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ABSTRACT

Objective: The obijective of this sfudy is fo review published costutility analyses of vaccination strategies in eight
European countries and fo assess whether there are differences in costeffectiveness terms among countries and
vaccinations.

Methods: A systematic search of the literature was conducted using the National Health Service Economic Evaluation
Database and the PubMed database. Costutility analyses of any type of vaccination that used quality-adjusted
life years (QALYs) as measure of benefit and conducted in Belgium, France, Germany, lialy, Spain, Sweden, the
Netherlands or the UK were included.

Results: A total of 94 studies were identified. As a result of our search methodology, the vast maijority of studies were
conducted in the Netherlands or UK (33 and 30 studies, respectively). The most frequent vaccination types were
against Human Papillomavirus (HPV) with 23 studies, followed by vaccination against pneumococcal infections (19
studies). The analysed vaccinations were generally costeffective but with high variability. Considering an incremental
cost effectiveness ratio (ICER) of 40,000€/QALY, we noticed that the following vaccinations studies are below this
threshold, i.e. all varicella and influenza (with one outlier) studies, 0% of the studies for HPV and 75% of the studies for
pneumococcal vaccinations. Rofavirus vaccination was considered as not costeffective, with only 30% of studies below
the threshold of 40,000€/QALY. There was no clear frend for vaccinations being more costeffective in some counfries.
Conclusion: The published literature has shown that vaccination strategies are generally costeffective in European
countries. High heterogeneity in the results among studies and countries was found.
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INTRODUCTION morbidity. In 2012, a sysfematic review has shown that
vaccines are costeffective in low and middleincome

Immunisation through vaccination is one preventive countries [1]. Other studies have investigated the value for
infervention with the potential fo bring economic benefits money of a single vaccination in developed counfries [2,
in addition to health benefits of reduced mortality and 3] or the costeffectiveness of several vaccination strategies
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in a single country [4]. However, there is no sfudy fo dafe
that has considered the costeffectiveness of all available
vaccines in several European counfries. Although it has
been proved that vaccination s likely to be costeffective in
most countries, it is unclear if some vaccinations are more
efficient than others or if there are some countries where
the same vaccination policies are more costeffective. For
example, some vaccines might have benefits only over a
relatively long time-horizon [e.g., Human Papillomavirus
(HPV) vaccine for young girls), whereas others can provide
immediate or shortterm benefits (e.g. influenza or rotavirus
vaccines). In addition, it is unclear whether this has
consequences on the value for money of these strategies.
There are also epidemiological and clinical practice
differences among countries that could lead to a different
impact of vaccination. This might be related also to different
surveillance systems (also in developed countries) that can
in some circumstances underestimate the real spread of
the disease. Finally, some age-groups or some individuals
at high risk for specific diseases could mostly benefit from
vaccination and it is unclear whether it would be better to
vaccinate only a specific group of individuals or provide
universal vaccination. This might depend also on how
much the disease is common in the population and on the
impact of herd immunity effects. In this analysis, we attempt
fo answer these questions by reviewing the published cost-
utility analyses of vaccination strategies in eight European
countries and by assessing the possible frend for some
vaccinations being more costeffective options than others.

REVIEW
Methods

A search of the literature was conducted using two
electronic databases: the National Health Service (NHS)
Economic Evaluation Database (EED) and PubMed. The
following inclusion criferia were applied:

1. Full economic evaluations of any type of vaccine

and vaccination
2. Costutility analysis with quality-adjusted life years
[QALYs) used as outcomes measure

3. Conducted in 8 European countries (Belgium,
France, Germany, ltaly, Spain, Sweden, the
Netherlands, the UK)

4. Published in English language

5. Full published articles (no conference abstracts,

posters, grey literature efc)

The choice of the eight mentioned European countries
is based on a previous study conducted by Barbieri ef al.,
that had shown that the majority of published economic
evaluations on drugs in Europe was performed in those
seftings [5]. In addition, these eight European countries
were those with the most references identified and we
focused the analysis only on these.

The NHS EED was initially searched (June 12, 2013],
as it includes only full economic evaluations, using the
following search strategy: (VACCIN*) AND (QALY*) over
a publication period from 1960 tfo present. Additional
searches were performed using the keywords of each of
the eight countries of inferest (Belgium, France, Germany,
ltaly, Spain, Sweden, the Netherlands and the UK) plus
SCOTIAND, ENGLAND and WALES.

Studies were analysed and compared in an affempt
fo explain the reasons behind the differences in the final
incremental costeffectiveness ratios (ICERs). VWe chose not
fo inflate study results to a single year not to use Purchasing
Power Parities [PPPs) conversions since we aimed to assess
whether a vaccine was costeffective or not in each country
at the time of each study and in each specific setting. The
results of the searches are presented in the next paragraphs

and in Figure 1.

RESULTS

The results of the NHS EES search were as follows:
213 total references with no country restriction, which
fell to a number of 128 references for the main eight
countries. The search using the additional three keywords
SCOTIAND, ENGLIAND and WALES did not identify
any further relevant study. After excluding duplicates and
considering multicountry studies, a fofal of 102 studies
were finally identified, 41 of which were excluded for
the following reasons: 33 referred to other countries (19
were conducted in the USA), one was not published in
English language, six did not focus clearly on vaccination
strategies and one was not a full economic evaluation.
Thus, 61 studies were finally included.

In PubMed, a first search was run on July 8, 2013
using the following search strategy: (vaccin*) AND
(QALY*) without any country restrictions or time restriction.
A total of 267 studies were identified. After excluding 43
references that had olready been identified in the NHS
EED datobase, 199 were excluded for the following
reasons: 135 referred to other countries (61 were USA
studies), 32 included no vaccination, 14 were in non-
English language, 12 were reviews and 6 did not include
cost per QALY or were not full economic evaluation.
Overall, a total of 25 relevant studies were included in the
spreadsheet (Figure 1).

On 21st of September 2013, a further search was
carried out in the PubMed database to identify potential
missed references using alterative search strategies,
supplemented by a manual search of references lists of
selected articles found in the first round of the search. The
additional search used the following strategy: (vaccin*)
AND (qualit*) AND (cost*) without any country restrictions
over a publication period from 2000 fo present. A fofal
of 836 studies were identified and after excluding non-
relevant studies and references that had already been
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FIGURE 1. Flow diagram of literature search findings.
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identified, six additional studies were included, leading
fo a fotal of 92 relevant references. Only two studies
were published in the 1990s, 53 studies between 2000
and 2010, and 39 between 2011 and 2013. Figure 1
summarises the findings of the review.

In general, the majority of studies focused on the
value for money of HPV vaccination and pneumococcal
vaccination, with respectively 23 and 19 studies (Table
1). The other infectious diseases were represented by a
sufficient number of studies, as rotavirus with 13 studies,
influenza with 12 and varicella/herpes with a fofal
of 11 combining the two infections. For the remaining
vaccinations, the number of studies were comprised
between one and five. The vast majority of studies were
conducted in the Netherlands (33) and UK (30), while we
reviewed 11 studies in Belgium and between five and ten
in each of the lasting countries (Table 2). Only few studies
reported not costeffective results, and in many cases, the
incremental cost-effectiveness ratios (ICERs) were below

the threshold of 40,000€/QALY, or even dominant,

Excluded — papers did not meet the inclusion criteria

NHS EED: N=43
PubMed 1¢ search: N=16
PubMed 2 search: N=6

particularly when the societal perspective was  used.
When considering the variability of results, the highest
homogeneity was found in the HPV studies and the lowest
in rotavirus vaccination.

HPV vaccination

The summary measures of the analysis are presented
in Table 3. Methodology, study population and results
are particularly homogeneous among all studies. HPV
vaccines were costeffective given standard thresholds: the
ICERs ranged from 5,525 to 32,665€/QALY from the
payer perspective. Only four studies, in the Netherlands,
evaluated the vaccines also from the society perspective
with a range of 18,472 to 53,500€/QALY for the ICER.
Publications are the most recent of the entire sample of the
reviewed studies (2008-2013), given the new technology.
All studies had a lifetime horizon and used a decision-
analytic model, either transmission dynamic model or
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TABLE 1. Number of studies by type of vaccination.

TYPE OF VACCINATION NUMBER OF STUDIES
Human Papillomavirus 23
Pneumococcal 19
Rotavirus 13
Influenza 12

11

Varicella/Herpes zoster

(6 varicella+ 5 Herpes zoster)

Meningococcal (B, C) 5
Pertussis 5
Hepatitis (A, B) 3
S. pneumoniae (SP) or Neisseria meningifidis (NAM] 1
Total 92
TABLE 2. Number of studies by country.
COUNTRY NUMBER OF STUDIES
The Netherlands 28 (+5) = 33
UK 25 (+5) =30
Belgium 8(+3)=11
ltaly 6(+2)=8
France 6 (+4) =10
Germany 5(+4)=9
Spain 4(+2)=06
Sweden 3(+2)=5
Multicountry (Ned 5, Ger 4, UK 5, Fra 4, Swe 2, Bel 3, lta 2, Spa 2) 7
Total 92

The numbers under brackets represent the multicountry studies.

Markov model. Assumptions about the age of starting
vaccination affect the costeffectiveness of HPV vaccination
with a more efficient ICER by sfarting ot early age (12
years). Also the discount rate and the price of vaccine
impacted the ICER, particularly in the models published in
the Netherlands.

Focusing at country level, the three studies conducted
in Belgium showed ICERs of 10,546, 32,665 and
9, 171€/QALY, respectively [6-8]. These studies used the
same comparisons in the same population (in the base case
at least), but the study by Thiry ef al. assumed the use of a
booster dose of HPV vaccine at age 22 [7], and this might
explain the higher ICER compared fo the other two studies
(the addition of a booster represented the most influential
input also in the paper by Annemans and colleagues [6]).
In a scenario without the booster dose at age 22, the ICER
for vaccination was reduced to €14,382. The two French
studies showed very similar ICERs (9,706 and 13,809€/
QALY) [9, 10], as the two German studies (5,525 and
10,530€/QALY) [11, 12]. In ltaly, the study by Mennini

and colleagues reported an ICER of 9,569€/QALY [13],
while La Torre et al. reported an ICER of 22,055€/QALY
[14]. One of the reasons for this difference might be the
use of the same discount rate for costs and benefits in the
La Torre paper (3%), while Mennini et al. applied a higher
discount rate for costs (3%) than benefits (1.5%). In the
third Italion study by Favato and colleagues, the ICER for
vaccination compared fo screening alone ranged between
12,013 and 15,890€/QALY [15]. Discount rate was a
very important parameter in most of HPV costeffectiveness
analyses (given the potential large delay of benefits for
girls that receive the vaccination at 12 years). This was
shown in the Dufch paper by O'Mahony et al. where the
ICER for HPV vaccination compared with screening alone
ranged from 22,100 to 29,900€/QALY when a 4%
discount rate was applied to costs and 1.5% to benefits,
but this rose to 101,700€/QALY applying a 4% discount
rate fo both costs and benefits [16]. In the other eight
studies conducted in the Netherlands [one multicountry

that included also the UK), the ICER was below the
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TABLE 3. Overview of published Human Papillomavirus (HPV) vaccination cost-utility models.

Intervention (I) Range ICER
Country No. of studies Patient population Comparator (C) Perspective €/QALY
P (or £/QALY for UK)
oyearolagils 11 Bivalent ] s
Belgium 3 ~ 40vyear-old with 8UOCOng1Vv%r?Trigr%\ Third party payer (TPP) 7 ]]72] —3e20,rés)]é5
increments of 2 years : : Y
in 1 study] screening
@I: Bg/o|er‘wt (1 ),1
. i t
France 2 12- or 14yearold gits |~ Quadtivalent (1) TPP 9,706-13,809
screening
) I: Quadrivalent (2)
12-vear-old girls or 12- - -
Germany 2 Toy 1 7-yeors-go|d girls C: Convemlono\ TPP 5,525-10,530
screening
12-year-old girls I Bi\/qler‘wt (),
taly 3 lolso 15,18, 25in 1 | Quadrivalent [2 TPP 9,569-22,055
fudy) - Conventiona
screening
12:yearald ?”'5 6 (}lzugiivr?\[g[ﬂetrg?() i TP (4) 581519429
The Netherlands Q ranae ]SQL{SISS cars in C: Conventiona Society (4) 18,472-53,500
goiher tudes : screening/no Not reported (2) 19,200-29,200
vaccination
: I: Bivalent (3)
12-year-old girls Quadrivalent (3
(also possible catch-u yadrivalent (3) g
UK 5 at diﬁereni_o%es in f s%(r)enevr?rr]wg?r?cl TPP 5,917:22,474
studies vaccination

The numbers between brackets represent the number of studies concerned.

Note: 1) No studies on HPV vaccination were found in Spain and Sweden; 2) 1 multicountry study (UK and Netherlands); 3) The ranges of ICERs
reported represent minimum and maximum values found in the base case of the various studlies found for each country.

threshold of 50,000€/QALY in the seven analyses that
used a 4% discount rate for costs and 1.5% for benefits
[17-23] and slightly over this threshold (53,500€/QALY)
in the only study that applied the same discount rate for
costs and benefits (3% [24]. It should be noticed that the
Netherlands was the only country where the perspective of
the society was adopted in the maijority of the analyses (as
recommended in the Dutch guidelines). Finally, relatively
similar findings were found in the UK (one multicountry
analysis that included also the Netherlands) [23, 25-28]
and the ICER ranged from 5,882 to 22,474%/QALY
with most studies showing ICERs close to the threshold
of 20,000£/QALY. UK analyses appear very similar in
ferms of infervention compared, population considered,
methods adopted and data sources.

Pneumococcal vaccination

The findings of the pneumococcal vaccination studies
showed ICERs value generally below the thresholds (Table
4. Only in four studies [three in the Netherlands, one in
the UK), the vaccination resulted not costeffective, and
the study population consisted of infants in all cases. On
the opposite, the vaccination was always costeffective in

the elderly. Herd immunity assumption might change the
results from not costeffective to costeffective. Vaccines
including o higher number of serotypes were generally
more costeffective or dominant with respect to vaccines
with less serotypes (e.g., PCV10 over PCV/ or PCV13
over PCV10).

Pneumococcal  vaccination in Belgium  was
investigated in two studies, both multicountry, that showed
that PCV-14 or PCV-23 are likely to be costeffective in an
elderly population (22,847 and 25,907€/QALY in the
two analyses) [29, 30]. In one of these two multicountry
studies, France was included and showed a similar ICER
(19,182€/QALY) [29]. A total of four studies were
conducted in Germany (two multicountry] [30-33]. Two
analyses showed the dominance of PCV-10 over PCV-/
and PCV-13 over PCV-10 in infants and young children
[31, 32]. Very similar results were found in the other two
studies that showed, respectively, the costeffectiveness
of PCV-23 vaccination in adults at high-risk and elderly
(17,065€/QALY) and of PCV-14 or PCV-23 in the
elderly (17,093€/QALY) [30, 33]. The same conclusions
were obtained in two ltalian studies that also showed, in
the elderly population, the costeffectiveness of PCV-13
(16,987€/QALY) and of PCV-14 or PCV-23 (16,544€/
QALY) [30, 34]. Lless homogenous results were obtained
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TABLE 4. Overview of published pneumococcal vaccination cost-utility models.
. Range ICER
Country No. of studies Patient population CIT:V:::;: ((IC)) Perspective €/QALY
P (or £/QALY for UK)
|: PCV-7 (1); PCV-14, TPP (1)
Belgium 2 >65 years PCV-23 (1) ; 22,847-25,907
C: No vaccination Society (1)
: PCV-7 (1) PCV-14, TP 1)
France 2 >65 years c. I\Pl%\cggci(r]o]ﬁon Society (1) 17,444-19,182
PCV-10 vs PCV-7 PCV-10 dominated
Infants and young PCV-1 SPX:SVP;EDECV' PVC ]I;Cd\/-7;A d
children (2] 57 TPP (3) on Sominate
SN O . YR AT .
ulls and elderly (1) | pcv:23 or PCV-14 vs 28 and PCV-14 over
no vaccination no vaccination)
[: PCV-13 (1); PCV-14,
ltaly 2 >65 years PCV-23 (1) TPP (2) 16,544-21,493
C: No vaccination
PCV13 dominated
PCV1 Op%n\;j738 over
l: PCV-7 (3], PCV-13 PCV-7 over no
(2()J PCV-7, PHID-CV vaccination 14,000
The Netherlands 7 >?5{ yetOEsb_)(Q) o ]F;lcg/gw]d32(3] )(/WF;CV_ S TPP (2(’5) PC\H E,ESJ 23
ntants C: No vaccination ociety over no vaccination
(6), PCV-7 and PHiD- 13,740
cv () PCV-10 or PCV-13
0\/]eArr 101 \éoccinoﬁon
41 6-approx.
50,000
65 years (2) | (11 P14 and P 7 (2
' >65 years , 14 an - 3
Spain 3 infants (1] 23 (1) Society (1) 10,407-12,027
C: No vaccination
V) PP o R e
>65 years (2] AV 3 1 TPP (2) DOV do
: G| AR | | mofli
PCV-13(1) 23,657-32,675
PHiD-CV dominated
PCV-13
. PCV7 (2). PCV-13 o e eleshe
: - , - over -7 in %
(2), PHID-CV (1); PCV- simulations
UK 6 >65 years (2) 14 and 23 (1), PCV- TPP (5) PCV-13 plus 23 in
Infants (4) 13 and 23 (1) Society (1) high-risk children nof
C: No vaccination (5), costeffective
PCV-7 (1) 13,920-14,892
(Scotland)
17,228-59,945
(Eng/WVal)

The numbers between brackets represent the number of studies concerned.
Note: 1] Three multicountry studlies; 2] The ranges of ICERs reported represent minimum and maximum values found in the base case of the various
studies found for each country.
PCV: Pneumococcal conjugate vaccine; PHID-CV: Pneumococcal non typeable Haemophilus influenzae protein D conjugate vaccine.

in the Netherlands [30, 32, 35-39]. Five of the seven
Dufch studies on pneumococcal vaccination focused on
the population of infants and young children. Among
these, two studies, that assessed the costeffectiveness of
universal PCV-7 vaccination in infants, ended up with
very different ICERs (71,250 and 14,000€/QALY,
respectively) [35, 36]. The reason for this difference

appears fo be the inclusion or exclusion of herd immunity,
which is considered in the Hubben study but not in the
Bos analysis [35, 36]. This point is explicitly reflected
in a study by Rozenbaum et al. that found an ICER of
72.360€/QALY for PCV-7 in infants when herd effects
were not considered but a much lower ratio (16,750€/
QALY) when these indirect effects were included [38].
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Similarly, another study by Rozenbaum et al. showed
that the costeffectiveness of PCV vaccines (PCV-7, PCV-
10 or PCV-13) is strongly influenced by vaccine price
and doses and by herd immunity assumptions [37]. The
other Dutch studies conducted on the elderly population
showed costeffective results (13,740 and 14,416€/
QALY) [30, 39]. As regards Spanish studies (three
studies, two multicountry), similar findings were obtained
for pneumococcal vaccination both in the elderly and in
infants (compared to no vaccination) with ICERs ranging
from 10,407 1o 12,027€/QALY [29, 30, 40]. Also in
Sweden |five studies|, PCV vaccination always resulted
costeffective, regardless of the population studied (elderly
or infants) and number of serotypes included in the vaccine
[29, 30, 41-43]. However, also in Sweden, two elements
previously emphasised were confirmed: a) vaccination with
more serofypes are costeffective or dominant compared
with those with less serotypes; b the inclusion of herd
immunity has a very strong effect on ICERs. Finally, in the
UK, key results of the six studies selected can be synthesised
as follows: pneumococcal vaccination appears not cost-
effective in infants (59,945¢/QALY) unless herd immunity
is included; vaccination instead could be costeffective
only in certain groups of high-risk adults (those with chronic

liver disease) and in the elderly [29, 30, 44-47].

Rotavirus vaccination

In all studies, the sociefal perspective was analysed
and in some cases, the payer perspective as well (Table
5). These assumptions strongly influenced the results,
which were generally costeffective from the sociefal
perspective (ICERs often lower than 50,000€/QALY and
in some cases dominant), but not cost-effective from the
payer perspective. Regarding the two available vaccines,
Rotarix™ and Rotateq, the former was always more cost
effective, probably due to the lowest number of doses (wo
vs. three). Assumptions about herd immunity, hospitalisation
risk, work lost by caregivers and incidence of the infections
explained most the variability of the results.

ltaly was the country with the best results in terms of
value for money for rotavirus vaccine, probably due fo the
higher probability of hospitalisation following a diarthoea
episode compared fo the other European seftings. In
the study by Panatfo ef al., the ICER of vaccination with
Rofarix™ compared fo no vaccinafion in new-borns was
9,186€/QALY using the thirdparty payer perspective,
while it was dominant from the societal viewpoint [48].
Higher ICERs were found in the other countries. In Belgium,
in the two studies identified (one multicountry), both vaccines
were costeffective from the societal perspective (7,572
and 30,227€/QALY), but not from the third-party payer
perspective (using a threshold of 50,000€/QALY) [49,
50]. The same conclusions were obtained in the only
Spanish study identified, with both vaccines costeffective

ot a threshold of 50,000€/QALY using the societal
perspective but not from the third-party payer perspective
[51]. The 3 French studies [one multicountry] showed
confradictory results, as in one sfudy, the ICER was above
130,000€/QALY, in another study over 60,000€/QALY
(from the healthcare provider perspective) and in a third one
lower than 50,000€/QALY [50, 52, 53]. The reasons for
these differences are unclear, although it should be noticed
that the study with the lowest costeffectiveness ratio was the
only one that used a lower discount rate for benefits (1.5%)
than for costs (3%). However, since benefits for rotavirus
vaccination generally occur in the first years of life, it is
unclear if this could be a key element to explain the different
findings. Assumptions on disease incidence, hospitalisation
and indirect protection might be other influential parameters.
The majority of the studies on rotavirus were conducted
in the Netherlands (six) [50, 54-58]. In three studies that
adopted both the payer and the societal perspective, the
ICERs resulted higher than 50,000€/QALY from the third-
party payer viewpoint and lower than this threshold from the
societal viewpoint [50, 54, 55]. In the other three studies
that used only a sociefal perspective, ICERs were quite
different, ranging from a minimum of 15,600 to a maximum
of 46,717€/QALY [56-58]. One of the Dutch studies
showed that vaccination in high-risk infants was much more
costeffective than universal vaccination [55]. Vaccine prices
appear to be an important parameter that could have
determined differences among Dutch studies. Finally, two
out of three UK studies showed not costeffective findings
for both vaccines (ICERs much higher than 20-30,000¢/
QALY) [50, 59], while the study by Martin et al. showed
an ICER of 23,298£/QALY from the NHS perspective
and 11,459%/QALY from the societal perspective [60].
Reasons for these differences appear to be assumptions on
QALYs lost by caregivers per diarthoea episode, risk and
costs of hospifalisations, vaccine prices and inclusion of
indirect protection. However, it is not possible to quantify the
impact of each of these factors on costeffectiveness results.

Influenza vaccination

Results suggest that influenza vaccination has been
studied in a very heterogeneous population, from six-month-
old children to over 65-year-olds (Table 6). Also the fime-
horizon ranged from one year to lifetime. In spite of these
differences in the two crucial assumptions, the vaccination
showed fo be costeffective in all cases (the only exception
is a UK study with an ICER of 304,000£/QALY by Allsup
etal., in 2004 [61]). We found, like in other vaccinations,
better results from the sociefal perspective, where in some
cases the vaccination was dominant. In ferms of study
countries, UK published six studies out of the total of fen
(the total number is 12 including two multinational studies).

One multicountry study considered the costeffectiveness
of extending influenza vaccination to the healthy population

Is vaccination good value for money? A review of costutility analyses of vaccination strategies in eight european countries
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TABLE 5. Overview of published rotavirus vaccination cost-utility models.
. . . Intervention (I) . Range ICER
Country No. of studies Patient population Perspective €/QALY
Comparator (C)
(or £/QALY for UK)
Rotarix 51,030,
Rotaleq 65,767
I R (2) (pofger);TRd%rg 5'25772’
: Rotarix (2), otale ,
Belgium 2 Infants RofaTeq (2) TPP and (soqcieh()
C: No vaccination society Not cost-effective
[>50,000 per QALY)
from payer perspective
in both studies
I: Rotarix (3), PP (1) Rotarix 44,583-
France 3 Infants RotaTeq (2) Sociely (2) 98,000
C: No vaccination ety RotaTeq 151,000
N I: Rotarix . Dominant (society),
ltaly 1 New-borns C: No vaceinafion TPP and Society 0,186 (poyergy
Targeted (high risk)
I: Rotarix (5), RotaTeq moregcostfeéfegﬁve than
(5), Targeted Rofarix . universal;
The Netherlands 6 Infants . . TPP OndASOCIeT\/ (3) 3,800 - >50,000
C: No vaccination (5), Society (3] (depending on price,
Universal vaccination study, herd immunity)
Rotarix more cost-
effective than RotaTeq
‘Rotori>)< 5223 (203%
|: Rotarix, Rotaleq TPP and payerl, £3¢
Spain 1 Infants C: No vaccination socioe?y Roto(?ggl%),QSS
(payer), 45,624
(society)
e 3 ( Rotcm); ]2]3/425998
: Rotarix (3), society); , -
UK 3 Infants RofaTeq (2) p TF:E (1 2] (’)O,Q’%S [paver);
C: No vaccination ayer and society Rotaleq 79,905
(payer)

The numbers between brackets represent the number of studies concerned.

Note: 1) No studies found for Germany and Sweden; 2) One multicountry study (Belgium, France, UK and the Netherlands); 3) The ranges of ICERs
reported represent minimum and maximum values found in the base case of the various studies found for each country.

aged 50 fo 64 years (in addition fo those atrisk at that
age) in Germany, ltaly and France [62]. In all counfries,
this strategy resulted costeffective both from the third-party
payer and the societal perspective: the ICER from the
perspective of thirdparty payer was 13,156€/QALY in
France, 31,387€/QALY in Germany and 15,652€/
QALY in lialy; from the societal perspective, universal
vaccination was dominant in Germany and ltaly, while the
ICER was 7,989€/QALY in France. The same analysis was
conducted in Spain on the same patient population, with
similar findings; the ICER of vaccination was 14,919€/
QALY from the perspective of the thirdparty payer and
4,149€/QALY from a sociefal perspective [63]. In the other
French study identified, influenza vaccination in children
aged less than five years resulted in a costeffective option
(about 5,000 to 10,000€/QALY, converting French francs
fo Euros) [64]. Similar results were found in an ltalian study
that investigated influenza vaccine in the same population
(13,333€/QALY) [65]. In another Spanish study, Navas
and colleagues found even better results in vaccinating

children between three and 14 vyears (18€/QALY from

third-party payer perspective and dominant from societal
perspective] [66]. In a more recent study by Lugnér et al.
conducted in Germany, the Netherlands and the UK, three
strafegies for vaccination against influenza in a pandemic
framework were considered: vaccination for the whole
population, vaccination of people 65 years old or older and
vaccination of people with a high fransmission rafe (those
aged five to 19 years) [67]. Vaccination was costeffective
for all scenarios: in particular, the ICER for vaccinating high
fransmitters was /,325€/QALY in Germany, 10,216€/
QALY in the Netherlands and 7,280€/QALY in the UK.
All the remaining economic evaluations were performed
in the UK [61, 68-72]. These studies focused on different
populations: children, pregnant women, adults, those aged
over 65 years and those aged between 65 and 74. In all
cases but one, influenza vaccination resulted costeffective
assuming a threshold of 20,000 o 30,000£/QALY or
dominant. The only exception, as previously mentioned,
was a study by Allsup et al. (2004) that showed that
vaccinating community-dwelling people between the ages
of 65 and 74 years, without any of the chronic illnesses for
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TABLE 6. Overview of published influenza vaccination cost-utility models.

Intervention (l) Range ICER
Country No. of studies Patient population Comparator (C) Perspective €/QALY
P (or £/QALY for UK)
7,989
I: Universal vaccination TPP and (society|-13,156
064 C: \}(chinoﬁi%ré%riy sodem] ) (poyeL)_ %niyekrscl vs
France 2 <'5 yggerfgrs of Is\g/eonrz () i TPP and copayments 34 OSI%F-E;()DALY
No vaccination (1) (] (payer), 6A.6BBFF/
CS)AZY ([payer and co-
payments)
064 I: 8ni\\;erso| voccmotlion Dominant (society)
-04 years : Vaccination only !
Germany 2 Whole population, af high risk 50-64 Sggz&]] ) (un?vle,rsgo%zs(aiogﬁrr)isk)
elderly, 519 yeors years (1) 7,325 [no vaccination)
No vaccination (1) '
Dominant (society),
I: gni\\;ersol voccmotlion (unJv\Z;?jzvs(%?gﬁ;)isk)
- Vaccination onyy Dominant (society) in
ltaly 2 y SO_éA_' years at high risk 5064 TPP and society (2) children Y
6-60 or 6-24 months vears (1 10,000 (children 660
Vaccination children at ' mgnlt Sr)en
high risk {1) 13,333 [children ¢-24
months)
The Netherlands 1 Whole population, | I: Universal vaccination Payer 10216

elderly, 5-19 years

C: No vaccination

I: Universal vaccination
C: Vaccination only

4,149 [payer)|-14,919

(society] (universal vs

Spain 2 539_165' years at high risk 50-64 TPP and society (2) high-risk)
years ears (1) Dominant-18,26 in
Y/
No vaccination (1) children
304,000
65 to 74 years 20,000-30,000
- > 65 years <20,000 in most
regnant women . I cases
Whole population, | 1 Universal vaccination TPP (7) 15,000-23,000
UK 7 lderly 510 C: No vaccination/ Society (1) 780
ey years only high risk ociefy /.48
5 I]E\Sclerly Dominant in most
-18 vears cases
Adzl\fs 6,174 (payer}-10,766

The numbers between brackets represent the number of studies concerned.

[society)

Note: 1] No studies found for Belgium and Sweden; 2) Two multicountry studies; 3) The ranges of ICERs reported represent minimum and maximum

values found in the base case of the various studies found for each country.

FF: French franc.

which influenza vaccine was recommended would lead to

an ICER of 304,000£/QALY [61].

Varicella/herpes zoster vaccination

As described in Table 7, this vaccination is generally
costeffective and often close to threshold levels (ICERs
in some case dominant and from 1,251 to 42,004€/
QALY). Vaccination for varicella obtained better results in
children than herpes zosfer in the elderly and the results are
similar among countries. Whereas in the other vaccination,
we found also the comparison between different vaccines,
in varicella/herpes zosfer studies the comparison was
always with no vaccination.

Three studies were conducted in Belgium: Bilcke et

al. in a recent analysis focused on a varicella vaccination
programme for children and infants, finding that this costs
less than 35,000€/QALY gained for any time horizon
[73]; both Annemans et al. (2010) and Bilcke et al.
(2012) instead investigated on the costeffectiveness of
herpeszoster vaccination in individuals aged >60 years
and found costeffectiveness ratios ranging from 1,251
to 303,705€/QALY depending on starfing age and
favourable or unfavourable assumptions about vaccine
efficacy and vaccine price [74, 75]. Similarly, one study
conducted in France and two Dutch studies showed that
vaccinating the elderly for herpeszoster represents a
costeffective strategy, with ICERs ranging from 9,513
to 18,385€/QALY in France and from 21,716 to
42,004€/QALY in the Netherlands, depending on the

age atf vaccination and the perspective [76-78]. Vaccine
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TABLE 7. Overview of published varicella/herpes zoster (HZ) vaccination cost-utility models.

Country No. of studies Patient population

Range ICER
€/QALY (or £/
QALY for UK)

Intervention (l)

Comparator (C) Perspective

>60 years (2
Children (varicella)

Belgium 3
and adults (HZ) (1)

1,251-303,705
[HZ, depending on
age and bestworst
scenarios)
<35,000 in children
plus booster

I: Varicella (1), HZ (3)
C: No vaccination

TPP (2)
TPP and society (1)

France 1 >05 years

I: HZ vaccination TPP
C. No vaccination

?,513-18,385

The Netherlands 2 Elderly

TPP (1)
Society (2)

I: HZ vaccination
C: No vaccination

21,71642,004

Chidren (1)
Adults 145,2250 years)

Elde(r\& 1)
Children (o]r; elderly

UK 5

The numbers between brackets represent the number of studies concerned.

Children: dominant
[society)-18,000

(payer)
Adults Eng elderly:
1 l,lOQ»QO,A]%
Key findings:
Generally cost-
effective, often close to
threshold levels
Possibly better varicella
in children than HZ in
the elderly
Relatively similar results
among countries
Always lifetime horizon
and always compared
to no vaccination

Children-elderly: high
probobih?{ of being

cost-efrtective

I: Varicella (2), HZ (4)
C: No vaccination

TPP (5)
Society (2)

Note: 1) No studies found for ltaly, Germany, Spain and Sweden; 2] No multicountry siudies; 3) The ranges of ICERs reported represent minimum and

maximum values found in the base case of the various studies found for each country.

HZ: Herpes zoster.

price and duration of profection were generally the
most influential inputs. The remaining studies (five] were
conducted in the UK [79-83]. Three studies evaluated the
costeffectiveness of herpeszoster vaccination in the adults
aged 45-50 vyears or in the elderly [79, 81, 82], one
study focused on varicella vaccine in infants or children
[80] and another one considered both varicella vaccine in
children and herpeszoster vaccination in the elderly [83].
In general, varicella vaccination was very costeffective
ranging from dominant (from the sociefal perspective) to an
ICER of 18,000 /QALY from the payer perspective. Also
herpeszoster vaccination is likely to provide good value
for money in the UK with ICERs ranging between 11,109
and 20,4128 /QALY.

Other vaccinations

Due to relative low number of studies, it is difficult
fo investigate the characteristics and also to make any
comparison for the remaining type of vaccinations. Details
on each study identified are given in the online appendix.

In general, the key findings are the following:

®  Meningococcal (Men) B vaccination was cost
effective in two Dutch studies by Bos and colleagues
conducted in 2001 and 2006 (combined with
pneumococcal vaccination in the 2006 study)
with ICERs of 15,721 and 17,700€/QALY,
respectively [84, 85], but not costeffective in
a more recent analysis also conducted in the
Netherlands by Pouwels ef al. [86] who referred
to a value of 243,000€ /QALY).

®  Quadrivalent meningococcal vaccination was not
costeffective with ICERs higher than 600,000€/
QALY compared to MenC vaccination in the
Netherlands when started at age 12 years, but it
was dominant if started at 14 months [87].

*  MenC vaccination was a costeffective option in
the UK compared fo no vaccination (2,760£/
QALY in the best scenario) [88]

e Compared to no vaccination, adolescent pertussis
vaccination was costeffective in two Dutch studies
(with ICERs ranging from 4,200 to 6,371€/
QALY) [89, 0], but infant vaccination did not
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provide good value for money [91]. Pre-school
pertussis vaccination might be costeffective in
the UK (14,500 to 35,000£/QALY depending
on vaccine efficacy assumptions] [92] while
adult vaccination was a costeffective option in
Germany [93] (5,800 to 7,200€/QALY)

e Confrasting results were found for hepatitis B
vaccination for infants or adolescents in the UK,
with an old study showing costeffective results
with ICERs ranging from 2,515 to 8,388%/
QALY [94] and a more recent analysis showing
very high ICERs from 90,000£ /QALY for selective
infant  vaccination to almost  500,0008 /QALY
for adolescent immunisation [95]. Hepatitis A
vaccination in adults was not a costeffective option

in Belgium (around 200,000€/QALY) [96].

DISCUSSION

Most of the studies were conducted in the Netherlands
(33) and UK (30] and only two studies were published
before year 2000. In general, the majority of studies
focused on the value for money of HPV vaccination and
pneumococcal vaccination, with respectively 23 and
19 studies (Table 1), probably because these vaccines
have been quite recently infroduced in many countries
compared fo the other vaccines.

The analysed vaccinations were generally cost
effective and often close to threshold levels in almost every
study. However, even in the most homogenous vaccination
group, i.e. the HPV, the variability in ICER values is quite
high ranging from 5,525 to 101,700€/QALY. The
rotavirus case is even more relevant with ICERs ranging
from dominant to 98,000€/QALY.

The reason for this variability, which is normally not
observed in the economic evaluations of drugs, might be
due to the following two features. On the one hand, a
vaccination programme is quite complex to simulate since it
requires many dafa and hypotheses, many epidemiological
uncertainties, a wide number of influencing variables such
as vaccine coverage, herd immunity, cross protection, age
of vaccination, high risk versus low risk patients, efc. Also
the discount rate applied can have an effect, especially
for those diseases that can occur over a longterm affer
vaccination (e.g. HPV vaccination). On the other hand,
the architecture of models might be very different among
studies, with different unit costs and organisational seftings.
The use of an inflation rate or/and PPPs might have led
fo the contradictory result that a vaccine costeffective, for
example, in the year 2002 for the country analyses, would
not be costeffective in 2014 only because of an increase
in the ICER, which might not instead have occurred in the
reality. Another possible explanation for the high variability
within and among counfries is that the QALY gain for

some vaccines is very marginal or small per individual.
As the ICER is a ratio, if the denominator is small, if the
health benefit is marginal (like often in the particular case
of vaccines), a small change in the denominator inflates
exponentially this ratio.

According to our results, it appears difficult to assess
whether there is a trend for some vaccinations being more
costeffective options than others. VWhen considering the
variability of results, the highest homogeneity was found
in the HPV studies and the lowest in rofavirus vaccination.

However, based on the cluster shown in the Figures
2-6, a fenfative ranking fo classify different vaccination
strategies on the basis of their ICERs is the following:

1. Influenza and varicella have ICERs all below
40,000€/QALY (opart from one outlier study in
the influenza);

2. HPV has the majority of ICERs below 40,000€/
QALY (13% of the studies have a greater ICER)

3. Pneumococcal has also the majority of ICERs
below 40,000€/QALY, but 26% above this
value

4. Rotavirus has only 30% of the studies with the
ICER below 40,000€/QALY.

The economic evaluation of drugs is largely applied
by comparing one drug with one or more other drugs
(comparators). On the opposite, vaccination strategies
are mainly compared to “no vaccination” strategy rather
than to other vaccines. There are two reasons for this
choice. First, the efficacy of different products for the
same vaccination is often assumed as almost equivalent.
Second, prices of different branded vaccines for the
same disease are frequently similar. Actually, since for the
public health decision maker the final choice is between
infroducing @ new vaccination campaign or leaving an
existing screening or doing nothing (no prevention activity
for that specific disease), the decision is often an on-off
decision: in case of alternative branded vaccines, the
public authority would buy the vaccine frough tender,
and in most cases, the price would be similar. Moreover,
in most of the European countries, tender is the normal
pracfice to buy the vaccines, which somefimes implies
a dramatic reduction of the acquisition cost of vaccines
for the public providers compared fo the official price,
which has been used in the economic evaluation. This
means that in most of the costeffectiveness studies we
reviewed in this arficle, the final ICERs could be even lower
according fo the real price. Normally, the pricing and
reimbursement process is strongly influenced by national
or local authorities who are responsible for prevention
rather than by physicians or healthcare providers. Then,
the ICER of a vaccine compared to another vaccine for
the same disease is normally very low or dominant (as
we have found for pneumococcal vaccinations). With
our "league fable”, it is not possible (or at least in this
paper| to take into account the quality of the studies, the
different mechanics of the models, the differences due
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FIGURE 2. ICERs of HPV vaccination by countries.
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FIGURE 3. ICERs of pneumococcal vaccination by countries.
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FIGURE 4. ICERs of rotavirus vaccination by countries.
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FIGURE 6. ICERs of varicella/herpes zoster vaccination by countries.
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fo jurisdictions (heterogeneity of screening programmes,
vaccinations schedules, medical practices, efc.).

It is however relevant fo comment some other issues
emerging from the review.

1.

Discounting and the current debate: some authors
and insfitutions think that discounting favours short
ferm over long term policies and so discriminates
against preventative and other public health
programmes. Interestingly, the National Institute
for Health and Care Excellence [NICE) has
accepted this view suggesting that “freatment
effects are both substantial in restoring health
and sustained over a very long period -normally
at least 30 years:, the Committee should apply
a rafe of 1.5% for health effects and 3.5% for
cosfs.” [97]. On the opposite, the main stream of
economic theory does not allow different rates for
cosfs and benefits. Discounting raises the concern
that arbitrary variation in study specification
leads to arbitrary variation in results. In order to
ensure best practice and correct policy choices,
the decision makers and the economists would
recognise the need for a common sfandard,
i.e. by using the same discount rafe, at least at
national level.

Transparency of models and the current debate:

in particular, transparency (“clearly describing
the model structure, equations, parameter values
and assumptions to enable inferested parties o
understand the model”) [98] needs to be related
fo the possibility for the public agencies, decision
makers for vaccinations campaign, to replicate
the models.

The societal perspective strongly influenced the
results, which were generally costeffective from
this viewpoint (e.g. in the case of rotavirus
vaccination).

Finally, clarity is important, as confusion regarding the

validity of comparisons with different discount rates, different
age-population and different modelling between analyses
can only serve to damage costutility analyses’ credibility
with decision makers and others. We acknowledge that
this review might be not exhaustive of the eight countries
considered, since only two databases were searched and
only papers published in English were considered.

CONCLUSIONS

The published literature has shown that vaccination

strategies are generally costeffective in European countries.

el1853-14
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High heferogeneity in the results among studies and
countries was found.
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APPENDIX
1. HPV VACCINATION
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1.Four sirategies were considered: routine vaccination at age 12 years, and routine vaccination at age 12 years combined with temporary caich-up vaccination at ages 1214, 12-17 and 12-24
years. 2. Various alternative HPV vaccination sirategies were as follows: vaccinating girls at ages 13 or 14, vaccinating boys and girls af age 12, a caichup campaign in the first year of vaccination fo
vaccinate females from age 12 to ages 14, 16, 18 or 25, achieving a coverage of 70% or 90% for the full.
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2. PNEUMOCOCCAL VACCINATION
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1. immunization of 65 y-old subjects (single-cohort strategy), simultaneous vaccination of people aged 65 and 70 y (doublecohort sirategy) and, lastly, simulianeous immunization of subjects aged 65,
70 and 75 y (iriplecohort strategy). The additional impact of administration of a PPV23 dose, one year after PCV13, was evaluated
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3. ROTAVIRUS VACCINATION
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4. INFLUENZA
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1. only highisk groups (those with chronic respiratory, heart, kidney, liver neurological disease, diabetes, and immunosuppression, pregnant women and household contacts of immunocompromised
individuals); risk groups and the following age groups: 0-4 years, 5-14 years, over 65 years, 0-14 years, and 0-14 years plus over 65 years. 2. (pre-school 2-4 years of age, pre and primary school
children 2-10 years of age, or all children 2-18 years of age) or current practice of vaccinating those at increased risk of influenza associated morbidity, including everyone of 65 years of age and over,
with TIV
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5. VARICELLA/HERPES ZOSTER
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1. Two additional scenarios were as follows: combining a primary varicella zoster virus (VZV) vaccination in children with VZV booster vccine to prevent herpes zoster in adults; using a second dose of
primary VZV vaccine at age 6 or 11.

21185328 Is vaccination good value for money? A review of cost-utility analyses of vaccination strategies in eight european countries



(0
ORIGINAL ARTICLES Epidemiology Biostatistics and Public Health - 2016, Volume 13, Number 3

6. OTHER VACCINATIONS
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1. a three-dose infant vaccination programme that was administered with other routine vaccinations before the age of six months; a twodose programme for all adolescents at age 12 years; and a
selective vaccination programme for infants of intermediate- or high-isk ethnic origin or living in high-incidence locations. 2. immunization of the infant at birth, immunization of the parents immediately
affer birth of the child (cocooning), and maternal immunization during the third trimester of pregnancy. 3. single adolescent booster administered at the age of 12 years; combining an adolescent booster
dose at the age of 10 with an adult (18-30 years) booster dose; every 10 year booster dose
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