Supplemental Methodology 
Cost-effectiveness of vaccination of immunocompetent older adults against herpes zoster in the Netherlands: A comparison between the adjuvanted subunit and live-attenuated vaccine


Health economic decision model
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[bookmark: _Ref508610102]Figure S1: Markov-tree. HZ: Herpes zoster, HZ/su: Herpes zoster subunit vaccine, M: Markov, y: years, ZVL: Zoster vaccine live

QALY-losses
QALY losses were estimated using a Dutch observational study by Van Wijck et al.[1] that prospectively followed the pain severity and HR-QoL of 661 enrolled patients over a period of 12 months. Loss of follow-up during the study was 8.2% at 6 months and 19.5% at 12 months. At time-points of inclusion, and after 2 weeks and 1, 3, 6, 9 and 12 months, HZ patients were asked to fill in a web-based questionnaire including questions on severity of pain using the VAS-score and the HR-QoL. We categorized the patients into four pain states based on the 10-cm VAS score, which were no pain (VAS <0.5cm), mild pain (VAS 0.5-<3cm), moderate pain (VAS 3-<7cm) and severe pain (VAS ≥7cm). The severity of pain over time was modelled separately for the age-groups 50-59 years and ≥60 year. We used this age-stratification because there was no significant difference of the risk of HZ pain over time between 60-to 69-year-olds and ≥70-year-olds, while a significant difference was found between 50- to 59-year-olds and ≥60-year-olds. The division of HZ patients over the pain states over time is shown in Figure S2. Over the first three months, the division between the pain states was estimated by interpolation between the time-points (Table S1). Patients with moderate or severe pain (i.e. VAS ≥3cm) after three months were defined as PHN patients. For the period after three months, the waning of pain over time for each pain severity state was estimated by fitting an exponential curve through the pain severity data of 3, 6, 9 and 12 months. This curve was fitted on aggregated data of all age-groups because of the low number of patients with moderate or severe pain after a period of 6 months (Figure S3).

[bookmark: _Ref512455901]
[image: ]
[image: ]
[bookmark: _Ref511907009]Figure S2: Proportion of herpes zoster (HZ) patients with pain for the age-group by pain severity for the age-group (A) 50-59 years and (B) ≥60 years. Clinical relevant pain includes severe and moderate pain; any pain includes clinical relevant pain and mild pain. Data was obtained from Van Wijck et al.[1]
Table S1: Probability of herpes zoster pain by age and severity over time over the first 3 months after disease onset. Data was obtained from Van Wijck et al.[1]
	Health state
	Base case
	Lower
	Upper
	Distribution

	50-59 years
	
	
	
	

	   Mild pain
	
	
	
	

	      Inclusion
	0.250
	0.194
	0.306
	Beta

	      2 weeks
	0.289
	0.226
	0.351
	Beta

	      1 month
	0.229
	0.171
	0.287
	Beta

	      3 months
	0.104
	0.060
	0.149
	Beta

	   Moderate pain
	
	
	
	

	      Inclusion
	0.500
	0.436
	0.564
	Beta

	      2 weeks
	0.284
	0.221
	0.346
	Beta

	      1 month
	0.100
	0.058
	0.141
	Beta

	      3 months
	0.022
	0.001
	0.043
	Beta

	   Severe pain
	
	
	
	

	      Inclusion
	0.194
	0.143
	0.245
	Beta

	      2 weeks
	0.060
	0.027
	0.092
	Beta

	      1 month
	0.015
	0
	0.032
	Beta

	      3 months
	-
	-
	-
	Beta

	≥60 years
	
	
	
	

	   Mild pain
	
	
	
	

	      Inclusion
	0.168
	0.132
	0.203
	Beta

	      2 weeks
	0.267
	0.223
	0.311
	Beta

	      1 month
	0.202
	0.161
	0.242
	Beta

	      3 months
	0.130
	0.096
	0.165
	Beta

	   Moderate pain
	
	
	
	

	      Inclusion
	0.473
	0.426
	0.520
	Beta

	      2 weeks
	0.304
	0.258
	0.350
	Beta

	      1 month
	0.215
	0.173
	0.256
	Beta

	      3 months
	0.065
	0.040
	0.090
	Beta

	   Severe pain
	
	
	
	

	      Inclusion
	0.296
	0.253
	0.339
	

	      2 weeks
	0.110
	0.079
	0.141
	Beta

	      1 month
	0.024
	0.008
	0.039
	Beta

	      3 months
	0.008
	0
	0.017
	Beta
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[bookmark: _Ref512455968]Figure S3: Modelled exponential decline of pain due to HZ over time after a period of 3 months for patients aged ≥50 years. Data was obtained from Van Wijck et al.[1]





HR-QoL data over time was collected with use of the EQ-5D-3L instrument. The EQ-5D-3L is a combination of a questionnaire and a valuation technique using VAS. This instrument values health-related quality of life in five dimensions, i.e. mobility, self-care, usual activities, pain/discomfort and anxiety/depression, using three levels: no problems, some problems and severe problems. As a baseline of HR-QoL we used data from participants that were free of pain or itch after ≥3 months of disease onset. Disutilities were then calculated by subtracting the HR-QoL of the pain state from this baseline. We calculated average EQ-5D-3L scores per pain-severity level at inclusion, after 2 weeks and after 1 month. For the period of 3 months and after, we used aggregated EQ-5D-3L scores from the 3, 6, 9 and 12 months measurement points due to low patient counts. EQ-5D-3L scores are shown in Table S2 and Figure S4.

[bookmark: _Ref503539271]Table S2: Utilities of the different pain severity states of herpes zoster over time using EQ-5D-3L data. Data was obtained from Van Wijck et al.[1]
	Pain severity state by measurement point
	Average 
EQ-5D-3L score
	Lower
	Upper
	Distribution

	Baseline
	0.967
	0.963
	0.972
	Beta

	No pain
	
	
	
	

	   Inclusion
	0.910
	0.861
	0.959
	Beta

	   2 weeks
	0.951
	0.936
	0.967
	Beta

	   1 month
	0.959
	0.949
	0.970
	Beta

	Mild pain
	
	
	
	

	   Inclusion
	0.782
	0.754
	0.810
	Beta

	   2 weeks
	0.786
	0.764
	0.808
	Beta

	   1 month
	0.798
	0.785
	0.812
	Beta

	   ≥ 3 months
	0.772
	0.756
	0.788
	Beta

	Moderate pain
	
	
	
	

	   Inclusion
	0.705
	0.684
	0.727
	Beta

	   2 weeks
	0.714
	0.685
	0.742
	Beta

	   1 month
	0.760
	0.732
	0.788
	Beta

	   ≥ 3 months
	0.754
	0.730
	0.778
	Beta

	Severe pain
	
	
	
	

	   Inclusion
	0.492
	0.449
	0.534
	Beta

	   2 weeks
	0.656
	0.597
	0.715
	Beta

	   1 month
	0.649
	0.535
	0.763
	Beta

	   ≥ 3 months
	0.600
	0.495
	0.705
	Beta
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[bookmark: _Ref512456553]Figure S4: Mean EQ-5D-3L score related to herpes zoster by pain severity level. Data was obtained from Van Wijck et al.[1]
 
	LY lost due to HZ-related mortality were estimated using life tables and age-specific life-expectancies from the general population [2]. Life-expectancies were then converted to QALYs using EQ-5D-3L population norms from the general population [3] ( Table S3).
 
[bookmark: _Ref511907207]Table S3: EQ-5D-3L population norms by age-group
	Age-group
	EQ-5D-3L population norm

	50-54 years
	 0.890 

	55-64 years
	 0.890 

	65-74 years
	 0.886 

	≥75 years
	 0.830 


 


Costs
HZ-related costs were calculated by multiplying the HZ-related resource use with the price per resource unit. The following cost-items were included in our analysis:
· Health care costs: Costs due to vaccine administration, general practitioner (GP) visits, prescribed medication, specialist visits, one-day hospital admissions, hospitalizations and health-care costs in gained life years.
· Patient costs: Costs due to over-the-counter (OTC) medication and travelling.
· Productivity losses: Costs due to work absenteeism and work presenteeism.
HZ-related resource use is shown in Table S3. The number of GP visits, specialist visits and medication use were estimated using the aforementioned prospective cohort study by Van Wijck et al.[1] Since we based our HZ incidence on the surveillance of HZ-related GP visits, we assumed that every HZ case would have at least one GP visit. The number of follow-up visits was estimated using data up to 6 months after HZ onset finding on average 0.88 additional visits. However, as more GP visits would presumably follow after the period of 6 months among patients with pain, we assumed that the number of GP visits were equally distributed over the 6 months, resulting in an average of 0.15 per month (0.88 / 6 months). Assuming that only patients with pain had GP visits, these visits were assigned to 14.7% of the cohort that had any pain between 3 and 6 months, resulting in 0.15/0.147 = 1.0 GP visits per month given pain after 3 months. This was multiplied by the average duration of any pain by age-group given any pain at 3 months, which was estimated at 13.3 months for 50- to 59-year-olds and 14.1 months for ≥60-year-olds (based on the duration of pain estimation as shown in Figure S4). The probability of a referral to the medical specialist was 6.0% (95% CI: 4.1-7.8%). Based on expert opinion we assumed that each referred patient had on average three specialist visits. The probability and type of medication used was based on self-reporting of patients over a period of 12 months. Length of stay of a hospital admission by age was obtained from the Dutch Hospital Database, using admissions over the period 2012-2014 with HZ as the main diagnose (ICD-code B02) [4].
Productivity loss per HZ case was also obtained from the prospective cohort study by Van Wijck et al.[1] A standardized questionnaire was used to measure productivity losses at HZ onset, and after 3 and 6 months [5]. Patients were asked whether they had absenteeism due to medical conditions over the last month and the number of days missed. Notably, this could also include absenteeism that was not related to HZ. The data showed that the mean absenteeism over the last month was 2.87 days (47.7% of the patients reported absenteeism of on average 6.02 days) at disease onset, 0.92 days (15.1%, 6.09 days) after 3 months of onset and 0.80 (10.1%, 7.89 days) after 6 months of onset. We adjusted these estimates for background absenteeism using data from Statistics Netherlands, showing that the average absenteeism per employee aged 50-69 years was 0.80 days per month [6]. Subtracting the background absenteeism from the reported absenteeism of the cohort, we estimated an absenteeism of 2.07 days over the last month at disease onset, 0.12 days over the last month after 3 months and 0 days over the last month after 6 months. We assumed that only patients with pain had absenteeism, and the total number of days per HZ case were estimated by multiplying the proportion of patients with pain over a month by the days lost per month over time. Finally, the number of days lost were adjusted for age-specific labour participation rates [7].  
Occurrence and duration of presenteeism was enquired in the same questionnaire by asking the number of hours that were required to repair missed work due to medical conditions over the last month. The mean presenteeism-related work-loss was 5.68 hours (70% of the patients reported presenteeism of on average 8.14 hours) at onset, 0.45 hours (24%, 1.83 hours) at 3 months and 0.09 hours (12%, 0.73 hours) at 6 months. Based on the average number of workhours per day of 5.93 for 50- to 69-year-olds, these numbers were converted to 0.96, 0.08 and 0.01 days, respectively. No background presenteeism is available from Statistics Netherlands, however, the ratio of hours missed due to presenteeism and absenteeism has been estimated previously at 0.32 (data from 2008) [8]. This would result in a background presenteeism of 0.80 days x 0.32 = 0.25 days per month. Subtracting the background presenteeism from the presenteeism of the cohort study, we found a presenteeism of 0.70 days at HZ onset, while presenteeism after 3 and 6 months became below zero and was therefore ignored. Total presenteeism per case was calculated with similar methods that were used for estimating the absenteeism per case. Finally, productivity losses due to HZ-related preterm mortality were estimated using the friction-cost method, assuming that productivity losses are limited to a friction period of 84 days, because an employee is assumed to be replaced afterwards [9, 10].
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Table S4: HZ-related resource use
	Variable
	Base case
	Lower
	Upper
	Distribution
	Ref.

	Number of GP visits per HZ case
	
	
	
	
	Van Wijck, 2016 [1]

	   50-59 years
	3.00
	2.72
	3.28
	Gamma
	

	   ≥60 years
	4.01
	3.58
	4.43
	Gamma
	

	Proportion specialist visit
	0.060
	0.041
	0.078
	Beta
	Van Wijck, 2016 [1]

	Number of specialist visits given referral
	3
	
	
	
	Assumption

	Probability of medication prescription
	
	
	
	
	Van Wijck, 2016 [1]

	   Antiviral drugs
	
	
	
	
	

	      Aciclovir
	0.110
	0.086
	0.135
	Beta
	

	      Famciclovir
	0.048
	0.032
	0.065
	Beta
	

	      Valaciclovir
	0.277
	0.237
	0.317
	Beta
	

	   Opiates
	
	
	
	
	

	      Codeine / paracetamol
	0.033
	0.020
	0.047
	Beta
	

	      Tramadol
	0.091
	0.070
	0.111
	Beta
	

	      Oxycodone
	0.014
	0.005
	0.022
	Beta
	

	      Morphine
	0.012
	0.004
	0.020
	Beta
	

	      Fentanyl
	0.009
	0.003
	0.015
	Beta
	

	   Topical treatment
	
	
	
	
	

	      Hydrocortisone
	0.009
	0.002
	0.016
	Beta
	

	      Capsaicin
	0.005
	-
	0.010
	Beta
	

	   Antiepileptic drugs
	
	
	
	
	

	      Pregabalin
	0.071
	0.051
	0.091
	Beta
	

	      Carbamazepine
	0.002
	-
	0.004
	Beta
	

	      Gabapentin
	0.006
	0.000
	0.012
	Beta
	

	   Tricyclic antidepressant
	
	
	
	
	

	      Amitriptyline
	0.064
	0.044
	0.083
	Beta
	

	      Nortriptyline
	0.005
	-
	0.010
	Beta
	

	Length of stay hospitalization (days)
	
	
	
	
	Dutch Hospital Data, 2012-2014 [4]

	   50-59 years
	5.9
	5.1
	6.6
	Gamma
	

	   60-69 years
	7.5
	6.5
	8.4
	Gamma
	

	   70-79 years
	7.5
	6.8
	8.2
	Gamma
	

	   ≥80 years
	9.2
	8.4
	10.1
	Gamma
	

	Probability of OTC medication
	
	
	
	
	Van Wijck, 2016 [1]

	   Pain killers
	
	
	
	
	

	      Paracetamol
	0.383
	0.023
	0.337
	Beta
	

	      NSAID
	0.171
	0.016
	0.139
	Beta
	

	   Topical
	
	
	
	
	

	      Zink oxide
	0.050
	0.009
	0.033
	Beta
	

	      Lidocaine
	0.077
	0.011
	0.056
	Beta
	

	      Hydrophobic ointment
	0.085
	0.011
	0.063
	Beta
	

	Absenteeism given HZ (days)
	
	
	
	
	Van Wijck, 2016 [1], adjusted for age-specific labour participation rates. People aged ≥70 years were assumed to be retired

	   50-59 years
	1.72
	0.99
	3.21
	Gamma
	

	   60-69 years
	0.76
	0.43
	1.45
	Gamma
	

	   ≥70 years
	0
	
	
	
	

	Presenteeism given HZ (days)
	
	
	
	
	

	   50-59 years
	0.54
	0.30
	0.81
	Gamma
	

	   60-69 years
	0.24
	0.13
	0.36
	Gamma
	

	   ≥70 years
	0
	
	
	
	

	Number of working days lost HZ death
	84
	
	
	
	Friction period [10]


HZ: Herpes zoster, GP: General practitioner, NSAID: Nonsteroidal anti-inflammatory drug
Costs per unit are based on standardized costing data and are listed in Table S4. Drug regimen schemes were assumed to be equal to standard available Dutch treatment guidelines for neurological pain [11]. Duration of short-term treatment was assumed to be 7 days for antivirals and 1 month for topical medication. Pain treatment was assumed to be equal to the average duration of any pain like used for estimating the number of GP visits. Additionally, prescription only drugs included a €12 pharmacy fee, consisting of a €6 standard prescription fee and a €6 fee for instructions at first time use [10]. Since the most recent update of the Dutch guidelines for cost-effectiveness research, healthcare costs in gained life-years of averted deaths, i.e. indirect healthcare costs, should be taken into account [10]. We estimated these costs by using age-specific life-expectancy and health care costs per year that were not related to HZ (obtained from the Practical Application to Include Disease Costs (PAID) toolkit [12]). Travel costs included transportation costs to the hospital, GP visit, pharmacist and were calculated using Dutch average distances from the specific health care provider multiplied by standard costs of €0.14 per kilometre [10]. Productivity loss per hour was set at €34.75 [10] and was adjusted for the proportion of the population working using age-specific labour participation rates [7]. For ≥70-year-olds we ignored productivity losses, because these people were assumed to be retired.


[bookmark: _Ref503537161]Table S5: Unit costs (price year 2017)
	Unit
	Cost per unit (€)
	Reference

	Health care costs
	
	

	GP visit	
	33.76
	NHCI, 2016 [10]

	Specialist visit
	93.11
	NHCI, 2016 [10]

	Prescribed medication
	
	Medicijnkosten.nl, 2017 and Farmacotherapeutisch kompas, 2017 [11, 13]

	   Antiviral drugs
	
	

	      Aciclovir
	        34.40 
	

	      Famciclovir
	     136.11 
	

	      Valaciclovir
	        17.46 
	

	   Opiates
	
	

	      Codeine / paracetamol
	        20.70 
	

	      Tramadol
	        15.60 
	

	      Oxycodone
	        14.82 
	

	      Morphine
	        28.80 
	

	      Fentanyl
	        16.83 
	

	   Topical treatment
	
	

	      Hydrocortisone
	        13.38 
	

	      Capsaicin
	        13.23 
	

	   Antiepileptic drugs
	
	

	      Pregabalin
	     123.60 
	

	      Carbamazepine
	        20.46 
	

	      Gabapentin
	        20.46 
	

	   Tricyclic antidepressant
	
	

	      Amitriptyline
	        18.12 
	

	      Nortriptyline
	        40.08 
	

	Hospitalization (per day)
	487.01
	NHCI, 2016 [10]

	Hospital day visit
	282.25
	NHCI, 2009

	Non-healthcare costs
	
	

	Travel costs GP visit
	0.43
	NHCI, 2016 [10]

	Travel costs pharmacist
	0.51
	NHCI, 2016 [10]

	Travel costs hospital visit
	5.79
	NHCI, 2016 [10]

	OTC medication
	
	Medicijnkosten.nl, 2017[13] and Farmacotherapeutisch kompas, 2017[11]

	   Pain killers
	
	

	      Paracetamol
	        10.35 
	

	      NSAID
	        15.39 
	

	   Topical
	
	

	      Zink oxide
	          4.35 
	

	      Lidocaine
	          0.37 
	

	      Hydrophobic ointment
	          1.44 
	

	Productivity loss per lost labour day
	
	Productivity loss per hour from NHCI 2016[10] multiplied by the average duration of a work day from Statistics Netherlands, 2016 [7].

	   50-59 years
	231.73
	

	   ≥60 years
	180.02
	


GP: General practitioner, OTC: Over-the-counter, NHCI: National Health Care Institute, NSAID: Nonsteroidal anti-inflammatory drug

Vaccine characteristics
[bookmark: _Ref502925187]The efficacy of HZ/su against HZ incidence was obtained from two published clinical trials, conducted among individuals aged ≥50 years (ZOE-50 trial) with mean follow-up of 3.2 years and ≥70 years (ZOE-70 trial) with a mean follow-up period of 3.7 years [14, 15]. For the ≥70-year-olds, we fitted a linear model over the annual vaccine efficacy data using R (http://www.R-project.org), in which a weighting factor for the standard error was included. The standard error of the vaccine efficacy by year was estimated as follows: (95%CIUPPER - 95%CILOWER) / (2*1.96). The weighting factor was then calculated by doing 1/(standard error)2, meaning that years with a small confidence interval were given a heavier weight. We also tried to fit elbow-shaped functions (exponential, logarithmic) and a knee-shaped function (1-minus-exponential), but, due to the short follow-up period of the data, these models resulted in unrealistic long (~lifelong >95% efficacy) or short durations of protection (to 0% efficacy within 5 years). For the 50- to 69-year-olds, only annual point-estimates without confidence intervals were available [16]. Therefore, we used an unweighted linear model for this age-group. The model fits are shown in Figure S5 and Figure S6.
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[bookmark: _Ref515969226]Figure S5: The linear function that was fitted for the herpes zoster subunit (HZ/su) vaccine for 50- to 69-year-olds using trial data up to 4 years. The function was estimated at 0.981 (±0.038) – 0.009 (±0.0169)*years, with R2 = 0.124. Note that the x-axis starts at 0.5. HZ: Herpes zoster, VE: Vaccine efficacy.
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[bookmark: _Ref513558789]Figure S6: The linear function that was fitted for the herpes zoster subunit (HZ/su) vaccine for ≥70-year-olds using trial data up to 4 years. The function was estimated at 0.992 (±0.018) – 0.041 (±0.012)*years, with R2 = 0.857. Note that the x-axis starts at 0.5. HZ: Herpes zoster, VE: Vaccine efficacy.



Efficacy of ZVL over time was modelled using data from published clinical trials. The Shingles Prevention Study (SPS) reported efficacy of ZVL among immunocompetent ≥60-year-olds through 4 years, with a mean follow-up of 3.1 years [17]. After the SPS, a subset of the participants were enrolled in the STPS, which reported efficacy from 3.3 to 7.8 years post-vaccination [18]. The LTPS further assessed the duration of efficacy by following a cohort of SPS vaccine recipients from 4.7 to as long as 11.6 years post-vaccination [19]. As no placebo control was available in the LTPS study, the efficacy for this period was estimated using a historical control group. A one-minus-exponential function was fitted on the annual vaccine efficacy data for ≥60-year-olds with the standard error as a weighting factor. This type of function provided a better fit as compared with a linear function or other knee-shaped and elbow-shaped functions. The one-minus-exponential function is shown in Figure S7.
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[bookmark: _Ref513456882]Figure S7: The one-minus-exponential function that was fitted for the live-attenuated vaccine (zoster vaccine live [ZVL]) using trial data up to 11 years [19]. The function was estimated at 1- exp(-0.893 (±0.074) – 0.081 (±0.012)*years), with R2 = 0.840. HZ: Herpes zoster, VE: Vaccine efficacy.

The SPS study showed a decline of vaccine efficacy by increasing age. Therefore, we adjusted the vaccine efficacy per age-group using age-specific risk ratios (see main document). Risk ratios were estimated by dividing the age-specific vaccine efficacy estimate of the SPS by the aggregated efficacy. Intercepts were multiplied by the age-specific risk ratio. The risk ratio of 50- to 59-year-olds was calculated using data from an additional trial performed in this age-group [20]. However, as the follow-up period of the trial was only 1.3 years, we first extrapolated the efficacy estimate to 3.1 years using the waning function that we estimated for ≥60-year-olds. We assumed that all age-groups had the same waning rate.
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[bookmark: _Ref513630144]Figure S8: Modelled vaccine efficacy of the herpes zoster subunit vaccine (two doses within 2 months) and zoster vaccine live (single dose, or single dose with booster after 10 years) over time by vaccination age. HZ: Herpes zoster, HZ/su: Herpes zoster subunit vaccine, VE: Vaccine efficacy, ZVL: Zoster vaccine live.


Sensitivity analysis
We performed several one-way deterministic sensitivity analyses. As the Dutch cost-effectiveness guideline recommends that the lifetime horizon should be long enough to capture all the differential effects of the options [10], we also showed results over a lifetime time-horizon. Additionally, we performed a scenario analysis in which we used incidence estimates of an immunocompetent target-group. Based on published data from Germany and UK, we estimated that the incidence of HZ-related GP visit, hospitalizations and deaths was 0.78, 0.88 and 0.87 times lower among the immunocompetent population as compared with the total population [21, 22]. Subsequently, the Dutch incidence rates were multiplied by these risk ratios. Concerning health effects we explored disutilities of HZ by pain state and total QALY losses per HZ case that have been previously estimated by Van Hoek et al. et al.[23] Moreover, a scenario was performed in which a QALY loss due to grade 3 adverse events at injection-site was included. In the trials, grade 3 adverse events were defined as events that prevented normal everyday activities during 1-3 days. The risk difference of patients with grade 3 adverse events between the vaccine arm and placebo arm was 13.4% for HZ/su and 0.9% for ZVL [14, 15, 17, 24]. The disutility of a grade 3 adverse event was assumed at 0.462 (a shift from no problem with usual activities to severe problems with usual activities on the EQ-5D-3L instrument [3]) and the median duration at 2 days [14]. We assumed that this disutility and duration was also valid for grade 3 adverse events of ZVL. Finally, we varied the discount rates to an internationally accepted 3% for costs and QALYs and to 1.5% for costs and QALYs, according to new guidelines for the evaluation of vaccines by the UK Joint Committee on Vaccination and Immunisation [25].
	For HZ/su we performed a scenario analysis in which the adherence of the second dose was altered. Over a limited follow-up period of less than 3 months, the efficacy of a single dose of HZ/su was estimated at 90.1% (95% CI: 58.9-98.8%) for ≥50-year-olds and 69.5% (95% CI: 24.9-89.1%) for ≥70-year-olds, but no data on the waning of efficacy over time was available. Immunogenicity data, however, indicates that one dose of HZ/su induces a considerably lower and less long persisting immune response as compared to two doses [26]. Given the trend that the efficacy of one dose of HZ/su decreases by increasing age and that the waning is expected to be higher as compared to two doses, we assumed that the efficacy of one dose of HZ/su is equal to one dose of ZVL.

For ZVL we conducted multiple scenario analysis that included the use of additional efficacy against PHN among vaccinated HZ cases and effectiveness data from post-licensure studies. The additional efficacy against PHN was obtained from the SPS and was estimated for the age-groups 60-69, 70-79 and ≥80 years separately, using the equation: (VEPHN – VEHZ) / (1-VEHZ), in which VE is vaccine efficacy [27]. This resulted in an additional efficacy of 4.8% for 60- to 69-year-olds, 55.4% for 70- to 79-year-olds and 25.9% for ≥80-year-olds [17]. These additional efficacies were included in the model by reducing the risk of clinical relevant pain after 3 months of disease onset. We assumed that the waning rate of the additional efficacy against PHN was equal to the waning rate of efficacy against HZ. For the use of ZVL post-licensure effectiveness data, we explored data in our model from the US Kaiser Permanente Northern California over the period 2007-2015, the US Medicare database over the period 2007-2014 and the UK Clinical Practice Research Datalink database over the period 2013-2016 [28-30]. All three studies are population based retrospective cohort studies and represent a study with relatively similar (49% among ≥60-year-olds), lower (33% among ≥65-year-olds) and higher (62% among 68-70-year-olds and 76-79-year-olds) vaccine effectiveness against HZ as compared with the trial. We estimated linear functions on the annual data of the total cohort, which are presented in Figure S9, Figure S10 and Figure S11. Similarly to the efficacy estimates from the trial, we estimated  risk ratios by age-group to take into account the difference of vaccine effectiveness at take with age (Table S6).


[bookmark: _Ref512506989]
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[bookmark: _Ref515971746]Figure S9: The linear function fitted for the zoster vaccine live using data from the Kaiser Permanente Northern California up to 7 years [28]. The function was estimated at 0.699 (±0.033) – 0.089 (±0.015)*years, with R2 = 0.856. HZ: Herpes zoster, VE: Vaccine effectiveness
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[bookmark: _Ref515971747]Figure S10: The linear function fitted for the zoster vaccine live using data from the US Medicare database up to 7 years [29]. The function was estimated at 0.397 (±0.013) – 0.048 (±0.006)*years, with R2 = 0.928. HZ: Herpes zoster, VE: Vaccine effectiveness
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[bookmark: _Ref515971748]Figure S11: The linear function fitted for the Zoster vaccine live using data from the UK Clinical Practice Research Datalink database up to 3 years [30]. The function was estimated at 0.753 (±0.019) – 0.133 (±0.017)*years, with R2 = 0.983. HZ: Herpes zoster, VE: Vaccine effectiveness

[bookmark: _Ref515971706]Table S6: Fitted risk ratios per age-group of the vaccine effectiveness of the live-attenuated vaccine (Zoster vaccine live [ZVL]) using data from US Kaiser Permanente Northern California, US Medicare database and UK Clinical Practice Research Datalink database [28-30]. These risk ratios were used to adjust the intercept of the fitted function.
	Variable
	Tseng, 2016 [28]; US
	Izurieta, 2017 [29]; US
	Walker, 2018 [30]; UK

	Risk ratio of VE by age
	
	
	

	   60-64 years
	1.143
	NA
	NA

	   65-69 years
	0.980
	1.091
	NA

	   70-74 years
	0.959
	1.061
	1.00

	   75-79 years
	0.959
	0.970
	NA

	   80-84 years
	0.857
	0.939
	1.03

	   85-89 years
	0.857
	0.970
	NA

	   ≥90 years
	0.857
	0.970
	NA


NA: Not available, UK: United Kingdom, US: United States, VE: Vaccine effectiveness.
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Cost-effectiveness of vaccination of immunocompetent older adults against herpes zoster in the Netherlands: A comparison between the adjuvanted subunit and live-attenuated vaccine
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Figure S12: Relation between number of HZ cases prevented and the vaccination coverage for vaccination of A) 50-year-olds, B) 60 year-olds, C) 70 year-olds and D) 80-year-olds over a time-horizon of 15 years. HZ: Herpes zoster, HZ/su: Herpes zoster subunit vaccine, ZVL: Zoster vaccine live. 
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Figure S13: Relation between the time-horizon and the maximum vaccine price to remain below a cost-effectiveness threshold of €20,000 per QALY gained for vaccination of 60-year-olds and 70-year-olds against HZ. Results include a discount rate of 4% for costs and 1.5% for health effects. HZ: Herpes zoster, HZ/su: Herpes zoster subunit vaccine, QALY: Quality-adjusted life year, ZVL: Zoster vaccine live. 
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