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The use of viruses as a cancer therapy is 
based on early observations in the mid-

1950’s, that some viruses could infect and kill 
leukemic peripheral blood cells in vitro. 



Viruses  
• Are nature's nanoparticles – a vast untapped bioresource.  
• More than 2400 viral species are known, with 

extraordinarily diverse morphologies and biochemical 
compositions. 

• Their diameters range from 20 to 500 nm, and their 
genomes from 3000 to 375 000 nucleotides.  
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Viruses  
Have: 

• single- or double-stranded RNA or DNA genomes  
• packaged into icosahedral or helical protein shells,  
• which are sometimes wrapped in a lipid envelope. 

                 

Russell SJ, Peng K-W. Viruses as anticancer drugs. TRENDS in Pharmacological Sciences, 2007 28 (7): 326-333 

The particle protects the viral genome, carries it from cell to cell in the 
infected host organism and transmits it from infected to uninfected hosts. 
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Viral invasion of the cell  



 
 

•The viral genome usurps the cellular biosynthetic 
machinery to manufacture progeny viruses  
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Viral invasion of the cell  



 
 

•The viral genome usurps the cellular biosynthetic 
machinery to manufacture progeny viruses  

•that spread to adjacent cells,  

•leading to a characteristic pattern of tissue 
destruction.  

Russell SJ, Peng K-W. Viruses as anticancer drugs TRENDS in Pharmacological Sciences, 2007 28 (7): 326-333 

Viral invasion of the cell  



• Provokes innate and adaptive immune responses (cellular and 
humoral), which combat the viral infection and protect the host from 
future exposures to the same virus.  
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• Provokes innate and adaptive immune responses (cellular and 
humoral), which combat the viral infection and protect the host from 
future exposures to the same virus.  
 

• From a pharmacological perspective, the viral genome can be seen 
as a new class of tissue-destructive drug, and the viral particle as a 
nanosized nucleic acid delivery vehicle. 

                 

Russell SJ, Peng K-W. Viruses as anticancer drugs TRENDS in Pharmacological Sciences, 2007 28 (7): 326-333 

Viruses  



Virus mediated tissue destruction 

• Provokes innate and adaptive immune responses (cellular and 
humoral), which combat the viral infection and protect the host from 
future exposures to the same virus.  
 

• From a pharmacological perspective, the viral genome can be seen 
as a new class of tissue-destructive drug, and the viral particle as a 
nanosized nucleic acid delivery vehicle. 
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Viruses  



Oncolytic viruses (OVs) 

• Viruses that selectively infect and kill cancer cells 
without damaging normal tissues.  
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Oncolytic viruses (OVs) 

• Viruses that selectively infect and kill cancer cells 
without damaging normal tissues.  

Russell SJ, Peng K-W. Viruses as anticancer drugs TRENDS in Pharmacological Sciences, 2007 28 (7): 326-333 

Represent a novel class of drugs in which native or modified 
viral vectors are used for the treatment of cancer.  



Mechanisms of tumor targeting 
by oncolytic viruses 

 
(a)Transcriptional targeting.  

An essential viral gene is placed 
under the control of a tumor-
specific promoter. 

                          
                              

                                    
                              
                          

                          
                              

                                    
                         

                           
                                      

                                    
                                
                       

Russell SJ, Peng K-W. Viruses as anticancer drugs TRENDS in Pharmacological Sciences, 2007 28 (7): 326-333 



Mechanisms of tumor targeting 
by oncolytic viruses 

 
(a)Transcriptional targeting.  

An essential viral gene is placed 
under the control of a tumor-
specific promoter. 

(b)Translational targeting. 
The virus is engineered (or 
adapted) to disable viral proteins 
that antagonize the cellular 
interferon (IFN) response 

                          
                              
                                    
                         

                           
                                      
                                    
                                
                       

Russell SJ, Peng K-W. Viruses as anticancer drugs TRENDS in Pharmacological Sciences, 2007 28 (7): 326-333 



Mechanisms of tumor targeting 
by oncolytic viruses 

 
(a)Transcriptional targeting.  

An essential viral gene is placed 
under the control of a tumor-
specific promoter. 

(b)Translational targeting. 
The virus is engineered (or 
adapted) to disable viral proteins 
that antagonize the cellular 
interferon (IFN) response 

(c)Pro-apoptotic targeting. 
The virus is engineered (or 
adapted) to disable viral proteins 
that prevent apoptosis.  

                           
                                      
                                    
                                
                       

Russell SJ, Peng K-W. Viruses as anticancer drugs TRENDS in Pharmacological Sciences, 2007 28 (7): 326-333 



Mechanisms of tumor targeting 
by oncolytic viruses 

 
(a)Transcriptional targeting.  

An essential viral gene is placed 
under the control of a tumor-
specific promoter. 

(b)Translational targeting. 
The virus is engineered (or 
adapted) to disable viral proteins 
that antagonize the cellular 
interferon (IFN) response 

(c)Pro-apoptotic targeting. 
The virus is engineered (or 
adapted) to disable viral proteins 
that prevent apoptosis.  

(d)Transductional targeting. 
The virus gains entry to its target 
cells through a receptor expressed 
more abundantly on tumor cells 
than on normal cells.  

Russell SJ, Peng K-W. Viruses as anticancer drugs TRENDS in Pharmacological Sciences, 2007 28 (7): 326-333 
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Oncolytic viruses (OVs) 
• Gene therapy aims to deliver and express therapeutic genes to cure or 

slow the progression of disease. 
• A major obstacle in the application of gene therapy has been the 

development of the vectors used to deliver heterologous DNA to the 
cell or tissue of choice. 

• At present, no vector system possesses the full complement of 
properties that are generally believed necessary in an ideal gene 
delivery system.  

• Therefore, alongside attempts to improve current gene delivery vectors, 
the identification and evaluation of new viral vectors is crucial for the 
long-term success of gene therapy.  



Selected oncolytic viruses with different mechanisms 
of tumor selectivity 

       Family  Genome (kb)  Structure  

•Adenoviridae  dsDNA 36–38  Non-enveloped  

•Herpesviridae  dsDNA 120–200  Enveloped  

•Parvoviridae  ssDNA 5  Non-enveloped 

•Poxviridae  dsDNA 130–280  Enveloped  

•Coronaviridae  +ssRNA 16–21  Enveloped  

•Orthomyxoviridae −ssRNA 13.6  Enveloped  

•Paramyxoviridae −ssRNA 16–20  Enveloped 

•Piconarviridae  +ssRNA 7.2–8.4  Non-enveloped  

•Reoviridae  dsRNA 22–27  Non-enveloped  

•Retroviridae  +ssRNA 8  Enveloped  

•Rhabdoviridae  −ssRNA 11–12  Enveloped  

•Togaviridae  +ssRNA 12  Enveloped  

                 



Oncolytic Adenoviruses  
• Kill cancer cells, by seizing control of their DNA replication machinery 

and utilizing it for the production of new virions, ultimately resulting 
in the rupture of the cell.  
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Oncolytic Adenoviruses  
• Kill cancer cells, by seizing control of their DNA replication machinery 

and utilizing it for the production of new virions, ultimately resulting 
in the rupture of the cell.  

• Human safety data in cancer trials has been excellent even when the 
dose of administered adenovirus has been high. 

•  Future approaches include modifications of the adenoviral genome 
that prime them to attack cancer stem cells specifically, utilizing 
linage-specific cell surface markers, dysfunctional stem cell signaling 
pathways or up-regulated oncogenic genes.  



Oncolytic Herpesviruses  
Large DNA viruses which possess a number of advantages as gene 
delivery vectors: 
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Oncolytic Herpesviruses  
Large DNA viruses which possess a number of advantages as gene 
delivery vectors: 
• Ability to package large DNA insertions and establish lifelong 

latent infections in which the genomic material exists as a stable 
episome.  

• Potential of capable of infecting a range of human cell lines with 
high efficiencies, and 

• Persistency  of the viral genome as high copy number, circular, 
non-integrated episomes which segregate to progeny following cell 
division.  

Calderwood MA, White RE, Whitehouse A. Development of herpesvirus-based episomally maintained gene delivery vectors. 
Expert Opin Biol Ther. 2004 Apr;4(4):493-505. 



Oncolytic Herpesviruses  
Gene Delivery Vectors in Cancer   
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Oncolytic Herpesviruses  
Gene Delivery Vectors in Cancer   

• The insertion of an artificial chromosome cassette into the 
HSV genome simplifies the incorporation of large amounts of 
heterologous DNA for gene delivery.  
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Oncolytic Herpesviruses  
Gene Delivery Vectors in Cancer   

• The insertion of an artificial chromosome cassette into the 
HSV genome simplifies the incorporation of large amounts of 
heterologous DNA for gene delivery.  

• These properties offer characteristics similar to an artificial 
chromosome combined with an efficient delivery system. 

Calderwood MA, White RE, Whitehouse A. Development of herpesvirus-based episomally maintained gene delivery vectors. 
Expert Opin Biol Ther. 2004 Apr;4(4):493-505. 



Hanahan D, and Weinberg RA. Cell 144, March 4, 2011 





Contemporary oncolytic virus therapy mediates tumor 
regression through two distinct mechanisms 

• Many viruses possess an innate tropism for cancer cells 
where they can preferentially replicate and kill established 
tumor cells.  
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Contemporary oncolytic virus therapy mediates tumor 
regression through two distinct mechanisms 

• Many viruses possess an innate tropism for cancer cells 
where they can preferentially replicate and kill established 
tumor cells.  

• The dying tumor cells can serve as a target for cross priming 
tumor-specific immune responses generating systemic anti-
tumor immunity. 

Most oncolytic viruses are given by direct injection into established tumors, 
several viruses can be delivered by the intravenous route avoiding the need for 

tumor localization and/or complex interventional administration strategies. 



JS1/34.5-/47-/Granuclocyte-Macrophage CSF 
(OncoVEXGM-CSF, BioVex, Woburn, MA) 

An immune-enhanced, oncolytic herpes simplex virus type 1 (HSV-1) strain 

engineered for: a) Replication in tumours and  

   b) Generate antitumour immune responses 



An oncolytic HSV-1 strain engineered for replication in tumours 
and generate antitumour immune responses 

Liu BL, et al. Gene Ther 2003;10:292–303;  
Kaufman HL, Bines SD. Future Oncol 2010;6:941–9.  

Modification Rationale 

HSV-1 strain, JS1 Improves tumour-cell lysis compared with other strains 

Deletion of ICP34.5 Allows virus replication in tumour cells 

Deletion of ICP47 
Prevents ICP47 from blocking antigen presentation  
(restores antitumour immune response) 

Early/increased US11 (as a 
result of ICP47 deletion) 

Increases replication of ICP34.5-deleted HSV-1 in 
tumour cells 

Insertion of hGM-CSF 
(2 copies replacing ICP34.5) 

Enhances antitumour immune response 



Proposed mechanism of action for talimogene laherparepvec 

Johnson DB, Puzanov I, Kelley C. Talimogene laherparepvec (T-VEC) for the treatment of advanced melanoma. Immunotherapy. 2015 Jul; 7(6): 611–619. 



JS1/34.5-/47-/Granuclocyte-Macrophage CSF 
Safety 

• Safety and antitumor activity, including the clearance of injected 
and uninjected tumors, has been demonstrated with JS1/34.5-
/47-/GM-CSF in animal studies. 

• Phase I investigation established safety and clinical activity of 
JS1/34.5-/47-/GM-CSF in patients with various tumor types, 
including melanoma. 
 



Primary objective:  
 

To assess clinical efficacy of JS1/34.5-/47-/GM-CSF in patients with unresectable stage 
IIIc and stage IV melanoma measured by overall tumor response rate and survival. 





The 26% response rate, with durability in both injected and 
uninjected lesions including visceral sites, together with the 
survival rates, are evidence of systemic effectiveness 



Liver CT: 
• at baseline (before) 
• at 3 months (during therapy) 
• at 6 months (dring therapy) 



Baseline and at 3 months CT images of: 
•The injection site in the left shoulder, 
•retroperitoneal lymph node, and 
•lungs. 
 

 
 
 
 
PET images at baseline and at 8 months  
Matched sites of lesions before 
(baseline) and after (follow-up) therapy. 



• CT images of the injection site 
in the axilla at baseline and at 
16 months. 

• PET/CT fusion images of the 
pancreas at baseline and at 12 
months. 

• PET images showing the lesions 
in the axilla, chest wall, 
pancreas, and left upper arm at 
baseline and at 12 months. 



Areas of cutaneous response: 
 
•At baseline,  
•at 6 weeks, and  
•at 4 months.  
 
 

By 4 months, lesions either had completely 
resolved or only flat, pigmented areas 
remained.  
Representative biopsies taken at 8 months 
demonstrated  no melanoma. 



(A) Survival curves for all patients enrolled and for 
those who achieved complete response (CR), 
partial response (PR), or surgical CR (sCR). 
 
 
 
 
 
 
 
 

(B) Survival curves by disease stage. 



Conclusion:  
… on the basis of the high frequency and durability of overall objective responses, the 
promising 1-year and overall survival rates of the patients enrolled, and the low toxicity 
and straightforward outpatient administration of the agent, the results of this phase II trial 
clearly justify that a randomized, controlled, phase III study is performed.  



Long-term follow-up of T-VEC single-arm Phase 2 study – 
Overall Survival 

Nemunaitis JJ, et al. SMR 2015:abstract (and poster).  
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T-VEC (N = 50) 
Median (95% Cl), months: 16.2 (10.9–not estimable) 

Number of 
years  K–M survival estimate, % (95% CI) 

1 57.4 (42.4–69.8) 
2 43.0 (28.4–56.7) 
5 43.0 (28.4–56.7) 
6 36.8 (20.8–53.0) 
7 36.8 (20.8–53.0) 
8 36.8 (20.8–53.0) 
9.5 36.8 (20.8–53.0) 



Long-term follow-up of T-VEC single-arm Phase 2 study – 
patients in the registry study 

8/23 alive patients were enrolled in the registry study 

Nemunaitis JJ, et al. SMR 2015:abstract (and poster).  

PD, progressive disease; SD, stable disease. 

Baseline 
age, years Sex Disease stage Prior therapy 

Treatment 
duration, 
months 

Best overall 
response on 

study 

Last status of 
response at end 

of study 
OS, 

months 

86 M IV M1a                   Surgery 6.77 PR        PR 69.6 

62 M IIIc                     
Dacarbazine, vincristine, 

cisplatin; interferon; lymph node dissection; 
temodar; surgery x 2 

0.03 PD PD 63.6 

74 F IV M1c                   Temodar; surgery x 2 7.16 CR CR 114.4 

82 M IV M1a                   
Interferon; surgeries (multiple); 

radiotherapy x 2; temodar 
5.82 CR            CR 66.6 

68 M IV M1a                   Temodar; surgery 2.56 CR CR 91.7 

58 M IV M1c                   
Surgery, radiation, interferon, 

GM-CSF, NY-ESO-1 vaccine 
19.65 PR PD 90.0 

63 F IV M1c                   Lymph node dissection 10.84 PR             PR 87.1 

79 F IV M1a                   
Imiquimod cream; GM-CSF;  

lymph node dissection; surgery 
20.30 SD SD 87.3 

 No subsequent anticancer therapy was reported in the registry study for the 8 enrolled patients 

 No long-term T-VEC treatment-related AEs were reported in the registry study for the 8 patients 





Study design and 
endpoints 

Randomisation stratification:  
 

1.Disease stage  
2.Prior non-adjuvant systemic treatment 
3.Site of disease at first recurrence 
4.Presence of liver metastases 

Patients enrolled between May 2009 and July 2011. 

Discontinuation of treatment because of progressive disease was not required before 24 weeks unless 
alternate therapy was clinically indicated.   

*Responses were determined using modified WHO criteria by a blinded EAC; 
†TTF was defined as time from baseline to first clinically relevant disease progression for  

which no objective response was subsequently achieved or until death. 
EAC, endpoint assessment committee;. 

2:1 
N = 436 

Intralesional T-VEC 
≤ 4 mL × 106 pfu/mL 
once, then after 3 

weeks, ≤ 4 mL × 108 
pfu/mL Q2W 

Subcutaneous  
GM-CSF 125 μg/m2 
daily × 14 days of 

every 28-day cycle 

Injectable, 
unresectable 
Stage IIIB–IV 
melanoma  

 

Primary endpoint 
•Durable response rate (DRR), defined 
as objective response (PR + CR) 
beginning within 12 months of 
initiating therapy and lasting 
continuously for  
≥ 6 months* 
 

Key secondary endpoints 
•OS 
•Best overall response* 
•Tumour burden 
•Onset and duration of response 
•Time to treatment failure (TTF)† 

Phase 3 OPTiM, OncoVEXGM-CSF Pivotal Trial 



Rehman et al. Journal for ImmunoTherapy of Cancer (2016) 4:53  
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Rehman et al. Journal for ImmunoTherapy of Cancer (2016) 4:53  

• T-VEC administered into cutaneous, SC or nodal lesions  
(± ultrasound guidance) 

• No injections of visceral lesions permitted 
• Limits on amount to be injected per lesion by size (see table) 
• No specific limits on numbers of lesions injected per visit 
• Precedence given to new lesions, then larger lesions 

 





Antitumour activity seen with T-VEC 

Andtbacka RHI, et al. J Clin Oncol 2015;33:2780–8.  

*Patients with > 150% increase in tumour dimensions. 
Waterfall plot of best response for all patients per investigator assessment. 
Response assessments per EAC were not available for all patients.  
EAC only reviewed the subset of patients with overall response per investigator or who received treatment for  9 months. 
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Durable response seen with T-VEC 

Kaufman H, et al. ECC 2013:abstract 3733 (and poster);  
Ross MI, et al. ASCO 2014:abstract 9026 (and poster); 
Andtbacka RHI, et al. J Clin Oncol 2015;33:2780–8. 

*The estimated probability was obtained using the Kaplan–Meier method;  
†Arrows indicate patients for whom duration of response was censored at last tumour assessment 

because there was no evidence (per EAC assessment) that their response had ended. 

 

 

 

 

 

 

 

 
• Majority of responders still in response at end of evaluation 

period 
• In ITT population, median (range) time to follow-up was:  

• 20.6 months (0.0–44.3) in the T-VEC arm 
• 18.5 months (0.0–43.0) in the GM-CSF arm 

 

Estimated probability* of 
being in response among 
all responders, % (95% CI) 

GM-CSF 
(n = 8) 

T-VEC 
(n = 78) 

For at least 3 months 46.9  
(12–76) 

86.7  
(77–93) 

For at least 6 months 46.9 
(12–76) 

80.6  
(69–88) 

For at least 9 months 46.9  
(12–76) 

68.0 
(55–78) 

For at least 12 months 46.9  
(12–76) 

65.0 
(51–76) 

Duration of longest response among responders (per EAC) 

15 12 9 6 3 0 6 3 9 12 15 

PR 
CR 

Best response 

Censored† 

18 

Duration of response (months) 
T-VEC GM-CSF 

 







Conclusion 
This randomized phase III study demonstrated that treatment with T-VEC, an oncolytic virus 
immunotherapy, improved DRR compared with GM-CSF in patients with unresected stage 
IIIB, IIIC, or IV melanoma. T-VEC treatment resulted in long-lasting CRs, suggesting T-VEC 
could delay or prevent relapses or preclude progression to later stages of disease.  
T-VEC represents a novel potential new treatment option for patients with injectable 
metastatic melanoma and limited visceral disease. 
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Overall summary of T-VEC  
• Is an oncolytic HSV-1 strain engineered to replicate in tumour cells and 

induce antitumour immune responses 

• Has both local oncolytic and systemic immune effects, and could act to 
enhance the cancer–immunity cycle 

• Is the first oncolytic immunotherapy to demonstrate a therapeutic 
benefit against melanoma in a well-controlled, randomised Phase 3 trial 

• Has now been approved for the treatment of adults with unresectable 
melanoma or distant metastatic (Stage IIIB, IIIC and IV M1a). 

 

 

 

 



Treatment of Melanoma  

There have been significant advances in the treatment of melanoma 
over the last five years: 
 

• Immunotherapy 
• Targeted therapy and  
• Oncolytic virus therapy 



T-VEC COMBINATION STUDIES 

• 20110264: Phase 1b T-VEC + ipilimumab2  
             
                               
                          

Puzanov I et al. ASCO 2015  

irRC = immune-relate response criteria; T-VEC = talimogene laherparepvec 

Long G V et al, SMR congress 2015, San Francisco, USA 



T-VEC COMBINATION STUDIES 

• 20110264: Phase 1b T-VEC + ipilimumab2  
– ORRirRC 50% 
– Durable Response Rate of 44%  
– Tolerable safety profile 

Puzanov I et al. ASCO 2015  

irRC = immune-relate response criteria; T-VEC = talimogene laherparepvec 

Long G V et al, SMR congress 2015, San Francisco, USA 



Proposed Mechanism of Action of T-VEC With PD-1 Inhibitor 
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MASTERKEY-265 Phase 1b Study Schema 

• Unresectable stage III or IV 
melanoma 

• Treatment naive 
• Injectable lesions 
• No clinically active brain 

mets 
• No active herpetic skin 

lesions or prior 
complications from 
herpetic infection 
 

N = 21 
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Preliminary Efficacy – Best Overall Response 
(Unconfirmed) 

• 16 patients had evaluable responses prior to data cutoffa 

 T-VEC + pembrolizumab 
N=16 

Response Rate 
(95% CI) 

9 (56.3%) 
(19.8%, 70.1%) 

Best response 
Complete Response 2 (12.5%) 

Partial Response 7 (43.8%) 

Stable Diseaseb 2 (12.5%) 

Progressive Disease 5 (31.3%) 

Disease control rate 
(95% CI) 

11 (68.8%) 
(11.0%, 58.7%) 

aAll 16 patients were followed at least 12 weeks from the first dose of pembrolizumab and must have 
had an evaluable response assessment 

bStable disease must be > 77 days to be considered evaluable 89 

Long G V et al, SMR 
congress 2015, San 
Francisco, USA 



MASTERKEY-265 Phase 3 Study Design 

N = 660 

1:1 

N = 330 

N = 330 

Pembrolizumab 200mg IV Q3W 
T-VEC Intralesional 

Pembrolizumab 200mg IV Q3W 
T-VEC placebo Intralesional 

Primary Endpoints: PFS and OS 

R 

T-VEC: talimogene laherparepvec 90 NCT02263508 

• Unresectable stage III or 
IV melanoma 

• Treatment naive 
– Prior BRAFi allowed 

• Injectable lesions 

Long G V et al, SMR congress 2015, San Francisco, USA 



• The development of oncolytic viruses has led to an emerging new 
class of cancer therapeutics. 

• Specificity for neoplastic tissue is the key to safety, and this goal can 
be achieved through a variety of ingenious virus-engineering 
strategies. 

• When used as drugs, they must meet stringent criteria for safety and 
efficacy and be amenable to pharmacological study in human 
subjects.  

CONCLUSIONS 
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CONCLUSIONS 
• T-VEC is another immunotherapeutic strategy available for the 

treatment of advanced melanoma. 

• T-VEC can be considered in patients with accessible lesions for 
injection by clinical palpation or ultrasound guided injection and are 
not surgical candidates.  

• The integration of T-VEC into the clinic need healthcare provider 
education, universal precautions, special storage and handling 
procedures. 

• Further studies of T-VEC combinations, most notably with T cell 
checkpoint inhibitors, will be especially interesting.  
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