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COMBINATION METHOD FOR TREATMENT OF CANCER 

Field 

[0001] The present invention relates to methods of treating tumours comprising delivering an 

oncolytic virus or oncolytic viral RNA via direct injection or systemic administration to the 

tumour or cancer in combination with the co-administration of an immuno-stimulatory agent via 

the systemic route to a mammal.  

Related Applications 

[0002] This application claims the benefit of priority to Australian Provisional Patent 

Application No. 2014900647 entitled "Combination method for treatment of cancer" dated 27 

February 2014, the entire contents of which are incorporated herein by reference.  

Background 

[0003] Several new immunotherapeutic approaches for melanoma treatment have shown 

promising results in recent clinical trials. The antibody based therapy, ipilimumab was approved 

by the U.S. Food and Drug Administration (FDA) in March 2011, having demonstrated 

improved overall survival in patients with metastatic melanoma in Phase III clinical trials.  

Ipilimumab (Trade name: Yervoy@, Bristol-Myers Squibb) is a monoclonal antibody that targets 

the protein cytotoxic T lymphocyte-associated antigen 4 (CTLA-4)(CD 152). Signaling through 

CTLA-4 is known to have an inhibitory effect on cytotoxic T-lymphocytes (CTLs) and by 

blocking this inhibitory signal with ipilimumab, CTLs are able to successfully target the 

destruction of cancer cells. In melanoma patients, the overall survival with ipilimumab alone was 

10.1 months compared to 6.4 months for patients treated with a glycoprotein 100 (gp 100) 

peptide vaccine [Hodi, et al., 2010]. In phase III studies, the response rate of previously treated 

advanced melanoma patients was 11I% following ipilimumab treatment alone, and 15% in 

ipilimumab plus dacarbazine therapy of treatment-naive patients [Hodi, et al., 2010; Robert, et 

al., 2011]. In both of these trials, improved overall survival with ipilimumab was clearly shown, 

as evident by reductions in the probability of death by 34% (compared with vaccine) and 28% 

(compared with dacarbazine alone). When ipilimumab was used in combination with
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dacarbazine, the median duration of best overall response was 19.3 months compared with 8.1 

months with dacarbazine monotherapy.  

[0004] Another immune checkpoint molecule being targeted for the immunotherapy of cancer, is 

programmed cell death I (PD-1)(CD279) found on the surface of activated T cells, B cells and 

myeloid cells [Keir, et al., 2008]. When the molecule programmed cell death I ligand I (PD

L 1)(CD274) or PDL-2 (CD273) binds to the PD-I receptor, the T cell is inhibited thereby 

limiting potential anti-tumoural responses. Currently there are a range of antibodies designed to 

target PD-I and PD-LI as a means of stimulating anti-tumoural T cell immunity, namely 

nivolumab (BMS-936558, Bristol-Myers Squibb) and the anti-PD-LI antibody BMS-936559 

[Brahmer, et al., 2012; Topalian, et al., 2012]. These antibodies against PD-I and PD-LI have 

been used in a range of preclinical studies in combination with CTLA-4 and in Phase III human 

trials [Curran et al, 2010; Merelli, 2014; Ott et al, 2013].  

[0005] Coxsackievirus A21 (CVA2 1) is a naturally occurring picomavirus that has the capacity 

to preferentially infect and destroy malignant cells bearing the virus-cell entry receptor 

intercellular adhesion molecule-I (ICAM-1) and/or decay accelerating factor (DAF). Previously 

we have demonstrated the efficacy of CVA21 against melanoma cells in a range of pre-clinical 

xenograft models using immune-deficient mice, as well as against other cancers such as breast 

cancer, prostate cancer, colorectal cancer and ovarian cancer [Shafren, et al., 2004; Au, et al., 

2005; Au et al., 2007; W02001/037866]; and against hematologic cancers [WO/2006/017914].  

[0006] There remains a need for new and improved methods for the treatment, alleviation, or 

prevention of cancer and for methods of improving survival in subjects with tumors or cancer.  

Summary of Invention 

[0007] The inventors propose that CVA21 infection and subsequent lysis of tumour cells, results 

in the release of cellular debris that contains melanoma antigens that stimulate anti-tumoural 

immunity, thereby acting as a personalised in situ cancer vaccine. First we established an 

immune-competent B16-ICAM-I melanoma model where B16 cells, normally resistant to 

CVA2 1, were transfected with human ICAM- I to make them permissive to infection. Given the 

generally poor induction of anti-tumoural immunity of most cancer vaccines [Blanchard, et al.,
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2013; Garbe, et al., 2011], we investigated the use of the immunostimulatory anti-PD-1 antibody 

in combination with CVA21 virotherapy and separately the use of the immune-stimulatory anti

CTLA-4 antibody in combination with CVA21 virotherapy, as well as the use of CVA21 

virotherapy in combination with both anti-PD-I antibody and anti-CTLA-4 antibody.  

[0008] As demonstrated herein the use of immunostimulatoiy agents targetting immune 

checkpoint molecules, exemplified herein by the use of a murine anti-PD-I antibody and a 

murine anti-CTLA-4 antibody, in combination with oncolytic CVA21 would be therapeutically 

beneficial in reducing tumour burden, rates of tumour ulceration and prolong survival in a 

murine B16-ICAM-1 model of melanoma.  

[0009] In one aspect the invention provides a method for the treatment of cancer in a subject, the 

method comprising delivering an oncolytic virus or oncolytic viral RNA via direct injection to a 

tumor or systemic administration to the subject in combination with the co-administration of an 

immuno-stimulatory agent via the systemic route to the subject.  

[00010] In one aspect the invention provides a method for the treatment of bladder cancer in a 

subject, the method comprising delivering an oncolytic virus or oncolytic viral RNA via direct 

injection to a tumor or systemic administration or intravesicular administration to the subject in 

combination with the co-administration of an immuno-stimulatory agent via the systemic route 

to the subject.  

[00011] In an embodiment the oncolytic virus or oncolytic viral RNA is selected from the group 

consisting of Family Picornaviridae. In an embodiment the oncolytic virus or oncolytic viral 

RNA selected from the group consisting of Family Picornaviridae virus that bind to intercellular 

adhesion molecule-I (ICAM-1) and/or decay-accelerating factor (DAF) on the surface of the 

tumour cell. In an embodiment the oncolytic virus or oncolytic viral RNA is selected from the 

group consisting of genus enterovirus that bind to intercellular adhesion molecule-I (ICAM-1) 

and/or decay-accelerating factor (DAF) on the surface of the tumour cell. In an embodiment the 

enterovirus is a human enterovirus C. In an embodiment the oncolytic virus or oncolytic viral 

RNA is selected from the group consisting of Group A Coxsackievirus that bind to intercellular 

adhesion molecule-I (ICAM-1) and/or decay-accelerating factor (DAF) on the surface of the
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tumour cell. In an embodiment the oncolytic virus or oncolytic viral RNA is Coxsackievirus 

A21.  

[00012] In an embodiment the immuno-stimulatory agent is an agent that targets an immune 

checkpoint molecule selected from the group consisting of PD-1, PD-L1, PD-L2, CTLA-4, 

CD134, CDI34L, CD137, CD137L, CD80, CD86, B7-H3, B7-H4, B7RP1, ICOS, TIM3, GAL9 

, CD28 or OX-40. In an embodiment the immunostimulatory agent is selected from the group 

consisting of an agent that specifically binds to the surface expressed PD-1, PD-L1, PD-L2, 

CTLA-4 or OX-40. In an embodiment the immunostimulatory agent is selected from the group 

consisting of monoclonal antibodies that specifically binds to the surface expressed PD-1, PD

LI, PD-L2, CTLA-4 or OX-40.  

[00013] In an embodiment the method comprises delivering the oncolytic virus or oncolytic viral 

RNA via direct injection or systemic administration or intravesicular administration prior to the 

administration of an immuno-stimulatory agent via the systemic route.  

[00014] In an embodiment the method comprises delivering the oncolytic virus or oncolytic viral 

RNA via direct injection or systemic administration or intravesicular administration following 

the administration of an immuno-stimulatory agent via the systemic route to the subject.  

[00015] In an embodiment the treatment provides increased survival time for a subject compared 

to estimated survival time in the absence of said treatment. In an embodiment the treatment 

provides retardation of tumour growth compared to estimated tumour growth in the absence of 

said treatment.  

[00016] In one aspect the invention provides use of oncolytic virus or oncolytic viral RNA for 

the manufacture of a medicament for the treatment of a subject having cancer, wherein said 

medicament is for use in combination with an immuno-stimulatory agent delivered via the 

systemic route to the subject, and wherein said medicament is for delivery via direct injection to 

the tumor or systemic administration to the subject.  

[00017] In one aspect the invention provides use of oncolytic virus or oncolytic viral RNA for 

the manufacture of a medicament for the treatment of a subject having bladder cancer, wherein
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said medicament is for use in combination with an immuno-stimulatory agent delivered via the 

systemic route to the subject, and wherein said medicament is for delivery via direct injection to 

a tumor or systemic administration or intravesicular administration to the subject.  

[00018] In an embodiment of said use, the oncolytic virus or oncolytic viral RNA is for 

administration to the tumour via direct injection or systemic or intravesicular administration 

prior to the administration of an immuno-stimulatory agent via the systemic route to the 

mammal. In an embodiment of said use, the medicament comprising an oncolytic virus or 

oncolytic viral RNA is for administration to the tumour via direct injection or systemic or 

intravesicular administration following the administration of an immuno-stimulatory agent via 

the systemic route to the mammal.  

[00019] In one aspect the invention provides an oncolytic virus or oncolytic viral RNA for use in 

treatment of a subject having cancer, wherein said use is in combination with an immuno

stimulatory agent, wherein in said use the oncolytic virus or oncolytic viral RNA is administered 

to said subject via direct injection to a tumor or systemic administration to the subject and said 

immuno-stimulatory agent is administered via the systemic route to the subject.  

[00020] In one aspect the invention provides an oncolytic virus or oncolytic viral RNA for use in 

treatment of a subject having bladder cancer, wherein said use is in combination with an 

immuno-stimulatory agent, wherein in said use the oncolytic virus or oncolytic viral RNA is 

administered to said subject via direct injection to a tumor or systemic administration or 

intravesicular administration to the subject and said immuno-stimulatory agent is administered 

via the systemic route to the subject.  

[00021] In an embodiment the administration of said oncolytic virus or oncolytic viral RNA is 

prior to the administration of the immuno-stimulatory agent. In an embodiment the 

administration of said oncolytic virus or oncolytic viral RNA is following the administration of 

the immuno-stimulatory agent.  

[00022] In an embodiment the mammal or subject is a human.
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[00023] In an embodiment the cancer or tumour is selected from the group consisting of prostate 

cancer, breast cancer, ovarian cancer, lymphoid cancer, leukemia, brain cancer, lung cancer, 

colorectal cancer, thyroid cancer, renal cancer, adrenal cancer, liver cancer, stomach cancer, 

intestinal cancer, bladder cancer, cancer of the kidney, multiple myeloma, non-small cell lung 

cancer (NSCLC), pancreatic cancer, glioblastoma and melanoma.  

[00024] In an embodiment the cancer or tumour is melanoma.  

[00025] In an embodiment the cancer or tumor is metastatic cancer or a metastatic tumor.  

Brief Description of Drawings 

[00026] Figure 1: Overview of immune-competent murine melanoma protocol. A) Flow 

diagram showing treatment groups. Animals were first treated with either CVA21 (1 x 108 TCID 

50 [5 x 109 TCID 50 /kg]) intratumourally, UV-inactivated CVA21 or saline, followed by 

intraperitoneal injections with the murine isotype control antibody or the anti-PD-1 antibody 

(12.5 mg/kg). B) Time line showing the schedule of treatments (green triangles and orange stars) 

and monitoring procedures. The experiment was terminated on day 45. (NTC = No Tumour 

Control).  

[00027] Figure 2: Average body weights of mice (g) vs time (days). Error bars indicate standard 

error. The dotted lines at day 12, 15, 18 and 21 show each cycle of therapy. Using multiple t

tests corrected for multiple comparisons (Holm-Sidak method), there were no statistically 

significant differences between the average body weights of treatment groups and the no tumour 

control (NTC) mice, except for the UV-CVA21 + anti-PD-I group at day 31. Some fluctuations 

in mean weights were observed due to the euthanasia of mice over the duration of the study.  

[00028] Figure 3: Individual body weights of mice (g) vs time (days). The dotted lines indicate 

the four rounds of therapy at day 12, 15, 18 and 21. A) No Tumour control group, B) Saline + 

Control Ab, C) Saline + anti-PD-1, D) UV-CVA21 + Control Ab, E) UV-CVA21 + anti-PD-1, 

F) CVA21 + Control Ab, G) CVA21 + anti-PD-1.
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[00029] Figure 4: Individual tumour volumes from each mouse following combination 

immunotherapy and CVA21 virotherapy on B 16-ICAM- 1 murine melanoma tumours (n=8 per 

group). C57BL/6 mice were injected with B16-ICAM-1 cells intradermally on the hind flank. On 

days 12, 15, 18 and 21 tumours were injected intratumourally with either saline, CVA21 (Ix10 

TCID5 0 [5x 109 TCID 5o/kg]) or UV-inactivated CVA21 (1x10 8 TCIDo [5x 109 TCID5o/kg ]), in 

combination with the control or anti-PD-I antibody (12.5 mg/kg respectively). Treatment days 

are indicated by the dotted lines. During the treatment period there was a noticeable trend of 

delayed tumour growth in the anti-PD-I treated groups vs control antibody groups. The tumour 

take rate in the saline + anti-PD-I treatment group was quite variable and at least three animals 

were euthanased before the course of therapy was completed.  

[00030] Figure 5: Detection of A) viremia and B) anti-CVA21 neutralising antibodies following 

CVA21 oncolytic virotherapy in combination with anti-PD-I immunotherapy. Graphs show 

mean + SEM (n = 8 at the commencement of the study). The differences in neutralising antibody 

levels between the CVA21 + anti-PD-I antibody vs CVA21 + control antibody were significant 

on day 33 (p = 0.04 one-tailed t-test).  

[00031] Figure 6: Survival of C57BL/6 mice following treatment saline, UV-CVA21 or CVA21 

in combination with the control antibody or anti-PD-1. The dotted line at day 45 indicates the 

end/termination of the experiment.  

[00032] Figure 7: Survival of C57BL/6 mice following treatment with either saline, UV

inactivated CVA2 1, CVA21 in combination with the control antibody or anti-PD-I antibody.  

Survival curve comparisons between A) Saline + control Ab vs CVA21 + control Ab, B) Saline 

+ anti-PD-I vs CVA21 + anti-PD-1, C) Saline + control Ab vs Saline + anti-PD-1, D) CVA21 + 

control Ab vs CVA21 + anti-PD-1, E) Saline + control Ab vs CVA21 + anti-PD-1, F) UV

CVA21 + anti-PD-I vs CVA21 + anti-PD-1. The dotted lines show the 50% survival cut offs and 

corresponding median survival time.  

[00033] Figure 8: Overview of immune-competent murine melanoma protocol, as described in 

Example 2. Time line showing the schedule of treatments (blue circles [anti-PD-I antibody], 

orange squares [CVA2 1]) and monitoring procedures (red triangles [blood collection] and green 

triangles [tumor measurements and body weight measurements]). Animals were first treated with
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either saline or CVA21 (Ix 108 TCID 5o/injection [5.56x10i9 TCID 5o/kg]), followed by 

intraperitoneal injections with the murine isotype control antibody or the anti-PD-I antibody 

(12.5 mg/kg). The experiment was terminated on day 66.  

[00034] Figure 9: Individual tumor volumes from each mouse following combination 

immunotherapy and CVA21 virotherapy on B16-ICAM-I murine melanoma tumors (n=12 per 

group). A) Saline + Control Ab, B) Saline + anti-PD-1, C) CVA21 + Control Ab, D) CVA21 + 

anti-PD-1. C57BL/6 mice were injected with B16-ICAM-1 cells intradermally on the hind flank.  

On days 6, 9, 12 and 15 tumors were injected intratumorally with either saline or CVA21 (1x10 8 

TCID50 [5:56x1 9 TCID5o/kg]), in combination with the control or anti-PD-I antibody (12.5 

mg/kg respectively). Treatment days are indicated by the dotted lines. Additional intratumoral 

virus injections (1x10 8 TCID50 [5:56x10 9 TCID5o/kg) were administered at days 19, 26, 33 and 

40. During the treatment period there was a noticeable trend of delayed tumor growth in the anti

PD-I treated groups vs control antibody groups.  

[00035] Figure 10: Tumor volumes of secondary B16 tumor nodules. Individual tumor volumes 

from each mouse following rechallenge with B16 tumor cells (1x10 5 ) on the right hind flank at 

day 31. A) Saline + Control Ab, B) Saline + anti-PD-1, C) CVA21 + Control Ab, D) CVA21 + 

anti-PD-1. All animals eventually developed palpable tumors, however, there was a trend 

indicating that the onset of B 16 tumor growth was delayed by CVA21 + anti-PD-I therapy.  

[00036] Figure 11: Survival of C57BL/6 mice following treatment with saline or CVA21 in 

combination with the control antibody or anti-PD-1. A) When the saline + anti-PD-I survival 

curve was compared with the CVA21 + anti-PD-I treatment group, there was a statistical 

difference (p = 0.0026 Log-rank [Mantel-Cox] test). B) CVA21 used in combination with the 

anti-PD-I antibody gave a significant survival advantage (median survival of 45 vs 60 days for 

saline + anti-PD-I and CVA21 + anti-PD-I respectively). The study was terminated at day 66.  

[00037] Figure 12: Overview of immune-competent murine melanoma protocol. Time line 

showing the schedule of treatments (blue circles [anti-CTLA-4 antibody] and orange squares 

[CVA21 ]) and monitoring procedures (red triangles [blood collection] and green triangles [tumor 

measurements and body weight measurements]). The experiment was terminated on day 77.
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[00038] Figure 13: Tumor volumes following combination immunotherapy and CVA21 

virotherapy on B I 6-ICAM- I murine melanoma tumors. (A) Average tumor volumes (mm3) 

S.E.M. following treatment with either saline + control antibody, saline + anti-CTLA-4, CVA21 

+ control antibody or CVA21 + anti-CTLA-4. (B & C) Individual tumor volumes from each 

mouse following combination immunotherapy and CVA21 virotherapy on B I 6-ICAM- I murine 

melanoma tumors. C57BL/6 mice were injected with B I 6-ICAM- 1 cells intradennally on the 

hind flank. On days 7, 10, 13 and 16 tumors were injected intratumorally with either saline or 

CVA21 (1x10 8 TCID50 [5.56x10 9 TCID5o/kg]), in combination with the control or anti-CTLA-4 

antibody (12.5 mg/kg respectively). Treatment days are indicated by the dotted lines.  

[00039] Figure 14: Tumor volumes of secondary B 16 tumor nodules. (A) Percentage incidence 

of secondary tumor development in saline + control antibody, saline + anti-CTLA-4, CVA21 + 

control antibody, and CVA21 + anti-CTLA-4 treated mice at the conclusion of the study (day 

77). (B) Graph of tumor incidence vs days. Mice were rechallenged with B16 tumor cells on the 

hind flank at day 37 and tumors monitored up until day 77. (C) Individual tumor volumes from 

each mouse following rechallenge with B 16 tumor cells (2x 105) on the right hind flank.  

[00040] Figure 15: Survival of C57BL/6 mice following treatment saline or CVA21 in 

combination with the control antibody or anti-CTLA-4. (A) Survival of C57BL/6 mice following 

treatment with saline or CVA21 in combination with the control antibody or anti-CTLA-4. The 

end/termination of the experiment was day 77. (B) Table showing median survival of mice from 

each treatment group.  

[00041] Figure 16: Tumor volumes following combination immunotherapy and CVA21 

virotherapy on B16-ICAM-I murine melanoma tumors. (A) Average tumor volumes (mm3) 

S.E.M. on study days 27 from mice treated with saline + control antibody, saline + anti-CTLA-4, 

saline + anti-PD-1, CVA21 + control antibody, CVA21 + anti-CTLA-4, CVA21 + anti-PD-I or 

CVA21 + anti-CTLA-4 + anti-PD-1. (B) Average tumor volumes (mm3) ± S.E.M. following 

treatment with either saline + control antibody, saline + anti-CTLA-4, saline + anti-PD-1, 

CVA21 + control antibody, CVA21 + anti-CTLA-4, CVA21 + anti-PD-1 or, CVA21 + anti

CTLA-4 + anti-PD-1. (C) Individual tumor volumes from each mouse following combination 

immunotherapy and CVA21 virotherapy on B16-ICAM- 1 murine melanoma tumors. C57BL/6 

mice were injected with B16-ICAM-1 cells intradermally on the hind flank. On days 7, 10, 13
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and 16 mice were injected intravenously with either saline or CVA21 (1x10 8 TCID50 [5.56x10 9 

TCID 5o/kg]), in combination with the control, anti-PD-1, anti-CTLA-4 or anti-CTLA-4 + anti

PD-I antibody (12.5 mg/kg respectively). Treatment days are indicated by the dotted lines.  

[00042] Figure 17: Pt 12-002: Intra-tumoral CVA21 injection of metastatic melanoma lesions 

on the leg of a male patient showing the effect on injected and non-injected lesions at day 85. Pt 

03-032: Male with metastatic melanoma to left neck and lungs, showing non-injected distant 

visceral response at day 86. Injection of CVA21 intratumorally in the left neck only.  

[00043] Figure 18: CALM Phase II trial. Preliminary analysis: Serum cytokine activity (Patients 

with objective responses). Serum samples from individual patients were taken at the indicated 

times following the initial intratumoral CVA21 injection. Serum samples were assessed for 

inflammatory cytokine levels as per manufactures instructions by multi-plex immunoassay using 

a Bio-Plex ProTM Human Cytokine 17-plex Assay (#M50-0003 I YV) BioRad, Richmond, VA, 

USA. Patient tumour responses were assessed employing immune-related RECIST 1.1 criteria.  

[00044] Figure 19: Intravenous administered CVA21 (also noted on the figure as 

CAVATAKTM) induces tumor cell gene expression changes. BALB mice were administered 

CVA21 or saline and sacrificed 3, 6, 24 and 72h post-administration and analysed for gene 

expression (right four panels). CVA21 replication kinetics are shown in the left single panel.  

Abbreviations 

[00045] Ab antibody 

[00046] ACEC Animal Care and Ethics Committee 

[00047] ANOVA Analysis of Variance 

[00048] ATCC American Type Culture Collection 

[00049] BSA bovine serum albumin 

[00050] CI Combination Index
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[00051] CO2  carbon dioxide 

[00052] CD cluster of differentiation 

[00053] CPE cytopathic effect 

[00054] CTL cytotoxic T lymphocyte 

[00055] CVA21 Coxsackievirus A21 

[00056] DAF decay-accelerating factor 

[00057] dH 20 distilled water 

[00058] DMEM Dulbecco's Modified Eagle's Medium 

[00059] DNA deoxynucleotide phosphate 

[00060] EtOH ethanol 

[00061] FCS foetal calf serum 

[00062] g gamma 

[00063] ICAM-1 intercellular adhesion molecule-i 

[00064] i.p. intraperitoneal 

[00065] i.t. intratumoural 

[00066] i.v. intravenous 

[00067] irPFS immune-related progression-free survival 

[00068] MAb monoclonal antibody
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[00069] nAb neutralising antibody 

[00070] MOI multiplicity of infection 

[00071] PBS phosphate buffered saline 

[00072] PCR polymerase chain reaction 

[00073] PD-i programmed cell death 1 

[00074] PD-LI programmed cell death I ligand 1 

[00075] p.i. post inoculation 

[00076] p.t.i. post tumour inoculation 

[00077] RNA ribonucleic acid 

[00078] RPMI Royal Park Memorial Institute 

[00079] RT room temperature 

[00080] RT-PCR reverse transcriptase - polymerase chain reaction 

[00081] s.c. subcutaneous 

[00082] SCID severe combined immunodeficient 

[00083] SD standard deviation 

[00084] SE standard error 

[00085] sICAM-I soluble intercellular adhesion molecule-i 

[00086] TCID50 Tissue Culture Infectious Dose 50 %
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[00087] UV ultraviolet 

[00088] XTT 2,3-Bis-(2-Methoxy-4-Nitro-5-Sulfophenyl)-2H-Tetrazolium-5

Carboxanilide 

Units 

[00089] -C degrees Celsius 

[00090] d day 

[00091] g gravitational force 

[00092] g gram 

[00093] h hour 

[00094] L litre 

[00095] n meter 

[00096] M Molar 

[00097] min minute 

[00098] mol mole 

[00099] rpm revolutions per minute 

[000100] s second 

[000101] U units 

[000102] V volts
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[000103] v/v volume per volume 

[000104] w/v weight per volume 

Nucleotides 

[000105] A adenine 

[000106] C cytosine 

[000107] G guanine 

[000108] T thymine 

Prefixes 

[000109] k kilo 103 

[000110] m milli 10 3 

[000111] [1 micro 10 6 

[000112] n nano 10 9 

[000113] p pico 10-12 

Description of Embodiments 

[000114] The invention will now be described in more detail, including, by way of illustration 

only, with respect to the examples which follow.  

[000115] The following are some definitions that may be helpful in understanding the 

description of the present invention. These are intended as general definitions and should in no
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way limit the scope of the present invention to those terms alone, but are put forth for a better 

understanding of the following description.  

[000116] The methods of the invention typically involve administration of a therapeutically 

effective amount of the oncolytic virus or oncolytic viral RNA and of the immuno-stimulatory 

agent. The term "therapeutically effective amount" as used herein, includes within its meaning a 

non-toxic but sufficient amount the oncolytic virus or oncolytic viral RNA and of the immuno

stimulatory agent for use in the invention to provide the desired therapeutic effect. The exact 

amount required will vary from subject to subject depending on factors such as the species being 

treated, the age and general condition of the subject, the severity of the condition being treated, 

the particular agent being administered and the mode of administration and so forth. Thus, it is 

not possible to specify an exact "effective amount". However, for any given case, an appropriate 

"effective amount" may be determined by one of ordinary skill in the art using only routine 

experimentation.  

[000117] In the context of this specification, the term "treatment" and related tenns such as 

"treating", "treated", and treat" refer to any and all uses which remedy or alleviate a disease state 

or symptoms, prevent the establishment of disease, or otherwise prevent, hinder, retard, or 

reverse the progression of disease or other undesirable symptoms in any way whatsoever. For the 

avoidance of misunderstanding it is noted that "treatment" and related tens as used herein does 

not require complete cure or remission of the disease being treated.  

[000118] In the context of this specification, the term "comprising" means "including 

principally, but not necessarily solely". Furthermore, variations of the word "comprising", such 

as "comprise" and "comprises", have correspondingly varied meanings.  

[000119] To the extent permitted, the contents of documents referred to herein are incorporated 

by reference.  

[000120] In the context of this specification, the term "subject" or "patient" includes humans and 

individuals of any species of social, economic or research importance including but not limited 

to members of the genus ovine, bovine, equine, porcine, feline, canine, primates, rodents. In 

preferred embodiments the subject or patient is a human.
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[000121] Unless the context requires otherwise or specifically stated to the contrary, integers, 

steps, or elements of the invention recited herein as singular integers, steps or elements clearly 

encompass both singular and plural forms of the recited integers, steps or elements.  

[000122] In the context of this specification, the singular encompasses also the plural except 

where the sepcifc context clearly indicates otherwise. For example, where it is stated that the 

invention includes methods for treatment of cancer by administration of an oncolytic virus or 

oncolytic viral RNA in combination with co-administration of an immuno-stimulatory agent, it 

will be understood that this encompasses the administration of one or more such viruses or viral 

RNAs and encompasses the administration of one or more immuno-stimulatory agents.  

[000123] In the context of this specification, the term "about" when used in relation to a 

numerical value will be understood to convey the usual degree of variation known in the art for 

the measure being described. Where the art does not recognise a usual degree of variation for a 

measure or where it does and additional direction is nevertheless desirable, the term "about" as 

used herein will be understood to convey a variation of plus or minus 10% of the numerical 

value to which the term "about" is used.  

[000124] Any description of prior art documents herein, or statements herein derived from or 

based on those documents, is not an admission that the documents or derived statements are part 

of the common general knowledge of the relevant art in Australia or elsewhere.  

[000125] Those skilled in the art will appreciate that the invention described herein is susceptible 

to variations and modifications other than those specifically described. It is to be understood that 

the invention includes all such variations and modifications. The invention also includes all of 

the steps, features, compositions and compounds referred to or indicated in this specification, 

individually or collectively, and any and all combinations or any two or more of said steps or 

features.  

[000126] In the context of this specification, where a numerical range is provided it will be 

understood to encompass the stated end points of the range and all values between those end 

points, including any sub-ranges within those endpoints.
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[000127] The inventors herein demonstrate the use of immunostimulatory agents targetting 

immune checkpoint molecules, exemplified herein by the use of a murine anti-PD-I antibody 

and a urine anti-CTLA-4 antibody, in combination with oncolytic CVA21 would be 

therapeutically beneficial in reducing tumour burden, rates of tumour ulceration and prolong 

survival in a murine B16-ICAM-1 model of melanoma. Whilst it would be expected that 

enhancing the immune system by the use of immuno-stimulating agents would disadvantage the 

efficacy of an oncolytic virus, for example by enhanced immune clearance or targeting of the 

virus, the inventors herein demonstrate that surprisingly and counter-intuitively the combination 

of oncolytic virus and immuno-stimulatory agent offers improved anti-tumor effects compared to 

either agent virus or immuno-stimulatory agent alone. The invention described herein thus 

provides a method of treating tumours comprising delivering an oncolytic virus or oncolytic viral 

RNA via direct injection or systemic administration to the tumour in combination with the co

administration of immuno-stimulatory agent via the systemic route to a mammal. Where the 

cancer desired to be treated is one for which a specific mechanism of delivery of virus or agent 

may be be advantageous, that method of delivery is preferred. For example, where the method 

isfor the treatment of bladder cancer or metastatic bladder cancer, administration of at least the 

virus or viral RNA is advantageously by the intravesicular route.  

[000128] CVA21 is a member of the human enterovirus C (HEC) family of viruses. Other 

notable members of the HEC family include the Coxsackieviruses, for example CVAI 3, CVAI 5, 

and CVA18. Each of CVA13, CVA15, CVA18 and CVA21 have been demonstrated to have 

oncolytic effect in the treatment of various solid cancers, such as breast cancer, prostate cancer, 

colorectal cancer, ovarian cancer and melanoma (Shafren et al, 2004; Au et al., 2005; Au et al., 

2007; W02001/037866 filed 27 November 2000 and entitled "A method of treating a 

malignancy in a subject and a pharmaceutical composition for use in same"; the contents of 

which is incorporated herein in its entirety by reference) as well as hematologic cancers such as 

multiple myeloma (WO/2006/017914 filed 22 August 2005 and entitled "Methods and 

compositions for treatment of hematologic cancers", the contents of which is incorporated herein 

in its entirety by reference). Each interacts with the ICAM-1 receptor for infection of a host cell 

(Shafren et al, 1997) with decay accelerating factor (DAF) acting as a cooperative sequestration 

site (Shafren et al, 1997). Accordingly, the demonstration herein of a beneficial effect in a cancer 

model of the co-administration of CVA21 with immune-stimulatory agents will also apply to
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viruses functionally related to CVA21, such as CVA13, CVA15 and CVA18 and other human 

enterovirus C.  

[000129] Any suitable source of the virus may be used in the methods of the invention. For 

example, various suitable strains of virus may be obtained from the American Type Culture 

Collection (ATCC), 10801 University Blvd., Manassas, Va. 20110-2209 USA, such as material 

deposited under the Budapest Treaty on the dates provided below, and is available according to 

the terms of the Budapest Treaty. Coxsackie group A virus, strain CVA13 ATCC No.: PTA

8854 Deposited 20 December 10 2007; Coxsackie group A virus, strain CVA 15 (G9) ATCC 

No.: PTA-8616 Date of Deposit: August 15, 2007; Coxsackie group A virus, strain CVA 8 

ATCC No. :PTA-8853 Deposited 20 December 2007; Coxsackie group A virus, strain CVA21 

(Kuykendall) ATCC No.: PTA-8852 Deposited 20 December 2007.  

[000130] As described herein the methods encompass the viral agent being administered as an 

oncolytic virus and the viral agent being administered in the form of oncolytic viral RNA, such 

as viral RNA corresponding to CVA2 1. Methods for the use of oncolytic viral RNA in the 

treatment of cancer have been described in W02006/074526 entitled "Method and composition 

for treatment of neoplasms", the contents of which are incorporated herein by reference.  

[000131] Following infection, an oncolytic virus can kill a cancerous cell by direct lytic 

infection, induction of apoptosis or by initiating an immune response to viral antigens. An 

oncolytic virus is thus not limited to a single input dose and can undergo a multi-cycle infection, 

resulting in the production of large numbers of progeny virus. These progeny can spread either 

locally to adjacent tumour cells, or systemically to distant metastatic sites. This feature of 

oncolytic therapy is particularly attractive for the treatment of inaccessible tumours or un

diagnosed micro-metastases. The demonstration herein, for example, that intra-tumoral 

administration of CVA21 to a melanoma on the neck of a patient is associated with antitumour 

activity in both injected and distant non-injected lesions (Figure 17), is consistent with a 

systemic effect occurring. As demonstrated herein intralesional CVA21 is a promising novel 

oncolytic immunotherapeutic agent for the treatment of unresectable Stage IIIC-IVM I c 

melanoma and the clinical study described herein under Example 5 study met its primary 

endpoint of irPFS at 6 months. CVA21 was well tolerated and exhibited both local and distant 

durable tumor responses.
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[000132] The observation herein of antitumour activity in non-injected lesions in particular is 

consistent with a systemic host immune-mediated anti-tumour response. The Examples herein 

suggest that the CVA21 mediated non-injected distant metatastic lesion activity was linked to a 

host generated immune response as evidence by a possible novel serum cytokine signature of 

elevated levels of serum IL-8 and g-IFN (Figure 18). Intravenous delivery of CVA21 in a mouse 

model, implanted in the flank with melanoma cells (SK-Mel 28), was associated with an increase 

in the expression of interferon-y inducible protein 10 (IP-10) and PD-LI by the tumor cells, as 

assessed by a timecourse of tumor biopsy following administration of the virus (Figure 19). IP

10 is a chemokine secreted by cells exposed to IFN-g and plays an important role in recruiting 

activated T cells into sites of tissue inflammation. In on-going clinical studies it is becoming 

increasingly apparent that patients whose tumours express higher levels of immune checkpoint 

molecules, such as PD-LI display superior tumour responses compared to patients whose tumour 

lack PD-LI expression following treatment using anti-PD-I or anti-PD-LI bloackade. This 

demonstrates the potential for CVA21 to act as a tumor immuno-agitator in combination with 

immune checkpoint inhibitor antibodies in ICAM-1 expressing cancers, such as melanoma, 

NSCLC, metastatic bladder cancer, kidney, multiple myeloma, pancreatic, glioblastoma and 

prostate cancers, and others.  

[000133] The methods of the invention typically involve administration of a therapeutically 

effective amount of the virus and of the immuno-stimulatory agent. The term "therapeutically 

effective amount" as used herein, includes within its meaning a non-toxic but sufficient amount 

of the virus or immuno-stimulatory agent, to provide the desired therapeutic effect. As noted 

herein, due to synergistic effects the amount of virus and immuno-stimulatory agent, used may 

be less than that which would be used in a monotherapy (being treatment of a cancer in a subject 

using just one of the virus or the immuno-stimulatory agent). The exact amount required will 

vary from subject to subject depending on factors such as the species being treated, the age and 

general condition of the subject, the severity of the condition being treated, the particular agent 

being administered and the mode of administration and so forth. Thus, it is not possible to 

specify an exact "effective amount" in the abstract. However, for any given case, an appropriate 

"effective amount" may be determined by one of ordinary skill in the art using only routine 

experimentation.
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[000134] The oncolytic virus or oncolytic viral RNA and the immuno-stimulatory agent are used 

in conjunction with each other for, in one aspect, the treatment of a subject having a tumour or 

having cancer. In embodiments where the method involves "co-administration" of the viral and 

the immuno-stimulatory agents to a subject, it will be understood that this tern means that the 

agents are administered so as to have overlapping therapeutic activities, and not necessarily that 

the agents are administered simultaneously to the subject. The agents may or may not be in 

physical combination prior to administration. Typically, the agents will not be in physical 

combination prior to or when administered. In an embodiment the virus and the immuno

stimulatory agent(s) are administered to a subject simultaneously or at about the same time. In an 

embodiment the virus is administered to the subject before the immuno-stimulatory agent(s) is 

administered.  

[000135] The virus is typically administered to the subject in the form of a pharmaceutical 

composition comprising virus and a pharmaceutically acceptable carrier. The composition may 

comprise the virus at any suitable concentration, such as in a concentration range of about 105 

viral particles per ml to about 1015 viral particles per ml, or about 106 viral particles per ml, or 

about 107 viral particles per ml or about 108 viral particles per ml, or about 109 viral particles per 

ml, or about 101( viral particles per ml, or about 1011 viral particles per ml, or about 1012 viral 

particles per ml, about 1013 viral particles per ml, or about 1014 viral particles per ml, or about 

10 viral particles per ml.  

[000136] A stock of the virus composition may be diluted to an appropriate volume suitable for 

dosing, for example to achieve the desired dose of viral particles administered in a desired 

volume. For example, a subject may be administered a dose of virus comprising about 105 viral 

particles to about 1015 viral particles, or about 106 viral particles, or about 107 viral particles, or 

about 108 viral particles, or about 109 viral particles, or about 1010 viral particles, or about 10" 

viral particles, or about 1012 viral particles, or about 103 viral particles, or about 1014 viral 

particles, or about 1015 viral particles. The volume in which the virus is administered will be 

influenced by the manner of administration. For example, administration of the virus by injection 

would typically be in a smaller volume, for example about 0.5ml to about 10 ml, compared to 

administration by intravesicular instillation in the case of treatment of bladder cancer, which may 

typically use about 10 ml to about 100m], for example about 20m], about 30ml, about 40ml, 

about 50m], about 60ml, about 70ml, about 80ml or about 90ml, or in volumes similar to known
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procedures for instillation of BCG for treatment of bladder cancer. As a further example, 

intravenous administration of virus may typically use about 100ml to about 500ml of virus 

diluted in normal saline, infused by an automatic pump over approximately 30 minutes.  

[000137] Compositions may additionally include a pharmaceutically acceptable diluent, 

excipient and/or adjuvant. The carriers, diluents, excipients and adjuvants must be "acceptable" 

in terms of being compatible with the other ingredients of the composition, and not unacceptably 

deleterious to the recipient subject.  

[000138] The virus may be administered as naked viral RNA encoding the virus, rather than 

viral particles, as described for example in PCT/AU2006/000051 entitled "Methods and 

composition for the treatment of neoplasms", filed 17 January 2006, published as 

W02006/074526, the entire contents of which are incorporated herein by reference). In such an 

embodiment the viral RNA may be administered in the fonn of liposomes. Liposomes are 

generally derived from phospholipids or other lipid substances, and are forced by mono- or 

multi-lamellar hydrated liquid crystals that are dispersed in an aqueous medium. Any non-toxic, 

physiologically acceptable and metabolisable lipid capable of forming liposomes can be used.  

The compositions in liposome form may contain stabilisers, preservatives, excipients and the 

like. The preferred lipids are the phospholipids and the phosphatidyl cholines (lecithins), both 

natural and synthetic. Methods to form liposomes are known in the art, and in relation to this 

specific reference is made to: Prescott, Ed., Methods in Cell Biology, Volume XIV, Academic 

Press, New York, N.Y. (1976), p. 33 el seq., the contents of which is incorporated herein by 

reference.  

[000139] The virus may be administered to the subject by any appropriate means, such as by 

injection. The injection may be systemically, parenterally, direct injection into the cancer, or 

intravesically. Typically, in the treatment of bladder cancer the administration of the virus is 

intravesically (infused directly into the bladder).  

[000140] Intralesional injection of a tumor may be performed by any appropriate means known 

to the skilled person, taking into account factors such as the type of tumour being treated, the 

size and location of the tumor, accessibility of the tumour to direct injection. Injection techniques 

which increase or maximise the distribution of the virus throughout the tumor may offer
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improved therapeutic outcomes. For example, in the treatment of melanoma and other solid 

tumors, multiple lesions may be injected in a dose hyper-fraction pattern, starting with the largest 

lesion(s) (2.0 mL injected into tumors > 2.5 cm, 1.0 mL into 1.5 to 2.5 cm; 0.5 mL into 0.5 to 1.5 

cm) to a 4.0 mL maximum. Following initial injection with CVA21, any injected lesion that 

reduces in diameter to < 0.5 cm may be injected with 0.1 mL of CVA21 as per the stated 

treatment schedule until the lesion completely resolves.  

[000141] Maximizing the number of cancer cells and regions throughout the tumor that are 

initially infected theoretically will increase the amount of cancer cells destroyed. It will also 

increase the amount of viral progeny produced by the tumor, and therefore increase the chance of 

ongoing viremia for the seeding of remote tumors. Any appropriate means to achieve desired 

distribution of the administered virus through the tumour may be used and will be apparent to the 

skilled addressee. The following describes one illustrative means, in the context of 

administration of CVA21 to a tumour, that the inventors have used in experiments reported 

herein.  

[000142] A syringe that will accommodate the volume of virus, such as CVA21, required and a 

25-gauge needle are used for administration. The volume of CVA21 to be administered may be 

detennined based on the diameter of the tumor to be injected, as noted above. To load the 

syringe with CVA2 1, remove vial from individual carton and thaw at room temperature (18

25'C). Do not leave the vial at RT for longer than is necessary to thaw the contents. Gently mix 

the vial for 5 seconds. Use a luer-lock syringe of appropriate volume and 21-gauge needle to 

draw up the required volume. Remove air bubbles. Remove the withdrawal needle and replace 

with a 25-gauge capped needle. Hold on ice until required (2-8'C). Administer within 3 hours 

from loading the syringe as distributed into the tumors as described below.  

[000143] The injection may be in 9 regions within the tumor on each injection day. The regions 

do not overlap, and they may be selected by using the following landmarks. The distribution of 

the viral solution may be as follows for Day 1, the first injection: (i) the center of the tumor is 

estimated and marked; (ii) marks are made around the periphery of the tumor at 45 degree 

radiants; (iii) the site of the needle insertion is between the center mark and the 270 degree 

radiant, at the approximate midpoint - this is the first dose injection site; (iv) the volume of 

distribution is divided by 10, and will be distributed into 9 zones within the tumor. The target
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zone for injection is the area within the tumor adjacent to the radiant marks, estimated to be 

approximately within the outer 20 % "rim" of the tumor. This will result in 8 injections. These 

first 8 injections should be aimed to be deep to the midline plane of the tumor as guided by 

ultrasound. The final injection is made directly deep to the predicted center of the tumor, and on 

this first dose is aimed at a depth above the midline and comprises 2 0% of the injection volume.  

[000144] It will be understood that the aforementioned calculation of amount of virus to be 

administered, as well as the described methods by which the virus may be administered are 

provided only for the purpose of illustration and are not intended to be limiting on the invention 

described herein.  

[000145] The present invention provides methods for the treatment of cancer, the methods 

comprising the use of a human enterovirus C, such as CVA2 1, in combination with an immuno

stimulatory agent. The immuno-stimulatory agents that have been the subject of much recent 

research and clinical development are those that target the so-called checkpoint inhibitors. In 

checkpoint blockade humanised monoclonal antibodies are used to interfere with host immune 

checkpoint molecules and their natural ligands. Blockade of such molecules including PD-1, 

PDL I/L2 and CTLA-4 has resulted in dramatic anti-tumor responses in large numbers of 

advanced cancer patients (melanoma, non-small cell lung cancer, bladder and renal cancers).  

Immune checkpoint molecules normally function to keep the host immune system in balance and 

in maintaining self-tolerance. Specific blockade immune checkpoint molecules relaxes the 

negative feedback system and elevates the activity of the host immune system to be more active, 

in particular to cancerous cells and antigens. In simple terms it takes the "biological handbrake" 

of the host immune system. Immune checkpoint blockade has resulted in improved durable 

tumor responses which have translated into meaning survival benefits. Despite the dramatic 

widespread tumor responses in large numbers of cancer patients there remains a need to increase 

the rate and durabililty of tumor responses elicited by immune checkpoint blockade.  

[000146] As demonstrated herein, the combination of an oncolytic human enterovirus C, such as 

CVA2 1, with an immune checkpoint blockade molecule (an immuno-stimulatory agent), such as 

an anti-PD-1 antibody or an anti-CTLA-4 antibody, provides surprising advantages in eliciting 

favourable tumour response. Importantly, it has surprisingly been identified that administration 

of the virus induces changes to the stasis of the tumor microenvironment, with regard to impact
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on expression levels of immune checkpoint molecules and host immune cell infiltrates. As a 

number of these immune up-regulation processes involve the direct activity of immune 

stimulating agents such as interferons, in particular interferon-y, therapeutic approaches 

involving administration of human enterovirus C, such as CVA21, to induce intracellular viral 

replication is an attractive process to initiate a targeted disruption of the delicate balance of host 

immune system activities.  

[000147] The immuno-stimulatory agent(s) may be selected from any appropriate agents. In the 

context of the invention an immuno-stimulatory agent will be understood as any agent capable of 

stimulating an immune response to tumor cells when administered to an individual. In preferred 

embodiments of the invention the immuno-stimulatory agent may be any agent that interacts 

with an immune checkpoint molecule to block, diminish or counteract the ability of that immune 

checkpoint molecule, or a complex comprising that immune checkpoint molecule, in reducing 

the innate immune-based anti-tumor responses of the individual. Hence, an immuno-stimulatory 

agent reduces the "handbrake" effect that the immune checkpoint molecules have on the anti

tumor response. For example, the immuno-stimulatory agent may be any agent that targets an 

immune checkpoint molecule selected from the group consisting of PD-1, PD-L1, PD-L2, 

CTLA-4, CD134, CDI34L, CD137, CD137L, CD80, CD86, B7-H3, B7-H4, B7RP1, ICOS, 

TIM3, GAL9 , CD28 or OX-40. It will also be understood that the term "immuno-stimulatory 

agent" as used herein may also be referred to as immune checkpoint inhibitors, when the 

immuno-stimulatory agent targets an immune checkpoint.  

[000148] Typically, the immuno-stimulatory agent may be an antibody, or in preferred 

embodiments may be a monoclonal antibody. Preparation of antibodies for use in the present 

invention may be carried out by methods well known in the art, including preparing monoclonal 

antibodies using well known techniques and screening for high affinity antibodies, or by first 

identifying a monoclonal antibody having reasonably high affinity and then improving the 

affinity using well known methods [e.g., Huse, W. D.,et al., Internat'l Rev. Immunol. 10: 129

137 (1993); Yelton, D. E., et al., J. Immunol. 155: 1994-2004 (1995); Wu, H., et al., Proc. NatI.  

Acad. Sci. (USA) 95 : 6037-6042 (1998); Crameri, A., et al., Nature Medicine 2: 100-103 

(1996); Stemmer, Proc. Natl. Acad. Sci. (USA) 91: 10747- 10751 (1994); Stemmer, Nature 370: 

389-391 (1994), the portion of each of which having to do with preparation of antibodies is 

incorporated herein by reference]. Alternatively, the agent may be obtained rather than prepared.
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Examples antibodies to checkpoint inhibitor molecules include Nivolumab (BMS-936558, 

MDX- 1106, ONO-4538), a fully human Immunoglobulin G4 (IgG4) monoclonal PD-i antibody 

which was the first of its class to be tested in a phase I trial of 107 patients with metastatic 

melanoma [Sosman et al. 2012b]. Lambrolizumab (MK-3475), a humanized monoclonal IgG4 

PD-I antibody, which was studied in a phase I trial that included 132 patients with metastatic 

melanoma [lannone et al. 2012]. BMS-936559, a fully human IgG4 PD-LI antibody, was tested 

in 55 patients with metastatic melanoma as part of the phase I trial [Brahmer et al. 2012].  

[000149] In the treatment of a patient for a particular type of cancer the skilled addressee will be 

aware that additional methods or steps of treatment may also be appropriate. For example, in the 

treatment of a patient for bladder cancer, the methods of the invention may optionally include a 

bladder rinse or washout prior to administration of the virus, for example to prepare the bladder 

for improved receptivity of the virus by removing or reducing the presence of agents which may 

reduce the efficacy of the virus. For example, the urothelium is protected by a 

glycosaminoglycan (GAG) layer, disruption of which may permit more efficient binding of the 

virus to cells and hence more efficient transduction of cells. In a non-limiting example DDM (n

dodecyl-p-D-maltoside), a nonionic mild detergent used as a food additive and solublizing agent, 

may be used to disrupt or remove the GAG layer at any appropriate concentration, for example at 

a concentration of about 0.10%, and thereby assist in facilitating transduction.  

[000150] The methods of the invention may be used in combination with surgical treatment of 

the cancer. For example tumor resection may be followed by treatment of the subject using a 

combination method according to the invention. It is anticipated that this may prevent or reduce 

recurrence of the tumour.  

[000151] The methods may comprise single or multiple doses of any one or more of the virus, or 

the immuno-stimulatory agent, such as an agent for example a monoclonal antibody, that 

specifically binds to the surface expressed PD-1, PD-LI, PD-L2, CTLA-4 or OX-40.  

[000152] The invention also relates to kits for use in the methods of the invention. In a basic 

form, the kit may comprise a pharmaceutical composition comprising the human enterovirus C 

and a pharmaceutically acceptable carrier, and instructions for the use of the composition, in 

combination with a chemotherapeutic agent or radiation, for the treatment of cancer in a patient.
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The composition may be provided in any suitable container, such as for example a vial, ampoule 

or syringe. The composition may be provided lyophilised, freeze-dried, in liquid form or frozen 

state.  

[000153] The kit may comprise any number of additional components. By way of non-limiting 

example, additional components may include (i) one or more anti-viral agents, such as Plecomil; 

(ii) one or more additional pharmaceutical compositions comprising an oncolytic virus; (iii) one 

or more additional pharmaceutical compositions comprising oncolytic viral RNA; (iv) one or 

more additional therapeutic agents useful in the treatment of cancer in a patient. The kit may 

additionally comprise a an immuno-stimulatory agent for use in the combination therapy, such as 

a monoclonal antibody that specifically binds to the surface expressed PD- 1, PD-L 1, PD-L2, 

CTLA-4 or OX-40. The kit may also comprise of the composition being contained in a single

use vial, a pre-loaded syringe for direct human administration, diluted in a physiological solution 

for intravenous infusion or in a concentrated form enabling suitable dilution with physiological 

solutions. Such solutions may be, for example, phosphate buffered saline or physiological 

concentrations of NaC 12.  

[000154] As used herein, the term "kit" refers to any delivery system for delivering materials. In 

the context of pharmaceutical compositions, such delivery systems include systems that allow for 

the storage, transport, or delivery of therapeutic agents (for example, oncolytic viruses in 

appropriate containers; or immuno-stimulatory agents in appropriate containers) and/or 

supporting materials (for example, buffers, written instructions for use of the compositions, etc.) 

from one location to another. For example, kits include one or more enclosures, such as boxes, 

containing the relevant components and/or supporting materials.  

[000155] The kit may be a fragmented kit. As used herein, the term "fragmented kit" refers to a 

delivery system comprising two or more separate containers that each contain a subportion of the 

total kit components. The containers may be delivered to the intended recipient together or 

separately. A fragmented kit may be suitable, for example, where one or more components, such 

as the virus or the immuno-stimulatory agent, may optimally be stored and or transported under 

different conditions, such as at a different temperature, compared to one or more other 

components. Indeed, any delivery system comprising two or more separate containers that each 

contains a subportion of the total kit components are included in the term "fragmented kit." In
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contrast, a "combined kit" refers to a delivery system containing all of the components of a 

reaction assay in a single container (e.g., in a single box housing each of the desired 

components). The term "kit" includes both fragmented and combined kits.  

Examples 

Example 1: Oncolytic CVA21 virotherapy in combination with the 

immunostimulatory antibody anti-PD-1.  

[000156] This study investigated the effectiveness of CVA21 oncolytic virotherapy in 

combination with the immunostimulatory antibody anti-PD-I in a B I 6-ICAM- I murine model of 

malignant melanoma. Mice were implanted with tumours intradermally (2 x 105 cells) and 

allowed to establish for 12 days before commencement of therapy. Mice were treated with either 

saline, CVA21 or UV-inactivated CVA2 1, in combination with either a murine anti-PD-I 

antibody or a matched control antibody on days 12, 15, 18 and 21. The saline, CVA21 or UV

inactivated CVA21 treatments were administered intratumourally while the anti-PD-I and 

control antibodies were administered intraperitoneally. Animals treated with CVA21 in 

combination with the anti-PD-I antibody showed a slight survival benefit compared to animals 

in the control group (saline + control antibody) based on the endpoint of tumour ulceration or a 

loss in bodyweight greater than 10%. During the treatment period between days 12 and 21, the 

combination of CVA21 + anti-PD-I showed a tumoristatic effect, however once therapy was 

stopped, the tumours slowly increased in volume. Despite this, the animals in this group showed 

a statistically significant survival advantage compared to the saline + control antibody, UV

CVA21 + control antibody and UV-CVA21 + anti-PD-I antibody treatment groups. This study 

also confirmed the immunostimulatory properties of the anti-PD-I antibody, as anti-CVA21 

neutralising antibody levels were detected at higher levels in mice receiving CVA21 + anti-PD-I 

vs CVA21 + control antibody. In summary the main finding of this study was that tumour 

bearing mice treated CVA21 + anti-PD-I showed an overall survival benefit that related to 

retardation of tumour growth and reduction in tumour ulceration.  

Test material: Virus
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[000157] The test article, Coxsackievirus A21 (CVA21) [Trade name:CAVATAK TM] was 

provided by Viralytics Ltd. Research stocks for in vitro use were made from a vial of 

commercially prepared CAVATAK"'m . Batch: CCVA2115; Concentration: lx109 TCID50 /ml 

(1.1 ml vials); Re-test Date: Dec-2008, Jan 2014 for Examples 2 and 3; Storage 

Recommendations: Store below -70'C.  

[000158] The UV-inactivated CVA21 was prepared by exposing 7 ml of the same CAVATAK TM 

Batch:CVA2115 product to UV-light for one hour in a biohazard hood. The virus was first 

transferred from the original product vials to wells of a 6-well plate and exposed to the UV-light 

source at a distance of approximately 10 cm for one hour. The UV-inactivated virus was then 

aliquoted and frozen at -80'C.  

Antibodies 

Control antibodies 

[000159] The antibody InVivoMAb Rat IgG2a from BioXCell was used as a control antibody in 

Examples I and 2. Clone: 2A3. Catalog#: BE0089. Lot: 4807/0713. Endotoxin: < 0.35 EU/mg.  

Formulation: PBS, pH 6.5. Sterile: 0.2 um filtration. Purity: > 9 5 %. Storage: 4'C undiluted in the 

dark. The antibody InVivoMAb Rat IgG2b from BioXCell was used as a control antibody in 

Example 3. Clone MPC- 11. Catalog#BE0086. Lot 4700-2/0414. Endotoxin: < 2.0 EU/mg.  

Formulation: PBS, pH 7. Sterile: 0.2 um filtration. Purity: > 95%. Storage: 4'C undiluted in the 

dark.  

Anti-PD-I 

[000160] The active anti-murine PD-I antibody was obtained from BioXCell. Product name: 

InVivoMAb anti m PD-1. Clone: RMP1-14. Catalog#: BE0416. Lot: 4781/0813. Endotoxin: < 

0.61 EU/mg. Formulation: PBS, pH 7. Sterile: 0.2 um filtration. Purity: > 95%. Storage: 4'C 

undiluted in the dark.  

Anti-CTLA-4
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[000161] The active anti-murine CTLA-4 antibody was obtained from BioXCell. Product name: 

InVivoMAb anti m CTLA-4. Clone: 9D9. Catalog#: BE0164. Lot: 5159/0414. Endotoxin: < 2.0 

EU/mg. Formulation: PBS, pH 7. Sterile: 0.2 um filtration. Purity: > 95%. Storage: 4'C 

undiluted in the dark.  

Cells 

[000162] The human melanoma cell line SK-Mel-28 and murine melanoma cell lines B16 and 

B I 6-ICAM- I were used in this study. The melanoma cell line SK-Mel-28 was obtained from the 

ATCC (American Type Culture Collection). Mel-RM was a gift by Dr. P. Hersey (University of 

Newcastle, New South Wales, Australia). B 16 murine melanoma cells were originally obtained 

from Dr A. Shurbier (Queensland Institute for Medical Research, Brisbane, Queensland, 

Australia), and then stably transfected with the human ICAM-1 gene to generate the cell line 

B16-ICAM-1. All cell lines were maintained in DMEM (Thermo Scientific), containing 10% 

fetal calf serum (FCS) (SAFC Biosciences TM, Australia), 10 mM sterile N-2

hydroxyethylpiperazine N'-2-ethanesulphonic acid (HEPES) (ThermoScientific, Australia), 2 

mM L-glutamine (ThermoScientific, Australia), sodium pyruvate (Invitrogen, Australia) and 100 

IU/ml penicillin-streptomycin (Invitrogen, Auckland, NZ). All cells were cultured at 37 in a 5% 

CO 2 environment.  

Animals 

[000163] All animal work was approved by The University of Newcastle Animal Care and 

Ethics Committee (ACEC) under approval number: A-2013-327. Six to eight week-old female 

C57BL/6 mice (n=52) were obtained through the Animal Services Unit of The University of 

Newcastle. They were maintained in a specific pathogen-free area in the animal resources 

facility within individually ventilated cages. Mice were housed in groups of 4 within HEPA

filtered Techni-Plast Cages (1145 IVC) connected to a Techni-Plast Slim Line air handling 

system within a PC2 laboratory with a 12/12 hour light/dark cycle. Mice were fed ad libitun 

with mouse cubes/pellets manufactured by Specialty Feeds, WA, Australia. This standard mouse 

feed was formulated to be low in fat content (approximately 5%) and is meat free. The airflow in 

the room was 12 to 15 air changes per hour but the airflow in the IVC cages was at a rate of 70 

changes per hour. The mice were identified by tail markings with a permanent pen. All animal
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studies were conducted according to protocols approved by the Animal Ethics Committee. At the 

conclusion of the study or when animals reached a humane endpoint mice were euthanased by 

CO 2 asphyxiation.  

Methods 

Virus TCID50 assay 

[000164] Confluent monolayers of SK-Mel-28 cells in 96-well tissue culture plates were 

inoculated with 10-fold serial dilutions (100 pL/well in quadruplicate) of CVA21 and incubated 

at 37'C in a 5 % CO 2 environment for 72 h. The mouse serum was serially diluted 10-fold 

ranging from 1:102 to 1:108 in DMEM containing 2 % fetal calf serum (FCS). Wells were scored 

for cytopathic effects (CPE) visually under an inverted microscope. Wells that had detectable 

CPE were scored positive and the 50% viral endpoint titre was calculated using the Karber 

method (Dougherty 1964).  

Virus neutralisation assay 

[000165] To test for the presence of neutralising antibodies, heat inactivated mouse serum 

samples were first diluted in DMEM (2% FCS) 1:32 to 1:2048. One hundred microlitres of each 

serum dilution was incubated with 100 piL of CVA21 (100 TCID50 ) at 37'C for 1 hr. Fifty 

microlitres of this serum/virus mixture was then plated in triplicate on SK-Mel-28 cells in a 384

well fonnat. A +IgG (positive control) was obtained commercially through Commonwealth 

Serum Laboratories (Sandoglobulin NF Liquid, Batch number:4322800002). Wells were scored 

for the presence of virus neutralisation (lack of CPE) visually under an inverted microscope. The 

neutralising antibody titre was then calculated using the Karber method (Dougherty 1964).  

Immune-competent B16-ICAM-I mouse model of melanoma 

[000166] Fifty two female C57BL/6 mice (Animal Services Unit, The University of Newcastle, 

Australia) aged between six to eight weeks were housed in the same conditions as described 

above. The hind flanks of mice were shaved using electric clippers three days prior to the 

injection of tumour cells to allow sufficient recovery time. B16-ICAM-1 cells were harvested
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with trypsin, washed twice and resuspended in sterile PBS. The viability of the prepared cells 

was assessed by trypan blue staining and analysis with a TC- 10 Automated Cell Counter 

(Biorad, Hercules, California, USA), and only cell preparations with >95% viability were used 

for xenotransplantation. Prior to tumour transplantation, animals were anesthetized with 5% 

isoflurane. Tumours were inoculated intradermally with a single injection of 2x10 5 B16-ICAM-1 

cells in a volume of 50 tL of PBS in the hind flank of mice.  

[000167] The treatment groups and overview of the protocol used in Examples 1-3 is briefly as 

follows.  

[000168] In Example 1, animals were treated with either saline, CVA21 (1x10 8/injection) or 

UV-inactivated CVA21 (1xi 08/injection), in combination with the control antibody or the anti

PD-I antibody (12.5 mg/kg respectively). Treatment was initiated 12 days post tumour cell 

implantation with animals receiving the intratumoral treatment first (0.1 ml), followed by the 

intraperitoneal antibody (0.2 ml) immediately after. Mice were given four courses of therapy 

every 3 days, starting at day 12 and ending on day 21 post tumour inoculation. A summary of the 

treatment schedule used for Example I is shown in Figure 1.  

[000169] In Example 2 animals were treated with either saline or CVA21 (1x10 8 

TCID5 /injection), in combination with either the control antibody or the anti-PD-I antibody 

(12.5 mg/kg respectively). Treatment was initiated 6 days post tumor cell implantation with 

animals receiving the intratumoral treatment first (0.1 ml/mouse), followed by the intraperitoneal 

antibody (0.2 mI/mouse) immediately after. Mice were given four courses of therapy every 3 

days, starting at day 6 and ending on day 15 post tumor inoculation. Animals were given 

additional top-up injections of saline of CVA21 (1x 10 TCIDso/injection) at weekly intervals 

thereafter for a period of four weeks.A summary of the treatment schedule used for Example 2 is 

shown in Figure 8.  

[000170] In Example 3 animals were treated with either saline, CVA21 (1x10 8 

TCID5o/injection), in combination with the control antibody or the anti-CTLA-4 antibody (12.5 

mg/kg respectively). Treatment was initiated 7 days post tumor cell implantation with animals 

receiving the intratumoral treatment first (0.1 ml), followed by the intraperitoneal antibody (0.2 

ml) immediately after. Mice were given four treatments spaced 3 days apart, starting at day 10
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and ending on day 16 post tumor inoculation. A summary of the treatment schedule used for 

Example 3 is shown in Figure 12.  

[000171] In Example 4 mice were treated with either intravenous saline or intravenous CVA21 

(Ix 10 TCID5 0 [5.56x109 TCID5o/kg assuming a 18 g mouse]), in combination with either a 

murine anti-PD-I or anti-CTLA-4 or anti-PD-I + anti-CTLA-4 antibodies or a matched control 

antibody as described above (12.5 mg/kg) on days 7, 10, 13 and 16. Saline or CVA21 treatments 

were administered intravenously while the anti-CTLA-4, the anti-PD-I and control antibodies 

were administered intraperitoneally (n=12-14 per group). As will be understood by the skilled 

addressee intraperitoneal administration is an effective way of getting the antibody into the 

bloodstream and so provides an appropriate model for systemic administration.  

[000172] Tumours were measured twice a week and tumour volumes were estimated based on 

the volume of a spheroid V = -I /6 .a. b2 where "a" and "b" are the longest and shortest 

perpendicular diameters of the tumour respectively. Blood from all mice were collected on a 

weekly basis by venipuncture of the saphenous vein and centrifuged at 10,000 rpm for 5 min at 

room temperature to collect the serum. Serum samples were stored at -80'C until further testing.  

The animals were humanely euthanased by CO 2 asphyxiation when tumours became ulcerated or 

loss in body weight exceeded 10%, otherwise mice were sacrificed at endpoint of study (day 45 

in Example 1; day 66 in Example 2; day 77 in Example 3).  

[000173] Table 1: Immune-competent C57BL/6 mouse model: Mouse identification 

numbers and allocation of treatment groups
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Group I Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 

NTC Saline + Saline + UV UV CVA21 + CVA21 + 
Control anti-PD-1 CVA21 + CVA21 + Control anti-PD-1 

Ab Control anti-PD-1 Ab 
Ab 

1515 1519 1523 1551 1539 1531 1559 
1516 1520 1524 1552 1540 1532 1560 
1517 1521 1525 1553 1541 1533 1561 
1518 1522 1526 1554 1542 1534 1562 

- 1527 1 1535 1555 1547 1543 1563 
- 1528 1536 1556 1548 1544 1564 
- 1529_ 1537 1557 1549 1545 1565 
- 1530 1538 1558 1550 1546 1566 

Statistical analysis 

[000174] All data was analyzed and plotted using GraphPad Prism v6.0 (GraphPad Software 

Inc.). For analysis of animal data, GraphPad Prism v6.0 (GraphPad Software Inc.) was used to 

compare the difference in tumour volumes between treatment groups using the two-way 

ANOVA (with repeated measures) and Bonferroni post-tests. Comparison of survival curves was 

performed using the Log-rank (Mantel-Cox) test.  

Results 

In vivo assessment of combination oncolytic virotherapy and anti-PD-I immunotherapy in an 

immune-competent mouse model 

[000175] To assess whether the combination CVA21 and anti-PD-I therapy approach was 

effective in an immune-competent mouse model of melanoma, C57BL/6 mice were implanted 

with murine B16-ICAM-1 tumour cells (2 x10 5) intradermally on the hind flank. Tumours were 

allowed to establish before commencement of therapy at 12, 15, 18 and 21 days post tumour 

inoculation (see Figure 1). Saline or CVA21 was administered intratumourally at the indicated 

time points, while the control antibody or anti-PD- 1 antibody were administered 

intraperitoneally. Mice were monitored daily and weighed up to three times a week and tumour 

volumes measured by electronic calipers twice a week. Blood sampling from the saphenous vein 

was carried out at weekly intervals. The study was tenninated at day 45 post tumour inoculation.
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Body weights following treatment with either saline, CVA21 or UV-inactivated CVA21 in 

combination with anti-PD-I or control antibody.  

[000176] Animals were weighed up to three times a week and results recorded electronically 

using FileMaker Pro and a proprietary animal monitoring database for record keeping (Internal 

Ref: Experiment #53). Raw weights can be found in Tables 2 to 10. Weights were also 

transcribed to the animal monitoring checklist/records to meet the requirements of our 

institutional Animal Care and Ethics Committee. No statistically significant differences in the 

mean body weight were observed between the treatment groups and NTC mice at any time 

points (multiple t-tests corrected for multiple comparisons using the Holm-Sidak method) except 

for the UV-CVA21 + anti-PD- 1 group at day 31 (Prism 6 for Mac OS X Version 6.0c, GraphPad 

Software, La Jolla California USA, www.graphpad.com). Animals appeared to tolerate the 

CVA21 and anti-PD-I therapy well and there were no observable toxicities from the treatments.  

A total of 9 animals were euthanased due to tumour ulceration and/or greater than 10% body 

weight loss. The decrease in weight was in the majority of cases linked to tumour ulceration and 

associated tumour burden.  

[000177] Table 2: Immune-competent animal model: Individual mouse body weights of Group 1 

- No Tumour Control (NTC) mice.  

L _ Group 1 - NTC - Mouse no.  
Study Day 1515 1516 1517 1518 

-2 15.34 16.13 18.02 17.23 
0 15.6 16.86 17.65 17.45 
3 16.4 17.5 18.16 18.57 
5 16.99 17.921 18.07 18.21 
7 17.46 17.54 18.31 18.2 

10 17.4118.45 18.25 18.22 
12 17.97 18.11 19.29 18.4-7 
14 17.73 18.87 18.85 19.24 
17 17.95 19.18 19.54 18.52 
19 18.01 19.15 18.96 19.3 
21 18.94 19.15 19.4 20.18 
24 18.5 19.2 19.32 19.43 

26 119.81 20.07 19.95 19.59 
28 18.92 18.99 19.89 19.43 
31 19.68 19.64 20.05 19.62 
33 19.03 19.451 20.2 20.22
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35 20.21 20.12 20.06 20.85 
38 19.89 19.96 20.26 20.79 
40 20 20.83 20.78 21.04 
42 19.69 20.98 21.02 21.9 
45 19.98 20.95 20.68 22.32 

[000178] Table 3: Immune-competent animal model: Individual mouse body weights of Group 2 

- Saline + Control Ab treated mice.  

Group 2 -Saline + Control Ab - Mouse no.  
Study Day 1519 1520 1521 1522 1527 1528[1529 1530 

-2 17.44 17.31 17.24 16.41 15.79 17.94 16.52 15.79 
0 17.49 17.1 17.21 15.46 15.74 17.11 17.13 15.75 
3 17.59 17.6 16.96 16.391 15.73 17.77 16.31 15.85 
5 17.71 17.61 16.85 16.02 16.13 18.14 17.08 16.41 
7 18.37 18.11 17.76 16.23 16.88 18.19 17.15 16.76 

10 17.98 18.5 18.58 16.07 17.39 18.72 17.46 17.29 
12 19.2 19.14 18.63 17.01 17.36 18.62 17.54 16.9 
14 - 18.41 16.55 16.54 17.28 18.72 17.57 16.23 
17 - 18.82 - 16.75 18.06 18.97 18.13 
19 - 19.58 - 17.32 17.86 19.081 17.86 
21 - 19.31 - 17.4 17.22 19.54 18.73 
24 - 19.86 - 18.11 - 20.24 18.5 
26 - 19.92 - 18.791 - 20.4 19.84 
28 - 20.49 - 19.02 - 19.7 20.14 
31 - 20.69 - 19.4 - - 21.43 -
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[000179] Table 4: Immune-competent animal model: Individual mouse body weights of Group 3 

Saline + anti-PD-1 treated mice.  

Group 3 - Saline + anti-PD-1 - Mouse no.  

Study Day 1523 1524 1525 1526 1535 1536 1537 1538 
-2 16.03 17.41 16.25 16.95 17.18 15.65 15.25 17.14 
0 16.66 17.63 6.08 16.73 16.68 15.6 15.81 16.64 
3 16.77 17.8 16.78 16.96 16.85 15.64 15.93 16.88 
5 17.61 18.56 17.07 17.53 17.07 16.29 16.21 17.18 
7 18.08 18.37 17.32 17.34 17.89 16.64. 16.71 18.03 

10 18.33 19.48 17.58 17.49 17.92 16.75 17.53 18.12 
12 18.57 19.17 18.35 16.83 18.41 16.72 17.69 18.87 
14 18.68 19.55 17.61 14.06 - 16.97 16.25 18.17 
17 19.03 19.72 17.76 - - - - 19.43 
19 18.8 19.49 17.54 - - - - 19.951 
21 19.47 20.38 17.93 - - - - 20.22 
24 18.96 20.14 18.08 - - - - 20.31 
26 19.66 20.8 18.3 - - - - 20.34 
28 19.42 20.27 18.61 - - - - 20.6 
31 20.37 21.3 18.24 - - - - 20.65 
33 - 20.9 18.52 - - - - 21.37 
35 - 21.54 18.68 - - - - 21.58 
38 - 23.02 19.34 - - - - 22.4 
40 - 23.47 19.91 - - - - 23.12 
42 [20.3 - - - - -

45 - - F21.05 - - - --
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[000180] Table 5: Immune-competent animal model: Individual mouse body weights of Group 4 

- UV CVA21 + Control Ab treated mice.  

Group 4 - UV CVA21 + Control Ab - Mouse no.  
Study Day 1551 1552 1553 1554 1555 1556 1557 1558 

-2 16.05 14.82 16.43 15.56 16.09 14.88 15.62 16.9 
0 16.12 14.99 16.88 15.42 15.97 15.23 15.79 16.64 
3 16.66 15.45 17.32 16.07 15.92 15.67 16.36 17.01 
5 16.98 15.65 17.49 16.41 16.02 16.02 16.09 17.19 
7 17.2 16.35 18.22 16.63 16.6 16.2 [16.67 17.8 

10 18.09 15.18 18.26 17.48 16.4 15.231 16.62 17.78 
12 17.81 15.66 18.94 17.1 16.69 - - 18.2 
14 17.92 16.02 18.58 17.35 16.33 - - 17.74 
17 - 16.03 18.66 17.64 16.62 - - 17.27 
19 - 16.12 18.77T17.05 17.13 - - 18.41 
21 - 16.45 19.43 17.85 17.21 - - 18.7 
24 - 17.45 19.82 17.751 17.82 - - 19.41 
26 - 17.71 21.26 18.66 17.9 - - 19.89 
28 - 17.91 18.66 18.7 19.14 - - 18.77 
31 - 19.09 - 19.19 18.73 -
32 - 17.9 - - - - -

33 - - - 19.63120.53 - -

35 - - - - 20.88 - - -
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[000181] Table 6: Immune-competent animal model: Individual mouse body weights of Group 5 

- UV CVA21 + anti-PD-I treated mice.  

Group 5 - UV CVA21 + anti-PD-1 - Mouse no.  
Study Day 1539 1540 1541 1542 1547 1548 1549 1550 

-2 16.96 15.96 17.42 16.43 18.51 15.41 15.61 17.99 
0 17.05 15.9 17.15 16.45 17.39 15.82 15.34 17.34 
3 16.96 16.5 16.97 17 18.72 16.8 15.9 18.09 
5 17.53 17.06 17.38 17.14 18.18 16.88 15.51 17.87 
7 17.88 17.06 18.3 17.31 18.93 17.16 16.33 18.51 

10 18.24 17.97 18.19 17.61 18.37 17.951 16.38 18.17 
12 18.93 17.71 19.14 17.72 19.84 18.23j 16.47 18.58 
14 17.72 18.16 18.59 17.83 19.42 17.82 16.52 19.06 
17 - 17.65 19.03 17.68 19.57 18.48 16.93 18.78 
19 - 18.11 18.73 18.36 19.94 19.21 16.87 19.21 
21 - 18.33 18.78 18.11 19.93 19.1 17.16 19.97 
24 - 18.86 19.31 18.951 20.38 20.08 17.46 20.27 
26 - 19.49 20.44 18.62 21.02 19.42 18.15 21.5 
28 - 18.59 20.65 18.92 21.57 20.061 18.17 21.35 
31 - 18.95 22.04 18.64 21.66 19.93 - 22.79 
32 - 19.29 21.37 - - - -
33 - - - 18.81 23.07 20.78 - 23.53 
34 - - - - - 20.53 -
35 - - - 18.94 23.62 - -
38 - - -19.78
40 - - - 19.55 - - -

42 - - - 20.03 - - -

45 - - - 20.39 - - -

[000182] Table 7: Immune-competent animal model: Individual mouse body weights of Group 6 

- CVA21 + Control Antibody treated mice.  

Group 6 - CVA21 + Control Ab - Mouse no.  
Study Day 1531 1532 1533 1534 1543 1544 1545 1546 

-2 16.26 13.98 15.65 15.27 16.13 16.8 14.75 15.63 
0 16.7 14.05 15.87 15.48 16.34 16.19 14.59 15.77 
3 16.75 13.69 16.06 15.81 16.53 16.83 14.93 16.91 
5 16.93 14.14 16.73 16.17 17.25 17.14 15.4 16.51 
7 17.06 15.05 17.19 16.67 18.09 17.2 15.7 17.46 
10 16.85 14.75 17.32 16.81 18.21 17.98 15.76 16.48 
12 17.32 14.8 18.22 17.03 18.82 17.99 15.82 16.45 
14 16.88 14.69 17.19' 16.9118.47 17.52 16.13 
17 17.04 15.25 18.59 17.111 19.4 17.97 16.02 
19 17.35 15.51 18.39 17.38 19.31 17.91 16.79 -
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21 17.69 15.64 18.65 17.44 19.69 18.19 16.41 
24 17.84 14.33 18.96 18.12 19.74 18.72 17.54 
26 18.75 - - 17.571 21.15 19.61 17.64 
28 18.77 - - 19.91 20.33 18.27 
31 18.51 - - - - 18.19 18.44 
33 19.37 - - - - - 18.98 
35 19.97 - - - - - 20.35 
38 20.96 - - - - - 21.01 
40 21.68 - - - - - -

42 22.37 - - - - - -

45 24.67 - - -1- - -

[000183] Table 8: Immune-competent animal model: Individual mouse body weights of Group 7 

- CVA21 + anti-PD-I treated mice.  

Group 7 - CVA21 + anti-PD-I - Mouse no.  
Study Day 1559 1560 1561 1562 1563 1564 1565 1566 

-2 17.88 16.47 16.52 19.57 15.37 16.5 16.68 17.03 
0 18.02 16.59 16.73 19.24 16.45 16.46 16.19 16.47 
3 17.84 17.03 17.4 18.91 17.34 16.54 16.8 17.15 

S18.35 16.62 17.88 1 7.69 7.07 16.61 i6.68 
7 19.09 17.25 17.89 19.98 17.82 16.77 17.17 17.28 

10 19.63 17.6 18.53 20.61 19.05 17.59 17.06 17.66 
12 18.44 17.79 19.2 21.32 19.47 17.43 17.62 18.18 
14 18.39 17.45 19.16 20.23 19.12 17.37 17.57 17.88 
17 19.34 17.24 18.92 21.07 19.36 17.48 17.59 17.87 
19 19.32 17.7419.27 20.69 19.96 17.37 18.2 18. 11 
21 -19.8 17.54 19.54 21.251 20.54 17.38 17.58 18.13 
24 20.02 18.29 19.7 T20.76 20.28 17.76 18.79 18.23 
26 19.15 18.5 20.89 21.76 21 18.01 18.69 18.61 
27 18.25 - - - - - -

28 - 18.84 19.82 21.67 21.68 18.61 18.77 19 
31 - 19.44 21.06 22.94 21.92 18.56 18.7 18.81 
33 - 20.09 20.9 20.88 18.94 19.37 19.62 19.53 
35 - 18.62 21.82 - - 19.09 19.8 19.94 
36 - - - - - 16.21[ 
37 - 16.05 - - - - -

38 - - 22.15 - - - 20.67 20.77 
40 - - 24.17 - - - 19.03 21.68 
42 - - 24.15 - - - - 20.27 

5 - - 23.23 - - - - 19.96 

[000184] Tables 9, 10 and 11 are included in the Figures section of this document.
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Tumour volume data following treatment with either saline, CVA21 or UV-inactivated CVA21 

in combination with anti-PD-I or control antibody.  

[000185] Tumour volumes were measured twice a week using electronic vernier calipers. By day 

31, all saline + control antibody treated mice were euthanased due to progressive disease 

evidenced by tumour volume tumour ulceration. As shown in Figure 4, little anti-tumour activity 

was observed in the UV-CVA21 + control antibody treated tumours. By 35 days all tumour 

volumes had escalated reaching the maximal humane endpoint and required euthanasia. There 

was a high degree of variability in initial tumour starting volumes and the most appropriate 

control for active CVA21 + anti-PD- I was deemed the UV-CVA21 + anti-PD-I treated group 

rather than saline + anti-PD-I (3 animals required euthanasia prior to completion of therapy). A 

comparison of tumour volumes at day 24 between UV-CVA21 + anti-PD-I and CVA21 + anti

PD-I treatments revealed that there was a significant difference using a two-tailed t-test (p < 

0.0039). The significant reduction in tumours between mice in the live CVA21 + anti-PD-I 

group compared to the UV-inactivated CVA21 was most notable during the active phase of 

treatment and eventually the tumours relapsed in most groups.  

Viral clearance from immune-competent mice and increased levels of anti-CVA21 neutralising 

antibodies 

[000186] Infectious CVA21 was detected in the serum of virus treated animals approximately 45 

minutes post intratumoural injection of virus on day 12. The circulating virus in the blood was 

eliminated within the first week by day 19, despite additional treatments with CVA21 

intratumourally. Animals that were treated with live CVA21 produced the highest levels of 

CVA21 neutralising antibodies, reaching a maximum at day 26. Given these mice have a 

functional immune system, the clearance of CVA21 from the blood stream was not unexpected.  

Surprisingly, the administration of the anti-PD-I antibody appeared to enhance the anti-viral 

immune response, with these mice showing elevated levels of anti-CVA21 antibodies of greater 

than 1:228 neutralising units, lasting up until day 45. This may be a result of the action of the 

anti-PD-I antibody allowing greater degree of viral replication and subsequent production of 

anti-viral antibodies. This finding raises the possibility that not only an enhanced level of anti

viral antibodies were produced but a higher level of specific anti-tumour antibodies were
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generated in this process, such anti-tumour antibodies may result in clinical benefit as a 

consequence of reducing tumour burden (antibody-dependent cellular cytotoxicity).  

Enhanced survival in mice treated with CVA21 in combination with anti-PD-I versus Saline and 

anti-PD-I 

[000187] CVA21 in combination with the anti-PD-I antibody demonstrated a statistically 

significant improvement in overall survival compared to the saline + Control antibody group (p = 

0.0 14 Log-rank [Mantel-Cox] test) (Figure 7E). Comparing the saline + anti-PD-I and saline + 

control antibody group, there was no statistically significant difference. This suggests that there 

was no difference between the control antibody and the anti-PD-I antibody on survival. When 

the saline + anti-PD-I survival curve was compared with the CVA21 + anti-PD-I treatment 

group there was no statistical difference (p = 0.4901 Log-rank [Mantel-Cox] test) (Figure 7B).  

This finding suggests that the main effect of survival was predominantly anti-PD-I based, 

however somewhat unexpectedly the comparison between UV-inactivated CVA21 and active 

CVA21 groups together with anti-PD-I revealed that live CVA21 gave an additional significant 

survival time advantage. Due to a high degree of starting tumour variability and early term 

sacrifice, stringent analysis of relative survival benefits were significantly challenged. However a 

notable survival benefit trend of live CVA21 + anti-PD-I treated group compared to the saline + 

anti-PD-I group was observed during the active treatment period.  

Discussion 

[000188] The results indicated that the use of live CVA21 in combination with the anti-PD-I 

antibody gave the best overall survival compared to the saline + control antibody treatment 

group. CVA21 in combination with the anti-PD-I antibody demonstrated a statistically 

significant improvement in overall survival compared to the saline + control antibody group (p = 

0.0 14 Log-rank [Mantel-Cox] test) (Figure 7E). Comparing the saline + anti-PD-I and saline + 

control antibody group, there was no statistically significant difference. This suggests that there 

was no difference between the control antibody and the anti-PD-I antibody on survival. When 

the saline + anti-PD-I survival curve was compared with the CVA21 + anti-PD-I treatment 

group there was no statistical difference (p = 0.4901 Log-rank [Mantel-Cox] test) (Figure 7B).  

This finding suggests that the main effect of survival was predominantly anti-PD-I based,
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however addition of CVA21 did not enhance it significantly compared to saline based on our 

limited group sizes. Interestingly the comparison between UV-inactivated CVA21 and active 

CVA21 groups together with anti-PD-I showed that live CVA21 gave an a slightly longer 

survival time and was statistically significant. This fits our hypothesis that actively replicating 

CVA21 and the lysis of tumour cells may stimulate anti-tumoural immunity more effectively in 

the presence of immunostimulatory anti-PD-I antibodies compared to inactivated viral particles.  

The survival of the UV-inactivated CVA21 + anti-PD-I antibody group was not statistically 

different to that of the UV-inactivated CVA21 + control antibody, or the CVA21 + control 

antibody group.  

[000189] An important finding of this study was that tumour bearing mice treated CVA21 + 

anti-PD-I showed an overall survival benefit that related to retardation of tumour growth and 

reduction in tumour ulceration. During the active phase of treatment, animals treated with the 

CVA21 + anti-PD- 1 antibody showed a slowing of disease progression vs control groups.  

Example 2: Oncolytic CVA21 virotherapy in combination with the 

immunostimulatory antibody anti-PD-1: tumor rechallenge study.  

[000190] This study was an extension of the work documented in Example 1, investigating the 

effectiveness of Coxsackievirus A21 (CVA2 1) oncolytic virotherapy in combination with the 

immunostimulatory antibody anti-PD-1 in a B16-ICAM-I murine model of malignant 

melanoma. A timeline representation of Example 2 is shown in Figure 8. As different to 

Example 1, the overall timeline of Example 2 was 66 days and included a "tumor re-challenge" 

as described in more detail below. Materials and methods used in Example 2 were otherwise 

generally as described in Example 1, although the mice used for Example 2 were aged between 

four to six weeks.  

[000191] Mice were implanted with BI6-ICAM-I tumors intradermally (2x10 5 cells) on the 

right hind flank and allowed to establish for 6 days before commencement of therapy. Mice were 

treated with either saline or CVA21 (Ix1Os TCID50 [5.56x10 9 TCID5 o/kg]), in combination with 

either a murine anti-PD-I antibody or a matched control antibody (12.5 mg/kg) on days 6, 9, 12 

and 15. Saline or CVA21 treatments were administered intratumorally while the anti-PD-I and 

control antibodies were administered intraperitoneally (n=12 per group). Additional top-up
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injections of saline or CVA21 (IxI08 TCID50 [5.56x109 TCID5o/kg]) were administered at 

weekly intervals thereafter for a period of four weeks. The primary B16-ICAM-1 melanoma 

tumors were monitored regularly every 2 to 3 days using digital calipers and tumor volumes 

calculated were based on the fonnula for a spheroid using the two longest perpendicular axes in 

the x/y plane of the tumor. Animals with tumors showing signs of ulceration, weight loss of > 

10% or tumor volumes greater than 2500 mm3 were euthanized.  

[000192] At day 31, the remaining animals were intradermally rechallenged with 1x10 5 B 16 

murine melanoma cells (that lacked the human-ICAM- I receptor) to determine whether mice 

had developed a robust anti-tumoral immune response following CVA21 virotherapy in 

combination anti-PD-I therapy. Of the 37 animals that were re-challenged, all animals 

eventually developed palpable tumors, however there was a trend indicating that the onset of 

B 16 tumor growth was delayed by CVA21 + anti-PD-I therapy of existing B I 6-ICAM- I tumors.  

[000193] Animals treated with CVA21 in combination with the anti-PD-I antibody showed a 

statistically significant extension in survival compared to animals in the saline + anti-PD-I 

antibody and saline + control antibody group (median survival of 60 vs 45 vs 28 days 

respectively) suggesting that CVA21 + anti-PD-I may be beneficial in a clinical setting. The use 

of CVA21 + anti-PD-I was found to be well tolerated in this immunocompetent mouse model of 

melanoma with no adverse events relating to the agents tested.  

Body weights following treatment with either saline or CVA21 in combination with anti-PD-1 or 

control antibody.  

[000194] Body weights of individual animals were collected and analysed as described in 

Example 1. No statistically significant differences in the mean body weight were observed 

between the treatment groups and NTC mice at any time points (results not shown; multiple t

tests corrected for multiple comparisons using the Holm-Sidak method) [Prism 6 for Mac OS X 

Version 6.0c, GraphPad Software, La Jolla California USA, www.graphpad.com]. Animals 

appeared to tolerate the CVA21 and anti-PD-I therapy well and there were no observable 

toxicities from the treatments. The decrease in weight was in the majority of cases linked to 

tumor ulceration and associated tumor burden.
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Tumor volumes of primary B I 6-ICAM- I nodules.  

[000195] Tumor volumes were measured three times a week using electronic vernier calipers.  

By day 42, all saline + control antibody treated mice were euthanized due to progressive disease 

evidenced by tumor volume tumor ulceration. As shown in Figure 9, little anti-tumor activity 

was observed in the saline + control antibody treated tumors. All tumor volumes had escalated 

reaching the maximal humane endpoint and required euthanasia. The CVA21 + anti-PD-I 

treatment group showed the best responses with a notable delay in tumor onset and only six 

animals showing signs of primary tumor growth towards the latter half of the study.  

Tumor volumes of secondary B 16 nodules.  

[000196] To establish whether a robust anti-tumoral immune response had developed following 

CVA21 therapy in combination with anti-PD-1 treatment, mice were rechallenged with B 16 

murine melanoma cells. B16 cells lack the human ICAM-1 receptor and are therefore resistant to 

CVA21 therapy. These cells are antigenically similar to the B 16 cells used to generate the B 16

ICAM- 1 cell line and were used to identify the presence of anti-tumoral immune responses that 

may have resulted following oncolysis of the primary tumor. As seen in Figure 10, B16 tumors 

eventually developed in all of the mice rechallenged with B16 cells, however at day 45 the 

average tumor volume of the saline + control antibody group was statistically larger than the 

saline + anti-PD- 1, CVA21 + control antibody and CVA21 + anti-PD-I antibody groups (Two

way ANOVA).  

Enhanced survival in mice treated with CVA21 in combination with anti-PD-I versus Saline and 

anti-PD-1.  

[000197] CVA21 in combination with the anti-PD-I antibody demonstrated a statistically 

significant improvement in overall survival compared to the saline + Control antibody group (p < 

0.000 1 Logrank [Mantel-Cox] test) (Figure 11). Comparing the CVA21 + control antibody and 

the saline + control antibody group, there was no statistically significant difference. When the 

saline + anti-PD- 1 survival curve was compared with the CVA21 + anti-PD-I treatment group 

there was a statistical difference (p = 0.0026 Log-rank [Mantel-Cox] test) (Figure 11). This 

finding suggests that CVA21 used in combination with the anti-PD-I antibody gave a significant
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survival advantage (median survival of 45 vs 60 days for saline + anti-PD-1 and CVA21 + anti

PD-I respectively).  

Discussion 

[000198] The Example 2 results indicated that the use of CVA21 in combination with the anti

PD-I antibody improved the overall survival of tumor bearing mice compared to animals 

receiving the saline + anti-PD- 1 antibody treatment group. CVA21 in combination with the anti

PD-I antibody demonstrated a statistically significant improvement in overall survival compared 

to the saline + control antibody group (p < 0.000 1 Log-rank [Mantel-Cox] test) (Figure 11). The 

treatment regime of CVA21 in combination with the anti-PD-I was well tolerated with no 

adverse events attributed to the test articles. The main finding of this study was that tumor 

bearing mice treated CVA21 + anti-PD-1 showed an overall survival benefit that related to 

retardation of tumor growth. Animals treated with the CVA21 + anti-PD-I antibody showed a 

slowing of disease progression vs control groups and were more resistant to rechallenge with a 

secondary B 16 tumor.  

Example 3: Oncolytic CVA21 virotherapy in combination with the 

immunostimulatory antibody anti-CTLA-4: tumor rechallenge study.  

[000199] This study investigates the effectiveness of Coxsackievirus A21 (CVA2 1) oncolytic 

virotherapy in combination with the immunostimulatory antibody anti-CTLA-4 in a B16-ICAM

1 murine model of malignant melanoma.  

[000200] Mice were implanted with B16-ICAM-1 tumors intradermnally (2x10 5 cells) on the 

right hind flank and allowed to establish for seven days before commencement of therapy. Mice 

were treated with either saline or CVA21 (1x10 8 TCID50 [5.56x109 TCID5o/kg assuming a 18 g 

mouse]), in combination with either a murine anti-CTLA-4 antibody or a matched control 

antibody (12.5 mg/kg) on days 7, 10, 13 and 16. Saline or CVA21 treatments were administered 

intratumorally while the anti-CTLA-4 and control antibodies were administered intraperitoneally 

(n= 12 per group). The primary B I 6-ICAM- I melanoma tumors were monitored regularly every 

2 to 3 days using digital calipers and tumor volumes calculated based on the formula for a 

spheroid using the two longest perpendicular axes in the x/y plane of the tumor. Animals with
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tumors showing signs of ulceration, weight loss of > 10% or tumor volumes greater than 2500 

mm3 were euthanased. CVA21 + anti-CTLA-4 therapy in B I 6-ICAM- I tumor bearing mice 

resulted in durable tumor regression compared to all other treatment groups.  

[000201] At day 37, the remaining animals were intradermally rechallenged with 2x10 5 B16 

murine melanoma cells (that lacked the human-ICAM- I receptor) to determine whether mice 

had developed a robust anti-tumoral immune response following CVA21 virotherapy in 

combination with anti-CTLA-4 therapy. Of the 34 animals that were rechallenged, all but six 

animals eventually developed palpable tumors (two saline + anti-CTLA-4 and four CVA21 + 

anti-CTLA-4 mice remained tumor free).  

[000202] Animals treated with CVA21 in combination with the anti-CTLA-4 antibody showed a 

statistically significant extension in survival compared to animals in the saline + control antibody 

group (median survival of 72 vs 39 days) as did single agent CVA21 and anti-CTLA-4 antibody 

alone. While there was no significant difference between CVA21 + anti-CTLA-4 vs single agent 

anti-CTLA-4, combination CVA21 + anti-CTLA-4 gave improved survival vs CVA21 alone 

(median survival of 72 vs 56.5 days) suggesting that this combination may be beneficial in a 

clinical setting. The use of CVA21 + anti-CTLA-4 was found to be well tolerated in this 

immunocompetent mouse model of melanoma with no adverse events relating to the agents 

tested.  

Body weights following treatment with either saline or CVA21 in combination with anti-CTLA

4 or control antibody.  

[000203] Body weights of individual animals were collected and analysed as described in 

Example 1. No statistically significant differences in the mean body weight were observed 

between the treatment groups and NTC mice at any time points (results not shown; multiple t

tests corrected for multiple comparisons using the Holm-Sidak method) [Prism 6 for Mac OS X 

Version 6.0c, GraphPad Software, La Jolla California USA, www.graphpad.com]. Animals 

appeared to tolerate the CVA21 and anti-CTLA-4 therapy well and there were no observable 

toxicities from the treatments. The decrease in weight was in the majority of cases linked to 

tumor ulceration and associated tumor burden.
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Tumor volumes of primary B I 6-ICAM- I nodules.  

[000204] Tumor volumes were measured twice a week using electronic vernier calipers. By day 

45, all saline + control antibody treated mice were euthanased due to progressive disease 

evidenced by tumor volume and tumor ulceration. As shown in Figure 13, little anti-tumor 

activity was observed in the saline + control antibody treated tumors. All tumor volumes had 

escalated reaching the maximal humane endpoint and required euthanasia. The CVA21 + anti

CTLA-4 treatment group showed the best responses with a notable delay in tumor onset and no 

animals showing signs of primary tumor growth during the latter half of the study. Complete 

tumor regression followed by a durable response was observed in 60% of animals treated with 

either monotherapies. More interestingly, all animals treated with CVA21 + anti-CTLA-4 

combination therapy demonstrated complete rejection against the primary tumor.  

Tumor volumes of secondary B 16 nodules.  

[000205] To establish whether a robust anti-tumoral immune response had developed following 

CVA21 therapy in combination with anti-CTLA-4 treatment, mice were rechallenged with B 16 

murine melanoma cells. B 16 cells lack the human ICAM- I receptor and are therefore resistant to 

CVA21 therapy. These cells are antigenically similar to the B 16 cells used to generate the B 16

ICAM- I cell line and were used to identify the presence of anti-tumoral immune responses that 

may have resulted following oncolysis of the primary tumor. At day 77, animals treated with the 

anti-CTLA-4 + CVA21 combination therapy demonstrated 40% protection against tumor 

rechallenge compared with 25% protection in the animals treated with single agent anti-CTLA-4 

antibody (Figure 14).  

Enhanced survival in mice treated with CVA21 in combination with anti-CTLA-4 versus Saline 

and anti-CTLA-4.  

[000206] Overall survival of animals on study. When compared against saline treated animals, 

all treatment groups significantly extend the overall survival of the animals. Single agent anti

CTLA-4 (p = 0.0068), single agent CVA21 (p = 0.0067) and CVA21 + anti- CTLA-4 + CVA21 

(p = <0.000 1). CVA21 in combination with the anti-CTLA-4 antibody demonstrated a 

statistically significant improvement in overall survival compared to the saline + Control
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antibody group (p < 0.0001 Log-rank [Mantel-Cox] test) (Figure 15). Comparing the CVA21 + 

control antibody and the saline + control antibody group, there was no statistically significant 

difference. When the saline + anti-CTLA-4 survival curve was compared with the CVA21 + 

anti-CTLA-4 treatment group there was a statistical difference (p = 0.0026 Log-rank [Mantel

Cox] test) (Figure 15). This finding suggests that CVA21 used in combination with the anti

CTLA-4 antibody gave a significant survival advantage (median survival of 45 vs 60 days for 

saline + anti-CTLA-4 and CVA21 + anti-CTLA-4 respectively). Median survival of animals on 

study is shown in Figure 15(B). Animals receiving the combination therapy of CVA21 + anti

CTLA-4 had the longest median survival (72 days).  

Discussion 

[000207] The Example 3 results indicated that the use of CVA21 in combination with the anti

CTLA-4 antibody improved the overall survival of tumor bearing mice compared to animals 

receiving the CVA21 + control antibody treatment group. All CVA21 + anti-CTLA-4 treated 

B 6-ICAM- I tumors had regressed by day 77. CVA21 in combination with the anti-CTLA-4 

antibody demonstrated a statistically significant improvement in overall survival compared to the 

saline + control antibody group (p < 0.0001 Log-rank [Mantel-Cox] test) (Figure 15). By day 45 

all saline + control antibody treated mice were euthanased due to tumor progression and/or 

ulceration. The treatment regime of CVA21 in combination with the anti-CTLA-4 was well 

tolerated with no obvious adverse events attributed to the test articles.  

[000208] The main finding of this study presented in Example 3 was that tumor bearing mice 

treated CVA21 + anti-CTLA-4 showed an overall survival benefit that related to retardation of 

B16-ICAM-1 tumor growth. Animals treated with the CVA21 + anti-CTLA-4 antibody showed 

an inhibition of disease progression vs control groups and were more resistant to rechallenge 

with a secondary B 16 tumor compared to single agent treated groups.  

Example 4: Intravenous oncolytic CVA21 virotherapy in combination with the 

immunostimulatory antibody anti-PD-1, anti-CTLA-4 and anti-PD-1+anti CTLA-4 

tumor study.
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[000209] This study investigates the effectiveness of Coxsackievirus A21 (CVA2 1) oncolytic 

virotherapy in combination with the immunostimulatory antibodies anti-PD-1, anti-CTLA-4 and 

anti-PD-I+anti CTLA-4 in a B16-ICAM-I murine model of malignant melanoma.  

[000210] Mice were implanted with B16-ICAM-1 tumors intradermally (2x10 5 cells) on the 

right hind flank and allowed to establish for seven days before commencement of therapy. Mice 

were treated with either intravenous saline or intravenous CVA21 (Ix10 8 TCID50 [5.56x109 

TCID5o/kg assuming a 18 g mouse]), in combination with either a murine anti-PD-1 or anti

CTLA-4 or anti-PD-I + anti-CTLA-4 antibodies or a matched control antibody (12.5 mg/kg) on 

days 7, 10, 13 and 16. Saline or CVA21 treatments were administered intravenously while the 

anti-CTLA-4 and control antibodies were administered intraperitoneally (n=12-14 per group).  

The primary B 16-ICAM- I melanoma tumors were monitored regularly every 2 to 3 days using 

digital calipers and tumor volumes calculated based on the formula for a spheroid using the two 

longest perpendicular axes in the x/y plane of the tumor. Animals with tumors showing signs of 

ulceration, weight loss of > 10% or tumor volumes greater than 2500 mm3 were euthanased.  

Tumor volumes of primary B I 6-ICAM- 1 nodules.  

[000211] Tumor volumes were measured twice a week using electronic vernier calipers. As 

shown in Figure 16A, at study day 27 little anti-tumor activity was observed in the saline + 

control antibody treated tumors. All single agent groups (CVA21, anti-PD-I and anti-CTLA-4) 

displayed significant tumor reductions compared to the saline group. All combination treatment 

groups exhibited tumor reductions compared to the saline group but in general with greater 

significance levels with respect to the single agent treatments. In Figure 16B analysis of mean 

tumor volumes throughout the entire study time course again indicated significant tumor 

reductions in both single agent and combination groups compared to the saline control animals.  

A notable trend was identified with the combination of anti-PD-I and CVA21 displayed reduced 

tumor development kinetics compared to single agent CVA21 or anti-PD-I treatment alone.  

Individual spider plots of tumor development are displayed in Figure 16C. The data indicate 

significant reduction in the incidence of papable tumor development in all treatment groups 

compared to the saline control group. Of particular note is the reduction of tumor incidence in 

both anti-PD-I and anti-CTLA-4 when combined with intravenous CVA21 administration 

compared to the presence of detectable tumors in the single agent anti-PD-I or anti-CTLA-4
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treated animals. More surprising, is the observation that all animals treated with CVA21 + anti

PD-I + anti-CTLA-4 combination therapy demonstrated complete rejection against the primary 

tumor development at study day 27.  

Example 5: Systemic effect of CVA21 intra-tumoral injection on distant tumours 

[000212] Following intratumoural (i.t) injection, CVA21 preferentially infects ICAM-1 

expressing tumour cells, resulting in tumour cell lysis and a systemic immune-mediated anti

tumour response. A Phase 1I trial of i.t delivered CVA21 in advanced melanoma patients has 

highlighted antitumour activity in both injected and distant non-injected lesions (Figure 17).  

[000213] The CALM study (CAVATAK\" in Late stage Melanoma) investigated the efficacy 

and safety of intratumoral administration of CVA21 in 57 patients with treated or untreated 

unresectable Stage IIIC-IVMIc melanoma. Each patient received CVA21 up to a total dose of 3 

x108" TCID50 (about 4.5 x 106 TCID5o/kg for a 70 kg patient) in a maximum volume of 4.0 mL 

by i.t. administration on Days 1, 3, 5, 8, 22, 43, 64 and at further 3-weekly intervals (up to a 

maximum of 10 sets of injections) until confirmed disease progression or development of 

excessive toxicity. At each scheduled injection visit, if possible, multiple lesions were injected 

in a dose hyper-fraction pattern, starting with the largest lesion(s) (2.0 mL of CVA21 injected 

into tumors > 2.5 cm, 1.0 mL of CVA21 into 1.5 to 2.5 cm; 0.5 mL of CVA21 into 0.5 to 1.5 

cm) to a 4.0 mL maximum, using ultrasound guidance if necessary. The length of each tumor to 

be injected is measured and the volume of CVA21 to be injected into each tumor determined.  

The sum of these volumes is the total volume of CVA21 required for the administration. The 

maximum volume of CVA21 to be administered is 4.0 mL. Following initial injection with 

CVA21, any injected lesion that reduces in diameter to < 0.5 cm was injected with 0.1 mL of 

CVA21 as per the stated treatment schedule until the lesion completely resolved. Patients 

displaying immune-related progression-free survival (irPFS) or better at 6 months were eligible 

for 9 additional series of injections. Key eligibility criteria were > 18 yrs old, ECOG 0-1, and at 

least I injectable cutaneous, sc, or nodal tumor >1.0cm The primary endpoint was to achieve > 9 

of 54 evaluable patients with irPFS at 6 months following treatment; secondary endpoints 

included 1-year survival and objective response rates. A 2-stage Simon's minimax design was 

employed. Thirty-five patients were treated in Stage I with a futility clause requiring the 

observation of 3 or more objective responses (complete or partial; CR or PR, respectively)
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assessed by modified Response Evaluation Criteria in Solid Tumours (RECIST 1.1; Eisenhauer, 

et al., 2009) criteria in these patients to progress to Stage 2. A further 22 patients were enrolled 

in Stage 2.  

[000214] The primary endpoint of the study was achieved with 21 of 57 (38.6%) evaluable 

patients displaying irPFS at 6 months with a median irPFS of 4.2 mos. The overall response rate 

(irRECIST) was 28.1% (16 of 57 evaluable patients) with a > 6 months durable response rate of 

19.3 % (11 of 57 patients). The median time to response was 2.8 months, and the 1-year survival 

rate 7 5 .4 % (43 of 57 patients). After a median follow-up of~-16.5 months, median duration of 

response in responders and median overall survival (OS) for all patients was not reached. The 

most common adverse events (AE's) were Grade 1 fatigue, chills, local injection site reactions 

and fever. No Grade 3 or 4 product-related AE's were observed.  

[000215] Antiturnour activity in both injected and distant non-injected lesions was evident in 

patients (Figure 17), the latter observation in particular being consistent with a systemic 

immune-mediated anti-tumour response. CVA21 mediated non-injected distant metatastic lesion 

activity was linked to a possible novel serum cytokine signature of elevated levels of serum I L-8 

and g-IFN indicating the generation of a potential active systemic anti-tumor immune response.  

[000216] Blockade of programmed death I (PD-1) and CTLA-4 in patients with metastatic 

melanoma has resulted in substantial tumour responses via a mechanism involving reversal of 

tumour induced T cell suppression. As demonstrated herein, the combination of CVA21 and PD

I or CTLA-4 blockade enhances antitumour responses, thereby offering improved clinical 

activity.  

Example 6 : Intravenous administered CVA21 induces tumor cell gene expression 

changes 

[000217] Balb-C SCID mice were implanted on the left flank with SK Mel 28 cells (day 0).  

Mice were administered either CVA21 or saline intravenously by injection into the tail vein (Day 

14). Mice were sacrificed at 3h, 6h, 24h and 72h post-treatment and the tumors excised for viral 

and cellular gene profiling. Upregulation of interferon-g inducible protein 10 (IP- 10) and PD-LI 

was observed in tumour cells from mice treated with CVA21 (Figure 19).



WO 2015/127501 PCT/AU2015/000111 

52 

[000218] Cells, culture conditions, and virus were generally as described in Example 1. Female 

SCID-BALB/c mice of 6-8 weeks of age were obtained from the ARC (Perth, Australia) and 

were housed under SPF conditions within the university animal holding facility. SK-Mel-28 cells 

were grown in DMEM containing 10% FCS. Cells were harvested and washed twice in sterile 

PBS. Cell viability was assessed by trypan blue staining as cellular viability >95% was required 

for xenotransplantation. Cells were resuspended in sterile PBS and kept on ice to maintain 

viability. Prior to xenotransplantation, mice were anaesthetised via isoflurane inhalation (4 

L/min, maintained at 2%). Mice were given a sub-cutaneous injection of 2x10 6 SK-Mel-28 cells 

into the hind flank. Mice were visually monitored daily and weighed every 3 to 4 days. Tumour 

development was monitored every 3 to 4 days by palpation. Tumours were measured using 

electronic callipers and estimates of tumour volume were as described above (Example 1).  

[000219] Once tumours were palpable (volume ~ 50 mm3 ), mice were anaesthetised with 

isoflurane (4 L/min, maintained at 2%) and administered Ix 107 TCID50 CVA21 or sterile PBS 

(total volume 100 [tL) via the retro-orbital route. Four mice from each tumour model, two of 

which had been treated with PBS and two of which had been treated with CVA21 were 

subsequently sacrificed via CO 2 asphyxiation at 3, 6, 24 and 72 h post-treatment. Blood was 

taken via cardiac puncture. Tumours were excised and stored in RNALater (QIAGEN) for RNA 

stabilisation at 4'C. Serum (at a starting dilution of 1:10-1:100) was assayed for the presence of 

infectious virus via the endpoint viral infectivity assay in triplicate, as follows.  

[000220] To determine the titre of CVA21 in infected samples, SK-Mel-28 cells were seeded in 

96-well plates and grown to 50-80% confluency in DMEM containing 2 % FCS. Cell monolayers 

were inoculated with 10-fold serial dilutions of purified CVA21 in triplicate or quadruplicate in 

DMEM containing 2 % FCS and incubated at 37 0 C in a 5% CO 2 environment for 72 h. Wells that 

exhibited CPE upon microscopic examination were scored as positive. Fifty percent infectious 

endpoint titres were calculated using the Karber method (Dougherty, 1964). Total RNA was 

extracted from xenograft tissue using an RNEasy Mini Kit (QIAGEN) according to the 

manufacturer's protocol. Viral RNA was extracted from serum using the Viral RNA Mini Kit 

(QIAGEN) according to the manufacturer's protocol.  

[000221] RNA extracted from tumour and serum samples was analysed to determine the levels 

of CVA21 RNA present using real-time quantitative RT-PCR. One step RT-PCR was carried out
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using the SuperScript III Platinum One-Step qRT-PCR Kit (Invitrogen). The primers and probe 

were specific for the VP3 region of the CVA21 (Kuykendall) genome and were designed using 

Primer Express 1.5 Software (Applied Biosystems, Foster City, CA). The sequence for the 

forward primer (KKVP3fwd) was 5'-GAGCTAAACCACCAACCAATCG-3' and the reverse 

primer (KKVP3rev) was 5'-CGGTGCAACCATGGAACAA-3'. The FAM labelled probe 

(KKVP3) used was 6FAMCACACACATCATCTGGGA-MGB. In a volume of 25 [tL, the 

reaction mixture comprised 1x SuperScript reaction mix, 500 nM forward primer, 500 nM 

reverse primer, 250 nM probe, 500 nM ROX, 0.5 [tL SuperScript III RT/Platinum Taq Mix and 5 

pL extracted RNA. RT-PCR reactions were carried out using the ABI Prism 7000 Sequence 

Detection System (Applied Biosystems). Cycling conditions were 30 min at 60'C, followed by 5 

min at 95'C and then 50 cycles of 15 sec at 95'C and 1 min at 60'C. Samples were quantitated 

against pre-validated CVA21 RNA standards of known concentration and results reported as 

equivalent TCID5s/nL for serum RNA or TCID 5o/mg for xenograft tissue RNA.  

[000222] cRNA was amplified and a biotin-dUTP label incorporated. Biotinylated cRNA 

samples obtained from SK-Mel-28 xenografts were hybridised to HumanRef-8 v2 Expression 

BeadChips (Illumina), representing > 22 000 transcripts, according to the manufacturer's 

protocol. Beadchip arrays were scanned using the BeadStation 500 System (Illumina).  

Microarray data were analysed using GeneSpring 7.0 software (Silicon Genetics, USA). Data 

sets were transformed by setting measurements < 0.01 to 0.01 and then further normalised per 

chip to a 50th percentile and per gene to a median. Within each xenograft model, data sets from 

each pair of mice obtained for each treatment (PBS and CVA2I) and time point (3, 6, 24 and 72 

h) were analysed as replicate-samples. Genes were filtered based on positive gene expression 

(signal intensity) in at least one of the replicate-samples.  

[000223] Intracellular viral replication is an attractive process to initiate a targeted disruption of 

the delicate balance of host immune system activities. In Figure 19, systemic delivery of CVA21 

to a human melanoma xenograft in a mouse model induced significant targeted viral replication 

as evidence by the increasing levels of CVA21 specific RNA within the tumor tissue throughout 

the duration of the study, starting in particular at 24h post-systemic administration via the retro

orbital route. Gene expression analysis at 3,6,24 and 72 hrs post-CVA21 revealed significant up

regulation of interferon responses gene within the tumor microenvironment, in particular the 

interferon inducible protein-10 (IP- 10), a chemokine secreted from cells exposed to IFN-g and
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which plays an important role in recruiting activated T-cells into sites of tissue inflammation. As 

IFN-g provided by activated T-cells is known to up-regulate immune checkpoint molecules, 

expression levels of the PD-LI gene were monitored. As illustrated in Figure 19, as CVA21 

replication peaked at 24-72 hrs post systemic administration, in parallel an accompanying 

increase IP- 10 and PD-Li expression, indicating IFN-g activity. Based on the immune agitation 

induced by targeted CVA21 replication in the melanoma tumor tissue, the inventors anticipate 

that this immune stimulating event may increase the anti-tumor activity of immune-checkpoint 

blockade when both agents are used in combination.  
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CLAIMS 

I. A method for the treatment of cancer in a subject, the method comprising delivering an 

oncolytic virus or oncolytic viral RNA via direct injection to a tumor or systemic administration 

to the subject in combination with the co-administration of an immuno-stimulatory agent via the 

systemic route to the subject.  

2. A method for the treatment of bladder cancer in a subject, the method comprising 

delivering an oncolytic virus or oncolytic viral RNA via direct injection to a tumor or systemic 

administration or intravesicular administration to the subject in combination with the co

administration of an immuno-stimulatory agent via the systemic route to the subject.  

3. The method of claim 1 or 2, wherein the oncolytic virus or oncolytic viral RNA is selected 

from the group consisting of Family Picornaviridae.  

4. The method of claim I or 2, wherein the oncolytic virus or oncolytic viral RNA selected 

from the group consisting of Family Picornaviridae virus that bind to intercellular adhesion 

molecule-I (ICAM-1) and/or decay-accelerating factor (DAF) on the surface of the tumour cell.  

5. The method of claim 1 or 2, wherein the oncolytic virus or oncolytic viral RNA is selected 

from the group consisting of genus enterovirus that bind to intercellular adhesion molecule-I 

(ICAM-1) and/or decay-accelerating factor (DAF) on the surface of the tumour cell.  

6. The method of claim I or 2, wherein the oncolytic virus or oncolytic viral RNA is selected 

from the group consisting of Group A Coxsackievirus that bind to intercellular adhesion 

molecule-I (ICAM-1) and/or decay-accelerating factor (DAF) on the surface of the tumour cell.  

7. The method of claim 1 or 2, wherein the oncolytic virus or oncolytic viral RNA is 

Coxsackievirus A2 1.  

8. The method of claim 1 or 2, wherein the immunostimulatory agent is selected from the 

group consisting of a agent that specifically binds to the surface expressed PD-1, PD-L1, PD-L2, 

CTLA-4 or OX-40.
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9. The method of claim I or 2, wherein the immunostimulatory agent is selected from the 

group consisting of a monoclonal antibody that specifically binds to the surface expressed PD- 1, 

PD-LI, PD-L2, CTLA-4 or OX-40.  

10. The method of claim 1 or 2, wherein delivering the oncolytic virus or oncolytic viral RNA 

via direct injection or systemic administration or intravesicular administration is prior to the 

administration of an immuno-stimulatory agent via the systemic route.  

11. The method of claim I or 2, wherein delivering the oncolytic virus or oncolytic viral RNA 

via direct injection or systemic administration or intravesicular administration is following the 

administration of an immuno-stimulatory agent via the systemic route to the subject.  

12. The method of claim 1 or 2, wherein the cancer or tumour is selected from the group 

consisting of prostate cancer, breast cancer, ovarian cancer, lymphoid cancer, leukemia, brain 

cancer, lung cancer, colorectal cancer, thyroid cancer, renal cancer, adrenal cancer, liver cancer, 

stomach cancer, intestinal cancer, bladder cancer, cancer of the kidney, multiple myeloma, non

small cell lung cancer (NSCLC), pancreatic cancer, glioblastoma and melanoma.  

13. The method of claim I or 2, wherein the cancer or tumour is melanoma.  

14. Use of oncolytic virus or oncolytic viral RNA for the manufacture of a medicament for the 

treatment of a subject having cancer, wherein said medicament is for use in combination with an 

immuno-stimulatory agent delivered via the systemic route to the subject, and wherein said 

medicament is for delivery via direct injection to the tumor or systemic administration to the 

subject.  

15. Use of oncolytic virus or oncolytic viral RNA for the manufacture of a medicament for the 

treatment of a subject having bladder cancer, wherein said medicament is for use in combination 

with an immuno-stimulatory agent delivered via the systemic route to the subject, and wherein 

said medicament is for delivery via direct injection to a tumor or systemic administration or 

intravesicular administration to the subject.
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16. The use according to claim 14 or 15, wherein the oncolytic virus or oncolytic viral RNA is 

for administration to the subject via direct injection to a tumour or systemic administration or 

intravesicular administration to the subject prior to the administration of an immuno-stimulatory 

agent via the systemic route to the mammal.  

17. The use according to claim 14 or 15, wherein the medicament comprising an oncolytic 

virus or oncolytic viral RNA is for administration to the subject via direct injection to a tumor or 

systemic administration or intravesicular administration to the subject following the 

administration of an immuno-stimulatory agent via the systemic route to the subject.  

18. An oncolytic virus or oncolytic viral RNA for use in treatment of a subject having cancer, 

wherein said use is in combination with an immuno-stimulatory agent, wherein in said use the 

oncolytic virus or oncolytic viral RNA is administered to said subject via direct injection to a 

tumor or systemic administration to the subject and said immuno-stimulatory agent is 

administered via the systemic route to the subject.  

19. An oncolytic virus or oncolytic viral RNA for use in treatment of a subject having bladder 

cancer, wherein said use is in combination with an immuno-stimulatory agent, wherein in said 

use the oncolytic virus or oncolytic viral RNA is administered to said subject via direct injection 

to a tumor or systemic administration or intravesicular administration to the subject and said 

immuno-stimulatory agent is administered via the systemic route to the subject.  

20. The oncolytic virus or oncolytic viral RNA for use according to claim 18 or 19, wherein 

the administration of said oncolytic virus or oncolytic viral RNA is prior to the administration of 

the immuno-stimulatory agent.  

21. The oncolytic virus or oncolytic viral RNA for use according to claim 18 or 19, wherein 

the administration of said oncolytic virus or oncolytic viral RNA is after the administration of the 

immuno-stimulatory agent.  

22. The method according to claim 1 or 2, wherein the subject is a human.
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