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Need for an affordable multivalent
meningococcal conjugate vaccine



Meningitis DX Hlloman abratoi
** Inflammation of meninges
*» Can be bacterial, viral, sometimes fungal
s Bacterial meningitis: Meningitis and /or Septicaemia

*» Causes: N. meningitidis,
Str. pneumoniae,
H. influenzae,
E. coli,
GBS, GAS
L. monocytogenes and several others

“* Symptoms: Fever, vomiting, rashes, headache, delirium,
stiffness, drowsiness, muscle and/or joint pain



Meningococcal Epidemics PR i

N. meningitidis epidemics:
1996 epidemic: Africa; 20,000 reported deaths

https://www.nathnac.org/pro/factsheets/documents/meningitis.pdf

In 2000 and 2001 several hundred pilgrims attending the Hajj in Saudi
Arabia were infected with N. meningitidis W. Then in 2002, W emerged in
Burkina Faso, striking 13,000 people and killing 1,500.

http://www.cdc.gov/meningococcal/global.html

2007 epidemic: Burkina Faso; 22,255 suspected cases, 1490 deaths

https://lwww.nathnac.org/pro/factsheets/documents/meningitis.pdf

2009 epidemic: 14 countries from African meningitis belt 88,199 suspected

m e n I n g Itl S C aS eS y 5 3 5 2 d e ath S «  (http://www.who.int/mediacentre/factsheets)

2014 epidemic season: 19 African countries; 11 908 suspected cases
including 1146 deaths, lowest numbers since 2004

http://www.who.int/mediacentre/factsheets/fs141/en/

Up to 20% mortality in epidemics and serious disability after survival in
several cases



https://www.nathnac.org/pro/factsheets/documents/meningitis.pdf
http://www.who.int/mediacentre/factsheets
http://www.who.int/mediacentre/factsheets/fs141/en/
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m_ Health Protection Report
Public Health weekly report

England

Infection (news) report

Volume 9 Number 7 Published on: (27 February 2015

Continuing increase in meningococcal group W (MenW) disease in England

Cumulative cases of laboratory-confirmed invasive meningococcal group W disease by
epidemiological year in England, to end-January 2015
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https://www.gov.uk/government/publications/meningococcal-disease-laboratory-confirmed-cases-in-england-and-wales
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Protecting and improving the nation’s health

gococcal ACWY conjugate vaccination (MenACWY)

MNHS England Gateway Number: 03516

This vaccination is being introduced into the national immunisation programme for
England this year to respond to a rapid and accelerating increase in cases of
invasive meningococcal group W (MenW) disease, which has been declared a
national incident. The MenACWY conjugate vaccine will provide direct protection to
the vaccinated cohort and, by reducing MenW carriage, will also provide indirect
protection to unvaccinated children and adults. This follows advice from the Joint
Committee on Vaccination and Immunisation (JCVI).

The overall programme is comprised of:

« an urgent catch-up® campaign for current school year 13 age adolescents
through general practice using a call and recall system

« a catch-up* campaign for current school year 10 students through schools
from January 2016

e adding MenACWY vaccine to the routine adolescent schools programme
(school year 9 or 10) from Autumn 2015, as a direct replacement for the MenC
vaccination

e adding MenACWY vaccine to the existing time-limited ‘freshers’ programme
(ie for older first time university entrants who have not already received

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/437901/150622_ACWY _bipartite_letter.pdf
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The solution is:
multivalent meningococcal conjugate vaccine

Chemicallink

Polysaccharide j

», T cell stimulatory

B cell stimulatory
(T independent)



Opportunities in development of I
. . | Eg H|i_|_e_m_an__I..ab?:ratories
cost effective conjugate vaccines S

 EXisting poly-valent meningitis vaccines are effective but are
too expensive to be marketed in developing countries.

 Need to provide the right serogroup combination to provide
protection for the specific needs of the countries/regions

 Need to reduce dependency on one or few low cost vaccine
suppliers

 The existing cost of conjugate vaccines can be reduced by
adapting to novel technologies and thermo-stabilization.
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Meningococcal A: Projected required supply for GAVI73!
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1. Includes only one-time mass campaigns and routine programmes

Based on increasing prevalence of other serogroups the need for cost
effective multivalent meningococcal conjugate vaccine is warranted
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Challenges & avenues in multivalent
conjugate vaccine manufacture
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Novel Technology solutions to ———
: : 25X iomar Laboratois
Conjugate vaccine development e

1. Novel/improved polysaccharide production processes
2. Antigen Synthesis
a. Organic synthesis
b. Enzymatic synthesis
3. Reverse engineering (Broader coverage)
4. Novel/improved conjugation processes
a. Reductive amination
b. Cyanylation
c. Oxime chemistry
d. Thio-ether conjugation etc.
5. Novel formulations
5. Novel Analytics
a. Sophisticated physico-chemical analyses
b. Multiplexed immunoassays (XMAP, MSD etc.)
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Developments in semi-synthetic
conjugate vaccine R&D
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J Clin Invest, 1982 Jan;859(1).203-9.

Effects of chain length on the immunogenicity in rabbits of group B Streptococcus type |l oligosaccharide-
tetanus toxoid conjugates.

Faolett LC': Kasper DL, Michon F, DiFabio J, Jennings HJ, Tosteson 10, Wessels MR.

The Initial success...with Hib o e e

A Synthetic Conjugate Polysaccharide Vaccine Against Haemophilus
influenzae Type b

V. Verez-Bencomo'=, V. Fernandez-Santana'+-, Eugenio Hardy=-, Maria E. Toledo2=, Maria C. Rodriguez-,
Lazaro Heynngnezz=, Arlene Rodriguez=, Alberto BalyZ, Luis Herrera=, Mabel lzquierdos, Annette Villar-,
Yury Valdés', Karelia Cosme<, Mercedes L. Deler!, Manuel Montane<, Ernesto Garcial, Alexis Ramos-,
Aristides Aguilars, Ernesto Medina=, Gilda Torafio2, Ivan SosaZ, Ibis HernandezZ, Raydel MartinezZ,

Alexis Muzachio®, Ania Carmenates?, Lourdes CostaZ, Félix Cardoso!, Concepcion Campa2, Manuel Diaz2,

René Roy2-



ResearCh In developlng Seml_synthetlc Eg HlilemanLabmatories
CO nj Ugate vaccines e o

% Cryptococcus neoformans: Vaccine (2005), 3961

¢ Clostridium difficile: Chem. Biol. (2011); J. Am. Chem. Soc. (2013)
s Group A Streptococcus: Bioorg. Med. Chem. Lett. (2013)

% Vibrio cholerae: Glycoconj. J. (2013)

WS

%

Neisseria meningitidis group W: Ange. Chemie. Int. Ed. (2013)
Streptococcus pneumoniae type 14: Russian Chem. Bull. (2014)

WS

%

s Bacillus anthracis: Curr. Org. Chem. (2014)
% Shigella: Chemi. Commn. (2015)
% Neisseria meningitidis group X: Archivoc (2013); Baielstein J.Org. Chem.

(2014); RSC Adv. (2015)

Why there is no second semi-synthetic vaccine yet?



Questions In front of a manufacturer before ¢ ...
adapting a novel technology

Parameter Conventional Novel
technology technology

GMP requirements ? ?
Duration for production ? ?
Cost of production ? ?
Batch to batch consistency ? ?
Host cell impurities (e.g. ? ?

Protein/nucleic acid)
Endotoxin content ? ?
Residuals ? ?
Analytics ? ?
Stability ? ?
Immunogenicity ? ?
Ease of modifying structure ? ?
Loss of epitopes during ? ?

conjugation
Conjugation yield ? ?




Options for

Technology

\.

Conventional
conjugates (Bacterial
PS and carrier
protein)

J

7

Semi-synthetic
conjugates (Synthetic
PS and bacterial
carrier protein)

\
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LABS $ i st
Polysaccharide production igosaccharide synthesis

Bacterial Polysaccharide production Retro-synthesis of Mening C Tetramer
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Oligomers synthesized at Hilleman Labg i iz
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MenC PS lots analyzed
using PWXL 4000-5000
columns in series (RI signal)

T T T T T T T T T 1
2.00 4.00 .00 .00 10.00 12.00 14.00 16.00 1&.00 20.
minutes

MenC tetramer lots analyzed
using PWXL 3000 column
(RI signal)

T T T T T T
2.00 4.00 5.00 .00 10.00 12.00 14.00 16.00 15.00 20.0
Minutes



1. Oxidation (activation at vicinal OH)
GH,OH CH,OH
0 NalO, 4<*0
) fi
OH OH o O

2. Reductive amination

NaBH,CN
PS-CH + HNCAM,, — —

O
3. After conjugation, a new epitope can be produced

PS-CH,-NH-CRM,,

OH NH-CH,CRM,,

CH_,-CRM,,, or
CRM,4,-CH,-NH OH
or
CRM,4,-CH,-NH NH-CH,-CRM,g;,
or
OH OH

Clin Vaccine Immunol 2011 18(2): 327-336
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Clin Vaccine Immunol 2011 18(2): 327-336
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with high yield

Freshly prepared Protein-maleimide

_|_

Poly,
cchande \ﬂ/\/

E i éi ﬁ /\)J\ Poly
cchande
Crude Conju9ate

Purification using 10 kd Amikon Ultra filter.

Same chemistry for all oligosaccharides




Consistent, Repeatable process with high %
yields

MSD - Wellcome Trust
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MenC-PS & Conjugate MenC-Tetramer & Conjugate

. Sharp contrast
; in 0S and
- N conjugate
P profile and
minimum
) heterogeneity
Conjugate Lot No. OS:Pr Ratio Free OS % Conjugation yield

MenCTM-TT-1 0.25 2.5 21%

MenCTM-TT-2 0.25 1.2 32%

MenCTM-TT-3 0.24 3.0 38%

MenCTM-TT-4 0.28 <1 47%

MenCTM-TT-5 0.23 1.5 38%

MenCTM-TT-6 0.28 5.9 39%

MenCTM-TT-7 0.25 9.9 35%

MenCTM-TT-8 0.26 <1 27%
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to licensed vaccine

Post 3 dose Anti- Men C total IgG GMC and rSBA titers after 1ug Men
COM -TT conjugate dose
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Formulation details




MenC Tetramer-TT & OCtamer _TT Conj ugategg rHlilemanLab()latories

Post 3 dose Anti-Men C total IgG GMC and rSBA titers
of MenCTM-TT and Men COM-TT after 1 mcg conjugate dose
10000 IgG GMC SBA titre |
1 T v 1 OMenCTM-TT 1
- I I [ 1 T ] 0 MenCOM-TT
T 1000 I [ J | w [ 1
E I ‘ {
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g
% 10 1908 =t 1206 512 1448
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49
1
Study 1 Study 2 Study 3 Study 1 Study 2 Study 3
1gG SBA
Formulation details
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Anti-MenX IgG GMC Post dose-3 Study 1-3
18000
16000 +
14000 = -
12000
£ 10000
~ -
>
L 8000
6000 -
4000
2000 I I I 1 1 1
0]
Study 1  Study 2 Study 3  Study 3 Study 3
BTm B Tm BTm aTm aTm
m Negative control 195 283 672 672 672
B Men XTm 1mcg 3512 4287 7235 8843 8786

INFERENCE: 1ug of conjugated MenX-tetramer-TT gives 10-15 fold higher

response than vehicle control _

CONFIDENTIAL © HILLEMAN LABORATORIES
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Automated synthesis of oligosaccharides as a basis for drug discovery
Peter H. Seeberger & Daniel B. Werz
Nature Reviews Drug Discovery 4, 751-763 (September 2005)

linker solid support
oG ™ e .
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3p OPG* pglo OPG® PG = protecting group
e LG = leaving group

Scheme 1. Automated solid-phase synthesis of a Le* -Le* nonasaccharide.

Automation reduces significant time for organic synthesis



Comparative analysis R i

Parameter Bacterial PS | Synthetic OS Remarks
GMP requirements - +
Duration for production +++ - Significantly longer time for
synthesis, (Scope for Automation)
Cost of production + + Still under evaluation
Batch to batch consistency - ++ PS from live organisms vs chemical
synthesis
Protein/nucleic acid - ++
Impurities
Endotoxin content - ++
Residuals + + Still under evaluation
Ease of modifying structure - ++
Loss of epitopes during - ++
conjugation
Conjugation yield - +
Analytics - + Highly defined oligomers
Immunogenicity + +
Stability - + Multiple vs Single link and
Long vs small repeats

+ : apositive attribute of the technology - . anegative attribute




Conclusions SRR s e

1. Among all the other novel technologies, synthetic approaches
to develop new conjugate vaccines is an emerging subject

2. Initial successes have paved the way for exploration of
synthetic platform technology for other vaccine candidates

3. The advantages of synthetic approach over the conventional
approaches have upper hand as compared to the possible short
falls

4. The approach may lead to successful candidates which are
difficult to be produced by conventional approaches
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