TB vaccines, anything but warp speed
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TUBERCULOSIS VACCINE INITIATIVE
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Rate per 100 000 population per year
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The First National TB

Prevalence Survey
South Africa 2018

Symptoms only 0.4% *CXR not done

6.8%

Prevalence per 100,000 population

Sex

Male 1,094 835 -1,352
Female 675 494 - 855
|5-24 432 232 - 632
25-34 902 583 - 1,221
3544 1,107 703 - 1,511
45-54 1,063 682 - 1,443
55-64 845 505-1,186

>65 1,104 680 -1,528

All 852 679 —-1,026

, https://www.knowledgehub.org.za/system/files/elibdownloads/2021 -
°SGtVI 02/A4 _SA_TPS%20Short%20Report _10June20_Final_highres.pdf



https://www.knowledgehub.org.za/system/files/elibdownloads/2021-02/A4_SA_TPS Short Report_10June20_Final_highres.pdf

BCG — 100 years and counting!
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BCG-induced protection against pulmonary TB is
variable
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*P. Fine. 2000. BCG Vaccines and Vaccination. In: L. B. Reichman and E. S.
oSCIt i Hershfield. Tuberculosis. A comprehensive International Approach. 2n Edition.



BCG protects against disseminated forms of TB in infants
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*P. Fine. 2000. BCG Vaccines and Vaccination. In: L. B. Reichman and E. S.
oSGt i Hershfield. Tuberculosis. A comprehensive International Approach. 2n Edition.



BCG protects against disseminated forms of TB in infants

[ Total number of children admitted with tuberculous meningitis or tuberculomas
— Provincial drug-susceptible tuberculosis case notification rate (all types) peryear
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o . du Preez et al., Lancet Global Health 2019
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Vaccine design

Which type of immune response protects against M. tuberculosis?

M. tuberculosis

Helpers Killers

CD8* T cells
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MVAS8S5A — a good Th1 inducing vaccine candidate

Modified vaccinia virus Ankara
Ag85A

Mycolyl transferase
gene (“blueprint”)
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Evaluating T cell immunity
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Infant responses >3 years after MVA85A vaccination
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Safety and efficacy of MVA85A, a new tuberculosis vaccine,
in infants previously vaccinated with BCG: a randomised,
placebo-controlled phase 2b trial

Michele D Tameris*, Mark Hatherill*, Bernard S Landry, Thomas | Scriba, Margaret Ann Snowden, Stephen Lockhart, Jacqueline E Shea,
] Bruce McClain, Gregory D Hussey, Willem A Hanekom, Hassan Mahomedt, Helen McShanet, and the MVA85A 020 Trial Study Team
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Placebo (n=1395) MVAS8GA (n=1399) Vaccine efficacy
Endpoint 1 (primary efficacy endpoint) 39 (3%) 32 (2%) 17-3% (-31-9to 48-2)
Endpoint 2 (exploratory efficacy endpoint) 52 (4%) 55 (4%) -6-9% (-56-1to 26-9)
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l°$dt“ff'i Tameris, Hatherill, et al. Lancet 2013
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New vaccination strategies
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Can vaccination protect against infection?
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Can vaccination prevent against M. tuberculosis infection?

H4 (Ag85B-TB10.4 in IC31)
Pre-exposure

Adolescents BCG revaccination
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Clinical trial of BCG re-vaccination to protect against M.tb

QFT- adolescents
N =990

Placebo
BCG revacc.
H4:1C31

24 month follow-up
Endpoint: QFT
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Infection

Prevention of M. tuberculosis Infection
with H4:IC31 Vaccine or BCG Revaccination

E. Nemes, H. Geldenhuys, V. Rozot, K.T. Rutkowski, F. Ratangee, N. Bilek,
S. Mabwe, L. Makhethe, M. Erasmus, A. Toefy, H. Mulenga, W.A. Hanekom,

S.G. Self, L.-G. Bekker, R. Ryall,* S. Gurunathan, C.A. DiazGranados, P. Andersen,

l. Kromann, T. Evans, R.D. Ellis, B. Landry, D.A. Hokey, R. Hopkins,
A.M. Ginsberg, T.J. Scriba, and M. Hatherill, for the C-040-404 Study TeamT

Nemes et al., NEJM 2018
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Participants with
QFT conversion (%)

At Risk

50-

40+

30+

310
308
312

Point estimate (CI)

-40-

Efficacy: QFT conversion

(Initial infection)

VE: 9.4% 20.1%

Nemes et al., NEJM 2018

401 T QO sowc
20- E] D 95% CI
O+-F—=fcteeo
-204 N
H4:1C31 BCG )J_
[
- -
. -~
6 12 18 24
Time to QFT conversion (Months)
301 283 261 120 - Placebo
303 281 265 120 — H4:C31
308 294 276 134



°sc:l:"-fi

IFNg (IU/mL)

» S

o
w
a

o
[EY

0.01

[EnY
il

Efficacy: Sustained QFT conversion
(Sustained infection)
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Efficacy: Sustained QFT conversion

—~~
EQ/ 20
[
Re)
= 9 151
= 9
2§
g ° 101
.Q-E
]
.E O
T O
O O 51
=
I
L
3
o 04
0
% 310
@ 308
< 312

Point estimate (CI)

(Sustained infection)

VE: 30.5% 45.4%
80-
QO sowci

O os%c

60

40+

20+

11
-20 T
H4:1C31 BCG

.

[l
T T T T

6 12 18 24

Time to sustained QFT conversion (Months)

302 287 263 122
303 288 268 124
308 297 281 136

Nemes et al., NEJM 2018

30

= Placebo
- H4:IC31



What is transient or sustained Mtb infection?

Placebo BCG - - -
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The Global Burden of Latent Tuberculosis
Infection: A Re-estimation Using
Mathematical Modelling

Rein M. G. J. Houben'2# Peter J. Dodd®
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Can TB vaccination protect infected individuals against TB disease?

Post-exposure
Adolescents

Adults
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M72 in ASO1,

M72

Mtb32-C Mtb39

10 mg M72 polyprotein dissolved
in 0.5 mL ASO1. adjuvant

25 mg MPL (3-0-desacyl-4’-
monophosphoryl lipid A)

25 mg QS21 (glycoside purified from
bark of Quillaja saponaria)

Adjuvants in suspension of liposomes in
PBS

Soap Bark Tree
(Quillaja saponaria)



M72:AS01; is very immunogenic
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50% protection against TB disease in M. tuberculosis-infected adults

Probability of Freedom from Tuberculosis Disease

No. at Risk
M72/AS501,

° Placebo
satvi
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The TB vaccine development pipeline
(adolescent and adults)

Preclinical Phase 2b

Ad5 Ag85A MTBVAL VPM1002

McMaster, CanSino Biofabri, TBVI Sll, Max Planck, VPM
Zaragoza

BCG, ChadOx/MVA ChadOx1.85A MVA

1

1

] TB/Fluo4aL DAR-901 _Mip

1 RIBSP Dartmouth University, Aeras| Cadila Pharma
1

Univ. of Oxford, TBVI

Univ. of Oxford, TBVI

1 1!
1 1 !
: PPE15-85A : : 85A Aerosol / IM
1 1!

CMV-6Ag AEC/BCO2
Adolescents & Adults Aeras, Vir Biotech, OHSU Anhui Zhifei Longcom
BCG Revaccination
Gates MRI
BCG-ZMP1
University Zurich, TBVI
B e B wholecel [l Ssubunit

°SCItVi https://www.tbvi.eu/what-we-do/pipeline-of-vaccines/



The TB vaccine development pipeline
(infants and therapeutic indications)

Preclinical Phase 2b Phase 3

BCG-ZMP1 MTBVAC VPM1002
Infants & neonates University Zurich, TBVI Biofabri, Univ. Sll, Max Planck, VPM,
ty J Zaragoza, TBVI TBVI

VPM1002

MVA Multiphasic vac.
Sll, Max Planck, VPM

Transgene, TBVI RUTI Archivel Pharma

Therapeutic

B e I wholecel [l Ssubunit

°SCItVi https://www.tbvi.eu/what-we-do/pipeline-of-vaccines/



Take home

* The burden of TB is enormous

« The complexity and heterogeneity of TB pathogenesis is considerable

« We need better tools to define this heterogeneity for effective vaccine development
* Natural immunity provides clues about protective mechanisms

« There is a “vibrant” pipeline of TB vaccine candidates

« Rational (data driven) advancement of candidates is critical

 Recent successes provide renewed impetus
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