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Quiz

What phase of clinical trials involves testing a new vaccine in a small
group of people for the first time?

 Phase | * Phase |l
 Phase ||  Phase IV

Who must approve the safety and efficacy of a vaccine, ahead of
consideration for public or private use?

* TGA  PBAC
« ATAGI « Commonwealth Dept of Health



Learning objectives

To understand:

» Vaccine development and trial pipeline: bench to licensure

* Purpose and characteristics of vaccine trials: phase | to Il

* Pathway from licensure to policy: Australia and internationally

To provide real-world examples using meningococcal vaccines
» Conjugate meningococcal vaccine (4vMenCV)
e Recomb. multicomponent meningococcal B vaccine (MenB-MC)



The pipeline to a vaccine

Vaccine Preclinical Clinical testing Licensure Regulation; Use
Design testing
Chqice of antigen Safety;/linlzr?flijgggyemmty FF)’:::ee Ill Phase IV
Choice of platform in animal models Phase IV
Phasel Phase ll Phase lll
Safety forrlnil?gifilgmoggsrzzland Safety and efficacy

Tens of participants

schedules
Safety
Hundreds of participants

Thousands of
participants

Human
Challenge
Models

Phase la

Single Ascending Dose

Phase lla

Data about optimal dose

Phase lb

Multiple Different Doses

Phase llb

How avaccine works at
a given dose




The pipeline to a vaccine

Disease _

Infectious agent +
year in which the agent
was linked to the d

Vaccination innovation,
from 1880 to 2020
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Vaccine design: Choice of the target

Clinical syndrome
named by
Pierre Bretonneau

Bacteriaisolated
by Edwin Klebs

Rouxand Yersin
discover toxin

Antiseraagainst

Diphtheria antisera
generated - serum
therapy becamethe
treatment of choice

Behring develops
diphtheria

Park rolls out
diphtheriacampaign
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Product effective butimmunogenicity not as

toxin generated by

Behring and toxin-antitoxin (AT) using diphtheria AT greatas diphtheria AT.
Shibasaburo Gastongoes on to identify Al as an adjuvant
T T T T T T T T »
1821 1883 1888 1890 1913 1921 1923 1927

DISCOVER - PREVENT - CURE



Vaccine design: Choice of the target
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Structure of the spike protein first
published: 10" February 2020

SARS-CoV-2
named
11th February 2020

Function / antigenicity of spike protein
reported: 9" March 2020

Crystal structure of receptor binding
domain of the spike protein reported:
30t March 2020

WHO declares
COVID-19a
pandemic

December 2019
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Vaccine design: Choice of the platform

Technology

Example pathogens

Purified antigen protein

Influenza, Diphtheria, Pertussis, Tetanus, Anthrax,

Protein COVID-19, RSV
Protein-VLP(virus like particles) Varicella, HPV, Hepatitis B, Malaria
Capsid Carbohydrate Pneumococcal

Carbohydrate : ) : : :
Carbohydrate-protein conjugate Pneumococcal, Hib, Meningococcal vaccines

Cell Live attenuated bacterial pathogen Typhoid (BCG), Cholera

e
Inactivated bacteria Typhoid
Live attenuatedviral pathogen Mea?sles, Mumps, Rubella, Smallpox, Yellow Fever,
Varicella, influenza, Rotavirus, Dengue

Inactivated pathogen Polio, Rabies, Influenza, JEV, COVID-19

Viral

Recombinant viral vector, non replicating

COVID-19

Recombinant viral vector, replicating

Ebola

Nucelic acid

MRNA

COVID-19, influenza, RSV




Vaccine design: Choice of platform
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Choice of platform: some strategic choices

Technology

Attraction

Regulatory challenges

Whole virus - live attenuated
orinactivated virus

Easyto prepare
Caninduced long-term
immunity

Hard to scale up and manufacture consistently
Safety concerns for live viruses

Vaccinesusing inactivated viruses may be less
efficacious

Protein subunit and VLP
vaccines

Non-infectious
Widely established

Canbe expensive and complex to manufacture
Low efficacy without boosters and/or adjuvants

Viral vector vaccines

High cellular and antibody
immune responses

Hard to scale up
Rare but serious safety concerns
Pre-existingimmunity to vector can limit efficacy

Nucleic acid (mRNA and DNA)

Rapid todesign and
manufacturer

Stability - needs low temperature storage
mRNA reactogenicity and potential AEs
Potential safety signal with DNA




Investment decision - health need, commercial viability

Major factors influencing vaccine developers considerations

B strategic fit

B Unmet medical need [ Technical feasibility Value creation

1. Pre Pivotal —> 2. Pivotal —> 3. Licensure —> 1st Country
Introduction
Burden of - 10% Required | 11% Revenue | 12% Revenue | 15%
disease investment potential potential
Clinical dev 10% Clinical dev 1% Required | 1Y% Required | 9%
- ’ - ’ investment ’ investment
Size of target 9% Revenue | 9y, Licensure 10% Size of target 99,
Population - potential ! feasibility - ! population -
Required | 8Y% Licensure 9% Manufacturin 8% Cost-benefit 8%
investment ’ feasibility - ’ - -

Licensure 8%
feasibility -

Manufacturing [ 7%

Public health fit [l 7%

Burden of 8%
disease - ’

A vaccineecosystem equipped to meet the challenges of future infectious disease|Wellcome




Pre-clinical testing

A series of key laboratory and animal studies conducted before a
candidate is tested in humans - designed to evaluate

* Immune response generated by the vaccine candidate
« Safety profile in vitro and in vivo

* Optimal dosage and delivery methods

* Any potential side effects and adverse reactions

Animal models are a critical component to pre-clinical testing



Pre-clinical testing

Species Advantages Disadvantages
Low cost; easy to handle; short breeding cycles
Genetically well defined; reagents/assays ++ Small size;
Mouse / Rat Immune system well characterised; Limited access to mucosal surfaces /immune compartments;
Hemochorial placentation(transfer of IgG subclasses); manipulation of neonates very difficult; short life span
Well-defined transgenic strains (e.g. knockouts);
Rabbit Moderate costs; good serum donors; Larger infrastructure requirements to house large numbers,
longer life span; hemochorial placentation fewer reagents available
Moderate costs; outbred species; . o . i ..
Ferrit Excellent model for respiratory viral infections; Small size, difficult to handle, require specific training and
infrastructure
Greater access to mucosal compartments
Moderate costs; ready access to mucosal surfaces . . S .
. Lo - ) Requires dedicated facilities and training;
Pig Outbred species; similar physiology to humans;

Access to fetal tissue; easy mucosal vaccine delivery

rapid growth; host to endogenous retroviruses

Sheep, Cattle

Ready access to mucosal surfaces
Epitheliochorial placenta(no transfer of Ab)
Access to fetal tissue; easy mucosal vaccine delivery
Mucosal immunity at birth; Long neonatal period

Moderate to high cost;
Requires dedicated facilities and training;
long breeding cycle

Non-human
primate

Physiology very similar to humans; easy access to mucosal
surfaces and many immune compartments; Immune functions
well defined; hemochoiral placentation

Very high cost; Requires dedicated facilities training;
Long breeding cycle; immune system develops post partum

Kiros TG et al, Importance of animal models in the development of vaccines




Pre-clinical testing

Thereis no guarantee that results from animal models will be
observed when a vaccine is used in humans

Increasing use of alternatives:

* In vitro experiments using cell cultures models, tissue organoids or
3D tissue models

* In silico and analytical techniques to predict immune responses
and suggested adjuvants



Clinical trials

Vaccine Preclinical Clinical testing Licensure Regulation; Use
Design testing
Cho'ice of antigen Safeter,/I[nEr?fLiJang;nlmty PP::;see Ill Phase IV
Choice of platform in animal models Phase IV
Phase | Phasell Phasellll
Safety forrlrgjl?gifilg\,oggsrzgland Safety and efficacy

Tens of participants

schedules
Safety
Hundreds of participants

Thousands of
participants

Human
Challenge
Model

Phase la

Single Ascending Dose

Phase lla

Data about optimal dose

Phase |b

Multiple Different Doses

Phase llb

How avaccine works at
a given dose




Clinical trials

The Joumal of Infectious Diseases

¥ h
ivma
Infec Diseases Society of Amerien bov medmecsocoron  [RRallal

A Randomized Phase 1/2 Study of a Respiratory Syncytial
Virus Prefusion F Vaccine

Edward E Walsh,"*” Ann R Fal

MAJOR ARTICLE

Zarsba.! Kathrin U. Jansen.” William C. Gruber

Baate Schmasle-Thoma'. for the C3671001 Study Group
andDelopment,
rama, GmbH, Barlin,

The NEW ENGLAND JOURNAL of MEDICINE

“ ORIGINAL ARTICLE ”

Prefusion F Protein-Based Respiratory
Syncytial Virus Immunization in Pregnancy

Eric AF. Simdes, M.D., Kimberly J. Center, M.D., Alan T.N. Tita, M.D., Ph.D.,
Kena A. Swanson, Ph.D., David Radley, M.S., John Houghton, D.O.
Stephanie B. McGrory, B.S.N., Emily Gomme, Ph.D., Marquita Anderson, M.D.
John P. Roberts, M.D., Daniel A. Scott, M.D., Kathrin U. Jansen, Ph.D.
William C. Gruber, M.D., Philip R. Dormitzer, M.D., Ph.D.

The NEW ENGLAND
JOURNAL o MEDICINE

APRIL 20, 2023 VOL. 388 NO.16

ESTABLISHED IN 1812

Bivalent Prefusion F Vaccine in Pregnancy to Prevent RSV
Illness in Infants

B. Kampmann, S.A. Madhi, |. Munjal, EAF. Simaes, B.A. Pahud, C. Llapur, J. Baker, G. Pérez Marc, D. Radley,
E Shity 1 Clagterngik H _Sogagge | Baby D Zach, b Sl _Barogb M Eaysett T ag N _Dog

P1-2, observer-blinded randomised placebo-controlled
trial of RSVpreF, starting at 60ug and proceeding to
120ug and 240ug, with and withoutadjuvant based, in
healthy men and women age 18-49y and 50-86y

Randomised 1:3:3

Primary endpoint
Localandsystemic adverse events reported by
electronic diary within 14 days of vaccination
AE within1Tmonth post vaccination
Medically attended AE and SAE through to 12 months

Secondary endpoints:
RSV Aand B neutralisationtitre measuredat specific
time points to6 months post vaccination

April 2018 to Novembber 2019: 84 and 534 randomised
in Phasel and |l respectively

P2b, observer-blinded randomised placebo-controlled
trial of 120ug or 240 ug RSVpreF, withand without
adjuvantin pregnant women 24-36w gestation

Randomised 1:1:1:1:1

Primary safety endpoint
Solicited local and systemic reactions recorded for 7
days aftervaccination
Unsolicited adverse events that occurred up to 1Tmonth
after vaccination or during the first month of life

Primary immunogenicity endpoints:
50% neutralising titres of RSV A, B and combined
antibodies in maternal serum at delivery andin
umbilical cord blood

August to November2019: 406 womenrandomised

P3, double blind randomised placebo-controlled trial
of120ug of RSVpreF in pregnant women 24-36w

Randomised 1:1

Primary efficacy endpoints:
Medically-attended severe RSV-associated LRTI
AND
Medically attended RSV-associated LRTI in infants
within 90,120, 150 and 180 days after birth

Primary safety endpoints:
Reactogenicity and adverse eventsin the mothers up
to 6 months postvaccination
Newly diagnosed chronic medical conditions in infants
up to 12 months post natal age

June 2020 to October 2022: 7392 women randomised

TG, OV TEATE e VeT | difect profeclion &8 dimedll 1o ScRIeve with

i preperl ied.For commercisre-use, please contct joumels pemisionsdouscom
gk g 10 0812

Morcover, immunization of pregnant womcn against

ENGLMED 38817 NEM.ORG  asmis 38, 3023 1615 |

| NCT04424316)

NENGL) MED 38810 NEM.ORC asmi 30, 3023 1451




Clinical trials: rare endpoints

Safety and Efficacy of High-dose Rh H R R
Vaccines—Report of the National Multicenter Trial

trial of mesus-human reassortant

Jaana Joensuu, Eevd

Summary Journal of Medicine

Background
chichood _gastroent
heterologous._rota
gastroenteritis. We
reassortant rotavirus|

severs rotavins gag P

for p ion of severe gas'

The New England

Rotaviny

VOLUME 227 Ocross NUMBER 17

July 18,1998/ Vol. 48 / No. 27

577 Intussusception Amang Recgients of

Rotavicus Vaccine — Unined Slates.
1956-1399
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Three phase Ill placebo-controlled clinical trials

Powered to demonstrate efficacy

Primary endpoint

Efficacyagainstrovavirus gastroenteritis and severe

gastroenteritis

US Trial: 1278 infants enrolled
Finish Trial: 2398 infants enrolled
Venezuelian Trial: 2207 infants enrolled

Demonstrated to be highly effective against severe rotavirus

gastroenteritis

Rotash|eld licensed forusein 1998

arrheal illness caused by rotavirus. (N Engl J Mad
$997.337:1181.7)
25,10 ©1997, Massachuserts Medical Society.
DISCOVER -

Volume 337 Number 17

ns

Among Recipi of Rotavirus Vaccine —
United States, 1998-1999

On August 31, 1998, a tetravalent rhesus-based rotavirus vaccine (RotaShield®*,
Wyeth Laboratories, Inc., Marietta, Pennsylvania) {RRV-TV} was licensed in the United
States for vaccination of infants. The Advisory Committee on Immunization Practices
IACIP), the American Academy of Pediatrics, and the American Academy of Family
Physicians have recommended routine use of RRV-TV for vaccination of healthy
infants {1,2). During September 1, 1998-July 7, 1999, 15 cases of intussusception
{a bowel obstruction in which one segmant of bowel bacomes enfolded within
another segment) among infants who had received RRV-TV were reported to the Vac-
cine Adverse Event Reporting System [VAERS). This report summarizes the clinical
and epidemiologic features of these cases and preliminary data from ongoing studies
of intussugception and rotavirus vaccine.

VAERS

VAERS is a passive surveillance system operated by the Food and Drug Administra-
tion (FDA) and CDC (3,4 ). Vaccine manufacturers are required to report to VAERS any
adverse event raportad to them, and health-care providers are encouraged to report
any adverse event possibly attributable to vaccine. Vaccine recipients and their fami-
lies also can report adverse events to VAERS. For this report, VAERS case reports of
intussusception following rotavirus vaccination were reviewed, and health-care
providers, parents, or guardians of patients were contacted by telephone for addi-
tional clinical and demographic information. Data on RRV-TV distribution were ob-
tained from the manufacturer. To estimate the expected rate of intussusception
among infants aged <12 months, hospital discharge data from New York for 1991
1997 were reviewed.

Of the 15 infants with intussusception reported to VAERS, 13 (B7%! developed
intussusception following the first dose of the three-dose RRV-TV series, and 12 [80%)
of 15 developed symptoms within 1 week of receiving any dose of RRV-TV iTable 1)
Thirteen of the 15 palien(s raceived concurrently other vaccines with RRV-TV. Intus-

ion was ir vically in all 15 patients, Eight infants required
surgical reduction, and one required resection of 7 inches {18 cm of distal ileum and

Use of race names and ial sources is for ion anly and does not imply
endorsement by CDC or the U.S. Department of Health and Human Services

U.S. DEPARTMENT OF HEALTH & HUMAN SERVICES

The NEW ENGLAND
JOURNAL o MEDICINE

JANUARY 5, 2006 E—

Safety and Efficacy of an Attenuated Vaccine

NEW ENGLAND [OURNAL 2 MEDICINE

“ ORIGINAL ARTICLE I

Safety and Efficacy of a Pentavalent Human—
Bovine (WC3) Reassortant Rotavirus Vaccine

2 o

o

Twophaselll placebo-controlled clinical trials
Powered to demonstrate safety (and efficacy)

Primary endpoint
Safety with respecttointussusception

Rotateq: 70,307infants enrolled
Rotarix: 63,225 infants enrolled

Relative risk of intussusception
Rotateq: 12 episode invaccine recipients; 15 in control

Rotarix: 9 episodes in vaccinerecipients; 16 in control

Both vaccines licensed for use in 2006

severe disease and health care contacts. The risk of intussusception was similar  merck.com

in vaccine and placebo recipients. (ClinicalTrials.gov sumber, NCTOD090233) g s 008356233

WINGLI MIBI5T WNWNUMORG JANUAAY S 3006 3




Clinical trials: the need for speed

Conventional pathway of vaccine development

1-2 years 3-10 years

Preclinical Safety

Dozens of
participants

Laboratory and
animal studies

Safety and immunogenicity

Hundreds of participants

Thousands of participants

Safety and efficacy

Registration

Mclntyre P et al, AustralianPrescriber 2021



Clinical trials: the need for speed

18th November 2020: Phaselll

COVID-19 vaccine development at pandemic speed

The NEW ENGLAND
JOURNAL urMhDICINE
SrCEEER 3T, 30 3-10 years

14t Jul

Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine

Preclinical
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Mclntyre P et al, AustralianPrescriber 2021



Clinical trials: uncommon infections

Screening Enrolment Study visit |
1;:_ ool roup Log rark @ ® Efficacy andimmunogenicity of a Vi-tetanus toxoid
) — VT grovp VT p=0-0001 " conjugate vaccine in the prevention of typhoid fever usinga
H Ve Vs controlled human infection model of Salmonella Typhi:
2L 7] a randomised controlled, phase 2btrial
1-3mont| £ BB o e e e o e e e e et
£z 57
Admil:usler g;& a0 ::T;.;:x Salmonella enterica serovar Typhi S Typhi) is responsible for an estimated 20 million infections and
vawme ;; e e Zl?lnwﬂdmlu each year in resource poor regions of the world. Capsular Vi-polysaccharide protein conjugate u::i[\s
= E 254
5 P2b, double-blinded randomised controlled trial of
0 T - Vi-conjugate(Vi-TT), Vi-polysaccharide (Vi-PS) and
f Nurberat risk control meningococcal vaccine inoutpatient based adult
1-3mor| “pEer 2 b 21 human typhoidinfectionmodel
Administer Vi-PSgroup 35 29 b2} .
placebo B Randomised 1:1:1
1004 Log-rank
Vi-TT p=0-0002
e VrPspods All participants exposed to oral ingestion of Salmonella
HH 1 typhi with daily monitoring and blood cultures for 2 weeks
Samples (blood, stool, urine, saliva e =T . .
during screening, post vaccination, pq ‘é% 5 5 4 P”"_Ta_ry endp(}“nt ‘ _
follow up. fed The proportion of participants diagnosed with typhoid
5 r Secondary endpoints:
Human Cha”en e MOdels o : : Safety outcomes and severity of typhoid disease
7 14
g Bumberatrisk Time after challenge (days)
oo 31 3 o August 2015 to November 2016: 112 volunteers enrolled
7T group
UrPrgrove 3 2 = o illess. Mor 21 156 2nd shout 3% of from scuth Asia ta Afiica, with resistance 1o frstline

DISCOVER - PREVENT - CURE

Sekhar A et al, Semin Immunol 2020



Clinical trials - success

Probability of success entering clinical trials:

2000-2015
100%
90%
80%
70%
60%
50%
40%
30%
20%
10% I
0%
o
0\00’ \<</«\ %0\\\»'0 & ((\é\ ;\\Q‘b 0\o® @,b c}Q AQ}'b
& P AR S A
{boo & Ny & & N
Q\g ()'b ) QQ C‘}}o
«Q
K

B Phasel1to2 M®Phase2to3 MW PhasedtoApproval ™ OQverall

Chi Heem Wong et al, Biostatistics 2019



Clinical trials

Vaccine Preclinical Clinical testing Licensure Regulation; Use
Design testing
. . Safety, Immunogenicity Phase |
Cho'lce of antigen +/- Efficacy Phase I Phase IV
Choice of platform in animal models Phase IV
Phasel Phase ll Phase lll
Safety forrﬁﬁgiilg?gggzland Safety and efficacy

Tens of participants

schedules
Safety
Hundreds of participants

Thousands of
participants

Human
Challenge
Model

Phase la

Single Ascending Dose

Phase lla

Data about optimal dose

Phase lb

Multiple Different Doses

Phase llb

How avaccine works at
a given dose




Licensure

Method of licensure varies by country

The sponsor (normally the manufacturer) must follow a multi-step
process

* Anindependent review of clinical trials

* Inspection of manufacturing facility

» Usability testing of the product label and product information

In Australia, vaccines are reviewed by the Therapeutics Goods
Administration

Internationally, otherreqgulators include: FDA, Health Canada, EMA



TGA pathways for vaccines

Standard (full) submission - in Australia, vaccines are evaluated as
prescription medicines, not biological

Provisional review - new vaccine and/or indication, preventing a serious
condition, providing a major therapeutic advance and favourable efficacy
or safety. Must plan to submit comprehensive clinical data



TGA pathways for vaccines: COVID-19

Most countries granted temporary emergency authorisations

Provisional review - new vaccine and/or

[omm-uuon] [ mmmmm ]

indication, preventing a serious condition, " __ < sperterroling datawaves——
providing a major therapeutic advance e~ l_\—ﬁ~
and favourable efficacy or safety. —_— emw \ | T E
Must plan to submit comprehensive - S SR (O
clinical data

In Australia, provisional pathway used, to enable early access
* Limited data on duration of protection



Pathway to including a vaccine in the NIP

A positive TGA delegate's overview must be provided in order for the Pharmaceutical Benefits
All vaccines must be registered by the Therapeutic Goods Administration Advisory Committee (PBAC)to consider recommending a submission

(TGA)as clinically safe and effective for use in Australia. Full TGAregistrationis required before Government ap proval can be sought to fund avaccine
TGA foraparticular cohort through the NIP

Clinical advice from ATAGI mustaccompany all vaccine submissions to the PBAC and
All new vaccines and extended cohorts for existing NIP vaccines mustbe submissions must address all matters raised in the ATAGI advice whereappropriate (refer to

PBAC recommended by the PBAC as cIinicaIIy and cost-effective for the NIP informationonATAGI pre-submission advice below). For further information regarding the PBAC
process please refer to the PBAC Guidelines



Health Technology Assessment

Alongside clinical efficacy and safety, an ﬂ
economic evaluation (EE)is typically used burden
as a tool to quantify health benefits and

costs of the intervention, relative to the
comparator.

Health
burden

No vaccine Vaccine

 Consideration of cost-effectiveness or

“value for money”

» Consideration of affordability or budget .~ Costlvaccire) - Cost (comparator]
impact, and financial sustainability of a /MOutcomes(vaccine)-Outcomes(com grator)
vaccination program Cost of vaccination program +

Costofillness with vaccination

Incremental cost-effectiveness ratio (ICER)

‘ DISCOVER - PREVENT - CURE Cost ofillness with no vaccination




Phase IV: post marketing studies

Ongoing post-licensure surveillance to evaluate vaccine
effectiveness and safety:

Safety(critical to assess rare side effects):

» Passive receipt of AE from providers and vaccinated individuals

» Active surveillance for adverse events through targeted programs
 AEFl and AE signal investigation

Coverage and effectiveness (critical to collect real world use data)

* Ongoing evaluation of programs to identify vaccine and schedule
effectiveness, coverage and programmatic gaps



High income vs Low-middle income country

Key considerations in vaccine development for LMICs:

e Safety and efficacy of candidate vaccines and duration protection
 Demonstrated efficacy in LMICs
 Differencesin epidemiology / serotype

* Public health need (burden, severity, community impact)
 Vaccine characteristics

e Vaccine and program cost / implementability

« Partnerships to support introduction



Summary

Vaccines progress from pre-clinical to clinical studies, licensure, use

« Key decision about vaccine target, platform, health need and
commercial viability are made ahead of trials

 Trials normally progress in a careful designed step-wise process

* But when there is financial and global commitment, studies can
happen in parallel

* TGA, ATAGI, PBAC and Governments all play an important role

e Post licensure studies are very important to monitor rare safety
events and long erm vaccinations
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