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First human administration of BCG to a
newborn infant - Paris, 1921

A BCGs still given at or close to birth

A Originally administered per os; now
mostly intradermal

A >3 billion doses administered

A Protect children vs. TBM and miliary
TB (case-control data)

A <0.2/108 serious complications

A Unreliable protection by newborn
Immunization against adult pulmonary
TB, which accounts for most TB
transmission and disease burden

A Despite use, BCGs have not had major
Impact on the global TB epidemic

A Not known to Igrotect against latent or
reactivation T




Additional complexity of BCG: an issue?

M. bovis 1908-1921 230 Passages BCG MORE THAN 100 GENES DELETED

—
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DIFFERENCES IN
IMMUNOGENICITY
DUE TO GENOMIC DIVERSITY?
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Will Vaccines be Effective Against all Strains Mtb?
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Six major strains of M.
tuberculosis worldwide

Gagnieux, S. 2012. Philos Trans R Soc
Lond B Biol Sci. 367:850-9
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Key Challenges

Lack of validated

animal models clear

correlates of protection Active
or immunity Disease

Latent

Large and expensive

trials needed to prove

efficacy- 300K-1M . Pre
dO”ar per case infection
detected Infants Adolescents Adults HIV+ All
| | Ages
i Diversity of BCG,

[ Covered by existing (] No coverage or impact from

populations, and vaccine existing vaccine
environmental factors may

require more than one

vaccine
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Better TB Vaccines: Reasons to be Optimistic

Most people (80-90%) do not get disease when infected

Evidence of BCG vaccine efficacy in children

New TB vaccine candidates protect in animal models

NHPs and humans are able to efficiently sterilize lesions

There are clinical clues to guide immunologic hypotheses
A Low CD4+ T cells are more susceptible to M.tb infection
A Gamma interferon and IL-12 genetic deficiency associations
A Anti-TNF treatment is associated with reactivation

T*'M AN
OPTIMIST.
I SAY HE’S
HALF ALIVE!

@ @ RobinReed

robin @ barst owproductions
.com
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Strategies for TB Vaccine Development

Pre-infection: to prevent infection
A Improved priming vaccines
A Novel booster vaccines

Postinfection: to prevent disease

A Develop novel booster vaccines

to extend and enhance immune
protection

Immunotherapeutic: treatment
A Shorten the course of
chemotherapy for active TB
A Decrease the risk of recurrence
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Predicted Impact of 50% Effective
New TB vaccine
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Further Modeling 74 Middle Income Countries
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20% coverage rate for adolescents & adults
90>% coverage rate for infants
Steady state vaccinatiénnfants and 10yr. ol

Mass vaccination campaigns every 10 year
adolescents and adults

60% vaccine efficacy

Country ramp up to full coverage rangeé 2
years depending on the population of count

Adolescents and adults- 49.5M
Cumulative incident cases averted
over 30 years

Infants- 11.6M Cumulative incident
cases averted over 30 years
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The Global Pipeline of TB Vaccine Candidates

Phase lla

Aerosol Ad5 Ag85A e
TBVISII

AERAS]

McMaster CanSino

H1 (ESAT6/85B +

IC31)
SSI, TBVI, EDCTP,

| RUTI

. . ID93 + GLASE
AERAS IDRI, Aeras Archivel Farma, S.L

Combination Ad35/ AERAS]
Dj H4 (TB10.4/85B)

Phase IIb Phase Ill
RAS M. Vaccae
MVA845?5IAE Anhui Longcom,
Oxford, Aeras China
M72 + AS0O1
GSK, Aeras
Viral vector
rBCG

Protein/adjuvant

AER MVAS5A
Crucell, Oxford, Aeras SSI, SanofPasteur,
H56 _
AERAS (ESAT/fngllzssoy
SSI, Aerasintercell Immunotherapeutic
Mycobacteriald whole cell
or extract

Crucell Ad35

(85A/85B/3407)
Crucell, Aeras

April 2013 *°
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MVA Ag85A In 2800 infants givenat 4-6 months

Efficacy Data Summary

Vaccine Efficacy
Placebo MVASSA kL]

[Parameter (n=1395) (n=1309) (952 CT)

Endpoint #1 (Primary Efficacy Endpoint) 39( 2-8) 32( 2-3) 17-3%
(-31-910 48-2)

Endpoint #2 (Exploratory Efficacy Endpoint) 52( 3-7) 55( 39 -6.9%
(-36-1to 26-9)

Endpoint #3 (Exploratory Efficacy Endpoint) 177(12-7) 196 ( 14-0) -12.1%
(-37-4 to 8-5)

IPer-Protocol Population

Subjects with multiple diagnoses are analyzed in each level of diagnosis attained.

[Vaccine efficacy (VE) and corresponding confidence interval based on Cox regression model (1 - estimated hazard
ratio). Time to initial diagnosis based on subjects meeting each endpoint definition.

n = number of subjects with a diagnosis meeting fuberculosis case definition during post-vaccination period
IPercentages are based on the number of subjects in the per-protocol population within treatment group.

At 24 months of follow-up VE 23.9% (95% CI -27.9% to 54.7%)

Post-hoc analysis of 12 month data; 16 cases in placebo arm, 10 in
MVABSA vaccine arm

AERAS eméﬁ%’“ Qsat i wellcometrust

Was the lack of
protection due to:

Wrong hypothesis?

Magnitude or quality
of the response?

Wrong antigen?

Population used?
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Wrong hypothesis?
A study to determine biomarkers of protection against
1B, following BCG vaccination

Store PBMC 5,724 infants

l l

Birth 10 weeks 2 years
N— S
|dentify infants who are:
ProtectechgainstTB Not Protected against TB

Efficacy of percutaneous versus intradermal BCG (Tokyo strain) in

° South African infants. Hawkridge, A. et al. BMJ 2008;337:a2052
t | im




Classical Thl responses do not associate with risk of
TB disease, after BCG!
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Ben Kagina, AJCCR

‘ ’ ~  romeng e pC O Given at birth. Infants followed for 2 years to assess protection;
Sthi) veafResuigeshown from whole blood incubation with BCG at 10 weeks of age.



T cell Ag approach versus newer approaches

Human T cell epitopes of Mycobacterium tuberculosis are Novel antigens
evolutionarily hyperconserved

Tiiaki Comas', Jaidip ChakravarttiZ, Peter M Small®, James Galagan®, Stefan Niemann®, Kristin Kremer®,

Joel D Ernst? & Sebastien Gagneux'-# GIyCOI|p|dS‘ induction of CDla,b,C restricted
responses or induction of CD1d-restricted INKT
cell responses

0.7 0.66
" e o5 » Glycolipid consortium
ol Polysaccharide conjugate vaccines- induction
N 025 of protective antibodies
gf I Antibody accelerator
o , , , , Immunomodulators (adjuvant, biologics, small
E=santial N::-na&aant:;ler.:mc:::aw Epitopes Mon-epitopes mOIeCU|eS)
Figure 3 dN/dS in various gene classes of MTBC. We calculated overal| Adjuvant StUdy under deS|gn for NHP
dM/dS on the basis of the number of nonredundant synonymous and . .
nonsynonymous changes after comparing each of the 21 MTBC genomes SU bd0m|nant antlgen approaCheS
that sseentia genes are o conaned than noneseential gones md et UNAerway at SSI and Aeras, testing in NHP
ti d tial . Fi for th it d i i T 1
non-epitope regions refer to the calculations after we excluded the thres Phosphoproteins and other antigensi induce
outlier antigens esxH, pstS1 and Rv1986. g d cells

New tools and measures needed
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How do we select candidates to move to Phase 2B?
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Approaches to studies in human populations to
explore likelihood of technical success at lower cost

A Small intensive immunologic studies in Phase 1 in endemic area (when
feasible) to see if novel animal data can be reproduced in humans

I Phase 1 trials are to measure safety, assess immune response, generate
human samples for investigation, head to head comparisons

1. RCT: compare vaccines’ efficacy in 2. RCT: compare vaccines' efficacy in
preventing preventing recurrent TB disease
N .
Vaccine / Vaccine
TB dfaénosis
Example: Examples:
1. BCG vs Hyvac4 vs placebo to start at SATVI; 1. H56 vs placebo planned at multiple sites by
n=990 total Aeras; n~800 total
2. Ongoing adaptive frial setting, allowing future 2. ID-93 vs placebo planned at SATVI; n=800
testing of other candidates fotal
Incidence of recurrent TB disease at least 5% in 1%
year

« Consider prevention of TB disease frials in other high risk populations, e.g., prisoners, health care
workers, household contacts of adults with lung TB
« Every efficacy trial must have adequate sample collection for describing correlates of risk

In both Prevention of Infection and Prevention of recurrence studies samples
collected for both correlates of infection and/or correlates of risk
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Is infection prevention a dream?

Reduced TB infection risk associated with BCG:
Recent reports using IGRA, plus supportive data in animal

models

A Roy etal 2012: 1,128 children in EU at risk
and investigated for LTBI
-BCG with >50% TB infection Risk Reduction (RR)

A Eriksen et al 2010: 168 children in London
hospital exposed to nurse with TB.

- BCG associated with 66% TB infection RR

A Eisenhut et al 2009: 199 UK school children
exposed to pupil with TB.

- BCG associated with 74% TB infection RR

A Soysal et al 2005: 979 children in Turkey
exposed to TB by household contact.

- BCG associated with 40% TB infection RR

A Ewer et al 2003: 535 children in UK school
outbreak.

-BCG not associated with TB infection RR

The AIR Facility

Witbank, Mpumalanga Provence, RSA

Courtesy of Ed Nardell
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Monocytes increased in cases among stronger responders

CD14+ monocytes (%)
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and decreased in cases among weaker responders

weaker

1 |
Controls Cases

Elisa Nemes, Tom Scriba, others at SATVI.

*BCG given at birth. Infants followed for 2 years to assess
protection; Results shown from whole blood incubation
with BCG at 10 weeks of age.
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