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 Develop policy questions

 Consider critical outcomes

 Review and summarize evidence of benefits and harms

 Evaluate quality of evidence

 Assess population benefit

 Evaluate values and preferences

 Review health economic data

 Considerations for formulating recommendations

 ACIP recommendation and GRADE category

GRADE Process
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Policy Question: Is the live attenuated herpes zoster vaccine 
(ZVL) safe and effective at preventing herpes zoster? 

Population Immunocompetent adults aged 50 years or older

Intervention One dose live attenuated zoster vaccine (ZVL, PFU≥19,400)

Comparison Placebo or no vaccine

Outcomes • Herpes zoster (HZ)
• Post herpetic neuralgia (PHN)
• Duration of protection against herpes zoster (4+ years post 

vaccination)
• Severe adverse events
• Reactogenicity (injection-site or systemic reactions)
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OUTCOME IMPORTANCE

Benefits

Prevent herpes zoster Critical

Prevent postherpetic neuralgia Critical

Duration of protection Important

Harms

Serious adverse events Critical

Reactogenicity Important

Outcome measures included in evidence profile
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 Systematic review of studies in any language from PubMed, Embase, CINAHL, 
Cochrane, Scopus, and clinicaltrials.gov

 Efforts made to obtain unpublished or other relevant data

 Initial search terms included: “zostavax”, or “zoster” and “vaccine ADJ2 live”, or 
“zoster” and “attenuated ADJ2 live”, or “zoster” and “vaccine ADJ2 attenuated”, or 
“zoster vaccine live”, or “zoster vaccine attenuated”

 Articles were included if they presented data on the herpes zoster live attenuated 
vaccine (ZVL) and
–

–

–

–

Involved immunocompetent adults aged 50 years or older
Included data for relevant intervention (ZVL, one dose, minimum of 19,400 PFU)
Included data relevant to the outcome measures being assessed
Reported primary data

Evidence Retrieval
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Evidence Retrieval
References identified in 

database search (Medline, 
Embase, CINAHL, Cochrane, 

Scopus)
(n =1,113)

Title and abstract 
screening
(n = 1279)

Records excluded 
(No primary data, not population 

or intervention of interest)
(n = 1,123)

Full-text article 
screening
(n = 159)

Articles excluded (n = 119)
• 27 did not report data for ZVL (one 

dose) as intervention
• 52 did not report outcomes of interest
• 11 studies ongoing or results not yet 

reported
• 23 had results reported in another 

study
• 7 individual case reports

Studies included 
in GRADE analysis

(n = 40)

References
identified from 

Clinicaltrials.gov
(n = 158)
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Additional 
references 
identified

(n =8)



Initial 
Evidence Type

Study Design

1 Randomized controlled trials (RCTs) or overwhelming evidence from observational studies 

2 RCTs with important limitations, or exceptionally strong evidence from observational studies 

3 Observational studies, or RCTs with notable limitations 

4 Clinical experience and observations, observational studies with important limitations, or RCTs 
with several major limitations

Evidence types
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GRGRADE of Evidence for ZVL: BenefitsDE 
of Evidence for ZVL: Benefits
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Outcome #1: VE against herpes zoster
Characteristics of included studies, n=9
Study Type Population Intervention Comparison Funding Site

Oxman, 2005 
(SPS)

RCT Healthy adults ≥60y One dose ZVL Placebo
Dept. of Veteran 
Affairs, Merck

Multicenter, USA

Schmader,
2012a (ZEST)

RCT Healthy adults 50-59y One dose ZVL Placebo
Dept. of Veteran 
Affairs, Merck

North America, 
Europe

Langan, 2013 Cohort Medicare enrollees, ≥65y One dose ZVL No vaccine NIHR Medicare, USA

Tseng, 2014 Cohort
KPSC members with end-
state renal disease, ≥60y

One dose ZVL No vaccine
Kaiser Permanente
Southern California

Kaiser Permanente
Southern California

Baxter, 2015 Cohort KPNC members, ≥60y One dose ZVL No vaccine Merck
Kaiser Permanente
Northern California

Marin, 2015
Case 
control

Adults ≥60y One dose ZVL No vaccine CDC Minnesota, USA

Tseng, 2016a Cohort KPSC members, ≥60y One dose ZVL No vaccine CDC
Kaiser Permanente
Southern California

Tseng, 2016b Cohort
KPSC members who received 
chemotherapy, ≥60y

One dose ZVL before 
chemotherapy

No vaccine
Kaiser Permanente
Southern California

Kaiser Permanente
Southern California

Izurieta, 2017 Cohort Medicare enrollees, ≥65y One dose ZVL No vaccine FDA Medicare, USA
9



Outcome #1: VE against herpes zoster (HZ)
Estimates of Effect

10



Outcome Design (#
of studies)

Initial 
evidence
level

Risk of 
bias

Inconsist
-ency

Indirect
-ness

Imprecis
-ion

Other 
consider
-ations

Evidence 
type

Outcome 
evidence 
type

Herpes
Zoster

RCT (2) 1
No 
serious

No
serious

No 
serious

No
serious

No 
serious

1

1

Obs (7) 3 Serious
No 
serious

No 
serious

No 
serious

No 
serious

4

Outcome #1: VE against herpes zoster
Type of Evidence

11

 Observational studies were downgraded for risk of bias because outcome assessors were aware of the 
intervention received by participants



Outcome #2: Duration of protection against herpes zoster
Characteristics of included studies, n=5

Study Type Population Intervention Comparison
Years post-
vaccination

Funding Site

Schmader,
2012b
(STPS)

RCT w/ 
limitations

Healthy adults 
≥60y

One dose 
ZVL

Placebo* 3.3-7.8
Dept. of 
Veteran 
Affairs, Merck

Multicenter, USA

Morrison, 
2015
(LTPS)

RCT w/ 
limitations

Healthy adults 
≥60y

One dose 
ZVL

Modeled from 
SPS and STPS 
placebo groups**

4.7-11.6
Dept. of 
Veteran 
Affairs, Merck

Multicenter, USA

Baxter, 
2015

Cohort
KPNC
members, ≥60y

One dose 
ZVL

No vaccine 5-6 Merck
Kaiser Permanente
Northern California

Tseng, 
2016a

Cohort
KPSC members, 
≥60y

One dose 
ZVL

No vaccine 5-8 CDC
Kaiser Permanente
Southern California

Izurieta, 
2017

Cohort
Medicare 
enrollees, ≥65y

One dose 
ZVL

No vaccine 4–7 FDA Medicare, USA

12

*During the STPS, participants were unblinded and placebo recipients were eligible to receive ZVL.

** Since the participants had been unblinded in the STPS, there were no placebo controls. Instead modeled comparision group using data from placebo 
groups from SPS and STPS.



Outcome #2: Duration of protection against herpes zoster
Estimates of effect
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(RCT)
(KPNC)
(KPSC)
(Medicare, 70-79y)

Year post vaccination

Outcome #2: Duration of protection of ZVL against herpes zoster by year

Note: The Shingles Prevention Study, Short-term Persistence Study, and Long-term Persistence Study followed the same study population in a 
randomized control trial over time. Baxter (2015), Tseng (2016), and Izurieta (2017) are observational studies.  Studies were done in different time 
periods and among different study populations that had different age structures. 14



Outcome
Design
(# of 
studies)

Initial 
evidence
level

Risk of 
bias

Inconsist
-ency

Indirect
-ness

Imprecis
-ion

Other 
consider
-ations

Evidence 
type

Outcome 
evidence 
type

Duration of 
protection 
(4+ years 
post-vac)

RCT with 
limitations 

(2)
2

No 
serious

No 
serious

No 
serious

No 
serious

None 2

2

Obs (3) 3 Serious
No

serious
No 

serious
No 

serious
None 4

Outcome #2: Duration of protection against herpes zoster
Type of Evidence

15

 RCTs were given initial evidence level 2 due to comparison group limitations. During the STPS, placebo participants could 
receive ZVL and censoring due to vaccination may have introduced bias that increased incidence of HZ among remaining 
placebo recipients. During the LTPS, there we no unvaccinated controls so comparison group was modeled. 

 Observational studies were downgraded for risk of bias because outcome assessors were aware of the intervention 
received by participants



Outcome #3: VE against post-herpetic neuralgia (PHN)
Characteristics of included studies, n=8
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Study Type Population Intervention Comparison Funding Site

Oxman, 2005 
(SPS)

RCT Healthy adults ≥60y One dose ZVL Placebo
Dept. of Veteran 
Affairs, Merck

Multicenter, USA

Schmader, 2012b
(STPS)

RCT w/ 
limitations

Healthy adults ≥60y One dose ZVL Placebo
Dept. of Veteran 
Affairs, Merck

Multicenter, USA

Morrison, 2015
(LTPS)

RCT w/ 
limitations

Healthy adults ≥60y One dose ZVL
Modeled using 
SPS and STPS 
placebo groups

Dept. of Veteran 
Affairs, Merck

Multicenter, USA

Langan, 2013 Cohort Medicare enrollees, ≥65y One dose ZVL No vaccine NIHR Medicare, USA

Tseng, 2015 Cohort KPSC members, ≥60y One dose ZVL No vaccine CDC
Kaiser Permanente
Southern California

Baxter, 2016a Cohort KPNC members, ≥60y One dose ZVL No vaccine Merck
Kaiser Permanente
Northern California

Marin, 2015 Case control Adults ≥60y One dose ZVL No vaccine CDC Minnesota, USA

Izurieta, 2017 Cohort Medicare enrollees, ≥65y One dose ZVL No vaccine FDA Medicare, USA



Outcome #3: VE against PHN
Estimates of effect
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Outcome #3: VE against PHN
Type of Evidence

Outcome
Design
(# of 

studies)

Initial 
evidence
level

Risk of 
bias

Inconsis-
tency

Indirect-
ness

Imprecis-
ion

Other 
consider-
ations

Evidence 
type

Outcome 
evidence 
type

Post-
Herpetic
Neuralgia

RCT (1) 1 No serious N/A No serious No serious No serious 1

1
RCTs w/ 
limitations 

(2)
2 No serious No serious No serious Serious No serious 3

Obs (5) 3 Serious No serious No serious No serious No serious 4

18

 RCTs with limitations were given an initial evidence level 2 and downgraded for risk of bias due to concerns related to the 
comparison groups

 RCTS with limitations had large 95% confidence intervals and were downgraded for imprecision.

 Observational studies were downgraded for risk of bias because outcome assessors were aware of the intervention received by 
participants and because PHN may have been underreported - PHN diagnosis based on healthcare encounters not self-report



GGrade of Evidence for ZVL: HarmsRADE of
Evidence for ZVL: Harms

19



*Reactogenicity only, **SAE only

Study N (ZVL) Type Population Intervention Comparison Funding Site

Oxman, 2005 (SPS) 19,270 RCT Healthy adults ≥60y One dose ZVL Placebo V.A.; Merck Multicenter, USA

Zoran, 2016* 14,436 RCT
Healthy adults ≥60y 
(SPS and ZEST)

One dose ZVL Placebo Merck USA

Schmader, 2012a 
(ZEST)

11,184 RCT Healthy adults 50-59y One dose ZVL Placebo V.A.; Merck North America, Europe

Murray, 2010** 5,983 RCT Healthy adults ≥60y One dose ZVL Placebo Merck Canada, Germany, Spain, UK, US

MacIntyre, 2010 236 RCT Healthy adults ≥60y One dose ZVL Placebo Merck
Australia, Canada, Germany, Italy, 
Spain, UK

Mills, 2010 98 RCT Healthy adults ≥50y One dose ZVL Placebo, Crossover Merck USA

Beals, 2016 52 RCT Healthy adults ≥50y One dose ZVL Placebo Merck USA

Hata, 2016 27 RCT
Adults aged 60-70y 
with diabetes mellitus

One dose ZVL Placebo Japan MoH Japan

Macaladad, 2007 18 RCT Healthy adults ≥30y One dose ZVL Placebo Merck
Brazil, Costa Rica, Colombia, 
Mexico, Peru, Venezuela, Phillipines

Baxter, 2012** 29,010 Cohort KPNC members, ≥60y One dose ZVL Self-controlled case series Merck
Kaiser Permanente Northern 
California

Tseng, 2012 193,083 Cohort Adults ≥50y One dose ZVL
Case-centered; self-
controlled case series

AHIP, CDC USA, Vaccine Safety Datalink (VSD)

Outcome #4 and #5: Serious adverse events and reactogenicity
Characteristics of included studies with comparison groups, n=11
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 In 8 placebo-controlled RCTs with 36,868 participants receiving ZVL, there were no 
imbalances in serious adverse events between vaccine and placebo groups

 2 large observation studies with 222,093 participants receiving ZVL found no increased 
risk post vaccination for cardiovascular, neurologic or infectious conditions studied* 
[Baxter, 2012; Tseng, 2012]

 Overall found no serious adverse events associated with ZVL

Outcome #4: Serious adverse events
Summary of Findings, studies with comparison groups, n=10

21

*Conditions studied included: stroke or cerebrovascular events, acute myocardial infarction, meningitis, 
encephalitis and encephalopathy, Ramsey-Hunt syndrome and Bell’s palsy, cellulitis and infection, 
coronary atherosclerosis and other heart disease 



Type Studies Total # received ZVL Safety Findings

RCT
n=7

Berger, 1998
Kerzner, 2007 
Tyring, 2007
Gilderman, 2008

Leroux-Roels, 2012
Vesikari, 2013
Diez-Domingo, 2015

N=1782* • No serious adverse 
events associated 
with ZVL

• Consistent with 
findings from 
placebo-controlled 
studies

Non-RCT
N=6

Arnou, 2011
Hata, 2013
Morrison, 2013

Stanford, 2014
Yao, 2015
Choi, 2016

N=14,165†

Obs
N=5

Levin, 2003
Lelic, 2016
Levin, 2016

Baxter, 2016b
Willis, 2016 N=377,316‡

Outcome #4: Serious Adverse Events
Additional safety studies with no comparison group, n=18

*Berger, 1998 does not report number that received ZVL. Total number of participants in study was 200.

†13,674 participants came from Morrison, 2013

‡376,531 participants came from Baxter, 2016b. Willis, 2016 included adverse events reported to the worldwide Merck Adverse 
Events Reporting Database and does not report number of individuals who received ZVL.
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Outcome #4: Serious adverse events
Type of Evidence

Outcome Design 
(# of studies)

Initial 
evidence
level

Risk of 
bias

Inconsist
-ency

Indirect
-ness

Imprecision
Other 
consider
-ations

Evidence 
type

Outcome
evidence 
type

Serious
adverse 
events 
related to 
vaccination

RCT (8) 1
No 
serious

No 
serious

No 
serious

No serious
No 
serious

1

1
RCT with 
limitations
(13)

2 Serious
No 
serious

No 
serious

No serious
No 
serious

3

Obs (7) 3 Serious
No 
serious

No 
serious

No serious
No 
serious

4

23

 RCTs with limitations were given initial evidence level 2 and downgraded for risk of bias due to a lack of control group and
because outcome assessors may have been aware of the intervention received by participants.

 Observational studies were downgraded for risk of bias because outcome assessors were aware of the intervention
received by participants



 Merck’s 10 year post-marketing review reported 13 reports of PCR-confirmed VZV 
rash caused by Oka/Merck vaccine strain [Willis, 2016]

 In clinical trials 2 subjects with varicella-like rashes and zoster like rashes had PCR 
confirmed Oka/Merck strain varicella. [FDA]

 7 additional case reports of serious adverse events related to ZVL were not included 
in the GRADE analysis* 
– None of these events have been substantiated as a safety signal for ZVL through 

additional research or reporting through VAERs

Additional safety data: Case reports of SAEs and Oka-caused 
adverse events

*SAEs reported include: severe vision loss, bilateral vision loss, worsening of HZ opthalmicus, 
worsening of corneal edema, recurrent keratouveiitis, corneal perforation, swelling of almost the 
entire arm, VZV caused by Oka/Merck vaccine strain 

24



Outcome #5: Reactogenicity (injection-site and systemic) 
Summary of findings, n=25

25

 Injection-site reactions were the most common adverse reaction related to vaccination

 One large RCT in adults ≥ 60 y reported injection-site reactions among 48% of vaccine recipients 
compared to 17% among placebo [diff=31%; Oxman, 2005]

 One large RCT in adults aged 50-59 reported injection-site reactions among 64% of vaccine 
recipients compared to 14% among placebo [diff=50%; Schmader, 2012a]

 Range of injection-site reactions reported among remaining studies was 8%-62%. 
–

–

Variation due to differences in sample sizes. Majority of studies reported an estimate within 35%-55%. 

 4 studies reported moderate/severe (grade 3) injection-site reactions that ranged between 0%-
4% of vaccine recipients

Includes post-hoc analysis of Oxman, 2005 (SPS) that found <1% of participants reported grade 3 
reactions post vaccination 

 7 studies reported vaccine-related systemic adverse events, with reactions reported among 0-
8% of vaccine recipients



Outcome #5: Reactogenicity
Type of Evidence

Outcome
Design 
(# of 
studies)

Initial 
evidence
level

Risk of 
bias

Inconsist
-ency

Indirect
-ness

Imprecision
Other 
consider
-ations

Evidence 
type

Outcome 
evidence 
type

Reactogenicity
(injection-site 
or systemic
adverse events)

RCT (15) 1
No 
serious

No 
serious

No 
serious

No serious
No 
serious

1

1
Non-RCT 
(5)

2 Serious
No 
serious

No 
serious

No serious
No 
serious

3

Obs (5) 3 Serious
No 
serious

No 
serious

No serious
No 
serious

4
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 Non-RCT and observational studies were downgraded for risk of bias because outcome assessors were 
aware or likely aware of the intervention received by participants



SuSummarymmary
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 /A/High/Evidence Type 1: We are very confident that the true effect lies close
to that of the estimate of the effect.

 /B/Moderate/Evidence Type 2: We are moderately confident in the effect
estimate: The true effect is likely to be close to the estimate of the effect, but there is
a possibility that it is substantially different.

 /C/Low/Evidence Type 3: Our confidence in the effect estimate is limited:
The true effect may be substantially different from the estimate of the effect.

 /D/Very low/Evidence Type 4: We have very little confidence in the effect
estimate: The true effect is likely to be substantially different from the estimate of
effect

Evidence Types

Not measuring how good the intervention is, but how 
much confidence we have in the estimates of effect



GRADE Summary 

Outcome Design 
(# of studies)

Findings Evidence 
type

Overall evidence type

CRITICAL

Prevent herpes zoster
RCT (2)
Obs (7)

ZVL is effective in preventing herpes zoster 1

1
Prevent post-herpetic
neuralgia

RCT (3)
Obs (5)

ZVL is effective in preventing PHN 1

Severe adverse events
RCT (14)
Non-RCT (6)
Obs (7)

No safety concerns for ZVL observed in 
real-world and clinical settings

1

IMPORTANT

Reactogenicity
RCT (15)
Non-RCT (5)
Obs (5)

Injection-site reactions more commonly 
reported among vaccine recipients
compared to placebo, but tend to be mild

1

Duration of protection 
(herpes zoster)

RCT (2)
Obs (3)

ZVL effectiveness decreases 4+ years post 
vaccination and continues to decrease 
year-by-year

2

Comparison: One dose ZVL (≥19,000 PFU) versus placebo or no vaccine in adults ≥50

29
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