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ABSTRACT

BACKGROUND: Two vaccines against her-
pes zoster are currently authorized for use
in Canada: the recombinant subunit zos-
ter vaccine and live attenuated zoster vac-
cine. We compared the effectiveness and
cost-effectiveness of these 2 vaccines.

METHODS: We used a decision analytic
static cohort model parametrized with
Canadian epidemiologic and economic
data. We performed the economic anal-
ysis from the health care system per-
spective, using a lifetime horizon and a
3% discount rate for costs and benéefits.
The primary outcome was the incre-
mental cost per quality-adjusted life-
year (QALY) gained, relative to no vac-

varying all model parameters, including
vaccine costs, efficacy and waning.

RESULTS: The number needed to vacci-
nate (NNV) was higher for the live attenu-
ated zoster vaccine than for the recombi-
nant subunit zoster vaccine for all herpes
zoster-related events at all ages. For
example, in persons exactly 65 years old,
for herpes zoster, median NNV was 21
(90% uncertainty interval [UI] 13-31) ver-
sus 8 (90% Ul 6-18), and for postherpetic
neuralgia, NNV was 64 (90% Ul 33-93) ver-
sus 31 (90% Ul 23-73). For the recombi-
nant vaccine, the median cost-effective-
ness ratios varied between cost-saving and
$25881 per QALY gained for adults aged 50
years or older. For the live vaccine, the

cost-effectiveness ratios varied between
cost-saving and $130587 per QALY gained
and were less than $45000 per QALY
gained only for those 65 to 75 years old.
Given its higher efficacy, we estimated that
the cost for the complete series of the
recombinant vaccine could be $150 to
$200 more than the cost of the live vaccine
and still be considered cost-effective.

INTERPRETATION: Our model predicted
that the recombinant subunit zoster vac-
cine is likely cost-effective in Canada for
adults 60 years or older, and is likely more
cost-effective than live attenuated zoster
vaccine. These results have informed
updated national and provincial recom-
mendations on herpes zoster vaccination.

cination. We ran 30000 simulations
erpes zoster, characterized by dermatomal pain and
H rash,1? affects about 1 of every 3 persons during their
lifetime.>* The most common complication is long-
lasting debilitating pain, known as postherpetic neuralgia, which
occurs in about 8% to 27% of individuals with herpes zoster.6*°
Given that postherpetic neuralgia has a substantial negative
impact on health-related quality of life!* and that therapeutic
options are only partially effective,’ the best option remains the
prevention of herpes zoster and thus postherpetic neuralgia.®
Two herpes zoster vaccines are currently authorized for use in
Canada among adults aged 50 years or older: the recombinant
subunit zoster vaccine (Shingrix) and the live attenuated zoster
vaccine (Zostavax). The recombinant vaccine was approved
recently (October 2017), whereas the live vaccine has been avail-
able since 2008. Clinical trials have shown that the recombinant
vaccine is highly effective against herpes zoster and postherpetic

neuralgia for adults aged 50 years or older (vaccine efficacy
against herpes zoster 96.6% for those 50-59 yr and 97.9% for
those > 70 yr) with no evidence of waning protection after
4 years.!* Recent immunogenicity data also suggest that the
immune response is maintained up to 9 years after vaccination.®®

Conversely, clinical trials and observational data have sug-
gested that the efficacy of the live vaccine against herpes zoster
decreases with older age at vaccination (from 65.5% for those
60-69 yr to 55.4% for those = 70 yr'®) and wanes with increasing
time since vaccination.¢-1

Although the recombinant vaccine appears to be more effec-
tive, particularly among older adults, a 2-dose schedule is recom-
mended, compared with a 1-dose schedule for the live vaccine;
this difference has implications for costs and vaccination logis-
tics. Furthermore, although both vaccines have been shown to
be safe, a significantly higher proportion of adults vaccinated
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with the recombinant vaccine experienced grade 3 adverse
events (e.g., injection-site pain, redness or swelling, myalgia,
fatigue, headache), relative to those receiving placebo (17% v.
3%).1* These adverse events could affect completion of the vac-
cination schedule and vaccine efficacy.

Clinicians and policy-makers in various jurisdictions are cur-
rently making recommendations about the choice of herpes zos-
ter vaccine to use and the age cohorts to be vaccinated. The cri-
teria considered in such decisions include cost-effectiveness. The
aims of this study were to evaluate the effectiveness and cost-
effectiveness of vaccinating adults 50 years of age or older
against herpes zoster in Canada, using 1 of the 2 currently avail-
able vaccines (live attenuated zoster vaccine or recombinant
subunit zoster vaccine), relative to the absence of vaccination,
and then to compare the 2 vaccines in terms of effectiveness and
cost-effectiveness. This work informed the 2018 updated recom-
mendations on the use of herpes zoster vaccines by the National
Advisory Committee on Immunization (NACI)*® and the Comité
d’immunisation du Québec.?°

Methods

Model structure

We used a previously published decision analytic static cohort
model.*?! The model structure for the current study was the same
as previously published, but we updated all parameter values.
Briefly, the model followed a cohort of adults through different
phases of herpes zoster (no herpes zoster, herpes zoster, post-
herpetic neuralgia) (Figure Al in Appendix 1, available at www.
cmaj.ca/lookup/suppl/doi:10.1503/cmaj.190274/-/DC1). The
model compared the incidence of herpes zoster and postherpetic
neuralgia, mortality rate, use of health care resources (in terms of
hospitalization, consultations and length of hospital stay), costs
and quality-adjusted life-years (QALYs) lost between vaccinated
and unvaccinated cohorts of adults.

Vaccine efficacy parameters

Vaccine efficacy comprises 2 elements: the degree to which
adults are protected shortly after vaccination (initial vaccine effi-
cacy) and the loss of vaccine protection over time (waning of vac-
cine efficacy). We estimated parameter values for the efficacy of
the 2 vaccines by fitting the age-specific annual incidence of her-
pes zoster predicted by the model with that observed in the vac-
cination arm of randomized clinical trials,'***?22 using 6 different
functions of waning efficacy over time (for a formal description of
these functions, see Table Al in Appendix 1). This method, based
on previous modelling studies,?>** makes it possible to estimate
both short-term vaccine efficacy and waning efficacy, as well as
to capture the uncertainty surrounding the long-term efficacy of
the 2 vaccines (Figure A2 in Appendix 1).

Epidemiologic and economic parameters

We updated the epidemiologic and economic parameters used by
Brisson and colleagues? through literature reviews and analyses
of available data sources (Table 1).3410112L2531 More specifically,
we updated the epidemiologic parameters and health care

resource use associated with herpes zoster through a systematic
review of the literature and data extraction from Quebec adminis-
trative databases, previously published by Letellier and col-
leagues.?® The parameters presented in Table 1 represent the
minimum and maximum values identified in the literature
(including the article by Brisson and colleagues?!) and obtained
from analysis of Quebec administrative databases. We also
updated costs related to herpes zoster and postherpetic neural-
gia through a literature review. We identified a recent study con-
ducted in Manitoba that specifically estimated the costs associ-
ated with herpes zoster and postherpetic neuralgia;* we used the
values from this study as our base values. The costs presented in
Table 1 also represent the minimum and maximum values identi-
fied in the literature. All costs were adjusted to 2018 Canadian
dollars according to the Consumer Price Index.3? We varied the
cost of a complete vaccination series between $100 and $200
(including both the vaccine price and administration costs).

We performed the analysis from a health care system perspec-
tive, on the basis of discussions with Canadian decision-makers,
and therefore did not include indirect costs (e.g., wages lost).

Outcomes

We estimated the following 3 outcomes: pre-vaccination burden
of herpes zoster in Canada, effectiveness of herpes zoster vacci-
nation and cost-effectiveness of herpes zoster vaccination.

For the pre-vaccination burden of herpes zoster, we esti-
mated the yearly number of herpes zoster-related events (cases
of herpes zoster, ophthalmic herpes zoster, postherpetic neural-
gia, hospital admissions and deaths).

For vaccination effectiveness, we used the number needed to
vaccinate (NNV), calculating the NNV values as number of people
vaccinated divided by number of herpes zoster-related events
prevented over a lifetime.

For the cost-effectiveness of herpes zoster vaccination, we used
2 comparisons: vaccination versus no vaccination and recombinant
vaccine versus live vaccine. As the primary outcome, we used the
incremental cost per QALY gained of herpes zoster vaccination com-
pared with no vaccination. Although there is no recommended cost-
effectiveness threshold in Canada, we used a threshold of $45 000
per QALY gained, which corresponds to the gross domestic product
per capita (as suggested by the World Health Organization®).

Because the complete series of the recombinant vaccine
(2 doses) will likely be more costly than the live vaccine (1 dose),
our secondary cost-effectiveness outcome was the additional
cost of a complete series of the recombinant vaccine, to obtain
an incremental cost-effectiveness ratio under the $45000 per
QALY gained threshold (v. the live vaccine).

Statistical analysis
We performed the economic analysis from the health care per-
spective, used a lifetime time horizon and assumed a 3% dis-
count rate for both costs and benefits (as traditionally used in
Canada when assessing the cost-effectiveness of vaccines).

To illustrate results across different cost-effectiveness thresh-
olds, we produced acceptability curves for the vaccination of
adults aged 65 years and for vaccine costs of $140 and $200.
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Table 1: Epidemiologic, health care resource use and economic parameters

Parameter by age category, yr Base value Minimum Maximum References
Epidemiologic
Herpes zoster incidence, per 1000 person-years Brisson et al.,”* Letellier et al.,> Russell et al.,” Tanuseputro et al.,”
Marra et al.?®
50-54 3.8 3.5%¢ 4.2%
55-64 6 NI 6.9%
65-74 8.6 7.3%q 10.0%
=75 9.9 8.0%¢ 11.8%
Postherpetic neuralgia,* % of herpes zoster cases Oxman et al.,** Brisson et al.
50-54 9.4 6.9% 11.9%
55-64 9.4 6.9% 11.9%
65-74 26 18.5% 33.4%
=75 27.7 22.0% 33.4%
Case-fatality rate, %t Edmunds et al.,*Brisson et al.*
50-54 0 0.000%* 0.002%
55-64 0 0.000%* 0.002%
65-74 0.012 0.012% 0.083%
275 0.076 0.040% 0.083%
Health care resource use
Hospitalization, % of herpes zoster cases Brisson et al.,*Brisson et al.,* Letellier et al.,® Tanuseputro et al.*’
50-54 11 @5 1.6%
55-64 1.6 @7 2678
65-74 3.3 LS ONIZ
=75 9.9 4.1% 15.6%
Consultations, per herpes zoster case Brisson et al.,! Letellier et al.,> Najafzadeh et al.®
50-54 1.7 1.0 2.4%
55-64 2 1.0 2.9%
65-74 2.3 1.0 3.5%
=75 2.6 1.0% 4.2%
Length of hospital stay, d, mean Brisson et al.,”! Letellier et al.,”® Najafzadeh et al.?
50-54 9.3 B 12,77
55-64 11.1 G2 14.7%
65-74 12.6 8.3% 16.5%
275 18 12.4% 23,77
Costs,t in 2018 Can$
Herpes zoster-related hospitalization, per day 918% 4952 1483 Brisson et al.,* Najafzadeh et al.,?” Friesen et al.¥
Herpes zoster-related consultations 28% 24% 113%» Brisson et al.,* Najafzadeh et al.,?” Friesen et al.*
Treatment per herpes zoster episode 136% 5528 255% Brisson et al.,* Najafzadeh et al.,”” Friesen et al.¥
Treatment per postherpetic neuralgia episode 1588% 969% 2707* Brisson et al.,* Najafzadeh et al.,” Friesen et al.*
QALYs lost§
Herpes zoster Drolet et al.,** Brisson et al.,?* Brisson et al.3!
50-59 0.009 0.006* 0.012%
60-69 0.01 0.006* 0.013*
=70 0.01 0.007* 0.014%
Postherpetic neuralgia Drolet et al.,** Brisson et al.,”* Brisson et al.>*
50-59 0.041 0.032% 0.052%
60-69 0.192 0.103% 0.290%
=70 0.234 0.191% 0.290%

Note: base value = mean of minimum and maximum values identified in literature, maximum = maximum values identified in literature, minimum = minimum values identified in
literature, QALY = quality-adjusted life-year.

*Postherpetic neuralgia was defined as clinically significant pain persisting for more than 90 days after onset of rash.

tGiven the scarcity of data on herpes zoster-related mortality in Canada, we used case-fatality values estimated in a previous study in England and Wales.*

tValues from Friesen and colleagues®® were used as the base values.

§This variable captures, in a single measure, morbidity and mortality associated with a disease. Data for QALYs lost were obtained by measuring QALY-weight (or disutility), ranging from 0 to 1, where a
weight of 1 corresponds to optimal health and a weight of 0 corresponds to a health state judged as equivalent to death. The QALY lost per case is the difference in QALY weights with and without the
disease, multiplied by duration of the disease. The QALY weights were taken from MASTER, a pan-Canadian, multicentre 6-month prospective study, which recruited patients aged = 50 years who
presented with herpes zoster or postherpetic neuralgia, as described by Drolet and colleagues* and Brisson and colleagues.** Calculation of QALY lost is explained in detail by Brisson and colleagues.”
9Letellier and colleages® did not present data by specific age groups, but we had access to the original data from Quebec administrative databases (2001 to 2015); for the purposes of
our analysis, we estimated the incidence of herpes zoster by age groups.
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Sensitivity analyses

We performed a probability sensitivity analysis by assigning a
triangular probability distribution to each parameter and then
drawing 30000 combinations of these parameter values using
Latin hypercube sampling. The minimum and maximum values
of the distribution were the minimum and maximum value
identified from the literature, and the median or mode is the
base value presented in Table 1. We present all model predic-
tions as the median and 90% uncertainty interval (Ul; the 5th
and 95th percentiles taken from the distribution of 30000 simu-
lation results).

We also performed univariable sensitivity analyses for the
key model parameters (e.g., percentage of herpes zoster cases
with development of postherpetic neuralgia, QALYs lost to
postherpetic neuralgia). To do so, we fixed 1 key parameter
value to its minimum or maximum value and varied all other
parameters using the same probability distributions as for the
main analysis (Table A4 in Appendix 1). In addition, we exam-
ined the potential impact of a single dose of the recombinant
vaccine and of vaccination limited to immunocompetent adults
(Table A2 in Appendix 1).

Ethics approval
For this modelling study, no ethics approval was required or
obtained.

Results

In total, 90623 cases of herpes zoster, 13575 cases of ophthalmic
herpes zoster and 17502 cases of postherpetic neuralgia were
predicted to occur each year in Canada among adults aged 50
years or older (Table 2). Most of the burden of disease would
occur in adults aged 70 years or older.

Effectiveness of vaccination

The NNV was higher for the live vaccine than for the recombinant
vaccine for all herpes zoster-related events that we investigated
(Table 3). The difference in NNV between the 2 vaccines
increased with increasing age at vaccination, mainly because of
the decline in vaccine efficacy by age with the live vaccine. For
example, for adults exactly 60 years of age, the median NNV to
prevent 1 case of herpes zoster was 18 (90% Ul 9-28) for the live

vaccine versus 8 (90% Ul 6-21) for the recombinant vaccine, and
the median NNV to prevent 1 case of postherpetic neuralgia was
78 (95% Ul 31-150) for the live vaccine versus 33 (90% Ul 23-128)
for the recombinant vaccine. In contrast, for adults exactly
75 years of age, the median NNV for herpes zoster was 42 (90% Ul
32-63) for the live vaccine versus 11 (90% Ul 9-19) for the recom-
binant vaccine, whereas for postherpetic neuralgia, the median
NNV was 78 (90% Ul 51-102) for the live vaccine versus 40 (90%
Ul 31-71) for the recombinant vaccine.

Cost-effectiveness

Vaccinating adults aged 65 to 75 years against herpes zoster was
predicted to result in cost-effectiveness ratios below $45000 per
QALY gained, for both vaccines and under all scenarios investi-
gated (Figure 1; Table A3 in Appendix 1). However, there were
considerable differences in cost-effectiveness ratios between the
2 vaccines. For the recombinant vaccine, the median cost-
effectiveness ratio predictions varied between cost-saving and
$25881 per QALY gained. Above 60 years, the cost-effectiveness
ratios were relatively stable by age at vaccination, with the vari-
ability mainly due to vaccination cost. For the live vaccine, the
median cost-effectiveness ratio predictions varied between cost-
saving and $130587 per QALY gained. The cost-effectiveness
ratios for the live vaccine were highly sensitive to age at vaccina-
tion, but remained below $45000 per QALY gained for those
between 65 and 75 years. Cost-effectiveness ratios were higher
among adults older than 75 years, because of lower vaccine effi-
cacy, and among adults younger than 65 years, because of
waning vaccine efficacy (Figure A2 in Appendix 1).

Finally, the recombinant vaccine was estimated to be more
cost-effective than the live vaccine for all ages at vaccination. We
estimated that, depending on the age at vaccination, the cost for
the complete series of recombinant vaccine could be $150 to
$200 more than the live vaccine and still be considered cost-
effective using the threshold of $45000 per QALY gained (Figure
A4 in Appendix 1). The cost-effectiveness acceptability curves for
the vaccination of adults aged 65 years indicated that for the
recombinant vaccine, most of our simulations (> 70%) would be
cost-effective for cost-effectiveness thresholds of $15000 or
more per QALY gained (assuming vaccine costs of $140 or $200).
For the live vaccine, most of our simulations (> 70%) would be
cost-effective for cost-effectiveness thresholds of $30000 or

Table 2: Yearly burden of illness in Canada*

Age group; no. (%) of population

Variable 50-59 yr 60-69 yr =70yr Total, no. (90% UI)
Herpes zoster 25629 (28) 29188 (32) 35765 (39) 90 623 (85 375-95 812)
Ophthalmic herpes zoster 3831 (28) 4355 (32) 5354 (39) 13575 (10 403-16 972)
Postherpetic neuralgia 2405 (14) 5398 (31) 9681 (55) 17502 (15 512-19 707)
Hospital admission 362 (9) 738 (19) 2751 (71) 3867 (2829-4937)
Death 0(1) 5(21) 20 (78) 26 (18-36)

Note: 90% Ul = uncertainty interval (based on 5th and 95th percentiles of 30 000 simulation results).

*Total population 35 million, according to 2016 population structure.
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Table 3: Estimated NNV with herpes zoster vaccines to prevent herpes zoster-related events, by age at vaccination

Herpes zoster-related event, by age at vaccination*

50yr

Herpes zoster
Ophthalmic herpes zoster
Postherpetic neuralgia
Hospital admission

Death

60 yr

Herpes zoster
Ophthalmic herpes zoster
Postherpetic neuralgia
Hospital admission

Death

65 yr

Herpes zoster
Ophthalmic herpes zoster
Postherpetic neuralgia
Hospital admission

Death

70yr

Herpes zoster
Ophthalmic herpes zoster
Postherpetic neuralgia
Hospital admission

Death

75yr

Herpes zoster
Ophthalmic herpes zoster
Postherpetic neuralgia
Hospital admission

Death

80yr

Herpes zoster
Ophthalmic herpes zoster
Postherpetic neuralgia
Hospital admission

Death

85yr

Herpes zoster
Ophthalmic herpes zoster
Postherpetic neuralgia
Hospital admission

Death

Type of vaccine; median NNV (90% Ul)

Live attenuated vaccine

15 (6-28)
103 (34-230)
106 (26-341)
638 (103-2419)
71898 (13 407-2 610 325)

18 (9-28)
122 (56-229)
78 (31-150)
463 (119-1136)
39072 (14 670-91 623)

21 (13-31)
138 (76-285)
64 (33-93)
335 (124-700)
27 828 (14 354-41 590)

28 (21-43)
196 (123-362)
73 (42-96)
289 (133-494)
32120 (18 131-43 416)

42 (32-63)
295 (171-586)
78 (51-102)
215 (126-378)
34638 (21 718-50 059)

75 (47-125)
523 (257-1136)
97 (68-126)
269 (169-466)
43125 (29 410-61 470)

142 (67-380)
983 (377-3133)
124 (94-164)
351 (229-604)
55957 (40 079-79 288)

Recombinant subunit vaccine

7 (5-26)
49 (29-193)
36 (22-288)
171 (84-2061)
19 473 (11 148-2 200 338)

8 (6-21)
54 (34-150)
33 (23-128)
149 (84-947)
15915 (10 625-8621)

8 (6-18)
57 (37-138)
31 (23-73)
137 (82-613)
13 672 (9865-32 620)

9 (7-19)
65 (43-139)
35 (27-73)
130 (83-385)
15753 (11 630-32 797)

11 (9-19)
77 (48-161)
40 (31-71)
116 (75-226)
18 139 (13 206-32 667)

14 (11-22)
96 (60-190)
50 (40-80)
145 (95-267)
22811 (16 801-37 057)

18 (15-25)
124 (79-237)
66 (52-94)
188 (125-328)
29816 (22 096-44 152)

Note: 90% Ul = uncertainty interval (based on 5th and 95th percentiles of 30 000 simulation results), NNV = number needed to vaccinate.
*Ages shown are individuals’ exact age.
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more per QALY gained (assuming vaccine costs of $140) and
$50000 or more per QALY gained (assuming vaccine costs of
$200) (Figure A3 in Appendix 1).

In the sensitivity analysis, the median cost-effectiveness
ratios for the recombinant vaccine remained below the threshold
of $45000 per QALY gained for all scenarios investigated (Table
A4, Table A5 and Figure A5 in Appendix 1). However, the median
cost-effectiveness ratios for the live vaccine were highly sensitive
to the parameters that determined the burden of herpes zoster
and postherpetic neuralgia (e.g., incidence of herpes zoster, pro-
portion of herpes zoster cases leading to postherpetic neuralgia
and QALYs lost to postherpetic neuralgia). Of note, our results
remained robust when we used discount rates of 0% and 5%. The
choice of discount rate has less impact for herpes zoster vaccines
(relative to other vaccines) because the benefits accrue shortly
after vaccination. Finally, when assuming that 2 doses were nec-
essary for the recombinant vaccine to provide efficacy, our
model predicted that the compliance with the second dose of
the recombinant would have to be less than 50% to produce
health benefits lower than using the live vaccine.

Interpretation

Our model predicted that the recombinant subunit zoster vac-
cine is likely cost-effective in Canada for adults 60 years or older
and that it provides greater health benefits than the live attenu-
ated zoster vaccine for all age groups. Thus, at a similar cost per
series, the recombinant vaccine is likely a more cost-effective
option than the live vaccine. The cost per series for the live vac-
cine would have to be $150 to $200 lower than for the recombin-
ant vaccine for it to be considered a cost-effective alternative.

These results are consistent with other economic analyses of
vaccination against herpes zoster conducted in the United States
and the Netherlands, which predicted that vaccination with
either vaccine is highly likely to be cost-effective, but at the same
vaccine price, vaccination with the recombinant vaccine is more
cost-effective.3+-3

On the basis of the cost-effectiveness analysis and results pre-
sented here, NACI recommended that adults 50 years or older
receive vaccination with the recombinant vaccine.’® Although
that vaccine is predicted to be cost-effective for adults aged 60
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Figure 1: Cost per quality-adjusted life-year (QALY) gained of vaccination with the recombinant subunit zoster vaccine (RZV) and the live attenuated
zoster vaccine (LZV) compared with no vaccination, by age at vaccination and vaccine cost (complete series). Box plots represent the 5th, 25th, 50th,
75th and 95th percentiles from 30 000 simulation results. Costs are reported in 2018 Canadian dollars. CEA = cost-effectiveness analysis.
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years or older, it may not be feasible to vaccinate all of these
individuals. Hence, in accordance with our cost-effectiveness
results, NACI indicated that, for publicly funded programs, vacci-
nation of adults aged between 65 and 79 years would be the
most cost-effective option.

Provincial immunization committees have made different
recommendations in terms of the age cohorts to be targeted.
The Comité d’immunisation du Québec recommended vaccina-
tion with the recombinant vaccine for adults aged 65 years or
older, but noted that if it was not economically feasible to target
all adults in this age group, adults 70 years or older should be
prioritized, because of the greater incidence of herpes zoster
and postherpetic neuralgia in this age group.?® Conversely, in
Ontario, the live vaccine is publicly funded for adults aged 65 to
70 years, but physicians are obliged to offer both NACI-
recommended vaccines to their patients.” In British Columbia,
vaccination against herpes zoster is recommended for adults
aged 50 years or older, but there is currently no publicly funded
vaccination program.3®

Our study had several strengths. It represents a unique exami-
nation of the effectiveness and cost-effectiveness of both the live
and recombinant vaccines in a Canadian context, and our results
are consistent with other economic analyses of herpes zoster
vaccines from other counties.?*3%%° To capture the uncertainty
around the duration of protection with herpes zoster vaccines,
our predictions are based on simulations using 6 different func-
tions for waning of vaccine efficacy (Figure A2 in Appendix 1). We
have presented all predictions with 90% Uls, which captures the
variability in the estimates of incidence and burden of disease of
herpes zoster across Canada. Finally, the conclusions remained
robust in our sensitivity analyses.

Limitations

The limitations of this study were mainly related to the availabil-
ity of empiric data. First, a key factor influencing the cost-
effectiveness of both vaccines is the duration of protection.
Although both trial and postlicensure studies suggest that the
efficacy of the live vaccine declines substantially over time,*-18
there are no long-term efficacy data for the recombinant vaccine.
We captured the uncertainty in the duration of the recombinant
vaccine by means of 90% Uls and predicted that although
waning can affect the cost-effectiveness ratio value, it does not
affect the conclusion that this vaccine is likely cost-effective for
adults aged 60 years or older.

There may be lower compliance with the second dose of the
recombinant vaccine because of grade 3 adverse events
described in the trial.** There are reports from the US that some
health care providers are deciding not to administer the second
dose after observation of adverse effects following the first
dose.* We examined an extreme scenario in which there would
be no vaccine efficacy for adults vaccinated with only 1 dose. Our
model predicted that compliance with the second dose had to be
less than 50% to produce health benefits lower than would be
achieved using the live vaccine. Preliminary data from the US
have suggested that compliance with the second dose is about
75% to 85%.%

The randomized trials assessing the efficacy of both vaccines
were conducted in healthy, immunocompetent populations.
Although some recent unpublished data have suggested that the
recombinant vaccine may be slightly less effective against herpes
zoster in immunosuppressed populations,*>* there is no infor-
mation on whether vaccine efficacy changes if vaccinated adults
become immunosuppressed. In our study, we assumed that vac-
cine efficacy did not change among vaccinated adults who
become immunosuppressed. This assumption could lead to
overestimation of the effectiveness of herpes zoster vaccination,
depending on the proportion of adults who become immunosup-
pressed over time and on the extent of the decline in vaccine effi-
cacy after they become immunosuppressed.

Conclusion

Our modelling analysis suggests that vaccination against herpes
zoster is most likely a cost-effective intervention in Canada. How-
ever, vaccination with the recombinant subunit zoster vaccine is
predicted to provide greater effectiveness for all age groups and
is likely to be more cost-effective than the live attenuated zoster
vaccine. Future research should focus on assessing the long-term
durability of 2 doses of the recombinant vaccine, compliance
with the second dose and efficacy of a single dose of the vaccine.
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