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COMBINING ADENOVIRUS AND CHEMOTHERAPEUTIC AGENTS FOR
TREATING CANCER

FIELD OF THE INVENTION

The present invention relates o the field of medicine. Specifically, the present invention
reiates to a novel strategy of using ONCOS-102 adenovirus for the treatment of human cancer
in combination with two chemotherapeutic agents. Also methods of using this combination of
virus and chemotherapeutic agents in the treatment of malignant mesothelioma are disclosed.
Other medications in addition to the virus and two chemotherapeutic agents can also be

included into the treatment protocol.

BACKGROUND OF THE INVENTION

Malignant mesothelioma (MM) is an aggressive and a rare form of cancer that develops from
mesothelium. MM is primary caused by exposure to asbestos and exhibits a long latency
period, usually >30 years. The median survival time for mesothelioma patients after diagnosis
is typically only 9-12 months. MM affects the pleura (the outer lining of the lungs and internal
chest wall) in 85.5% of MM cases, peritoneum (the lining of the abdominal cavity) in 13.2%
of MM cases, pericardium (the sac that surrounds the heart) in 0.5% of MM cases, and tunica
vaginalis (a sac that surrounds the testis) in 0.8% of MM cases. MM tumors are often poorly
responsive to standard therapies and incidence is constantly increasing worldwide. The low
incidence of MM has for a long time limited the discovery of new drugs, thus new treatment
modalities are highly needed.

Typically, cancer is treated with conventional treatment regimens such as surgery, hormonal
therapies, chemotherapies, radiotherapies and/or other therapies. However, in many cases
cancers which often are characterized by an advanced stage cannot be cured with present

therapies.

Virotherapy is a relatively novel treatment approach, which harnesses the natural ability of
some viruses to kill the cells in which they proliferate and the ability to spread to neighboring
cells, thereby amplifying the therapeutic effect of the initial input dose. In virotherapy the

cancer cell transduction and viral replication are carefully controlled by genetic engineering of
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the viral genome to gain effective and safe tumor eradication. Safe tumor eradication
necessitates introduction of various genetic modifications to the adenoviral genome, thereby
restraining replication exclusively to tumor cells and eventually obtaining selective eradication

of the tumor without side effects to healthy tissue.

Specific deletions on adenoviral key regulatory genes can be utilized to create dysfunctional
proteins or the lack of their expression that leads to dependence on a specific genetic feature
present in target cells. Partial deletions of E1A result in restricted replication in normal cells
but allow replication in target cells, such as cancer cells. Conditionally replicating viruses
featuring a 24 base pair deletion in the CR2 (constant region 2) were created and shown to
be potent and selective in the treatment of glioma and breast cancer xenografts (Fueyo et al.
2000; Heise et al. 2000). Their cancer specificity results from the inability of dysfunctional
E1A to release E2F1 transcription factor, which leads to the requirement of free E2F1. E2F1
is abundant in cancer cells, where the pRb pathway is most often disrupted (Hanahan and
Weinberg 2000).

Clinical and preclinical results have shown that treatment with unarmed oncolytic viruses is
not immunostimulatory enough to result in sustained anti-tumoral therapeutic immune
responses. In this regard, oncolytic viruses have been armed to be more immunostimulatory.
Viruses can be engineered to express highly immunogenic proteins such as granulocyte-
macrophage colony-stimulating factor (GM-CSF). When immunogenic proteins are expressed
within tumor microenvironment, they are potent stimulators of specific and long-lasting
antitumor immunity. Introduction of immunotherapeutic genes into tumor cells and,
furthermore, their translation into proteins, leads to the activation of the immune response
and to more efficient destruction of tumor cells. The most relevant immune cells in this regard

are natural killer cells (NK) and cytotoxic CD8+ T-cells.

ONCO0S-102 (Ad5/3-D24-GM-CSF; disclosed in WO 2010/072900) is a serotype 5 adenovirus,
comprising a chimeric capsid for enhanced gene delivery to cancer cells and a 24 bp deletion
in Rb binding site of E1A region for cancer cell restricted replication. ONCOS-102 is armed
with granulocyte-macrophage colony-stimulating factor (GM-CSF) for an enhanced immuno-
stimulatory effect. Safety and immunological activity of ONCOS-102 has already been
demonstrated in phase 1 clinical study (NCT01598129). In this phase 1 study, local treatment
of pleural mesothelioma with ONCOS-102 induced a systemic anti-tumor CD8+ T cell response
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and infiltration of CD8+ T cells into tumors in the last line refractory malignant pleural
mesothelioma patient.

Koski et al. (2010) discloses treating total of 21 patients with advanced solid tumors refractory
to standard therapies with ONCOS-102. According to those studies ONCOS-102 seems safe

in treating cancer patients. Also promising signs of efficacy were seen.

Publication WO 99/59604 discloses a method for treating squamous cell cancer consisting of
direct injection of adenovirus into the cancer and administration of two chemotherapeutics,

cisplatin and 5-fluorouracil.

Siurala et al. (2015) discloses a combination of a capsid-modified oncolytic adenovirus CGTG-
102 (same as ONCOS-102) with doxorubicin, with or without ifosfamide. When tested in
vivo against established soft-tissue sarcoma tumors in fully immunocompetent Syrian

hamsters, the combination was found to be effective.

Publication US 7393478 B2 discloses a method for inhibiting tumor growth in a subject
comprising administering to the subject an effective amount of a micelle comprising cisplatin

and a therapeutic agent. Therapeutic agent in this method can be for example GM-CSF.

In practice, the treatment of malignant mesothelioma (MM) has remained unchanged since
2003. The most commonly used first-line chemotherapy for MM is performed with
chemotherapeutic agents Pemetrexed (Pemetrexed Disosium, Alimta), Cisplatin (Platinol),
Carboplatin (Paraplatin) and their combinations. Despite progress in conventional cancer
treatment regimens, human mesothelioma remains incurable and new treatment alternatives

are desperately needed.

SUMMARY OF THE INVENTION

Objects of the present invention are to provide a novel combination of oncolytic adenovirus
and chemotherapeutic agents, a novel combination therapy using oncolytic adenovirus and
chemotherapeutic agents for treating cancer in a patient and also to solve problems relating

to conventional cancer therapy.
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One aspect of the invention is ONCOS-102 adenovirus for use in the treatment of human
cancer, preferably in the treatment of human malignant mesothelioma, wherein administering
the virus to a human patient in need thereof is done in combination with administering two

chemotherapeutic agents.

Another aspect of the invention is a method for treating human cancer, preferably human
malignant mesothelioma, in a patient comprising a step of administering to said patient
ONCOS-102 adenovirus and two chemotherapeutic agents.

Still another aspect of the invention is the use of ONCOS-102 adenovirus in the treatment of
human malignant mesothelioma, wherein the virus is administered to a patient in combination

with two chemotherapeutic agents.

BRIEF DESCRIPTION OF THE DRAWINGS

The following figures are included to further demonstrate certain aspects and features of the
present invention. The invention may be better understood by reference to one or more of
these drawings in combination with the detailed description of specific embodiments, including

examples.

Figure 1. Treatment of human mesothelioma cells: JL-1, MSTO-211H and H226 with
Pemetrexed and Cisplatin or Pemetrexed and Carboplatin alone or in combination with
ONCOS-102 (10VP/cell), or with ONCOS-102 alone in in vitro efficacy study. a) Antitumor
efficacy was measured by MTS cell-viability assay. Cell viability was determined against
untreated cells (mock) 72 hours after treatment. The amount of b) necrotic cells (PI) and ¢)
early apoptotic cells (FITC-labeled Annexin-V) 48 hour after treatment were analyzed by flow
cytometry. Error bars, mean£SEM: *p < 0.05, **p < 0.01, ***p < 0.001.

Figure 2. Combined treatment of human mesothelioma cells: JL-1, MSTO-211H and H226
with Pemetrexed and Cisplatin or Pemetrexed and Carboplatin alone or in combination with
ONCOS-102 (10VP/cell), or with ONCOS-102 alone - in vitro immunogenic tumor cell death.
a) Extracellular ATP was measured from supernatant 48 (JI-1, MSTO-211H) and 72 (H226)
hours after treatment using ATP determination kit. b) Extracellular HMGB1 secretion into the
supernatant was measured 3 days after treatment utilizing ELISA assay. c) Calreticulin
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exposure on outer cell surface of tested human mesothelioma cells was measured 24 (H226,
JI-1) and 48 (MSTO-211H) hours after treatment by flow cytometry. Error bars, mean+SEM:
*p < 0.05, **p < 0.01, ***p < 0.001.

Figure 3. Oncolytic efficacy of ONCOS-102, receptor expression profile and virus infectivity
assay measured in three mesothelioma cell lines (JI-1, MSTO-211H, H226). a) Oncolytic
efficacy of ONCOS-102 (0,1; 1; 10; 100 and 1000 VP/cell) was measured by MTS cell-viability
assay 3 days after treatment initialization. Cell viability profile was determined against
untreated cells (mock). b) The expression of CAR, DSG2 and CD46 on the mesothelioma cell
lines was measured by flow cytometry after specific antibody staining. ¢) ONCOS-102
infectivity assay was performed for five treatment groups. The determination of the ONCOS-
102 infectivity was based on visual quantification of infected cells after the staining of virus
hexon protein and finally the calculation for detected spots. For each 5 replicates 5 images of
non-overlapping fields have been acquired using an AMG EVO XL microscope. For infectivity
comparison, the data have been presented as the average number of spots in 5 wells. Error
bars, mean+SEM: *p < 0.05, **p < 0.01, ***p < 0.001.

Figure 4. Antitumor efficacy of ONCO0S-102 (1E+8 VP/mouse intratumorally (i.t.)) in
combination with Pemetrexed (10 mg/kg in 100 pl intraperitoneal (IP)), Cisplatin (1.5 mg/kg
in 100 pl IP) or Carboplatin (8 mg/kg in 100 pl IP) in human mesothelioma xenograft model
in BALB/c nude mice (7 mice per group, 14 tumors per group) was analyzed and compared
to mock or each treatment alone. a) BABL/c nude mice bearing s.c. H226 tumors (6x10°
cells/tumor) were treated according to the treatment scheme (Table 1) with ONCOS-102 (i.t.)
and chemotherapies (IP) in 8 groups. Animals were treated every 3 days throughout 2
months. b) Survival profile was calculated by Kaplan-Meier test. ¢) Human GM-CSF produced
by ONC0OS-102 was analyzed from tumor, liver and serum after animal euthanasia utilizing
ELISA technique. d) Adenoviral copies (E4 gene) were measured by gPCR from tumor, liver
and serum of euthanized animals. Error bars, meanxSEM: *p < 0.05, **p < 0.01, ***p <
0.001.

Figure 5. Antitumor efficacy of ONCOS-102 (1E+8 VP/mouse i.t.), Pemetrexed (10 mg/kg in
100 pl IP) and Cisplatin (1.5 mg/kg in 100 pl IP), combination of all three or combination of
the chemotherapeutics in human mesothelioma xenograft model in BALB/c nude mice (2 mice
per group, 2 tumors per mouse). a) BABL/c nude mice bearing s.c. H226 tumors (7x10°
cells/tumor) were treated with ONCOS-102 (i.t.) and chemotherapy (IP) in 4 groups. Animals
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were treated every 3 days throughout 54 days. b) Body weigh was monitored and measured
throughout the experiment. Weight (g) was converted to the parentage value of body weight,
where body mass at day zero was set as 100%. c¢) Survival profile was calculated by Kaplan-
Meier test. Error bars, meanx=SEM: *p < 0.05, **p < 0.01, ***p < 0.001.

Figure 6. Antitumor efficacy of ONCOS-102 (2E+8 VP/mouse i.t.), Pemetrexed (6.7 mg/kg
in 100 pl IP) and Carboplatin (5.4 mg/kg in 100 ul IP), combination of all three or combination
of the chemotherapeutics in human mesothelioma xenograft model in BALB/c nude mice (2
mice per group, 2 tumors per mouse). a) BALB/c nude mice bearing s.c. H226 tumors (7x10°
cells/tumor) were treated with ONCOS-102 (i.t.) and chemotherapy (IP) in 4 groups. Animals
were treated every 3 days throughout 30 days. b) Body weight was monitored and measured
throughout the experiment. Weight (g) was converted to the parentage value of body weight,
where body mass at day zero was set as 100%. c¢) Survival profile was calculated by Kaplan-
Meier test. Error bars, mean+=SEM: *p < 0.05, **p < 0.01, ***p < 0.001.

Detailed description of the invention

Unless defined otherwise, all technical and scientific terms used in this application have the
same meaning as commonly understood by one of ordinary skill in the art to which this

invention pertains.

Mesothelioma is a treatment-resistant cancer to standard therapies with constantly increasing
amount of mortal cases worldwide. The lungs in the chest, as well as abdominal organs such
as the stomach, the intestines, the liver, and the heart are each wrapped in membranes such
as pleura, peritoneum, and pericardium. A portion that covers the surface of such a membrane
is referred to as mesothelium. A tumor that is developed from such mesothelium is referred
to as a mesothelioma. There are three main histological subtypas of malignant mesathealioma:
gpithelioid, sarcomatous, and biphasic. "Malignant mesothelioma” (MM) as used herein refers
to mesothelioma affecting pleura, peritoneum, pericardium or tunica vaginalis The most
effective standard treatment against MM to date is a combination of Pemetrexed and Cisplatin,
which leads to 41% response rate (RR). The combination of Cisplatin and Pemetrexed
improves the survival of mesothelioma patients compared to single-agent chemotherapy.
However, MM is still a lethal disease with a prognosis of median PFS/0S from the initiation of
treatment up to 12 months, and therefore new treatment modalities are needed.
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The term “anti-viral response” as used herein refers to a cell's response to viral infection and
includes, for example, production of interferons, cytokine release, production of chemokines,

production of lymphokines or any combination thereof.

The expressions “normal host cell” and “normal tissue” as used herein refer to a non-

cancerous, non-infected cell or tissue with an intact anti-viral response.

The term “oncolytic agent” as used herein refers to an agent capable of inhibiting the growth
of and/or killing tumor cells.

The term “subject” as used herein refers to any living organism, including humans and

animals, human and animal tissue, and human and animal cells.

The term “patient” as used herein refers to any subject (preferably human) afflicted with a
disease, such as MM, who is likely to benefit from a treatment with combination therapy as
described herein.

Adenoviruses are non-enveloped viruses 70-90 nm in diameter with an icosahedral capsid.
Their genome is linear, double stranded DNA varying between 25-45 kilobases in size with
inverted terminal repeats (ITRs) at both termini and a terminal protein attached to the
5 ends.

The icosahedral capsid is formed by three major proteins, of which the hexon trimers are
most abundant. Each of the twelve vertices of the capsid also contains a pentameric protein,
a penton base that is covalently attached to the fiber. The fiber is a trimeric protein that
protrudes from the penton base and is a knobbed rod-like structure. Other viral proteins Illa,
IVa2, VI, VIII and IX are also associated with the viral capsid. The proteins VII, small peptide
mu and a terminal protein (TP) are associated with DNA. Protein V provides a structural link
to the capsid via protein VI.

As used herein the term “capsid” refers to the protein shell of the virus, which includes hexon,
fiber and penton base proteins.
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All human adenoviruses have similarities in their fiber architecture. Each has an N-terminal
tail, a shaft with repeating sequences, and a C-terminal knob domain with a globular
structure. The knob domain is principally responsible for binding the target cellular receptor
and its globular structure presents a large surface for lateral and apical binding. The fiber
proteins of adenoviruses from different subgroups most distinctively differ in length and ability
to bend.

The fiber participates in attachment of the virus to the target cell. First, the knob domain of
the fiber protein binds to the receptor of the target cell, secondly, the virus interacts with an
integrin molecule, and thirdly, the virus is endocytosed into the target cell. Next, the viral
genome is transported from endosomes into the nucleus and the replication of the viral

genome can begin.

As used herein, “"Ad5/3 chimerism” of the capsid refers to a chimerism, wherein the knob part
of the fiber is from Ad serotype 3, and the rest of the fiber is from Ad serotype 5.

Adenoviruses are dependent on the cellular machinery to replicate the viral genome. They
can infect quiescent cells and induce them into a cell cycle S-phase-like state enabling viral
DNA replication. The adenoviral genome can be divided into immediate early (E1A), early
(E1B, E2, E3, E4), intermediate (IX, Iva), and late (L1-L5) genes.

E3 gene products are not essential for virus replication in vitro, but are dedicated to the
control of various host immune responses. E3-gp19K inhibits the transport of the class 1
major histocompatibility complex (MHC) from the endoplasmic reticulum (ER) to the plasma
membrane, thereby preventing the presentation of peptides to T lymphocytes by MHC.

The adenoviral E1A protein was originally described as a pRb binding protein capable of
inducing DNA replication in quiescent normal cells. One of the key functions of E1A protein is
to disrupt the pRb-E2F interactions, thereby releasing E2F transcription factors to activate the
E2F responsive promoters and transcription of the genes they control, such as adenoviral E2A.
The conserved region 2 (CR2) in E1A protein forms a strong interaction with the pocket
binding domain of pRb and CR1 mediates the actual disruption of the E2F binding of pRb.
Conditionally replicating viruses featuring a 24 base pair deletion in the CR2 were created and
shown to be potent and selective in the treatment of glioma and breast cancer xenografts.
Their cancer specificity results from the inability of dysfunctional E1A to release E2F1
transcription factor, which leads to the requirement of free E2F1.
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ONCO0S-102 adenovirus has been earlier disclosed in publication WO 2010/072900. ONCOS-
102 is a serotype 5 adenovirus (Ad5) displaying the following modifications differing from the
Ad5 genome:

1. A 24 base pair (bp) deletion in the E1A-gene constant region 2 (CR2). The
dysfunctional E1A protein is unable to bind and release E2F1 transcription factor from
the retinoblastoma protein (Rb), leading to the requirement of free E2F1 for adenovirus
gene transcription. Free E2F1 is abundant in cancer cells, where the pRb pathway is
most often disrupted. Thereby viruses with the 24 bp deletion in E1A are able to
efficiently replicate in cancer cells. The E1A gene transcription into mRNA is being
controlled by the endogenous E1A promoter.

2. A 965 bp deletion has been introduced in the early 3 (E3) region coding for 6.7K and
gpl9K proteins. These proteins are associated with the ability of adenovirus to evade
host immune control mechanisms and their functions are expendable for adenoviral
replication.

3. A transgene coding for the human granulocyte macrophage colony stimulating factor
(GM-CSF) protein has been inserted to the E3 region, replacing 6.7K and gp19K. The
GM-CSF gene transcription into mRNA is being controlled by the endogenous E3
promoter. In other words, in ONCOS-102 adenovirus 965 base pairs coding for the
viral genes gp19K and 6.7K have been deleted from the E3 region and a transgene
GM-CSF has been introduced to replace them.

4. The serotype 5 fiber knob has been replaced by serotype 3 fiber, thereby allowing
entry of the virus to cells via the serotype 3 receptor instead of the serotype 5 receptor
CAR.

In ONCO0OS-102 adenovirus the native E1A promoter is present, i.e. it has not been replaced

by another promoter.

In short, in ONCOS-102 adenovirus, GM-CSF is under endogenous viral E3 control elements,
which results in replication-associated transgene expression starting about 8 hours after
infection. The virus replicates in a tumor-selective manner thus resulting in tumor-restricted
production of GM-CSF. Tumor specificity is achieved by a 24-bp deletion, which abrogates the
Rb-binding site of E1A and, as demonstrated in previous reports, the virus replicates
selectively in cells with p16-Rb pathway defects, including most if not all human cancers. The
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oncolytic potency of ONCOS-102 adenovirus was shown to be more effective than the wild-

type control virus.

Oncolytic adenoviruses that express GM-CSF induce anti-cancer immunity while acting
directly on cancer cells by oncolysis. GM-CSF is a potent inducer of systemic anti-tumor
immunity associated with recruitment and maturation of antigen presenting cells (APCs),
mainly dendritic cells, as well as recruitment of cells of the innate immunity arm. However,
systemically elevated cytokine levels represent a risk for toxic side-effects. Besides the direct
risk of side effects mediated by high serums concentrations of GM-CSF, an indirect risk results
from recruitment of myeloid derived suppressor cells (MDSC). While the immunosuppressive
effect of MDSC is potentially harmful for cancer patients in general, it could be particularly
counterproductive in the context of cancer immunotherapy. Thus restricting the GM-CSF

expression to the tumor site is crucial.

ONCO0S-102 adenovirus has shown a good oncolytic potential and production of functionally
active human GM-CSF in vitro (Koski et al. 2010). It was shown in immune-competent
hamsters that the virus is effective in deterring the growth of aggressive syngeneic pancreatic
tumors. Evidence of replication of the virus in tumors was shown by measuring viral copy
number. Selectivity of replication was demonstrated as there was no increase in viral copy
numbers in directly injected liver tissue. Local replication-linked production of GM-CSF in
tumors was demonstrated, while there was very little leakage of GM-CSF into serum or liver.
It was also shown that combining low-dose cyclophosphamide with ONCOS-102 adenovirus
can enhance antitumor effect, whereas cyclophosphamide treatment alone did not result in

significant reduction of tumor growth.

Overall, treatment of advanced cancer patients with ONCOS-102 adenovirus appears to be
safe and promising signs of possible efficacy have been observed. Although virus is present
in serum for extended periods even after a single dose, multiple injections are likely to

improve tumor transduction and enhance antitumor immunity.

“Chemotherapy” as used herein refers to the use of chemical compounds or drugs in the
treatment of disease, though the term chemotherapy is most often associated with the
treatment of cancer. Cancer chemotherapeutic compounds encompass nearly 100 individual

drugs.



10

15

20

25

30

35

WO 2017/121925 PCT/F12017/050010

11

The most common side effects of chemotherapeutic agents are nausea and vomiting. A large
proportion of individuals also suffer from myelosuppression, or suppression of the bone
marrow, which produces red blood cells, white blood cells and platelets. These and other side
effects are also exacerbated by the suppression of the immune system concomitant with the
destruction and lack of production of white blood cells, and associated risk of opportunistic

infection.

Other side effects common to a wide range of chemotherapeutic agents include: hair loss
(alopecia); appetite loss; weight loss; taste changes; stomatitis and esophagitis
(inflammation and sores); constipation; diarrhea; fatigue; heart damage; nervous system
changes; lung damage; reproductive tissue damage; liver damage; kidney and urinary
system damage.

It has been shown that cancer cell death can be immunogenic or non-immunogenic.
Immunogenic cell death (ICD) comprises changes in the structure of the cell surface and leads
to the release of pro-immunogenic factors. Subsequently it attracts APCs to take up tumor
antigens, process them, and finally elicit antitumor immune response (specific anti-tumor T
cells). The success of the cancer treatment whether using chemotherapy, oncolytic viruses or
a combination of the two, relies on the induction of immunogenic tumor cell death and
induction of anti-tumor immune responses. It has been known that some chemotherapeutics
and oncolytic adenoviruses act as potent inducers of ICD, and thus have a beneficial impact
on anticancer immune rasponses, contributing antitumor activity. ICD can be evaluated by
the presence of ICD biomarkers such as calreticulin (CRT) in the outer plasma membrane,
followed by extracellular release of high-mobility group box 1 protein (HMGB1) and adenosine
triphosphate (ATP).

As disclosed earlier, cancer therapy with ONCOS-102 adenovirus as well as therapy with
chemotherapeutics have shown some efficacy when used alone. The inventors wanted to
study whether the combination of adenoviral gene therapy with other therapies, such as
traditional therapy, may be more effective in the treatment of MM than either one alone.

“Combination therapy” as used herein refers to administration of ONCO0S5-102 and
chemotherapeutic agents, preferably either Pemetrexed and Cisplatin or Pemetrexed and
Carboplatin, to a patient in the need thereof. In the combination therapy the virus and also

the chemotherapeutic agents may be administered in several doses during several days. The
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administration of chemotherapeutic agents can be started before starting virus administration
and doses of chemotherapeutic agents can also be further administered during the period the
virus doses are administered. The treatment protocol may also comprise first priming with
the virus followed by administering the chemotherapeutic agents and then continuing
administration of both the virus and chemotherapeutic agents. In another embodiment, the
combination therapy first comprises chemotherapeutic agents Pemetrexed and Cisplatin, but
during the combination therapy Cisplatin is replaced with Carboplatin. This can be
necessitated for example because excessive side effects appear when Cisplatin used in the
therapy. Also other medication can be administered concurrently with the combination
therapy.

As used herein “concurrent” refers to a medication or therapy, which has been administered
before, after or simultaneously with the combination therapy as described herein. The period
for a concurrent therapy may vary from minutes to several weeks. Typically, the therapy that
is concurrent with the combination therapy as described herein lasts for some days or some

weeks.

The term “priming” as used herein refers to the using of apoptosis-inducing pretreatment with
conventional cytotoxic chemotherapy capability. The tumor priming done with oncolytic
viruses results in immunogenic cancer cell death, which is associated with the presentation of
calreticulin on the cell surface and the release of natural adjuvants, specifically high-mobility
group protein B1 (HMGB1) and ATP from within the dying cells, eventually leading to DC
stimulation and subsequent activation of adaptive immune response. This virus-induced
change in the tumor environment is essential in priming a meaningful antitumor immune
response. Antigen presenting cells capture tumor antigens from dying tumor cells and process
them for MHC class I and II presentation, migrate to draining lymph nodes and stimulate
antigen-specific B and T cells. For example ONC0OS-102 adenovirus may result in the induction
of cytotoxic tumor-specific CD8+ T cells. The term “priming” as used herein refers also to the
capability of chemotherapeutic agents — when administered before administering of the virus
- to cause this kind of immunogenic cancer cell death. On the other hand tumor priming with
chemotherapeutic agents also means expansion of interstitial space using an apoptosis-

inducing pretreatment.

As used herein, the term “effective amount” refers to an amount of a compound, therapeutic

agent, virus or drug, which is capable of performing the intended result. For example, an
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effective amount of a chemotherapeutic agent and/or adenovirus is an amount sufficient to
effect beneficial or desired clinical results including clinical results. An effective amount can
be administered in one or more administrations. As described herein, the effective amount is
an amount sufficient to ameliorate, stabilize, reverse, slow and/or delay progression of
malignant mesothelioma or to cure malignant mesothelioma. In the present invention, the
effect of chemotherapeutic agents and ONCO0OS-102 adenovirus can be monitored for example
by monitoring tumor reaction to said treatment. Monitoring of the tumor reaction may be
performed with any suitable method known in the art. It can be performed for example with
methods measuring immunologic status of the cells, such as those listed in Ranki et al. (2014).
For example, monitoring can be done by measuring the presence of tumor infiltrating
lymphocytes in the tumor, TH1-type response can be monitored with a microarray, and also
IFNy enzyme linked immunospot assay (ELISPOT) can be utilized in monitoring.

The effective amount is thus such that is capable to or required to cause a desired effect or
reaction in the tumor. As is understood in the art, an effective amount may vary, depending
on, inter alia, patient history as well as other factors such as the type and/or dosage of a
chemotherapeutic agent used.

As used herein, the term “toxicity” refers to a toxic event associated with the administration
of chemotherapeutic agents. Such events include, but are not limited to, neutropenia,
thrombopenia, toxic death, fatigue, anorexia, nausea, skin rash, infection, diarrhea,
mucositis, and anemia. The toxic effects can be monitored with any conventional method

known in the field.

As used herein, the term “treatment period” refers to a time period when the combination
treatment is conducted. Treatment period may consist of several administrations of ONCOS-
102 and chemotherapeutic agents, wherein the administrations can be performed in cycles.
Treatment period can last weeks or months. Treatment period can last up to one year.

As used herein, the term “administration period” refers to a time period the adenovirus,
chemotherapeutic agents, or other medication are administered to a patient. During the
administration period a single dose or several doses of the agent in question can be
administered. The administration period can be minutes, hours, days, weeks or months. The
administration period can consist of cycles. For example, a three-week (21-day) cycle can be
used in the administration of chemotherapeutic agents.
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Platinum-based antineoplastic drugs (informally called platins) are chemotherapeutic agents
to treat cancer. They are coordination complexes of platinum. Carboplatin and cisplatin are

platinum-based antineoplastic.

Pemetrexed is chemically similar to folic acid and is in the class of chemotherapy drugs
called folate antimetabolites. Pemetrexed works by inhibiting three enzymes used
in purine and pyrimidine synthesis—thymidylate synthase (TS), dihydrofolate
reductase (DHFR), and glycinamide ribonucleotide formyltransferase (GARFT). By inhibiting
the formation of precursor purine and pyrimidine nucleotides, pemetrexed prevents the
formation of DNA and RNA, which are required for the growth and survival of both dividing

normal cells and cancer cells.

Pemetrexed has been approved by FDA to be used in combination with Cisplatin for the
treatment of unresectable MPM (500 mg/m?2 and 75 mg/m? respectively). Large | phase III
EMPHACIS trial showed improved outcomes in patients treated with both Cisplatin and
Pemetrexed compared to Cisplatin alone. It was also shown that the median survival of
patients in the combination group was 12 months, compared to a median survival of 9 months
in Cisplatin-only (p = 0.02). Due to high toxicity of Cisplatin in many MM patients, Carboplatin
has been tested as an alternative. However, these first-line chemotherapeutics have all shown

low efficacy against MM.

Therapeutic compositions are generally formulated relative to the particular administration
route. In the combination therapy as described herein Pemetrexed is used in its effective
concentration. As an example, for treatment of MM, Pemetrexed can be administered at a
total daily dose of up to 500 mg/m?. Pemetrexed can be administered for example as an
intravenous (i.v.) infusion over 10 minutes on Day 1 of each 21-day cycle, when 21-day cycle
is used. For example in case of side effects the dose can be lower, such as from 200 mg/m?2
to 450mg/m?2 and more preferably from 250 mg/m? to 375 mg/m?2. Pemetrexed can also be

administrated intraperitoneally when appropriate.

In the combination therapy as described herein Cisplatin is used in its effective concentration.
In the treatment of MM the typical dose of Cisplatin is 75 mg/m? infused i.v. over 2 hours
beginning approximately 30 minutes after the end of Pemetrexed infusion. The amount of
Cisplatin administered may vary from 30 mg/m?2 to 75 mg/mZ2. For example in case of side
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effects the dose can be lower, such as from 30 mg/m? to 70 mg/m?, more preferably from 35
mg/m? to 60 mg/m? and most preferably from 37.5 mg/m? to 56.25 mg/mZ2. Cisplatin can
also be administrated intraperitoneally when appropriate.

In the combination therapy with ONCOS-102 adenovirus Cisplatin and Pemetrexed can be
administered in a molar ratio between from 0.75:10 to 3:10. Most preferably the ratio is
1.5:10.

In the combination therapy as described herein Carboplatin is used in its effective
concentration. In the combination therapy treatment of MM the typical dose of Carboplatin is
400 mg/m? to a patient with normal renal function. Carboplatin can be infused i.v. over 30 to
60 min beginning approximately 30 minutes after the end of Pemetrexed infusion that has
been infused over about 10 min time. However, the dose of Carboplatin is generally calculated
according to Calvert formula (calculated in mg, not in mg/ m?) that takes into account a
patient’s glomerular filtration rate (GFR) and target area under the concentration versus time
curve (AUC in mg/ml x min): Total dose (mg)=(target AUC) x (GFR + 25). Carboplatin dose
can thus be adjusted and reduced for example due to side effects, especially due to reduced

renal function.

In the combination therapy with ONCOS-102 adenovirus, the administrated doses are
typically about 500 mg/m? of Pemetrexed and about AUC 5 of Carboplatin. In a preferred
embodiment - and in case of patient having normal renal function — about 500 mg/m?
Pemetrexed and about 400 mg/m? Carboplatin can be administered. The administered
amounts can, however, vary between 250 mg/m? and 500 mg/m? of Pemetrexed and between
200 mg/m? and 400 mg/m? of Carboplatin. In certain cases, especially when the
chemotherapeutic agents show toxic effects, about 375 mg/m? Pemetrexed and about 300
mg/m? Carboplatin can be administered. Pemetrexed and Carboplatin can thus be
administered in a molar ratio of 5:4. The ratio can, however, vary between from 5:8 to 5:2.

An object of the present invention is ONCOS-102 adenovirus for use in the treatment of
human malignant mesothelioma, wherein the virus is administered in combination with two

chemotherapeutic agents to a patient in need thereof.
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In the combination therapy as described herein, ONC0OS-102 adenovirus can be administered
in several doses and at different times that chemotherapeutic agents that also can be

administered in several doses.

Another object of the present invention is ONCOS-102 adenovirus for use in the treatment of
human malignant mesothelioma, wherein the virus is administered in combination with two
chemotherapeutic agents to a patient, and wherein the two chemotherapeutic agents are
either Pemetrexed and Cisplatin or Pemetrexed and Carboplatin.

Still another object of the present invention is ONCOS-102 adenovirus for use in the treatment
of human malignant mesothelioma, wherein the virus is administered in combination with
Pemetrexed and Cisplatin to a patient in need thereof, and wherein the molar ratio between
Pemetrexed and Cisplatin is from 10:0.75 to 10:3.

Still another object of the present invention is ONCOS-102 adenovirus for use in the treatment
of human malignant mesothelioma, wherein the virus is administered in combination with
Pemetrexed and Cisplatin to a patient in need thereof, and wherein the molar ratio between
Pemetrexed and Cisplatin is 10:1.5.

A further object of the present invention is ONCOS-102 adenovirus for use in the treatment
of human malignant mesothelioma, wherein the virus is administered in combination with
Pemetrexed and Carboplatin to a patient, wherein the molar ratio between Pemetrexed and
Carboplatin is from 5:8 to 5:2.

Still another object of the present invention is ONCOS-102 adenovirus for use in the treatment
of human malignant mesothelioma, wherein the virus is administered in combination with
Pemetrexed and Carboplatin to a patient in need thereof, wherein the molar ratio between
Pemetrexed and Carboplatin is 5:4.

In preferred embodiments of the present invention, various combinations of Cyclohexamide,
Cyanocobolamine, Folatic acid and Dexamethasone can also be used in addition to ONCOS-
102 and Pemetrexed and Cisplatin or Pemetrexed and Carboplatin. More specifically, from the
list of agents consisting of Cyclohexamide, Cyanocobolamine, Folatic acid and
Dexamethasone, one, two, three or four and any combination thereof can be used
concurrently with the combination therapy comprising ONCOS-102 and Pemetrexed and
Cisplatin or ONCOS-102 and Pemetrexed and Carboplatin. As an example, the subject can be
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treated with one or more adjunctive agents that reduce or eliminate hypersensitivity reactions
before, during, and after administration of the chemotherapeutic agents of the combination
therapy described, such as one or more of dexamethasone, folic acid, and Vitamin B12 before,
during, and after administration of the chemotherapeutic agents. In certain embodiments,
the subject is treated with 2-25 mg of dexamethasone orally on the day before, the day of,
and the day after administration of the chemotherapeutic agents; 400-1000 ug of folic acid
orally daily, during a period starting 7 days before administration of the chemotherapeutic
agents, throughout at least one treatment period, and for 21 days after the last administration
of the chemotherapeutic agents; and 1000 pg of Vitamin B12 intramuscularly 1 week before
the first administration of the chemotherapeutic agents in a treatment period.

Any conventional method may be used for administration of ONCOS-102 to a patient in need
thereof. The route of administration depends on the formulation or form of the composition,
the disease, location of tumors, the patient, comorbidities and other factors. In a preferred
embodiment of the invention, the administration is conducted through an intratumoral,
intramuscular, intra-arterial, intrapleural, intravesicular, intracavitary or peritoneal injection,
or an oral administration. Preferably, the administration is conducted as intratumoral injection

or intraperitoneal injection.

The injection can be personalized for each patient according to the location and size of tumors.
For example, the virus can be injected (i.t.) in a volume from 0.5 ml to 10 ml. The injection
can be done to several, preferably up to five, different tumor sites. The volume of
intraperitoneal dosage can vary from 200 ml to 800 ml. Preferably, the administered volume
is 500 ml.

The effective dose of vectors depends on at least the subject in need of the treatment, tumor
type, location of the tumor and stage of the tumor. The dose may vary for example from
about 108 viral particles (VP) to about 10 VP, preferably from about 5x10° VP to about 1013
VP and more preferably from about 8x10° VP to about 102 VP. In one specific embodiment
of the invention the dose is in the range of about 5x101° - 5x10!! VP. Thus, the amount of
ONCO0S-102 adenovirus to be administered can be in the range of 5x101° - 5x10!! VP.
Preferably, ONCOS-102 is administered at 3 x 10! VP/5 ml. On the other hand, expressed in
the plaque forming units, ONCOS-102 can be administered by direct injection into malignant
mesothelioma tumor of said patient or intraperitoneally at a dose of about 108-10!2 plaque

forming units.
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One object of the invention is ONCOS-102 adenovirus for use in the treatment of human
malignant mesothelioma, wherein the virus is administered in combination with two
chemotherapeutic agents to a patient in need thereof, and wherein the amount of the virus
is from 5 x 101% to 5 x 10! VP,

Another object of the invention is ONC0OS-102 adenovirus for use in the treatment of human
malignant mesothelioma, wherein the virus is administered in combination with two
chemotherapeutic agents to a patient, and wherein the virus is administered in an amount of
3 x 10 VvP/5 ml.

A further aspect of the invention is ONCOS-102 adenovirus for use in the treatment of human
malignant mesothelioma wherein the virus is administered in combination with two
chemotherapeutic agents to a patient, and wherein the chemotherapeutic agents and the

virus are administered in effective amounts.

Still another object of the invention is ONCOS-102 adenovirus for use in the treatment of
human malignant mesothelioma, wherein the virus is administered in combination with two
chemotherapeutic agents to a patient in need thereof, and wherein the virus is administered
intraperitoneally or by direct injection into tumor and the two chemotherapeutic agents are

administered intravenously or intraperitoneally.

According to one aspect of the invention ONCOS-102 adenovirus is for use in the treatment
of human malignant mesothelioma, wherein the virus is administered in combination with two
chemotherapeutic agents to a patient in need thereof, and wherein the virus is administered
before administering of the two chemotherapeutic agents and also during administering
period of said chemotherapeutic agents.

According to another aspect of the invention ONCOS-102 adenovirus is for use in the
treatment of human malignant mesothelioma, wherein two chemotherapeutic agents are
administered before the virus is administered and also during administering period of said

virus.

According to one preferred embodiment the agents of the combination therapy may be
administered with first priming with administering the virus from one to ten times during a

between one-month to ten-month period and then administering the chemotherapeutic
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agents for example from one to four weeks after starting the virus administration. The
administration may for example be in the following sequential order: Priming with the virus
is done by administering the virus to the subject in need six times during a four-month period.
Typically, in the beginning of the treatment period the time between doses is shorter than
when the treatment proceeds. The administration of chemotherapeutic agents, preferably
Pemetrexed and Cisplatin or Pemetrexed and Carboplatin, can be started after three weeks
of starting the administration of the virus. The administration of chemotherapeutic agents can
be continued so that the administration is for example done a total of six times in about three-

week cycles. The administration times can vary from one to six times.

The oncolytic adenoviral vector of the invention induces virion-mediated oncolysis of tumor
cells and activates human immune response against tumor cells. In a preferred embodiment
of the invention, the method or use further comprises administration of substances capable
of downregulating regulatory T-cells in a subject. “"Substances capable of downregulating
regulatory T-cells” refers to agents that reduce the amount of cells identified as T-suppressor
or Regulatory T-cells. These cells have been identified as consisting one or many of the
following immunophenotypic markers: CD4+, CD25+, FoxP3+, CD127- and GITR+. Such
agents reducing T-suppressor or Regulatory T-cells may be selected from a group consisting
of anti-CD25 antibodies or chemotherapeutics.

The immunomodulatory functions of the transgene GM-CSF are a central mechanism of action
of armed oncolytic adenoviruses and in addition, adenovirus itself is a strong activator of the
immune system and this significantly contributes to the overall anti-tumor efficacy of the

virus.

“VWirus sensitizer” as used herein refers to an agent that can improve oncolytic virus efficacy.
Agents suitable for such combination therapy or which can be used as virus sensitizers include
but are not limited to All-trans retinoic acid, Azacitidine, Azathioprine, Bleomycin, Carboplatin,
Capecitabine, Cisplatin, Chlorambucil, Cyclophosphamide, Cytarabine, Daunorubicin,
Docetaxel, Doxifluridine, Doxorubicin, Epirubicin, Epothilone, erlotinib, Etoposide,
Fluorouracil, Gemcitabine, Hydroxyurea, Idarubicin, Imatinib, Mechlorethamine,
Mercaptopurine, Methotrexate, Mitoxantrone, Oxaliplatin, Paclitaxel, Pemetrexed,
Temozolomide, Teniposide, Tioguanine, Valrubicin, Vinblastine, Vincristine, Vindesine and
Vinorelbine. Preferably, the virus sensitizer to be used is cyclophosphamide.
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Also check-point inhibitors, such as anti-PD-1/PD-L1 or anti-CTLA4 antibodies (such as
Pembrolizumab, Nivolumab or Ipilimumab), are suitable for use with the combination therapy.

An aspect of the present invention is a method for treating malignant mesothelioma in a
patient comprising a step of administering to said patient ONCOS-102 adenovirus and two
chemotherapeutic agents. ONCOS-102 adenovirus and two chemotherapeutic agents are

administered in effective amounts.

Another aspect of the present invention is a method for treating malignant mesothelioma in
a patient comprising a step of administering to said patient ONCOS-102 adenovirus and two
chemotherapeutic agents in amounts and for a time sufficient to kill malignant mesothelioma

cells or to prevent the growth of malignant mesothelioma cells.

One preferred aspect of the invention is a method for treating malignant mesothelioma in a
patient comprising a step of administering to said patient ONCOS-102 adenovirus and two
chemotherapeutic agents, wherein the chemotherapeutic agents are either Pemetrexed and
Cisplatin or Pemetrexed and Carboplatin.

Another preferred aspect of the invention is a method for treating malignant mesothelioma in
a patient comprising the steps of administering to said patient ONC0S-102 adenovirus and
two chemotherapeutic agents, wherein said chemotherapeutic agents are first administered
before starting the administration period of the virus and also during the administration period
of the virus.

Another preferred aspect of the invention is a method for treating malignant mesothelioma in
a patient comprising the steps of administering to said patient ONC0S-102 adenovirus and
two chemotherapeutic agents, wherein said virus is first administered before starting the
administration period of the chemotherapeutic agents and the virus is also administered
during the administration period of said chemotherapeutic agents.

Still another preferred aspect of the invention is a method for treating malignant
mesothelioma in a patient comprising the steps of administering to said patient ONCOS-102
adenovirus and two chemotherapeutic agents, wherein ONCOS-102 adenovirus is
administered from one to ten times and the chemotherapeutic agents are administered from

one to six times to said patient.
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Still another preferred aspect of the invention is a method for treating malignant
mesothelioma in a patient comprising the steps of administering to said patient ONCOS-102
adenovirus and two chemotherapeutic agents, wherein said administration of ONC0OS-102 is
done by direct injection into malignant mesothelioma tumor of said patient or as

intraperitoneal injection at a dose of 108-10*? plaque forming units.

Still another preferred aspect of the invention is a method for treating malignant
mesothelioma in a patient comprising the steps of administering to said patient ONCOS-102
adenovirus and two chemotherapeutic agents, wherein the amount of ONCOS-102 adenovirus

to be administered is in the range of 5x101° - 5x10! VP,

Still another preferred aspect of the invention is a method for treating malignant
mesothelioma in a patient comprising the steps of administering to said patient ONCOS-102
adenovirus and two chemotherapeutic agents, wherein said chemotherapeutic agents are
administered at doses from 250 mg/m?2 and 500 mg/m? of Pemetrexed and from 30 mg/m?
to 75 mg/m? of Cisplatin or at doses from 250 mg/m?2 and 500 mg/m?2 of Pemetrexed and
from 200 mg/m? to 400 mg/m? of Carboplatin.

A further aspect of the invention is a use of ONCOS-102 adenovirus in the treatment of human
malignant mesothelioma, wherein the virus is administered to a patient in combination with

two chemotherapeutic agents.

Concurrent administration of cyclophosphamide (CPO) to the patient can be done during the
time period of combination therapy. Cyclophosphamide is a common chemotherapeutic agent,
which has also been used in some autoimmune disorders. Cyclophosphamide has been shown
to improve oncolytic virus efficacy through several mechanisms. It dampens the innate
antiviral response, slows the generation of anti-oncolytic virus neutralizing antibodies, may
target T-regs and may affect tumor vasculature enhancing oncolytic virus extravasation.
Several preclinical studies have shown that cyclophosphamide can retard immune clearance
of oncolytic viruses, enhance persistence of virus infection and prolong therapeutic efficacy.
In the present invention, cyclophosphamide can be used as a virus sensitizer to enhance viral
replication and the effects of GM-CSF induced stimulation of NK and cytotoxic T-cells for
enhanced immune response against the tumor. It can be used as intravenous bolus doses or
low-dose oral metronomic administration. Other suitable virus sensitizers that can be used in

embodiments of the present invention include temozolomide and erlotinib.
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To reduce regulatory T cells, the patients will receive low dose CPO, one to three days before
each injection of ONCOS-102. CPO will be administered for example as an i.v. bolus of
300 mg/m?2. The bolus may vary between 100 and 600 mg/m?2. The route of administration of
CPO can also be for example oral administration. Also metronomic chemotherapy may be
used.

Also Folic acid can be administered to the patient before start of the combination therapy and
also during the combination therapy. The administration of Folic acid can be started at least
five days before administration of first dose of chemotherapeutic agents of the combination
therapy. For example, the administration can be started 1 - 2 weeks before starting the
administration of the chemotherapeutic agents of the combination therapy. Folic acid can be
administered daily (oral administration; PO) and the administration can be continued also
during the combination therapy. The administration can be continued until about three weeks
after last dose of chemotherapeutic agents. The typical dose of Folic acid is 4 mg (PO). One
preferred aspect of the invention is a method for treatment of mesothelioma in a patient in
need thereof comprising the steps of (a) administering to said patient ONCOS-102 adenovirus

and two chemotherapeutic agents and a step of administration of Folic acid to the patient.

Cyanocobolamin (Vitamin B12) can be administered to the patient before start of the
combination therapy and also during the combination therapy. The administration of
Cyanocobolamin is typically started 1 - 2 weeks before starting the administration of the
chemotherapeutic agents of the combination therapy. Cyanocobolamin can be administered
for example as intramuscular injection (i.m.) on nine-week intervals and also during the
combination therapy. The administration can be continued until about three weeks after last
dose of chemotherapeutic agents. Typical amount of Cyanocobolamin is 1000 mcg (ng). One
preferred aspect of the invention is a method for treatment of mesothelioma in a patient in
need thereof comprising the steps of (a) administering to said patient ONCOS-102 adenovirus
and two chemotherapeutic agents and a step of administration of Cyanocobolamin to the
patient.

Folic acid and Cyanocobolamin are generally used to reduce treatment related hematologic
and gastrointestinal toxicity. These side effects can be associated for example to the

administration of Pemetrexed.
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Also Dexamethasone can be administered to a patient subject to the combination therapy.
Typically, Dexamethasone is administered day before, the day of and the day after
administering of the chemotherapeutic agents of the combination therapy. Dexamethasone
can be administered 4 mg BD (i.e. twice a day) for 5 days, and in a three-weekly frequency
for up to six cycles. One object of the invention is a method for treatment of mesothelioma
in a patient in need thereof comprising the steps of (a) administering to said patient ONCOS-
102 adenovirus and two chemotherapeutic agents, and (b) administrating Dexamethasone to
the patient.

The combination therapy as described herein can further comprise administration of
cyclophosphamide to the patient. One object of the invention is a method for treatment of
mesothelioma in a patient in need thereof comprising a step (a) of administering to said
patient ONCOS-102 adenovirus and two chemotherapeutic agents and further comprising
before step (a) administration of Cyclophosphamide to the patient.

One further aspect of the invention is a method for reducing tumor growth in a patient,
wherein said method comprises administering ONCO0S-102 adenovirus and two
chemotherapeutic agents to said patient under conditions wherein tumor growth in said
patient is reduced.

The method can comprise identifying the patient as having a tumor before administering the
combination therapy. The tumor diagnosis can be done in any conventional method. The
patient can be identified as having the tumor using for example a diagnostic imaging
technique. The method can further comprise measuring a tumor growth reduction after
administering the combination therapy to the patient. The tumor reduction can be studied by
any conventional method. The tumor growth reduction can be measured for example using a

diagnostic imaging technique.

Another aspect of the present invention is the use of combination therapy in order
to inhibit the growth of tumor. Marks of the inhibition of the tumor growth may for example
be a reduction in tumor weight and reduction in tumor volume. In addition, the combination

therapy can be used to inhibit the spread of tumor.

It should be also noted that tumor pseudoprogression that corresponds to an increase of
lesion size related to treatment, may affect the result of imaging follow-up intended to reveal
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the effect of the current combination therapy on the tumor size. This kind of effect has been
observed after combined chemotherapy and radiotherapy in about 30% of
patients. Pseudoprogression may thus be present in certain part of the patients when the
combination therapy as described herein is used. For those patients reduction of tumor size
is not a suitable indicator of the effectiveness of the therapy.

Also disclosed is a method of reducing the growth of cancer cells comprising administering to
a subject in need of treatment an effective amount of ONCOS-102 adenovirus and two
chemotherapeutic agents.

A method of inhibiting or killing tumor or cancer cells in a human patient, consisting of treating
the patient with ONCOS-102 adenovirus and two chemotherapeutic agents, wherein the
chemotherapeutic agents are either Pemetrexed and Cisplatin or Pemetrexed and Carboplatin,
is also disclosed.

Further, a method of killing tumor or cancer cells comprising contacting the tumor or cancer
cells with ONCOS-102 adenovirus and two chemotherapeutic agents, wherein the
chemotherapeutic agents are either Pemetrexed and Cisplatin or Pemetrexed and Carboplatin,
is disclosed.

Further, also disclosed is a method for treating malignant mesothelioma comprising
administering to a subject in need thereof an effective amount of ONCOS-102 adenovirus and
effective amounts of two chemotherapeutic agents to provide a combination therapy having
an enhanced therapeutic effect compared to the effect of the ONCOS-102 adenovirus
administered alone or of the two chemotherapeutic agents administered together without said

virus.

In an embodiment of the invention, ONCOS-102 acts as an in situ cancer vaccine. As used
herein “in situ cancer vaccine” refers to a cancer vaccine, which both kills tumor cells and also
increases the immune response against tumor cells. Virus replication is a strong danger signal
to the immune system (=needed for a TH1 type response), and thus acts as a powerful
costimulatory phenomenon to GM-CSF mediated maturation and activation of APCs, and
recruitment of NK cells. Tumor cell lysis also helps to present tumor fragments and epitopes
to APCs and furthermore, costimulation is produced by inflammation. Thus, an epitope
independent (i.e. not HLA restricted) response is produced in the context of each tumor and
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therefore takes place in situ. Tumor specific immune response is activated in the tumor

environment when specific tumor antigens are released from dying cells upon tumor cell lysis.

In a preferred embodiment of the invention, the method or use further comprises
administration of concurrent radiotherapy to a subject.

In a preferred embodiment of the invention, the method or use further comprises
administration of autophagy inducing agents to a subject. Autophagy refers to a catabolic
process involving the degradation of a cell's own components through the lysosomal
machinery. “Autophagy inducing agents” refer to agents capable of inducing autophagy and
may be selected from a group consisting of, but not limited to, mTOR inhibitors, PI3K
inhibitors, lithium, tamoxifen, chloroquine, bafilomycin, temsirolimus, sirolimus and
temozolomide. In a specific embodiment of the invention, the method further comprises
administration of temozolomide to a subject. Temozolomide may be either oral or intravenous

temozolomide.

An object of the present invention was to develop novel therapeutically effective use of
ONCO0S-102 oncolytic adenovirus and chemotherapeutic agents with improved safety
properties and with improved effect on cancer as compared to using viral therapy alone or
chemotherapy only.

The results of the current experiments showed that ONCOS-102 as a monotherapy killed
human mesothelioma cell lines in vitro and showed some anti-tumor activity in treatment
refractory H226 malignant pleural mesothelioma xenograft model. On the contrary, current
standard of care (SoC) chemotherapy regimens for malignant mesothelioma (Pemetrexed +
Cisplatin or Pemetrexed + Carboplatin) showed no anti-tumor efficacy in this mesothelioma
xenograft model. However, surprisingly a synergistic anti-tumor effect was seen when
ONCOS-102 was combined with SoC chemotherapy regimens. This data give a strong
rationale for combining ONCOS-102 with SoC chemotherapy for the treatment of malignant

mesothelioma.

Chemotherapy - when administered with ONCOS-102 - increased the expression of ICD
marker in the current xenograft model. It has earlier been shown that ONCOS-102 produces
functional human GM-CSF in hamsters, inducing tumor-specific immunity indicating that GMC-
SF might be involved in the recruitment and activation of dendritic cells (DC) also in the
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current xenograft model, leading to stimulation of T-cells and finally to the development of
anti-tumor immunity. In the human mesothelioma cancer model described in details in the
examples, function of GM-CSF was lost due to immunodeficient murine immune system.
However, GM-CSF utility on immune system modulation against mesothelioma has been
already shown in clinical studies (Ranki et al. 2014).

Previous clinical data has demonstrated that ONCOS-102 is able to prime a tumor specific
immune response, meaning induction of cytotoxic tumor-specific CD8+ T cells, in
chemotherapy refractory malignant pleural mesothelioma patient (Ranki et al. 2014).
However, in this current immunodeficient animal model, priming with ONC0OS-102 before
initiation of chemotherapy did not show any additional benefits. This is not surprising since

the immune system plays a very minimal role in the immunodeficient mouse model.

The current data strongly suggest that ONCOS-102 combined with first-line chemotherapy
can be used as an efficient treatment against MM. Due to its safety profile, ONCOS-102 was
replicating only locally in tumors and exhibited high tropism to mesothelioma cells. No major
side effects were reported during the animal study. Combined treatment showed synergistic
effect and was the most effective therapy against mesothelioma and was thus also more
effective than standard first-line chemotherapy. Additionally, combination of ONCOS-102 with
chemotherapy is a powerful tool in order to overcome the major obstacle of immune
suppressive microenvironment in tumor microenvironment due to enhanced induction of
immunogenic tumor cell death and finally induction of anti-cancer immune responses. The
inventors have shown that combined treatment leads to an increase of ICD, suggesting
enhanced activity of tumor immunogenic cell death. Additionally, combination treatment
according to the present invention improved infectivity of ONCOS-102 in mesothelioma cells.
GM-CSF function in this animal model was lost, but it is known from previous studies that this
cytokine plays an important function by directly recruiting APCs and natural killer cells, as
well as by activating and maturing APCs at the tumor site.

Besides enabling the transport of the vector to the site of interest the adenovirus vector of
the invention also assures the expression and persistence of the transgene. Furthermore,

immune response against the vector as well as the transgene is minimized.

The present invention solves problems related to therapeutic resistance to conventional

treatments. Furthermore, the present invention provides tools and methods for selective
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treatments, with less toxicity or damages in healthy tissues. Advantages of the present
invention include also different and reduced side effects in comparison to other therapeutics.
Importantly, the approach is synergistic with many other forms of therapy including radiation
therapy, and is therefore suitable for use in combination regimens.

The present invention achieves cancer therapy, wherein tumor cells are destroyed by virion-
caused oncolysis. In addition, various different mechanisms activating human immune
response, including activation of natural killer cells (NK) and dendritic cells (DC) are recruited

for therapeutic use in the present invention.

This application thus describes strategies and provides methods and means to both effectively
recruit the host’s immune system against malignant cells and simultaneously provide direct
oncolytic and chemotherapeutic activity in malignant cells, while maintaining an excellent

safety record.

Aspects of the invention are directed to novel methods and means for achieving efficient and
accurate gene transfer as well as increased specificity and sufficient tumor killing ability in

cancer therapy.

The unexpected efficacy of the inventive therapy with oncolytic adenovirus combined with the
use of chemotherapeutic agents provides a significant improvement in the therapeutic efficacy
as demonstrated in in vivo studies in comparison to current standard of care (SoC)
chemotherapy regimens for malignant mesothelioma (Pemetrexed + Cisplatin or Pemetrexed
+ Carboplatin).

In summary, presented data give a strong rationale for combining ONC0OS-102 with first-line
chemotherapy for the treatment of malignant mesothelioma.

EXAMPLES

The following examples are given solely for the purpose of illustrating various embodiments
of the invention and they are not meant to limit the present invention. One skilled in the art
will appreciate readily that the present invention is well adapted to carry out the objects and
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obtain the aims and advantages mentioned above, as well as those objects, aims and
advantages inherent herein. Changes therein and other uses which are encompassed within
the spirit of the invention as defined by the scope of the claims will occur to those skilled in
the art.

Construction of ONCOS-102

The construction and characterization of chimeric oncolytic adenovirus coding for human GM-
CSF (ONCO0S-102) has been described previously (WO 2010/072900 and Koski et al.)
Shortly, Ad5/3-D24-GMCSF was generated and amplified using standard adenovirus
preparation techniques. A pAdEasy-1-derived plasmid containing a chimeric 5/3 fiber,
pAdEasy5/3, was created by homologous recombination in Escherichia coli of Ad5/3lucl viral
genome and BstXI-digested 8.9 kb fragment of pAdEasy-1. Next, a shuttle vector containing
a 24-bp deletion in E1A(pShuttleD24) was linearized with Pmel and recombined with
pAdEasy5/3 resulting in pAd5/3-D24. In order to insert human GMCSF gene into E3 region,
an E3-cloning vector pTHSN was created by inserting Spel to Ndel fragment from Ad5
genome into the multicloning site of pGEM5Zf+ (Promega, Madison, WI). pTHSN was further
digested with Sunl/Munl creating a 965-bp deletion in E3 region (6.7K and gp19K deleted).
The 432 bp complementary DNA encoding human GM-CSF (Invitrogen, Carlsbad, CA) was
amplified with primers featuring specific restriction sites Sunl/Munl flanking the gene and
then inserted intoSunl/Muni-digested pTHSN. pAd5/3-D24-GMCSF was generated by
homologous recombination in E. coli between Fspl-linearized pTHSN-GMCSF and Srfl-
linearized pAd5/3-D24. Ad5/3-D24-GMCSF virus genome was released by Pacl digestion and
transfection to A549 cells for amplification and rescue. All phases of the cloning were
confirmed with PCR and multiple restriction digestions. The shuttle plasmid pTHSN-GM-CSF
was sequenced. Absence of wild-type E1 was confirmed with PCR. The E1 region, transgene,
and fiber were checked in the final virus with sequencing and PCR. Virus production was done,
according to the principles of cGMP by Oncos Therapeutics (Helsinki, Finland), on A549 cells
to avoid the risk of wild-type recombination. Virus stock buffer formulation was 10 mmol/I
Trizma base, 75 mmol/l NaCl, 5% (wt/vol) sucrose, 1 mmol/lI MgCl, 10 mmol/I L(+)histidine,
0.5% (vol/vol) EtOH, 0.02% Tween, 100 pmol/l EDTA; 0.9% (wt/vol) NaCl solution (B. Braun,
Melsungen, Germany) was used as a diluent. ONC0OS-102 was produced by Biovian (Turku,
Finland) in GLP and stored at -80°C until use. For use, ONC0S-102 was thawed shortly before
application and stored on ice until use. After thawing, ONCOS-102 was diluted in laminar flow
box to obtain the required concentration, injection syringes were prepared and stored on ice

until use.
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Cell lines

Human epithelioid mesothelioma cell line JL-1 (ACC 596, purchased from DSMZ) was cultured
in Dulbecco's modified Eagle medium (DMEM, 10567-014, Gibco) supplemented with 20%
heat-inactivated fetal bovine serum (FBS, 16000-044, Gibco), 2 mM L-glutamine, 1%
penicillin & streptomycin (15140-122, Gibco). Human malignant biphasic mesothelioma
MSTO-211H (ACC 390, purchased from DSMZ) and human epithelial mesothelioma NCI-H226
(H226, CRL-5826, purchased from ATCC) were cultured in RPMI 1640 (A10491-01, Gibco)
supplemented with 10% heat-inactivated FBS (16000-044, Gibco), 2 mM L-glutamine, 1%
penicillin & streptomycin (15140-122, Gibco). All cell lines were incubated at 37°C with 5%
COa2.

Chemotherapeutic agents
Pemetrexed Disodium (sc-219564), Cisplatin (sc-200896) and Carboplatin (sc-202093) were
all purchased from Santa Cruz Biotechnology and reconstituted in sterile water before use.

10 mg of Pemetrexed (pem) was suspended into 1 ml of sterile water to obtain a 10 mg/ml
solution. This solution was used as a stock solution and stored at room temperature. The
substance was shaken from 1 minute up to 5 minutes upon addition of the solution to get a
homogenous solution. The stock solution was further diluted in 0.9% NaCl and 10
mg/kg/mouse in 100 pl was used.

150 mg of Cisplatin (cis) was suspended into 150 ml of sterile water to obtain a 1 mg/ml
solution. This solution was used as a stock solution and stored at room temperature. The
substance was shaken from 1 minute up to 5 minutes upon addition of thesolution to get a
homogenous solution. The stock solution was further diluted in 0.9% NaCl and 1.5
mg/kg/mouse in 100 pl was used.

25 mg of Carboplatin (car) was suspended into 10 ml of 0.9% NacCl to obtain a 2.5 mg/ml
solution. This solution was used as a stock solution and stored at room temperature. The
substance was shaken from 1 minute up to 5 minutes upon addition of the solution to get a
homogenous solution. The stock solution was further diluted and 8mg/kg/mouse in 100 pl

was used.
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Cell viability - in vitro tumor cell killing assay

Mesothelioma cells were seeded at 1.0 x 10* cells per well on 96-well plates. After overnight
incubation the cells were infected with ONCOS-102 with a viral particles/cell ratio of 10
(VP/cell). The virus and chemotherapeutic agents were diluted in media containing 5% FBS.
Pemetrexed, Cisplatin and Carboplatin were tested at the following sub-optimal, previously
selected concentrations 0.625 mg/ml, 0.0026 mg/ml, 0.0625 mg/ml (H226 cells); 0.625
mg/ml, 0.0006 mg/ml, 0.0019 6mg/ml (JI-1 cells); 0.083 mg/ml, 0.0026 mg/ml, 0.0625
mg/ml (MSTO-211H cells), respectively. Eight different treatment combinations were
evaluated: ONCOS-102 alone, Pemetrexed + Cisplatin, Pemetrexed + Carboplatin, ONCOS-
102 + Pemetrexed + Cisplatin, ONCOS-102 + Pemetrexed + Carboplatin, ONC0OS-102 +
Pemetrexed + Cisplatin (priming: virus administered first, chemotherapy added 24 hours post
infection), ONCOS-102 + Pemetrexed + Carboplatin (priming: virus administered first,
chemotherapy added 24 hours post infection) and mock (growth media only). Cell viability
was determined 3 days later by MTS according to the manufacturer’s instructions (G3582,

Promega).

Analysis of apoptotic and necrotic cells in vitro

Mesothelioma cells were seeded onto 6 well plates at 5x10° cells/well. Cells were infected with
10 VP/cell of ONCOS-102 supplemented with chemotherapeutics according to the treatment
scheme mentioned above. The amount of apoptotic and necrotic cells were measured 48
hours later with a TACS Annexin V-FITC kit by flow cytometer (4830-01-K, Trevigen Inc.)

according to the manufacturer 's instructions.

Immunogenicity of tumor cell death in vitro

CRT exposure. Cell lines were seeded in duplicate onto 6 well plates at 5x10° cells/well. Cells
were infected with 10 VP/cell of ONCOS-102 and/or with chemotherapeutic agents according
to the treatment combinations presented above. 24 (H226, JI-1) and 48 (MSTO-211H) hours
later cells were harvested and stained with 1:1000 diluted rabbit polyclonal anti-Calreticulin
antibody (ab2907, Abcam) for 40 min at 4°C and subsequently with 1:100 diluted Alexa-Fluor
488 secondary antibody (A21206, Invitrogen) and analyzed by flow cytometry.

HMGB-1 release. Cell lines were seeded in triplicates onto cell culture plates and infected
with 10 VP/cell of ONCOS-102 and/or with chemotherapeutic agents according to the
treatment combinations presented above. 72 hours later, supernatants were collected and
HMGB-1 was measured with an Elisa kit according to manufacturer’s instruction (ST51011,

IBL International).



10

15

20

25

30

35

WO 2017/121925 PCT/F12017/050010

31

ATP release. Cell lines were seeded in triplicate onto cell culture plates and treated as
mentioned above. Supernatants were collected after 48 (JI-1, MSTO-211H) and 72 (H226)
hours and analyzed with ATP Determination Kit according to manufacturer’s protocol (A22066,

Invitrogen) for luminometric analysis.

Virus infectivity in vitro — immunocytochemistry assay (ICC)

Mesothelioma cell lines were seeded in 5 replicates onto 24 well plates at 6x105 cells/well
and treated with eight different treatment combinations mentioned above. 24 hours later,
supernatant was aspirated and cells were fixed by incubation with ice-cold methanol for 15
minutes (322415-100ML, Sigma-Aldrich). The determination of the ONCOS-102 infectivity
was based on visual quantification of viral hexon protein in infected cells. Briefly, cells were
stained with 1:2000 diluted mouse anti-hexon antibody (NB600-413, Novus Biologicals) for 1
hour at RT in the dark and subsequently with 1:500 diluted Biotin-SP-conjugated secondary
antibody (115-065-062, Jackson Immuno Research) for 1 hour at RT in the dark.
Subsequently the Extravidin-peroxidase was added at 1:200 and incubated for 30 minutes at
RT in the dark (E2886-1ML, Sigma-Aldrich). Finally, the infected cells were visualized by
adding the stain: DAB up to 5 minutes (D3939-1SET, Sigma-Aldrich). For each 5 replicates
(wells) 5 images of non-overlapping fields was acquired using an AMG EVO XL microscope.
Infectivity data is presented as the average number of spots in 5 wells.

CAR, CD46, and DSG2 expression in mesothelioma cell lines

Human adenoviruses infect cells upon attaching to Coxsackie virus B and Ad receptor (CAR),
CD46 or desmoglein 2 (DSG-2). Mesothelioma cells were labeled with mouse monoclonal anti-
CAR antibody (1pg/1x106cells), (sc-56892 FITC, Santa Cruz Biotech) for 40 min at 4°C, or
with mouse monoclonal anti-CD46 antibody (1pg/1x10°cells) (ab789, Abcam) or mouse
monoclonal anti-DSG2 antibody (1ug/1x10%cells) (ab14415, Abcam) for 40 min at 4°C and
subsequently with 1:2000 diluted Alexa-Fluor 488 secondary antibody (@a21206, Abcam) for

flow cytometric measurements.

Justification of dose level and route

The immunomodulatory functions of the transgene GM-CSF are a central mechanism of action
of ONCOS-102. In addition, adenovirus itself is a strong activator of innate immune system.
BALB/c nude mice are immunodeficient and thus only replication-dependent oncolytic function

of the virus can be studied, and thereby a major mechanism (immune mediated effects) of
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action is lost. The dose 5E+7 VP/tumor i.t. (1E+8 VP/mouse) was chosen based on results
of two pilot studies where doses 2E+8/mouse and 1E+8/mouse were tested (Figures 5 and
6). Suboptimal viral dose (=not curative) was selected to allow evaluation of potentially
additive/synergistic combinatorial effects of ONCOS-102 and chemotherapy. The injection

route was chosen based on the route used in clinical trials, i.e. intratumoral.

The dose and route of administration of chemotherapeutics were chosen based on technical
feasibility.

Animal selection, randomization, group assignment, housing, diet and water and
acclimation

Animals were sorted randomly in to the groups. Animal groups were kept in separate cages
with study cards attached to the cages. The cards were marked with the study number,
treatment group, individual animal IDs, as well as their origin and date of arrival. The
individual animals in each cage were marked with ear piercing for identification. Only one

cage was handled at a time to avoid mixing the animals between the cages.

The animals were housed in biosafety level 2 (BSL2) facility in humidity- and temperature
monitored environment. Animals were housed in individually ventilated plastic cages with a

filter lid (GreenLine, Scanbur).

The animals fed standard pelletized diet provided ad libitum. Water was supplied ad libitum
during the acclimation and study periods.

Animals were acclimated for 7 days prior to starting the experimental part. All the animals
remained in good health throughout the acclimation period.

Clinical observations

All animals were observed for clinical signs, morbidity or mortality daily during acclimation
and administration period and additionally 60 min after each treatment. In the course of the
experiment, the mice were killed due to tumor dimensions reaching the maximum allowed
(1.5 cm in any diameter). The health of the animals was followed daily and no indication of
discomfort due to the tumors was seen. Mice were killed with carbon dioxide on day 63,
which was the end point of the experiment. In addition, a cervical dislocation was done.
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The weight of the animals was followed throughout the experiment, and a minor weight loss
was observed in the following groups: pem+cis (10% of decrease at day 48, 11% at day 60),
ONCO0S-102 priming+ pem + cis (9% of decrease day 48, 12% at day 60) (Figure 5B),
pem+car (6% at day 60) (Figure 6B). Few animals were sacrificed due to health problems
(>30% loss of body weight and skin problems (=rash) in groups treated with either ONCOS-
102 alone or in combination with pemetrexed and cisplatin (single case). These adverse
events were likely not related to the treatment as also two mock treated animals suffered
from the skin problem (rash). Veterinarian was notified of these issues for further
investigation but cause for these events remained unclear. In addition, necropsy showed some
changes in morphology of intestines (jejunum and ileum) and stomach in few animals (pem+

cis; pem+ car).

Analysis of tumor size progression
Tumor sizes were measured and recorded starting 8 days after the cell injections. The first
day of treatment and first day of tumor size measurement are indicated as day O in Figure

4A. Tumors were measured every three days.

The longest and shortest diameter were recorded and the tumor volume was calculated using
a formula of 0.52 x length x (width)2. The tumor size progression was indicated as percentage
of the first measurement point on day 0 which was arbitrarily set as 100 %.

Data compilation and statistical analysis
Body weight was measured every 3 days throughout the whole experiment. Percentage body

weight change from baseline was calculated for each animal.

Tumor volumes (Table 2): An absolute tumor volume was the end point in tumor volume
analysis. This was assessed separately at days 21 and 48. Analysis of variance for repeated
measurements was applied as analysis method for tumor volumes as there were two tumors
measured for each mouse. The model contained the group effect and the baseline value as
covariate as fixed effects. Pair-wise comparisons between groups were adjusted with Tukey’s
method. Synergism calculation was done by using FTV (fractional tumor volume) method.

Rationale for selection of time points: Day 21 was the last day when all animals were still
alive, and on day 48 no more than one animal had died per group.
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Human mesothelioma xenograft model

Animal experiments were approved by the Experimental Animal Committee of the University
of Helsinki and the Provincial Government of Southern Finland. 6-8 weeks old mice were
obtained from Scanbur (Karlslunde, DK) and quarantined for 1 week before the experiment
started. Mice were anesthetized with isoflurane Forane (Baxter), NCI-H226 cells in 50 pl were
injected into both flanks (6E+06/flank). Tumors were let to grow 8 days prior to the
treatments. Viruses were administered every 6 days. One group received ONCOS-102 only,
two groups received ONCOS-102 and chemotherapy (Pemetrexed+Cisplatin or
Pemetrexed+Carboplatin) every six days while two other groups received ONCOS-102
priming followed by combinatorial treatment of chemotherapy (pemetrexed+cisplatin or
pemetrexed+carboplatin) and ONCOS-102 in 3-day cycles by turns. Mock animals were
treated with 0.9 % saline. ONCOS-102 was diluted into 0.9 % saline and injected
intratumorally at a dose of 5x107 VP per tumor (two tumors per animal). Injections were
given in a fan-like pattern to ensure even distribution throughout the tumor. Pemetrexed,
Cisplatin, and Carboplatin were diluted in 0.9% NaCl and administrated intraperitoneally at
doses of 10 mg/kg, 1.5 mg/kg, and 8 mg/kg, respectively. The injection volume was 100 pl
per chemotherapeutic agent.

Tumor size was measured with caliper on two dimensions every 3 days, starting on the first
treatment day. The longest and shortest diameter were recorded and the tumor volume was
calculated using a formula of 0.52 x length x (width)2. The tumor size progression was
indicated as percentage of the first measurement point on day 0 which was arbitrarily set as
100 % (Figure 4A). All animals were observed for clinical signs, morbidity or mortality daily
during acclimation and administration period and additionally 30 minutes after each
treatment. During the experiment, the mice were killed when tumor dimensions reached the

maximum allowed (1.5 cm) diameter.

Human GM-CSF ELISA

Total protein from harvested BALB/c nude tissue samples (tumor and liver) were extracted
using Tissue Extraction Reagent I (FNNOO71, Invitrogen) supplemented with protease
inhibitor cocktail (P-2714, Sigma-Aldrich) according to manufacturer’s instruction. Protein
extractions and previously collected serum were analyzed for human GM-CSF concentration

using ELISA (ab100529, Abcam) according to manufacturer’s instruction.

Quantitative real-time PCR
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gPCR for adenovirus E4 copy number was carried out according to the protocol previously
described (primer FW: 5" -GGA GTG CGC CGA GAC AAC-37, primer RV: 5 -ACT ACG TCC GGC
GTT CCAT-37, probe E4: 5 -(6FAM)-TGG CAT GAC ACT ACG ACC AAC ACG ATC T-(TAMRA)-
37) (Koski et al. 2010). Total DNA was extracted from BALB/c nude murine samples (tumors,
livers, blood) using the QIAamp DNA Blood Mini Kit (51106, Qiagen) according to
manufacturer’s protocol. Subsequently, the isolated DNA was analyzed for adenoviral E4 copy
number that was normalized to murine beta-actin (liver, blood) and human beta-actin
(tumor), respectively (primer FW: 5" -CGA GCG GTT CCG ATG C-3 7, primer RV: 5°-TGG ATG
CCA CAG GAT TCC AT-3 7, probe murine beta-actin: 5 -(6FAM)-AGG CTC TTT TCC AGC CTT
CCT TCT TGG-(TAMRA)-3"; (primer FW: 5 -CAG CAG ATG TGG ATC AGC AAG-3 ", primer RV:
5°-CTA GAA GCA TTT GCG GTG GAC-3 7, probe human beta-actin: 5 -(6FAM)- AGG AGT ATG
ACG CCG GCC CCT C-(TAMRA)-3"). Samples were analyzed using LighCycler gPCR machine
(LighCycler 480, Roche).

Statistical analysis

Statistical significance was analyzed using one-way ANOVA with Tukey's Multiple Comparison
test and nonparametric Mann-Whitney test. Survival curves and the statistical analysis were
performed using Kaplan-Meier test. All statistical analysis, calculations and tests were
performed using GraphPad Prism 5 (GraphPad Software, San Diego, USA). Results are
presented as mean£SEM. All p values were two-sided or one-sided and considered statistically
significant when < 0.05.

Example 1. Improved antineoplastic activity in vitro of ONCOS-102 combined with
first-line chemotherapy against mesothelioma

Oncolytic potency of ONCOS-102 was tested in three mesothelioma cell lines in vitro (Fig.
1A). JL-1 (epithelioid mesothelioma), MSTO-211H (malignant biphasic) and H226 (epithelial
morphology) cells appeared to be relatively resistant to oncolysis as 10 VP/cell (sub-optimal
dose) killed 18%, 24% and 11% of cells respectively in 3 days. JL-1 and H226 cell lines were
more resistant to chemotherapy-mediated cytotoxicity compared to MSTO-211H cells
(Pemetrexed + Cisplatin or Pemetrexed + Carboplatin). Incubation with chemotherapeutics
only killed 10% of JL-1 and 11-12% of H226 cells in 3 days. In contrast, 63% and 73% of
MSTO-211H cells were killed by day 3 in co-culture with Pemetrexed + Cisplatin and
Pemetrexed + Carboplatin, respectively. Compared to results observed in the single-
treatment (virus or chemotherapy), the combination of ONCOS-102 with chemotherapeutics

significantly increased cytotoxicity in H226 and JL-1 cells. However, no increased cytotoxicity
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was seen in MSTO-211H cells when chemotherapy was combined with ONCOS-102. In
general, H226 and JL-1 cells were more resistant to both oncolysis (ONCOS-102 alone), and
cytotoxic effect of chemotherapeutics than MSTO-211H cells which were particularly sensitive
to chemotherapy.

In line with the cell viability results, the number of apoptotic H226 and JL-1 cells were
generally low in all treatment groups, but a combination treatment slightly increased the
number of apoptotic cells in comparison to monotherapies. In contrast to H226 and JL-1 cells,
the number of apoptotic MSTO-211H cells were significantly higher in chemotherapy alone
and chemotherapy+ONCOS-102 treated cells (Fig. 1B).

EXAMPLE 2. Combination of ONCOS-102 and chemotherapy enhances immunogenic
cell death and viral replication in mesothelioma cell lines

Immunogenic cell death markers such as an exposure of calreticulin A to cell surface and an
extracellular release of ATP and HMGB1 were measured from mesotheolima cell cultures after
exposure to ONC0OS-102, chemotherapeutic agents, or combination of both (Figure 2). The
most immunogenic tumor cell death in JI-1 and H226 mesothelioma was induced by treatment
with ONCOS-102 + chemotherapy as the highest amount of CRT exposure and extracellular
release of HMGB1 and ATP was measured in these groups. In turn simultaneous application
of ONCOS-102 and chemotherapy was as immunogenic as chemotherapy alone in MSTO-
211H cells, which is in line with the observations from cell viability assays and confirms the
high sensitivity of these cells to chemotherapy.

The impact of chemotherapy on ONCOS-102 replication in vitro was also assessed. H226 and
JI-1 cells infected with ONCOS-102 and pre-treated (primed) with chemotherapeutic agents
(Pemetrexed + Cisplatin or Pemetrexed + Carboplatin) showed a significant increase in the
number of infected cells over the control cells (p<0.001 vs. ONC0OS-102) (Figure 3C). Pre-
treatment of MSTO-211H cells with chemotherapy, on the other hand, did not increase the
number of infected cells. In contrast, chemotherapy administered simultaneously with
ONCOS-102 into three mesothelioma cell lines lead to the inhibition or limitation of virus

replication in vitro.

EXAMPLE 3. ONCOS-102 displays high tropism for mesothelioma cells
ONCO0S-102 is a chimeric oncolytic adenovirus, where fiber knob 5 was replaced by a serotype
knob 3 domain. Positive cells for CD46, DSG2 (Ad3), and CAR (Ad5) receptor were screened
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(Fig. 3B). MSTO-211H, H226 and JL-1 expressed high level of CD46 (98%, 96% and 98%
respectively), DSG2 (95%, 7% and 64% respectively) on their surfaces. The CAR receptor
was expressed by two out three mesotheliomas: H226 (88%) and JI-1 (15%).

EXAMPLE 4. ONCOS-102 in combination with Pemetrexed and Cisplatin or
Pemetrexed and Carboplatin showed improved antineoplastic efficacy against MM

in human xenograft mesothelioma model

Given the observed synergy of ONC0OS-102 and Pemetrexed and Cisplatin or Pemetrexed and
Carboplatin in vitro it was next assessed whether there exists also an enhanced anti-tumor
activity in an Jin vivo animal model. Therefore human mesothelioma H226 cell line was
subcutaneously implanted in BALB/c nude mice and tumors were treated according to the
treatment regime presented in Table 1.

Tumor growth (volume) was calculated at indicated time points and reported as a function of
time (Figure 4A). H226 mesothelioma xenograft tumors appeared to be refractory against
standard chemotherapeutics (Pemetrexed+Cisplatin, Pemetrexed+Carboplatin), as none of
the treatments significantly reduced tumor growth. Chemotherapy alone was the most
inefficient treatment modality against mesothelioma due in part to the suboptimal dose used.
One animal treated with ONC0OS-102 + Pemetrexed + Cisplatin showed a complete tumor
regression (both tumors) by day 21. In addition, one animal treated with ONC0OS-102 priming
+ Pemetrexed + Cisplatin showed a complete regression of both tumors by day 45. ONCOS-
102 alone was able to control tumor growth to some degree (p=0.074 mock vs. ONCOS-102
on day 48). The most effective treatment modality against pleural mesothelioma was with
Pemetrexed and Cisplatin primed with ONCOS-102 (this treatment showed 97 % of initial
tumor size at day 60 vs. 473% (mock), 563% (Pemetrexed + Cisplatin) and 672 %
(Pemetrexed and Carboplatin). Additionally in all combination regiments (ONCOS-102 +
chemotherapy) we observed the most significant antineoplastic activity especially compared
with chemotherapy alone, virus alone and mock (initial tumor size: 97 % (virus priming +
Pemetrexed + Cisplatin), 138% (virus + Pemetrexed + Cisplatin), 151 % (virus priming +
Pemetrexed + Carboplatin) and 163 % (virus + Pemetrexed + Carboplatin) vs. 206 % (virus
alone), 473 % (mock), 563 % (Pemetrexed + Cisplatin) and 672% (Pemetrexed + Cisplatin)
at day 60). ONC0OS-102 and chemotherapeutics, in all tested combinations, showed a strong
synergistic anti-tumor effect (R=2.19 ONCO0S-102 + Pemetrexed + Cisplatin; R=1.7 ONCOS-
102 + Pemetrexed + Carboplatin; R=2.5 ONCOS-102 priming + Pemetrexed + Cisplatin;
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R=1.41 ONCOS-102 priming + Pemetrexed + Carboplatin) on day 48. On day 21, ONCOS-
102 combination with Pemetrexed + Cisplatin showed synergistic effect on both regimens
(R=1.8 ONCOS-102 + Pemetrexed + Cisplatin; R=1.32 ONCOS-102 priming + Pemetrexed
+ Cisplatin) while combination with Pemetrexed + Carboplatin showed an additive effect
(R=1.0 and 0.93 for combination groups).

Table 1. Antineoplastic activity of ONCOS-102 in combination with chemotherapeutic agents
(Pemetrexed and Cisplatin or Pemetrexed and Carboplatin) in mesothelioma was evaluated
in eight groups (A-H). Different treatment regimes, chemotherapies and virus concentrations

were tested in human mesothelioma xenograft model in BALB/c nude mice during 2 months.

Group Day 1 Day 4 Day 7 Day 10, and every 3 days thereafter
A: Mock NaCl 50 NaCl100+100 NaCl50 NaCl 100 + 100 pl i.p.
pl/tumor i.t. uli.p. pl/tumor i.t. (as the chemos)
(as the
chemos)
B: ONCOS- 1E8 VP/mouse NaCl 100 + 1E8 VP/mouse NaCl 100 + 100 pl i.p. {
102 i.t. 100 uli.p. i.t. as the chemos)
(5EZ VP in50 ul  (asthe (BE7 VP in 50 ul
NaCl/tumor) chemos) NaCl/tumor)
C:Pem +Cis Pemetrexed 10 NaCl50 Pemetrexed 10  NaCl 50 pl/tumori.t.
mg/kgin 100 ul  pl/tumor i.t. mg/kg in 100 pl
i.p. i.p.
+ after 30 min + after 30 min
Cisplatin 1,5 Cisplatin 1,5
mg/kg in 100 pl mg/kg in 100 pl
i.p. i.p.
D:ONCOS- 1E8 VP/mouse - Noinjection 1E8 VP/mouse - Noinjection
102 i.t. (5EZ VP in i.t. (SEZ VP in
+Pem+Cis - 50 ul 50 pl
NaCl/tumor) NaCl/tumor)
+ Pemetrexed + Pemetrexed
10 mg/kgin 10 mg/kgin
100 pli.p: 100 pl iip:
+after 30 min +after 30 min
Cisplatin 1,5 Cisplatin 1,5
mg/kg in 100 pl mg/kg in 100 pl
i.p: i.p.
E: ONCOS- 1E8 VP/mouse  Pemetrexed 10 1E8VP/mouse  Pemetrexed 10 mg/kgin 100 puli.p.
102 priming  i.t. (5E7 VP in mg/kg in 100 i.t. (5E7 VP in
+Pem+Cis 50l pli.p. 50 pl . . .
NaCl/tumor) + after 30 min NaCl/tumor) K after.30 min Cisplatin 1,5 mg/kg in
Cisplatin 1,5 100 pli-p.
mg/kg in 100
pli.p.
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F: Pem + Pemetrexed 10~ NaCl 50 Pemetrexed 10  NaCl 50 pl/tumor i.t.
Car mg/kg in 100 yl - pl/tumor it mg/kg in 100 pl
i.p. i.p.
+ after 30 min + after 30 min
Carboplatin 8 Carboplatin 8
mg/kg in 100 pl mg/kg in 100 pl
i.p. i.p.
G: ONCOS- 1E8 VP/mouse  No injection 1E8 VP/mouse  No injection
102 i.t. (5E7 VP in i.t. (5E7 VP in
+Pem+Car 50l 50 pl
NaCl/tumor) NaCl/tumor)
+ Pemetrexed + Pemetrexed
10 mg/kg in 10 mg/kg in
100 pli.p. 100 pl i.p.
+ after 30 min + after 30 min
Carboplatin 8 Carboplatin 8
mg/kg in 100 pl mg/kg in 100 pl
i.p. i.p.
H: ONCOS- 1E8 VP/mouse  Pemetrexed 10 1E8 VP/mouse = Pemetrexed 10 mg/kg in 100 pli.p:
102 i.t. {5E7 VP in mg/kg in 100 i.t. {5E7 VPin +after 30 min Carboplatin 8 mg/kg
priming+ 50 ul plisps 50.ul in 100 p i.p:
Pem + Car NaCl/tumor) +after 30 min NaCl/tumor)
Carboplatin 8
mg/kgin 100 p
i.p.

Table 2 discloses combined treatment of mesothelioma with ONC0S-102 and Pemetrexed +

Cisplatin or Pemetrexed + Carboplatin in BALB/c nude mice.

Table 2. Combined treatment of mesothelioma with ONC0OS-102 and Pemetrexed + Cisplatin
or Pemetrexed + Carboplatin in BALB/c nude mice. Assessment of therapeutic synergy was
done with FTV calculation method. FTV (mean tumor volume (%) experimental)/(mean tumor
volume control (%)). *(Mean FTV of Chemotherapy (%)) x (mean FTV of ONCOS-102 (%)).
**(expected FTV divided by the observed FTV). A ratio (R) of >1 indicates a synergistic effect,

and a ratio of <1 indicates a less than additive effect.
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Fractional tumor volume (FTV)

ONCOS-102+Pem+Cis

ONCOS-102

prim+Pem+Cis

ONCOS-

Day Pem+Cis 102 Exp.* | Obs.** Ratio | Exp.* | Obs.** | Ratio
21 1,12 0,60 0,72 0,40 1,80 0,72 0,54 1,32
1,28
48 0,45 0,57 0,26 2,19 0,57 0,23 2,50
60 1,19 0,44 0,52 0,29 1,78 0,52 0,20 2,5
ONCOS-102+Pem+Car ONCOS-102
prim+Pem+Car
Day | Pem+Car OI\:-((:)(Z)S- Exp.* | Obs.** | Ratio | Exp.* | Obs.** | Ratio
21 1,32 0,60 0,79 0,79 1,0 0,79 0,85 0,93
48 1,44 0,45 0,64 0,38 1,70 0,64 0,46 1,41
60 1,42 0,44 0,62 0,35 18 0,62 0,32 1,94

EXAMPLE 5. ONCOS-102 replicates locally in tumor tissues and produces human GM-

CSF

Quantification for adenovirus E4 copy and the level of GM-CSF in murine organs (tumor, liver)
and serum was done by gPCR and ELISA. ONCOS-102 was present only in tumors (locally),
while no viral particles were detected in serum or liver in all tested groups (Fig. 4D). ONCOS-
102 was producing GM-CSF protein, which was detected in the highest concentration in tumor

in 5 tested groups (see Fig. 4C).
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CLAIMS

ONCOS-102 adenovirus for use in the treatment of human malignant mesothelioma,
wherein the virus is administered in combination with two chemotherapeutic agents to

a patient.

ONCOS-102 adenovirus for use in the treatment of human malignant mesothelioma
according to claim 1, wherein the two chemotherapeutic agents are either Pemetrexed
and Cisplatin or Pemetrexed and Carboplatin.

ONCOS-102 adenovirus for use in the treatment of human malignant mesothelioma
according to claim 2, wherein the molar ratio between Pemetrexed and Cisplatin is
from 10:0.75 to 10:3.

ONCOS-102 adenovirus for use in the treatment of human malignant mesothelioma
according to claim 3, wherein the molar ratio between Pemetrexed and Cisplatin is
10:1.5.

ONCOS-102 adenovirus for use in the treatment of human malignant mesothelioma
according to claim 2, wherein the molar ratio between Pemetrexed and Carboplatin is
from 5:8 to 5:2.

ONCOS-102 adenovirus for use in the treatment of human malignant mesothelioma
according to claim 5, wherein the molar ratio between Pemetrexed and Carboplatin is
5:4.

ONCOS-102 adenovirus for use in the treatment of human malignant mesothelioma
according to any of claims 1 to 6, wherein the amount of the virus is from 5 x 10%° to
5 x 101! VP,

ONCOS-102 adenovirus for use in the treatment of human malignant mesothelioma
according to claim 7, wherein the virus is administered in an amount of
3 x 10 VvP/5 ml.
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11.

12.

13.

14,

15.

16.

17.

43

ONCOS-102 adenovirus for use in the treatment of human malignant mesothelioma
according to any of claims 1 to 8, wherein the chemotherapeutic agents and the virus

are administered in effective amounts.

ONCOS-102 adenovirus for use in the treatment of human malignant mesothelioma
according to any of claims 1 to 9, wherein the virus is administered intraperitoneally
or by direct injection into tumor and the two chemotherapeutic agents are

administered intravenously or intraperitoneally.

ONCOS-102 adenovirus for use in the treatment of human malignant mesothelioma
according to any of the claims 1 to 10, wherein the virus is administered before
administering of the two chemotherapeutic agents and also during administering
period of said chemotherapeutic agents.

ONCOS-102 adenovirus for use in the treatment of human malignant mesothelioma
according to any of the claims 1 to 10, wherein two chemotherapeutic agents are
administered before the virus is administered and also during administering period of

said virus.

A method for treating malignant mesothelioma in a patient comprising a step of
administering to said patient ONCOS-102 adenovirus and two chemotherapeutic
agents.

The method according to claim 13, wherein the virus and the chemotherapeutic agents

are administered in effective amounts.

The method according to claim 13 or 14, wherein the chemotherapeutic agents are
either Pemetrexed and Cisplatin or Pemetrexed and Carboplatin.

The method according to any of claims 13 to 15, wherein said chemotherapeutic agents
are first administered before starting the administration period of the virus and also
during the administration period of the virus.

The method according to any of claims 13 to 15, wherein said virus is first administered
before starting the administration period of the chemotherapeutic agents and the virus
is also administered during the administration period of said chemotherapeutic agents.



10

15

20

25

30

WO 2017/121925 PCT/F12017/050010

18.

19.

20.

21.

22.

23.

24.

25.

44

The method according to any of claims 13 to 17, wherein ONCOS-102 adenovirus is
administered from one to ten times and the chemotherapeutic agents are administered

from one to six times to said patient.

The method according to any of claims 13 to 18, wherein said administration of
ONCOS-102 is done at a dose of 108-10'? plaque forming units either by direct injection

into malignant mesothelioma tumor of said patient or as intraperitoneal injection.

The method according to any of claims 13 to 19, wherein the amount of ONC0OS-102
adenovirus to be administered is in the range of 5x10° - 5x10!! VP.

The method according to any of claims 13 to 20 further comprising administration of
Cyclophosphamide before step of administering ONCOS-102 adenovirus and two
chemotherapeutic agents to the patient.

The method according to any of claims 13 to 21 further comprising administration of
Folic acid to the patient.

The method according to any of claims 13 to 22 further comprising administration of
Cyanocobolamin to the patient.

The method according to any of claims 13 to 23 further comprising administration of
Dexamethasone to the patient.

Use of ONCOS-102 adenovirus in the treatment of human malignant mesothelioma,
wherein the virus is administered to a patient in combination with two

chemotherapeutic agents.
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