
A therapeutic cancer vaccine designed  

to treat EBV positive cancers 

Clinical trials of MVA-EBNA1/LMP2 
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Epstein Barr Virus 

 

Ubiquitous Gamma Herpesvirus 

 

>95% of adults infected, mostly asymptomatic 

but infection can cause Infectious Mononucleosis 

 

Infection persists for life in memory B cell pool 

 

 

 

 

 

  

 

 



EBV associated malignancies express particular EBV proteins. 
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The scale of the problem 

ca. 200,000 cases/year = 1-2% of all cancers worldwide 
 
 
 
 

Cohen et al. Sci Trans Med 2011 



EBV associated malignancies express particular EBV proteins. 
 

Targets for Immunotherapy ? 

EBNA1 
LMP2 
LMP1 
EBNA 2, EBNA-LP 
EBNA 3A, 3B, 3C 

Latency III 

Post Transplant 
Lymphoma Tumour 

EBV Latency 

EBV protein 

expression 

EBNA1 – contains many epitopes for CD4+ T cells 

LMP2 – contains several T cell epitopes for CD8+ T cells 
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EBV associated malignancies express particular EBV proteins. 
 

Targets for Immunotherapy ? 

EBV associated malignancies express particular EBV proteins. 
 

Targets for Immunotherapy ? 

50 patients treated with T-cells specific for  
EBV LMP2 (n=17) or LMP1 & LMP2 (n=33).  
 

28/29 high risk or multiple relapse patients  
in remission 3.1 years after CTL infusion. 
 

11 CR  2 PR  in 21 patients with relapsed or 
resistant disease.  

Icheva  J Clin Oncol 2013  31:39-48 

 

Bollard et al. J Clin Oncol 2014  32:798-808. 
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10 transplant recipients with PTLD treated  
with T-cells specific for EBNA1  
(isolated from the donor)  
 

7/10 clinical responses.  



Mortality, nasopharynx, both sexes, Globocan 2012 

How to treat 200,000 patients every year, many in developing nations? 



Mortality, nasopharynx, both sexes, Globocan 2012 

How to treat 200,000 patients every year, many in developing nations? 

 
            12,000 cases of NPC each year 
             4th most common cancer in men 
 
 
 



497 

LMP2 

1 93 325 641 

EBNA1 

EL 

1 

Fusion protein can stimulate both CD8 and CD4 T cells 

    (Taylor et al J. Virol 2004)  

MVA-EBNA1/LMP2 :  a therapeutic cancer vaccine 



Basic economic theory 

Vaccines are easy 
to administer 

cost 
per 

unit 

production 

 

Vaccines can be mass produced 
Single production run makes 1000s  
of doses 
 
Vaccines have low marginal cost 
Doubling the quantity of vaccine  
produced does not double the price.  

Technologies that can be mass  
produced and have low marginal cost  
benefit from economies of scale.  
  
 
 



Vaccines have tremendous economies of scale Basic economic theory 

Vaccines are easy 
to administer 

cost 
per 

unit 

production 

 

Vaccines can be mass produced 
Single production run makes 1000s  
of doses 
 
Vaccines have low marginal cost 
Doubling the quantity of vaccine  
produced does not double the price.  

Technologies that can be mass  
produced and have low marginal cost  
benefit from economies of scale.  
  
 
 



Vaccines have tremendous economies of scale Basic economic theory 

Vaccines are easy 
to administer 

cost 
per 

unit 

production 

 

Vaccines can be mass produced 
Single production run makes 1000s  
of doses 
 
Vaccines have low marginal cost 
Doubling the quantity of vaccine  
produced does not double the price.  

Technologies that can be mass  
produced and have low marginal cost  
benefit from economies of scale.  
  
 
 



Vaccines have tremendous economies of scale Basic economic theory 

Vaccines are easy 
to administer 

cost 
per 

unit 

production 

 

Vaccines can be mass produced 
Single production run makes 1000s  
of doses 
 
Vaccines have low marginal cost 
Doubling the quantity of vaccine  
produced does not double the price.  

Technologies that can be mass  
produced and have low marginal cost  
benefit from economies of scale.  
  
 
 

Viral tumour antigens are ‘ideal’ targets since:  
 
i) high avidity T-cell response that can be exploited.  
 
ii) Antigen expression limited solely to tumour. 
 
 



PARALLEL TRIALS IN UK AND CHINA 

Phase IA Trial (UK) 
• EBV+ cancer in remission or low volume 

stable recurrence 
• Safety, immunogenicity  
• 3+3 dose escalation vaccine  
• n=16/18 
• 3 cycles over 9 weeks 

Phase IA Trial (Hong Kong) 
• EBV+ NPC in remission or low volume 

stable recurrence 
• Safety, immunogenicity  
• 3+3 dose escalation vaccine 
• n=18 
• 3 cycles over 9 weeks 

2005 2006 2007 2008 2009 2010 2011 2012 

Phase IA Trial  

Phase IA trial  

2013 2014 2015 



OVERVIEW OF PHASE IA DESIGN 
 

EBV status of 
tumour 

Vaccination on Day 1 of each Cycle 

End of  

Treatment 

21 day cycle 

Follow-up at Week 11, 14,  
Months 6 & 12 

1 3 2 

Blood samples for T cell responses and EBV genomes 

• Dose range: 5x107,1x108, 2x108 3.3x108, 5x108 pfu 

• Safety, tolerability 

• Evidence of immunogenicity   





MVA-EBNA1/LMP2 is well tolerated in patients recently treated with chemo/radiotherapy 



MVA-EBNA1/LMP2 is well tolerated in patients recently treated with chemo/radiotherapy 



day1 day8 

CYCLE3 

day1 day8 

CYCLE2 

day1 day8 

CYCLE1 

SSC/FLY 
(LMP2) 
 

VLK 
(EBNA1) 

VFL 
(EBNA1) 
 

DMSO 
(-ve control) 

Week 10 Week 11 

CD8+ 
 

Pre 
vaccination 
 

Week 14 

Time (days) -14 0  21  28  49 56 77 84  106  8 

vaccination vaccination vaccination 

CD4+ 

Hong Kong Patient 6   Dose Level 2  (1x108 pfu X3) 

Vaccination stimulates multiple CD8+ and CD4+ T cell responses within an individual patient 

Hui, Taylor et al. 2013 Cancer Research 



Vaccination increases frequency of EBNA1- and LMP2-specific T-cells in NPC patients 

Hong Kong Patient 16 : Dose Level 5  (5x108 pfu X3) Hui, Taylor et al. 2013 Cancer Research 



Responses to vaccine – controls versus targets 

After 2 cycles 

After 3 cycles 
P<0.05 P<0.05 

Hui, Taylor et al. 2013 Cancer Research 



Summary of two Phase 1A trials in NPC patients (UK and Hong Kong) 

Every patient treated at dose level 3 or higher (n=14)  
had an increased EBNA1 and/or LMP2 T-cell response.  

EBNA1 T cell response LMP2 T cell response 

Hui, Taylor et al. 2013 Cancer Research 
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Vaccination increases size and quality of EBNA1- and LMP2-specific T cells 

      After Vaccination 
 

    increase in response size 
 

+ increase in polyfunctionality 
 

 
       

      After Vaccination 
 

   increase in response size 
 

+ increase in polyfunctionality 
 

 
       

Taylor et al. 2014 Clinical Cancer Research 
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      After Vaccination 
 

    increase in response size 
 

+ increase in polyfunctionality 
 

+ increased number of cells  
    co-expressing IL-2, IFNg, TNFa 

 
       

      After Vaccination 
 

   increase in response size 
 

+ increase in polyfunctionality 
 

+ increased number of  
    cytotoxic T cells (CD107a) 

 
       

Vaccination increases size and quality of EBNA1- and LMP2-specific T cells 

Taylor et al. 2014 Clinical Cancer Research 



Anti-cancer effectors are not terminally differentiated post vaccination 

Pre-
vaccination 

Post-
vaccination 

Taylor et al. 2014 Clinical Cancer Research 
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Vaccination elicits CD8 and CD4 T-cell responses to multiple epitopes in EBNA1 and LMP2 

• T-cell responses achieved in NPC patients of European or Chinese ethnicity. 
 
• T-cell responses restricted through wide range of HLA alleles: 
         including common European (A*02.01) and Chinese (A*02.03, A*02.6, A*11, A*24) alleles.  



Evidence of clinical response in a patient with low volume residual disease? 



Evidence of clinical response in a patient with low volume residual disease? 

• This patient’s EBNA1 and LMP2  T-cell response declined over time. 
 

• Some patients may require periodic re-vaccinations to maintain/boost immunity? 
   



PARALLEL TRIALS IN UK AND CHINA 

Phase II Trial (Hong Kong) 
• Persistent, recurrent or metastatic EBV+ NPC 
• Single arm phase II 
• 6 cycles over 18 weeks 
• n = 37; to discriminate between non progression 

rate of 50% (no benefit) and 70% (benefit) 

Phase IB Trial (UK) 
• EBV+ cancer in remission or low volume stable 

recurrence or no standard therapy. 
• Detailed immunogenicity 
• Characterise immune memory 
• Single arm Phase IB (n=18 NPC) 
• 4 cycles over 20 weeks 

Phase IA Trial (UK) 
• EBV+ cancer in remission or low volume 

stable recurrence 
• Safety, immunogenicity  
• 3+3 dose escalation vaccine  
• n=16/18 
• 3 cycles over 9 weeks 

Phase IA Trial (Hong Kong) 
• EBV+ NPC in remission or low volume 

stable recurrence 
• Safety, immunogenicity  
• 3+3 dose escalation vaccine 
• n=18 
• 3 cycles over 9 weeks 

2005 2006 2007 2008 2009 2010 2011 2012 

Phase IA Trial  

Phase IA trial  Phase II trial  

2013 

Phase IB 
Trial  

2014 2015 



OVERVIEW OF PHASE IB DESIGN 
 

21 day cycle 

1 3 2 

Blood samples for T cell responses and EBV genomes 

12 Weeks 

• Dose range: 5x108 pfu.  

• 4 vaccine cycles, 12 week interval between 3rd and 4th treatment. 

• Blood samples taken before, during and after vaccination (up to 1 year). 

• Measure EBV specific T cell responses (IFN-γ Elispot assay). 

• Measure changes in the competence of EBV-specific T cells across vaccination 

10 weeks 30 weeks 

4 



Development pathway 

Pre-clinical 
development 

Clinical  
utility 

Immunity 
against EBV 

EBV gene expression 
in cancer 

Vaccine 
design 

Safety 

Toxicity 

Dose 
finding 

Generate 
immune 

responses 

Scale, function, 
kinetics of immunity 

(Phase Ib) 

Signal of clinical 
benefit 

(Phase II) 
Phase III adjuvant 

trial 

Use with 
adoptive T cell 

therapy 

Combination with 
molecularly 

targeted therapy 

Investigate tumour 
micro-environment 



“An ounce of prevention is worth a pound of cure” 

What about prophylactic vaccination to prevent EBV infection occurring? 



Vaccinating against oncogenic viruses 
Human papilloma virus 
Nationwide vaccination programme in 
Australia for women aged 12-16 years 
between 2007-2009 

Figure adapted from: Brotherton (2011) Lancet Vol 377 
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High grade cervical abnormalities (women < 18 years) 

Vaccination 

Epstein Barr Virus 
Publication Formulation EBV negative 

individuals examined 
Protective effect? Follow 

up 

Gu 1995 
Dev Biol Stand 

gp220-340 
Live vaccinia 

9 infants vaccinated 
10 infants placebo 

20% of vaccinees but 100% of placebo 
seroconverted 

16 mo 

Moutschen 
2007 Vaccine 

gp350 
Sub-unit 

110 adults 
(no placebo) 

10% seroconverted 
1 report of IM 

7 mo 

Sokal 2007  
J Infect Dis 

gp350 
Sub-unit 

88 adults vaccinated 
90 adults placebo 

15% vaccinees 20% placebo seroconverted 
78% efficacy preventing IM 

18 mo 

The selected results emphasize seroconversion but protection from IM in healthy individuals who receive a vaccine 

(selected studies) 



Primary infection 

Strain X 

Strain Y 

Co-infection 

50% 

50% 

10 years later 

Serial-infection 

Strain X 

Strain Y 

50% 

49% 

Strain Z 1% 

Does natural immunity conferred by primary EBV infection protect against re-infection 

with other types or strains of EBV? 



Study cohort 

Mean follow up: 11 years 

n = 13 Donors who have had infectious mononucleosis 

= sample 
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www.FightingEBV.org 

Agent EBV: Helping the immune system fight cancer 
Please support our clinical trial developing  

a new treatment for cancer patients. 


