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Key Events in Influenza Vaccine
History in the United States

Year Event

1945 First military vaccine approved for routine use

1946 Civilian vaccine approved for use

1960 First recommendation for annual vaccination of civilians

1968 Split inactivated vaccine approved for use (akin to current
Inactivated vaccine)

1976 Swine flu vaccination effort

1977 Recognition of the value and role of US government in
purchasing, delivering and administration of influenza vaccines

1978 Trivalent inactivated vaccine (T1V) usage became routine

1981 Antigen concentration of vaccine increased from 7 to 15 mcg

2003 Live attenuated influenza vaccine (LAIV) vaccine approved

2009 Monovalent H1N1 pandemic vaccine approved

2009 Fluzone® high-dose vaccine licensed (60 mcQ)




Vaccine efficacy/eftectiveness:
(both abbreviated as VE)

Concept introduced as ‘protective efficacy’
by Greenwood and Yule, 1915
Proc Royal Soc Med 1915; 8 (part 2):113-94
Vaccine efficacy/eftectiveness (VE)

* Percentage reduction in disease as a
result of vaccination

« Compares disease outcome in .

vaccinated and unvaccinated Sgef
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Vaccine efficacy and effectiveness

« Vaccine efficacy is also defined as

— The proportion of persons in the placebo group of a
vaccine trial who would not have become ill if they
had received the vaccine

« Vaccine efficacy is estimated from a trial

 Vaccine effectiveness is estimated from an
observational study Dictionary of Epidemiology

« Efficacy and effectiveness studies of influenza

should use influenza as the outcome
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Hierarchy of Evidence

« Can it work? (Efficacy)
* Does it work? (Effectiveness)
* Is it worth it? (Cost effectiveness)

Professor Archie Cochrane
Pioneering Clinical Epidemiologist



Cochrane collaboration use of
efficacy and effectiveness

« Cochrane review of influenza vaccine in adults aged
16-60 years

http://summaries.cochrane.org/CD001269/vaccines-to-prevent-influenza-in-healthy-adults

-  Efficacy is protection against laboratory confirmed
iInfluenza

—  Specific outcome
—  From trials or observational studies

«  Effectiveness is protection against influenza-like iliness
(IL1)
—  Non-specific outcome
—  From trials or observational studies
 Non-standard use of effectiveness

Kelly & Valenciano, Lancet ID 2011; October 26 online o0
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Vaccine efficacy theoretical
example

RCT of participants followed for one year

1,000 vaccinated
— 80 with disease

1,000 unvaccinated
— 800 with disease

« What is VE?

— defined as the % reduction of cases among

the vaccinated group o S0
:;..
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VE theoretical calculation

80/1000 vaccinated cases
800/1000 unvaccinated cases
Denominators are the same, so can ignore

Reduction of cases due to vaccination =
800-80 =720

Percent reduction = 720/800 cases
VE = 90%
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VE=1-RR from theoretical example

« 80/1000 vaccinated cases
— symptomatic infection risk = 0.08

« 800/1000 unvaccinated cases
— symptomatic infection risk = 0.8
« VE=1-RR
= 1- 0.08/0.8
= 0.9 (or 90%)
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Study types and control selection

» Observational study designs used to
estimate VE

e Control selection

- .
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Observational study types used to

measure VE

Study type Measure of effect
Cohort — including Cumulative incidence
household studies (risk) ratio
Retrospective case Cumulative incidence

control (risk) odds ratio
Prospective case control Incidence rate ratio
Case cohort Risk ratio
Test negative design Risk ratio (?)




Control selection in a case control study

« Controls
— usually without disease or with an unrelated disease

— should be a (random) sample of the source
population that gave rise to the cases

— should represent the person time exposure of the
source population
e exposure is vaccination
« exposure decreases risk of outcome

— should theoretically be able to be chosen as a case if
they had been subject to the same exposure as a o
case <
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Source population
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The test negative design

Derives its name from control selection
Based on the case control design

Can be retrospective or prospective
— as iIs true for a case control study

Cases have a clinical syndrome and test positive
for the disease of interest

Controls have the same clinical syndrome but
test negative tor the same disease

— test specificity Is critical

Orenstein et al, IJE 2007; 36:623-31 o :.
Se_0
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Brief remarks on methodological
ISsues

* Immunogenicity is not VE
« Study endpoints
 Differences in vaccines by manufacturer

- .
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Immunogenicity is not effectiveness

* Immunogenicity
— Quantification of immune response
— For influenza vaccines, quantification is for humoral
(not cellular) immunity usually by haemagglutination
inhibition (HI) assay
— Influenza vaccines are licensed annually on specific
criteria

« 70% of a sample of adults achieving 4-fold rise in titre or an
HI titre of >40

 Hl titre of 40 shown to protect ~50% of volunteers in
challenge studies from 1970s

* Immunogenicity is not effectiveness
Kelly & Barr, Lancet 2010; 375:6-9 o :.
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Endpoint choice is critical

« VE studies need a specific outcome to monitor a specific
iIntervention
— PCR is preferred
— More sensitive than culture and ~100% specific

« Serology will overestimate protection from inactivated
vaccines
— 166 rtPCR confirmed A(H3N2) cases over 3 years RCT

— 90% placebo, 87% LAIV, 23% TIV infection confirmed by
serology

— Serology under diagnoses cases in TIV recipients and hence
overestimates VE

Petrie et al, JID 2011, 203:1309-15



Vaccine types may not be
iInterchangeable

 Licensed vaccine types
— Trivalent or monovalent (pH1N1)
— Inactivated
« With/without adjuvant

« Split vaccines
e Sub-unit vaccines — H and N

— Live attenuated vaccines

* Immunogenicity/effectiveness within vaccine
type assumed similar for different manufacturers

« May not always be a valid assumption

— Assumption proven not valid for safety
Armstrong et al, BMJ Open 2011; 1:e100006 ¢ :0
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®
st DRL:



Influenza VE studies in Australia
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WAIVE

— Western Australia Influenza Vaccine Effectiveness
study

— Established to estimate VE as part of evaluation of
state-wide influenza vaccine program for children 6-
59 months in WA

— Implemented in 2008 after 3 deaths in 0-4 year olds
associated with influenza in 2007

— General Practice (GP), Emergency Department (ED)
and hospital inpatient components

— Test negative design in GP/ED

<00
--.
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WAIVE 2008 VE

« Methods

— Fully vaccinated = 2 doses >21 days apart and >14 days before
symptom onset

— Universal recruitment attempted
— Logistic regression covariates: age-group, sex, pre-term birth,
co-morbidities
» Results from ED/GP patients
— 48 cases (29% vaccinated), 241 controls (47% vaccinated)
— Crude VE =54% (7 to 78)
— Adjusted VE = 58% (9 to 81)

— Adjusted VE = 68% (26 to 86) using children with other
respiratory viruses detected as controls

Kelly et al, PIDJ 2011; 29:6419-26

Victorian Infectious Diseases
aference Laborator



WAIVE 2009-2011

2009
« 431 patients, 79 with pH1N1
« Hospitalised patients

VE =12% (-81 to 84) against pH1N1
« ED/GP patients

VE = 36% (-18 to 66) against pH1N1
2010

 Vaccination program suspended because of increase in number of
children with febrile convulsions following receipt of vaccine from a
single manufacturer

— Vaccine coverage ~16% before suspension of program
— Vaccine coverage ~30% in 2008 and 2009

2011

« Mild influenza season with lower vaccine uptake

— 2010 residual effect
® 0
:;.o
0 42



FIUCAN VE study design

 InFluenza Complications Alert Network

« 2010 VE study: 15 hospitals, all states

— N =182 cases and controls needed to estimate VE
=50% (vs VE=0% with 90% power)

» Test negative design in hospitalised patients

— Data on demographics, co-morbidities, previous
seasonal influenza vaccine (5 years) and previous
pneumococcal vaccine

— Testing for influenza was physician dependent

Victorian Infectious Diseases
Reference Laborator



FluCan VE 2010

Vaccination status ascertained for ~70% cases
and controls

302 cases (25% vaccinated) & 867controls (54%
vaccinated)

VE = 32% (-9 to 57) against seasonal & pH1N1
influenza

~79% of cases were pH1N1
Crude VE = 71% (54 to 82) against pH1N1

Adjusted VE = 49% (13 to 70) against pH1N1

— Adjusted for age>65, chronic ililness and pregnancy

Chen et al, Vaccine 2011; 29:7320-5 °
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FluCan VE 2011

 Vaccination status ascertained for ~45% cases
and controls

— Unanticipated problem with ethics at one site

« 129 cases (40% vaccinated) & 229 controls
(55% vaccinated) with vaccination status known

 VE =38% (-5 to 74) against seasonal & pH1N1
iInfluenza

A/Prof Allen Chen, personal communication o :.
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Victorian Influenza Vaccine
Effectiveness Audit (VIVEA)

« Test negative design using GP ILI surveillance
data with laboratory testing since 2003

* Improved quality data from 2007 onwards
— >90% vaccination status ascertained annually

« Methods

— Testing at GP’s discretion
— Data censored at 4 days between onset and testing
— VE adjusted for age group, month of onset

— Adjusted for co-morbidities and influenza vaccination
In previous year only in 2011
Fielding et al, BMC ID 2011; 11:170. Fielding et al, EID 2011; 17:1181-6. Kelly et al,

. s @
Vaccine 2011; 29: 6419-26. 008®
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Cases/controls sentinel surveillance 2007-2010
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VIVEA results 2007-11

Year |Cases |Controls|Crude VE| Adjusted
VE
2007 194 192 97 % 99%
(27 to 75) (2510 78)
2008 106 224 26% 9%
(-40 to 61) (-96 to 58)
2009 267 476 19% 3%
(-20 to 45) (-48 to 37)
2010 139 180 80% 79%
(3910 93) (33 to 93)
2011 155 374 60% 57%
(19 to 80) (-11 to 83)




VIVEA summary

* >6/% of sentinel patients in age range 20-
64 years

* For 20-64 year age group for 2007-11
excluding 2009 (pandemic)

— VE = 64% (23 to 75) with additional
adjustment for year

* Limitations of observational studies in
general and TND in particular

— Compare with Australian RCT

VIDRL
Victorian Infectious Diseases
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CSL vaccine trial

RCT 2008-9, influenza vaccine vs placebo
Multi centre trial, Australia & NZ until Nov 2009
Healthy adults 18-64 years

9827 vaccine, 4907 placebo recipients
Outcome: ILI due to lab confirmed influenza
VE = 60% (44 to 72) when match was good

VE = 42% (30 to 52) for both years
— 2009 mostly pH1N1

http://clinicaltrials.gov/ct2/show/NCT00562484 ?term=CSL+influenza&rank=4 ® :0



Australia VE summary

Study Year | Design| Age VE
Setting group

WAIVE 2008 TND | 6-59m 68% (26 to 86)

GP & ED against all strains

FIUCAN 2010 TND >18y 49% (13 to 70)

Hospital against pH1N1

FIUCAN 2011 TND >18y 38% (-5 to 74)

Hospital against all strains

VIVEA | 2007-11 | TND | 20-64y 64% (25 to 75)

not 2009 | Community against all strains

CSL 2008-9 RCT | 18-64y 60% (44 to 72)
Community against matched strains




Articles I

Efficacy and effectiveness of influenza vaccines: a systematic 2> @ "'k

review and meta-analysis
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Background No published mew analy ses have assessed officay and effeaieness of lorosed Infoin vadnes N Sussvec ol
USA w i senstty ¢ and highly spocitic dagnosic wsts 0 confirm influenza.

Methods We searched Mediine for andomised cocrrolied rials assessing a relaive rducion in influena risk of all
crcubiing infloena viruses during Indhvidl seasons afet vacrinagon (offxcacy ) and obsery avonal smadies mecting

indusion (iwria

Eligible anicles were pubitshod besween Jan 1, 1967, and Feb 15, 2011, and wsed

KT-PCR or culsare for confirmagon of influena. We acuded some ssadies on the basts of smady design and vacine
chancertsics. We esttmaed random effecs pocled efficacy for urvalent tnacivated v aceine (TIV) and Bve anenuased
Infloenza vaccne (LAIV) when dam were avallable for sadsiical analysts jog. ar least throe smdies @ assessod

omparable age groups)

Fndings We scroemed 5707 anides and sdomntfied 31 eligible sodies (I7 randomtsed comrollod wrials and
14 observagonal smdies). Efficacy of TIV was shown In eight (67%) of the 12 seasoms analysed In wn randomtsed

comrolied orials

for chitldren 317 years «r

mmz&mmm&mmmmumm ety

of LAIV was shown In nine (75%) of the

12 seasons analysed In wn andomtsed commrolled wials (pooled efficacy 83% [$9-91]) in children aged 6 moods 10
7 yoars. No such rrials mee inclusion criterta for chitldron aged 5-17 years. Vacone effocrivenoss was vartable for

seasoeal mnthuenza: sk (35%) of 17 analyses In nine smdies showed signifiGee prowcson agains medically anended
Infhonia in the ourpagient or Inpadem seuing. Median monovalem mandemic HINI vacrine effecdveness in fve

studies w as 69% (range 64-93).

Interpeetation Infhwnza vaccines can provide moderawe prosecion against virclogially confrmed influenza, b
such prosciion Is greazly roduced of alwens In some seasoes. Evidence for prosscison In adults aged 65 years o

older s bcking LAIVs constsendy show highes: officacy
vaccines whh improved clinical efficacy and effean eness are needed 1o farder

and monalty.

Funding Alfred P Sloan Foundarion.

Introduction

The matn strasegy for prevendon and comrel of seasonal
mfhunza for the past 60 yeats has boen

in young children 6 months w 7 years). New
miuenua-related morttdity

placebo conrrolied randomtsed cinscal wrials i the USA
for the past 50 years. The ACIP sspports thewidely held
view 2t tncusion of mdivicals 3 high-risk of infhaenza
m placebo-conrrolied wrials would be unedical.’

In 2010, the ACIP estabitshod the first recommendacion
of magoml untversal seasoml mffueny vaconauon.”
Vacmaton owely year i now recommended wixh
ovalem: tnacvased vaccine (TIV) for all tndwviduals
aped 6 momzhs or cldez or lve atenuawed influenz
vaccme (LAIV) for healthy nom-pregnans people aged
249 yoars” In &he USA, TIV has boon used stoce
1978 and acoounes foe approgmanly 90% of influenz
vacone gven 2t presene The LAIV was first approved
for use n the USA @ 2003 and accomms for
approxtmately 9% of the vacdne gven.™ The unversal
mffuema vaccmdon rxommendatdon ame after 3

Teasing propomion of the US population.
Provicus meanalysss of TIV of LAV ey and
effocovencss bove thchuded seadses thar usad dlagnossc
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Summary of efficacy studies
(trials) in adults

* Adults 18 to 64 years
— TIV vaccine efficacy
= 6/9 demonstrated efficacy (lower 95% CIl >0%)
= Meta-analysis, random effect:
VE = 59% (511067
= Median: VE = 62% (16 to 75)
— LAIV efficacy = 8%, 48% and 36%
= (/3 demonstrated efficacy (p<0.05)
« Adults =2 65 years of age
questionable evidence for LAIV and no evidence
for TIV



Summary of efficacy studies
(trials) in children

* Healthy children 6 months to 7 years of age
— TIV efficacy = -7% and 66%
— LAIV efficacy
= MH, random effect = 83% (69 to 91)*
= Median: 78% (57 to 93)

* Excluded Bracco Neto et al (2009)



Summary of effectiveness

studies (observational)

Seasonal Influenza
* 6/17 (35%) demonstrated effectiveness
* VE for medically-attended influenza, adults
— 2003-2008: median 44% (7 to 72)
* VE for medically-attended influenza, adults = 65
years
— 79% (-26 to 96) and 59% (15 to 80)
« VE for hospitalization adults = 50 years of age
— 1 study over 3 years without significant protection
for any season



IMOVE

2
¥ I-MOVE: ST
Monitoring IVE in EU and EEAy  “% §¢ &
Studies since 2008/9 ﬁl‘g

¥ Multi-centre case control
8 flu VE case-control studies
in 2010/11 season
® Very similar protocols pooled analysi&t
— To obtain summary, preliminary VE measures
— To enable controlling for all covariates




Sample size for complete case and imputed
datasets, multi-centre case control study, EU,

2010-11
Total records:
4410
No missing seasonal
vaccination data:
4390
\ 4

No missing data for Multiple imputation
Complete case covariates: data:
analysis 3254 4410
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VE of seasonal vaccine against all influenza, imputed
analysis, multi-centre case control study, EU, 2010-11
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Conclusions from the meta-

analysis
 |nactivated influenza vaccines can provide
moderate protection (~60%) but such protection is
greatly reduced or absent in some seasons

« RCT evidence for protection in those = 65 years
and < 2 years Is limited

« Based on a track record of substantial safety and
moderate effectiveness in some seasons, influenza
vaccines can play a role in reducing influenza
morbidity



Discussion

* Future influenza vaccines that use the same or
similar hemagglutinin antigen regardless of
production methods may not provide any more
protection than current vaccines

 We need a new generation of more highly effective
and cross-protective vaccines that can be
manufactured rapidly

« Observational study designs need continued
improvement in order to monitor effectiveness of
new generation vaccines when available o
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