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Key differences between vaccines and drugs

Preventive
Biologics

Biosimilars

' g Process patents

High capital costs

. L_ Long and complex

J manufacturing

Very large clinical trials

Limited secondary
market

Therapeutic
Small molecules

Generics

Product patents

w Lower capital costs

Manufacturing
relatively simple - o

Smaller clinical trials

Often significant
secondary market
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Vaccine development timeline: 1798-1910
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Vaccine development timeline: 1910-

Tuberculosis
(Bacille Calmette-Guérin)
1927 Typhus Varicella (1995)
1938 Cholera {recombinant Toxin B) # (1993) Lyme OspA, proteint (1998)
Tetanus toxoid Cholera (WC-rBC) (1991) Preumococcal conjugate, heptavalent* (2000)
Pertussis Influenza H. influenzae conjugate™ (1987) Meningococcal quadrivalent conjugates* (2005)
1926 1936 H, influenzae type b polysaccharide(1 985) Japanese encephalitis (Vera-cell) (2009)
Cholera (WC only) (2009)
Adenovirus, live (1980) Human papillomavirus recombinant bivalent (2009)
Diphtheria Yellow Rabies, cell culture (1980) Meningococcal A (2010)
toxoid Fever Meningococcal polysaccharides (1974) Quadrivalent influenza vaccine (2012)
1923 1935 Meningococcal Cand Y
Rubella, live (1969) Haemophilus influenzae type b (2012)
Polio (oral live) (1963) Meningococcal B (2013)
Measles, live (1963) llnﬂuenza vaccine (baculovirus) (2013)
d bt @ 00 000 00 o o
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13 valent pneumococcal conjugates (2010)

Polio (injected Zoster., live (2006)
inactivated) (1955) Rotavirus (qﬂenuat}ed and new reassonan?s) (2006)
Human papillomavirus recombinant quadrivalent (2006)

Mumps, live (1967)
P Cold-Adapted Influenza (2003)

Anthrax, secreted proteins (1970)
Rotavirus reassortants (1999)

Pneumococcus polysaccharides (1977) Meningococcal conjugate* (group C) (1999)
Hepatitis B (plasma derived) (1981) Acellular pertussis, various (1996)
Tick-borne encephalitis (1981) Hepatitis A, inactivated (1996)

Hepatitis B surface antigen recombinant (1986) Cholera, live attenuated (1994)

Typhoid (salmonella Ty21a), Live (1989) Typhoid (Vi) polysaccharide (1994)
Japanese encephalitis, inactivated (1992)
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Smallpox
1798

Cumulative number of vaccines developed

40

30 - Tuberculosis
(Bacille Calmette-Guérin)
- 1927

Cholera (recombind#t Toxin B} # (1993) Lyme OspA, protein (1998}

a (WCBC) (1991) Pneumococcal conjugate, heptavalent* (2000)

20

Tetanus toxoid

(Cumulative number of vaccines)

Pertussis e conjugale” (1987) Meningococeal quadrivalent conjugates* (2005}
_ Typhoid| Cholera 7 type b polysaccharide(1985) Japanese encephalitis (Vera-cell) (2009)
1886 Cholera (NC only) (2009)
. . Adenovinus, lve {1980) Huinan papiiomavius recombinant bivakent (2009)

10 - Diphtheria Rabies, cell culture (1980) Meningococcal A (2010)

Rabies Plague toxoid Meningococeal polysaccharides (1974) Quadrivalent influenza vaccine (2012)

Meningocaccal € and Y
1885 Rubella, live (1363) Haemaophilus influenzae type b (2012)

Measles, live (1963} Influenza vaccine {baculovirus) (2013)

Polio oral live) (1963)1 iMen'ngococoal B(2013)
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13 valent pneumococeal conjugates (2010}
Polio (injected Zoster, live (2006}
inactivated) (1955) Euhuilus{a(knual&:ﬁ a:w:x:rl::ismlanls) (IGO(SI:ODB)
Mumps, live (1967)
Cold-Adapted Influenza (2003)
Anthrax, secreted proteins (1970)
X Rotavirus reassortants (1999)
Preumacoccus polysaccharides (1977) Meningococeal conjugate” {group C) (1999)

Hepatitis B {plasma derived) (1981) Acellular pertussis, various (1996)

Tick-borne encephalitis (1981) Hepalitis A, inactivated (1996)
Hepatitis B surface antigen recombinant (1386) Cholera, live attenuated (1934)

Typhoid (salmonella Ty21a), Live (1989) Typhoid (Vi) polysaccharide (1994)

Japanese encephalitis, inactivated (1992)
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Closing the gap between countries

Introduction in 50%

Percentage of countries

First introduction: of countries:
12-year delay 6-year delay
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Innovation needed to address
challenges across the value chain

Basic research « Manufacturing « Supply chain
« Translational * Pricing « Data
research
« Product quality » Health systems
* Clinical

development
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1AVI’s Early positioning in AIDS vaccine R&D

A well-established continuum of players moves new drugs to market

Basic Applied Preclinical Clinical Advanced Large-scale
I cscarch research development development development Efficacy trials

. ____________________________________-____________________________-___________________________|
Public sector, Biotech companies Pharmaceutical companies
academia

IAVI initially worked to ensure a vaccine for the developing world by ey
focusing on product development ' \

Basic Applied Preclinical Clinical Advanced Large-scale
research research development development development Efficacy trials

Public sector, Biotech companies, pharmaceutical companies
academia \ ]
: A
Advocacy

Clinical trial network in developing world
S)
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|AVI created to address gaps in vaccine
R&D
L

As product failures forced big players out or moved them downstream, |
BN 5 development gap grew ... &=\

Basic Applied Preclinical Clinical Advanced Large-scale
research research development development development Efficacy trials
)
Public sector, Pharmaceutical companies,
academia product-development partnerships

@;avi | @ayi |

Human Immunology Lab (2001)

... and IAVI moved

Neutralizing Antibody Consortium (2002)

to fill the void,
creating new Live Attenuated Consortium (2006)
programs as Vectors Consortium (2007)
needs arose _ _
AIDS Vaccine Design and Development Lab (2008)

IAVI Neutralizing Antibody Center at The Scripps Research Institute (2009)
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Product development partnership (PDP)
model critical to fill gaps

AV is an integrated organization that links its ...

RACLONE

nnnnnnnnnnnnnnnn
..............

EMORY

UNIVERSITY

Industry-style Academic, Network of Advocacy and

labs and diverse government and clinical trial outreach from

research private-sector centers in Africa community to

portfolio partnerships and India international
level
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Need cohorts with sufficient incidence

RESEARCH STUDY PERSON YEARS CASES PER
CENTER POPULATION OF OBSERVATION 100 PERSON YEARS
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With new antibodies, new targets
Mabs from new donors 17, 36 & 39

Conserved

determinants in the T e, Glycan
V1/V2 and AEATTE e e . shield
V3 loops oW F ARG PR T g S % 2G12
PG9, PG16 : g RIS

CD4 binding site
b12, VRCO1,
VRCO03, HJ16,
PGV04

MPER
2F5, 4E10,
Z13el

Source: Schief, W.R. et al.. Curr Opin HIV AIDS. 2009 Sep; 4(5):431-40.
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Better tools to meet key challenges

e.g. Neutralizing Antibody Consortium

| Accelerating the search ...

Broadly Determining High-throughput Assays to
neutralizing structure of immunogen rapidly screen
antibodies novel antigens design immunogens

| | © =

Characterize sera and

dertiryiEroadly ekt lieing s_tructural Immunogen Immun_ogen Clinical
monoclonal antibodies iology design screening development
Indian \V/ VAX
Medicinal
Chemistry
Program;
Innovation
Fund

| ... with new high-throughput approaches |
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Acceleration in number of PDPs

CANADIAN HIV VACCINE INITIATIVE 7
www.chvi-icvv.gc.ca 7

=
§ S INTERNATIONAL
P

AW
PARTNERSHIP for
BY YEAR STARTED PA\ south AFRICAN AlDS ‘\M MICROBICIDES

DMl vACCINE INITIATIVE

KAVI

G SABIN

VACCINE INSTITUTE

. _
dVl :
FiND

Meningitis DN Di

The Children's_ yaccine

Vaccine Initiative . . ) : PTOJeCt
v Concept Medicines for Malaria Venture \;% E'EA%S&%%T]\T{&%\IT% -
A Foundation

C/O/N|R|/A D |
falaria AERAS
SEPATH aaies

«€1977
=~ AVP
Selected other ,(,tv,(-,(,( e | ‘er A

public-private partnerships
Working on health issues

ACHAP
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Egg-based Cell culture Baculovirus E. coli

Relative
Efficiency 0 . 0

Number of doses
obtained per liter
in manufacturing

Relative
Cost

Relative manufacturing
costs, not including
facility

Speed

Time needed

to manufacture
300 million doses
in existing facilities

One year Two years One year One month




Evolution of number of annual patent filings for
human vaccines against influenza virus,1941-2011

70
60

=)

e 77

=

S

g 7

E

S

= =0 ‘
20 |
10 - I
n i ull

FEPPII PSS AP OIS P PF IS IO

Year of first filing
From: WIPO 2012. Patent

Landscape Report on Vaccines for ) o
Selected Infectious Diseases 1 published applications 11 granted patents
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Patents — barriers to access?

In some cases... ...but not always
CHIRON 4 | M CSI' ’:’ MERCK
VALC = 3 HE UNIVERSITY
g’f f?t‘i‘i‘?ism‘)
= First to identify = Gardasil (first HPV
Hepatitis C (HCV) vaccine) based on

research at University
of Queensland (UQ)

= CSL and UQ waived
royalty fees for sales In
GAVI countries

= QOver 100 patents in
more than 20 countries

= High upfront royalty
fees impeded R&D
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Patents thickets a growing challenge for
many new vaccines

/Originators \ ﬁeveloping count
manufacturers

® pLL
: : 2 -
GlaxoSmithKline < o
@ Pneumococcal @ 4<

f Panacea Biotec
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@ HPV ©27  bioparmd
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Different R&D models — “Push”

- 103 million

people immunised

¥

Impact:
Number of men A cases:

2008 2012
Niger 842 0

Meningitis

dCcine
Project (
éGAVI
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AMC funding sources

Uss$ 7.00

AMC funds

AMC Price per dose (US$)

Us$ 3.50 — AMC price
Country Co-pay
(from US$ 0.20 per dose, initially)*
us$ 0.00 T T T
First eligible Supplier’s share Supply
vaccine of AMC funds commitment
available depleted fulfilled
l ' I ! l ' I ' l "
Year 0 Year 2 Year 4 Year 6 Year 8 Year 10

* Co-financing levels will be in line with the applicable GAVI co-financing policy
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Factors Affecting VVaccine Availability

" VACCINE N
L AVALABILITY .~

— -
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How the co-financing policy works

______________ VaCC € pyr
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Graduating
Intermediate I I
Low-income
HENE IAI _

Enters Enters
Intermediate phase Graduating phase
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Ramsey pricing

Price

Profit, R&D costs, etc

fCost of goods
-
High- Middle- Low- Volume
income income income
countries countries countries

o

Source: GAVI Alliance, 2012 &GAV I
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Non-GAVI countries
birth cohort

GAVI countries
birth cohort

2012
global birth cohort:

135 million

GAVI countries birth cohort:
80 million
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Changing the mindset of the vaccine
manufacturing industry

High-
income
LA countries

AAAAAAAA



Changing the mindset of the vaccine
manufacturing industry

High-
incom_e
countries

L3
Latin %
b
America *s
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Achievements: Encouraging tiered pricing

I UNICEF/GAVI market 102.03

100 - (weighted average) 97.34

B US public market

80

60 -

40 -

Vaccine price per dose (US$)

20 -

Rotavirus?

Pneumococcal
conjugate?

(DTP-hepB-Hib)'

1 The UNICEF/GAVI price is the 2012 weighted average across multiple suppliers and presentations of
pentavalent vaccine; the US public market price is lowest total 2012 price per dose for DTP, hep B and Hib
vaccinations (via separate DTP, hep B and Hib vaccines). The UNICEF/GAVI pentavalent vaccine includes
whole-cell pertussis vaccine, while the US public market DTP includes acellular pertussis vaccine.

2 The US public market price is the 2012 price for 13-valent vaccine; the UNICEF/GAVI price is the tail price
under the AMC.

3 The UNICEF/GAVI price is 2012 weighted average assuming 3-dose equivalence; the US public market price
is the average 2012 price assuming 3-dose equivalence.

4 The UNICEF/GAVI price is the average price of bivalent and quadrivalent vaccines negotiated in 2013;
the US public market price is the 2012 average.
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Evolving the manufacturing | Augieeeis 000

base

5 suppliers from 5 countries

Switzerland: 1
Belgium: 1 —1_‘

France: 1 —&
@

L Republic of Korea: 1

Senegal: 1 —é

2001

Source: UNICEF Supply Division, 2013 QGA V I
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Evolving the manufacturing | oo e

10 suppliers from 8 countries
base -

Russian Federation: 1 —l

Belgium: 1 ———— é
France: 1 —?
@ @
L united States: 2 L Republic of Korea: 1
W
India: 2 J
| @
é_ Brazil: 1 Indonesia: 1 —

o

Source: UNICEF Supply Division, 2013 @GA V I
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GAVI's vaccine portfolio

Manufacturers with pre-qualified vaccines in 2013 Total

SBLLg
Pentavalent (DTP-HepB-Hib) @ “ Crucell §k§ - @ 5
&
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Achievements: Optimizing products

Rota: 1 dose tube

| Cold Chain volume
per dose (cm3): 46
Vaccine Vial
Monitor: NONE

Penta:10 dose vial
Cold Chain volume
per dose (cm3): 2.6
Vaccine Vial
Monitor: Type 14
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Packaging Reductions for GAVI Countries
Rotarix 1 dose plastic tube:

85% reduction in packaging
size

Rotateq 1 dose plastic tube:

T proposed 29% reduction Iin
‘ primary container

88mm 125mm

DGAVI
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million
children

370 iImmunised

additional since 2000




More than

million
5 5future deaths
aw® aVerted

since 2000




013 Measles rubella
2013 HPV

2011 MeningitisA
2000 Pneumococcal
»008 Rotavirus

007 Measles

»o06 Pentavalent

2002 Hlb

001 Yellow fever
2001 Hepatitis B
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Accelerating vaccine programmes

HPV 33 routine
measles-rubella 14 campaigns
measles SIAS 7 demonstration
pentavalent 131 routine +
yellow fever 21 campaigns
pneumococcal

rotavirus
men A +
measles 2" dose

"2013: + HEIN
"2000-2012:

programmes introductions doses distributed

9
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Pentavalent vaccine introduced in every
GAVI country by 2014

. 2

South Sudan Y.

‘.'

<

" S8 Y
4 ) o Indonesia
oﬁsomalla \#;( = N a

!
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Impact of pentavalent vaccine on the ground

Eliminating Hib meningitis in Kenya (Kilifi district)

Hib vaccine
introduction
100
80
60

) \

20 \\_

Hib incidence (per 100,000)

0 T T T T T T T T T T E— 1
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Year
Source: Anthony Scott, Wellcome Trust Senior Research Fellow in Clinical Science
KEMRI-Wellcome Trust Research Programme , Kilifi, Kenya 5
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The GAVI Alliance: 21st century model of
development

Governments Vaccine Industry
Developing Countrles Developing Countries

Vaccine Industry
‘..l i Industrialised Countries
Civil Society
UNICEF \‘ Organisations

World Bank

%
&
g

Governments l’ ’
Donor Countries ’ ‘

) ’ “
CEO GAVI Alliance ,T

Research and Technical  Bill & Melinda Gates
Health Institutes  Foundation

Independent
Individuals (9)
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Over 22 million children not fully immunised
despite progress on supply and pricing

India: 7.2 million

GAVI-eligible:
17.5 million

Nigeria: 3.1 million
Ethiopia: 1.2 million
Pakistan: 0.9 million
DR Congo: 0.8 million
Non GAVI-eligible: Afghanistan: 0.4 million
5 million Chad: 0.3 million
/ Uganda: 0.3 million
e Cote d'lvoire: 0.2 million
= Cameroon: 0.2 million

—— Rest of GAVI-eligible:
2.9 million

Indicator: DTP3 2011 L;)GAVI

WHO/UNICEF estimates ALLIANCE



Children from poor families less likely to be
fully immunised

Patterns of DTP 3 vaccination coverage across wealth quintiles since 2005

100 -
90 1
80 1
70 4
60 -
50 4
40 -
30 -
20 -
10 -

0

DTP3 coverage (%)

Nigeria Sudan DRC India Pakistan Yemen

Wealth quintiles:
M Lowest [ Second M Middle M Fourth M Highest

S}

Source: DHS and MICS data (since 2005) D GA V I

Courtesy: Save the Children UK, 2012 ALLIANCE
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DTP3 coverage (%)

Improving data

100

80

60

40

20

87%
Country official
estimates (2011)

66%
EPI coverage
survey (2012)

51%
WHO/UNICEF
37% estimates (2011)

Household survey (2010)
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Alliance supply chain strategy: initial examples

Tracking and tracing vaccines through
bar codes

Streamline and improve transparency ey
of short-term forecasting

Short term forecast

Global Sources

New cold chain technology to market

Private sector expertise

LsGAV]
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Vaccine coverage percentage (%)

I e
Rapid ramp-up in number of fully immunised

children from low base

100+

80 -

60

40 4

20+

BCG

—= MCV
— Rotavirus
Polio Pneumococcal
Pentavalent Rubella Fully immunised child (GAVI 73)
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Vaccine coverage percentage (%)

100+

80 -

60

40 4

20+

Rapid ramp-up in number
of fully immunised children from low base

Fully immunised child (GAVI 73)
"'.#3¢1:7QQ

”~
f,’ - ﬂ36%

7, - Fully immunised child (world)
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Year
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Thank you

GAVI/2011/Ed Harris
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www.gavialliance.org



