Clinical trials of MVA-EBNA1/LMP2

A therapeutic cancer vaccine designed
to treat EBV positive cancers
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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.

Targets for Immunotherapy ?
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EBV associated malignancies express particular EBV proteins.

Targets for Immunotherapy ?

Post Transplant
Tumour Lymphoma
EBV Latency Latency Il
EBNA1
. LMP2
EBV protein LMP1
expression EBNA 2, EBNA-LP
EBNA 3A, 3B, 3C

Lancet 1995; 345: 9-13

Use of gene-modified virus-specific T lymphocytes to control
Epstein-Barr-virus-related lymphoproliferation

Cliona M Rooney, Colton A Smith, Catherine Y C Ng, Susan Loftin, Congfen Li, Robert A Krance, Malcolm K Brenner,
Helen E Heslop



EBV associated malignancies express particular EBV proteins.

Targets for Immunotherapy ?
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The scale of the problem

Table 1. EBV by the numbers. Estimated new cases of EBV-associated cancers worldwide per
year (9, 10).

Cancer Number of cases Number of cases attributable to EBV

Burkitt lymphoma

Developed countries 400 100
Less-developed countries 7800 6600
Gastric carcinoma 933,900 84,050
Hodgkin lymphoma 62,400 28,600
Nasopharyngeal carcinoma 80,000 78,100

Total 197,450

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 ?

Post Transplant Nasopharyngeal Burkitt’ s
Tumour Lymphoma Carcinoma (HL & GCa) Lymphoma
EBV Latency Latency |l Latency | Latency |
EBNA1 EBNA1 EBNA1
EBV . LMP2 LMP2
protein LMP1 (LMP1)
expression

EBNA 2, EBNA-LP
EBNA 3A, 3B, 3C

EBNAL — contains many epitopes for CD4+ T cells
LMP2 — contains several T cell epitopes for CD8+ T cells



EBV associated malignancies express particular EBV proteins.

Targets for Immunotherapy ?

Sustained Complete Responses in Patients With Lymphoma
Receiving Autologous Cytotoxic T Lymphocytes Targeting
Epstein-Barr Virus Latent Membrane Proteins

Catherine M. Bellard, Steplen Gottschalk, Vicoky Tormanro, Ouwoner DNof, Steplarie Kn, Yasneir Hazrar,
Lreorge Carrmny, Carlos Ramos, Lis Fapad, Elizalreth [ Shpall, Barfsara Pro, Flae L, Mearg-Fer W,
Dhariel Lee, Andrea M. Stechan, Yoo 2o, Adnar & Gee, Malootm K. Brenmer, Helen E. I.II'.:ll-\.'I".

anmd Clienn M. Rooney

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.

Bollard et al. J Clin Oncol 2014 32:798-808. Icheva J Clin Oncol 2013 31:39-48



EBV associated malignancies express particular EBV proteins.

Targets for Immunotherapy ?

Sustained Complete Responses in Patients With Lymphoma
Receiving Autologous Cytotoxic T Lymphocytes Targeting
Epstein-Barr Virus Latent Membrane Proteins
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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.

Bollard et al. J Clin Oncol 2014 32:798-808.

Adoptive Transter of Epstein-Barr Virus (EBV) Nuclear
Antigen 1-5pecific T Cells As Treatment for EBV
Reactivation and Lymphoproliferative Disorders After
;r‘tllt}geneic Stem-CEII Transplantation

wivir Icheva, Simome Kayser piret Walfl, Sehastion Tinve, CF kos, Wollgarg Bethge,
H' arare Lareil, wet Fi. Albert |'- wipanyg Sclrwirger, Micho ! Sciirm
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10 transplant recipients with PTLD treated
with T-cells specific for EBNA1

(isolated from the donor)

7/10 clinical responses.
B

Badors T-cell framsfar

Icheva J Clin Oncol 2013 31:39-48



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

Rank Country S Mortality, nasopharynx, both sexes, Globocan 2012
health
¥ 4 |expenditure $
per capita
PPP Int$

1 B= United States B,233

2 e Luxermbourg B,712

3 B \onaco 5,815

4 |H& Norway 5,391

5 [ Switzerland 5,297

B | Metherlands 5,112

7  |amm Denmark 4,467

8 I+] Canada 4,443

8 | Austria 4,398

10 B Germany 4,342 Infjrr{ational Agency for Research on Cancer
11| Il France o7 | (@)oniEi,
12 | J Belgium 3,975

13 |gmm Sweden 3,760

14 |@ B lreland 3,720

15 | &3 Australia 3,685

16  |== United Kingdom 3,433
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111 |ji] China 973
131 Vietnam 216
148 |l Cambodia 132

152 | |ndonesia 123
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How to treat 200,000 patients every year, many in developing nations?

Country
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8,233
6,712
5,915
5,391
5,297
5112
4,467
4,443
4,398
4,342
3,997
3,975
3,760
3,720
3,685
3,433

Mortality, nasopharynx, both sexes, Globocan 2012

International Agency for Research on Cancer

7Y, World Health
Wl Organization

S

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




MVA-EBNA1/LMP2 : a therapeutic cancer vaccine
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Fusion protein can stimulate both CD8 and CD4 T cells
(Taylor et al J. Virol 2004)




Basic economic theory

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

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.
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Basic economic theory Vaccines have tremendous economies of scale

Fluvirin® (Novartis Vaccines) (PoM]
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Technologies that can be mass Injection, suspension of formaldehyde-inactivated
produced and have low marginal cost influenza virus (surface antigen, grown in fertil;
benefit from economies of scale. hens’ eggs), net price 0.5-mL prefilled syringel= £5.55
Vaccines are easys
cost S
per to administer
unit

production

Vaccines can be mass produced
Single production run makes 1000s
of doses

Viral tumour antigens are ‘ideal’ targets since:

Vaccines have low marginal cost . - .
Doubling the quantity ogf vaccine i) high avidity T-cell response that can be exploited.

produced does not double the price.

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

2005 | 2006

Phase IA trial

2011 | 2012 | 2013 | 2014 I 2015 D

Phase IA Trial (Hong Kong)

* EBV+ NPCin remission or low volume
stable recurrence

Safety, immunogenicity

3+3 dose escalation vaccine

n=18

3 cycles over 9 weeks



OVERVIEW OF PHASE |A DESIGN

Blood samples for T cell responses and EBV genomes
End of
t“mOUf Months 6 & 12

Vaccination on Day 1 of each Cycle

e Dose range: 5x107,1x108, 2x108 3.3x108, 5x108 pfu
e Safety, tolerability
e Evidence of immunogenicity
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MVA-EBNA1/LMP2 is well tolerated in patients recently treated with chemo/radiotherapy

Dosa laval 1 2 ) 4 5
Vaccine Dosa x10" plu | 10%pfu | 210 plu | 3.3x10° pfu | Sx10" plu
Number of patients 3 3 ) 3 B
Taxicily grade 1 2 31 2 3|1 2 3/1 2 3|1 2 3
Injection site reaction 2 1 3 1 1 13 &

Faligue 1 1 11 4 1
Myalgia

Bty




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

Dasa lavel 1 2 3 4 5
Vaccine Dose x10" plu | 10%pfu | 210 plu | 3.3x10° pfu | Sx10" plu
Mumber of patients 3

Toxicily grade 1

Injection site reaction




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

Pre CYCLE1 CYCLE2 CYCLE3

inati Week 10 Week 11 Week 14
vaccination dayl day8 dayl day8 dayl

day8

DMSO
(-ve control)

VLK
(EBNA1)

CD8+

SSC/FLY
(LMP2)

VFL
CD4+ (EBNA1)

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

t t t

vaccination vaccination vaccination

Hong Kong Patient 6 Dose Level 2 (1x108 pfu X3) Hui, Taylor et al. 2013 Cancer Research



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

Patient 0516 Prevaccination C2D8 C3D22

Actin
(-ve control)

EBNAT

LMP2

EBNASA

FLU

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



Responses to vaccine — controls versus targets

120 - :
I 4P After 2 cycles
P<0.05 P<0.05 : X After 3 cycles
60 1-¢ :
0 L 2 X :
0 | * X
: : X
: L 2
-60 - :
EBNA 1 LMP2 | EBNA3A FLU

Hui, Taylor et al. 2013 Cancer Research



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

300+

200+

100

-100-

Vaccine target antigens
EBNA1 LMP2
Dose level 1 3/8 3/8
Dose level 2 2/5 1/5
Dose level 3 4/4 1/4
Dose level 4 3/4 2/4
Dose level 5 6/6 5/6
All patients 18/27 12/27
EBNALT cell response w0. LMP2T cell response
R2=0.35 ° R2 = 0.48
P =0.01 2001 P =0.03 *
.--8
100- . """"" o
_________________ )
T T 1 04 ae" ! [J !
2 0x10° 4.0x10° 6.0510° .- 2.0x10° 4.0x10° 6.0x10°

Vaccine dose (pfu)

-100-

Vaccine dose (pfu)

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

Hui, Taylor et al. 2013 Cancer Research



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

Pre-vaccine Post-vaccine o
After Vaccination

increase in response size

EBNAL + increase in polyfunctionality
T-cells —_—
(CD4+)
0.28% 0.49%
Pre-vaccine Post-vaccine After Vaccination
increase in response size
LMP2 + increase in polyfunctionality
T-cells
(CD8+)

1.43%

No. of functions
012345

-:- Taylor et al. 2014 Clinical Cancer Research



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

Pre-vaccine Post-vaccine o
After Vaccination

increase in response size
EBNA1 \ 5 + increase in polyfunctionality
T-cells ’ > + increased number of cells
(CD4+) co-expressing IL-2, IFNy, TNFa
0.28%

After Vaccination

increase in response size

+ increase in polyfunctionality

LMP2 / N
T-cells g + increased number of
(CD8+) A cytotoxic T cells (CD107a)
,'..7 ~~~ ’,,/,
0.33%

No. of functions

012345 Arcs

T e Bl CD107a [ IFNy BN |L-2 [ MIP-13 B TNFo

Taylor et al. 2014 Clinical Cancer Research



Anti-cancer effectors are not terminally differentiated post vaccination

Pre-
vaccination

Post-
vaccination

coDz7

cpDz7

-

EBNA1 (CD4)

.

——

CD45R0O

-

e

CD45RO

LMP2 (CD8)

-
LT‘“ s

m CD107a

CD45RO

Y

B IFNy

O IL2

Taylor et al. 2014 Clinical Cancer Research



Vaccination elicits CD8 and CD4 T-cell responses to multiple epitopes in EBNA1 and LMP2

>
LLW
WTL
SSC

— PYL
L IED

— RRR
T~ FLY

SLG
VMS
LLS
LTA

§

LMP2

B -4
_3 -E')
-2 2
HLA | L, 2
w
o
_0 =
0 E
1 ©
HLA Il =
) g

|3

L4

* 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?

EBV genomes/mL

plasma

2,500+
- EBV gLenlomes
2,000+ per mL plasma Lymph node
1,500+ relapse with
raised EBV levels
1,000+
500 === -
//// = i
0
] ] ] ] ] ] | I/ | | ] ] ] 1

-5 0 5 10 15 20 25 30 50 55
1\ 1‘ 1‘ Weeks postvaccine cycle 1

Vaccinations




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

g 2,500 s EBV genomes
@ o 2,000+ per mL plasma Lymph node
£ £ 1,5004 relapse with
2 a raised EBV levels
0= 1,000+
5 500 === e -----------//—---i--------------i—--
Lu 0 ] ] ] ] ] ] | II/I | | | ] ] 1
-5 0 15 20 25 30 50 55 60 65 70

0 5 1
1\ 1‘ 1‘ Weeks postvaccine cycle 1
Vaccinations

* 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 IA Trial (UK) Phase IB Trial (UK)
e EBV+ cancer in remission or low volume e EBV+ cancer in remission or low volume stable
stable recurrence recurrence or no standard therapy.

Detailed immunogenicity
Characterise immune memory
Single arm Phase IB (n=18 NPC)
4 cycles over 20 weeks

Safety, immunogenicity
3+3 dose escalation vaccine
n=16/18

3 cycles over 9 weeks

Phase IA Trial

2005 | 2006

Phase IA trial Phase Il trial

Phase IA Trial (Hong Kong) Phase Il Trial (Hong Kong)

* EBV+ NPC in remission or low volume * Persistent, recurrent or metastatic EBV+ NPC
stable recurrence * Single arm phase |l

» Safety, immunogenicity * 6 cycles over 18 weeks

e 343 dose escalation vaccine * n=37; to discriminate between non progression

* n=18 rate of 50% (no benefit) and 70% (benefit)

3 cycles over 9 weeks



OVERVIEW OF PHASE |IB DESIGN

Blood samples for T cell responses and EBV genomes

#hml;ﬂlhﬂluuuu}lﬁ ||||||||}1

10 weeks 12 Weeks 30 weeks

Dose range: 5x108 pfu.

4 vaccine cycles, 12 week interval between 37 and 4t" treatment.

Blood samples taken before, during and after vaccination (up to 1 year).
Measure EBV specific T cell responses (IFN-y Elispot assay).

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



Development pathway

Toxicity

Signal of clinical

Immunity Safety benefit
against EBV (Phase I1)
Dose
finding
Pre-clinical 1 vy v

development

EBV gene expression

in cancer

a

Generate
immune
responses
Vaccine
design Scale, function,

kinetics of immunity
(Phase Ib)

Use with
adoptive T cell
therapy

Phase Il adjuvant

trial
I

|
i
\

Combination with
molecularly
targeted therapy

[
[
I
[
[
I
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Clinical
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What about prophylactic vaccination to prevent EBV infection occurring?

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



Vaccinating against oncogenic viruses

Human papilloma virus High grade cervical abnormalities (women < 18 years)

1,6 - Vaccination

Nationwide vaccination programme in ® i
, 1,2 A < < I
Australia for women aged 12-16 years :

between 2007-2009

Incidence per 100
women

> X
& & & &S
PP P P P PP

Figure adapted from: Brotherton (2011) Lancet Vol 377

Epstein Barr Virus (selected studies)

Publication EBV negative Protective effect?
individuals examined

Gu 1995 gp220-340 9 infants vaccinated 20% of vaccinees but 100% of placebo 16 mo
Dev Biol Stand  Live vaccinia 10 infants placebo seroconverted

Moutschen gp350 110 adults 10% seroconverted 7 mo
2007 Vaccine Sub-unit (no placebo) 1 report of IM

Sokal 2007 gp350 88 adults vaccinated 15% vaccinees 20% placebo seroconverted 18 mo
J Infect Dis Sub-unit 90 adults placebo 78% efficacy preventing IM

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



Does natural immunity conferred by primary EBV infection protect against re-infection
with other types or strains of EBV?

Co-infection Serial-infection

‘ 50% iStrain X ‘

1% i

Primary infection 10 years later



Study cohort

Donors who have had infectious mononucleosis n=13

Mean follow up: 11 years
® =sample

1 @ e =18years
‘ O o ® =17 years
3 @i ® =17 years
4 e ® =16 years
5 e — e =15years
6 @ o  J = 13 years
! @ ® = 13 years
8 @ e =10vyears
° R ® = 6years
10 @ ® = b5years
11 @ ® = A4dyears
12 | ® = 3years
13 @ oo ® = 3years
T T T T T T T T T T T T T T T T T



PHASE 1 TRIALS
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Agent EBV: Helping the immune system fight cancer
Please support our clinical trial developing
a new treatment for cancer patients.

www.FightingEBV.org
;}% CANCER

RESEARCH
> UK



