001). In
addition, viruses are able to enhance the induction of cell-mediated antitumoral immunity
within the host (Todo et al., 2001; Sinkovics et al., 2000). These viruses also can be
engineered to expressed therapeutic transgenes within the tumor to enhance antitumoral
efficacy (Hermiston, 2000). However, major limitations exist to this therapeutic approach as

well.

[0007] Therefore, more additional therapies for the treatment of cancer are needed. The

use of oncolytic viruses presents a potential area for development.
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SUMMARY OF THE INVENTION

[0008] Embodiments of the invention are directed to methods that include administration
of a thymidine kinase deficient vaccinia virus. The methods include administering the
vaccinia virus at increased viral concentrations. In certain aspects, the methods include
inducing oncolysis or collapse of tumor vasculature in a subject having a tumor comprising
administering to said subject at least 1 x 10° viral particles of a TK-deficient, GM-CSF-
expressing, replication-competent vaccinia virus vector sufficient to induce oncolysis of cells
in the tumor. In a further aspect of the invention, the methods can exclude pre-treatment of a
subject with a vaccinia vaccine, e.g., a subject need not be vaccinated 1, 2, 3, 4, 5, or more
days, weeks, months, or years before administering the therapy described herein. In some
aspects, non-injected tumors or cancer will be infected with the therapeutic virus, thus

treating a patient by both local administration and systemic dissemination.

[0009] In certain aspects, the subject is administered at least 2 x 10°, 5 x 10%, 1 x 10” 2 x
10°,5x 10°, 1 x 10", 5x 10", 1 x 10", 5x 10", 1 x 10'%, 5 x 10" or more viral particles or
plaque forming units (pfu), including the various values and ranges there between. The viral
dose can be administered in 0.1, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more mL, including all values
and ranges there between. In one aspect, the dose is sufficient to generate a detectable level
of GM-CSF in serum of the patient, e.g., at least about, at most about or about 5, 10, 40, 50,
100, 200, 500, 1,000, 5,000, 10,000, 15,000 to 20,000 pg/mL, including all values and ranges
there between. It is contemplated that a single dose of virus refers to the amount
administered to a subject or a tumor over a 1, 2, 5, 10, 15, 20, or 24 hour period. The dose
may be spread over time or by separate injection. Typically, multiple doses are administered
to the same general target region, such as in the proximity of a tumor or in the case of
intravenous administration a particular entry point in the blood stream or lymphatic system of
a subject. In certain aspects, the viral dose is delivered by injection apparatus comprising a
needle providing multiple ports in a single needle or multiple prongs coupled to a syringe, or
a combination thereof. In a further aspect, the vaccinia virus vector is administered 2, 3, 4, 5,
or more times. In still a further aspect, the vaccinia virus is administered over 1, 2, 3, 4, 5, 6,

7 or more days or weeks.

[0010] In certain embodiments the subject is a human. The subject may be afflicted with
cancer and/or a tumor. In certain embodiments the tumor may be non-resectable prior to

treatment and resectable following treatment. In certain aspects the tumor is located on or in
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the liver. In other aspects, the tumor can be a brain cancer tumor, a head and neck cancer
tumor, an esophageal cancer tumor, a skin cancer tumor, a lung cancer tumor, a thymic
cancer tumor, a stomach cancer tumor, a colon cancer tumor, a liver cancer tumor, an ovarian
cancer tumor, a uterine cancer tumor, a bladder cancer tumor, a testicular cancer tumor, a
rectal cancer tumor, a breast cancer tumor, or a pancreatic cancer tumor. In other
embodiments the tumor is a bladder tumor. In still further embodiments the tumor is
melanoma. The tumor can be a recurrent, primary, metastatic, and/or multi-drug resistant
tumor. In certain embodiments, the tumor is a hepatocellular tumor or a metastasized tumor

originating from another tissue or location. In certain aspects the tumor is in the liver.

[0011] In certain aspects, the method further comprises administering to the subject a
second cancer therapy. The second cancer therapy can be chemotherapy, biological therapy,
radiotherapy, immunotherapy, hormone therapy, anti-vascular therapy, cryotherapy, toxin
therapy and/or surgery, including combinations therecof. In a further aspect, the
chemotherapy can be taxol or sorafenib. In still a further aspect, surgery includes the
transarterial chemoembolization (TACE procedure, see Vogl et al., European Radiology
16(6):1393, 2005). The method may further comprise a second administration of the vaccinia
virus vector. Methods of the invention can further comprise assessing tumor cell viability
before, during, after treatment, or a combination therecof. In certain embodiments the virus is
administered intravascularly, intratumorally, or a combination thereof. In a further aspect
administration is by injection into a tumor mass. In still a further embodiment, administration
is by injection into or in the region of tumor vasculature. In yet a further embodiment,
administration is by injection into the lymphatic or vasculature system regional to said tumor.
In certain aspects the method includes imaging the tumor prior to or during administration.
In certain aspects, a patient is or is not pre-immunized with a vaccinia virus vaccine. In a

further aspect, the subject can be immunocompromised, either naturally or clinically.

[0012] In certain aspects, the virus is administered in an amount sufficient to induce
oncolysis in at least 20% of cells in an injected tumor, in at least 30% of cells in an injected
tumor, in at least 30% of cells in an injected tumor, in at least 40% of cells in an injected
tumor, in at least 50% of cells in an injected tumor tumor, in at least 60% of cells in an
injected tumor, in at least 70% of cells in an injected tumor, in at least 80% of cells in an

injected tumor, or in at least 90% of cells in an injected tumor.
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[0013] In certain embodiments, the vaccinia virus comprises one or more modified viral
genes. The one or more modified viral genes may comprise one or more of (a) an interferon-
modulating polypeptide; (b) a complement control polypeptide; (c) a TNF or chemokine-
modulating polypeptide; (d) a serine protease inhibitor; (¢) a IL-13 modulating polypeptide;
(f) a non-infectious EEV form polypeptide; (g) a viral polypeptide that act to inhibit release
of infectious virus from cells (anti-infectious virus form polypeptide) or combinations

thereof.

[0014] Embodiments of the invention target common, critical cancer pathways.
Targeting these pathways involves the modulation of various cellular mechanisms (e.g.,
cellular thymidine kinase levels: E2F-responsive; EGF-R pathway activation; immune
sanctuary: anti-viral IFN response (ras, p53); VEGF-induced vascular pore size: deposition
IV) leading to multiple efficacy mechanisms, such as oncolysis: necrosis, vascular shut-

down, CTL attack induction, systemic: IT, IV; tumor-specific CTLs.

[0015] Embodiments of the invention build on phase I clinical trials demonstrating safety
and efficacy of vaccinia virus as a cancer treatment. A metastatic melanoma clinical trial
with seven patients with a median life expectancy < 6 months enrolled were conducted using
intratumoral injections in a bi-weekly dose escalation study. The trial indicated that vaccinia
virus was safe, well-tolerated and resulted in tumor responses in 5 patients (71%) with two

long-term survivors disease-free.

[0016] Initial results from phase I/ trials have also demonstrated continued safety of JX-
594. Flu-like symptoms were observed for 5-8 days. A transient decrease platlelets (plt),
lymph, absolute neutrophil count (ANC) (typically Gr1-2) was also observed. There was one
death on study Day 8, but was determined not to be related to treatment. Overall, JX-594
viremia was well-tolerated with an immediate post-injection (15-30 min.): max 3 x 10° total

genomes in blood and a replication peak (Day 5-8): max 10" total genomes in blood.

[0017] Other embodiments of the invention are discussed throughout this application.
Any embodiment discussed with respect to one aspect of the invention applies to other
aspects of the invention as well and vice versa. The embodiments in the Example section are
understood to be embodiments of the invention that are applicable to all aspects of the

invention.
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[0018] The terms “inhibiting,” “reducing,” or “prevention,” or any variation of these
terms, when used in the claims and/or the specification includes any measurable decrease or

complete inhibition to achieve a desired result.

[0019] The use of the word “a” or “an” when used in conjunction with the term
“comprising” in the claims and/or the specification may mean “one,” but it is also consistent

2% ¢

with the meaning of “one or more,” “at least one,” and “one or more than one.”

[0020] It is contemplated that any embodiment discussed herein can be implemented with
respect to any method or composition of the invention, and vice versa. Furthermore,

compositions and kits of the invention can be used to achieve methods of the invention.

[0021] Throughout this application, the term “about” is used to indicate that a value
includes the standard deviation of error for the device or method being employed to

determine the value.

[0022] The use of the term “or” in the claims is used to mean “and/or” unless explicitly
indicated to refer to alternatives only or the alternatives are mutually exclusive, although the

disclosure supports a definition that refers to only alternatives and “and/or.”

[0023] As used in this specification and claim(s), the words “comprising” (and any form
of comprising, such as “comprise” and “comprises”), “having” (and any form of having, such
as “have” and “has”), “including” (and any form of including, such as “includes” and
“include”) or “containing” (and any form of containing, such as “contains” and “contain”) are

inclusive or open-ended and do not exclude additional, unrecited elements or method steps.

[0024] Other objects, features and advantages of the present invention will become
apparent from the following detailed description. It should be understood, however, that the
detailed description and the specific examples, while indicating specific embodiments of the
invention, are given by way of illustration only, since various changes and modifications
within the spirit and scope of the invention will become apparent to those skilled in the art

from this detailed description.

DESCRIPTION OF THE DRAWINGS

[0025] The following drawings form part of the present specification and are included to

further demonstrate certain aspects of the present invention. The invention may be better
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understood by reference to one or more of these drawings in combination with the detailed

description of specific embodiments presented herein.

[0026] FIG. 1. Clinical trial study design for hepatic tumors using JX-594 by

intratumoral injection.

[0027] FIG. 2. Clinical trial study design for melanomoa using JX-594 by intratumoral

injection.

[0028] FIG. 3. Targeted oncolytic virotherapy having multiple, novel mechanisms for

cancer eradication.

[0029] FIG. 4. Long-term survivors discase-free after JX-594 phase 1 clinical trial
metastatic melanoma. Patient 1, top, is a 32 year-old woman: Refractory:DTIC, IL-2;
injected tumors: CR; non-injected metastases:-dermal: CR; breast: CR with surgery. Alive,
disease-free 1.5+ years. Patient 2, bottom, 75 year-old man: multiple metastatic sites (n=24);

injected tumors: CR; non-injected metastases:-CR; Alive, discase-free 3+ years.

[0030] FIG. 5. JX-594 phase I clinical trial responses in both injected and non-injected

tumors.

[0031] FIG. 6. JX594-1T-hep001 — patient demographics and treatment status — cohort 1
and 2.

[0032] FIG. 7. JX594-IT-hep001 — patient demographics and treatment status — cohort 3.

[0033] FIG. 8. Intravenous dissemination of JX-594 in bloodstream: early leak from

tumor corresponds with dose, mostly cleared by 6 hrs.

[0034] FIG. 9. Replication viremia of JX-594 evident in 80% of patients: Secondary
wave of JX-594 in blood demonstrated in cycles 1-7. (+) after input dose cleared, (-) Level
below limit detection, squares = patient off-study, and (p) = data pending. Limit of detection

=700 genomes/ml.

[0035] FIG. 10. Replication viremia of JX-594 evident in 80% of patients: Secondary
wave of JX-594 in blood cycles 1 - 7, days 3 - 22.
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[0036] FIG. 11. JX-594 replication-associated vascular shutdown acute treatment-

induced avascular necrosis (pt. 1, gastric cancer).

[0037] FIG. 12. Long-term Stable Disease with JX-594 squamous cell carcinoma control
(lung - cohort 2).

[0038] FIG. 13. Metabolic (PET) response JX-594 injected tumor melanoma response
after 2 cycles of JX-594(cohort 3).

[0039] FIG. 14. Metabolic (PET) response JX-594 injected tumor liver carcinoma long-

term control (cohort 2) for 9+ months.

[0040] FIG. 15. Tumor Marker Response: 99.9% decrease in AFP Rapid liver cancer

destruction demonstrated by blood marker.

[0041] FIG. 16. Body Weight Gain on JX-594 10% increase (6 kg; 14 Ib.) demonstrates
tolerability, efficacy.

[0042] FIG. 17. Systemic viremia and tumor response: JX-594-associated viremia,

resultant systemic efficacy (HCC-cohort 2) - AFP decrease 40%.

[0043] FIG. 18. Systemic JX-594 delivery to tumors and response: Efficacy in non-
injected distant tumors after liver met injection. PET metabolic response in two non-injected

tumors after 2 cycles (Pt. 304, cohort 3).

[0044] FIG. 19. Treatment, Efficacy and Survival Data: Tumor responses by CT and

PET, long-term survivors.
[0045] FIG. 20. Trial profile.

[0046] FIGs. 21A-21B. Key hematologic tests and liver function tests (error bars,
standard error of mean). (A) Increase in ANC correlates with increased JX-594 dose and
expression of hGM-CSF. Filled bars: ANC; open bars: GM-CSF. X-axis: patient
identification number. (B) ALT levels of patients in cohorts 3 and 4 in the first cycle. The
majority of patients experienced no significant changes in ALT levels over time; mild,

transient transaminitis was also observed.
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[0047] FIGs. 22A-22C. Changes in hematologic tests. (A) Dose-dependent
thrombocytopenia. (B) Magnitude of thrombocytopenia is cycle-independent. (C) Magnitude
of changes of in ANC, cosinophils, and monocytes were more significant in cycle 1
compared to subsequent cycles. White bars: ANC; grey bars: cosinophils; black bars:

monocytes. Error bars represent standard error of the mean.

[0048] FIGs. 23A-23F. Pharmacokinetics, blood-borne spread and distant tumor
infection by JX-594. (A) Acute genome concentrations in circulation. JX-594 genomes were
detected as early as 15 minutes post-injection. For cohorts 1 to 3, the acute clearance rates
were consistent between cohorts. (B) JX-594 genome concentrations of cohorts 1 and 3 in
cycle 1 are shown. Concentrations of JX-594 genomes, including levels of secondary viremia
peaks, were dose-related. LOQ: limit of quantitation. Error bars represent standard error of
the mean. (C) Representative JX-594 genome concentrations in cycle 1. (D) JX-594 recovery
and hGM-CSF expression from a melanoma patient (cohort 3). High levels of JX-594
genomes and GM-CSF were detected in circulation as well as malignant body fluids (cohort
3, melanoma patient). Asterisk: undetectable; PE: pleural effusion. (E) Infectious JX-594
presence was demonstrated by lac-Z expression (blue) from cells in a malignant pleural
effusion. (F) Biopsy sample from non-injected liver cancer metastasis (neck) showing

vaccinia virus B5SR staining (arrows; brown).

[0049] FIGs. 24A-24B. Antitumoral efficacy. (A) Representative CT scans and tumor
measurements of a non-small cell lung cancer target tumor. circles: tumors. Arrow: time
when JX-594 administration was initiated. Note the changes in the cross sectional area of the
tumor over time. (B) Representative physical, CT and PET-CT scan results demonstrating
objective tumor response (after 4 cycles) of metastatic tumor in neck, injected after induction

of high titer neutralizing antibodies to JX-594.

DETAILED DESCRIPTION OF THE INVENTION

[0050] The present invention concerns the use of oncolytic poxviruses for the treatment
of cancer. In particular, the use of a vaccinia virus expressing GM-CSF to achieve a
particular degree of oncolysis is described. In another embodiment, a GM-CSF-expressing
poxvirus can be engineered to be more effective or more efficient at killing cancer cells
and/or be less toxic or damaging to non-cancer cells, by mutation or modification of gene

products such that the alterations render the viruses better able to infect the host, less toxic to
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host cells, and/or better able to infect cancer cells. A particular modification is to render the

virus deficient in thymidine kinase (TK) function.

I POXVIRUSES

[0051] Poxviruses have been known for centuries, with the characteristic pock marks
produced by variola virus (smallpox) giving this family its name. It appears that smallpox
first emerged in China and the Far East over 2000 years ago. Fortunately, this often fatal

virus has now been eradicated, with the last natural outbreak occurring in 1977 in Somalia.

[0052] The poxvirus viral particle is oval or brick-shaped, measuring some 200-400 nm
long. The external surface is ridged in parallel rows, sometimes arranged helically. The
particles are extremely complex, containing over 100 distinct proteins. The extracellular
forms contain two membranes (EEV - extracellular enveloped virions), whereas intracellular
particles only have an inner membrane (IMV - intracellular mature virions). The outer
surface is composed of lipid and protein that surrounds the core, which is composed of a
tightly compressed nucleoprotein. Antigenically, poxviruses are also very complex, inducing
both specific and cross-reacting antibodies. There are at least ten enzymes present in the

particle, mostly concerned with nucleic acid metabolism/genome replication.

[0053] The genome of the poxvirus is linear double-stranded DNA of 130-300 Kbp. The
ends of the genome have a terminal hairpin loop with several tandem repeat sequences.
Several poxvirus genomes have been sequenced, with most of the essential genes being
located in the central part of the genome, while non-essential genes are located at the ends.

There are about 250 genes in the poxvirus genome.

[0054] Replication takes place in the cytoplasm, as the virus is sufficiently complex to
have acquired all the functions necessary for genome replication. There is some contribution
by the cell, but the nature of this contribution is not clear. However, even though poxvirus
gene expression and genome replication occur in enucleated cells, maturation is blocked,

indicating some role by the cell.

[0055] The receptors for poxviruses are not generally known, but probably are multiple in
number and on different cell types. For vaccinia, one of the likely receptors is EGF receptor

(McFadden, 2005). Penetration may also involve more than one mechanism. Uncoating

10
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occurs in two stages: (a) removal of the outer membrane as the particle enters the cell and in

the cytoplasm, and (b) the particle is further uncoated and the core passes into the cytoplasm.

[0056] Once into the cell cytoplasm, gene expression is carried out by viral enzymes
associated with the core. Expression is divided into 2 phases: early genes: which represent
about of 50% genome, and are expressed before genome replication, and late genes, which
are expressed after genome replication. The temporal control of expression is provided by
the late promoters, which are dependent on DNA replication for activity. Genome replication
is believed to involve self-priming, leading to the formation of high molecular weight
concatemers, which are subsequently cleaved and repaired to make virus genomes. Viral
assembly occurs in the cytoskeleton and probably involves interactions with the cytoskeletal
proteins (e.g., actin-binding proteins). Inclusions form in the cytoplasm that mature into
virus particles. Cell to cell spread may provide an alternative mechanism for spread of
infection. Overall, replication of this large, complex virus is rather quick, taking just 12

hours on average.

[0057] At least nine different poxviruses cause disease in humans, but variola virus and
vaccinia are the best known. Variola strains are divided into variola major (25-30%
fatalities) and variola minor (same symptoms but less than 1% death rate). Infection with
both viruses occurs naturally by the respiratory route and is systemic, producing a variety of

symptoms, but most notably with variola characteristic pustules and scarring of the skin.

A. Vaccinia Virus

[0058] Vaccinia virus is a large, complex enveloped virus having a linear double-stranded
DNA genome of about 190K bp and encoding for approximately 250 genes. Vaccinia is
well-known for its role as a vaccine that eradicated smallpox. Post-eradication of smallpox,
scientists have been exploring the use of vaccinia as a tool for delivering genes into
biological tissues (gene therapy and genetic engineering). Vaccinia virus is unique among
DNA viruses as it replicates only in the cytoplasm of the host cell. Therefore, the large
genome is required to code for various enzymes and proteins needed for viral DNA
replication. During replication, vaccinia produces several infectious forms which differ in
their outer membranes: the intracellular mature virion (IMV), the intracellular enveloped
virion (IEV), the cell-associated enveloped virion (CEV) and the extracellular enveloped
virion (EEV). IMV is the most abundant infectious form and is thought to be responsible for

spread between hosts. On the other hand, the CEV is believed to play a role in cell-to-cell

11
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spread and the EEV is thought to be important for long range dissemination within the host

organism.

[0059] Vaccinia encodes several proteins giving the virus resistance to interferons. K3L
is a protein having homology with elF-2a. K3L protein inhibits the action of PKR, an
activator of interferons. E3L is another vaccinia protein that also inhibits PKR activation and

is also able to bind double-stranded RNA.

[0060] Vaccinia virus is closely related to the virus that causes cowpox. The precise
origin of vaccinia is unknown, but the most common view is that vaccinia virus, cowpox
virus, and variola virus (the causative agent for smallpox) were all derived from a common
ancestral virus. There is also speculation that vaccinia virus was originally isolated from
horses. A vaccinia virus infection is mild and typically asymptomatic in healthy individuals,
but it may cause a mild rash and fever, with an extremely low rate of fatality. An immune
response generated against a vaccinia virus infection protects that person against a lethal
smallpox infection. For this reason, vaccinia virus was used as a live-virus vaccine against
smallpox. The vaccinia virus vaccine is safe because it does not contain the smallpox virus,
but occasionally certain complications and/or vaccine adverse effects may arise, especially if

the vaccine is immunocompromised.

[0061] As discussed above, vaccinia viruses have been engineered to express a number of
foreign proteins. One such protein is granulocyte-macrophage colony stimulating factor, or
GM-CSF. GM-CSF is a protein secreted by macrophages that stimulates stem cells to
produce granulocytes (neutrophils, eosinophils, and basophils) and macrophages. Human
GM-CSF is glycosylated at amino acid residues 23 (leucine), 27 (asparagine), and 39
(glutamic acid) (see U.S. Patent 5,073,627, incorporated by reference). GM-CSF is also
known as molgramostim or, when the protein is expressed in yeast cells, sargramostim
(trademarked Leukine®), which is used as a medication to stimulate the production of white
blood cells, especially granulocytes and macrophages, following chemotherapy. A vaccinia
virus expressing GM-CSF has previously been reported. However, it was delivered not as an
oncolytic agent, but merely as a delivery vector for GM-CSF. As such, it has been
administered to patients at dosage below that which can achieve significant oncolysis. Herein
is described the use of a GM-CSF expressing vaccinia virus that, in some embodiments, is

administered at concentrations greater than 1 x 10° pfu or particles.
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B. Modified Poxviruses

[0062] Viruses are frequently inactivated, inhibited, or cleared by immunomodulatory
molecules such as interferons (-a, -f3, -y) and tumor necrosis factor-o. (TNFa) (Moss, 1996).
Host tissues and inflammatory/immune cells frequently secrete these molecules in response
to viral infection. These molecules can have direct antiviral effects and/or indirect effects
through recruitment and/or activation of inflammatory cells and lymphocytes. Given the
importance of these immunologic clearance mechanisms, viruses have evolved to express
gene products that inhibit the induction and/or function of these cytokines/chemokines and
interferons. For example, vaccinia virus (VV, and some other poxviruses) encodes the
secreted protein vCKBP (B29R) that binds and inhibits the CC chemokines (e.g., RANTES,
cotaxin, MIP-1-alpha) (Alcami et al., 1998). Some VV strains also express a secreted viral
protein that binds and inactivates TNF (e.g., Lister AS3R) (Alcami et al., 1999). Most
poxvirus strains have genes encoding secreted proteins that bind and inhibit the function of
interferons-o/f (e.g., B18R) or interferon (B§R). vCI2L is an IL-18-binding protein that

prevents IL-18 from inducing IFN-y and NK cell/cytotoxic T-cell activation.

[0063] Most poxvirus virulence research has been performed in mice. Many, but not all,
of these proteins are active in mice (B18R, for example, is not). In situations in which these
proteins are active against the mouse versions of the target cytokine, deletion of these genes
leads to reduced virulence and increased safety with VV mutants with deletions of or
functional mutations in these genes. In addition, the inflammatory/immune response to and
viral clearance of these mutants is often increased compared to the parental virus strain that
expresses the inhibitory protein. For example, deletion of the T1/35kDa family of poxvirus-
secreted proteins (chemokine-binding/-inhibitory proteins) can lead to a marked increase in
leukocyte infiltration into virus-infected tissues (Graham et al., 1997). Deletion of the vC12L
gene in VV leads to reduced viral titers/toxicity following intranasal administration in mice;
in addition, NK cell and cytotoxic T-lymphocyte activity is increased together with IFN-y
induction (Smith et al., 2000). Deletion of the Myxoma virus T7 gene (able to bind IFN-y
and a broad range of chemokines) results in reduced virulence and significantly increased
tissue inflammation/infiltration in a toxicity model (Upton et al., 1992; Mossman et al.,
1996). Deletion of the M-T2 gene from myxoma virus also resulted in reduced virulence in a
rabbit model (Upton et al. 1991). Deletion of the B18R anti-interferon-o/-f3 gene product

also leads to enhanced viral sensitivity to IFN-mediated clearance, reduced titers in normal
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tissues and reduced virulence (Symons et al., 1995; Colamonici et al., 1995; Alcami et al.,
2000). In summary, these viral gene products function to decrease the antiviral immune
response and inflammatory cell infiltration into virus-infected tissues. Loss of protein
function through deletion/mutation leads to decreased virulence and/or increased

proinflammatory properties of the virus within host tissues.

[0064] Cytokines and chemokines can have potent antitumoral effects (Vicari et al.,
2002; Homey et al., 2002). These effects can be on tumor cells themselves directly (e.g.,
TNF) or they can be indirect through effects on non-cancerous cells. An example of the latter
is TNF, which can have antitumoral effects by causing toxicity to tumor-associated blood
vessels; this leads to a loss of blood flow to the tumor followed by tumor necrosis. In
addition, chemokines can act to recruit (and in some cases activate) immune effector cells
such as neutrophils, eosinophils, macrophages and/or lymphocytes. These immune effector
cells can cause tumor destruction by a number of mechanisms. These mechanisms include
the expression of antitumoral cytokines (e.g., TNF), expression of fas-ligand, expression of
perforin and granzyme, recruitment of natural killer cells, etc. The inflammatory response
can eventually lead to the induction of systemic tumor-specific immunity. Finally, many of
these cytokines (e.g., TNF) or chemokines can act synergistically with chemotherapy or

radiation therapy to destroy tumors.

[0065] Clinically effective systemic administration of recombinant versions of these
immunostimulatory proteins is not feasible due to (1) induction of severe toxicity with
systemic administration and (2) local expression within tumor tissue is needed to stimulate
local infiltration and antitumoral effects. Approaches are needed to achieve high local
concentrations of these molecules within tumor masses while minimizing levels in the
systemic circulation. Viruses can be engineered to express cytokine or chemokine genes in
an attempt to enhance their efficacy. Expression of these genes from replication-selective
vectors has potential advantages over expression from non-replicating vectors. Expression
from replicating viruses can result in higher local concentrations within tumor masses; in
addition, replicating viruses can help to induce antitumoral immunity through tumor cell
destruction/oncolysis and release of tumor antigens in a proinflammatory environment.
However, there are several limitations to this approach. Serious safety concerns arise from
the potential for release into the environment of a replication-competent virus (albeit tumor-

selective) with a gene that can be toxic if expressed in high local concentrations. Viruses that
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express potent pro-inflammatory genes from their genome may therefore pose safety risks to
the treated patient and to the general public. Even with tumor-targeting, replication-selective
viruses expressing these genes, gene expression can occur in normal tissues resulting in
toxicity. In addition, size limitations prevent expression of multiple and/or large genes from
viruses such as adenovirus; these molecules will definitely act more efficaciously in
combination. Finally, many of the oncolytic viruses in use express anti-inflammatory
proteins and therefore these viruses will counteract the induction of a proinflammatory milieu
within the infected tumor mass. The result will be to inhibit induction of antitumoral

immunity, antivascular effects and chemotherapy-/radiotherapy-sensitization.

C. Modified Vaccinia Virus
1. Interferon-Modulating Polypeptides

[0066] Interferon-a/- blocks viral replication through several mechanisms. Interferon-y
has weaker direct viral inhibitory effects but is a potent inducer of cell-mediated immunity
through several mechanisms. Viruses have evolved to express secreted gene products that are
able to counteract the antiviral effects of interferons. For example, vaccinia virus (and other
poxviruses) encodes the secreted proteins B8R and B18R which bind interferon-y and -a/-3,
respectively (Smith et al., 1997; Symons et al., 1995; Alcami et al., 2000). An additional
example of a vaccinia gene product that reduces interferon induction is the caspase-1
inhibitor BI3R which inhibits activation of the interferon-y-inducing factor IL-18. Interferon
modulating polypeptides include, but are not limited to, BI8R, which may be termed BI19R in
other viral strains, such as the Copenhagen strain of vaccinia virus; B8R; B13R; vCI2L;
AS53R; E3L and other viral polypeptides with similar activities or properties. IFN modulating
polypeptides may be divided into the non-exclusive categories of those that preferentially
modulate IFNa and/or B pathways (such as B18R, B8R, B13R, or vC12L) and those that
modulate IFNy pathways (for example BSR,B13R, or vC12L).

[0067] Cancer cells are frequently resistant to the effects of interferons. A number of
mechanisms are involved. These include the fact that ras signal transduction pathway
activation (e.g., by ras mutation, upstream growth factor receptor overexpression/mutation,
etc.), a common feature of cancer cells, leads to PKR inhibition. In addition, lymphocytes are
often inhibited in tumor masses by a variety of mechanisms including IL-10 production and

fas-L expression by tumor cells. Since lymphocytes are a major source of interferon-y
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production, lymphocyte inhibition leads to a decrease in interferon-y production in tumors.
Therefore, tumor masses tend to be sanctuaries from the effects of interferons. In addition,
interferons themselves can have antitumoral effects. For example, IFN-y can increase MHC
class-I-associated antigen presentation; this will allow more efficient CTL-mediated killing of
tumor cells. IFN-a/f, for example, can block angiogenesis within tumor masses and thereby

block tumor growth.

2, Complement Control Polypeptides

[0068] A major mechanism for the clearance of viral pathogens is the killing of infected
cells within the host or of virions within an organism by complement-dependent mechanisms.
As the infected cell dies it is unable to continue to produce infectious virus. In addition,
during apoptosis intracellular enzymes are released which degrade DNA. These enzymes can
lead to viral DNA degradation and virus inactivation. Apoptosis can be induced by numerous
mechanisms including the binding of activated complement and the complement membrane
attack complex. Poxviruses such as vaccinia have evolved to express gene products that are
able to counteract the complement-mediated clearance of virus and/or virus-infected cells.
These genes thereby prevent apoptosis and inhibit viral clearance by complement-dependent
mechanisms, thus allowing the viral infection to proceed and viral virulence to be increased.
For example, vaccinia virus complement control proteins (VCP; e.g., C21L) have roles in the
prevention of complement-mediated cell killing and/or virus inactivation (Isaacs et al., 1992).
VCP also has anti-inflammatory effects since its expression decreases leukocyte infiltration
into virally-infected tissues. Complement control polypeptides include, but are not limited to,

VCP, also known as C3L or C21L.

[0069] Cancer cells frequently overexpress cellular anti-complement proteins; this allows
cancer cells to survive complement attack. Therefore, agents that preferentially target tumor
cells due to their inherent resistance to complement-mediated killing would have selectivity
and potential efficacy in a wide range of human cancers (Durrant ef al., 2001). In addition,
one of the hallmarks of cancer cells is a loss of normal apoptotic mechanisms (Gross et al.,
1999). Resistance to apoptosis promotes carcinogenesis as well as resistance to antitumoral
agents including immunologic, chemotherapeutic and radiotherapeutic agents (Eliopoulos et
al., 1995). Apoptosis inhibition can be mediated by a loss of pro-apoptotic molecule function
(e.g., bax), an increase in the levels/function of anti-apoptotic molecules (e.g., bcl-2) and

finally a loss of complement sensitivity.
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3. TNF-Modulating Polypeptides

[0070] One of the various mechanisms for the clearance of viral pathogens is the killing
of infected cells within the host by the induction of apoptosis, as described above. Apoptosis
can be induced by numerous mechanisms including the binding of TNF and lymphotoxin-
alpha (LTa) to cellular TNF receptors, which triggers intracellular signaling cascades.
Activation of the TNF receptors function in the regulation of immune and inflammatory

responses, as well as inducing apoptotic cell death (Wallach et al., 1999)

[0071] Various strains of poxviruses, including some vaccinia virus strains, have evolved
to express gene products that are able to counteract the TNF-mediated clearance of virus
and/or virus-infected cells. The proteins encoded by these genes circumvent the
proinflammatory and apoptosis inducing activities of TNF by binding and sequestering
extracellular TNF, resulting in the inhibition of viral clearance. Because viruses are not
cleared, the viral infection is allowed to proceed, and thus, viral virulence is increased.
Various members of the poxvirus family express secreted viral TNF receptors (VINFR). For
example, several poxviruses encode VINFRs, such as myxoma (T2 protein), cowpox and
vaccinia virus strains, such as Lister, may encode one or more of the CrmB, CrmC (A53R),
CrmD, CrmE, B28R proteins and/or equivalents thereof. These vINFRs have roles in the
prevention of TNF-mediated cell killing and/or virus inactivation (Saraiva and Alcami,
2001). TNF modulatory polypeptides include, but are not limited to, AS3R, B28R (this
protein is present, but may be inactive in the Copenhagen strain of vaccinia virus) and other

polypeptides with similar activities or properties.

[0072] One of the hallmarks of cancer cells is aberrant gene expression, which may lead
to a loss of sensitivity to a number of molecular mechanisms for growth modulation, such as
sensitivity to the anti-cancer activities of TNF. Thus, viral immunomodulatory mechanisms

may not be required for the propagation of a virus within the tumor microenvironment.

4. Serine Protease Inhibitors

[0073] A major mechanism for the clearance of viral pathogens is the induction of
apoptosis in infected cells within the host. As the infected cell dies it is unable to continue to
produce infectious virus. In addition, during apoptosis intracellular enzymes are released
which degrade DNA. These enzymes can lead to viral DNA degradation and virus

inactivation. Apoptosis can be induced by numerous mechanisms including the binding of
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cytokines (e.g., tumor necrosis factor), granzyme production by cytotoxic T-lymphocytes or
fas-ligand binding; caspase activation is a critical part of the final common apoptosis
pathway. Viruses have evolved to express gene products that are able to counteract the
intracellular signaling cascade induced by such molecules including fas-ligand or tumor
necrosis factor (TNF)/TNF-related molecules (e.g., E3 10.4/14.5, 14.7 genes of adenovirus
(Wold et al., 1994); E1B-19kD of adenovirus (Boyd et al., 1994); crmA from cowpoxvirus;
B13R from vaccinia virus) (Dobbelstein et al., 1996; Kettle ef al., 1997)). These gene
products prevent apoptosis by apoptosis-inducing molecules and thus allow viral replication
to proceed despite the presence of antiviral apoptosis-inducing cytokines, fas, granzyme or

other stimulators of apoptosis.

[0074] VV SPI-2/BI3R is highly homologous to cowpox CrmA; SPI-1 (VV) is weakly
homologous to CrmA (Dobbelstein et al., 1996). These proteins are serpins (serine protease
inhibitors) and both CrmA and SPI-2 have roles in the prevention of various forms of
apoptosis. Inhibition of interleukin-1p-converting enzyme (ICE) and granzyme, for example,
can prevent apoptosis of the infected cell. These gene products also have anti-inflammatory
effects. They are able to inhibit the activation of IL-18 which in turn would decrease I1L-18-
mediated induction of IFN-y. The immunostimulatory effects of IFN-y on cell-mediated
immunity are thereby inhibited (Kettle et al., 1997). SPIs include, but are not limited to,

B13R, B22R, and other polypeptides with similar activities or properties.

[0075] One of the hallmarks of cancer cells is a loss of normal apoptotic mechanisms
(Gross et al., 1999). Resistance to apoptosis promotes carcinogenesis as well as resistance to
antitumoral agents including immunologic, chemotherapeutic and radiotherapeutic agents
(Eliopoulos et al., 1995). Apoptosis inhibition can be mediated by a loss of pro-apoptotic
molecule function (e.g., bax) or an increase in the levels/function of anti-apoptotic molecules

(e.g., bcl-2).

5. IL-1B-Modulating Polypeptides

[0076] IL-1P is a biologically active factors that acts locally and also systemically. Only
a few functional differences between IL-1P and IL-1a have been described. The numerous
biological activities of IL-1f is exemplified by the many different acronyms under which IL-
1 has been described. IL-1 does not show species specificity with the exception of human IL-

1B that is inactive in porcine cells. Some of the biological activities of IL-1 are mediated
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indirectly by the induction of the synthesis of other mediators including ACTH
(Corticotropin), PGE2 (prostaglandin E2), PF4 (platelet factor4), CSF (colony stimulating
factors ), IL-6, and IL-8. The synthesis of IL-1 may be induced by other cytokines including
TNF-a, IFN-a, IFN-f§ and IFN-y and also by bacterial endotoxins, viruses, mitogens, and
antigens. The main biological activity of IL-1 is the stimulation of T-helper cells, which are
induced to secrete IL-2 and to express 1L-2 receptors. Virus-infected macrophages produce
large amounts of an IL-1 inhibitor that may support opportunistic infections and
transformation of cells in patients with T-cell maturation defects. IL-1 acts directly on B-
cells, promoting their proliferation and the synthesis of immunoglobulins. IL-1 also
functions as one of the priming factors that makes B-cells responsive to IL-5. IL-1 stimulates

the proliferation and activation of NK-cells and fibroblasts, thymocytes, glioblastoma cells.

[0077] Blockade of the synthesis of IL-1B by the viral protein is regarded as a viral
strategy allowing systemic antiviral reactions elicited by IL-1 to be suppressed or diminished.
Binding proteins effectively blocking the functions of IL-1 with similar activity as B1 5R
have been found also to be encoded by genes of the cowpox virus. Vaccinia virus also
encodes another protein, designated B8R, which behaves like a receptor for cytokines
(Alcami and Smith, 1992; Spriggs et al., 1992). IL-1 modulating polypeptides include, but
are not limited to, BI3R, B15R, and other polypeptides with similar activities or properties.

[0078] One of the hallmarks of cancer cells is aberrant gene expression, which may lead
to a loss of sensitivity to a number of molecular mechanisms for growth modulation, such as
sensitivity to the anti-cancer activities of IL-1. Thus, viral immunomodulatory mechanisms

may not be required for the propagation of a virus within the tumor microenvironment.

6. EEV Form

[0079] Viral spread to metastatic tumor sites, and even spread within an infected solid
tumor mass, is generally inefficient (Heise ef al., 1999). Intravenous administration typically
results in viral clearance or inactivation by antibodies (e.g., adenovirus) (Kay et al., 1997)
and/or the complement system (e.g., HSV) (Ikeda et al., 1999). In addition to these immune-
mediated mechanisms, the biodistribution of these viruses results in the vast majority of
intravenous virus depositing within normal tissues rather than in tumor masses. Intravenous
adenovirus, for example, primarily ends up within the liver and spleen; less than 0.1% of the

input virus depositing within tumors, even in immunodeficient mice (Heise et al., 1999).
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Therefore, although some modest antitumoral efficacy can be demonstrated with extremely
high relative doses in immunodeficient mouse tumor models, intravenous delivery is

extremely inefficient and significantly limits efficacy.

[0080] Vaccinia virus has the ability to replicate within solid tumors and cause necrosis.
In addition, thymidine kinase-deletion mutants can infect tumor masses and ovarian tissue
and express marker genes preferentially in mouse tumor model systems (Gnant et al., 1999).
However, since these studies generally determined tumor targeting based on marker gene
expression after 5 days, it is unclear whether the virus preferentially deposits in, expresses
genes in or replicates in tumor/ovary tissue (Puhlmann er al., 2000). Regardless of the
mechanism, the anti-tumoral efficacy of this virus without additional transgenes was not
statistically significant (Gnant et al., 1999). In contrast, intratumoral virus injection had
significant anti-tumoral efficacy (McCart et al. 2000). Therefore, i.v. efficacy could be

improved if i.v. delivery to the tumor were to be improved.

[0081] Vaccinia virus replicates in cells and produces both intracellular virus (IMV,
intracellular mature virus; IEV, intracellular enveloped virus) and extracellular virus (REV,
extracellular enveloped virus; CEV, cell-associated extracellular virus) (Smith et al., 1998).
IMV represents approximately 99% of virus yield following replication by wild-type vaccinia
virus strains. This virus form is relatively stable in the environment, and therefore it is
primarily responsible for spread between individuals; in contrast, this virus does not spread
efficiently within the infected host due to inefficient release from cells and sensitivity to
complement and/or antibody necutralization. In contrast, EEV is released into the
extracellular milieu and typically represents only approximately 1% of the viral yield (Smith
et al., 1998). EEV is responsible for viral spread within the infected host and is relatively
casily degraded outside of the host. Importantly, EEV has developed several mechanisms to
inhibit its neutralization within the bloodstream. First, EEV is relatively resistant to
complement (Vanderplasschen et al., 1998); this feature is due to the incorporation of host
cell inhibitors of complement into its outer membrane coat plus secretion of Vaccinia virus
complement control protein (VCP) into local extracellular environment. Second, EEV is
relatively resistant to neutralizing antibody effects compared to IMV (Smith et al., 1997).
EEV is also released at earlier time points following infection (e.g., 4-6 hours) than is IMV
(which is only released during/after cell death), and therefore spread of the EEV form is
faster (Blasco et al., 1993).
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[0082] Unfortunately, however, wild-type vaccinia strains make only very small amounts
of EEV, relatively. In addition, treatment with vaccinia virus (i.e., the input dose of virus)
has been limited to intracellular virus forms to date. Standard vaccinia virus (VV)
manufacturing and purification procedures lead to EEV inactivation (Smith ez al., 1998), and
non-human cell lines are frequently used to manufacture the virus; EEV from non-human
cells will not be protected from complement-mediated clearance (complement inhibitory
proteins acquired from the cell by EEV have species restricted effects). Vaccinia virus
efficacy has therefore been limited by the relative sensitivity of the IMV form to
neutralization and by its inefficient spread within solid tumor masses; this spread is typically
from cell to adjacent cell. IMV spread to distant tumor masses, ecither through the

bloodstream or lymphatics, is also inefficient.

[0083] Therefore, the rare EEV form of vaccinia virus has naturally acquired features that
make it superior to the vaccinia virus form used in patients to date (IMV); EEV is optimized
for rapid and efficient spread through solid tumors locally and to regional or distant tumor
sites. Since EEV is relatively resistant to complement effects, when it is grown in a cell type
from the same species, this virus form will have enhanced stability and retain activity longer
in the blood following intravascular administration than standard preparations of vaccinia
virus (which contain exclusively IMV) (Smith ef al., 1998). Since EEV is resistant to
antibody-mediated neutralization, this virus form will retain activity longer in the blood
following intravascular administration than standard preparations of vaccinia virus (which
contain almost exclusively IMV) (Vanderplasschen ef al., 1998). This feature will be
particularly important for repeat administration once neutralizing antibody levels have
increased; all approved anti-cancer therapies require repeat administration. Therefore, the
EEV form of vaccinia, and other poxviruses, will result in superior delivery of therapeutic
viruses and their genetic payload to tumors through the bloodstream. This will lead to
enhanced systemic efficacy compared with standard poxvirus preparations. Finally, the risk
of transmission to individuals in the general public should be reduced significantly since EEV
is extremely unstable outside of the body. Polypeptides involved in the modulation of the
EEV form of a virus include, but are not limited to, A34R, B5SR, and various other proteins
that influence the production of the EEV form of the poxviruses. A mutation at codon 151 of
A34R from a lysine to a aspartic acid (K151D mutation) renders the A34R protein less able
to tether the EEV form to the cell membrane. B5R is an EEV-membrane bound polypeptide
that may bind complement. The total deletion of A43R may lead to increased EEV release,
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but markedly reduced infectivity of the viruses, while the K151D mutation increases EEV
release while maintaining infectivity of the released viruses. BSR has sequence homology to

VCP (anti-complement), but complement inhibition has not yet been proven.

[0084] Briefly, one method for identifying a fortified EEV form is as follows. EEV are
diluted in ice-cold MEM and mixed (1:1 volume) with active or heat-inactivated (56°C, 30
min, control) serum diluted in ice-cold MEM (final dilution of serum 1/10, 1/20, or 1/30).
After incubation or 75 min at 7°C, samples are cooled on ice and mAb 5B4/2F2 is added to
fresh EEV samples to neutralize any contaminates (IMV and ruptured EEV). Virions are
then bound to RK13 cells for one hour on ice, complement and unbound virions are washed
away, and the number of plaques are counted two days later. The higher the plaque number
the greater the resistance to complement (Vanderplasschen et al., 1998, herein incorporated
by reference). Exemplary methods describing the isolation of EEV forms of vaccinia virus

can be found in Blasco et al., 1992 (incorporated herein by reference).

7. Other Polypeptides

[0085] Other viral immunomodulatory polypeptides may include polypeptides that bind
other mediators of the immune response and/or modulate molecular pathways associated with
the immune response. For example, chemokine binding polypeptides such as B29R (this
protein is present, but may be inactive in the Copenhagen strain of vaccinia virus), C23L,
vCKBP, A41L and polypeptides with similar activities or properties. Other vaccinia virus
proteins such as the vaccinia virus growth factor (e.g., C11L), which is a viral EGF-like
growth factor, may also be the target for alteration in some embodiments of the invention.
Other polypeptides that may be classified as viral immunomodulatory factors include, but are
not limited to B7R, N1L, or other polypeptides that whose activities or properties increase the

virulence of a poxvirus.

8. Vaccinia Virus-Induced Cell Fusion

[0086] In certain embodiments of the invention an alteration, deletion, or mutation of
A56R or K2L encoding nucleic genes may lead to cell-cell fusion or syncyia formation
induced by VV infection. Vaccinia virus-induced cell fusion will typically increase
antitumoral efficacy of VV due to intratumoral viral spread. Intratumoral viral spreading by
cell fusion will typically allow the virus to avoid neutralizing antibodies and immune

responses. Killing and infection of adjacent uninfected cells (i.e., a "bystander effect) may be
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more efficient in VV with mutations in one or both of these genes, which may result in

improved local antitumoral effects.

D. Other Poxviruses

[0087] Vaccinia virus is a member of the family Poxviridae, the subfamily
Chordopoxvirinae and the genus Orthopoxvirus. The genus Orthopoxvirus is relatively more
homogeneous than other members of the Chordopoxvirinae subfamily and includes 11
distinct but closely related species, which includes vaccinia virus, variola virus (causative
agent of smallpox), cowpox virus, buffalopox virus, monkeypox virus, mousepox virus and
horsepox virus species as well as others (see Moss, 1996). Certain embodiments of the
invention, as described herein, may be extended to other members of Orthopoxvirus genus as
well as the Parapoxvirus, Avipoxvirus, Capripoxvirus, Leporipoxvirus, Suipoxvirus,
Molluscipoxvirus, and Yatapoxvirus genus. A genus of poxvirus family is generally defined
by serological means including neutralization and cross-reactivity in laboratory animals.
Various members of the Orthopoxvirus genus, as well as other members of the Chordovirinae
subfamily utilize immunomodulatory molecules, examples of which are provided herein, to
counteract the immune responses of a host organism. Thus, the invention described herein is

not limited to vaccinia virus, but may be applicable to a number of viruses.

E. Virus Propagation

[0088] Vaccinia virus may be propagated using the methods described by Earl and Moss

in Ausubel et al., 1994, which is incorporated by reference herein.

11. PROTEINACEOUS AND NUCLEIC ACID COMPOSITIONS

[0089] The present invention concerns poxviruses, including those constructed with one
or more mutations compared to wild-type such that the virus has desirable properties for use
against cancer cells, while being less toxic or non-toxic to non-cancer cells. The teachings
described below provide various protocols, by way of example, of implementing methods and
compositions of the invention, such as methods for generating mutated viruses through the

use of recombinant DNA technology.

[0090] In certain embodiments, the present invention concerns generating poxviruses that
lack one or more functional polypeptides or proteins and/or generating poxviruses that have

the ability to release more of a particular form of the virus, such as an infectious EEV form.
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In other embodiments, the present invention concerns poxviruses and their use in
combination with proteinaceous composition as part of a pharmaceutically acceptable

formulation.

[0091] As used herein, a “protein” or “polypeptide” refers to a molecule comprising at
least one amino acid residue. In some embodiments, a wild-type version of a protein or
polypeptide are employed, however, in many embodiments of the invention, a viral protein or
polypeptide is absent or altered so as to render the virus more useful for the treatment of a
cancer cells or cancer in a patient. The terms described above may be used interchangeably
herein. A “modified protein” or “modified polypeptide” refers to a protein or polypeptide
whose chemical structure is altered with respect to the wild-type protein or polypeptide. In
some embodiments, a modified protein or polypeptide has at least one modified activity or
function (recognizing that proteins or polypeptides may have multiple activities or functions).
The modified activity or function may be reduced, diminished, eliminated, enhanced,
improved, or altered in some other way (such as specificity) with respect to that activity or
function in a wild-type protein or polypeptide. It is specifically contemplated that a modified
protein or polypeptide may be altered with respect to one activity or function yet retain wild-
type activity or function in other respects. Alternatively, a modified protein may be
completely nonfunctional or its cognate nucleic acid sequence may have been altered so that
the polypeptide is no longer expressed at all, is truncated, or expresses a different amino acid

sequence as a result of a frameshift.

[0092] In certain embodiments the size of a mutated protein or polypeptide may
comprise, but is not limited to, 5, 6, 7, &, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
73, 74,75, 76,77, 78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 275,
300, 325, 350, 375, 400, 425, 450, 475, 500, 525, 550, 575, 600, 625, 650, 675, 700, 725,
750, 775, 800, 825, 850, 875, 900, 925, 950, 975, 1000, 1100, 1200, 1300, 1400, 1500, 1750,
2000, 2250, 2500 or greater amino molecule residues, and any range derivable therein. It is
contemplated that polypeptides may be mutated by truncation, rendering them shorter than

their corresponding wild-type form.
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[0093] As used herein, an “amino molecule” refers to any amino acid, amino acid
derivative or amino acid mimic as would be known to one of ordinary skill in the art. In
certain embodiments, the residues of the proteinaceous molecule are sequential, without any
non-amino molecule interrupting the sequence of amino molecule residues. In other
embodiments, the sequence may comprise one or more non-amino molecule moieties. In
particular embodiments, the sequence of residues of the proteinaceous molecule may be

interrupted by one or more non-amino molecule moieties.

[0094] Accordingly, the term “proteinaceous composition” encompasses amino molecule
sequences comprising at least one of the 20 common amino acids in naturally synthesized

proteins, or at least one modified or unusual amino acid.

[0095] Proteinaceous compositions may be made by any technique known to those of
skill in the art, including the expression of proteins, polypeptides or peptides through
standard molecular biological techniques, the isolation of proteinaceous compounds from
natural sources, or the chemical synthesis of proteinaceous materials. The nucleotide and
protein, polypeptide and peptide sequences for various genes have been previously disclosed,
and may be found at computerized databases known to those of ordinary skill in the art. One
such database is the National Center for Biotechnology Information's Genbank and GenPept
databases (www.ncbi.nlm.nih.gov/). The coding regions for these known genes may be
amplified and/or expressed using the techniques disclosed herein or as would be know to

those of ordinary skill in the art.

A, Functional Aspects

[0096] When the present application refers to the function or activity of viral proteins or
polypeptides, it is meant to refer to the activity or function of that viral protein or polypeptide
under physiological conditions, unless otherwise specified. For example, an interferon-
modulating polypeptide refers to a polypeptide that affects at least one interferon and its
activity, either directly or indirectly. The polypeptide may induce, enhance, raise, increase,
diminish, weaken, reduce, inhibit, or mask the activity of an interferon, directly or indirectly.
An example of directly affecting interferon involves, in some embodiments, an interferon-
modulating polypeptide that specifically binds to the interferon. Determination of which
molecules possess this activity may be achieved using assays familiar to those of skill in the
art. For example, transfer of genes encoding products that modulate interferon, or variants

thereof, into cells that are induced for interferon activity compared to cells with such transfer
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of genes may identify, by virtue of different levels of an interferon response, those molecules

having a interferon-modulating function.

[0097] It is specifically contemplated that a modulator may be a molecule that affects the
expression proteinaceous compositions involved in the targeted molecule's pathway, such as
by binding an interferon-encoding transcript. Determination of which molecules are suitable
modulators of interferon, IL-1f, TNF, or other molecules of therapeutic benefit may be
achieved using assays familiar to those of skill in the art -- some of which are disclosed

herein -- and may include, for example, the use of native and/or recombinant viral proteins.

B. Variants of Viral Polypeptides

[0098] Amino acid sequence variants of the polypeptides of the present invention can be
substitutional, insertional or deletion variants. A mutation in a gene encoding a viral
polypeptide may affect 1, 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24,25,26,27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46,
47,48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,
72,73,74,75,76,77,78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96,
97, 98, 99, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250,
275, 300, 325, 350, 375, 400, 425, 450, 475, 500 or more non-contiguous or contiguous
amino acids of the polypeptide, as compared to wild-type. Various polypeptides encoded by
Vaccinia virus may be identified by reference to Rosel et al., 1986, Goebel ef al., 1990 and
GenBank Accession Number NC001559, each of which is incorporated herein by reference.

[0099] Deletion variants lack one or more residues of the native or wild-type protein.
Individual residues can be deleted or all or part of a domain (such as a catalytic or binding
domain) can be deleted. A stop codon may be introduced (by substitution or insertion) into
an encoding nucleic acid sequence to generate a truncated protein. Insertional mutants
typically involve the addition of material at a non-terminal point in the polypeptide. This
may include the insertion of an immunoreactive epitope or simply one or more residues.

Terminal additions, called fusion proteins, may also be generated.

[00100] Substitutional variants typically contain the exchange of one amino acid for
another at one or more sites within the protein, and may be designed to modulate one or more
properties of the polypeptide, with or without the loss of other functions or properties.

Substitutions may be conservative, that is, one amino acid is replaced with one of similar
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shape and charge. Conservative substitutions are well known in the art and include, for
example, the changes of: alanine to serine; arginine to lysine; asparagine to glutamine or
histidine; aspartate to glutamate; cysteine to serine; glutamine to asparagine; glutamate to
aspartate; glycine to proline; histidine to asparagine or glutamine; isoleucine to leucine or
valine; leucine to valine or isoleucine; lysine to arginine; methionine to leucine or isoleucine;
phenylalanine to tyrosine, leucine or methionine; serine to threonine; threonine to serine;
tryptophan to tyrosine; tyrosine to tryptophan or phenylalanine; and valine to isoleucine or
leucine. Alternatively, substitutions may be non-conservative such that a function or activity
of the polypeptide is affected. Non-conservative changes typically involve substituting a
residue with one that is chemically dissimilar, such as a polar or charged amino acid for a

nonpolar or uncharged amino acid, and vice versa.

[00101] The term “functionally equivalent codon” is used herein to refer to codons that

encode the same amino acid (see Table 1, below).

Table 1: Codon Table

Amino Acids Codons

Alanine Ala A GCA GCC GCG GCU

Cysteine Cys C UuGC UGU

Aspartic acid Asp D GAC GAU

Glutamic acid Glu E GAA GAG

Phenylalanine Phe F vuuC uuu

Glycine Gly G GGA GGC GGG GGU

Histidine His H CAC CAU

Isoleucine Ile | AUA AUC AUU

Lysine Lys K AAA AAG

Leucine Leu L UUA UUG CUA CUC CUG CUU
Methionine Met M AUG

Asparagine Asn N AAC AAU

Proline Pro P CCA CCC CCG cCcCu

Glutamine Gln Q CAA CAG

Arginine Arg R AGA AGG CGA CGC CGG CaUu
Serine Ser S AGC AGU UCA UCC UCG UCU
Threonine Thr T ACA ACC ACG ACU

Valine Val v GUA GUC GUG GUU

Tryptophan Trp W UGG

Tyrosine Tyr Y UAC UAU

[00102] 1t also will be understood that amino acid and nucleic acid sequences may include
additional residues, such as additional N- or C-terminal amino acids or 5' or 3' sequences, and
yet still be essentially as set forth in one of the sequences disclosed herein, so long as the

sequence meets the criteria set forth above, including the maintenance of biological protein
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activity where protein expression is concerned. The addition of terminal sequences
particularly applies to nucleic acid sequences that may, for example, include various non-
coding sequences flanking either of the 5' or 3' portions of the coding region or may include

various internal sequences, i.e., introns, which are known to occur within genes.

[00103] The following is a discussion based upon changing of the amino acids of a protein
to create an equivalent, or even an improved, second-generation molecule. For example,
certain amino acids may be substituted for other amino acids in a protein structure without
appreciable loss of interactive binding capacity with structures such as, for example, antigen-
binding regions of antibodies or binding sites on substrate molecules. Since it is the
interactive capacity and nature of a protein that defines that protein's biological functional
activity, certain amino acid substitutions can be made in a protein sequence, and in its
underlying DNA coding sequence, and nevertheless produce a protein with like properties. It
is thus contemplated by the inventors that various changes may be made in the DNA
sequences of genes without appreciable loss of their biological utility or activity, as discussed

below. Table 1 shows the codons that encode particular amino acids.

[00104] In making such changes, the hydropathic index of amino acids may be considered.
The importance of the hydropathic amino acid index in conferring interactive biologic
function on a protein is generally understood in the art byte and Kyte and Doolittle, 1982). It
is accepted that the relative hydropathic character of the amino acid contributes to the
secondary structure of the resultant protein, which in turn defines the interaction of the
protein with other molecules, for example, enzymes, substrates, receptors, DNA, antibodies,

antigens, and the like.

[00105] It also is understood in the art that the substitution of like amino acids can be
made effectively on the basis of hydrophilicity. U.S. Patent 4,554,101, incorporated herein
by reference, states that the greatest local average hydrophilicity of a protein, as governed by
the hydrophilicity of its adjacent amino acids, correlates with a biological property of the
protein. As detailed in U.S. Patent 4,554,101, the following hydrophilicity values have been
assigned to amino acid residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0£1); glutamate
(+3.0£1); serine (+0.3); asparagine (+0.2); glutamine (+0.2); glycine (0); threonine (-0.4);
proline (-0.5+1); alanine (-0.5); histidine *-0.5); cysteine (-1.0); methionine (-1.3); valine (-

1.5); leucine (-1.8); isoleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan (-3.4).
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[00106] It is understood that an amino acid can be substituted for another having a similar
hydrophilicity value and still produce a biologically equivalent and immunologically
equivalent protein. In such changes, the substitution of amino acids whose hydrophilicity
values are within £2 is preferred, those that are within £1 are particularly preferred, and those

within 0.5 are even more particularly preferred.

[00107] As outlined above, amino acid substitutions generally are based on the relative
similarity of the amino acid side-chain substituents, for example, their hydrophobicity,
hydrophilicity, charge, size, and the like. Exemplary substitutions that take into consideration
the various foregoing characteristics are well known to those of skill in the art and include:
arginine and lysine; glutamate and aspartate; serine and threonine; glutamine and asparagine;

and valine, leucine and isoleucine.

III. NUCLEIC ACID MOLECULES
A, Polynucleotides Encoding Native Proteins or Modified Proteins

[00108] The present invention concerns polynucleotides, isolatable from cells, that are
capable of expressing all or part of a protein or polypeptide. In some embodiments of the
invention, it concerns a viral genome that has been specifically mutated to generate a virus
that lacks certain functional viral polypeptides. The polynucleotides may encode a peptide or
polypeptide containing all or part of a viral amino acid sequence or they be engineered so
they do not encode such a viral polypeptide or encode a viral polypeptide having at least one
function or activity reduced, diminished, or absent. Recombinant proteins can be purified
from expressing cells to yield active proteins. The genome, as well as the definition of the
coding regions of Vaccinia Virus may be found in Rosel et al., 1986; Goebel et al., 1990;
and/or GenBank Accession Number NC 001559, cach of which is incorporated herein by

reference.

[00109] As used herein, the term “DNA segment” refers to a DNA molecule that has been
isolated free of total genomic DNA of a particular species. Therefore, a DNA segment
encoding a polypeptide refers to a DNA segment that contains wild-type, polymorphic, or
mutant polypeptide-coding sequences yet is isolated away from, or purified free from, total
mammalian or human genomic DNA. Included within the term “DNA segment” are a
polypeptide or polypeptides, DNA segments smaller than a polypeptide, and recombinant

vectors, including, for example, plasmids, cosmids, phage, viruses, and the like.
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[00110] As used in this application, the term “poxvirus polynucleotide” refers to a nucleic
acid molecule encoding a poxvirus polypeptide that has been isolated free of total genomic
nucleic acid. Similarly, a “vaccinia virus polynucleotide” refers to a nucleic acid molecule
encoding a vaccinia virus polypeptide that has been isolated free of total genomic nucleic
acid. A “poxvirus genome” or a “vaccinia virus genome” refers to a nucleic acid molecule
that can be provided to a host cell to yield a viral particle, in the presence or absence of a
helper virus. The genome may or may have not been recombinantly mutated as compared to

wild-type virus.

[00111] The term “cDNA” is intended to refer to DNA prepared using messenger RNA
(mRNA) as template. The advantage of using a cDNA, as opposed to genomic DNA or DNA
polymerized from a genomic, non- or partially-processed RNA template, is that the cDNA
primarily contains coding sequences of the corresponding protein. There may be times when
the full or partial genomic sequence is preferred, such as where the non-coding regions are
required for optimal expression or where non-coding regions such as introns are to be

targeted in an antisense strategy.

[00112] It also is contemplated that a particular polypeptide from a given species may be
represented by natural variants that have slightly different nucleic acid sequences but,

nonetheless, encode the same protein (see Table 1 above).

[00113] Similarly, a polynucleotide comprising an isolated or purified wild-type or mutant
polypeptide gene refers to a DNA segment including wild-type or mutant polypeptide coding
sequences and, in certain aspects, regulatory sequences, isolated substantially away from
other naturally occurring genes or protein encoding sequences. In this respect, the term
"gene" is used for simplicity to refer to a functional protein, polypeptide, or peptide-encoding
unit (including any sequences required for proper transcription, post-translational
modification, or localization). As will be understood by those in the art, this functional term
includes genomic sequences, cDNA sequences, and smaller engineered gene segments that
express, or may be adapted to express, proteins, polypeptides, domains, peptides, fusion
proteins, and mutants. A nucleic acid encoding all or part of a native or modified polypeptide
may contain a contiguous nucleic acid sequence encoding all or a portion of such a
polypeptide of the following lengths: 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130,
140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310,
320, 330, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 441, 450, 460, 470, 480,
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490, 500, 510, 520, 530, 540, 550, 560, 570, 580, 590, 600, 610, 620, 630, 640, 650, 660,
670, 680, 690, 700, 710, 720, 730, 740, 750, 760, 770, 780, 790, 800, 810, 820, 830, 840,
850, 860, 870, 880, 890, 900, 910, 920, 930, 940, 950, 960, 970, 980, 990, 1000, 1010, 1020,
1030, 1040, 1050, 1060, 1070, 1080, 1090, 1095, 1100, 1500, 2000, 2500, 3000, 3500, 4000,
4500, 5000, 5500, 6000, 6500, 7000, 7500, 8000, 9000, 10000, or more nucleotides,

nucleosides, or base pairs.

[00114] In particular embodiments, the invention concerns isolated DNA segments and
recombinant vectors incorporating DNA sequences that encode a wild-type or mutant
poxvirus polypeptide or peptide that includes within its amino acid sequence a contiguous
amino acid sequence in accordance with, or essentially corresponding to a native polypeptide.
Thus, an isolated DNA segment or vector containing a DNA segment may encode, for
example, a INF modulator or TNF-modulating polypeptide that can inhibit or reduce INF
activity. The term "recombinant” may be used in conjunction with a polypeptide or the name
of a specific polypeptide, and this generally refers to a polypeptide produced from a nucleic
acid molecule that has been manipulated in vitro or that is the replicated product of such a

molecule.

[00115] In other embodiments, the invention concerns isolated DNA segments and
recombinant vectors incorporating DNA sequences that encode a polypeptide or peptide that
includes within its amino acid sequence a contiguous amino acid sequence in accordance

with, or essentially corresponding to the polypeptide.

[00116] The nucleic acid segments used in the present invention, regardless of the length
of the coding sequence itself, may be combined with other nucleic acid sequences, such as
promoters, polyadenylation signals, additional restriction enzyme sites, multiple cloning sites,
other coding segments, and the like, such that their overall length may vary considerably. It is
therefore contemplated that a nucleic acid fragment of almost any length may be employed,
with the total length preferably being limited by the ease of preparation and use in the

intended recombinant DNA protocol.

[00117] It is contemplated that the nucleic acid constructs of the present invention may
encode full-length polypeptide from any source or encode a truncated version of the
polypeptide, for example a truncated vaccinia virus polypeptide, such that the transcript of

the coding region represents the truncated version. The truncated transcript may then be
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translated into a truncated protein. Alternatively, a nucleic acid sequence may encode a fill-
length polypeptide sequence with additional heterologous coding sequences, for example to
allow for purification of the polypeptide, transport, secretion, post-translational modification,
or for therapeutic benefits such as targetting or efficacy. As discussed above, a tag or other
heterologous polypeptide may be added to the modified polypeptide-encoding sequence,
wherein "heterologous” refers to a polypeptide that is not the same as the modified

polypeptide.

[00118] In a non-limiting example, one or more nucleic acid constructs may be prepared
that include a contiguous stretch of nucleotides identical to or complementary to the a
particular gene, such as the B18R gene. A nucleic acid construct may be at least 20, 30, 40,
50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 250, 300, 400, 500,
600, 700, 800, 900, 1,000, 2,000, 3,000, 4,000, 5,000, 6,000, 7,000, 8,000, 9,000, 10,000,
15,000, 20,000, 30,000, 50,000, 100,000, 250,000, 500,000, 750,000, to at least 1,000,000
nucleotides in length, as well as constructs of greater size, up to and including chromosomal
sizes (including all intermediate lengths and intermediate ranges), given the advent of nucleic
acids constructs such as a yeast artificial chromosome are known to those of ordinary skill in
the art. It will be readily understood that "intermediate lengths" and "intermediate ranges," as
used herein, means any length or range including or between the quoted values (i.e., all

integers including and between such values).

[00119] The DNA segments used in the present invention encompass biologically
functional equivalent modified polypeptides and peptides, for example, a modified gelonin
toxin. Such sequences may arise as a consequence of codon redundancy and functional
equivalency that are known to occur naturally within nucleic acid sequences and the proteins
thus encoded. Alternatively, functionally equivalent proteins or peptides may be created via
the application of recombinant DNA technology, in which changes in the protein structure
may be engineered, based on considerations of the properties of the amino acids being
exchanged. Changes designed by human may be introduced through the application of site-
directed mutagenesis techniques, e.g., to introduce improvements to the antigenicity of the
protein, to reduce toxicity effects of the protein in vivo to a subject given the protein, or to

increase the efficacy of any treatment involving the protein.

[00120] In certain other embodiments, the invention concerns isolated DNA segments and

recombinant vectors that include within their sequence a contiguous nucleic acid sequence
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from that shown in sequences identified herein (and/or incorporated by reference). Such
sequences, however, may be mutated to yield a protein product whose activity is altered with

respect to wild-type.

[00121] It also will be understood that this invention is not limited to the particular nucleic
acid and amino acid sequences of these identified sequences. Recombinant vectors and
isolated DNA segments may therefore variously include the poxvirus-coding regions
themselves, coding regions bearing selected alterations or modifications in the basic coding
region, or they may encode larger polypeptides that nevertheless include poxvirus-coding
regions or may encode biologically functional equivalent proteins or peptides that have

variant amino acids sequences.

[00122] The DNA segments of the present invention encompass biologically functional
equivalent poxvirus proteins and peptides. Such sequences may arise as a consequence of
codon redundancy and functional equivalency that are known to occur naturally within
nucleic acid sequences and the proteins thus encoded. Alternatively, functionally equivalent
proteins or peptides may be created via the application of recombinant DNA technology, in
which changes in the protein structure may be engineered, based on considerations of the
properties of the amino acids being exchanged. Changes designed by man may be introduced
through the application of site-directed mutagenesis techniques, e.g., to introduce

improvements to the antigenicity of the protein.

B. Mutagenesis of Poxvirus Polynucleotides

[00123] In various embodiments, the poxvirus polynucleotide may be altered or
mutagenized. Alterations or mutations may include insertions, deletions, point mutations,
inversions, and the like and may result in the modulation, activation and/or inactivation of
certain pathways or molecular mechanisms, as well as altering the function, location, or
expression of a gene product, in particular rendering a gene product non-functional. Where
employed, mutagenesis of a polynucleotide encoding all or part of a Poxvirus may be
accomplished by a variety of standard, mutagenic procedures (Sambrook et al., 1989).
Mutation is the process whereby changes occur in the quantity or structure of an organism.
Mutation can involve modification of the nucleotide sequence of a single gene, blocks of
genes or whole chromosome. Changes in single genes may be the consequence of point

mutations which involve the removal, addition or substitution of a single nucleotide base
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within a DNA sequence, or they may be the consequence of changes involving the insertion

or deletion of large numbers of nucleotides.

[00124] Mutations may be induced following exposure to chemical or physical mutagens.
Such mutation-inducing agents include ionizing radiation, ultraviolet light and a diverse array
of chemical such as alkylating agents and polycyclic aromatic hydrocarbons all of which are
capable of interacting either directly or indirectly (generally following some metabolic
biotransformations) with nucleic acids. The DNA damage induced by such agents may lead
to modifications of base sequence when the affected DNA is replicated or repaired and thus
to a mutation. Mutation also can be site-directed through the use of particular targeting

methods.

C. Vectors

[00125] To generate mutations in the poxvirus genome, native and modified polypeptides
may be encoded by a nucleic acid molecule comprised in a vector. The term "vector"” is used
to refer to a carrier nucleic acid molecule into which an exogenous nucleic acid sequence can
be inserted for introduction into a cell where it can be replicated. A nucleic acid sequence
can be "exogenous," which means that it is foreign to the cell into which the vector is being
introduced or that the sequence is homologous to a sequence in the cell but in a position
within the host cell nucleic acid in which the sequence is ordinarily not found. Vectors
include plasmids, cosmids, viruses (bacteriophage, animal viruses, and plant viruses), and
artificial chromosomes (e.g., YACs). One of skill in the art would be well equipped to
construct a vector through standard recombinant techniques, which are described in
Sambrook et al., (1989) and Ausubel et al., 1994, both incorporated herein by reference. In
addition to encoding a modified polypeptide such as modified gelonin, a vector may encode
non-modified polypeptide sequences such as a tag or targetting molecule. Useful vectors
encoding such fusion proteins include pIN vectors (Inouye et al., 1985), vectors encoding a
stretch of histidines, and pGEX vectors, for use in generating glutathione S-transferase (GST)
soluble fusion proteins for later purification and separation or cleavage. A targetting molecule
is one that directs the modified polypeptide to a particular organ, tissue, cell, or other location

in a subject's body.

[00126] The term "expression vector" refers to a vector containing a nucleic acid sequence
coding for at least part of a gene product capable of being transcribed. In some cases, RNA

molecules are then translated into a protein, polypeptide, or peptide. In other cases, these
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sequences are not translated, for example, in the production of antisense molecules or
ribozymes. Expression vectors can contain a variety of "control sequences,” which refer to
nucleic acid sequences necessary for the transcription and possibly translation of an operably
linked coding sequence in a particular host organism. In addition to control sequences that
govern transcription and translation, vectors and expression vectors may contain nucleic acid

sequences that serve other functions as well and are described infra.

1. Promoters and Enhancers

[00127] A "promoter" is a control sequence that is a region of a nucleic acid sequence at
which initiation and rate of transcription are controlled. It may contain genetic elements at
which regulatory proteins and molecules may bind such as RNA polymerase and other
transcription factors. The phrases "operatively positioned,” "operatively linked," "under
control,"” and "under transcriptional control" mean that a promoter is in a correct functional
location and/or orientation in relation to a nucleic acid sequence to control transcriptional
initiation and/or expression of that sequence. A promoter may or may not be used in
conjunction with an "enhancer,"” which refers to a cis-acting regulatory sequence involved in

the transcriptional activation of a nucleic acid sequence.

[00128] A promoter may be one naturally associated with a gene or sequence, as may be
obtained by isolating the 5' non-coding sequences located upstream of the coding segment
and/or exon. Such a promoter can be referred to as "endogenous." Similarly, an enhancer may
be one naturally associated with a nucleic acid sequence, located either downstream or
upstream of that sequence. Alternatively, certain advantages will be gained by positioning the
coding nucleic acid segment under the control of a recombinant or heterologous promoter,
which refers to a promoter that is not normally associated with a nucleic acid sequence in its
natural environment. A recombinant or heterologous enhancer refers also to an enhancer not
normally associated with a nucleic acid sequence in its natural environment. Such promoters
or enhancers may include promoters or enhancers of other genes, and promoters or enhancers
isolated from any other prokaryotic, viral, or eukaryotic cell, and promoters or enhancers not
"naturally occurring," i.e., containing different elements of different transcriptional regulatory
regions, and/or mutations that alter expression. In addition to producing nucleic acid
sequences of promoters and enhancers synthetically, sequences may be produced using
recombinant cloning and/or nucleic acid amplification technology, including PCR™, in

connection with the compositions disclosed herein (see U.S. Patent 4,683,202, U.S. Patent
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5,928,906, cach incorporated herein by reference). Furthermore, it is contemplated the control
sequences that direct transcription and/or expression of sequences within non-nuclear

organelles such as mitochondria, chloroplasts, and the like, can be employed as well.

[00129] Naturally, it may be important to employ a promoter and/or enhancer that
effectively directs the expression of the DNA segment in the cell type, organelle, and
organism chosen for expression. Those of skill in the art of molecular biology generally know
the use of promoters, enhancers, and cell type combinations for protein expression, for
example, see Sambrook et al. (1989), incorporated herein by reference. The promoters
employed may be constitutive, tissue-specific, inducible, and/or useful under the appropriate
conditions to direct high level expression of the introduced DNA segment, such as is
advantageous in the large-scale production of recombinant proteins and/or peptides. The

promoter may be heterologous or endogenous.

[00130] The identity of tissue-specific promoters or elements, as well as assays to
characterize their activity, is well known to those of skill in the art. Examples of such regions
include the human LIMK2 gene (Nomoto ef al. 1999), the somatostatin receptor 2 gene
(Kraus et al., 1998), murine epididymal retinoic acid-binding gene (Lareyre et al., 1999),
human CD4 (Zhao-Emonet et al., 1998), mouse a2 (XI) collagen (Tsumaki, et al., 199%),
DIA dopamine receptor gene (Lee, et al., 1997), insulin-like growth factor 11 (Wu et al.,
1997), human platelet endothelial cell adhesion molecule-1 (Almendro et al., 1996), and the

SM220. promoter.

2. Initiation Signals and Internal Ribosome Binding Sites

[00131] A specific initiation signal also may be required for efficient translation of coding
sequences. These signals include the ATG initiation codon or adjacent sequences. Exogenous
translational control signals, including the ATG initiation codon, may need to be provided.
One of ordinary skill in the art would readily be capable of determining this and providing the
necessary signals. It is well known that the initiation codon must be "in-frame" with the
reading frame of the desired coding sequence to ensure translation of the entire insert. The
exogenous translational control signals and initiation codons can be either natural or
synthetic. The efficiency of expression may be enhanced by the inclusion of appropriate

transcription enhancer elements.
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[00132] In certain embodiments of the invention, the use of internal ribosome entry sites
(IRES) elements are used to create multigene, or polycistronic, messages. IRES elements are
able to bypass the ribosome scanning model of 5'-methylated Cap dependent translation and
begin translation at internal sites (Pelletier and Sonenberg, 1988). IRES eclements from two
members of the picornavirus family (polio and encephalomyocarditis) have been described
(Pelletier and Sonenberg, 1988), as well an IRES from a mammalian message (Macejak and
Sarnow, 1991). IRES elements can be linked to heterologous open reading flames. Multiple
open reading frames can be transcribed together, each separated by an IRES, creating
polycistronic messages. By virtue of the IRES element, each open reading frame is accessible
to ribosomes for efficient translation. Multiple genes can be efficiently expressed using a
single promoter/enhancer to transcribe a single message (see U.S. Patents 5,925,565 and

5,935,819, herein incorporated by reference).

3. Multiple Cloning Sites

[00133] Vectors can include a multiple cloning site (NCS), which is a nucleic acid region
that contains multiple restriction enzyme sites, any of which can be used in conjunction with
standard recombinant technology to digest the vector. (See Carbonelli et al., 1999, Levenson
et al., 1998, and Cocea, 1997, incorporated herein by reference.) "Restriction enzyme
digestion" refers to catalytic cleavage of a nucleic acid molecule with an enzyme that
functions only at specific locations in a nucleic acid molecule. Many of these restriction
enzymes are commercially available. Use of such enzymes is widely understood by those of
skill in the art. Frequently, a vector is linearized or fragmented using a restriction enzyme that
cuts within the MCS to enable exogenous sequences to be ligated to the vector. "Ligation”
refers to the process of forming phosphodiester bonds between two nucleic acid fragments,
which may or may not be contiguous with each other. Techniques involving restriction
enzymes and ligation reactions are well known to those of skill in the art of recombinant

technology.

4. Splicing Sites

[00134] Most transcribed cukaryotic RNA molecules will undergo RNA splicing to
remove introns from the primary transcripts. Vectors containing genomic cukaryotic
sequences may require donor and/or acceptor splicing sites to ensure proper processing of the
transcript for protein expression. (See Chandler et al,, 1997, incorporated herein by

reference.)
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S. Termination Signals

[00135] The vectors or constructs of the present invention will generally comprise at least
one termination signal. A "termination signal" or "terminator" is comprised of the DNA
sequences involved in specific termination of an RNA transcript by an RNA polymerase.
Thus, in certain embodiments a termination signal that ends the production of an RNA
transcript is contemplated. A terminator may be necessary in vivo to achieve desirable

message levels.

[00136] In eukaryotic systems, the terminator region may also comprise specific DNA
sequences that permit site-specific cleavage of the new transcript so as to expose a
polyadenylation site. This signals a specialized endogenous polymerase to add a stretch of
about 200 A residues (polyA) to the 3' end of the transcript. RNA molecules modified with
this polyA tail appear to more stable and are translated more efficiently. Thus, in other
embodiments involving eukaryotes, it is preferred that that terminator comprises a signal for
the cleavage of the RNA, and it is more preferred that the terminator signal promotes
polyadenylation of the message. The terminator and/or polyadenylation site elements can
serve to enhance message levels and/or to minimize read through from the cassette into other

sequencces.

[00137] Terminators contemplated for use in the invention include any known terminator
of transcription described herein or known to one of ordinary skill in the art, including but not
limited to, for example, the termination sequences of genes, such as for example the bovine
growth hormone terminator or viral termination sequences, such as for example the SV40
terminator. In certain embodiments, the termination signal may be a lack of transcribable or

translatable sequence, such as due to a sequence truncation.

6. Polyadenylation Signals

[00138] In expression, particularly eukaryotic expression, one will typically include a
polyadenylation signal to effect proper polyadenylation of the transcript. The nature of the
polyadenylation signal is not believed to be crucial to the successful practice of the invention,
and/or any such sequence may be employed. Preferred embodiments include the SV40
polyadenylation signal and/or the bovine growth hormone polyadenylation signal, convenient
and/or known to function well in various target cells. Polyadenylation may increase the

stability of the transcript or may facilitate cytoplasmic transport.
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7. Origins of Replication

[00139] In order to propagate a vector in a host cell, it may contain one or more origins of
replication sites (often termed "ori"), which is a specific nucleic acid sequence at which
replication is initiated. Alternatively an autonomously replicating sequence (ARS) can be

employed if the host cell is yeast.

8. Selectable and Screenable Markers

[00140] In certain embodiments of the invention, cells containing a nucleic acid construct
of the present invention may be identified in vitro or in vivo by including a marker in the
expression vector. Such markers would confer an identifiable change to the cell permitting
casy identification of cells containing the expression vector. Generally, a selectable marker is
one that confers a property that allows for selection. A positive selectable marker is one in
which the presence of the marker allows for its selection, while a negative selectable marker
is one in which its presence prevents its selection. An example of a positive selectable marker

is a drug resistance marker.

[00141] Usually the inclusion of a drug selection marker aids in the cloning and
identification of transformants, for example, genes that confer resistance to neomycin,
puromycin, hygromycin, DHFR, GPT, zeocin and histidinol are useful selectable markers. In
addition to markers conferring a phenotype that allows for the discrimination of
transformants based on the implementation of conditions, other types of markers including
screenable markers such as GFP, whose basis is colorimetric analysis, are also contemplated.
Alternatively, screenable enzymes such as herpes simplex virus thymidine kinase (tk) or
chloramphenicol acetyltransferase (CAT) may be utilized. One of skill in the art would also
know how to employ immunologic markers, possibly in conjunction with FACS analysis.
The marker used is not believed to be important, so long as it is capable of being expressed
simultaneously with the nucleic acid encoding a gene product. Further examples of selectable

and screenable markers are well known to one of skill in the art.

D. Host Cells

[00142] As used herein, the terms "cell," "cell line," and "cell culture" may be used
interchangeably. All of these terms also include their progeny, which is any and all
subsequent generations. It is understood that all progeny may not be identical due to

deliberate or inadvertent mutations. In the context of expressing a heterologous nucleic acid
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sequence, "host cell" refers to a prokaryotic or ecukaryotic cell, and it includes any
transformable organisms that is capable of replicating a vector and/or expressing a
heterologous gene encoded by a vector. A host cell can, and has been, used as a recipient for
vectors or viruses (which does not qualify as a vector if it expresses no exogenous
polypeptides). A host cell may be "transfected” or "transformed,"” which refers to a process by
which exogenous nucleic acid, such as a modified protein-encoding sequence, is transferred

or introduced into the host cell. A transformed cell includes the primary subject cell and its

progeny.

[00143] Host cells may be derived from prokaryotes or eukaryotes, including yeast cells,
insect cells, and mammalian cells, depending upon whether the desired result is replication of
the vector or expression of part or all of the vector-encoded nucleic acid sequences.
Numerous cell lines and cultures are available for use as a host cell, and they can be obtained
through the American Type Culture Collection (ATCC), which is an organization that serves
as an archive for living cultures and genetic materials (www.atcc.org). An appropriate host
can be determined by one of skill in the art based on the vector backbone and the desired
result. A plasmid or cosmid, for example, can be introduced into a prokaryote host cell for
replication of many vectors. Bacterial cells used as host cells for vector replication and/or
expression include DHS5a, IM109, and KCS, as well as a number of commercially available
bacterial hosts such as SURE® Competent Cells and SOLOPACK™ Gold Cells
(STRATAGENE®, La Jolla, Calif.). Alternatively, bacterial cells such as E. coli LE392
could be used as host cells for phage viruses. Appropriate yeast cells include Saccharomyces

cerevisiae, Saccharomyces pombe, and Pichia pastoris.

[00144] Examples of cukaryotic host cells for replication and/or expression of a vector
include HeLa, NIH3T3, Jurkat, 293, Cos, CHO, Saos, and PC12. Many host cells from
various cell types and organisms are available and would be known to one of skill in the art.
Similarly, a viral vector may be used in conjunction with either a eukaryotic or prokaryotic

host cell, particularly one that is permissive for replication or expression of the vector.

[00145] Some vectors may employ control sequences that allow it to be replicated and/or
expressed in both prokaryotic and eukaryotic cells. One of skill in the art would further
understand the conditions under which to incubate all of the above described host cells to
maintain them and to permit replication of a vector. Also understood and known are

techniques and conditions that would allow large-scale production of vectors, as well as
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production of the nucleic acids encoded by vectors and their cognate polypeptides, proteins,

or peptides.

E. Methods of Gene Transfer

[00146] Suitable methods for nucleic acid delivery to effect expression of compositions of
the present invention are believed to include virtually any method by which a nucleic acid
(e.g., DNA, including viral and non-viral vectors) can be introduced into an organelle, a cell,
a tissue or an organism, as described herein or as would be known to one of ordinary skill in
the art. Such methods include, but are not limited to, direct delivery of DNA such as by
injection (U.S. Patents 5,994,624, 5,981,274, 5,945,100, 5,780,448, 5,736,524, 5,702,932,
5,656,610, 5,589,466 and 5,580,859, each incorporated herein by reference), including
microinjection (Harland and Weintraub, 1985; U.S. Patent 5,789,215, incorporated herein by
reference); by electroporation (U.S. Patent No. 5,384,253, incorporated herein by reference);
by calcium phosphate precipitation (Graham and Van Der Eb, 1973; Chen and Okayama,
1987; Rippe et al., 1990); by using DEAE-dextran followed by polyethylene glycol (Gopal,
1985); by direct sonic loading (Fechheimer et al., 1987); by liposome mediated transfection
(Nicolau and Sene, 1982; Fraley et al., 1979; Nicolau et al., 1987, Wong et al., 1980; Kaneda
et al., 1989; Kato et al., 1991); by microprojectile bombardment (PCT Application Nos. WO
94/09699 and 95/06128; U.S. Patents 5,610,042; 5,322,783, 5,563,055, 5,550,318, 5,538,877
and 5,538,880, and each incorporated herein by reference); by agitation with silicon carbide
fibers (Kaeppler ef al., 1990; U.S. Patents 5,302,523 and 5,464,765, each incorporated herein
by reference); by Agrobacterium-mediated transformation (U.S. Patents 5,591,616 and
5,563,055, cach incorporated herein by reference); or by PEG-mediated transformation of
protoplasts (Omirulleh et al., 1993; U.S. Patents 4,684,611 and 4,952,500, each incorporated
herein by reference); by desiccation/inhibition-mediated DNA uptake (Potrykus ef al., 1985).
Through the application of techniques such as these, organelle(s), cell(s), tissue(s) or

organism(s) may be stably or transiently transformed.

F. Lipid Components and Moieties

[00147] In certain embodiments, the present invention concerns compositions comprising
one or more lipids associated with a nucleic acid, an amino acid molecule, such as a peptide,
or another small molecule compound. In any of the embodiments discussed herein, the
molecule may be either a poxvirus polypeptide or a poxvirus polypeptide modulator, for

example a nucleic acid encoding all or part of either a poxvirus polypeptide, or alternatively,
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an amino acid molecule encoding all or part of poxvirus polypeptide modulator. A lipid is a
substance that is characteristically insoluble in water and extractable with an organic solvent.
Compounds than those specifically described herein are understood by one of skill in the art
as lipids, and are encompassed by the compositions and methods of the present invention. A
lipid component and a non-lipid may be attached to one another, cither covalently or non-

covalently.

[00148] A lipid may be naturally-occurring or synthetic (i.e., designed or produced by
man). However, a lipid is usually a biological substance. Biological lipids are well known in
the art, and include for example, neutral fats, phospholipids, phosphoglycerides, steroids,
terpenes, lysolipids, glycosphingolipids, glucolipids, sulphatides, lipids with ether and ester-

linked fatty acids and polymerizable lipids, and combinations thereof.

[00149] A nucleic acid molecule or amino acid molecule, such as a peptide, associated
with a lipid may be dispersed in a solution containing a lipid, dissolved with a lipid,
emulsified with a lipid, mixed with a lipid, combined with a lipid, covalently bonded to a
lipid, contained as a suspension in a lipid or otherwise associated with a lipid. A lipid or
lipid/poxvirus-associated composition of the present invention is not limited to any particular
structure. For example, they may also simply be interspersed in a solution, possibly forming
aggregates which are not uniform in either size or shape. In another example, they may be
present in a bilayer structure, as micelles, or with a "collapsed" structure. In another non-
limiting example, a lipofectamine(Gibco BRL)-poxvirus or Superfect (Qiagen)-poxvirus

complex is also contemplated.

[00150] In certain embodiments, a lipid composition may comprise about 1%, about 2%,
about 3%, about 4% about 5%, about 6%, about 7%, about 8%, about 9%, about 10%, about
11%, about 12%, about 13%, about 14%, about 15%, about 16%, about 17%, about 18%,
about 19%, about 20%, about 21%, about 22%, about 23%, about 24%, about 25%, about
26%, about 27%, about 28%, about 29%, about 30%, about 31%, about 32%, about 33%,
about 34%, about 35%, about 36%, about 37%, about 38%, about 39%, about 40%, about
41%, about 42%, about 43%, about 44%, about 45%, about 46%, about 47%, about 48%,
about 49%, about 50%, about 51%, about 52%, about 53%, about 54%, about 55%, about
56%, about 57%, about 58%, about 59%, about 60%, about 61%, about 62%, about 63%,
about 64%, about 65%, about 66%, about 67%, about 68%, about 69%, about 70%, about
71%, about 72%, about 73%, about 74%, about 75%, about 76%, about 77%, about 78%,
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about 79%, about 80%, about 81%, about 82%, about 83%, about 84%, about 85%, about
86%, about 87%, about 88%, about 89%, about 90%, about 91%, about 92%, about 93%,
about 94%, about 95%, about 96%, about 97%, about 98%, about 99%, about 100%, or any
range derivable therein, of a particular lipid, lipid type or non-lipid component such as a drug,
protein, sugar, nucleic acids or other material disclosed herein or as would be known to one
of skill in the art. In a non-limiting example, a lipid composition may comprise about 10% to
about 20% neutral lipids, and about 33% to about 34% of a cercbroside, and about 1%
cholesterol. In another non-limiting example, a liposome may comprise about 4% to about
12% terpenes, wherein about 1% of the micelle is specifically lycopene, leaving about 3% to
about 11% of the liposome as comprising other terpenes; and about 10% to about 35%
phosphatidyl choline, and about 1% of a drug. Thus, it is contemplated that lipid
compositions of the present invention may comprise any of the lipids, lipid types or other

components in any combination or percentage range.

IV.  PHARMACEUTICAL FORMULATIONS, DELIVERY AND TREATMENT
REGIMENS

[00151] In an embodiment of the present invention, a method of treatment for a
hyperproliferative disease, such as cancer, by the delivery of an altered poxvirus, such as
vaccinia virus, is contemplated. Examples of cancer contemplated for treatment include liver
cancer, lung cancer, head and neck cancer, breast cancer, pancreatic cancer, prostate cancer,
renal cancer, bone cancer, testicular cancer, cervical cancer, gastrointestinal cancer,
lymphomas, pre-neoplastic lesions in the lung, colon cancer, melanoma, bladder cancer and

any other cancers or tumors that may be treated.

[00152] An effective amount of the pharmaceutical composition is defined herein as that
amount sufficient to induce oncolysis, the disruption or lysis of a cancer cell, as well as
slowing, inhibition or reduction in the growth or size of a tumor and includes the erdication
of the tumor in certain instances. An effective amount can also encompass an amount that
results in systemic dissemination of the therapeutic virus to tumors indirectly, e.g., infection

of non-injected tumors.

[00153] Preferably, patients will have adequate bone marrow function (defined as a
peripheral absolute granulocyte count of > 2,000/mm’ and a platelet count of 100,000/mm?),
adequate liver function (bilirubin < 1.5 mg/dl) and adequate renal function (creatinine < 1.5

mg/dl).
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A. Administration

[00154] To induce oncolysis, using the methods and compositions of the present invention,
one would contact a tumor with the poxvirus expressing GM-CSF. The routes of
administration will vary, naturally, with the location and nature of the lesion, and include,
e.g., intradermal, transdermal, parenteral, intravenous, intramuscular, intranasal,
subcutaneous, regional (e.g., in the proximity of a tumor, particularly with the vasculature or
adjacent vasculature of a tumor), percutancous, intratracheal, intraperitoneal, intraarterial,
intravesical, intratumoral, inhalation, perfusion, lavage, and oral administration and

formulation.

[00155] Intratumoral injection, or injection directly into the tumor vasculature is
specifically contemplated for discrete, solid, accessible tumors. Local, regional or systemic
administration also may be appropriate. For tumors of >4 cm, the volume to be administered
will be about 4-10 ml (preferably 10 ml), while for tumors of <4 cm, a volume of about 1-3
ml will be used (preferably 3 ml). Multiple injections delivered as single dose comprise
about 0.1 to about 0.5 ml volumes. The viral particles may advantageously be contacted by
administering multiple injections to the tumor, spaced at approximately 1 cm intervals. In the
case of surgical intervention, the present invention may be used preoperatively, to render an
inoperable tumor subject to resection. Continuous administration also may be applied where
appropriate, for example, by implanting a catheter into a tumor or into tumor vasculature.
Such continuous perfusion may take place for a period from about 1-2 hours, to about 2-6
hours, to about 6-12 hours, to about 12-24 hours, to about 1-2 days, to about 1-2 wk or longer
following the initiation of treatment. Generally, the dose of the therapeutic composition via
continuous perfusion will be equivalent to that given by a single or multiple injections,
adjusted over a period of time during which the perfusion occurs. It is further contemplated
that limb perfusion may be used to administer therapeutic compositions of the present

invention, particularly in the treatment of melanomas and sarcomas.

[00156] Treatment regimens may vary as well, and often depend on tumor type, tumor
location, disease progression, and health and age of the patient. Obviously, certain types of
tumor will require more aggressive treatment, while at the same time, certain patients cannot
tolerate more taxing protocols. The clinician will be best suited to make such decisions based

on the known efficacy and toxicity (if any) of the therapeutic formulations.
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[00157] In certain embodiments, the tumor being treated may not, at least initially, be
resectable. Treatments with therapeutic viral constructs may increase the resectability of the
tumor due to shrinkage at the margins or by elimination of certain particularly invasive
portions. Following treatments, resection may be possible. Additional treatments subsequent

to resection will serve to eliminate microscopic residual disease at the tumor site.

[00158] The treatments may include various "unit doses." Unit dose is defined as
containing a predetermined-quantity of the therapeutic composition. The quantity to be
administered, and the particular route and formulation, are within the skill of those in the
clinical arts. A unit dose need not be administered as a single injection but may comprise
continuous infusion over a set period of time. Unit dose of the present invention may
conveniently be described in terms of plaque forming units (pfu) for a viral construct. Unit
doses range from 10°, 10%, 10°, 10°, 107, 10%, 10°, 10", 10", 10", 10" pfu and higher.
Alternatively, depending on the kind of virus and the titer attainable, one will deliver 1 to
100, 10 to 50, 100-1000, or up to about or at least about 1 x 10%, 1 x 10°, 1 x 10°, 1 x 107, 1 x
10%, 1x10°, 1 x 10", 1 x 10", 1 x 10", 1 x 10", 1 x 10", or 1 x 10" or higher infectious

viral particles (vp), including all values and ranges there between, to the tumor or tumor site.

B. Injectable Compositions and Formulations

[00159] The preferred method for the delivery of an expression construct or virus encoding
all or part of a poxvirus genome to cancer or tumor cells in the present invention is via
intratumoral injection. However, the pharmaceutical compositions disclosed herein may
alternatively be administered parenterally, intravenously, intradermally, intramuscularly,
transdermally or even intraperitoneally as described in U.S. Patent 5,543,158; U.S. Patent
5,641,515 and U.S. Patent 5,399,363 (each specifically incorporated herein by reference in its
entirety).

[00160] Injection of nucleic acid constructs may be delivered by syringe or any other
method used for injection of a solution, as long as the expression construct can pass through
the particular gauge of needle required for injection. A novel needleless injection system has
recently been described (U.S. Patent 5,846,233) having a nozzle defining an ampule chamber
for holding the solution and an energy device for pushing the solution out of the nozzle to the
site of delivery. A syringe system has also been described for use in gene therapy that permits
multiple injections of predetermined quantities of a solution precisely at any depth (U.S.

Patent 5,846,225).
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[00161] Solutions of the active compounds as free base or pharmacologically acceptable
salts may be prepared in water suitably mixed with a surfactant, such as
hydroxypropylcellulose. Dispersions may also be prepared in glycerol, liquid polyethylene
glycols, and mixtures thereof and in oils. Under ordinary conditions of storage and use, these
preparations contain a preservative to prevent the growth of microorganisms. The
pharmaceutical forms suitable for injectable use include sterile aqueous solutions or
dispersions and sterile powders for the extemporancous preparation of sterile injectable
solutions or dispersions (U.S. Patent 5,466,468, specifically incorporated herein by reference
in its entirety). In all cases the form must be sterile and must be fluid to the extent that easy
syringability exists. It must be stable under the conditions of manufacture and storage and
must be preserved against the contaminating action of microorganisms, such as bacteria and
fungi. The carrier can be a solvent or dispersion medium containing, for example, water,
ethanol, polyol (e.g., glycerol, propylene glycol, and liquid polyethylene glycol, and the like),
suitable mixtures thereof, and/or vegetable oils. Proper fluidity may be maintained, for
example, by the use of a coating, such as lecithin, by the maintenance of the required particle
size in the case of dispersion and by the use of surfactants. The prevention of the action of
microorganisms can be brought about by various antibacterial and antifungal agents, for
example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many
cases, it will be preferable to include isotonic agents, for example, sugars or sodium chloride.
Prolonged absorption of the injectable compositions can be brought about by the use in the
compositions of agents delaying absorption, for example, aluminum monostearate and

gelatin.

[00162] For parenteral administration in an aqueous solution, for example, the solution
should be suitably buffered if necessary and the liquid diluent first rendered isotonic with
sufficient saline or glucose. These particular aqueous solutions are especially suitable for
intravenous, intramuscular, subcutaneous, intratumoral and intraperitoneal administration. In
this connection, sterile aqueous media that can be employed will be known to those of skill in
the art in light of the present disclosure. For example, one dosage may be dissolved in 1 ml
of isotonic NaCl solution and either added to 1000 ml of hypodermoclysis fluid or injected at
the proposed site of infusion, (see for example, "Remington's Pharmaceutical Sciences” 15th
Edition, pages 1035-1038 and 1570-1580). Some variation in dosage will necessarily occur
depending on the condition of the subject being treated. The person responsible for

administration will, in any event, determine the appropriate dose for the individual subject.
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Moreover, for human administration, preparations should meet sterility, pyrogenicity, general

safety and purity standards as required by FDA Office of Biologics standards.

[00163] Sterile injectable solutions are prepared by incorporating the active compounds in
the required amount in the appropriate solvent with various of the other ingredients
enumerated above, as required, followed by filtered sterilization. Generally, dispersions are
prepared by incorporating the various sterilized active ingredients into a sterile vehicle which
contains the basic dispersion medium and the required other ingredients from those
enumerated above. In the case of sterile powders for the preparation of sterile injectable
solutions, the preferred methods of preparation are vacuum-drying and freeze-drying
techniques which yield a powder of the active ingredient plus any additional desired

ingredient from a previously sterile-filtered solution thereof.

[00164] The compositions disclosed herein may be formulated in a neutral or salt form.
Pharmaceutically-acceptable salts, include the acid addition salts (formed with the free amino
groups of the protein) and which are formed with inorganic acids such as, for example,
hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, tartaric, mandelic,
and the like. Salts formed with the free carboxyl groups can also be derived from inorganic
bases such as, for example, sodium, potassium, ammonium, calcium, or ferric hydroxides,
and such organic bases as isopropylamine, trimethylamine, histidine, procaine and the like.
Upon formulation, solutions will be administered in a manner compatible with the dosage
formulation and in such amount as is therapeutically effective. The formulations are easily
administered in a variety of dosage forms such as injectable solutions, drug release capsules

and the like.

[00165] As used herein, "carrier” includes any and all solvents, dispersion media, vehicles,
coatings, diluents, antibacterial and antifungal agents, isotonic and absorption delaying
agents, buffers, carrier solutions, suspensions, colloids, and the like. The use of such media
and agents for pharmaceutical active substances is well known in the art. Except insofar as
any conventional media or agent is incompatible with the active ingredient, its use in the
therapeutic compositions is contemplated. Supplementary active ingredients can also be

incorporated into the compositions.

[00166] The phrase "pharmaceutically-acceptable” or "pharmacologically-acceptable”

refers to molecular entities and compositions that do not produce an allergic or similar
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untoward reaction when administered to a human. The preparation of an aqueous
composition that contains a protein as an active ingredient is well understood in the art.
Typically, such compositions are prepared as injectables, either as liquid solutions or
suspensions; solid forms suitable for solution in, or suspension in, liquid prior to injection can

also be prepared.

C. Combination Treatments

[00167] The compounds and methods of the present invention may be used in the context
of hyperproliferative diseases/conditions including cancer. In order to increase the
effectiveness of a treatment with the compositions of the present invention, such as a GM-
CSF-expressing vaccinia virus, it may be desirable to combine these compositions with other
agents effective in the treatment of those diseases and conditions. For example, the treatment
of a cancer may be implemented with therapeutic compounds of the present invention and

other anti-cancer therapies, such as anti-cancer agents or surgery.

[00168] Various combinations may be employed; for example, a poxvirus, such as

vaccinia virus, is "A" and the secondary anti-cancer therapy is "B":

A/B/A B/A/B B/B/A A/A/B A/B/B B/A/A A/B/B/B B/A/B/B
B/B/B/A B/B/A/B A/A/B/B A/B/A/B A/B/B/A B/B/A/A
B/A/B/A B/A/A/B A/A/A/B B/A/A/A A/B/A/JA A/A/B/A

[00169] Administration of the poxvirus/vaccina vectors of the present invention to a
patient will follow general protocols for the administration of that particular secondary
therapy, taking into account the toxicity, if any, of the poxvirus treatment. It is expected that
the treatment cycles would be repeated as necessary. It also is contemplated that various
standard therapies, as well as surgical intervention, may be applied in combination with the

described cancer or tumor cell therapy.

[00170] An "anti-cancer" agent is capable of negatively affecting cancer in a subject, for
example, by killing cancer cells, inducing apoptosis in cancer cells, reducing the growth rate
of cancer cells, reducing the incidence or number of metastases, reducing tumor size,
inhibiting tumor growth, reducing the blood supply to a tumor or cancer cells, promoting an
immune response against cancer cells or a tumor, preventing or inhibiting the progression of

cancer, or increasing the lifespan of a subject with cancer. Anti-cancer agents include
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biological agents (biotherapy), chemotherapy agents, and radiotherapy agents. More
generally, these other compositions would be provided in a combined amount effective to kill
or inhibit proliferation of the cell. This process may involve contacting the cells with the
expression construct and the agent(s) or multiple factor(s) at the same time. This may be
achieved by contacting the cell with a single composition or pharmacological formulation
that includes both agents, or by contacting the cell with two distinct compositions or
formulations, at the same time, wherein one composition includes the expression construct

and the other includes the second agent(s).

[00171] Tumor cell resistance to chemotherapy and radiotherapy agents represents a major
problem in clinical oncology. One goal of current cancer research is to find ways to improve
the efficacy of chemo- and radiotherapy by combining it with gene therapy. For example, the
herpes simplex-thymidine kinase (HS-tK) gene, when delivered to brain tumors by a
retroviral vector system, successfully induced susceptibility to the antiviral agent ganciclovir
(Culver et al., 1992). In the context of the present invention, it is contemplated that poxvirus
therapy could be used similarly in conjunction with chemotherapeutic, radiotherapeutic,
immunotherapeutic or other biological intervention, in addition to other pro-apoptotic or cell

cycle regulating agents.

[00172] Alternatively, the poxviral therapy may precede or follow the other agent
treatment by intervals ranging from minutes to weeks. In embodiments where the other agent
and poxvirus are applied separately to the cell, one would generally ensure that a significant
period of time did not expire between the time of each delivery, such that the agent and
poxvirus would still be able to exert an advantageously combined effect on the cell. In such
instances, it is contemplated that one may contact the cell with both modalities within about
12-24 h of each other and, more preferably, within about 6-12 h of each other. In some
situations, it may be desirable to extend the time period for treatment significantly, however,
where several days (2, 3, 4, 5, 6 or 7) to several weeks (1, 2, 3, 4, 5, 6, 7 or 8) lapse between

the respective administrations.

1. Chemotherapy

[00173] Cancer therapies also include a variety of combination therapies with both
chemical and radiation based treatments. Combination chemotherapies include, for example,
cisplatin (CDDP), carboplatin, procarbazine, mechlorethamine, cyclophosphamide,

camptothecin, ifosfamide, melphalan, chlorambucil, busulfan, nitrosurea, dactinomycin,
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daunorubicin, doxorubicin, bleomycin, plicomycin, mitomycin, etoposide (VP16), tamoxifen,
raloxifene, estrogen receptor binding agents, taxol, gemcitabien, navelbine, farnesyl-protein
transferase inhibitors, transplatinum, 5-fluorouracil, vincristine, vinblastine and methotrexate,
Temazolomide (an aqueous form of DTIC), or any analog or derivative variant of the
foregoing. The combination of chemotherapy with biological therapy is known as

biochemotherapy.

2. Radiotherapy

[00174] Other factors that cause DNA damage and have been used extensively include
what are commonly known as .gamma.-rays, X-rays, and/or the directed delivery of
radioisotopes to tumor cells. Other forms of DNA damaging factors are also contemplated
such as microwaves and UV-irradiation. It is most likely that all of these factors effect a
broad range of damage on DNA, on the precursors of DNA, on the replication and repair of
DNA, and on the assembly and maintenance of chromosomes. Dosage ranges for X-rays
range from daily doses of 50 to 200 roentgens for prolonged periods of time (3 to 4 wk), to
single doses of 2000 to 6000 roentgens. Dosage ranges for radioisotopes vary widely, and
depend on the half-life of the isotope, the strength and type of radiation emitted, and the
uptake by the neoplastic cells.

[00175] The terms "contacted" and "exposed," when applied to a cell, are used herein to
describe the process by which a therapeutic construct and a chemotherapeutic or
radiotherapeutic agent are delivered to a target cell or are placed in direct juxtaposition with
the target cell. To achieve cell killing or stasis, both agents are delivered to a cell in a

combined amount effective to kill the cell or prevent it from dividing.

3. Immunotherapy

[00176] Immunotherapeutics, generally, rely on the use of immune effector cells and
molecules to target and destroy cancer cells. The immune effector may be, for example, an
antibody specific for some marker on the surface of a tumor cell. The antibody alone may
serve as an effector of therapy or it may recruit other cells to actually effect cell killing. The
antibody also may be conjugated to a drug or toxin (chemotherapeutic, radionuclide, ricin A
chain, cholera toxin, pertussis toxin, etc.) and serve merely as a targeting agent. Alternatively,
the effector may be a lymphocyte carrying a surface molecule that interacts, either directly or

indirectly, with a tumor cell target. Various effector cells include cytotoxic T cells and NK
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cells. The combination of therapeutic modalities, i.e., direct cytotoxic activity and inhibition
or reduction of certain poxvirus polypeptides would provide therapeutic benefit in the

treatment of cancer.

[00177] Immunotherapy could also be used as part of a combined therapy. The general
approach for combined therapy is discussed below. In one aspect of immunotherapy, the
tumor cell must bear some marker that is amenable to targeting, i.e., is not present on the
majority of other cells. Many tumor markers exist and any of these may be suitable for
targeting in the context of the present invention. Common tumor markers include
carcinoembryonic antigen, prostate specific antigen, urinary tumor associated antigen, fetal
antigen, tyrosinase (p97), gp68, TAG-72, HMFG, Sialyl Lewis Antigen, MucA, MucB,
PLAP, estrogen receptor, laminin receptor, erb B and pl55. An alternative aspect of
immunotherapy is to anticancer effects with immune stimulatory effects. Immune stimulating
molecules also exist including: cytokines such as IL-2, IL4, IL-12, GM-CSF, IFN.gamma.,
chemokines such as MIP-1, MCP-1, IL-8 and growth factors such as FLT3 ligand.
Combining immune stimulating molecules, cither as proteins or using gene delivery in
combination with a tumor suppressor such as mda-7 has been shown to enhance anti-tumor

effects (Ju et al., 2000).

[00178] As discussed carlier, examples of immunotherapies currently under investigation
or in use are immune adjuvants (e.g., Mycobacterium bovis, Plasmodium falciparum,
dinitrochlorobenzene and aromatic compounds) (U.S. Patent 5,801,005; U.S. Patent
5,739,169; Hui and Hashimoto, 1998; Christodoulides et al., 1998), cytokine therapy (e.g.
interferons-a., -f and -y; IL-1, GM-CSF and TNF) (Bukowski et al., 1998; Davidson et al.,
1998; Hellstrand et al., 1998) gene therapy (e.g., TNF, IL-1, IL-2, p53) (Qin ef al., 1998;
Austin-Ward and Villaseca, 1998; U.S. Patent 5,830,880 and U.S. Patent 5,846,945) and
monoclonal antibodies (e.g., anti-ganglioside GM2, anti-HER-2, anti-p185) (Pietras et al.,
1998; Hanibuchi et al., 1998; U.S. Patent 5,824,311). Herceptin (trastuzumab) is a chimeric
(mouse-human) monoclonal antibody that blocks the HER2-neu receptor. It possesses anti-
tumor activity and has been approved for use in the treatment of malignant tumors (Dillman,
1999). Combination therapy of cancer with herceptin and chemotherapy has been shown to
be more effective than the individual therapies. Thus, it is contemplated that one or more

anti-cancer therapies may be employed with the poxvirus-related therapies described herein.
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[00179] Passive Immunotherapy. A number of different approaches for passive
immunotherapy of cancer exist. They may be broadly categorized into the following:
injection of antibodies alone; injection of antibodies coupled to toxins or chemotherapeutic
agents; injection of antibodies coupled to radioactive isotopes; injection of anti-idiotype

antibodies; and finally, purging of tumor cells in bone marrow.

[00180] Preferably, human monoclonal antibodies are employed in passive
immunotherapy, as they produce few or no side effects in the patient. Humanized and
chimeric monocolonal antibodies are also employed successfully in cancer therapy.
Monoclonal antibodies used as cancer therapeutics include edrecolomab, rituximab,
trastuzumab, gemtuzumab, alemtuzumab, ibritumomab, tositumomab, cetuximab,

bevacizumab, nimotuzumab, and panitumamab.

[00181] It may be favorable to administer more than one monoclonal antibody directed
against two different antigens or even antibodies with multiple antigen specificity. Treatment
protocols also may include administration of lympholines or other immune enhancers as
described by Bajorin ef al. (1988). The development of human monoclonal antibodies is

described in further detail elsewhere in the specification.

[00182] Active Immunotherapy. In active immunotherapy, an antigenic peptide,
polypeptide or protein, or an autologous or allogenic tumor cell composition or "vaccine"” is
administered, generally with a distinct bacterial adjuvant (Ravindranath and Morton, 1991;
Morton et al., 1992; Mitchell et al, 1990; Mitchell et al, 1993). In melanoma
immunotherapy, those patients who elicit high IgM response often survive better than those
who elicit no or low IgM antibodies (Morton et al., 1992). IgM antibodies are often transient
antibodies and the exception to the rule appears to be anti-ganglioside or anticarbohydrate

antibodies.

[00183] Adoptive Immunotherapy. In adoptive immunotherapy, the patient's circulating
lymphocytes, or tumor infiltrated lymphocytes, are isolated in wvitro, activated by
lymphokines such as IL-2 or transduced with genes for tumor necrosis, and readministered
(Rosenberg et al., 1988; 1989). To achieve this, one would administer to an animal, or human
patient, an immunologically effective amount of activated lymphocytes in combination with
an adjuvant-incorporated antigenic peptide composition as described herein. The activated

lymphocytes will most preferably be the patient's own cells that were earlier isolated from a
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blood or tumor sample and activated (or "expanded") in vitro. This form of immunotherapy
has produced several cases of regression of melanoma and renal carcinoma, but the

percentage of responders were few compared to those who did not respond.

4. Genes

[00184] In yet another embodiment, the secondary treatment is a gene therapy in which a
therapeutic polynucleotide is administered before, after, or at the same time as an attenuated
poxvirus is administered. Delivery of a poxvirus in conjunction with a vector encoding one of
the following gene products will have a combined anti-cancer effect on target tissues.
Alternatively, the poxvirus may be engineered as a viral vector to include the therapeutic
polynucleotide. A variety of proteins are encompassed within the invention, some of which
are described below. Table 7 lists various genes that may be targeted for gene therapy of

some form in combination with the present invention.

[00185] Inducers of Cellular Proliferation. The proteins that induce cellular proliferation
further fall into various categories dependent on function. The commonality of all of these
proteins is their ability to regulate cellular proliferation. For example, a form of PDGF, the sis
oncogene, is a secreted growth factor. Oncogenes rarely arise from genes encoding growth
factors, and at the present, sis is the only known naturally-occurring oncogenic growth factor.
In one embodiment of the present invention, it is contemplated that anti-sense mRNA
directed to a particular inducer of cellular proliferation is used to prevent expression of the

inducer of cellular proliferation.

[00186] The proteins FMS, ErbA, ErbB and neu are growth factor receptors. Mutations to
these receptors result in loss of regulatable function. For example, a point mutation affecting
the transmembrane domain of the Neu receptor protein results in the neu oncogene. The erbA
oncogene is derived from the intracellular receptor for thyroid hormone. The modified
oncogenic ErbA receptor is believed to compete with the endogenous thyroid hormone

receptor, causing uncontrolled growth.

[00187] The largest class of oncogenes includes the signal transducing proteins (e.g., Src,
Abl and Ras). The protein Src is a cytoplasmic protein-tyrosine kinase, and its transformation
from proto-oncogene to oncogene in some cases, results via mutations at tyrosine residue

527. In contrast, transformation of GTPase protein ras from proto-oncogene to oncogene, in
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one example, results from a valine to glycine mutation at amino acid 12 in the sequence,

reducing ras GTPase activity.

[00188] The proteins Jun, Fos and Myc are proteins that directly exert their effects on

nuclear functions as transcription factors.

[00189] Inhibitors of Cellular Proliferation. The tumor suppressor oncogenes function
to inhibit excessive cellular proliferation. The inactivation of these genes destroys their
inhibitory activity, resulting in unregulated proliferation. The tumor suppressors p353, p16 and

C-CAM are described below.

[00190] In addition to p53, which has been described above, another inhibitor of cellular
proliferation is p16. The major transitions of the eukaryotic cell cycle are triggered by cyclin-
dependent kinases, or CDK's. One CDK, cyclin-dependent kinase 4 (CDK4), regulates
progression through the G;. The activity of this enzyme may be to phosphorylate Rb at late
Gi. The activity of CDK4 is controlled by an activating subunit, D-type cyclin, and by an
inhibitory subunit, the pl16™"' has been biochemically characterized as a protein that
specifically binds to and inhibits CDK4, and thus may regulate Rb phosphorylation (Serrano
et al., 1993; Serrano et al., 1995). Since the pl6INK4 protein is a CDK4 inhibitor (Serrano,
1993), deletion of this gene may increase the activity of CDK4, resulting in
hyperphosphorylation of the Rb protein. p16 also is known to regulate the function of CDK®6.

[00191] pl6™* belongs to a newly described class of CDK-inhibitory proteins that also
includes p16g, p19, p21, WAF1, and p27°"". The p16™** gene maps to 9p21, a chromosome
region frequently deleted in many tumor types. Homozygous deletions and mutations of the
p16™%* gene are frequent in human tumor cell lines. This evidence suggests that the p16™-*
gene is a tumor suppressor gene. This interpretation has been challenged, however, by the
observation that the frequency of the pl6™~' gene alterations is much lower in primary
uncultured tumors than in cultured cell lines (Caldas er al., 1994; Cheng et al., 1994;
Hussussian et al., 1994; Kamb et al., 1994; Kamb et al., 1994; Mori et al., 1994; Okamoto et
al., 1994; Nobori et al., 1994; Orlow et al., 1994; Arap et al., 1995). Restoration of wild-type
p16™%* function by transfection with a plasmid expression vector reduced colony formation

by some human cancer cell lines (Okamoto, 1994; Arap, 1995).

[00192] Other genes that may be employed according to the present invention include Rb,
APC, DCC, NF-1, NF-2, WT-1, MEN-I, MEN-II, zacl, p73, VHL, MMACI/PTEN,
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DBCCR-1, FCC, rsk-3, p27, p27/p16 fusions, p21/p27 fusions, anti-thrombotic genes (e.g.,
COX-1, TFPI), PGS, Dp, E2F, ras, myc, neu, raf erb, fms, trk, ret, gsp, hst, abl, E1A, p300,
genes involved in angiogenesis (e.g., VEGF, FGF, thrombospondin, BAI-1, GDAIF, or their
receptors) and MCC.

[00193] Regulators of Programmed Cell Death. Apoptosis, or programmed cell death,
is an essential process for normal embryonic development, maintaining homeostasis in adult
tissues, and suppressing carcinogenesis (Kerr et al., 1972). The Bcl-2 family of proteins and
ICE-like proteases have been demonstrated to be important regulators and effectors of
apoptosis in other systems. The Bcl-2 protein, discovered in association with follicular
lymphoma, plays a prominent role in controlling apoptosis and enhancing cell survival in
response to diverse apoptotic stimuli (Bakhshi ef al., 1985; Cleary and Sklar, 1985; Cleary et
al., 1986; Tsujimoto et al., 1985; Tsujimoto and Croce, 1986). The evolutionarily conserved
Bcl-2 protein now is recognized to be a member of a family of related proteins, which can be

categorized as death agonists or death antagonists.

[00194] Subsequent to its discovery, it was shown that Bcl-2 acts to suppress cell death
triggered by a variety of stimuli. Also, it now is apparent that there is a family of Bel-2 cell
death regulatory proteins which share in common structural and sequence homologies. These
different family members have been shown to either possess similar functions to Bel-2 (e.g.,
BClxr, Bcely, Bels, Mcl-1, Al, Bfl-1) or counteract Bcl-2 function and promote cell death
(e.g., Bax, Bak, Bik, Bim, Bid, Bad, Haraliri).

S. Surgery

[00195] Approximately 60% of persons with cancer will undergo surgery of some type,
which includes preventative, diagnostic or staging, curative and palliative surgery. Curative
surgery is a cancer treatment that may be used in conjunction with other therapies, such as the
treatment of the present invention, chemotherapy, radiotherapy, hormonal therapy, gene

therapy, immunotherapy and/or alternative therapies.

[00196] Curative surgery includes resection in which all or part of cancerous tissue is
physically removed, excised, and/or destroyed. Tumor resection refers to physical removal of
at least part of a tumor. In addition to tumor resection, treatment by surgery includes laser

surgery, cryosurgery, electrosurgery, and microscopically controlled surgery (Mohs' surgery).
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It is further contemplated that the present invention may be used in conjunction with removal

of superficial cancers, precancers, or incidental amounts of normal tissue.

[00197] Upon excision of part of all of cancerous cells, tissue, or tumor, a cavity may be
formed in the body. Treatment may be accomplished by perfusion, direct injection or local
application of the area with an additional anti-cancer therapy. Such treatment may be
repeated, for example, every 1, 2, 3, 4, 5, 6, or 7 days, or every 1, 2, 3, 4, and 5 weeks or
every 1, 2, 3,4,5,6,7, 8,9, 10, 11, or 12 months. These treatments may be of varying

dosages as well.

6. Other Agents

[00198] It is contemplated that other agents may be used in combination with the present
invention to improve the therapeutic efficacy of treatment. These additional agents include
immunomodulatory agents, agents that affect the upregulation of cell surface receptors and
GAP junctions, cytostatic and differentiation agents, inhibitors of cell adehesion, agents that
increase the sensitivity of the hyperproliferative cells to apoptotic inducers, or other
biological agents. Immunomodulatory agents include tumor necrosis factor; interferon-a, -3,
and -y; IL-2 and other cytokines; F42K and other cytokine analogs; or MIP-1, MIP-1.beta.,
MCP-1, RANTES, and other chemolines. It is further contemplated that the upregulation of
cell surface receptors or their ligands such as Fas/Fas ligand, DR4 or DR5/TRAIL (Apo-2
ligand) would potentiate the apoptotic inducing abililties of the present invention by
establishment of an autocrine or paracrine effect on hyperproliferative cells. Increases
intercellular signaling by elevating the number of GAP junctions would increase the anti-
hyperproliferative effects on the neighboring hyperproliferative cell population. In other
embodiments, cytostatic or differentiation agents can be used in combination with the present
invention to improve the anti-hyerproliferative efficacy of the treatment Inhibitors of cell
adehesion are contemplated to improve the efficacy of the present invention. Examples of cell
adhesion inhibitors are focal adhesion kinase (FAKSs) inhibitors and Lovastatin. It is further
contemplated that other agents that increase the sensitivity of a hyperproliferative cell to
apoptosis, such as the antibody c225, could be used in combination with the present invention

to improve the treatment efficacy.

[00199]  Apo2 ligand (Apo2L, also called TRAIL) is a member of the tumor necrosis factor
(TNF) cytokine family. TRAIL activates rapid apoptosis in many types of cancer cells, yet is
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not toxic to normal cells. TRAIL mRNA occurs in a wide variety of tissues. Most normal
cells appear to be resistant to TRAIL's cytotoxic action, suggesting the existence of
mechanisms that can protect against apoptosis induction by TRAIL. The first receptor
described for TRAIL, called death receptor 4 (DR4), contains a cytoplasmic "death domain";
DR4 transmits the apoptosis signal carried by TRAIL. Additional receptors have been
identified that bind to TRAIL. One receptor, called DRS5, contains a cytoplasmic death
domain and signals apoptosis much like DR4. The DR4 and DR5 mRNAs are expressed in
many normal tissues and tumor cell lines. Recently, decoy receptors such as DcR1 and DcR2
have been identified that prevent TRAIL from inducing apoptosis through DR4 and DRS.
These decoy receptors thus represent a novel mechanism for regulating sensitivity to a pro-
apoptotic cytoline directly at the cell's surface. The preferential expression of these inhibitory
receptors in normal tissues suggests that TRAIL may be useful as an anticancer agent that

induces apoptosis in cancer cells while sparing normal cells. (Marsters et al., 1999).

[00200] There have been many advances in the therapy of cancer following the
introduction of cytotoxic chemotherapeutic drugs. However, one of the consequences of
chemotherapy is the development/acquisition of drug-resistant phenotypes and the
development of multiple drug resistance. The development of drug resistance remains a
major obstacle in the treatment of such tumors and therefore, there is an obvious need for

alternative approaches such as gene therapy.

[00201] Another form of therapy for use in conjunction with chemotherapy, radiation
therapy or biological therapy includes hyperthermia, which is a procedure in which a patient's
tissue is exposed to high temperatures (up to 106°F). External or internal heating devices may
be involved in the application of local, regional, or whole-body hyperthermia. Local
hyperthermia involves the application of heat to a small area, such as a tumor. Heat may be
generated externally with high-frequency waves targeting a tumor from a device outside the
body. Internal heat may involve a sterile probe, including thin, heated wires or hollow tubes

filled with warm water, implanted microwave antennae, or radiofrequency electrodes.

[00202] A patient's organ or a limb is heated for regional therapy, which is accomplished
using devices that produce high energy, such as magnets. Alternatively, some of the patient's
blood may be removed and heated before being perfused into an area that will be internally

heated. Whole-body heating may also be implemented in cases where cancer has spread
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throughout the body. Warm-water blankets, hot wax, inductive coils, and thermal chambers

may be used for this purpose.

[00203] Hormonal therapy may also be used in conjunction with the present invention or
in combination with any other cancer therapy previously described. The use of hormones may
be employed in the treatment of certain cancers such as breast, prostate, ovarian, or cervical
cancer to lower the level or block the effects of certain hormones such as testosterone or
estrogen. This treatment is often used in combination with at least one other cancer therapy as
a treatment option or to reduce the risk of metastases. TABLE-US-00007 TABLE 6
Oncogenes Gene Source Human Disease Function Growth Factors HST/KS Transfection
FGF family member INT-2 MMTV promoter FGF family Insertion member INTI/WNTI
MMTYV promoter Factor-like Insertion SIS Simian sarcoma PDGF B virus Receptor Tyrosine
Kinases ERBB/HER Avian Amplified, EGF/TGF-.alpha./ erythro- deleted Squamous
Amphiregulin/ blastosis cell Cancer; Hetacellulin virus; ALV glioblastoma receptor promoter
insertion; amplified human tumors ERBB-2/NEU/ Transfected Amplified breast, Regulated
by HER-2 from rat Ovarian, gastric NDF/ Glioblastomas cancers Heregulin and EGF-Related
factors FMS SM feline CSF-1 receptor sarcoma virus KIT HZ feline MGF/Steel sarcoma
virus receptor Hematopoieis TRK Transfection NGF (nerve from human growth Factor)
colon cancer receptor MET Transfection Scatter factor/ from human HGF Receptor
osteosarcoma RET Translocations Sporadic thyroid Orphan receptor and point cancer;
Familial Tyr mutations medullary thyroid Kinase cancer; multiple endocrine neoplasias 2A
and 2B ROS URII avian Orphan receptor sarcoma Virus Tyr Kinase PDGF receptor
Translocation  Chronic  TEL(ETS-like  Myelomonocytic = Transcription  Leukemia

factor)/PDGF receptor gene Fusion.

V. EXAMPLES

[00204] The following examples are given for the purpose of illustrating various
embodiments of the invention and are not meant to limit the present invention in any fashion.
One skilled in the art will appreciate readily that the present invention is well adapted to carry
out the objects and obtain the ends and advantages mentioned, as well as those objects, ends
and advantages inherent herein. The present examples, along with the methods described
herein are presently representative of preferred embodiments, are exemplary, and are not

intended as limitations on the scope of the invention. Changes therein and other uses which
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are encompassed within the spirit of the invention as defined by the scope of the claims will

occur to those skilled in the art.

EXAMPLE 1

TREATMENT OF HEPATIC CARCINOMA

A. OBJECTIVES

[00205] (1) To determine the maximally-tolerated dose (MTD) and/or maximum-feasible
dose (MFD) of JX-594 administered by intratumoral (IT) injection, (2) To evaluate the safety
of JX-594 administered by I.T. injection, (3) To evaluate the replication/pharmacokinetics of
JX-594 administered by I.T. injection, (4) To evaluate the immune response to JX-594 and to
tumor-associated antigens following I.T. injection (increased inflammatory infiltration at the
injected and non-injected sites; neutralizing antibody formation; cytokine responses; and
tumor and virus specific Tlymphocytes induction), (5) To evaluate the anti-tumoral efficacy

of JX-594 administered by I.T. injection at the injected and non-injected sites

B. STUDY DESIGN

[00206] This is a Phase I, open-label, dose-escalation study in hepatic carcinoma patients
with superficial injectable tumor nodule(s) under imaging guide. Patients who have refractory
tumors will receive one treatment of the following four dose levels in a sequential dose
escalating design: Cohort 1: 1 x 10° pfu, Cohort 2: 3 x 10® pfu, Cohort 3: 1 x 10° pfu, Cohort
4:3 x 10° pfu

[00207] Target period of such a study will be 15 months. The enrolled patients will
receive 1 treatment per cycle. If a patient receives the treatment without a dose-limiting
toxicity (DLT) and the target tumor has not progressed, the patient will move on to an
additional cycle up to a total of 4 cycles. If a patient has target tumor progressed or is
withdrawn from the study due to a DLT or other reasons, the patient will conduct an End of
Study Visit and go into the follow-up phase. A cycle is defined as 3 weeks. A DLT will be

observed only at the first cycle.

[00208] A dose can be distributed into 1-3 lesions. The sum total of the maximal
diameters of the lesion(s) to be injected must be less than 10 cm. Three patients will be
treated at each dose level unless a DLT is observed. Enrollment will proceed to the next dose

level if 0 of 3 patients experiences a DLT; if one of the first 3 patients experiences a DLT,
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then an additional patient will be enrolled until a second DLT occurs (which is defined as the
toxic dose at this time) or until a total of six patients has been treated. If a second DLT

doesn’t appear in the cohort, the patient advances to the next dose level.

[00209] MTD is defined as the dose immediately preceding the dose at which 2 patients
experience a DLT after the treatment with JX-594. MFD is defined as the top dose level
when MTD is not defined. When MTD/MFD are defined, six additional patients will be
treated in order to obtain more data of the safety and toxicity at this dose level. If MTD
doesn’t occur in Cohort 4 and the efficacy of PR develops in over 2/3 at the previous cohort

dose, the clinical study of 6 additional patients will be conducted with this dose.

[00210] DLT is defined as any one of the following, attributed to JX-594: 1. Grade 4
toxicity of any period 2. Grade 3 toxicity (excluding flu-like symptoms: fatigue, nausea,
myalgia, fever) lasting > 5 days. The National Cancer Institute common Toxicity Criteria of

the US will be used to assign the severity of toxicity occurring in this study.

1. Decision on Control Tumor(s) (Non-injected Tumor(s)) (Cycle 1)
and JX-594 Injection (Cycle 2+)

[00211] During Cycle 1 the investigator will decide control tumor site(s). The control
tumor(s) must be a clear tumor nodule located in the lobes other than hepatic lobes of the
target tumor(s) and be outside the lymphatic drainage of the target tumor(s). Accordingly,
control tumor(s) will be located separately in the left and right lobes of the liver. However, if
tumor nodules exist within the limit of one side of the liver, control tumor(s) may be non-
injected tumor nodule(s) with JX-594; however a control tumor may not be established if the
tumor has an extensive single nodule. This control tumor will be assessed in identical fashion
to JX-594 treated tumor(s). This will enable an assessment of the control effect on tumor

growth and local toxicity/activity.

[00212] If this patient advances to Cycle 2, the control tumor(s) will be injected with JX-
594 at the same dose level as the targeted tumor in Cycle 1. As described above, the dose

will be distributed among the tumors proportionally based on the tumor size.

2, Non-Target (Non-Injected) Tumor Responders

[00213] Non-injected tumors may respond in this study; this phenomenon has been

reported in a previous Phase I trial of JX-594 with such patients. It is necessary to understand
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the mechanism of this effect; possibilities include spread of the virus from the injected tumors
and/or induction of tumor-specific cytotoxic (tumor infiltration of T-lymphocytes (CTL) and
subsequent cytotoxic T-lymphocytes-mediated tumor destruction). In order to better
understand the mechanism(s) of this effect, the investigators will perform the following. If a
non-injected tumor(s) responds clinically, core biopsies or fine needle aspirates will be
performed at the same collection time points as the injected tumor (See Appendix A; total
non-target tumor biopsies do not to exceed two sites). Specimens from non-injected tumors
will be analyzed with same method as will be used for materials to be obtained from the

injected tumor.

C. PATIENT SELECTION
1. Inclusion Criteria

[00214] Typically, patients will meet all the following criteria: (1) older than 18 years of

age, (2) clinically or histologically confirmed (primary or metastastic) hepatic carcinoma

patients with superficial injectable tumor (£ 10 cm longest diameter) under imaging guide,

which has progressed despite of standard therapies (i.e. refractory to standard therapies), (3)
progressed tumor despite of standard treatments such as surgical resection, intraarterial

chemoembolization, chemotherapy, and radiation therapy, (4) Patients with Karnofsky

Performance Status (KPS) of 2 70, (5) Patients with anticipated survival of at least 16 weeks,

(6) If sexually active patients, patients have willingness to use a contraceptive method for 3
months after the treatment with JX-594, (7) Patients with ability to understand and
willingness to sign a written informed consent, (8) Patients with ability to comply with the
study procedures and follow-up examinations, (9) Patients with adequate bone marrow
function: WBC > 3,000 cells/mm3, ANC > 1,500 cells/mm3, hemoglobin > 10 g/dL, and
platelet count > 75,000 cells/mm3, (10) Patients with adequate renal function: serum
creatinine < 1.5 mg/dL, (11) Patients with adequate hepatic function: serum AST (< 2.5 of
ULN), ALT (< 2.5 of ULN), total bilirubin (< 2.0 mg/dL); for primary lung cancer the
patients should be classified to A or B by Child-Pugh classification.

2. Exclusion Criteria

[00215] Patients must not meet any of the following exclusion criteria: (1) Pregnant or
nursing an infant, (2) HIV patients, (3) Patients classified to C by Child-Pugh classification;

patients with total bilirubin > 2 mg/dL among patients classified to A or B (in case of primary
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hepatic cancer), (4) Patients with clinically significant active infection or uncontrolled
medical condition (e.g., respiratory, necurological, cardiovascular, gastrointestinal,
genitourinary system) considered high risk for new experimental drug treatment, (5) Patients
with significant immunodeficiency or family member with the condition due to underlying
illness and/or medication taken, (6) Patients with history of eczema requiring systemic
therapy, (7) Patients with unstable cardiac disease including MI, unstable angina, congestive
heart failure, myocarditis, arrthythmias diagnosed and requiring medication within 6 months
prior to patient enrollment of the study, or any other clinically significant condition in cardiac
status, (8) Patients who received systemic corticosteroid or any other immunosuppressive
medication within 4 weeks prior to study drug treatment, (9) Patients who received any other
investigational drug study, radiotherapy, chemotherapy or surgery within 4 weeks prior to
patient enrollment of the study, (10) Patients enable or unwilling to give a written informed

consent, (11) Patients with hypersensitivity to ingredient(s) of the study drug.

D. STUDY VISIT PROCEDURES

[00216] A summary table of the study procedures is presented in the Schedule of
Observations and Tests. Usually, +1/-1 day window from the scheduled day may be allowed,

and weekends and holidays are not counted.

1. Screening Visit (Day — 14 to 0)

[00217] This is a clinical study using viruses and the study will proceeded, discussing with
the patient. Any patient who wants to take part must provide a written informed consent.
After signing an informed consent, each patient will conduct the following assessments

within 14 days before the initiation of the study:

[00218] Clinical Assessments include (1) A thorough medical and surgical history,
including anti-cancer treatments, (2) Weight and vital signs (temperature, pulse rate and
blood pressure), (3) Physical examination (whole body systems), (4) Karnofsky Performance
Score, (5) Chest x-rays (posterior-anterior and bilateral), (6) 12-lead ECG (acceptable if done
within 3 months prior to patient enrollment of the study), (7) Concomitant medication

assessment (all medications taken within 14 days prior to patient enrollment of the study).

[00219] Laboratory Assessments include (1) Routine blood test (including platelet count
and differential counts), (2) Serum chemistries; sodium, potassium, BUN, creatinine, ALT,

AST, alkaline phosphatase, total bilirubin, LDH, calcium, phosphorus, magnesium, random
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glucose, total protein, albumin and uric acid, (3) Coagulation test: prothrombin time (PT),
partial thromboplastin time (PTT), and International Normalized Ratio (INR); fibrinogen, (4)
HIV, HBV and alpha Fetoprotein test, (5) Neutralizing antibody titer, (6) Viral genomes (Q-
PCR), (7) Routine urinalysis (including microscopic examination), (8) Pregnancy test (for
women of childbearing potential), (9) Test of appropriate tumor markers (CA125, CEA, AFP,
PSA, CA19-9, etc.) at the screening test, depending on the type of tumor; when it is

increased, the test will be performed on the 22nd day of each cycle.

[00220] Imaging-based Assessments and Measurement of Tumor include measurement
of a tumor nodule using abdomen CT scan (Measurement of longest diameter); may be
replaced with CT taken on Day 1 (before the treatment). (Acceptable if done within 2 weeks

prior to patient enrollment of the study).

[00221] Day 1 (Cycle 1 - 4) - It should be noticed which assessments are to be performed

before or after the administration of JX-594.

[00222] Day 1; Pre-treatment -- Clinical Assessments: Physical examination (whole

body systems), Weight and vital signs (temperature, pulse rate and blood pressure),
Karnofsky Performance Score, Identification of concurrent therapies, Test and assessment of
target tumor(s), Measurement of target tumor(s) (n=1-3); measurement of additional non-

injected tumor(s), (n=1-3), Biopsy of target tumor(s).

[00223] Laboratory Assessments: Blood -- 1. Routine blood test (including platelet count
and differential counts), 2. Serum chemistry test: sodium, potassium, BUN, creatinine, ALT,
AST, alkaline phosphatase, total bilirubin, LDH, calcium, phosphorus, magnesium, random
glucose, total protein, albumin and uric acid, 3. Coagulation test: prothrombin time (PT),
partial thromboplastin time (PTT), and International Normalized Ratio (INR); fibrinogen, 4.
Cytokines (including GM-CSF), 5. Neutralizing antibody titer, 6. Viral genomes (Q-PCR)

[00224] Laboratory Assessments: Others -- 1. Urine test for pfu, 2. Throat swab for pfu

[00225] Study Drug Administration - 1. Administration of JX-594 as described in
Chapter 8

[00226] Day 1: Post-treatment -- 1. Physical examination. Vital signs will be taken twice

an hour (30 minutes and 60 minutes) for 6 hours and will be taken routinely later, 2. Blood
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will be drawn for the cytokine analysis at the following time-points: 1 hour and 3 hours post-
treatment, 3. Blood will be drawn for the measurement of circulating JX-594 genomes at the
following, time-points: 10-15 minutes, 25-35 minutes and 4-6 hours after the start of
administration, 4. Urine and throat swab samples for viral shedding will be taken 3-4 hours

post-treatment, 5. Record of side effects and concurrent illnesses

[00227] Dayv 3 (Cycle 1 - 4) -- Laboratory Assessments: Blood - 1. Routine blood test

(including platelet count and differential counts), 2. Serum chemistry test: sodium, potassium,
BUN, creatinine, ALT, AST, alkaline phosphatase, total bilirubin, LDH, -calcium,
phosphorus, magnesium, random glucose, total protein, albumin and uric acid, 3. Coagulation
test: prothrombin time (PT), partial thromboplastin time (PTT) and International Normalized
Ratio (INR); fibrinogen, 4. Cytokines (including GM-CSF), 5. Neutralizing antibody titer, 6.
Viral genomes (Q-PCR).

[00228] Laboratory Assessments: Others - 1. Urine test for pfu, 2. Throat swab for pfu
[00229] Clinical Assessments - Record of side effects and concurrent illnesses

[00230] Imaging-based assessments: abdomen CT scan when suspicious of side effects at

clinical Assessments.

[00231] Day 5 (Cycle 1 - 4) -- Clinical Assessments - Record of side effects and

concurrent illnesses.

[00232] Laboratory Assessments: Blood- 1. Routine blood test (including platelet count
and differential counts), 2. Serum chemistry test: sodium, potassium, BUN, creatinine, ALT,
AST, alkaline phosphatase, total bilirubin, LDH, calcium, phosphorus, magnesium, random
glucose, total protein, albumin and uric acid, 3. Coagulation test: prothrombin time (PT),
partial thromboplastin time (PTT), and International Normalized Ratio (INR); fibrinogen, 4.
Viral genomes (Q-PCR).

[00233] Dayv 8 (Cycle 1 - 4) -- Clinical Assessments - Physical examination, CT scan;

biopsy of target tumor(s) (Biopsy will also be performed on up to 1 or 2 non-injected
tumor(s) which shows a significant change including inflammation, necrosis or shrinkage,
etc.). Biopsy will be performed only at Cycle 1 and 2 by the PI’s subjective evaluation of the

patient condition. Record of side effects and concurrent illnesses.
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[00234] Laboratory Assessments: Blood - 1. Routine blood test (including platelet count
and differential counts), 2. Serum chemistry test: sodium, potassium, BUN, creatinine, ALT,
AST, alkaline phosphatase, total bilirubin, LDH, calcium, phosphorus, magnesium, random
glucose, total protein, albumin and uric acid, 3. Coagulation test: prothrombin time (PT),
partial thromboplastin time (PTT) and International Normalized Ratio (INR); fibrinogen, 4.
Cytokines (including GM-CSF), 5. Neutralizing antibody titer, 6. Viral genomes (Q-PCR).

[00235] Laboratory Assessments: Others - 1. Urine test for pfu, 2. Throat swab for pfu
3. Fine needle aspiration of the necrosis when necrosis occurs (performed only at Cycle 1 and

2).

[00236] Day 15 (Cvcle 1 —4) -- Clinical Assessments - Physical examination.

[00237] Laboratory Assessments: Blood - 1. Routine blood test (including platelet count
and differential counts) 2. Serum chemistry test: sodium, potassium, BUN, creatinine, ALT,
AST, alkaline, phosphatase, total bilirubin, LDH, calcium, phosphorus, magnesium, random
glucose, total protein, albumin and uric acid, 3. Coagulation test: prothrombin time (PT),
partial thromboplastin time (PTT) and International Normalized Ratio (INR); fibrinogen, 4.
Viral genomes (Q-PCR).

[00238] Laboratory Assessments: Others - 1. Urine test for pfu, 2. Throat swab for pfu

[00239] Dayv 22 (Cycle 1 — 4) - Clinical Assessments - 1. Physical examination, 2.

Imaging-based assessments: abdomen CT scan (performed at Cycle 2 and 4 only), 3.
Measurement of target tumor(s) (n=1-3); measurement of additional non-injected tumors
(n=1-3), 4. Biopsy of target tumor(s) (Biopsy will also be performed on up to 1 or 2 non-
injected tumor(s) which show a significant change including inflammation, necrosis or
shrinkage.), 5. Record of side effects and concurrent illnesses, 6. Day 22 may be used as Day
1 pre of the following cycle. There may be up to one week interval between Day 22 and Day

1 of the following cycle.

[00240] Laboratory Assessments: Blood - 1. Routine blood test (including platelet count
and differential counts), 2. Serum chemistry test: sodium, potassium, BUN, creatinine, ALT,
AST, alkaline phosphatase, total bilirubin, LDH, calcium, phosphorus, magnesium, random
glucose, total protein, albumin and uric acid, 3. Coagulation test: prothrombin time (PT),

partial thromboplastin time (PTT) and International Normalized Ratio (INR); fibrinogen, 4.
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Neutralizing antibody, 5. Viral genomes (Q-PCR), 6. Test of appropriate tumor markers
(CA125, CEA, AFP, PSA, CA19-9, etc.) at the screening test, depending on the type of

tumor; when it is increased, the test will be performed on the 22™ day of each cycle.
[00241] Laboratory Assessments: Others - 1. Urine test for pfu, 2. Throat swab for pfu

[00242] Day 28 or End of Study Visit -- Clinical Assessments - Physical examination,

and Record of side effects and concurrent illnesses.

[00243] Laboratory Assessments: Blood - 1. Routine blood test (including platelet count
and differential counts), 2. Serum chemistry test: sodium, potassium, BUN, creatinine, ALT,
AST, alkaline phosphatase, total bilirubin, LDH, calcium, phosphorus, magnesium, random
glucose, total protein, albumin and uric acid, 3. Coagulation test: prothrombin time (PT),
partial thromboplastin time (PTT) and International Normalized Ratio (INR); fibrinogen, 4.
Viral genomes (Q-PCR).

[00244] Cyecle 3-4 - 1. A patient whose injection site tumor has not shown > 25 %
increase in longest diameter on Day 22 of Cycle 2 will advance to Cycle 3-4, 2. A patient
whose injection site tumor has shown 25-50 % increase in longest diameter on Day 22 of
Cycle 2 may advance to Cycle 3-4, 3. A patient whose injection site tumor has shown > 50 %

increase in longest diameter on Day 22 of Cycle 2 will be terminated from the study.

[00245] Follow-up and Review of Patients -- Patients who have completed the clinical

study will be followed up in the fashion of routine follow-up for hepatic cancer patients for
one year after the End of Study visit. Regardless of the clinical study, patients alive may take
routine tests such as hepatoma serum test and imaging-based assessments when they return
for a visit to the hospital and take examinations every 3 months. After the completion of the
clinical study, if a remarkable clinical benefit is determined, up to total 4 times of additional
injection may be administered after obtaining a separate written informed consent. At this
time, all procedures of the study will proceed in the same fashion as the first 4
administrations of this study. After the completion of the study up to Cycle 4, until PI judges
there is a significant clinical benefit (more than stable disease), up to total 4 times of
additional injection of the study drug may be administered. In this case, PI should discuss
with the Sponsor in advance and obtain an agreement from the Sponsor. All study plans will

proceed in the same fashion as this clinical study.
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E. VIRAL REPLICATION, SPREAD AND SPECIAL TESTS

1. Q-PCR and Plaque-forming Unit Assays of Plasma and Urine
(Pharmacokinetic Test)

[00246] Viral spread to the bloodstream will be assessed by quantitative polymerase chain
reaction (Q-PCR) test. To detect whether viruses are present in the urine and throat swabs,

samples will be collected post-treatment.

2, Tumor Biopsies and Fine Needle Aspirations (Immunity Response
Test)

[00247] To find out viral replication at the tumor site(s), core biopsies and fine needle
aspirations will be conducted (if deemed safe and ecasy) before and after the treatment. These
biopsies will be analyzed for evidence of viral replication, inflammatory and immune cell

infiltration, necrosis and apoptosis.

[00248] To obtain tissues, core biopsy needle will be used or fine needle aspiration biopsy
will be performed under imaging guide. However, sometimes these biopsies may cause an
urgency or dangerous situation to the patient. Therefore, when doing a biopsy to obtain
tissues, the safety for patient should be the first concern. If a patient’s condition is highly
likely to get into a danger (hepatic capsular tumor efc.), tissues should be obtained via a safe

route.

[00249] If the PI judges that tissue biopsy (fine needle aspiration) is likely to cause a
danger to the patient, biopsy (fine needle aspiration) may not be carried out. In addition, if
needed for the safety of a patient, at the PI’s discretion, patients may be hospitalized and
observed for up to 5 day before and after administrating a tissue biopsy (fine needle

aspiration) and/or intratumoral injection with JX-594.

3. Cytokine Analysis (Immunity Response Test)
[00250] Serum concentrations of GM-CSF, IL-1, 1L-4, IL-6, IL-10, IFN-0 and TNF-a will

be measured with ELISA assay.

4, Neutralizing Antibody Assay (Pharmacokinetic Test)

[00251] The occurrence of neutralizing antibody titer of JX-594 in the serially diluted

serum of a patient will be identified with a plaque assay.
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5. Pharmacokinetic Blood Draws

[00252] Pharmacokinetic draw of 3mL blood each will be taken in a mini yellow top

vacutainer.

F. ADMINISTRATION OF INVESTIGATIONAL DRUGS
1. Dose, Administration and Treatment Schedule

[00253] Dose. Doses will typically be as follows: Cohort 1: 1 x 10°pfu, Cohort 2: 3 x 10°
pfu, Cohort 3: 1 x 10° pfu, Cohort 4: 3 x 10° pfu.

[00254] Drug Administration. JX-594 can be administered via intratumoral injection.
Intratumoral injections will be administered by an expert physician in the manner as
described. Using a 21-gauge needle or smaller, tumors will be injected directly with virus-
containing solution whose volume is equivalent to approximately 25 % of the total volume of
tumors (1 - 3 tumors) to be injected. Typically, injection will be conducted under imaging
guide (e.g., under CT). One to three tumors can be injected. Each tumor should receive
equal amount of solution. If 2-3 tumors are injected, the volume of virus solution injected
into a tumor will be proportional to the volume of the tumor over the others (i.e., if a tumor is
twice the volume of the other, the larger tumor will receive 2/3 of the total volume of virus

solution).

[00255] Although the target tumor(s) selected at Cycle 1 may stop growing, injections
should be continued at all cycles. However, if necessary, at Cycle 3 the investigators may
additionally select non-target tumors which have not been injected at Cycle 1 and 2, up to

three, including the target tumor(s) at Cycle 1. The sum of the maximal diameters of the

injected tumors must be £ 10 cm. The dose of intratumorally injected virus solution will be

proportional to the volume of the tumor.

[00256] JX-594 Preparation. JX-594 is supplied in a frozen (-60°C or below), single-use

glass vial containing 150 pl virus formulation (to deliver 0.1 mL). The volume of 100 pl
contains 1.9 x 10° pfu virus. The vial should be thawed vertically at room temperature. JX-

594 should not be placed in a hot water bath. Re-suspend with a pipette. While being diluted

and carried to a patient, the virus may be stored at 4°C. Thawed JX-594 should not be

injected after 4 hours.

68



10

15

20

25

30

WO 2008/113078 PCT/US2008/057257

[00257] A senior pharmacist and other designated pharmacists should store JX-594
vertically in biological safety cabinets (Class 2) with caution (use of gloves, safety glasses, a
gown etc.). Initial procedure for all dilutions: When use a syringe, withdraw required volume
of sterile saline solution and transfer to a standardized falcon tube. The final volume of the
virus plus diluent for injection should be equivalent to approximately 25 % of the target

tumor volume.

[00258] Cohort 1: One (1) vial of JX-594 will be used to the patients in Cohort 1. The
prescribed volume of JX-594 transferred to sterile saline solution will be drawn up with a

micropipette/syringe.

[00259] Cohort 2: Two (2) vials of JX-594 will be used to the patients in Cohort 2. After
mixing, the content in the first vial will be transferred to the second viral. The prescribed
volume of JX-594 transferred to sterile saline solution will be drawn up with a

micropipette/syringe.

[00260] Cohort 3 and 4: Four (4) or cleven (11) vials of JX-594 will be used for

administration to the patients in Cohort 3 or 4, respectively. All contents will be transferred
to a mixed small polypropylene tube. The prescribed volume of JX-594 transferred to sterile

saline solution will be drawn up with a micro-pipette/syringe.

[00261] Final procedure for all dilutions: Wrap the tube with aluminum foil or place it in
light-proof bag at room temperature. Vortex vigorously for 10 seconds prior to the
administration. It should not be injected after 30 minutes exposed at room temperature or

after 4 hours thawed.

[00262] Treatment Schedule. Typically, enrolled patients receive 1 treatment or dose of
JX-594 per cycle. A patient whose JX-594-injected target tumor has not progressed at the
end of a cycle will receive the treatment at the subsequent cycle (up to a total of 4 cycles). A
patient whose target tumor has progressed will terminate visits. A cycle is defined as 3
weeks. A dose can be divided evenly among 1-3 lesions. The sum of the maximal diameters

of the injected lesions must be < 10cm.

[00263] Dose Escalation. In the dose escalation phase of the clinical study, 2-6 patients
will be enrolled per each cohort. If none of the first 3 patients experience a DLT, the study

will proceed to the next cohort. If a DLT occurs in one of the first 3 patients in a cohort, the
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study will proceed until up to a total of 6 patients will be enrolled to the cohort or 2 patients

including the first one experience a DLT.

[00264] If less than 2 patients out of 6 in Cohort 1 experience a DLT up to 2 weeks
following the first injection, the study will advance to the next cohort. If 2 patients experience

a DLT, the immediately preceding dose will be defined as the MTD.

[00265] Second patient will not enroll until 1 week after administrating the first injection
to the first patient at Cycle 1; this rule applies to the next patient’s entry. If a DLT occurs in a
cohort, all subsequently enrolled patients will start treatment at 2 weeks after completing the
first injection at Cycle 1 to all previously enrolled patients. Patients will enter for the cohort
of the next dose level at least 2 weeks after the last patient in the previous cohort completes

the first injection at Cycle 1.

[00266] If more than 2 patients in Cohort 1 experience a DLT, the clinical study will be

discontinued.

G. SAFETY

[00267] After treatment, systemic side effects may occur: Fever, chills, myalgia,
fatigue/asthenia, nausea, and vomiting. Side effects at the injected tumor site such as pain,
necrosis, ulceration and inflammation may occur. In the light of experience on pre-clinical
study and GM-CSF clinical study, temporary increase in lymphocyte, monocyte, or white
blood cell accompanied with increased neutrophilia may occur. The following may occur at

the injected tumor site: Pain, necrosis, ulceration and inflammation.

[00268]  Although highly unlikely and not described on the previous Phase I trial with JX-
594, a disseminated vaccinia-associated rash or encephalitis is theoretically possible; these
complications have been described in approximately 1 in 10,000 and 1 in 1,000,000 vaccine

recipients, respectively.

1. Dose-Limiting Toxicity (DLT)

[00269] DLT is defined as any Grade 3 or more toxicity attributed to JX-594, excluding
flu-like symptom(s) (e.g., fatigue, nausea or myalgia), lasting longer than 5 days or any

Grade 4 toxicity of any duration attributed to JX-594.
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[00270] Security of Safety for Patients from Risk of Procedure. Biopsy may cause
complications such as intra-peritoneal bleeding and/or shock due to bursting of the tumor.
Although the incidence of reported complication is < 0.1 % and can be cured with
transcatheter embolization, the safety for patient should be the first concern. Therefore, if the
treating physician judges that a biopsy is likely to cause a danger to the patient, the biopsy
may not be carried out. In addition, if needed for the safety of a patient, at the PI’s discretion,
patients may be hospitalized and observed for up to 5 day before and after undergoing a

biopsy and/or intratumoral injectino with JX-594.

H. Efficacy

[00271] The primary objective of such a study is a Phase I clinical study for safety, not a
clinical benefit. Nevertheless, this study is expected to cause shrinkage of the injected and/or
non-injected tumor(s) due to direct viral effect (i.e., oncolysis effect) and/or immune-

mediated tumor destruction induced by the treatment.

[00272] The criterion of efficacy assessment is changes in target lesions. If any changes in
non-target lesions, they will be evaluated based on the response of target lesions with

reference to the table below.

[00273] Evaluation of target lesions. Complete Response (CR): Disappearance of all
target lesions Partial Response (PR): At least a 30 % decrease in the sum of LD of target
lesions taking as reference the baseline sum LD. Progressive Disease (PD): At least a 20 %
increase in the sum of LD of target lesions taking as references the smallest sum LD recorded
since the treatment started. Stable Disease (SD): Neither sufficient shrinkage to qualify for
PR nor sufficient increase to qualify for PD taking as references the smallest sum LD since

the treatment started.

[00274] The evaluation criteria of overall response are presented in the following table.
The best overall response means the best response recorded from the starting point of the

treatment until disease progression/recurrence.
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Table 2 Evaluation of best overall response

Targst fexions Non-targe! lesinnsg Mew fesions Overall responss
CR CR Hao R
R Ho PR
S0 Mo S
0 Ay Yes o No =D
Ay P Yas or No B
Any Ay Yes B0
CR=Complste Response, FR=Fartisl Besponse, S0=Hable Diseass; PO=Progression

[00275] Note: Patients with a global deterioration of health status requiring discontinuation
of treatment without objective evidence of disecase progression at that time should be
classified as having “symptomatic deterioration.” Every effort should be made to detect the

objective disease progression, even after discontinuation of treatment.

[00276] In some circumstances, it may be difficult to distinguish residual disease from
normal tissue. When the evaluation of complete response depends on this determination, it is
recommended that the residual lesion be investigated (fine-needle aspiration/biopsy) before

confirming the complete response status.)

[00277] Guideline for evaluation of measurable lesions. All mecasurements should be
taken on the last day of Cycle 2 (Day 22) and the last day of Cycle 4 (Day 22) by CT or MRI
and recorded in metric notation by use of a ruler or calipers. All baseline evaluations should
be performed as closely as possible to the beginning of treatment and never more than 4

weeks before the beginning of the treatment.

[00278] Note: Lesions that have been previously irradiated is not acceptable as measurable
lesions. If these lesions are considered acceptable as measurable lesions at the investigator’s
discretion, condition for consideration of these lesions should be described in the protocol.
Also note that tumor lesions that are situated in a previously irradiated area might not be
considered measurable. If the investigator considers it is appropriate as measurable lesions,
the conditions under which such lesions should be considered must be defined in the

protocol.

[00279] The same method of assessment and the same technique should be used to

characterize each identified and reported lesion at baseline and during follow-up. Imaging
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based evaluation is preferred to evaluation by clinical examination when both methods have

been used to assess the anti-tumor effect of a treatment.

[00280] Conventional CT should be performed with contiguous cuts of 10 mm or less in
slice thickness. Spiral CT should be performed using a 5 mm contiguous reconstruction
algorithm. If applicable, PET-CT may be performed in the screening visit and in this case
PET-CT should be used in the assessment on Day 22 of Cycle 2. If necessary, PET-CT may
be repeated on Day 22 of Cycle 4.

[00281] Confirmation of measurement/Duration of response. Confirmation: To be
assigned a status of PR or CR, changes in tumor measurements must be confirmed by repeat
assessments that should be performed at 8 weeks after the criteria for response are first met.
In the case of SD, follow-up measurements of minimum 16-week interval must have met SD

criteria at least once after study entry.

[00282] Duration of response: The duration of overall response is defined as the time from

date of first documented CR or PR (whichever documented first) to the earliest of date of
objectively confirmed recurrence or progressive disease (taking as reference for progressive
disease the smallest measurements recorded since the treatment started). The duration of
overall complete response is defined as the time from date of first documented CR to the

carliest of date of objectively confirmed recurrence.

[00283] Duration of stable discase: SD is defined as the time from date of first

documented SD after the treatment to the earliest of date of objectively confirmed PD (taking

the smallest measurements recorded since the treatment started as reference).

[00284] Reassessment of tumor response. If needed, independent radiologists of this
study will assess tumor response. However, the assessments result will be used for the study

purpose only and will not affect clinical conclusion.
L STATISTICAL METHODS AND DATA ANALYSIS

1. Sample Size

[00285] . The estimated sample size will be 18 patients and the possible range will be 2-30
patients. The primary objectives of the study are to determine the safety and MTD or MFD
of JX-594 by intratumoral injection. This study represents the 2nd clinical trial of JX-594 in

humans. Because there are not previous clinical studies in human which are based on
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meaningful statistical calculations, the sample size for this study is selected based upon
clinical safety considerations. The results of the study may be used to provide estimates of

variability for determining sample size requirements for future clinical studies.

[00286] The patients in each cohort have a chance to stop the study before reaching the
5 actual MTD as well as a chance to advance beyond the actual MTD. The tables below show
the statistical likelihood of each outcome based on the true DLT incidence. The table below
presents the probabilities (various true incidences given to each patient population) of each

outcome in a cohort of the first 3 patients.

Table 3
F0LTx in g Cobort - True incidence of RDLT in Patient
) Aetion i
of 3 Patlents Poapulation
&1 43 4.3 .4 a5
Frobality of each oultome
g Achemnce tonext cohwort | 73 1 O G543 | 4218 1 D435
Epvoll additional § pattents | (243 HEL 3437 | BATS
Stog weatnent, defineg
v DU TCSIMENL ST qaue | oaod | 0266 | DASZ | DB
MY
10
[00287] The following table shows the probabilities of each outcome in a cohort of 6
patients. After observing 1 DLT in the first 3 patients in the cohort and adding 3 more
patients to the cohort, it represents various true incidences in the given patient population.
Table 4
# DLTs in aCohort ) True Incidense of BLYT in Pugient
‘o Action - ,
of & Fatismls Fopuistion
Frohabiity of each aulcome
i Ervoll adddionat 3p AT Doty
N Stop restment, define anes | ooy
BV - MR W] TEY
TR
15

* 1 patient out of the 1st 3 and 1 patient out of the 2nd 3
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2. Statistical Methods/Data Analysis

[00288] . The population to be summarized will be an intent-to-treat (ITT) population,
defined as all patients to have received at least one treatment with JX-594. In addition, an
evaluable patient population will also be assessed as a subset of the ITT population.
Evaluable patients are those to have received at least one cycle of therapy with appropriate
tumor measurement being performed at a proper time period of the pre- and the post-

treatment.

[00289] This study will proceed with four treatment cohorts to have two to six patients
according to the cohort. The data for each cohort will be summarized with appropriate
descriptive statistics, frequency tabulations, graphs, and data listings. The data from the
treatment cohorts will be combined for selected data displays. Specific data displays to be

generated are described below.

[00290] Subject age, weight, and height will be summarized with descriptive statistics
(mean, median, standard deviation, minimum and maximum), while gender and race will be
summarized with frequency tabulations. The data for the treatment cohorts will be
summarized separately for each patient as well as combined. To do this, individual patient
listings will be produced. Physical medical history data will be separated for each treatment
cohort and will be combined to summarize with frequency tabulations.  Treatment
administration will be summarized with descriptive statistics (mean, median, standard
deviation, minimum and maximum)., Any patients who receive the study drug will be
included in the safety analysis. Safety data including adverse events, laboratory results,
toxicity, vital signs and withdrawal information will be separately summarized at the time of
termination of each treatment cohort., AEs will be coded and tabulated using the COSTART
body system classification scheme. The number and percent of subjects who have AEs will
be tabulated by treatment cohort and treatment purpose; in addition, the data will be stratified

by the severity of AE and investigator-specified relationship to JX-594.

[00291] Laboratory results will be summarized, at the time of termination, with shift tables
displaying the numbers of patients with changes from pre- to post-treatment. Laboratory

results of selected variables will be displayed graphically.

[00292] In addition to the overall tumor response rates, tumor response rates at the target

and nontarget sites will be reported. Time-to-tumor progression at the target and non-target
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sites will be reported and overall survival will also be reported. As this is an uncontrolled,
nonrandomized study with a small number of patients in each group, hypothesis to test data
from this study alone is not assumed. In order to assess differences between treatment
cohorts, either parametric or nonparametric methods may be used to compare each group, as

appropriate.

EXAMPLE 2

TREATMENT OF UNRESECTABLE MALIGNANT MELANOMA

A. Dose and Schedule
1. Rationale for Dose and Schedule

[00293] A total dose per treatment of 1 x 10° pfu will be given. This dose is lower than the
top weekly dose of 1.6 x 10° pfu, which was safely administered in the first Phase I study of
JX-594 for the treatment of surgically incurable cutancous melanoma (Mastrangelo et al.,
1998). Furthermore, 1 x 10° pfu is ten times lower than the top dose that has been safely
administered to date (n=2 patients) in the ongoing Phase I intratumoral (IT) trial with JX-594
and three times lower than the top dose level cleared to date. In that trial, treatments by IT
injection into 1-3 liver tumors are administered every three weeks. Preliminary results from
this study reveal that flu-like symptoms and hematology parameters recover to baseline levels

typically within 4 days (i.e., Day 5) after treatment with JX-594.

[00294] A weekly dosing regimen was chosen because patients in all cohorts recovered
from mild to moderate treatment-related toxicities by Day 5 in the ongoing liver IT study
described above. Furthermore, data from Mastrangelo ef al. 1998 indicate that twice weekly

IT injections of up to 8 x 107 pfu per treatment are safe and effective.

[00295]  As evidenced by the initial Phase I/I1 melanoma study (Mastrangelo et al., 1998),
patients were found to have developed a significant humoral immune response to vaccinia
virus within 14-21 days following re-vaccination. Antibody titers were found to reach a
plateau at 4-6 weeks following exposure despite continuing treatments. Therefore, this
protocol investigates weekly IT administration for six weeks in order to confer maximum
possible delivery and JX-594 anti-tumoral effects prior to the development of high titer

antibodies and T cells.
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2, Rationale for Study

[00296] Melanoma may be the optimal target for JX-594 immunotherapy because of the
relatively high rate of accessible disease for injection, the positive response of melanoma
seen with IL-2 immunotherapy, and the lack of effective, tolerable therapy for patient with
metastatic melanoma. Furthermore, it is contemplated that JX-594 replication targets the

EGEFR pathway, which is highly expressed in melanocytes.

[00297] Results from an initial Phase I/II study suggest that intratumoral injection of JX-
594 is safe and effective in treating both injected and distant disease in patients with
surgically incurable metastatic melanoma. Response of both injected tumors (in 5 of 7
patients) and response of at least one non-injected tumor (in 4 of 7 patients) was
demonstrated, including two patients who achieved a partial response (6 + months) and a
complete response (4 + months) to JX-594 treatment. Particularly noteworthy is that efficacy
and gene expression occurred despite pre-treatment vaccination (and, therefore, pre-existing

anti-vaccinia immunity) in all patients.

[00298] This study design was selected in order to expand on the initial Phase I/II study
described above and evaluate injected tumor response in up to 15 evaluable patients with
Stage 3 or Stage 4 unresectable metastatic melanoma. In addition, JX-594 safety,
pharmacokinetics, pharmacodynamics, immune response to JX-594, and expression of the
GM-CSF transgene in the blood and tumor tissues will be evaluated. The investigators will
also evaluate whether JX-594 is able to spread intravenously and infect non-injected regional
and distant disease, suggesting that it may be able to confer similar anti-tumor effects as those
experienced at the site of direct intratumoral injection. This finding, in addition to adding to
the overall clinical experience of JX-594 administered IT, would strongly support treatment
of JX-594 by IV administration for treatment of advanced/metastatic disease, particularly in

the treatment of advanced malignant melanoma.

B. INVESTIGATIONAL PRODUCT DESCRIPTION

[00299] JX-594 is a cancer-targeted, replication-selective vaccinia virus derived from the
commonly used Wyeth vaccine strain (Dryvax®, Wyeth laboratories). The virus is derived
from a vaccine strain with thymidine kinase (TK) gene inactivated. JX-594 contains the gene
and promoter for hGM-CSF, a potent cytokine involved in immune response. JX-594 is

further modified with the insertion of /acZ gene to allow tracking of the virus in tissues.
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C. OBJECTIVES

[00300] Objective include evaluation of (a) the objective response rate of injected
tumor(s), (b) the safety and toxicity of JX-594 administered by IT injection, (c) the objective
response rate of entire disease burden after JX-594 administration by IT injection (RECIST
criteria), (d) the progression-free survival (PFS) time, and (¢) the response rate of non-

injected tumor(s).

D. STUDY DESIGN
1. Study Overview

[00301] This is a Phase I/II, open-label trial in patients with unresectable Stage 3 or Stage
4 malignant melanoma. Patients will receive a total of six (6) intratumoral injections with
JX-594 over a period of 6 weeks. A total dose of 1 x 10° plaque-forming units (pfu) will be
administered at each treatment and will be divided evenly among up to five (5) tumors. If
patients experience a partial injected tumor response to IT treatment with JX-594 after

completing 6 treatments, an additional 3 treatments administered weekly may be given.

2. Study Endpoints

[00302] Primary endpoints for clinical studies are typically response rate for injected
tumor(s), including complete response rate, partial response rate, and duration of response.
Secondary endpoints for such studies can include safety, as determined by incidence of
treatment-related adverse events, serious adverse events (SAEs), and clinically-significant
changes from baseline in routine laboratory parameters including complete response rate,
partial response rate, duration of response, Progression-free survival (PFS), Response rate of
non-injected tumor(s), including complete response rate, partial response rate, and duration of
response. Other endpoints may include overall survival, clinical benefit (including weight
gain and improvement in performance status), JX-594 assessment (e.g., viral genome (Q-
PCR) in plasma and/or whole blood; Viral infectious virus in plasma and/or whole blood,
optional (plaque assay)), Immunologic assessment (JX-594 neutralizing antibodies in serum;
plasma GM-CSF measurements (ELISA assay)), histologic assessment (viral gene expression
in the tissue; GM-CSF expression; lac-Z expression; inflammatory cell infiltration; necrosis;
apoptosis; virus replication factories within the cytoplasm; EGFR pathway status; and tumor

thymidine kinase status).
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3. Dose

[00303] Typically, virus will be diluted in sterile normal saline as described in herein. A
total dose of 1 x 10° plaque-forming units (pfu) will be administered at cach treatment and

will be divided evenly among up to five (5) tumors.

4. Overall Study Duration and Follow Up

[00304] A study period will typically consist of patient visits for screening, study

treatment, and post-treatment follow-up evaluations.

[00305] Screening. Patient eligibility for a study will be determined within 14 days prior
to first treatment with JX-594.

[00306] Treatment. Eligible patients will be treated with a dose of 1 x 10° pfu
administered by intratumoral injection weekly (Days 1, 8, 15, 22, 29, and 36) for a total of 6
treatments given over 6 weeks. Patients must continue to meet all eligibility criteria before
re-treatment. If a treatment is missed for any reason, the missed treatment will be given the
following week provided the eligibility criteria are met, and the visit schedule will be
adjusted and patients will be followed accordingly such that the patient receives a total of 6
treatments. Injections may be delayed for a cumulative maximum of 4 weeks. Patients who
have delayed treatment will still complete all 6 treatments and will be evaluated for response
one week after their 6th treatment. Assessment of response will be initially conducted one
week after the final dose is administered (i.e., Day 43). If patients experience a partial
injected tumor response to IT treatment with JX-594 after completing 6 treatments, an

additional 3 treatments administered weekly may be given.

[00307] Post-Treatment Follow-up. All patients will return for a follow-up visit 28 days
after last treatment with JX-594 (i.e., Day 64). For 6 months after completion of therapy or
until patient has progressive disease at the injection site, begins a new cancer therapy, or dies.
The patient will return to the clinic every three weeks after the last injection for tumor
measurement by physical exam (PE) (if possible) and evaluation of response. Every 6 weeks,
patient will also have a response assessment by PE and/or CT/MRI. After 6 months of
follow-up, patient will return to the clinic every 3 months for tumor measurement and
response assessments (including CT/MRI) until progressive disease at the injection site,

death, or until initiation of new cancer therapy.
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[00308] Long-Term Follow-up of Gene Therapy Products. After disease progression at
the injection site or initiation of new cancer therapy, patient may continue to be monitored for
survival and for potential long-term effects of gene therapy according to current FDA
guidelines. If patients are no longer returning to the clinic for treatment or post-treatment

follow-up, this data may be collected by mail or phone.

E. STUDY POPULATION
1. Inclusion Criteria

[00309] Patients will typically meet all of the following criteria: histologically-confirmed,
stage 3 or Stage 4 malignant melanoma; at least one tumor mass measurable by CT/MRI
and/or physical examination that can be injected by direct visualization or by ultrasound-
guidance; anticipated survival of at least 16 weeks; cancer is not surgically resectable for
cure; KPS score of 270; age 218 years; men and women of reproductive potential must be
willing to follow accepted birth control methods during treatment and for 3 months after the
last treatment with JX-594; understand and willfully sign an Institutional Review Board
(IRB)/Independent Ethics Committee (IEC)-approved written informed consent form; able to
comply with study procedures and follow-up examinations; adequate liver function (total
bilirubin £ 2.0 xULN; AST, ALT < 2.0 xULN); adequate bone marrow function (WBC >
3,500 cells/mm’® and < 50,000 cells/mm’>; ANC > 1,500 cells/mm’, hemoglobin > 10 g/dL;
platelet count > 125,000 plts/mm’); acceptable coagulation status (INR < (ULN + 10%)); and

acceptable kidney function (serum creatinine < 2.0 mg/dL).

2. Exclusion Criteria

[00310] Typically, patients should not meet any of the following exclusion criteria: target
tumor(s) adherent to and/or invading a major vascular structure (e.g., carotid artery); pregnant
or nursing an infant; known infection with HIV; systemic corticosteroid or other
immunosuppressive medication use within 4 weeks of first treatment with JX-594; clinically
significant active infection or uncontrolled medical condition (e.g., pulmonary, neurological,
cardiovascular, gastrointestinal, genitourinary) considered high risk for investigational new
drug treatment; significant immunodeficiency due to underlying illness and/or medication
(e.g., systemic corticosteroids); history of eczema that at some stage has required systemic
therapy; clinically significant and/or rapidly accumulating ascites, peri-cardial and/or pleural
effusions (e.g., requiring drainage for symptom control); severe or unstable cardiac disease

which includes, but is not limited to, any of the following within 6 months prior to screening:
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myocardial infarct, unstable angina, congestive heart failure, myocarditis, arrhythmias
diagnosed and requiring medication, or any clinically-significant change in cardiac status;
treatment of the target tumor(s) with radiotherapy, chemotherapy, surgery, or an
investigational drug within 4 weeks of screening (6 weeks in case of mitomycin C or
nitrosoureas); experienced a severe reaction or side-effect as a result of a previous smallpox
vaccination; inability or unwillingness to give informed consent or comply with the
procedures required in this protocol; patients with household contacts who are pregnant or
nursing an infant, children < 5 years old, have history of eczema that at some stage has
required systemic therapy, or have a significant immunodeficiency due to underlying illness
(e.g., HIV) and/or medication (e.g., systemic corticosteroids) will be excluded unless
alternate living arrangements can be made during the patient’s active dosing period and for

three weeks following the last dose of study medication.

3. Other Eligibility Criteria Considerations

[00311] Deviations to Eligibility Criteria. Patients with minor deviations from the above
inclusion/exclusion criteria (e.g., laboratory values outside the pre-specified range) may be
allowed into the study if these deviations are not expected to affect the patient's safety, the
conduct of the study, or the interpretation of the study results. Written approval by the study
sponsor or sponsor’s representative for enrollment of patients with minor deviations should

be requested.

4. Patient Enrollment Procedures

[00312] Once the investigator conducts the screening evaluations and confirms a patient’s
eligibility, the sponsor typically reviews screening and eligibility information and provides
written verification to the investigator for each patient’s enrollment. Upon confirming
enrollment, the patient will be assigned an identifier using a pre-defined patient numbering
scheme. The patient identifier will be a composite of study number, site number, patient

number and patient initials.

F. INVESTIGATIONAL PRODUCT

[00313] JX-594 will be supplied by Jennerex Biotherapeutics. Typically, JX-594 is
formulated as a liquid and is stored frozen in glass vials designed for single use. Each vial
contains 0.15 mL. The virus solution is a colorless to slightly yellow solution that is clear to

slightly opalescent. The concentration of JX-594 is 1.9 x 10° pfu/mL.
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[00314] JX-594 is considered a Biosafety Level 2 (BSL-2) infectious substance. The
BSL-2 designation and associated guidelines apply to agents of moderate potential hazard to
personnel and the environment. Examples of other BSL-2 agents include the measles virus,
salmonellaec and the Hepatitis B virus. Institutional infection control policies should be

consulted.

[00315] JX-594 is typically stored in a monitored, secure freezer with restricted access.
JX-594 will be stored in clearly-labeled vials within secondary packaging at -60°C or below
with appropriate bio-hazard labeling (indicating the nature of the agent) on the freezer door
and the door of the room. Freezers should have an alert limit set at -65°C to allow time to
respond before freezer temperature rises to -60°C. An extended time at > -60°C will require

placing affected material on quarantine until the titer can be reconfirmed.

[00316] Worksheets designed to ensure proper handling and preparation of JX-594 will be
provided to a study site with supplemental study information. Institutional infection control
policies for preparation, transport, and disposal of viral vectors [Biosafety Level 2 (BSL-2)]
should be consulted and followed. Gloves, gown and ocular shield should be worn at all
times. All work with JX-594 will be carried out in a vertical biological safety cabinet (class
2) in accordance with BSL-2 handling guidelines in a pharmacy/laboratory under the
direction of an accredited pharmacist/scientist. The hood itself will be wiped down with 70%

ethanol before and after each use.

[00317] Thawing. Thawing should occur at room temperature with the vial upright. JX-
594 should not be placed in a hot water bath. Once thawed, place the vial in 15 mL
polypropylene conical centrifuge tube (e.g., Corning or Falcon), cap the tube, and centrifuge
at 100 x g for 2 minutes. Remove the vial of JX-594 from the polypropylene tube with
forceps or equivalent. Virus formulation must be stored on ice or refrigerated (2 - 8°C) until
diluted and delivered to patient. Infusion should not begin more than 4 hours after virus

formulation has been thawed.

[00318] Preparation. After centrifugation of a vial, gently re-suspend with micropipettor
(200 YL micropipettor set to 100 uL suggested). Care must be taken not to blow bubbles into
the formulation. Approximately 2.75 mL of virus solution (JX-594 + saline) is typically
prepared, which will be distributed into 5 syringes of 0.5 mL/each. Using a micropipettor,

transfer 2.64 mL of sterile normal saline to an appropriately-sized polypropylene tube (e.g., 5
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mL Falcon tube). From one (1) vial of JX-594, draw up 116 PL of JX-594 and transfer to the
Falcon tube containing the saline. Replace the cap on the Falcon tube, shield the tube from
light (with foil or place in light-proof receptacle), and immediately place the covered tube at

2 - 8°C (refrigerate or place on wet ice).

[00319] Within 30 minutes prior to administration, vortex vigorously for 10 seconds.
After vortexing, draw up 0.5 mL of the virus solution (JX-594 + saline) into each of 5
syringes. Cap the syringes and deliver to the investigator for injection. Do not begin
injection more than 4 hours after virus formulation has been thawed. Virus formulation must

be stored on ice or refrigerated (2 - 8°C) until diluted and delivered to patient.

1. Administration of JX-594

[00320] JX-594 will be administered by intratumoral injection every week for a total of six
(6) injections over six weeks. Administration will be done on Days 1, 8, 15, 22, 29, and 36.
Patients will receive a dose of 1 x 10s pfu per treatment divided over £ 5 lesions. Only
lesions accessible for treatment via percutancous injection (e.g., palpable skin nodules or

lymph node metastases) or ultrasound (US)-guided injection will be eligible for treatment.

[00321] The Investigator will determine at each treatment which lesions (tumors) to inject.
Tumors will be injected based on size; the largest lesions should be injected at each
treatment. At the investigator’s discretion, one or more syringes may be used to treat a

tumor.

[00322]  After aseptic skin preparation at the needle entry site(s), a local anesthetic will be
administered. An 18 - 22 gauge needle will be used for injection. The injection needle will
be introduced into the tumor as described below. Injections will be done by the principal

investigator or sub-investigator.

[00323] Injection into each tumor will be done by injecting the entire syringe volume (0.5
mL) into 4 equally-spaced needle tracts per tumor radiating out from the central puncture site.
As an example, the virus injection can be performed as follows: (1) insert the needle (18 - 22
gauge) into the center of the tumor, (2) extend the needle toward the edge of the tumor (to
within 1 - 3 mm of the edge of the tumor), (3) inject about 25% of the syringe volume
(approximately 0.125 mL) while pulling back towards the central puncture site, (4) without
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withdrawing the needle completely from the tumor, repeat the steps above at spacing of 90°

for a total of 4 needle tracks.

[00324] Expected Toxicities. The following systemic toxicities are expected following
treatment: fever, chills, anorexia, myalgia, fatigue/asthenia and/or headache. Transient
decreases are expected in neutrophils, lymphocytes, platelets and hematocrit. Hematologic
parameters typically returned to baseline levels by Day 5 (typical duration 2-3 days). For
Cycle 1 only, an increase of leukocytes within the first four days following the initial
injection is possible. Total white blood cell counts of 24,000/uL. and 118,000/uL. were
reported in two patients in Cohort 3 within 5-8 days post-dose. Increase in cosinophils is also
expected post-treatment and typically remains elevated through Day 8. At the injected sites,
the following toxicities are likely: pain, necrosis, ulceration and inflammation. At other sites
of wviral replication (e.g., distant tumors), pain, necrosis, ulceration, and inflammation are

possible.

[00325]  Although highly unlikely and not observed after any treatment or exposure to JX-
594, a disseminated vaccinia-associated rash or encephalitis is possible; these complications
have been described in approximately 1 in 10,000 and 1 in 1,000,000 smallpox vaccine
recipients, respectively. Furthermore, a statistically significant increased risk of myocarditis
(1 - 2 per 10,000 vaccinees) was demonstrated in a recent program of vaccinations with the

NYCBOH vaccinia strain (Arness ef al., 2004).

G. STATISTICS
1. Outcome definitions

[00326] Following are definitions of the outcomes relative to the statistical analyses.
Toxicity coding and the definitions of progressive disease, complete response, partial
response, duration of overall response, evaluable patient, and treatment-related are discussed

elsewhere in the protocol.

[00327] Progression-free survival. Time from first treatment with JX-594 until date of
diagnosis of progression, as assessed by the investigator, or the date of death without
progression. Patients last known to be alive without progression will be censored at the time
of their last assessment of progression. Patients who receive non-protocol therapy prior to the
documentation of progressive disease will also be designated as censored in the statistical

analyses.
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[00328] Overall Survival. Time from first treatment with JX-594 until the date of death
or date last known to be alive; patients last known to be alive are designated as censored in

statistical analyses.

2. Analysis Sets or Populations

[00329]  All patients who receive JX-594 will be analyzed for demographic characteristics
at screening and subsequently for safety, efficacy, pharmacokinetics and pharmacodynamics.
The population to be summarized will be an intent-to-treat (ITT) population, defined as all
patients receiving at least one treatment with JX-594. In addition, an evaluable patient
population will also be assessed (a subset of the ITT population). A patient will be
considered an evaluable patient if the patient receives at least one treatment of JX-594 and
has appropriate tumor measurement at baseline and at the first appropriate time point post-

treatment.

3. Method of Analysis

[00330] Continuous variables will be summarized using descriptive statistics (n, mean,
standard deviation, median, minimum, and maximum). Categorical variables will be
summarized showing the number and percentage (n, %) of patients within each classification.
Analyses will be done based on evaluable patients, as well as on the intent-to-treat
population. Overall analyses will be conducted; additionally, safety and efficacy analyses

will be correlated with disease staging.

[00331] Safety: Methods of Analysis. Patients who receive any study medication will be
included in the safety analysis. Safety data including adverse events, laboratory results,
toxicity, vital signs and withdrawal information will be summarized over time. Patient age,
weight, and height will be summarized with descriptive statistics, while gender and race will
be summarized with frequency tabulations. Medical history data will be summarized with

frequency tabulations.

[00332] Adverse events will be coded and tabulated using the MedDRA classification
scheme. The incidence of treatment-emergent AEs will be tabulated; in addition, the data
will be stratified by adverse event severity (grade) and investigator-specified relationship to
JX-594. The analysis of safety will focus on non-hematologic adverse events of Grade 3 or 4

and hematologic adverse events of Grade 4. A listing of SAEs will be produced.
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[00333] Hematology and serum chemistry results will be summarized using descriptive
statistics for continuous variables. In addition, a nadir analysis of sclected hematology
parameters will be performed and summarized. Laboratory results will be summarized over
time in shift tables displaying the numbers of patients with post-dosing changes from baseline
relative to the reference range. Laboratory results for selected variables will also be displayed

graphically.

[00334] KPS performance scores will be summarized using descriptive statistics for
categorical variables. The maximum shift in KPS performance scores compared with
screening and/or baseline may also be summarized. The remaining safety variables will be

summarized using descriptive statistics.

[00335] Pharmacokinetic/Pharmacodynamic: Methods of Analysis. Over time, viral
replication and shedding into the blood will be assessed by following genome concentrations
in the blood. Blood concentrations of JX-594 and GM-CSF levelswill be measured in all

patients and pharmacokinetic parameters estimated.

[00336] The pharmacodynamic parameters to be analyzed will include the effect of JX-
594 and GM-CSF on peripheral blood counts, MIA, and tumor biopsy tissue. The immune
response to JX-594 following IT injection will be evaluated and summarized, including
changes from baseline in white blood cell subsets (absolute cosinophil count, ANC,

lymphocytes), cytokines, and formation of neutralizing antibodies to JX-594.

[00337] The change from baseline in histologic endpoints (tumor tissue and normal tissue
control), including inflammatory cell infiltration, viral gene expression, GM-CSF expression,
lac-Z expression and tumor necrosis will be evaluated and summarized. Apoptosis, virus
replication factories within the cytoplasm, EGFR pathway status, and tumor thymidine kinase

status may also be evaluated.

[00338] Efficacy: Methods of Analysis. Treatment response rate based on RECIST
criteria will be evaluated for the following: overall response, injected tumor response, and
non-injected tumor response. Rates of complete response, partial response, stable disease,
and progressive disease will be summarized. Progression-free survival, time-toprogression,
duration of response, and overall survival will also be reported. Correlation to disease staging

will be assessed.

86



10

15

20

25

30

WO 2008/113078 PCT/US2008/057257

[00339] Progression free survival and duration of response will be estimated using the
Kaplan-Meier method. The median, (2-sided) 95% confidence interval for the median,
minimum, and maximum duration, as well as the number of censored patients, will be
presented. Descriptive statistics and curve for progression-free survival will be made.
Assessment of clinical benefit to patients will also be made by evaluation of weight gain and
improvement in performance status over time following treatment with JX-594. The change
over time in the melanoma inhibitory activity protein (MIA) may be evaluated. MIA may

also be compared against treatment response.

[00340] Independent Review of Response Assessment. Sites may be asked to provide

copies of all radiology data for selected patients (digital or CD-ROM preferred) to an
independent radiology reviewer (IRR). For patients with skin lesions, photographs would also
be sent to the IRR for independent review. Results from both the site and IRR will be

reported. No evaluation of discordance between readers will be conducted.

EXAMPLE 3

TREATMENT OF REFRACTORY LIVER TUMORS

[00341] 1In a Phase I pilot trial of JX-594, seven melanoma patients received escalating
doses injected into superficial skin metastases (Mastrangelo et al., 1999). No maximum-
tolerated dose (MTD) was reported; tumor responses were reported. The objectives of the
current trial were to define the following: safety and MTD at significantly higher doses (100-
fold), without pre-immunization (as was done in the pilot study), specifically following
treatment within a solid organ; pharmacokinetics, including replication-dependent shedding
into the blood over three weeks; efficacy against a broad spectrum of cancer types. In this
Phase I trial the inventors therefore treated patients with liver tumors (primary or metastatic)
by intratumoral injection. For the first time, the inventors report an MTD, plus high-level JX-
594 replication and systemic GM-CSF expression, efficacy and distant tumor targeting at
well-tolerated doses. The results reported herein support future i.t. and i.v. trials with JX-594

and products from this class.

A. Materials and Methods
1. Study Design

[00342] The primary objective was to determine the safety and MTD of JX-594.

Secondary objectives included pharmacokinetics, replication and shedding (urine, throat
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swabs), immune responses (neutralizing antibodies, cytokines) and tumor responses. Patients
received one of four dose levels (10%, 3 x 10°, 107, 3 x 10° plaque-forming units, pfu) in a
group-sequential dose escalation design (2-6 patients per dose level). The MTD was defined
as the dose level immediately preceding that for which two or more dose-limiting toxicities
(DLT) were observed. DLT was defined as any grade 4 toxicity, or grade 3 toxicity lasting >
5 days. An independent Data Safety Monitoring Board (DSMB) reviewed all dose-escalation

decisions and major safety assessments.

2. Patient Selection

[00343] Patients signed informed consent, according to Good Clinical Practice (GCP)
guidelines. Inclusion criteria included unresectable, injectable solid tumor(s) within the liver
that had progressed despite treatment with standard therapies, normal hematopoietic function
(leukocyte count > 3,000 mm’, hemoglobin >10g/dL, platelet count >75,000/mm’ and organ
function (including creatinine < 1.5 mg/dL, AST/ALT < 2-5 of ULN, Child-Pugh class A or
B), life expectancy > 16 weeks, and Karnofsky Performance Status (KPS) > 70. Exclusion
criteria included increased risk for vaccination complications (e.g., immunosuppression,
eczema), treatment with immunosuppressive or cancer treatment agents within 4 weeks,

pregnancy, or nursing.

3. Manufacturing and Preparation of JX-594

[00344] JX-594 is a Wyeth strain vaccinia modified by insertion of the human GM-CSF
and lacZ genes into the TK gene region under control of the synthetic early-late promoter and
p7-5 promoter, respectively. Clinical trial material was generated according to GMP
guidelines in Vero cells and purified through sucrose gradient centrifugation. The genome-
to-pfu ratio was approximately 70:1. JX-594 was formulated in phosphate-buffered saline
with 10% glycerol, 138 mM sodium chloride at pH 7-4. Final product QC release tests
included assays for sterility, endotoxin and potency. JX-594 was diluted in 0.9% normal

saline in a volume equivalent to 25 % of the estimated total volume of target tumor(s).

4. Treatment Procedure

[00345] JX-594 was administered via imaging-guided intratumoral injection using 21-
gauge PEIT (percutancous ethanol injection, multi-pore; HAKKO Medicals; Tokyo, Japan)

needles. Tumors (n=1-3) were injected every three weeks along two needle tracks during

&8



10

WO 2008/113078 PCT/US2008/057257

withdrawal of the needle through the tumor. The initial treatment course was 2 cycles; up to

6 additional cycles were allowed if tumor response occurred.

S. Patient Monitoring

[00346] Patients were monitored as described in Table 5. Patients were monitored after

treatment in the hospital for at least 48 hours, and for four weeks as out-patients.

Table 5 Study Procedures

JE-594 mjection (under CT-
quidance)

Plyrsical estam, ECOG

performnance status

Hematology?®/ Coagulation X o o b b X X b

Setun Chetmistries bod b4 b4 b4 H bod bt bt

Plasmatlond lewels of JX-
594 Q-PCE

Shedding (throat swab,

urine): plaque assay

Meutralizing antibodies X b4
Cytokines (inc. GM-CEF) bid ol bid X

Turnar biopsy

CT scan

. X b4
PET-CT (optional)
Serum tumoar markers® X X

6. Neutralizing antibody (NAD) titers

[00347] NAb titers were determined by cytopathic effect inhibition assay. Heat-
inactivated serum was serially diluted in media using half log dilutions. 50uL samples were
incubated with 1,000 pfu JX-594 for two hours, then inoculated onto A2780 cells. After 3

days, cell viability was determined using Cell Counting Kit-8 (Donjindo Laboratories,
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Kumamoto, Japan). NAD titer was defined as the reciprocal of the highest dilution of serum

that resulted in > 50% cell viability.

7. Quantitative PCR for JX-594

[00348] Quantitative PCR (Q-PCR) was used to measure JX-594 genomes in blood
serially due to its reproducibility and ability to detect product regardless of antibody and/or
complement neutralization. JX-594 DNA was purified from samples using the QIAamp
DNA Blood Mini Kit (Qiagen GmbH, Hilden, Germany). Q-PCR was run as described
previously (Kulesh et al., 2004). The lower limits of JX-594 detection and quantitation were
666 and 3,333 copies/mL plasma, respectively.

8. JX-594 shedding detection

[00349] A plaque-forming assay was used to detect any shedding of infectious JX-594 into
the environment; infectious unit shedding would have public health relevance. Urine and
saliva samples were spun, resuspended in 10 mM Tris (pH 9-0), and titered on A2780 cells by

plaque assays. The detection limit was 20 pfu/ml sample.

9. Cytokine Assays

[00350] GM-CSF was detected by ELISA kit (BioSource International; Carlsbad, CA,
USA) following the instructions of the vendor. Serum levels of IL-10, IL-6, IL-10, TNF-

alpha, and interferon-gamma were assessed using the LINCOplex kit as instructed by the

manufacturer (LINCO; St. Charles, MO).

10. Histopathology staining for vaccinia proteins and LacZ in blood
and tumor samples

[00351] Formalin-fixed, paraffin-embedded biopsies were stained with hematoxylin and
cosin for histology. For immunohistochemistry, mouse monoclonal antibodies for BSR (Vac-
14, a-B5R, 46ug/mL; Dr. Gary Cohen, University Pennsylvannia; diluted 1: 50 or 1:100)
were used, followed by incubation with DAKO EnVision+™ anti-mouse HRP-labeled
polymer (DAKO, Carpinteria, CA) prior to development using DAB (Kirkegaard & Perry
Laboratories; Gaithersburg, MD). For LacZ staining, cells were spun at 900 rpm for 1
minute, rinsed, and fixed with 0.5% gluteraldehyde on glass slides. Cells were then washed

and stained with X-gal solution for 4 hours to overnight.
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11. Tumor response assessment

[00352] Tumor response was assessed after every two cycles. Contrast-enhanced CT
scanning was standard (unless contraindicated). Maximum tumor diameters and Hounsfield
units (HU; density estimate) were obtained. RECIST and Choi criteria for response were

applied (Choi et al., 2007). Tumor markers were followed if elevated at baseline.

12. Statistical issues

[00353] Study sample size was determined by safety issues. The intent-to-treat population
(> 1 dose) and standard dose-escalation design were utilized. The likelihood of dose
escalation, given varying true DLT rates in the treated population, was calculated as per

routine in Phase [ dose-escalation trials.

B. Results
1. Patient characteristics

[00354] Fourteen patients were enrolled (characteristics listed in Table 6; trial profile in
FIG. 20). Three patients were treated in cohorts 1-2, six in the third and two in the highest.
Six patients were treated in cohort 3 at the request of the DSMB due to an unrelated patient
death attributed to tumor progression. Two patients (cohorts 1, 3) had treatment suspended
after one cycle due to unrelated adverse events, and patients at the highest dose received one

cycle due to DLT (see below).

Table 6. Patient demographics

Iean Age (vears) 565 (37 - 66
Sex 11 males, 2 females
Idean previous therapies 62— 12)
Tumor size {cm) 69 (35 -59-3)
Cycles of I3-594 received 3401 -8
Tumor types Colon (4), HCC (3), melanoma (23, RCC (1), 5CC-thymic (13,
SCC-lung (1), gastric (1), extragonadal germ cell (1)

2. Treatment-related toxicity
a. Adverse Events (AE)

[00355]  JX-594 was well-tolerated up to the MTD (10° pfu). No treatment-related deaths

occurred on study. All patients experienced grade 1-2 flu-like symptoms (from 4-16 hours
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post-treatment). Dose-related hypotension (grade 2, no organ dysfunction) occurred within
4-12 hours. Table 7 lists the most common AEs possibly related to JX-594. Only one
serious AE case (anorexia and abdominal pain) was deemed treatment-related. Ten serious
and unrelated (according to the PI) AEs were reported and attributed to tumor progression-
associated complications. Four patients died from tumor progression during the AE reporting

period.

[00356] Two patients in cohort 4 experienced DLTs. Both experienced Grade 3 direct
hyperbilirubinemia due to tumor swelling and obstruction of the intrahepatic bile duct, plus

Grade III anorexia and abdominal pain.

b. Laboratory Data

[00357] Treatment-related transient decreases in lymphocytes, platelets and hematocrit
were noted during the first 3 days. Nine patients had a significant increase in absolute
neutrophil counts (ANC) within the first four days (seven increased >100%; FIG. 2A). ANC
increases were dose-related and frequently associated with GM-CSF detection in the blood.
ANC increased significantly (= 5,000/uL) in 75% of patients in cohorts 3 and 4 (versus 17%
in cohorts 1, 2; FIG. 21A); increases in monocytes and cosinophils were observed.
Thrombocytopenia was also dose-dependent (FIG. 22A) but cycle-independent (FIG. 22B).
ANC increases were greatest in cycle 1 (FIG. 22C). Lymphopenia and leukopenia occurred

in 2 patients (Table 7). Significant transaminitis did not occur at the MTD (FIG. 21B).
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3. Pharmacokinetic and Pharmacodynamic Endpoints
a. Serum GM-CSF

[00358] Thirteen patients were negative for serum GM-CSF at baseline. Three patients at
the MTD had detectable GM-CSF > 48 hours (46 - 16,000 pg/mL) after JX-594 injection
(FIG. 21A), concentrations that were higher than those reported following subcutaneous
injection of GM-CSF protein in patients (Cebon ef al., 1992). GM-CSF concentrations
correlated with WBC induction (FIG. 21A).

b. Neutralizing Antibodies (NADb)

[00359] Low (<10) or undetectable anti-JX-594 antibody (NAb) levels were noted at
baseline in 79% of patients. All patients developed NAb within 22 days. NAD titers peaked

after the first dose in 45% of patients, and increased further in 55%.

[00360] No correlation was seen between baseline or post-treatment NAb titers and any
clinical or laboratory endpoint, including JX-594 pharmacokinetics, replication, GM-CSF
expression or efficacy. Three patients with objective RECIST tumor responses had
detectable baseline NADb titers and high titers post-treatment (32,000, 32,000, and 10,000). In
addition, two patients had newly developed neck metastases treated after high-level NAb

induction, and both tumors underwent objective responses (below; Table 8 and FIG. 24B).
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Table 8. Target tumor responses and survival duration
Patient Cohort: | RECIST? Choi? PET Tamor | Survival®
{tuminr type cyrles Karkert
disavieterprevious
(LealInents}
103 1/ FE. +( |5 1% diarm) na na 10-5m¢
(200 ung/-Bemy's)
201 48 Liwer: PR |+(]3Madiam) | Liver neg FE. 11+m
(HEC 6 2omdS) Mecle PR [+(]5Madiam) | Necls -76% | (-98%)
304 36 Liver: PR | +(]33%diarm) | Liver: -29% LA 1224+m
(Mlelanormal7-Scm'3) Mecl: 3D +(151% H | Necl: 42%
3m 34 Sh + [ |4 2%HI") +40% 1.3 151m¢
(RCCHAS-Tom/S)
30z 34 Sh + (] 15%HT +4%% ah 0m
(Colon/9-Octn/d)
202 24 S + (] 162 HLT oA na. 10-1m
(R0 e Tomdd)
10z 143 s + [ J31%:HL 3. L3 &m
(Colond-lom'd)
203 205 Sh + [ J40%HLT -6% ah 4-5m
(Extragonadal germ/
f-lomf 4
305 32 sh - (T28%) +55% FD 1-am
(Colon/7-4cmd's)
2l M PD + (a3 HL +50% ab D4
{ColondSdcml 1)

! First number reflects dose level (eg. 103 was in dose level 1)

? RECIST criteria: partial response (PR) is a maximum diameter decrease of >30%; progressive disease
(PD) is an increase of >20%; stable disease is a change in diameter between these two bounds for PR
and PD

* Choi criteria: maximum diameter decrease of >10% or density decrease of >15%; + indicates
response

* Tumor marker response definition: > 50% decrease: PR; > 25% increase: PD; < 50% decrease or 25%
increase: SD; marker was alpha-fetoprotein (AFP) in patients 201, 301, 402; PIVKA?2 for 401;
carcinoembryonic antigen (CEA) for 302, 305, 306.

> Survival: + indicates no cancer-related death; m: months; d: days

¢ still alive

7 HU: Hounsfield units

¥ CT scans performed at week 3 showed tumor progression
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c. Cytokines

[00361] Interleukin-6, IL-10, and TNF-a peaked at 3 hours. Later peaks (day 3 - 22) were
also observed. Cytokine induction was greater in cycles 2-8 than in cycle 1. Interleukin-6

induction correlated with GM-CSF in serum. IL-1p and IL-4 induction were not noted.

d. JX-594 Pharmacokinetics

[00362]  All patients had JX-594 genomes detected immediately after injection (49 of 50
cycles). Concentrations correlated with dose (FIG. 23A and 23B), decreasing ~50% within
15 minutes and ~90% within 4-6 hours. Initial clearance rates were not dose-dependent nor
antibody titer-dependent. Following initial release and clearance of injected JX-594 in blood,
delayed re-emergence of circulating JX-594 was frequently detected, consistent with
replication. Twelve of 15 (80%) patients had detectable genomes (blood or plasma) between
days 3 - 22. Secondary peak concentrations generally correlated with dose, and the
pharmacokinetics were similar (FIG. 23B). Lower secondary concentration peaks were
detected after repeat dosing in cycles 2-7 (4 of 11 patients). Representative pharmacokinetics

are shown in FIG. 23C.

e. JX-594 dissemination, replication within non-injected distant
tumor sites

[00363] JX-594 was detected in non-injected tumor tissues, indicating distant tumor-
selective infection and replication (FIG. 23D-F). For example, the malignant ascites and
pleural effusion of one patient had higher genome concentrations (17- and 12-fold higher,
respectively) and GM-CSF concentrations (24- and 13-fold higher, respectively) than in
blood at the same timepoint (FIG. 3D). LacZ(+) cells in the pleural effusion confirmed JX-
594 infection (FIG. 23E). Another patient had a distant neck tumor biopsied and replicating
JX-594 was demonstrated histologically (FIG. 23F).

f. JX-594 Shedding

[00364] No infectious JX-594 was detected in any throat or urine sample.

4, Antitumoral efficacy of JX-594

[00365] Ten patients were evaluable for target tumor responses; non-evaluable patients
had contraindications to contrast (2) or no post-treatment scans (2). Nine (90%) had either

objective response (30%) or stable disease (60%) by CT RECIST criteria. Eight (80%) had
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objective responses by Choi criteria (Table 8). Patients with response by both RECIST and
Choi criteria had non-small cell lung cancer (FIG. 24A), HCC and melanoma (Table 8).
Objective responses were durable; regrowth at responding tumor sites did not occur (4 - 18
months follow-up). Direct injection of previously non-injected tumors in the neck in two
patients, after 4 prior cycles in the liver, led to Choi and/ or RECIST responses despite high-
level neutralizing antibodies to JX-594 (Table8, FIG. 24B); therefore, re-treatment efficacy

was feasible.

[00366] Responses in distant, non-injected tumors were also assessed. Among seven
patients with distant non-injected tumors, six patients had stable distant discase by RECIST
criteria; the time-to-progression of these distant tumors ranged from 6+ to 30+ weeks. Three
of these patients had responses by Choi criteria (n=2) or PET-CT (n=1; 25-100% decrease;
Table 9).

Table 9. Responses of distant tumors in patients with target tumor control (RECIST PR
or SD)

Fatient Digtant mmoer BECIST Choi PET Time to
{dose gpl) size {cm)’ tumor
location progression?
202 3-8/ Liver Y] + {350 HIT) 1.8 30+ wlcs
103 &3/ Liver SD + (| 2.2% H1Tj 1. T+ wks
314 7/ fage, na 3. CE — S tumeor i+ wls
mediastinym PE. —PA umaor
102 43/ Liver Y] - {|10% HU)j na 2 wls
203 3¢ LNs sSD - {]5%0) -0%4 15 wls
{12 wk=)
201 37/ Liver sD - {|¢%a) =D 18 wls
301 118/ Liver FI - {T22%) + 1{% & wlhs

! First number reflects dose level (e.g. 103 was in dose level 1)

by CT RECIST; + indicates no cancer-related death

HU: Hounsfield units; LN: lymph nodes; SC: supraclavicular; PA: preauricular; CR: complete
response; PR: partial response; SD: stable disease; PD: progressive disease

[00367] To date, eight patients (57%) have survived for at least 8 months, four more than

one year and one up to 20+ months. Median survival was 9 months.
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[00368]  All of the compositions and/or methods disclosed and claimed herein can be made
and executed without undue experimentation in light of the present disclosure. While the
compositions and methods of this invention have been described in terms of preferred
embodiments, it will be apparent to those of skill in the art that variations may be applied to
the compositions and/or methods and in the steps or in the sequence of steps of the method
described herein without departing from the concept, spirit and scope of the invention. More
specifically, it will be apparent that certain agents which are both chemically and
physiologically related may be substituted for the agents described herein while the same or
similar results would be achieved. All such similar substitutes and modifications apparent to
those skilled in the art are deemed to be within the spirit, scope and concept of the invention

as defined by the appended claims.
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CLAIMS

A method of inducing oncolysis in a subject having a tumor comprising administering
to said subject at least 1 x 10° viral particles of a TK-deficient, GM-CSF-expressing,
replication-competent vaccinia virus vector sufficient to induce oncolysis of cells in

the tumor.

The method of claim 1, wherein the subject is administered at least 1 x 10° viral

particles.

The method of claim 1, wherein the vaccinia virus vector is administered 2, 3, 4, 5, or

more times.

The method of claim 3, wherein the vaccinia virus is administered over 1, 2, 3, 4, 3, 6,

7 or more days or weeks.
The method of claim 1, wherein said subject is a human.

The method of claim 1, wherein said tumor is a brain cancer tumor, a head & neck
cancer tumor, an esophageal cancer tumor, a skin cancer tumor, a lung cancer tumor,
a thymic cancer tumor, a stomach cancer tumor, a colon cancer tumor, a liver cancer
tumor, an ovarian cancer tumor, a uterine cancer tumor, a bladder cancer tumor, a
testicular cancer tumor, a rectal cancer tumor, a breast cancer tumor, or a pancreatic

cancer tumor.

The method of claim 6, wherein the tumor is a hepatocellular carcinoma or a

melanoma.

The method of claim 1, wherein said amount is sufficient to induce oncolysis in at
least 20% of cells in said tumor, in at least 30% of cells in said tumor, in at least 30%
of cells in said tumor, in at least 40% of cells in said tumor, in at least 50% of cells in
said tumor, in at least 60% of cells in said tumor, in at least 70% of cells in said

tumor, in at least 80% of cells in said tumor, or in at least 90% of cells in said tumor.
The method of claim 1, wherein said tumor is recurrent.

The method of claim 1, wherein said tumor is primary.
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The method of claim 1, wherein said tumor is metastatic.
The method of claim 1, wherein said tumor is multi-drug resistant.

The method of claim 1, further comprising administering to said subject a second

cancer therapy.

The method of claim 1, further comprising a second cancer therapy selected from
chemotherapy, biological therapy, radiotherapy, immunotherapy, hormone therapy,

ant-vascular therapy, cryotherapy, toxin therapy or surgery.

The method of claim 1, further comprising a second administration of said vaccinia

virus vector.
The method of claim 1, wherein said subject is immunocompromised.

The method of claim 1, wherein said tumor is non-resectable prior to treatment and

resectable following treatment.

The method of claim 1, further comprising assessing tumor cell viability following

treatment.
The method of claim 1, wherein administering comprises injection into tumor mass.

The method of claim 1, wherein administering comprises injection into tumor

vasculature.

The method of claim 1, wherein administering comprises injection into a lymphatic or

vasculature system regional to said tumor.
The method of claim 1, further comprising imaging said tumor prior to administration.

The method of claim 1, wherein said vaccinia virus comprises one or more modified

viral genes.

The method of claim 24, wherein the one or more modified viral genes may comprise
one or more of:

(a) an interferon-modulating polypeptide;
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(b) a complement control polypeptide;
(c) a TNF or chemokine-modulating polypeptide;
(d) a serine protease inhibitor;
() a IL-1P modulating polypeptide;
(f) a non-infectious EEV form polypeptide; or

(g) a viral polypeptide that act to inhibit release of infectious virus from cells

(anti-infectious virus form polypeptide).
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