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 Is there a need?Is there a need?
 Will the need change?Will the need change? Will the need change?Will the need change?
 Does vaccination satisfy the need?Does vaccination satisfy the need?
 Will the public seek/want it?Will the public seek/want it?
 Is it cost effective?Is it cost effective? Is it cost effective?Is it cost effective?

 At least the vaccine will not At least the vaccine will not 
encourage sexual encourage sexual promscuitypromscuity!!!!gg p yp y
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TopicsTopicsTopicsTopics

 The The varicellavaricella zoster viruszoster virus
 Primary & secondary infectionPrimary & secondary infectionPrimary & secondary infectionPrimary & secondary infection
 Epidemiology & anticipated changeEpidemiology & anticipated change
 VZV immune mechanismsVZV immune mechanisms VZV immune mechanismsVZV immune mechanisms
 Cost of HZ and PHNCost of HZ and PHN
 PHN PHN –– prediction  mechanisms & managementprediction  mechanisms & management PHN PHN prediction, mechanisms & managementprediction, mechanisms & management
 Vaccination against HZVaccination against HZ
 Cost effectiveness of HZ vaccineCost effectiveness of HZ vaccine Cost effectiveness of HZ vaccineCost effectiveness of HZ vaccine

Annecy, July 2008Annecy, July 2008 33



Varicella Zoster Virus (VZV)Varicella Zoster Virus (VZV)( )( )

 Primary infectionPrimary infection Primary infectionPrimary infection
•• VaricellaVaricella

 Persistence with Persistence with  Persistence with Persistence with 
clinical latencyclinical latency

 ReactivationReactivation
•• Herpes zosterHerpes zoster

Annecy, July 2008Annecy, July 2008 44



Diagnosis of HZDiagnosis of HZDiagnosis of HZDiagnosis of HZ
 Clinical diagnosisClinical diagnosis

•• Up to 20% error rateUp to 20% error rate
•• Most common confusionMost common confusion•• Most common confusion Most common confusion ––

HSVHSV
(cold sores, genital (cold sores, genital herpes, herpes, 
MIMI h l titih l titi ))MI, MI, cholecystitischolecystitis))

 Laboratory diagnosisLaboratory diagnosis Laboratory diagnosisLaboratory diagnosis
•• Usually unnecessaryUsually unnecessary
•• PCRPCR
•• CultureCulture

Annecy, July 2008Annecy, July 2008Oxman M et al. N Engl J Med. 2005;352:2271-2284.
Scott FT, Johnson RW, et al. Vaccine. (2006), 24,1308-1314. 
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HZ & PHNHZ & PHN the problemsthe problemsHZ & PHN HZ & PHN –– the problems …the problems …
HZ i   ith t  i id  i  ld  HZ i   ith t  i id  i  ld   HZ is common with greater incidence in older HZ is common with greater incidence in older 
adults and adults and immunocompromisedimmunocompromised individuals: individuals: 
~3% hospitalized~3% hospitalized3% osp ta ed3% osp ta ed

 PHN is the most common complication of HZ PHN is the most common complication of HZ  PHN is the most common complication of HZ PHN is the most common complication of HZ 
Other, serious, Other, serious, complications are more rarecomplications are more rare

 HZ & PHN are costly to the individual and societyHZ & PHN are costly to the individual and society

 Until now Until now no preventive strategy for HZno preventive strategy for HZ
Dworkin RH, Johnson RW., Breuer J et al. Management of herpes zoster. CID 2007:44(Suppl 1);S1-S25
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Who gets Herpes Zoster ?Who gets Herpes Zoster ?g pg p
 Normal older adultsNormal older adults

 ImmunesenescenceImmunesenescence

 Immunocompromised individualsImmunocompromised individuals
•• Malignancy & its treatmentMalignancy & its treatmentMalignancy & its treatmentMalignancy & its treatment

 LymphomaLymphoma
 Chemotherapy, radiotherapyChemotherapy, radiotherapy

•• Immunocompromising Immunocompromising diseasedisease
 HIVHIV

Th ti  i  iTh ti  i  i•• Therapeutic immune suppressionTherapeutic immune suppression
 Organ transplantOrgan transplant
 Steroids etc.Steroids etc.

 Normal children and younger adultsNormal children and younger adults
Dworkin RH Johnson RW Breuer J et al Management of herpes zoster CID

Annecy, July 2008Annecy, July 2008

Dworkin RH, Johnson RW., Breuer J et al. Management of herpes zoster. CID 
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Age related incidence of HZ and PHN
Occurrence by Age11
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Incidence and absolute numbers of Herpes Zoster Incidence and absolute numbers of Herpes Zoster 
(EU 25)(EU 25)( )( )

# Cases Annual rate/1000 personperson--yrsyrs
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Proportion of Patients with PHN by age groupProportion of Patients with PHN by age groupProportion of Patients with PHN by age groupProportion of Patients with PHN by age group

Epidemiology and management costs of Herpes Zoster (HZ) and
Post Herpetic Neuralgia (PHN) in the UK Remy et alPost-Herpetic Neuralgia (PHN) in the UK. Remy et al
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The futureThe futureThe future …The future …

l d hl d h Population demographyPopulation demography
 Disease and its treatmentDisease and its treatment Disease and its treatmentDisease and its treatment
 Antiviral drugsAntiviral drugs
 VaricellaVaricella vaccinevaccine
 Herpes zoster vaccineHerpes zoster vaccine Herpes zoster vaccineHerpes zoster vaccine
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European population distribution European population distribution 
by age: population pyramidsby age: population pyramids
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Facts about ageingFacts about ageingFacts about ageingFacts about ageing

 Social and medical advances have added Social and medical advances have added 
‘years ‘years to to life’ life’ but not but not ‘life ‘life to to years’years’

 ShortShort--term debility leads to prolonged term debility leads to prolonged 
detriment to ADL and independencedetriment to ADL and independencepp

 ZosterZoster--specific CMI declines with specific CMI declines with 
advancing ageadvancing ageadvancing ageadvancing age

 NeurosenescenceNeurosenescence may add to PHN may add to PHN 
susceptibilitysusceptibilitysusceptibilitysusceptibility
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Reported varicella cases and vaccination coverage* by year --
Varicella Active Surveillance Project 1995-2005Varicella Active Surveillance Project, 1995-2005
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Goldman GS. Vaccine. 2003 Oct 1;21(27-30):4250-5.

Coverage estimates from NIS in LA and Philadelphia, among children 19 35 months of age. 
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HypothesisHypothesis effects of vaccination strategies on HZeffects of vaccination strategies on HZ

Targeted vaccination

Hypothesis Hypothesis -- effects of vaccination strategies on HZeffects of vaccination strategies on HZ

Infant vaccination Targeted vaccination
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Adapted from Edmunds W.J. & Brisson M. J.of Infection 4 (2002) 211-219
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Lifetime changes in immune statusLifetime changes in immune statusLifetime changes in immune statusLifetime changes in immune status

Aging, Immunity, and the Varicella-Zoster Virus, Ann Arvin, NEJM(2005) 352;22:2266-7

Annecy, July 2008Annecy, July 2008 1616



Prediction of PHN riskPrediction of PHN riskPrediction of PHN riskPrediction of PHN risk
 Baseline and follow up data from 965 Baseline and follow up data from 965 Baseline and follow up data from 965 Baseline and follow up data from 965 

HZ patients examined by HZ patients examined by univariateunivariate and and 
multivariate analysis confirmed that:multivariate analysis confirmed that:
•• Older ageOlder age
•• Female genderFemale gender
•• Presence of Presence of prodromeprodrome
•• Greater rash severityGreater rash severity
•• Greater acute pain Greater acute pain severityseverity
•• (Diabetes)(Diabetes)

made made independentindependent contributions to contributions to 
predicting which patients developed predicting which patients developed 

1717

predicting which patients developed predicting which patients developed 
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What doWhat do antiviralsantivirals achieve?achieve?What do What do antiviralsantivirals achieve?achieve?

 Reduce acute painReduce acute pain
 Accelerate rash healingAccelerate rash healing Accelerate rash healingAccelerate rash healing
 Reduce period of viral sheddingReduce period of viral shedding
 Reduce duration of painReduce duration of pain
 Effect on complications other than Effect on complications other than  Effect on complications other than Effect on complications other than 

painpain
 Excellent safety profileExcellent safety profile
 Reduction in overall burden of HZReduction in overall burden of HZ Reduction in overall burden of HZReduction in overall burden of HZ

Annecy, July 2008Annecy, July 2008 1818



Cost of HZ 1st 6 months

 Societal and economic burden

Cost of HZ – 1st 6 months

 Societal and economic burden
 Prospective observational pilot study
 70 patients had detailed follow-up
 Average overall cost 1st 6 months £524 g

(min 20, med 158, max 4218)
 Medical costs highest >65 Medical costs highest >65
 Societal costs highest <65

SUK study. Scott F, Johnson R, Leedham-Green M, Davies E, Edmunds WJ, Breuer J. Vaccine 2006
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Mean cost per PHN episode by severityMean cost per PHN episode by severityMean cost per PHN episode by severityMean cost per PHN episode by severity

Proportion of herpes zoster patients developing post-herpetic neuralgia 
and its management in the UK. Gauthier et al
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Proportion of management costs of HZ and PHN by Proportion of management costs of HZ and PHN by 
categorycategory

Epidemiology and management costs of Herpes Zoster (HZ) and
Post-Herpetic Neuralgia (PHN) in the UK Remy et alPost-Herpetic Neuralgia (PHN) in the UK. Remy et al

2121
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Facts about PHNFacts about PHNFacts about PHNFacts about PHN

 Antiviral drugs (+/Antiviral drugs (+/-- steroids) have limited steroids) have limited 
effect in prevention of PHN: effect in prevention of PHN: they do not they do not 
‘bring dead neurons back to life’‘bring dead neurons back to life’

 Nerve blocks or neuropathic pain drugs:  Nerve blocks or neuropathic pain drugs:  p p gp p g
evidence for PHN prevention limited evidence for PHN prevention limited --
lacking in practicalitylacking in practicalityg p yg p y

 Despite significant advances <50% of PHN Despite significant advances <50% of PHN 
patients gain 50% pain patients gain 50% pain reliefreliefpatients gain 50% pain patients gain 50% pain reliefrelief

Annecy, July 2008Annecy, July 2008 2222



Sources of Neuropathic PainSources of Neuropathic Pain 
Tic douloureuxTic douloureux

HIV-associated pain

Poststroke pain
Phantom pain 

(postamputation)

os s o e pa

Multiple sclerosis
Causalgia or reflex

sympathetic dystrophy

Spinal cord injury

Cancer-related pain

Postherpetic neuralgia

Diabetic neuropathy
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p y

Low back pain

Bennett G. Hosp Prac (Off Ed). 1998;33:95-98;101-104;107-110. 
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.
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The pain pathwayThe pain pathway
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STIMULUStract nociceptor
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Agents with NNT<5Agents with NNT<5Agents with NNT<5 Agents with NNT<5 
M-prednisolone (I.t)

179
p ( )

Aspirin(topical)

Lidocaine 5% patch

44

64p

TCAs

Strong opioids

248

211g p

Capsaicin 

Gabapentin

175

559p

Tramadol

Pregabalin

108

411

NNT (50%)

g

1 2 3 4 5

NNT (50%)
Hempenstall et al 2005.Based on systematic review of RCTs with a Jadad score>3
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Management Plan for HZ & PHNManagement Plan for HZ & PHNManagement Plan for HZ & PHNManagement Plan for HZ & PHN

Annecy, July 2008Annecy, July 2008 2626



Prevention of Herpes Zoster by vaccinationPrevention of Herpes Zoster by vaccinationPrevention of Herpes Zoster by vaccinationPrevention of Herpes Zoster by vaccination

 Reduction in number of susceptible individuals in Reduction in number of susceptible individuals in 
populationpopulation
•• VaricellaVaricella vaccinevaccine•• VaricellaVaricella vaccinevaccine

 Increased VZVIncreased VZV--specific CMI of specific CMI of seropositiveseropositivepp pp
individualsindividuals
•• Relevance of exogenous boostingRelevance of exogenous boosting
•• HZ vaccineHZ vaccine

Unlike other vaccineUnlike other vaccine preventable diseases  HZ preventable diseases  HZ  Unlike other vaccineUnlike other vaccine--preventable diseases, HZ preventable diseases, HZ 
not directly related to exposure to exogenous not directly related to exposure to exogenous 
infective agentinfective agentagag
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Rationale for vaccination against HZRationale for vaccination against HZ



The Oka vaccineThe Oka vaccineThe Oka vaccineThe Oka vaccine
•Live, attenuated, cell-free preparation of Oka strain VZV    
(killed virus antigen weak stimulant of CMI)(killed virus antigen weak stimulant of CMI)

•Original ‘wild type’ virus isolated by Michiaki TakahashiOriginal wild type  virus isolated by Michiaki Takahashi 
from 3 year old Japanese child whose family name was 
Oka

•Three licensed preparations – Merck (stored at -15ºC), 
GSK (stored at 2ºC) and Merck (refrigerated)GSK (stored at 2ºC) and Merck (refrigerated)

•The same strain of Merck/Oka virus is used for varicellae sa e st a o e c /O a us s used o a ce a
and herpes zoster protection BUT the latter contains a 
several fold greater  (14x) titer of virus because of the 

Annecy, July 2008Annecy, July 2008 2929
reduced immune response of older adults



The New England Journal of Medicine
June 2
2005

vol. 352 no. 22

A Vaccine to Prevent Herpes Zoster and 
PostherpeticPostherpetic

Neuralgia in Older Adults

M.N. Oxman, M.D., M.J. Levin, M.D., G.R. Johnson, M.S., K.E. 
Schmader M D S E Straus M D L D Gelb M D et alSchmader, M.D., S.E. Straus, M.D., L.D. Gelb, M.D.,et al.
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Shingles Prevention StudyShingles Prevention StudyShingles Prevention StudyShingles Prevention Study

 ObjectiveObjectiveObjectiveObjective
•• To determine whether immunization To determine whether immunization 

with a live attenuated zoster vaccine with a live attenuated zoster vaccine with a live attenuated zoster vaccine with a live attenuated zoster vaccine 
can reduce the incidence and/or can reduce the incidence and/or 
severity of HZ and PHN in persons severity of HZ and PHN in persons ≥60 ≥60 severity of HZ and PHN in persons severity of HZ and PHN in persons ≥60 ≥60 
years of years of ageage

Annecy, July 2008Annecy, July 2008 3131



Shingles Prevention StudyShingles Prevention StudyShingles Prevention StudyShingles Prevention Study

 DesignDesign
•• Randomized, doubleRandomized, double--blind, placebo blind, placebo Randomized, doubleRandomized, double blind, placebo blind, placebo 

controlled trialcontrolled trial
•• 38 546 38 546 subjectssubjects•• 38,546 38,546 subjectssubjects
•• Stratified by Stratified by age age group:  60 group:  60 -- 69 69 yr and yr and 

>70 yr>70 yr>70 yr>70 yr
•• Active vaccine or placebo vaccineActive vaccine or placebo vaccine

Annecy, July 2008Annecy, July 2008 3232



Shingles Prevention StudyShingles Prevention Study
 ParticipantsParticipants

•• Immunocompetent adults greater than 60 Immunocompetent adults greater than 60 
years old who had no prior history of herpes years old who had no prior history of herpes 
zosterzoster

•• History of varicella or History of varicella or ≥30 years residence in ≥30 years residence in 
USUS

•• Included male and female veterans and nonIncluded male and female veterans and non--
veteransveterans

•• Sample size estimate = 37,200 (18,600 each Sample size estimate = 37,200 (18,600 each 
) f 9 %) f 9 % 0 0 (0 0 ( ))group) for 95% power, group) for 95% power, αα = 0.05 (two= 0.05 (two--sided), to sided), to 

detect 60% reduction in herpes zoster BOI detect 60% reduction in herpes zoster BOI 
scorescore

Annecy, July 2008Annecy, July 2008 3333
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Incidences of HZ and PHNIncidences of HZ and PHNIncidences of HZ and PHNIncidences of HZ and PHN

 PHN PHN –– worst pain and discomfort ≥3 (0-10 
scale) 90 or more days from rash onset
•• VEVEPHN PHN = 1 = 1 –– (PHN incidence vaccine/PHN (PHN incidence vaccine/PHN 

incidence placebo)incidence placebo)p )p )

 HZHZ HZHZ
•• VEVEHZ HZ = 1 = 1 –– (HZ incidence vaccine/HZ (HZ incidence vaccine/HZ 

incidence placebo)incidence placebo)incidence placebo)incidence placebo)
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Summary of results

HERPES ZOSTER VACCINE:

 Reduces HZ Pain BOI by 61% *

* p 0.001 versus placeboM.N. Oxman et al, N Engl J Med, 2005 Jun 2; 352 (22): 2271-84

Annecy, July 2008Annecy, July 2008



Burden of IllnessBurden of Illness (BOI)(BOI)
• Population measure

S iti  t  th  i id  d ti  d it  f HZ i  

Burden of Illness Burden of Illness (BOI)(BOI)
• Sensitive to the incidence, duration and severity of HZ pain 

over 6 months

10

rs
t P
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10

Max. possible BOI score = 180 (days) x 10 
(Max intensity) = 1 800

W
o

Days
0

(Max. intensity)  1,800

 Severity-by-duration (AUC) calculated for each HZ case
 Subjects without HZ were assumed to have no HZ-associated 

pain (i.e., AUC=0)
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Summary of results

HERPES ZOSTER VACCINE:

 Reduces HZ Pain BOI by 61% *

 Prevents HZ by 51% *

P t PHN b 67% * Prevents PHN by 67% *

 Elicits a VZV-specific CMI response Elicits a VZV specific CMI response
* p 0.001 versus placeboM.N. Oxman et al, N Engl J Med, 2005 Jun 2; 352 (22): 2271-84

Annecy, July 2008Annecy, July 2008



ZOSTAVAXZOSTAVAX™ ™ efficacy by ageefficacy by agey y gy y g

HZ

PHN Ages 60 to 69
A 70Ages  70
95% CI

BOI

0 20 40 60 80 100
V i Effi (%)
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SafetySafetySafetySafety
 Serious Adverse Events (whole study Serious Adverse Events (whole study ( y( y

population): Number and type of event population): Number and type of event 
similar in vaccine and placebo groups.similar in vaccine and placebo groups.p g pp g p

 SAE (safety subSAE (safety sub--study) higher in vaccine study) higher in vaccine 
(1.9%) than placebo (1.5%) group  (1.9%) than placebo (1.5%) group  -- RR RR (1.9%) than placebo (1.5%) group  (1.9%) than placebo (1.5%) group  RR RR 
1.5 (95%CI=1.01.5 (95%CI=1.0--2.3).2.3).

 No temporal or clinical patterns of adverse No temporal or clinical patterns of adverse  No temporal or clinical patterns of adverse No temporal or clinical patterns of adverse 
events in vaccine recipients to suggest a events in vaccine recipients to suggest a 
causal relationshipcausal relationshipcausal relationship.causal relationship.

 Death and hospitalization similar in both Death and hospitalization similar in both 
 th h t th h tgroups throughout.groups throughout.
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SafetySafetySafetySafety

 Mild local & systemic reactions:Mild local & systemic reactions:

•• Injection site Injection site erythemaerythema, swelling, pain , swelling, pain 
etc 48 3% in vaccine group & 16 6% etc 48 3% in vaccine group & 16 6% etc 48.3% in vaccine group & 16.6% etc 48.3% in vaccine group & 16.6% 
with placebo (p<0.05): risk higher in with placebo (p<0.05): risk higher in 
younger cohortyounger cohortyounger cohortyounger cohort

•• Headaches etc slightly more common in Headaches etc slightly more common in 
vaccine recipientsvaccine recipientsvaccine recipientsvaccine recipients

•• Risk of fever similar in both groupsRisk of fever similar in both groups
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CostCost effectivenesseffectivenessCostCost--effectivenesseffectiveness

 5 studies have estimated cost5 studies have estimated cost--
effectiveness of 1 dose vaccination ≥60yreffectiveness of 1 dose vaccination ≥60yr

 At vaccine cost of US$150: At vaccine cost of US$150: --
•• $27,000 $27,000 –– 112,000 per QALY112,000 per QALY$27,000 $27,000 112,000 per QALY112,000 per QALY
•• WHO threshold = 3x gross domestic WHO threshold = 3x gross domestic 

product per capita = $94 431 for USproduct per capita = $94 431 for USproduct per capita = $94,431 for USproduct per capita = $94,431 for US
•• Appears acceptable in comparison to Appears acceptable in comparison to 

other interventions but at intermediateother interventions but at intermediateother interventions but at intermediateother interventions but at intermediate--
toto--high end of rangehigh end of range
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Advice at this timeAdvice at this timeAdvice at this timeAdvice at this time

Vaccinate against HZ Vaccinate against HZ at age 50 to 60at age 50 to 60 Vaccinate against HZ Vaccinate against HZ at age 50 to 60at age 50 to 60
 In patients who develop HZ:In patients who develop HZ:p pp p

•• Antiviral drugs (preferably proAntiviral drugs (preferably pro--drug)drug)
•• Effective analgesiaEffective analgesia•• Effective analgesiaEffective analgesia
•• Early use of Early use of TCA / TCA / pregabalinpregabalin / strong / strong 

opioidsopioids if requiredif requiredopioidsopioids if requiredif required

Annecy, July 2008Annecy, July 2008 4242



Summary
HERPES ZOSTER VACCINE

 Reduces HZ Pain BOI by 61% *

 Prevents HZ by 51% *

P t PHN b 67% * Prevents PHN by 67% *

 Elicits a VZV-specific CMI response Elicits a VZV specific CMI response

 Has an excellent safety profile

 Efficacy for HZ & PHN endpoints was demonstrated 
through 48 months of follow-up

Annecy, July 2008Annecy, July 2008 4343

through 48 months of follow up
* p 0.001 versus placebo

M.N. Oxman et al, N Engl J Med, 2005 Jun 2; 352 (22): 2271-84



Efficacy on HZ Burden of Illness (BOI)y ( )
Vaccine Efficacy on HZ Burden Of Illness

Pl b

EFFICACY = 61.1%*5.76

8

re

Placebo
Vaccine

p< 0.001

(95% CI 51.1 - 69.1%)
2.2

4

6
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I s
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r

0

2

* p 0.001 versus placebo

 HZ BOI = Incidence x severity x duration of HZ associated painy p

 Similar HZ Vaccine Efficacy when results stratified according to 
sex or age
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sex or age

M.N. Oxman et al, N Engl J Med, 2005 Jun 2; 352 (22): 2271-84



HZ Burden of Illness (BOI) ScoreHZ Burden of Illness (BOI) ScoreHZ Burden of Illness (BOI) ScoreHZ Burden of Illness (BOI) Score
 Herpes zoster BOI Score is the average AreaHerpes zoster BOI Score is the average Area Herpes zoster BOI Score is the average AreaHerpes zoster BOI Score is the average Area--

UnderUnder--thethe--Curve (AUC) of zoster pain of all Curve (AUC) of zoster pain of all 
individual randomized subjects in a group of individual randomized subjects in a group of 
subjects (e g  vaccine recipients) for 6 monthssubjects (e g  vaccine recipients) for 6 monthssubjects (e.g., vaccine recipients) for 6 monthssubjects (e.g., vaccine recipients) for 6 months

S bj t  h  d  t d l  S bj t  h  d  t d l  hh t   i d t   i d •• Subjects who do not develop Subjects who do not develop herpesherpes zoster are assigned zoster are assigned 
a score of 0a score of 0

Vaccine efficac  fo  BOI defined as elati e Vaccine efficac  fo  BOI defined as elati e  Vaccine efficacy for BOI defined as relative Vaccine efficacy for BOI defined as relative 
reduction in BOI score in vaccine vs. placebo reduction in BOI score in vaccine vs. placebo 
groupgroup

• VEBOI = 1 – (BOI score vaccine/BOI score placebo)
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Efficacy on HZy

Vaccine Efficacy on HZ incidence

 HZ case definition = PCR+ or Culture + or CEC+

Vaccine Efficacy on HZ incidence

15P-
Y

r Placebo
Vaccine p< 0 001

EFFICACY = 51.3%*11.12
10

15

f H
Z 

/1
00

0 
P p  0.001

(95% CI 44.2 - 57.6%)5.42
5

nc
id
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 o
f

0

In

* p 0.001 versus placebo

 HZ Vaccine Efficacy greater among 60-69 year old subjects 
than subjects > 70 years (64% versus 38%, p0.001)
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M.N. Oxman et al, N Engl J Med, 2005 Jun 2; 352 (22): 2271-84



Efficacy on PHN incidencey
PHN = presence of pain (score 3 on 0-10 scale) beyond 90 days

after HZ rash onset

Placebo

Vaccine Efficacy on PHN incidence

P
-Y

r

EFFICACY = 66.5%*1.38
1

1.5 Vaccine

PH
N

 /1
00

0 

p< 0.001

(95% CI 47.5 - 79.2%)
0.460.5

1

ci
de

nc
e 

of
 P

0 * p 0.001 versus placebo

In
c

 Cases of PHN: HZ vaccine group: 27 versus Placebo group: 80
 Similar HZ Vaccine Efficacy when results stratified according to sex or age
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Shingles Prevention StudyShingles Prevention StudyShingles Prevention StudyShingles Prevention Study

 InterventionIntervention
•• 0 5 ml live  attenuated zoster vaccine 0 5 ml live  attenuated zoster vaccine •• 0.5 ml live, attenuated zoster vaccine 0.5 ml live, attenuated zoster vaccine 

(Oka/Merck) or placebo s.c. in non(Oka/Merck) or placebo s.c. in non--
dominant armdominant arm
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Study SubjectsStudy SubjectsStudy SubjectsStudy Subjects

Enrolled 
38,546

Zoster vaccine
19,270

Placebo
19,276

Terminated before end of study
793 (4 1%) Died

Terminated before end of study
792 (4.1%) Died793 (4.1%) Died

57 (0.3%) Withdrew
61 (0.3%) Lost to follow-up

( )
75 (0.4%) Withdrew 
52 (0.2%) Lost to follow-up

Completed study
18,357 (95.2%)

Completed study
18,359 (95.3%)
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Baseline CharacteristicsBaseline Characteristics
Characteristic Vaccine Group 

(N=19,270)
Placebo Group 
(N=19,276)

Age ≥70 yr 8,892 (46.1%) 8,907 (46.2)

S  F l 7 867 (40 8%) 7 919 (41 1%)Sex – Female 7,867 (40.8%) 7,919 (41.1%)

Race – White 18,393 (95.4%) 18,381 (95.4%)

Health Limits* No 9,924 (51.5%) 9,862 (51.2%)

Mild 7,440 (38.6%) 7,423 (38.5%)

Moderate 1,637 (8.5%) 1,714 (8.9%)Moderate 1,637 (8.5%) 1,714 (8.9%)

Severe 266 (1.4%) 273 (1.4%)

Annecy, July 2008Annecy, July 2008 5050
*Health-related limitations on activities

Adapted from Table 1 in Oxman et al. NEJM. 2005;352:2271-84



Sub study populationsSub-study populations
 Safety sub-study (n = 6616) Safety sub-study (n = 6616) 

• At all 22 study sites
• Detailed safety assessment• Detailed safety assessment

 Completed a vaccination report card through Day 42 post-vaccination
 Followed for hospitalizations until the end of studyFollowed for hospitalizations until the end of study

 CMI sub-study (n = 1395) 
• At 2 study sites
• Specimens were obtained at baseline and post-vaccination (6 weeks;

1 2 and 3 years)1, 2 and 3 years)
 Antibody level by gpELISA
 VZV-specific CMI by ELISPOT and RCF assays
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 VZV specific CMI by ELISPOT and RCF assays

M.N. Oxman et al, N Engl J Med, 2005 Jun 2; 352 (22): 2271-84



Efficacy analysis populationEfficacy analysis population

 Modified Intention-To-Treat population (MITT) 
• All enrolled subjects who did not develop evaluable HZ within 30j p

days post-vaccination

• Analyses included only the first confirmed case  

 Why exclude cases in the first 30 days?
• Cases may have been in development at the time of vaccination• Cases may have been in development at the time of vaccination

•• VaccineVaccine--induced immune responses unlikely to be fully developedinduced immune responses unlikely to be fully developed
for some time after vaccinationfor some time after vaccinationfor some time after vaccinationfor some time after vaccination

•• Potential confusion with vaccinePotential confusion with vaccine--induced rashinduced rash
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Confirmation of HZ cases
Suspected cases of HZSuspected cases of HZ

1,3081,308

N fi d f HZN fi d f HZ

PlaceboPlacebo
827827

VZV VaccineVZV Vaccine
481481

Not a confirmed case of HZNot a confirmed case of HZ
161161 Not HZNot HZ

44 Not seen until after crustingNot seen until after crusting

Not a confirmed  case of HZNot a confirmed  case of HZ
156156 Not HZNot HZ

33 Not seen until after crustingNot seen until after crusting

C fi d f HZ (ITT)C fi d f HZ (ITT)C fi d f HZ (ITT)C fi d f HZ (ITT)

Excluded from MITTExcluded from MITT
1818 HZ ithi 30 d f i tiHZ ithi 30 d f i ti

Confirmed cases of HZ (ITT)Confirmed cases of HZ (ITT)
662662

Confirmed cases of HZ (ITT)Confirmed cases of HZ (ITT)
322322

Excluded from MITTExcluded from MITT
6 HZ ithi 30 d f i ti6 HZ ithi 30 d f i ti 18 18 HZ within 30 days of vaccinationHZ within 30 days of vaccination

22 second episode of HZ second episode of HZ 
6 HZ within 30 days of vaccination6 HZ within 30 days of vaccination
11 second episode of HZ second episode of HZ 

315 confirmed cases of HZ (MITT)315 confirmed cases of HZ (MITT) 642 confirmed cases of HZ (MITT)642 confirmed cases of HZ (MITT)315 confirmed cases of HZ (MITT)315 confirmed cases of HZ (MITT)
294294 VZV positive, PCRVZV positive, PCR

22 VZV positive, local cultureVZV positive, local culture
1919 HZ by Clin. Eval. CommitteeHZ by Clin. Eval. Committee

642 confirmed cases of HZ (MITT)642 confirmed cases of HZ (MITT)
600600 VZV positive, PCRVZV positive, PCR

88 VZV positive, local cultureVZV positive, local culture
3434 HZ by Clin. Eval. CommitteeHZ by Clin. Eval. Committee
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Histogram of SeverityHistogram of Severity--byby--Duration Score (AUC) of HZ PainDuration Score (AUC) of HZ Pain
A E l bl HZ C b V i ti GA E l bl HZ C b V i ti GAmong Evaluable HZ Cases by Vaccination GroupAmong Evaluable HZ Cases by Vaccination Group

(MITT Population)(MITT Population)
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Efficacy on all HZ severe casesEfficacy on all HZ severe cases

HZHZ severe casessevere cases == HZ with severe x duration pain scoreHZ with severe x duration pain score  600600HZ HZ severe casessevere cases   HZ with severe x duration pain scoreHZ with severe x duration pain score  600600

ca
se

s

Placebo

Vaccine efficacy on severe HZ cases
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SPS S f t E l tiSPS S f t E l tiSPS Safety EvaluationSPS Safety Evaluation

 All SubjectsAll Subjects
•• All adverse events recorded within 42 All adverse events recorded within 42 All adverse events recorded within 42 All adverse events recorded within 42 

days after vaccinationdays after vaccination
•• Subjects contacted at end of 42 day Subjects contacted at end of 42 day •• Subjects contacted at end of 42 day Subjects contacted at end of 42 day 

period and prompted for any other period and prompted for any other 
unreported adverse eventsunreported adverse eventsunreported adverse eventsunreported adverse events

•• Deaths identified by reports from Deaths identified by reports from 
family and during followfamily and during follow up of missed up of missed family and during followfamily and during follow--up of missed up of missed 
monthly callsmonthly calls
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Serious Adverse Events Among All Serious Adverse Events Among All gg
SubjectsSubjects

Event Vaccine Placebo

No  Subjects 19 270 19 276No. Subjects 19,270 19,276

Day of Vaccin. To Study End

Death 218 (2.1%) 246 (2.4%)

Vaccine-related SAE 2 (<0.1%) 3 (<0.1%)

Day of Vaccin. To Day 42

Death 14 (0 1%) 16 (0 1%)Death 14 (0.1%) 16 (0.1%)

≥1 SAEs 255 (1.4%) 254 (1.4%)

Annecy, July 2008Annecy, July 2008 5757
Adapted from Table 4 in Oxman et al. NEJM 2005;352:2271-84



SPS Safety EvaluationSPS Safety Evaluationyy

 Adverse Events SubstudyAdverse Events Substudyd e se e s Subs udyd e se e s Subs udy
•• Approximately 300 subjects per site Approximately 300 subjects per site 

enrolledenrolledenrolledenrolled
•• During 42 days after vaccination, daily log During 42 days after vaccination, daily log 

of body temperature and vaccination reportof body temperature and vaccination reportof body temperature and vaccination report of body temperature and vaccination report 
card of clinical symptoms and injection site card of clinical symptoms and injection site 
complaintscomplaintscomplaintscomplaints

•• During remainder of study, followed by During remainder of study, followed by 
thl ll d it l t id tifthl ll d it l t id tifmonthly calls and site personnel to identify monthly calls and site personnel to identify 

all hospitalizationsall hospitalizations
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Safety (AEs sub-study)

Injection site AEs S t i AE 1

Day of vaccination to Day 42

Injection site AEs

80%

100%
Systemic AEs  1

100%

48 3 %
60%

80%

60%

80%

48.3 %
40%

23 6% 24 7%
40%

16.6 %

0%

20%
23.6% 24.7%

0%

20%

Placebo – 3,271 Subjects
Vaccine – 3,345 Subjects

0% 0%
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Rate of HZ ComplicationRate of HZ ComplicationRate of HZ ComplicationRate of HZ Complication
(MITT Population)

Incidence

ZOSTAVAX™
N=19,270

Placebo
N=19,276

Incidence

% Relative Reduction
in ZOSTAVAX™

Recipients

Neurologic† 29

n
Incidence 

Rate*

0.5 82

n
Incidence

Rate*

1.4

Recipients
(95% CI)

64.9 (45.8, 77.9)

Cutaneous

Ocular involvement

39

14

0.7

0.2

116

40

2.0

0.7

66.6 (51.7, 77.4)

65.3 (34.8, 82.6)

Sacral dermatome 
involvement

6 0.1 24 0.4

( )

75.2 (37.7, 91.7)

Visceral complications 9 0.2 28 0.5 68.1 (30.5, 86.8)
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* Incidence rate = per 1000 person years (total population).
† Excluding pain.



Cost effectiveness of HZ vaccine in USACost-effectiveness of HZ vaccine in USA

 AgeAge--specific analytic modelspecific analytic model
 Lifetime costs and outcomes for HZ  Lifetime costs and outcomes for HZ   Lifetime costs and outcomes for HZ, Lifetime costs and outcomes for HZ, 

PHN, other HZ complicationsPHN, other HZ complications
V i t d d V i t d d i t d i t d  Vaccinated and nonVaccinated and non--vaccinated vaccinated 
cohorts aged ≥ 60 yearscohorts aged ≥ 60 years

 Societal and payer perspectives Societal and payer perspectives 
consideredconsideredconsideredconsidered
Pellissier JM et al. Vaccine 25 (2007);8326-8337
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For 1 000 000 US vaccine recipients ≥60For 1 000 000 US vaccine recipients ≥60For 1.000,000 US vaccine recipients ≥60 … For 1.000,000 US vaccine recipients ≥60 … 

 HZ vaccine would eliminate:HZ vaccine would eliminate:--
•• 75,54875,548--88,928 cases of HZ88,928 cases of HZ75,54875,548 88,928 cases of HZ88,928 cases of HZ
•• >20,000 cases of PHN>20,000 cases of PHN
•• >300 000 outpatient visits>300 000 outpatient visits•• >300,000 outpatient visits>300,000 outpatient visits
•• >375,000 prescriptions>375,000 prescriptions
•• >97,000 ER visits>97,000 ER visits
•• >10,000 hospitalizations>10,000 hospitalizations, p, p

 Saving US$ 82Saving US$ 82--103 million annually103 million annually
P lli i JM t l V i 25 (2007) 8326 8337
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CostCost effectiveness of HZ vaccination in USeffectiveness of HZ vaccination in USCostCost--effectiveness of HZ vaccination in USeffectiveness of HZ vaccination in US

 US$ 16 229 US$ 16 229 -- 27 609 per QALY gained 27 609 per QALY gained  US$ 16,229 US$ 16,229 -- 27,609 per QALY gained 27,609 per QALY gained 
depending on data source and analytic depending on data source and analytic 
perspectiveperspectiveperspective.perspective.

Most sensitive to:Most sensitive to: Most sensitive to:Most sensitive to:
•• PHN costsPHN costs

i f i ffii f i ffi•• Duration of vaccine efficacyDuration of vaccine efficacy
•• Complication costsComplication costs
•• QALY loss associated with painQALY loss associated with pain

Pellissier JM et al. Vaccine 25 (2007);8326-8337
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CostCost effectiveness and QALYseffectiveness and QALYsCostCost--effectiveness and QALYseffectiveness and QALYs
 US$ 50,000 US$ 50,000 –– 100,000 per QALY gained 100,000 per QALY gained  US$ 50,000 US$ 50,000 100,000 per QALY gained 100,000 per QALY gained 

considered costconsidered cost--effectiveeffective

 WHO suggests 3 X domestic WHO suggests 3 X domestic 
product/capita = 3 X ≈£20 000 = £60 000 product/capita = 3 X ≈£20 000 = £60 000 product/capita = 3 X ≈£20,000 = £60,000 product/capita = 3 X ≈£20,000 = £60,000 
for UKfor UK

 For comparison:For comparison:
•• Hypertension management US$ 60,000/ QALY Hypertension management US$ 60,000/ QALY 

gainedgained
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CostCost--effectiveness results in the 65+ UK population effectiveness results in the 65+ UK population 
(40% coverage rate)(40% coverage rate)

A  health economic evaluation of a new herpes zoster (HZ)  vaccine for the prevention of
Post-herpetic neuralgia (PHN) in the UK. Martin et al. 6565Annecy, July 2008Annecy, July 2008



Mean cost per case of HZ over 
6-month follow-up by age6 month follow up by age

Age Age SamplSampl Patient Patient NHS (£)NHS (£) Society (£)Society (£) Total (£)Total (£)classclass e sizee size (£)(£) NHS (£)NHS (£) Society (£)Society (£) Total (£)Total (£)

<65 <65 4545
10.8 10.8 
(0  4  (0  4  

85.6 85.6 
(20  68  (20  68  

430.0 430.0 
(0  26  (0  26  

526.3 526.3 
(20  173  (20  173  yearsyears 4545 (0, 4, (0, 4, 

187)187)
(20, 68, (20, 68, 

696)696)
(0, 26, (0, 26, 
3265)3265)

(20, 173, (20, 173, 
3578)3578)

65  65  42.5 42.5 400.9 400.9 76 6 76 6 519.9 519.9 65+ 65+ 
yearsyears 2525

42.5 42.5 
(0, 0, (0, 0, 
1000)1000)

400.9 400.9 
(48, 138, (48, 138, 

3257)3257)

76.6 76.6 
(0, 0, 957)(0, 0, 957)

519.9 519.9 
(48, 138, (48, 138, 

4218)4218)

OverallOverall 7070
22.1 22.1 
(0, 1, (0, 1, 
1000)1000)

198.2 198.2 
(20, 86, (20, 86, 
3257)3257)

303.8 303.8 
(0, 0, (0, 0, 
3267)3267)

524.0 524.0 
(20, 158, (20, 158, 

4218)4218)

Follow up : 146 GP consultations, 7 hospital visits, 6 emergency 

1000)1000) 3257)3257) 3267)3267) 4218)4218)
The minimum, median and maximum costs are in ( )
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p p g y
ambulances, 4 admissions, 6 consultations with complementary 

practitioners, 307 days work lost by patients, 52 by carers



The futureThe futureThe futureThe future

D ti f t tiD ti f t ti Duration of protectionDuration of protection
 Need for booster injection(s)Need for booster injection(s)j ( )j ( )
 Effects in the elderly ‘unfit’ patientEffects in the elderly ‘unfit’ patient

Vaccine suitable for immunocompromisedVaccine suitable for immunocompromised Vaccine suitable for immunocompromised Vaccine suitable for immunocompromised 
patientspatients

ff Reduced prevalence of seropositive Reduced prevalence of seropositive 
individualsindividuals

 More effective vaccine?More effective vaccine?
• n.b. effectiveness of other vaccines in elderly adults
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