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Innovation in Vaccines

PROS CONS

® Growth areas ® Risk

® Competitive advantage ® Sustainability and ROI

® Public health benefit ® Barriers
— Biology
— Regulatory
— 1P
— Human stupidity
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Innovation in many forms

® New vaccine (no vaccine against pathogen exists)

® Improved Vaccines:
— Simplified production (cost of goods, supply, speed)
— New technology (DNA, RNA, viral vectors)
— Breadth of protection
— Longer lasting
— Reduced schedule
— Combination vaccines
— Simplified delivery
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Vaccines, the Life Cycle, and
Global Opportunities

Birth Childhood Adolescent Maternal Older Adult
Young Adult
Existing
BCG, HepB D, T,P,HepB, HPV Influenza Influenza
HiB,PCV,Rota Zoster
MR, Influenza (PCV, tetanus)
Desired
RSV GAS HIV, TB, RSV Pneumonia
Pertussis + HSV, GBS E.Coli
Chlamydia Zika ? S. Aureus
Gonorrhoea Pseudomonas

And.. Better influenza vaccines, Shigella, ETEC, Norovirus,...
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Maternal Immunization

® Tetanus )
® Influenza
® Pertussis All at
___ the
same
i 2
® Group B Strep time
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GBS vaccines

® Maternal antibody to capsular
polysaccharide reduces risk of disease

4OE-
— Capsular polysaccharide conjugate vaccines © - T
In development (phase 1)

* 5-valent or higher
— Common protein phase 1.

ANTIBODY CONCENTRATION (ug/ml)
O

® |ssues: I
— Phase Ill trial designs (endpoints) L S
— Standardised immunogenicity —— —
. Disease __Exposed

— Cost, and cost effectiveness
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Respiratory Syncytial Virus (RSV)

® 34 million episodes/yr under 5 yr

® 3.4 million hospitalizations
® 200,000 deaths
® No effective drugs

® Palivizumab monoclonal for high-
risk preterms ($10,000/course)
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RSV vaccines
vaccinate mother or child ?

® 1960s: inactivated virus on alum
— Severe immunopathology in immunized infants (Th2 response)

® 2000s: multiple candidates
— Live attenuated (infant)
— virus-like particle (maternal, infant or elderly)
— Subunit (maternal or infant)
— Viral vector (eg chimp adenovirus)
— and passive immunization with monoclonals
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63 candidates in pipeline
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Infant Immunization
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WHO EPI Schedule 1984

Age Vaccines
Birth BCG
6 weeks DPT, OPV
10 weeks DPT, OPV
14 weeks DPT, OPV
9 months Measles

7R World Health
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Since then...

® Hep B 2-3 il

Rotavirus and Rubella added == =%

® Rubella 1-dose
® HiB 3 doses
® PCV 3 doses

® Rotavirus 2-3 doses

® Menlngltls 0t 5001 2002 2003 2004 20052006 2007" 2008 2009 2010 2011
Source: MSF Access Campaign

® |IPV, mumps, varicella, JE, typhoid,...
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DTP3 coverage 2010-2015

16 COUNTRIES HAVE MEASURABLY
INCREASED DTP3 COVERAGE SINCE 2010

2010 2015

'»] g ]I:zn Pepple’s Democratic Republic [thel
A Eg

87 Venezuela [Bolvaran Republic of], India
O 86 Ethiopia

DTP3 COVERAGE DECLINED BETWEEN
2010AND 2015 IN 25 COUNTRIES

2010 2018

Suriname 98

Hondurze, Mexico 95
Panama, Guatzmala, B4
Mar=hall k=land= [the), Ghara

Ecuader 91
Myanmar 30
Basnia and Herzegovina 89 £9 Suriname
£8 Bha
&7 Mexico

Micronesia |Federated States ofl 85 85 Hondwra=, Marshall Islands [the|

Pakistan 82 &2 Ho=nia and Herzegowina

Syrian Arsh Republic [the] 80
Philippines [thel 79

Angola 77

Irzg, ¥emen T4

o e T3

Litieria, Niger lthel 70

T8 Ecuador
TS Myz=nmar
T4 Guaternala

anama
T2 Micronesia [Federated States ofl,
Fakistan

Togo 83
81 Dernnn:nmc RE%uhhc of the I.':ongo Ithe
) 80 Gabon, Mozambigue, Congao [the),
o India 79 . Comoros Lth el
Venezuela [Bolivarizn Republic of] 78 © T8 Afghanistan
Mazambigue, Lao People’s Democratic OUrEl=2
public [thel, Canga [the], T4
Comoros [the) s T3 Mauritania
Timar-Lesta 72 <
Gabon &7
Afghanistan &6 < O &b Samoa
Mauritania &&
Samaoa 62 » &2 Papua New Guinea
Ethiopia 61 ¢

Democratic Republic of the Congo [the) 600 ©

Papua New Guinea &5 o
56 Chad

Chad 3%

Source: WHO and UNICEF Estimates for National Immu nization Coverage
WUEMC), 2010-2015
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&9 Temen

&8 Mali
Haiti &6
O 65 Miger [the]

Guinea &4 &4 Angols
&0 Philippines [thel. Haiti
54 Irag

Ukraine 52 52 Liberia
51 Guinea

Somalia £5

Equatariai Guinca 4&

42 Samalia
&1 SyrianfArab Republic (thel

¥ 23 Ukrzine

16 Equatorial Guinea

Source: WHO and UWIC BF Estima fes for Mational immunization Coverage
WLENIC), 2000-2005




Improving coverage through technology
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Some childhood vaccines in the pipeline

® Group A Streptococcus — major source of antibiotic use
— Rheumatic heart disease, soft tissue infection.
— Phase IlI: endpoint ?

Mo, of Cases

7 Rl 8
® Enterovirus 71 00| Protection rate: 94.8%
— one approved (Sinovac), o
— others in development o

40 -
30 -

® Norovirus, shigella, ETEC, »

10

_ 0 s
® Improved pertussis, ‘flu.. vacdine Control
Effectiveness for EV71 Infection
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Adolescents, young adults

® HPV

® Pertussis

® New TB

® HIV

® Herpes

® Chlamidya..
World Health
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HPV: The challenge is to ensure that girls are
protected in areas where the risk is greatest

HPV vaccine introduced

Risk of cervical cancer

Data Source: WHO/IVB Database, as at 23 January 2014
Map production: Immunization Vaccines and Biologicals, (IVB), World Health

Organization The boundaries aiﬁffuﬁdw b esignations used on this map do not imply the expression
of any opinion whAat World Health Organization concerning the legal status of
Aanyv ~ntintrv tarritory ity ar araa nr nf ite anithnoritice Ar concarni 1 nf ite frantiare Ar

inAa the dAalimitatinn



Vaccines for sexually transmitted

Infections
® [ssues
— Limits to progress with condoms,
— Asymptomatic

— Anti-microbial resistance

® Status: Global roadmap to move forward
— Herpes Simplex
— Chlamydia trachomatis
— Neisseria gonorrhoeae
— Trichomonas vaginalis
— Treponema pallidum (syphilis)

I World Health
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Older adults

® Tetanus

® Influenza

® Pertussis ?

® Herpes Zoster

® Pneumonia

I World Health
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We are living in an Ageing world-wide: contrasting
realities

® Is the immune response of the average 65 year-old rural
Kenyan the same as that of the average 65 year-old urban
Japanese ? How do you develop policy ??

«m Y\, World Health
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Leading causes of death, low and middle
Income countries, by age.

0-4 years 5-14 years 15-44 years 45-59 years >60 years

AR B S0 L

. Noncommunicable conditions

. Injuries

O Communicable diseases, maternal and perinatal conditions and nutritional deficiencies

Source: World Health Report 1999 Database
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Infectious diseases as triggers of excess
mortality ?

Diabetes

20,000 +

Numbers of monthly deaths

VVV YVWI

L] .. .‘..l " I‘ L)
hdv'\w"\/\-‘u"’l‘\l‘#\-’\-/\/‘.'vﬁ." A t"&/u\/J\/\"N“'"V“
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Tetanus cases by age (EU)

— Figure 3.5.17. Age-specific notification rates of tetanus cases in EU and EEA/EFTA countries, —
2006 (n = 163)

Cases/100000

0—4 5—14 15-24 25-44 45-64 2 65

Source: Country reports: Belgium, Bulgaria, Denmark, France, Greece, Hungary, Italy, Lithuania, Poland, Portugal, Romania, Slovenia, Spain,
Sweden and UK. Cyprus, Czech Republic, Estonia, Ireland, Latvia. Luxemboure. Malta. Slovakia, Iceland and Norway reported zero cases.




Pneumonia hospital admissions by age

6000

- 1997-1999 (Pre-PCV7) Where are
5000 ~+— 2001-2006 (Early PCV7) e
o 20072009 [L2ts PCVT) antibiotics most
used ?

4000

Pneumonia Hospitalizations per 100,000

3000 . .
Would vaccinating
2000- adults be effective ?
1000 Same vaccine or a
N =// new one ?
0 13 1 ; ; | | | 1
<2 2-4 S=17 18-39 40-64 65-74 75--84 =85

Age Group (yr)

Pneumonia hospitalisations across age groups

® Griffin NEJM 2013. 369(2) 155-159
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Aging and T Cell Homeostasis

Age-dependent decline in thymic output

10000 A T

8000 - P=0.002

6000 -

TRECs

P<0.001
4000 A | |

P=0.035

2000 -

N i

18-39 40-54 55-69 70-90

Age (years)

Naylor, K et al. J Immunol. 2005 Jun 1; 174(11):7446-52



Antibody concentrations in young and elderly adults
depending on the timepoint of the last vaccination

Tetanus

.U./ml

16-20 11-15 6-10 1-

77X\ World Health
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Improving efficacy through technology

® Intradermal delivery of influenza
® High dose influenza vaccines

® Adjuvants (Herpes Zoster)
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Herpes Zoster

® Risk factors
— History of chickenpox*
— Advancing age and waning
immunity?
*  VZV-specific immunity
declines with age’

350 ~
300

250
Rate per 200 - .
100,000 IEN . ==Varicella

population
100

D D S D H
A= S~ M AN
WSS A

Age group (yrs)

1. Gnann JW, Whitley RJ. N Engl J Med. 2002;347:340-346. Image courtesy of Charles E. Crutchfield Ill, MD.
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Herpes Zoster Vaccines

: ™ . i v M
® Merck: Zostovax ® GSK: Shingrix
= D Total Vaccinated Cohort in ZOE-50 and ZOE-70

6.0 1.0+

5.5 Placebo 0.054

1 .; . o 0.8+ 0.04+ Placebo
— 459 ) 0.03+ g
§ < '§ 0.02
; ] rl' g 0.6+ e _',/’
_E 154 ;_.‘ g 0.014 ’/" HZ/su
[ = # Zaster vaccine K. { 0.4+ 0.00-+= | A TS T ST DN | "‘l_ |
P - 0 6 12 18 24 30 36 42 48
- 3
E Y 02
[s

0.0 T — 7T
0 6 12 13 24 30 36 42 48
Month from 30 Days after Dose 2
. Years of Follow-ue No. at Risk
| Vaccne 19254 1a9M4  1a&6 942 1506 I Placebo 8773 8463 8310 8077 7910 7693 7521 7276 S188

Cunningham NEJM 2016
7R\, World Health
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Other vaccines needed for older adults

® Clostridium difficile —

® E. coli

— Driven by AMR
® S. Aureus

® Pseudomonas

—_—

® Cancers, Alzheimer's,

7R World Health
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And then there are surprises which hit all
ages... where vaccines are needed

World Health
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Conclusions

® Vaccines can have a huge impact on health at all
ages.

® Innovation will expand the number of vaccines which
will permit prevention of a wider number of infectious
diseases and antimicrobial use.

® Reaching the populations and sustaining high-level
coverage Is and will be a challenge that will require
Innovation, investment and support from all health

care sectors.
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