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Development pipeline for GBS
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Key : M=maternal, E=elderly, Protein carriers: TT = tetanus toxoid, CRM = CRM 197, GBS-SP = GBS surface proteins

Market approval




Group B Streptococcus (GBS) Vaccine Advancement

FULL VALUE OF VACCINE ASSESSMENT
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Major gaps highlighted in the FVVA - GBS

1 2 3 4

GEOGRAPHIC OUTCOMES ECONOMIC VACCINE TRIALS
with more data required with particular gaps Including translation of with standardized
particularly from Asla Identified for stillbirth, outcomes to disability definitions of vaccine
Impalrment after Infant GBS adJusted life years and endpoints also enabling
sepsls and maternal disease assessment of vaccine comparison of observational
cost-effectiveness data and Informing

programme monitoring
and evaluation (24)
Uncertainty about the

regulatory pathway for
WHO Is continuing to lead work almed at standardizing case definitions and vaccine endpolints (20). market approval based

on ICP



Rationale for market approval based on an
mmune correlate of protection

N

Population disease Cases due to Cases eligible per Case incidence Vaccine efficacy Lower 95%ClI Sample
incidence Vaccine protocol Per 1000 live births bound size

Per 1000 live births serotypes

2.0 75-85% 70-80% 1.05-1.35 75% >20% 40,000 - 60,000

Global incidence of iGBS ranges from 0.1-2.2/1000 livebirths

Logistical issues including:

. vaccination of women during pregnancy
. follow up requirements for women in late pregnancy, for babies in the first days and weeks of life

— likely incidence in a trial of 0.5-1 per 1000 live births = up to 100,000 pregnant women

¥

. extremely rapid progression of GBS sepsis before and soon after birth
. the need to investigate stillbirth and fatal cases

. the needs for adequate safety oversight and efficacy monitoring requiring invasive sampling (blood and CSF) and bacteriologic analyses

Commercially unviable Madhi 2017; Vekemans 2017



Proposed serocorrelates of protection against invasive
neonatal and young GBS disease — South Africa

Serotype la & Il account for 81% of infant disease (95% of late onset disease)
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80% risk reduction with I1gG concentrations of 0.198 for serotype Il alone and 0.246 ug/mL all serotypes combined

Madhi 2023



Proposed serocorrelates of protection against invasive
neonatal and young GBS disease - Finland

Serotypes la & Ill account for 74% of infant disease; 77% of late onset disease

Protective antibody concentrations Predictive vaccine efficacy
Tipe Il only All types combined GBS620 pg
(32 cases; 133 controk) (55 cases; 228 controk) With aluminium phosphate Without aluminium phosphate
Fmtﬂqlelgﬁ mr[mmmm F'El;"'- Serotype |a 74-8% (54-5-90-2) 96-0% (86-8-100-0)
TEIIEH rig reductions’ SEF'I'.'I'E}"PE I G5-1% [3:"'5':“:":"] 53'5% [4—:""'3-:"8'5]
Serotype Il 88-3% (75-3-97-0) 96-0% (89-5-99-9)
/0r% 0-097 0132 Serotype Il 65-3% (48-7-80-4) 82-3% (70-1-92-1)
5% 0120 0-168 Serotype IV 79-5% (69-3-88:3) 907% (85:3-952)
“B% o4s [ Serotype V  55:0%(406-686)  592%(45:3726)
0% 0366 0404 Al serotypes* 66-7% (55-6-76-9) 82-8% (74-9-89-4)

Similar to Madhi study, despite differences in standard of care and IAP policy
Similar for serotype Il and all serotypes combined — suggests an aggregate approach might be used
Saukkauriipi 2024



Considerations for policy following market authorization
using an immunological correlate of protection

1. Strength of the ICP — unlikely that there will be an ICP against all serotypes,

 strength of the correlation between antibody and protection for most prevalent
serotypes needs to be demonstrated for a policy decision

2. Requirement for high confidence in vaccine safety, especially in special populations such as pregnant
women and their communities
« safety data needs to be paramount

3. Maternal immunisation relies on passive immunity (Vaccinating the woman to protect woman AND

her offspring). Challenges:
* Measuring maternal antibody levels in infants is crucial to assess the effectiveness of

maternal vaccination.
* timing and dosage of vaccines for maximum antibody transfer needs to be optimised.

* Duration of protection needs to be demonstrated for both early and late onset disease (Ab
waning over first 3 months of life).



Regulatory strategies for a GBS vaccine for
use In pregnancy in LMIC
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Criteria to be met for conditional market
authorization regulatory pathway

EMA (conditional market authorization) FDA (accelerated approval)

The risk-benefit balance of the medicinal product is risk-benefit balance of the medicinal product is
positive; positive
it is likely that the applicant will be able to provide Companies are required to conduct studies to
the comprehensive clinical data; confirm the anticipated clinical benefit. If the
confirmatorv trial shows that the medicinal nroduct « /

While an accelerated approval pathway enables early licensure, it
does not guarantee its use

unmet mediCal needs; unmet mediCal need based on a surrogate enapoint. A 4

the benefit to public health of the immediate

availability on the market of the medicinal product
concerned outweighs the risk inherent in the fact that

additional data are still required.

CMA are valid for one year and can be renewed annually, FDA can review and remove from market if clinical
benefit not shown.



Pathway to policy for traditional studies

Information gap

: \ Proof-of-

concept|

WHO policy & pre-
qualification Financing & introduction Sustainable
Proof-of-effectiveness procurement & Uptake impact
Implementation studies

WHO policy follows registration based on proof of efficacy FOLLOWED BY effectiveness studies

For GBS, there will be NO clinical Wide policy recommendation MAY NOT
efficacy data at time of first - be possible until AFTER the effectiveness
registration. studies



Pathway to policy for a GBS vaccine for use in
pregnancy in LMIC

Imrr;une correlate Conditi?nald o . WHO policy and
o) profcectlo.n approva gn Effectiveness Study orequalification
endpoint Trial registration
Provisional 20252027 2028 2028-2029 2030
timelines

Approx. 3000 pregnant Selected HIC and LMIC. Full Registration following
woman safety dataset; up to Primary endpoint finalization of Phase IV study in

9 LMIC countries included in effectiveness of the vaccine | "ePresentative countries

trial; Follow up to 6 months in prevention of neonatal -
post delivery. and infant invasive disease. Slgnlflca nt delay to

widespread use

ICP endpoint. Follow up period to 3
months post-delivery.




ACCELERATING the Pathway to policy for a
GBS vaccine for use in pregnancy in LMIC

Immune correlate Conditional WHO policv and
of protection approval and PO’ICY Effectiveness Study
. . : : prequalification
endpoint Trial registration
Provisional 2025-2027 2028 2028 2028-2029
timelines

Approx. 3000 pregnant Full Registration following Selected HIC and LMIC.

woman safety dataset; up to finalization of Phase IV study | primary endpoint
9 LMIC countries included in in representative countries

trial; Follow up to 6 months
post delivery.
ICP endpoint.

effectiveness of the

. vaccine in prevention of
Data gaps for wide neonatal and infant

policy invasive disease. Follow

up period to 3 months

recommendations :
post-delivery.




Data requirements for WHO policy review

Evidence Type and Considerations (high, moderate, low, or
Quality very low)

Balance of benefits Efficacy and effectiveness vs AE Safety: bar high because of maternal immunization
and harms

Risk of Multiple representative sites Burden of disease lacking in many sites
Bias/Consistency Few LMIC sites can undertake Phase Il

Directness vaccine’s impact on relevant outcomes Different disease endpoints (EOD/LOD)
Precision/Magnitude certainty in effect estimates/size of the Uncertain effect size

of effect vaccine’s effect Robustness of the ICP

Duration of efficacy




Two pathways for evidence generation for a GBS vaccine
policy for use in pregnancy in LMIC for widespread use

Phase III trial Market WHO policy Effectiveness
authorisation and PQ study

Vaccine product related

Immunogenicity Safety E'j:’ da:r? Schedule Effectiveness Safety

Duration of protection

Data Gaps generation

Implementation related

Delivery-related

- Feasibility Values and perceptions of M| (HCW,
communities, pregnant women)
Health - .
e Demand potential and CEA for secondary
outcomes

Economic and budget impact




The ECVP in detail

Subject matter
experts

Public
Consultation

Informal WHO
SAGE review

e Draft the ECVP
e Broad stakeholder engagement and review

¢ includes all stakeholders
¢ includes vaccine manufacturers

e to assess its potential utility and role in the
product development process, prior to
finalization
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An Immune marker suitable to infer protection exists for
natural immune studies

The NEW ENGLAND JOURNAL af MEDICINE

Table S5 Seroepidemiology Study: Estimated Infant Cord Blood Anti-CPS Ig( Thresholds for Selected Risk Reduction All

Cases
ORIGINAL ARTICLE ”
. L Type Ia Only Type 111 Only All Types
Potential for Maternally Administered (cuse:r 8:Control=61) (Cuse:lljﬁ;cammhmn {Case=?T;Curl1:;.rul=25[}}
Vaccine for Infant Group B Streptococcus 1gG Thresholds for Target Risk
S.A. Madhi, A.S. Anderson, ]. Absalon, D. Radley, R. Simon, B. Jongihlati, Reductions'®:
R. Strehlau, A.M. van Niekerk, A. Izu, N. Naidoo, G. Kwatra, Y. Ran-mamyu 502 0.035 0.044 0.049
Z Joteses, 5. Paviako, N.C. Simon de Monei, E.Gomme, L. Perer 60% 0.072 0.072 0.083
D.A. Scott, W.C. Gruber, and K.U. Jansen Q. () 144 0117 (.14
75% 0.206 0.151 0.184
RB0% 0.302 0.198 0.246
90% 0.755 0.381 0.494
95% 1.48 0.616 0.827
Parameter Estimates (95% credible interval)
of Bayesian Posterior Disease Risk'™
Al 0.039(0.004 0.091) 0.029(0.013 0.048) 0.033(0.017 0.051)
Vi 0.39(0.264 0.511) 0.504(0.406 0.604) 0.464(0.39 0.535)
Ao 1.075(0.417 1.843) 0.188(0.116 0.266) 0.301(0.202 0.416)
vy 0.388(0.312 D.464) 0.431(0.378 0.48) 0.375(0.344 0.411)
m 0.001(0.001 0.001) 0.001(0.001 0.001) 0.001(0.001 0.001)

{(a) Thresholds are derived as the IgG concentration at which the probability of disease 1s reduced by the stated percentage,
relative to the assumed population incidence, for any participants with IgG concentration at or above the threshold.

(b) vi and o are estimated shape parameter of Weibull distribution in case and control group, respectively;
A1 and A are the corresponding scale parameters: « 1s the GBS disease prevalence in population.

GBS correlates. SAGE 2024 “



2. Comparison of immune response between candidate vaccine and a
licensed vaccine for which efficacy and /or effectiveness has been shown

Table 2. Matemal and Infant Anti-CPS IgG Concentrations for Diffe rent GBS6 Formulations (Evaluable Im munogenicity Population)

Variable

Maternal GMC at delivery — g fml @5% C1)

Serotype la
Seroty pe lb

Serotypell

Serotype 11
Serotype |V

Serotype V

5-ug GESE with AIPD,

(N=34-37)

11.94 (5.57-25.61)
045 [0.16-133)
5,68 [4.46-16.57)
2.52(0.99-6 38)
1,69 (0,923 .13)
0,19 (0,10-0.36)

Infant GMC at birth— pg/ml (35% CI)

Serotypela
Serotype b
Serotypell
Serotype 111
Serotype IV
Seroty pe V

£.56 (2.61-16.51)
0.26 (0.08-0 £4)
6.61 (3.62-12.06)
1.21 (0.45-3.23)
1.42 (0.74-2.74)
0,11 (0.05-024)

Infant-to-maternal GMR (953 CI)

Seroty pe la
Serotype b
Serotype |l
Serotype 11
Serotype IV
Serotype V

Irfarts reaching 1gG threshold — % @5% Q)

Serotype la
Serotype b
Seratype |l
Serotype 111
Serotype IV

Serotype V

0,53 (0.35-081)
0,52 (0.36-0.75)
0.72 (0.52-100)
0,50 (0.36-0 69)
.81 (0.59-1.11)
0,58 (0.42-081)

89 (74-97)
49 (31-66)
100 {90-100)
72 (55-86)
85 (69-95)
36 (21-54)

5ug GBSE
{N=29-35)

14,71 (6,16-35.11)

0.28 (0.10-0.75)
3.26 (1.60-6,65)
L67 (0.64—4,34)
054 ((125-1.14)
0,24 (0.09-0 66)

15.06 (7.26-31.28)

0,27 {0.08-090)
4,37 (2.40-7 94
141 [0.52-3 86)
081 0.35-151)
0,20 (0,06-0 62)

1.07(0.45-2 53)
109 (0.52-232)
1,12 {0,612 04)
084 (0.54-1 28)
1.30 {0,682 50)
0.78 (0,421 44

100 (B8-100]
62 (42-79)
97 (52->99)
77 (58-90)
70 (51-85)
43 (26-63)

10ug GBSE with AIPO,

(N=29-37)

14,26 (6.57-30 96)
0.53 (0.18-1.56)
991 (5.41-18.15)
357 (149-8.56)
141 (0.79-2.52)
068 (0.31-1.52)

11,59 (5.46-25 85)
032 (0.09-1.18)
744 (3.81-1453)
2.04 (0.82-5.10)
107 (0.64-182)
042 (0.16-1.09)

064 (0.51-081)
057 (0.41-0.80)
0.78 (0.60-1.03)
0.58 (0.44-0.77)
D &5 (0.57-1.26)
052 (0.38-0.71)

97 (82->99)
57 (37-74)
97 (83—>99)
77 (58-90)
87 (69-96)
57 (37-74)

10-ug GBS6
(N=29-34)

1840 (8.18-41.35)
089 (0.34-2 31
838 (4.81-1461)
177 (1.75-813)
1.29 (0.68-2 42)
140 {0,543 59)

1230 (4.88-31.04)
0.45 (0,15-1.39)
695 (3.19-15.12)
2.26 (0.84-6.04)
0,68 (0.33-137)
078 (0.26-2 30

0,66 (0.52-083)
0,46 (0, 26-0.83)
0,70 (0.47-105)
0.56 (0.38-084)
0,67 (0.50-0.58)
044 (024083

93 (78-99)
57(37-74)
97 (3->99)
&3 (65-94)
73 (54-38)
70 (51-85)

20-ug GBSE with AIPO,

(N=35-38)

21.99 (8 B1-54.88)

084 (0,391 84)

15,54 (7 .82-3091)

253 (1.16-581)
182 (1L.70-3.10)
0.85 (0.41-1,76)

£.26 (2. 84-24,00)

0,32 (0.14-0.75)

7.95 (3.47-18.20)

L.01 (0.36-2.83)
102 (0.55-190)
0.36 (0.15-087)

0.4 (0.27-0.69)
041 0.32-054)
0.51 (0,34-0 76)
0.36 (0.25-0.50)
0.50 (0.37-0.70)

204 GES6
(N=34-40)

40,34 (23.87-68,18)

1.28 (D.56-2.94)

27 64 (15.63-48,88)

6.38 (283-14.38)
2.48 (1.49-415)
0.87 (0 38-198)

29,56 (16,96-51.51)

0.71 (0.27-182)

2077 (10.66-40.45)

3.15 (1.29-7.69)
2.09 (118-3.72)
058 (0.24-1.43)

0.70 (0.57-0.86)
066 (048093
0.74 (0,60-0.92)
055 (0.41-074)
071 (0.55-092)

Placebo
(N=81-108)

011 [0.06-0,19)
001 (0.01-0.02)
0,14 (0.10-0,20
002 (0.01-0.03)
001 (010-0.02)
002 (0.01-0.02)

0,08 (004-0.14)
001 (0.01-0.02)
0,10 (0.07-0.14]
002 (001-0.02)
001 (0.01-0.01)
001 (0.01-0.02)

076 (0.62-093)
0,92 (0.69-1.22)
067 (0.54-0.83)
081 (0.69-095)
066 (0.52-0.83)

0.40 (0.2940.53) 065 (0.52-0.82) 028 (0.62-0.83)
83 (66-93) 97 (B5->99) 40 (29-50)
63 (45-7§) 71 (52-85) 14 (8-23)
94 (81-99) 97 (85->949) 35 (25-45)
B9 (52-84) 83 (66-93) 13 (7-21)
80 (63-97) 57 (85->949) 4111
53 (36-71)) 57 {3974 9 (416

* The numbers of participant s in each group are preserted as ranges because of oocasional missing values in assays for a particular serotype. The total GBS6 dese inthe Sug GBS6

gmoups was 30pg (Spg CPS per serotype); in the 10pg GBS6 groups, 60 pg (10ug CPS per semtype); and in the 20pg GBS6 gmups, 120pg (20pg CPS per serotype). The standard-
ized lawer limit of quantitation (LLOG) values for IgG are 0,002 pg permilliliter for serotype la, 0.005 pg per milliliter for serotype b, 0022 pg per milliliter for semtype |1, 0.009 ug per

milliliter for seratype 11, 0.004 pg per milliliter for ser er milliliter for serotype V. Assay results belowthe LLOQ were sot to 0.5x LLOQ. The 1gG threshold that was

determined to be associated with a

geometric mean concentration, and

mduction in the risk of disease was 0184 57

mean ratio

illiliter, as derived from a unive sal Bayesian model . CI denotes confide nee interval, GMC




OPKA titre, logqg

OPKA titre, logqg

Good correlation between Quantity and function
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Measurement of functional antibody activity is
more labor intensive, difficult to standardize, and
not conducive to high-throughput

Women and babies receive antibiotics
Understanding the relationship between binding
and functional antibodies is crucial



