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Abstract: Influenza vaccination is an important public health measure that can reduce disease
burden, especially among older persons (those aged 65 and over) who have weaker immune systems.
Evidence suggests enhanced vaccines, including adjuvanted quadrivalent vaccines (aQIV), may
be particularly effective in this group. This study reports the results of a systematic review of the
cost-effectiveness of aQIV in this population. The review was undertaken and reported in accordance
with good practice guidelines. Medline and EMBASE were searched from 2013 to the present. Pre-
selected eligibility criteria were employed and quality assessment undertaken using the Consensus
Health Economic Criteria (CHEC-extended) checklist and Consolidated Health Economic Evaluation
Reporting Standard (CHEERS) 2022 checklists. A total of 124 records were returned, with 10 full text
papers retained. All were modelling studies and exhibited heterogeneity in approach, perspective,
and parameter estimation. Nine papers reported cost-effectiveness ranging from EUR 6694/QALY to
EUR 20,000/QALY in evaluations employing a payer perspective and from EUR 3936/QALY to EUR
17,200/QALY in those using a societal perspective. Results remained robust to a range of sensitivity
analyses. One paper that reported contrary findings adopted a distinct modelling approach. It is
reasonable to conclude that there is a broad consensus as to the cost-effectiveness of aQIV in this
population group.
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1. Introduction

Seasonal influenza, or the flu, is a common and potentially serious respiratory infection
caused by influenza viruses. It affects about a billion people every year, causing 3–5 million
cases of severe illness and 290,000 to 650,000 deaths, mostly in developing countries [1].
Seasonal influenza also imposes a significant economic burden on society, as it leads to
increased healthcare costs, absenteeism from work, and reduced productivity [2]. Accord-
ing to one study, the annual cost of influenza in the United States alone was estimated at
USD 87.1 billion in 2015 [3]. Another study found that the economic impact of influenza
in those aged 65 years and older ranged from USD 1.6 billion to USD 5.2 billion per year
in the USA, and from EUR 0.2 billion to EUR 1.3 billion per year in Europe [4]. Therefore,
seasonal influenza is not only a major public health challenge but also a socio-economic
problem that requires effective prevention and control measures.

Vaccination against influenza is an important public health measure to protect vulner-
able populations, especially older persons. Influenza can cause serious complications, such
as pneumonia, hospitalization, and even death for older adults who have weaker immune
systems. According to a 2018 study, flu vaccination among adults reduced the risk of being
admitted to an ICU with the flu by 82% [5]. Another study found that flu vaccines reduced
the risk of flu-associated hospitalization among older adults by about 40% on average from
2009 to 2016 [6]. A 2017 study also reported that well-matched vaccines provided benefits
in reducing related admissions to hospital and pneumonia for elderly individuals living in
the community [7].
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A range of vaccination options is available, including trivalent (TIV) and quadrivalent
(QIV) inactivated vaccines, adjuvanted TIV (aTIV), high-dose TIV (hdTIV), intradermal TIV
(idTIV), cell culture-derived QIV (ccQIV), and recombinant QIV (rQIV) [8]. QIV appears
to offer additional protection compared to TIV [9], containing antigens derived from an
additional influenza type B virus. However, among older persons, standard-dose influenza
vaccines like TIV and QIV have suboptimal immunogenicity and efficacy [7,10] owing
to the phenomenon of immunosenescence and a relatively high prevalence of chronic
conditions, including multi-morbidity, among older adults. To augment immune responses,
enhanced vaccines use different strategies—high-dose influenza vaccines (high-dose TIV
or high-dose QIV) contain four times more hemagglutinin antigen than standard-dose
vaccines, whereas adjuvanted vaccines (aTIV or aQIV) contain the adjuvant MF59, which
has been shown to increase the magnitude and breadth of immune responses [11].

The increasing importance of demonstrating value for money by payers means re-
imbursement decisions cannot, however, be based on an assessment of efficacy alone.
This has increased interest in systematic reviews of cost and cost-effectiveness outcomes
(SR-CCEOs). Context is, however, important to the outcome of evaluations; local healthcare
costs and productivity losses, for example, can vary widely and so too can the conclusions
of evaluations independent of efficacy data. However, whilst systematic reviews and
meta-analyses of clinical efficacy data can often be readily synthesised to produce rigorous
evidence to support decision-makers, it is more challenging to combine findings from
economic evaluations, as there is frequently a range of sources of heterogeneity in applied
methods and reporting,

For instance, a systematic review of cost-effectiveness studies on replacing TIV with
QIV has established that the incremental cost–utility ratio (ICUR) of QIV vs. TIV ranged
from likely not cost-effective (≥USD 140,000 per quality-adjusted life year (QALY) gained)
to cost-saving [8].

For a variety of reasons—both ethical and practical—there is a lack of real-world
evidence (RWE) on the cost-effectiveness of alternative vaccines derived from clinical trials.
Because of this, evidence of cost-effectiveness has typically been derived from modelling
studies. Assessing such evidence requires an assessment of the comparators, the models,
and—given the importance of assumptions made in studies to their outcomes—of the
sensitivity analyses to which models are subjected.

The aim of this SR-CCEO is to assess evidence of the cost-effectiveness of aQIV in the
context of influenza prevention among those aged 65 and over. We examine aQIV specifi-
cally given the emergence of a growing body of literature relating to its cost-effectiveness
in this population and the needs of decision-makers to optimise resource allocation and to
enhance patient outcomes.

2. Methods

The International Society for Pharmacoeconomic Outcomes and Research (ISPOR)
good practice task force report for the critical appraisal of systematic reviews with costs and
cost-effectiveness outcomes (SR-CCEOs) was used to inform the conduct of this review [12],
and findings are reported in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement [13]. While a protocol was prepared
prior to conduct of the analysis, it was not submitted for publication to Prospero, as data
extraction commenced earlier than had been anticipated.

2.1. Eligibility Criteria

A systematic literature review was performed to identify economic evaluations of
adjuvanted quadrivalent influenza vaccines (aQIV) in older adults. The PICO tool (Popu-
lation, Intervention, Comparator, Outcomes) provided a framework for development of
the research question. Primary studies of interest were those that provided a comparative
analysis in terms of cost and outcomes of aQIV relative to an identified alternative. Studies
were likely to be model-based and full economic evaluations (e.g., cost-effectiveness (CEA),
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cost–utility (CUA), budget impact (BIA), and cost–benefit analyses (CBA)), though data
from randomised controlled trials were eligible. Studies were included if participants were
aged 65 years or older. No restrictions were imposed with regard to risk profile (e.g., at
low or high risk of developing influenza-related complications) or setting (e.g., community
dwelling or nursing home residents). Eligibility for inclusion was limited to original peer-
reviewed research papers (i.e., not abstracts, letters to the editor, commentaries, editorials,
conference proceedings, or reviews) published in English.

2.2. Search Strategy

Medline (via OVID), EMBASE (via OVID, 1974–December 2023), and ECONLIT were
searched from 2013 to 14 December 2023 during the time of preparation. This time qualifier
was imposed to ensure the relevance of records included in the review. Search terms were
identified to capture older adults (≥65 years), as was a range of economic evaluation
modalities. For the purpose of increasing sensitivity, only terms relating to adjuvanted
quadrivalent influenza vaccines were searched for (Supplementary Table S1). Reference
lists of retrieved studies were reviewed.

2.3. Handling Searches

A PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
flow chart was used to document study selection, illustrating the numbers of records
retrieved and selection flow through the screening rounds; all excluded records (with
rationale for exclusion) were documented.

2.4. Selection of Studies

Two screening rounds were conducted independently by two health economists
experienced in undertaking reviews (CON, GC). The first round screened the title and
abstract of the articles based on the eligibility criteria; those selected at this stage entered a
second round of full-text screening with eligibility based on the inclusion and exclusion
criteria. Any disagreements were discussed among the two reviewers, with recourse to a
third reviewer if necessary.

2.5. Data Extraction and Management

Data were extracted by both reviewers using a proforma based on Winjen et al.
(2016) [14]. A range of information was extracted relating to the study design and setting,
type of economic evaluation, and model parameters. Quality assessment, key findings
(such as the drivers of cost-effectiveness), and author conclusions were extracted. The data
extraction form was piloted by two reviewers (GC and CON) on one paper and discussion
was used to ensure consistent application thereafter.

2.6. Assessment of Study Quality

Two reviewers (CON, GC) independently assessed study quality. Full economic
evaluations were assessed using the Consensus Health Economic Criteria (CHEC-extended)
checklist [15], which is designed to be used as a screening tool to identify studies that meet
a minimum quality standard for inclusion in a systematic review. The CHEERS (2022)
checklist was used to assess the quality of reporting [16].

2.7. Data Synthesis

Heterogeneity in data was explored, and Figure 1 of the ISPOR Good Practices Task
Force Report [12] (was used to determine the most appropriate approach to data syn-
thesis. Study characteristics and extracted data were summarised in text and tabulated.
A formal meta-analysis was not possible given the degree of heterogeneity among the
published studies, and a graphical presentation of mean incremental cost-effectiveness
ratios (ICERs) along with their distribution was not, in consequence, possible. The key
aspects assessed included the reporting of key information (e.g., study design and how
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parameters were identified), the modelling methods used, and the validity of cost and
health benefit estimates.
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Figure 1. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow
diagram of study selection.
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3. Results
3.1. Systematic Search

Database searches returned 124 records; from this, 40 duplicates were removed, leaving
84 reports. Fourteen papers were assessed against the inclusion and exclusion criteria,
resulting in 10 full-text papers for inclusion in the review [17–26]. The PRISMA 2020
diagram is presented in Figure 1.

3.2. Characteristics of Included Studies

The main characteristics of the included studies are contained in Table 1. All studies
(as per the eligibility criteria) were in English and involved the comparison of an adju-
vanted quadrivalent influenza vaccine against a relevant comparator in a population of
older persons. All studies were conducted in high-income countries, namely, Italy [18,26],
Spain [19,21,25], Norway, Denmark, Sweden [22], the United Kingdom [17], Germany [20],
Belgium [23], and Ireland [24], and all studies were funded/supported by a pharmaceutical
company and/or included industry employees as authors.

Table 1. Main characteristics of included studies.

Author, Year
Country,
Currency

(Year)
Population Evaluation

Type Model Type Perspective Time
Horizon

Discount
Rate (per
Annum)

Strategies Uncertainty
Analysis

Kohli et al.,
2021 [17]

UK;
UK Sterling

(2020)

65–74 years;
≥75 years CUA SEIR + static

decision tree Payer 1 Influenza
season

Costs and
outcomes:

3.5%

aQIV v high
dose QIV

DSA;
PSA

Calabro
et al.,

2022 [18]

Italy;
Euros (2020)

≥65 years
(stratified
into age
groups)

CUA;
CEA

SEIR + static
decision tree

Payer;
societal

1 Influenza
season

Indirect costs
and

outcomes:
3%

aQIV v
standard
dose QIV

DSA;
PSA

Fochesato
et al.,

2022 [19]

Spain;
Euros (2021) ≥65 years CUA SEIR + static

decision tree
Payer;

societal
1 Influenza

season

Costs: N/A;
outcomes:

3%

aQIV v
standard
dose QIV

DSA;
PSA

Kohli et al.,
2022 [20]

Germany;
Euro (2022)

65–74 years;
≥75 years CUA SEIR + static

decision tree

Statutory
health

Insurance;
societal

1 Influenza
season

Costs and
outcomes:

3%

aQIV v
standard
dose QIV;

aQIV v high
dose QIV

DSA;
PSA

Ruiz-Aragon
et al.,

2022 [21]

Spain;
Euro (2021)

65–69 years;
70+ years

CUA;
CEA

Static
decision tree

Payer;
societal

1 Influenza
season

Costs and
outcomes:

3%

aQIV v high
dose QIV

DSA;
PSA

Jacob et al.,
2023 [22]

Nodic;
Euros (2022)

65–74 years;
≥75 years

CUA;
CEA

Static
decision tree

Payer;
societal

1 Influenza
season

Costs and
outcomes:

3.5%
Denmark;

4% Norway;
3% Sweden

aQIV v
standard
dose QIV;

aQIV v
high-dose

QIV

DSA;
PSA

Marbaix
et al.,

2023 [23]

Belgium;
Euro (2023)

65–74 years;
≥75 years

CUA;
CEA

Static
decision tree Payer 1 Influenza

season

Costs:
unclear;

outcomes:
1.5%

aQIV v
standard
dose QIV;

aQIV v high
dose QIV

DSA;
PSA

Nguyen
et al.,

2023 [24]

Ireland;
Euro (2022)

65–74 years;
≥75 years CUA SEIR + static

decision tree
Payer;

societal
1 Influenza

season

Costs: N/A;
outcomes:

3%

aQIV v
standard
dose QIV

DSA;
PSA

Ruiz-Aragon
et al.,

2023 [25]

Spain;
Euro (2021)

65–69 years;
≥75 years CUA Static

decision tree
Payer;

societal
1 Influenza

season

Costs and
outcomes:

3%

aQIV v
recombinant

QIV

DSA;
PSA

Rumi et al.,
2023 [26]

Italy;
Euro (2019)

65–74 years;
≥75 years CUA Static

decision tree Payer 1 Influenza
season

Costs: N/A;
outcomes:

3%

aQIV v high
dose QIV

DSA;
PSA

CEA: cost-effectiveness analysis; CUA: cost–utility analysis; SEIR: Susceptible–Exposed–Infectious–Removed;
DSA: deterministic sensitivity analysis; PSA: probabilistic sensitivity analysis.

The study population was individuals aged 65 years and older for all studies. All
studies stratified this population further into age categories (e.g., 65–74 years, 75+ years
etc.), allowing differential risk of complications with increasing age to be examined. For
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some of the analyses [17–20,24], influenza transmission was simulated using a determin-
istic Susceptible–Exposed–Infectious–Removed (SEIR) model to calculate attack rates of
confirmed seasonal influenza infection by age group and viral subtype over the seasons
considered. Models adopting this approach included all age groups (accounting for “herd
immunity”), as opposed to models that included only the population under considera-
tion [21–23,25,26].

Three studies compared aQIV with standard-dose QIV [18,19,24], three papers com-
pared aQIV to high-dose QIV [17,21,26], three compared aQIV with both standard-dos QIV
and high-dose QIV [20,22,23], and one study compared aQIV with recombinant QIV [25].

Despite the time period chosen for the review (2013–2023), all studies were published
between 2021 and 2023. All were full economic evaluations that compared costs and
outcomes for at least two comparators. All studies included quality-adjusted life-year
(QALY) as an outcome measure, reporting findings in terms of “cost per QALY”. Four
papers also reported other outcomes (such as life year gained) [18,21–23].

3.3. Study Design

Two modelling modalities prevailed in the studies reviewed: static decision tree
models and hybrid models that used a dynamic Susceptible–Exposed–Infectious–Recovered
(SEIR) model for the epidemiological module that simulated the natural history of the
disease to produce estimates of morbidity- and mortality-related complications for use in
the static decision tree.

The level of detail provided regarding model structure and rationale for the choice of
parameter values used in the models varied and no studies included an open-access model
alongside the paper. For example, one paper [18] directed readers to a full health technology
assessment (HTA) document published in the Italian language, whereas another [24]
referred readers to other published literature sources where information on parameter
estimates were available. Kohli et al. (2022) provided a detailed technical appendix.
None of the included studies provided information on all parameter estimates used in the
model, ranges for sensitivity analysis (including justification for distributions chosen), or
references relating to data sources used. However, this observation is not unusual in the
current modelling literature.

All but three of the studies employed both a payer and a societal perspective [17,23,26].
The time horizons used in the evaluations were generally 1 year (or one flu season), with
data from up to 10 flu seasons being used in 4 studies [17–20]. All papers reported the
discount rate used for both costs and outcomes and cited the rationale for this; in the
majority of studies, costs were collected for 12 months or less (time horizon of 1 year or
one influenza season), which did not require discounting to be performed; outcomes were
discounted over longer time periods (i.e., a lifetime).

Heterogeneity was observed in the model structure, the choice of epidemiological vari-
ables included, and the complexity/rigour with which the costs and outcomes associated
with influenza complications were estimated. The level of heterogeneity observed sug-
gested that a rigorous narrative synthesis/comparison of the models should be undertaken
rather than data synthesis. For example, direct healthcare costs were estimated using a
number of approaches. One study [22] presented data on a wide range of influenza-related
complications (such as bronchitis, pneumonia, urinary tract infection (URTI), myocarditis,
stroke, gastrointestinal bleed, etc.), with detailed information on incidence, cost (inpatient
and outpatient), and utility decrements associated with each complication. In another study,
economic input parameters were based on estimates from a published study [24]. All stud-
ies at a minimum included the cost of general practitioner (GP) visits, outpatient episodes,
and vaccination acquisition costs. Some studies reported the method used to account for
productivity losses (friction cost or human capital approach). Only one study included pro-
ductivity losses attributable to carers [21]; no studies stratified absenteeism/productivity
loss by influenza subtype.
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As mentioned earlier, QALYs were the primary outcome measure used in the studies
reviewed. This outcome measure requires data on baseline health-related quality of life
(HRQoL) for the population under consideration, decrements in HRQoL associated with
the disease/condition, and an estimate of the time spent in that condition (i.e., duration of
symptoms). Significant heterogeneity was observed in parameter estimates used in this
regard. For example, one study assumed a disutility of 0.15 for 35 days due to symptomatic
influenza [23], whereas another study assumed a disutility value for symptomatic outpa-
tients of 0.33 for 7 days and a disutility value for inpatients of 0.6 for 21 days [21]. All studies
included QALY loss associated with flu symptoms and/or complications, and all studies
included QALY loss associated with influenza-related mortality. Country-specific utility
estimates were employed in most cases, and where data were not available, published data
from adjacent jurisdictions were used. No studies indicated that the utility values were
based on influenza subtypes.

3.4. Presentation of Findings

All studies presented findings from the cost–utility analysis as incremental cost-
effectiveness ratios (ICERs) and indicated whether this ratio was acceptable relative to the
willingness to pay threshold in that jurisdiction (i.e., represented value for money). All
studies presented uncertainty in model finding using deterministic sensitivity analysis
(DSA) and probabilistic sensitivity analysis (PSA). Seven studies presented the results of
deterministic sensitivity analyses (DSA) in a tornado diagram (i.e., a graphical representa-
tion of the impact of each parameter on the ICER) [19–23,25,26]. Seven studies presented
a scatter plot of the findings on the cost-effectiveness plane [18,19,21–23,25,26] and four
presented a cost-effectiveness acceptability curve (CEAC) [20,22,23,26].

Quality assessment of the included papers was undertaken using the CHEC-extended
checklist [15] and assessment of the quality of reporting was undertaken using the 28-item
Consolidated Health Economic Evaluation Reporting Standards checklist (CHEERS 2022) [16]
(Supplementary Table S2). All studies exhibited high compliance levels with the CHEERS
2022 checklist, as would be expected given their recent publication dates. Lower compliance
was observed for the items that have been recently added to the updated checklist.

However, non- or partial compliance with some established checklist items was ob-
served, such as provision of a health economics plan (item 4), provision of rationale for the
model and stating whether the model was publicly available (item 16), reporting model
validation procedures (item 17), and reporting of all analytic inputs, including uncertainty
or distributional effects (item 22). Compliance with the CHEC checklist was high across
all papers.

Findings from the included studies are summarised in Table 2. Details of the key
assumptions used in the cost-effectiveness model, key findings (base-case scenario), results
of uncertainty analyses, and author conclusions are presented.
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Table 2. Key assumptions and findings of included studies.

Author, Year, Country Key Assumptions Key Findings (Base Case) Main Drivers of Cost-Effectiveness Author Conclusions

Kohli et al., 2021 [17]
United Kingdom

Vaccine(s) compared to aQIV:
High-dose QIV
Price of vaccines:
aQIV: GBP 11.88 (list price)
High-dose QIV: up to GBP 20.00 (list price)
Relative vaccine effectiveness:
aQIV vs. high-dose QIV: −2.5%, 3.2%, 8.9%
Vaccine coverage:
68–80% (varying by age group)
Infuenza attack rate:
Not reported

Burden of disease avoided:
None reported
ICER information:
For ICER to fall below GBP 20,000/QALY, unit price
of high-dose QIV should be less than:
GBP 12.94 (for rVE of −2.5%)
GBP 10.44 (for rVE of 3.2%)
GBP 7.67 (for rVE of 8.9%)
ICER threshold: <GBP 30,000/QALY

Deterministic sensitivity analysis findings:
No key drivers as relative vaccine effectiveness was
not statistically different between vaccines.
Probabilistic sensitivity analysis findings:
Scenario analysis performed relating to cost given 3
levels of relative vaccine effectiveness.

Conclusions for aQIV v high dose QIV
A small difference favoring aQIV when rVE was
3.2% or 8.9% or favouring high-dose QIV if rVE was
−2.5%. Relative vaccine effectiveness in this patient
population was not statistically significantly
different between vaccines and aQIV was less costly.

Calabro et al. (2022)
Italy [18]

Vaccine(s) compared to aQIV:
Standard-dose QIV
Price of vaccines:
From HTA document (in Italian)
Relative vaccine effectiveness:
from HTA document (in Italian)
aQIV vs. standard-dose QIV: 34.6% (2,66)
Vaccine coverage:
Taken from institutional reports; not reported in
research paper
Influenza attack rate:
Not reported

Burden of disease avoided:
Influenza cases avoided: 111,417
Hospitalizations avoided: 363
Deaths avoided: 195
ICER information:
Payer ICER: EUR 14,441/QALY
Societal ICER: EUR 11,748/QALY
ICER threshold: <EUR 30,000/QALY

Deterministic sensitivity analysis findings:

1. Total number of infections
2. Vaccine efficacy
3. Vaccine cost
4. Probability of health seeking, death, and

complications

Probabilistic sensitivity analysis findings:
aQIV cost-effective in 95% of iterations compared to
standard-dose QIV

Conclusions for
aQIV vs. standard-dose QIV
From both a payer and a societal perspective, aQIV
is cost-effective compared to standard-dose QIV in
an older population at a willingness-to-pay
threshold of EUR 30,000/QALY.

Fochesato et al. (2022)
Spain [19]

Vaccine(s) compared to aQIV:
Standard-dose QIV
Price of vaccines:
aQIV: EUR 13
Standard-dose QIV: EUR 9.50
Relative vaccine effectiveness:
aQIV v standard dose QIV: 3.9% and 34.6%
Vaccine coverage:
59.8–72.23% (varying by age)
Influenza attack rate:
Not reported

Burden of disease avoided:
Complicated flu cases avoided: 43,664
Hospitalizations avoided: 111
Deaths avoided: 569
(for rVE of 34.6%)
ICER information:
Payer ICER:
EUR 2240/QALY (for rVE of 34.6%)
EUR 6694/QALY (for rVE of 13.9%)
Societal ICER:
cost saving (for rVE of 34.6%)
EUR 3936/QALY (for rVE of 13.9%)
ICER threshold: <EUR 25,000/QALY

Deterministic sensitivity analysis findings:

1. Vaccine efficiency
2. Vaccine cost
3. Vaccine coverage

Probabilistic sensitivity analysis findings:
aQIV is cost-effective in 65% of iterations compared
to standard-dose QIV (where rVE is 34.6%) and in
52.4% of iterations (where rVE is 13.9%).

Conclusions for
aQIV v standard dose QIV
From both a payer and a societal perspective, aQIV
is cost-effective compared to standard-dose QIV in
an older population at a willingness-to-pay
threshold of EUR 30,000/QALY.
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Table 2. Cont.

Author, Year, Country Key Assumptions Key Findings (Base Case) Main Drivers of Cost-Effectiveness Author Conclusions

Kohli et al., 2022 [20]
Germany

Vaccine(s) compared to aQIV:
Standard-dose QIV
High-dose QIV
Price of vaccines:
aQIV: EUR 19.21 (reimbursed price)
standard dose QIV: EUR 12.56 (reimbursed price)
Relative vaccine effectiveness:
aQIV vs. standard-dose QIV: 13.9% (4.2, 23.5)
aQIV vs. high-dose QIV: 3.2% (−2.5, 8.9)
Vaccine coverage:
40%
Influenza attack rate:
Not reported

For aQIV v standard dose QIV
Burden of disease avoided:
Medical cases avoided: 38,755
Hospitalisations avoided: 476
Deaths avoided: 287
ICER information:
Payer ICER: EUR 20,000/QALY (2 severe seasons)
Societal ICER: EUR 17,200/QALY (2 severe seasons
ICER threshold: <EUR 25,000/QALY–EUR
50,000/QALY
For aQIV vs. high-dose QIV
Burden of disease avoided:
Medical cases avoided: 30,897
Hospitalizations avoided: 380
Deaths avoided: 229
ICER information:
Cost-saving; aQIV dominated high-dose QIV

Deterministic sensitivity analysis findings:

1. Vaccine coverage
2. Rate of hospitalisation for flu
3. Vaccine coverage

Probabilistic sensitivity analysis findings:
Probability of CE varied depending on the
willingness-to-pay threshold used (varied from EUR
20,000/QALY to EUR 50,000/QALY. Results of PSA
not reported in text but available visually in
Supplementary Materials.

Conclusions for aQIV vs. standard-dose QIV and
high-dose QIV
Both of the enhanced vaccines reduced the number
of influenza cases, hospitalisations, and deaths in the
German population compared to standard-dose QIV.
As aQIV was the most cost-effective vaccine in the
base case, the use of this vaccine in the oldest age
group resulted in the lowest amount of disease.
The difference between the three vaccines was most
pronounced as the average number of severe
influenza seasons increased.

Ruiz-Aragon et al.,
2022 [21]
Spain

Vaccine(s) compared to aQIV:
High-dose QIV
Price of vaccines:
aQIV: EUR 13 (list price)
High-dose QIV: EUR 25 (list price)
Relative vaccine effectiveness:
aTIV vs. high-dose TIV: 4% (−0.05, 8.4)
Vaccine coverage:
54.7%
Influenza attack rate:
Not reported

Burden of disease avoided:
Symptomatic cases avoided: 5405
Primary care visits avoided: 760
Hospitalisations avoided: 442
Emergency room visits: 171
Deaths avoided: 26
ICER information:
aQIV dominates high-dose QIV, as it is more
expensive and less effective.
Payer perspective: savings of EUR 63.6 M
Societal perspective: savings of EUR 64.2 M
ICER threshold: <EUR 25,000/QALY

Deterministic sensitivity analysis findings:

1. Vaccine cost
2. Vaccine coverage
3. Relative vaccine effectiveness

Probabilistic sensitivity analysis findings:
aQIV was cost-effective in 100% of iterations and
dominant in 96% of iterations.

Conclusions for aQIV vs. high-dose QIV
aQIV is cost-saving compared to high-dose QIV
from both a payer and a societal perspective. This
finding was driven by the similarity in vaccine
effectiveness and lower cost of aQIV.
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Table 2. Cont.

Author, Year, Country Key Assumptions Key Findings (Base Case) Main Drivers of Cost-Effectiveness Author Conclusions

Jacob et al., 2023 [22]
Denmark, Norway,
Sweden

Vaccine(s) compared to aQIV:
Standard-dose QIV
High-dose QIV
Price of vaccines:
QIV: EUR 9.10–EUR 11.00 (by jurisdiction)
Price of aQIV: 170–189% of price of QIV
Price of high-dose QIV: EUR 25
Relative vaccine effectiveness:
aQIV vs. high-dose QIV: 3.2% (−2.5, 8.9)
Vaccine coverage:
60–75% (varying by jurisdiction)
Influenza attack rate:
7.2%

Denmark:
Burden of disease avoided:
Symptomatic cases avoided: 6238
GP cases avoided: 1871
Hospitalizations avoided: 307
Deaths avoided: 54
ICER information:
Payer ICER: EUR 10,170/QALY
Societal ICER: EUR 5472/QALY
ICER threshold: <EUR 30,000/QALY
Norway:
Burden of disease avoided:
Symptomatic cases avoided: 3810
GP cases avoided: 1143
Hospitalizations avoided: 187
Deaths avoided: 32
ICER information:
Payer ICER: EUR 12,515/QALY
Societal ICER: EUR 7906/QALY
ICER threshold: <EUR 30,000/QALY
Sweden:
Burden of disease avoided:
Symptomatic cases avoided: 8724
GP cases avoided: 2617
Hospitalizations avoided: 431
Deaths avoided: 75
ICER information:
Payer ICER: EUR 9894/QALY
Societal ICER: EUR 4856/QALY
ICER threshold: <EUR 30,000/QALY
aQIV vs. high-dose QIV
aQIV vs. high-dose QIV would be cost-saving if
expanded to the elderly population with savings of
EUR 7.1 M in Denmark, EUR 4.7 M in Norway and
EUR 8.5 M in Sweden.

Deterministic sensitivity analysis findings:
aQIV v standard dose QIV

1. Relative vaccine efficiency
2. Cost ratio
3. Influenza attack rate
4. Vaccine cost

Probabilistic sensitivity analysis findings:
From the payer perspective, aQIV is likely to be
more cost-effective than standard-dose QIV in 90%
of iterations in Denmark, 77% of iterations in
Norway, and 75% of iterations in Sweden.

Conclusions for
aQIV v standard dose QIV
aQIV was cost-effective compared to standard dose
QIV in Denmark, Norway and Sweden at a
willingness to pay threshold of EUR 30,000/QALY.
Conclusions for aQIV vs. high-dose QIV
aQIV was cost-saving (cummulative savings of over
EUR 20 M across Denmark, Norway, and Sweden).

Marbaix et al., 2023
[23]
Belgium

Vaccine(s) compared to aQIV:
Standard-dose QIV
High-dose QIV
Price of vaccines:
aQIV: EUR 24.73 (reimbursement price)
Standard dose QIV: EUR 12.94 (reimbursement price)
High-dose QIV: EUR 32.62 (reimbursement price)
Relative vaccine effectiveness:
aQIV vs. standard-dose QIV: -
aQIV vs. high-dose QIV: −2.5%, 3.2%, 8.9%
(assumed equivalence of TIV and QIV)
Vaccine coverage:
62%
Influenza attack rate:
5% (in vaccinated older adults)

aQIV vs. standard-dose QIV
Burden of disease avoided:
Hospitalizations avoided: 530
Deaths avoided: 66
Life years saved: 656
QALYs gained: 451
ICER information:
Payer ICER: EUR 15,227/QALY
Societal ICER: not calculated
ICER threshold: <EUR 35,000/QALY
aQIV vs. high-dose QIV
aQIV was dominant alternative, because aQIV is
expected to be less expensive and slightly more
effective or at least as effective.

Deterministic sensitivity analysis findings:

1. Vaccine cost
2. Relative vaccine effectiveness
3. Influenza attack rate
4. Vaccine coverage

Probabilistic sensitivity analysis findings:
The probability of aQIV being cost-effective was
estimated to be 82% at a willingness-to-pay
threshold of EUR 35,000/QALY.

Conclusions for aQIV vs. standard-dose QIV
aQIV is cost-effective compared to standard-dose
QIV in this patient population, with an incremental
cost-effectiveness ratio of EUR 15,227/QALY from
the payer perspective.
Conclusions for aQIV vs. high-dose QIV
aQIV is cost-saving (dominant) compared to
high-dose QIV, as the difference in relative
effectiveness is small and aQIV is less costly.
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Table 2. Cont.

Author, Year, Country Key Assumptions Key Findings (Base Case) Main Drivers of Cost-Effectiveness Author Conclusions

Nguyen et al., 2023
[24]
Ireland

Vaccine(s) compared to aQIV:
Standard dose
Price of vaccines:
aQIV: EUR 18 (market price)
standard-dose QIV: eur 10 (market price)
Relative vaccine effectiveness:
aQIV vs. standard-dose QIV: 13.9% (3,24)
Vaccine coverage:
68–80% (varying by age group and risk)
Influenza attack rate:
7–14% (by age group)

Burden of disease avoided:
for aQIV v standard-dose QIV
Symptomatic cases avoided: 4107
Hospitalisations avoided: 156
Deaths avoided: 42
ICER information:
Payer ICER: EUR 12,970/QALY
Societal ICER: EUR 2420/QALY
ICER threshold: <EUR 45,000/QALY

Deterministic sensitivity analysis findings:

1. Relative vaccine effectiveness
2. Vaccine cost
3. Disease incidence

Probabilistic sensitivity analysis findings:
Not presented

aQIV vs. standard-dose QIV
aQIV is highly cost-effective compared to
standard-dose QIV in an elderly population, with an
ICER of EUR 12,970/QALY from the payer
perspective and EUR 2420/QALY from a societal
perspective. This is below the below the ICER
threshold of EUR 45,000/QALY in Ireland.

Ruiz-Aragon et al.,
2023 [25]
Spain

Vaccine(s) compared to aQIV:
Recombinant QIV
Price of vaccines:
aQIV: EUR 13 (tender price)
Recombinant QIV: EUR 25 (tender price)
Relative vaccine effectiveness:
QIV vs. aTIV: 10.7% (2.7, 17.9)
Vaccine coverage:
69.4%
Influenza attack rate:
Not reported

Burden of disease avoided:
Not presented
ICER information:
Payer ICER: EUR 101,612/QALY
ICER threshold: <EUR 25,000/QALY

Deterministic sensitivity analysis findings:

1. Vaccine cost
2. Vaccine coverage

Probabilistic sensitivity analysis findings:
aQIV was more cost-effective than recombinant QIV
in 99.7% of simulations.

aQIV vs. recombinant QIV
Recombinant QIV is not CE for older persons
compared to aQIV; to be cost-effective the relative
vaccine effectiveness of recombinant QIV v aQIV
needs to be 34.1%.

Rumi et al., 2023 [26]
Italy

Vaccine(s) compared to aQIV:
High-dose QIV
Price of vaccines:
aQIV: EUR 15.45
High-dose QIV: EUR 32.27
Relative vaccine effectiveness:
aQIV vs. standard-dose QIV: 0% (0–20%)
high-dose QIV vs. standard dose QIV: 18.2%, 24.2%
Vaccine coverage:
54.4% (no range given)
Influenza attack rate:
7.2% (5.8–8.6%)

Burden of disease avoided:
Not presented
ICER information:
Payer ICER: EUR 9805 (where relative efficacy of
aQIV vs. standard dose QIV was assumed to be 6%)
Societal ICER: not assessed
ICER threshold: <EUR 30,000/QALY

Deterministic sensitivity analysis findings:

1. Efficacy of high-dose QIV vs. standard-dose
QIV

2. Relative efficacy of aQIV vs. standard-dose
QIV

3. Vaccine cost

Probabilistic sensitivity analysis findings:
The cost effectiveness acceptability curve showed
that high-dose QIV had a high probability (97%) of
being cost-effective compared to aQIV at a WTP
threshold of EUR 30,000 per QALY gained.

Switch from aQIV to high-dose QIV
Switching to high-dose QIV from aQIV would be
cost-effective (or cost-saving in a scenario where
hospitalisation was “possibly” related to influenza).

QALY: Quality-adjusted life year; LY: life year; rVE: relative vaccine effectiveness; ICER: incremental cost-effectiveness ratio; HTA: Health Technology Assessment; GP: general
practitioner; WTP: willingness to pay.
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3.4.1. Evidence on the Cost-Effectiveness of aQIV versus Standard-Dose QIV

Evidence was presented on the cost-effectiveness of aQIV versus standard-dose QIV in
six papers [18–20,22–24]. In all analyses, from both the payer and the societal perspectives,
aQIV was cost-effective compared to standard-dose QIV in this older patient popula-
tion. Incremental cost-effectiveness ratios (ICERs) ranged from EUR 6694/QALY to EUR
20,000/QALY in evaluations employing a payer perspective and from EUR 3936/QALY to
EUR 17,200/QALY in those using a societal perspective. When these base-case findings
were subjected to deterministic sensitivity analysis (DSA), a core group of key drivers
of cost-effectiveness was identified: relative vaccine effectiveness, relative vaccine cost,
influenza attack rate, and vaccine coverage. When subjected to probabilistic sensitivity
analysis (PSA), where model inputs are varied simultaneously, aQIV was deemed cost-
effective in between 52.4% and 95% of iterations relative to the willingness-to-pay threshold
for each country.

3.4.2. Evidence on the Cost-Effectiveness of aQIV versus High-Dose QIV

Evidence was presented on the cost-effectiveness of aQIV versus high-dose QIV in
six papers [17,20–23,26]. In all analyses except one [26], aQIV was cost-saving; this finding
was driven by the similarity in vaccine effectiveness and lower cost of aQIV. The opposite
was reported by Rumi et al. (2023). In the absence of head-to-head clinical trials comparing
high-dose QIV and aQIV, the effectiveness of high-dose QIV versus aQIV was calculated
indirectly based on the relative efficacy of each vaccine versus a common comparator:
standard dose (standard-dose QIV). For this calculation, they therefore assumed that the
relative efficacy of aQIV vs. standard-dose QIV in the base-case analysis was 0% and that
the relative efficacy of high-dose QIV vs. standard-dose QIV was 24.2%.

3.4.3. Evidence on the Cost-Effectiveness of aQIV Compared to Recombinant QIV

Only one paper compared aQIV with recombinant QIV [25]. In this evaluation, aQIV
was more cost-effective than recombinant QIV in 99.7% of simulations at a willingness-to-
pay threshold of EUR 25,000/QALY. Vaccine cost and vaccine coverage were key drivers of
cost-effectiveness.

4. Discussion

This paper is the first systematic review to assess evidence of the cost-effectiveness of
aQIV in an older population. Across the ten papers identified, six studies examined the
cost-effectiveness of aQIV versus standard-dose QIV, six examined the cost-effectiveness of
aQIV versus high-dose QIV, and one paper examined the cost-effectiveness of aQIV and
QIVr. Nine papers concluded that aQIV was cost-effective against its comparator (when
compared to standard-dose QIV or QIVr and cost-saving when compared to high-dose
QIV). These findings were robust when subjected to sensitivity analyses, suggesting the
likelihood of cost-effectiveness is high even in the face of parameter uncertainty. The
main factors that influenced cost-effectiveness were the relative effectiveness and cost
of the vaccines, the influenza infection rate, and the vaccine coverage. That differences
in relative vaccine effectiveness and vaccine acquisition price may drive differences in
cost-effectiveness estimates has been reported elsewhere [9,11], and the influence of these
variables on cost-effectiveness estimates is reflected in the World Health Organization
(WHO) recommendation that sensitivity analyses for economic evaluations should be
performed on five key parameters. These are discount rates, vaccine efficacy, influenza
incidence, influenza complication rates, and vaccine price [27]. Furthermore, when relative
vaccine efficacy estimates for aTIV/aQIV and high-dose TIV/high-dose QIV are compara-
ble, the vaccine acquisition price can be the main driver of cost-effectiveness estimates [11].
Under these circumstances, robust comparative assessment is challenging, as the acquisi-
tion price of vaccines is not always transparent due to proprietary negotiation and rebates.
However, to address this, some studies have employed adjustment methods to estimate
acquisition and administration costs [27,28]. A number of other factors were also identified



Vaccines 2024, 12, 523 13 of 16

during critical appraisal of the papers (using the CHEC-checklist) and assessment of the
quality of reporting of studies (using the CHEERS 2022 checklist).

One such factor was the choice of modelling approach used. Dynamic transmission
models can account for changes in the incidence of the disease over time, the interactions
between vaccinated and unvaccinated individuals, and the potential emergence of new
variants of the disease. Such complex models are extremely valuable in infectious disease
modelling, as they can incorporate varying disease state disutility inputs, likelihood of
transition between different disease states, and duration of disease [29,30]. These models
have feedback loops, as the probability of a susceptible individual becoming infected at
any one point in time (the force of infection) is related to the number of infections in the
population and will change over time and feed back into the future force of infection [31].
Static models use a fixed rate of infection and do not measure the indirect impact of
vaccination, such as herd immunity. Half of the studies reviewed employed a hybrid
approach, using dynamic modelling for the epidemiological compartment of the model
paired with a static decision tree. The impact of dynamic models over static models will
be more pronounced in countries with universal vaccination compared to countries with
influenza vaccination restricted to elderly and high-risk groups [9]. Hence, this may lead
to underestimating the total savings from vaccination, but it does not change the main
conclusions of this review.

Cost-effectiveness data can inform health policy and resource allocation decisions, but
they require transparent and rigorous modelling. However, none of the studies we reviewed
shared their models openly, which limits the validity and applicability of their findings.
This is a common problem in both academic and industry settings, where code-sharing is
not yet incentivised [31,32]. We also found that the quality of reporting was inconsistent
across studies, especially regarding the justification and precision of the model parameters.
For example, some studies did not report in detail how they estimated the healthcare
costs of influenza complications or productivity losses, and the measurement of influenza
morbidity was frequently based on older studies or using data from different jurisdictions.

More complex models may not necessarily improve the cost-effectiveness estimates
of aQIV, as they still depend on assumptions to fill the gaps in the existing literature.
Therefore, we suggest using real-world evidence (RWE) to address these gaps and provide
more reliable data. Postma and colleagues (2023) provide a thorough overview of the
many issues relating to the use of RWE in cost-effectiveness analyses of enhanced influenza
vaccines in older adults [11]. Additionally, we recommend making the models open-access
for the purposes of transparency and so they can be updated or recalculated as new or
revised data become available. An example of an open-access economic model can be
found in Chit et al. (2015) [33].

Two points of note: First, as the number of circulating strains can vary over time, the
relative cost-effectiveness of trivalent and quadrivalent vaccines may vary. While formally
outside the scope of this review, it has been shown that enhanced trivalent influenza vac-
cines (aTIV and high-dose TIV) are more effective compared with standard-dose vaccines
(standard-dose TIV) in preventing influenza-related hospitalisations and deaths in older
adults. Several systematic reviews have assessed the economic value of aTIVs in this
population using different methods, perspectives, and settings [8,11,30,34–36]. The results
vary depending on the assumptions and parameters used, but most studies suggest that
aTIVs are cost-effective or cost-saving compared to other standard-dose influenza vaccines.
As with aQIV, differences in relative vaccine effectiveness estimates and acquisition price
can drive differences in cost-effectiveness estimates between enhanced vaccines, especially
in seasons with a poor vaccine match or a high disease burden. Similar to our findings
with respect to the cost-effectiveness of aQIV, factors that influence the cost-effectiveness
of aTIVs include vaccine price, vaccine uptake, vaccine effectiveness, influenza incidence,
and healthcare costs associated with influenza complications. However, it should be noted
that there is a lack of head-to-head comparisons between QIV, high-dose TIV, and aTIV.
Furthermore, owing to influenza virus mutations and the potential for vaccine mismatch
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data used to populate cost-effectiveness models, data should be drawn from multiple
influenza seasons. The disappearance of the B Yamagata strain over the past four seasons,
for example, may be material in future considerations in this regard. Second, access to
vaccines may well impact uptake, which in turn may impact the risk of reinfection as well
as the equity of health outcomes. Where access to aQIV is dependent on the ability to pay,
its effectiveness and cost-effectiveness may be adversely impacted and health inequalities
widened. These factors warrant consideration as part of the broader issues that may feature
in a health technology assessment of the intervention.

A possible perceived weakness of this study is the industry involvement in funding
or sponsoring all the included studies. This is not uncommon in this field, as shown by
other systematic reviews [8,9]. However, this could raise doubts about the study outcomes,
as the sponsors might favour results that benefit their products. This underscores our
recommendation that clear and detailed technical documentation of the model and its
conclusions should be made available. For instance, the only paper that differed from the
others (Rumi et al., 2023) [26] used a different relative vaccine effectiveness assumption
to estimate a key factor for cost-effectiveness, for which they offer an explanation. Such
technical appendices allow the reader to examine the model structure, assumptions, and
inputs carefully.

Moreover, this review only considered studies that were peer reviewed. Another
review of adjuvanted trivalent influenza vaccines included conference abstracts to reduce
publication bias [8]. However, we chose to exclude conference abstracts, as they may have
incomplete, inaccurate, or preliminary results that are not appropriate for a systematic re-
view. Finally, the review was not registered with PROSPERO. The rationale for registration
is to avoid duplication of effort, foster collaboration, and minimise bias, as there is less
room for selective reporting or outcome switching. However, the aim of this review was to
provide timely and robust evidence on the cost-effectiveness of adjuvanted quadrivalent
influenza vaccines. There are no caveats attached to the research question suggestive of a
change in direction mid-review.

5. Conclusions

Information on the cost-effectiveness of aQIV among older persons is needed to inform
reimbursement decisions. This study found ten papers that estimated the cost-effectiveness
of aQIV for older persons against seasonal influenza. Nine papers, including those that
deployed more sophisticated dynamic modelling techniques, concurred that aQIV was
cost-effective or cost-saving relative to standard-dose QIV, high-dose QIV, and recombinant
QIV. The one paper with contrary findings adopted a distinct modelling approach. While
all models had limitations, based on the analyses presented, it is reasonable to conclude
that there is a broad consensus as to the cost-effectiveness of aQIV in this population group.
Further work in the area is warranted specifically to address gaps in the quality of data
input into models and the transparency of models. Policymakers should also be alert to
broader equity and efficiency considerations that may arise, especially where access is
conditional on factors other than need.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/vaccines12050523/s1, Table S1: PICO search strategy; Table S1:
CHEERS (2022) checklist; Table S3: Costs updated to EUR €2023.

Author Contributions: Conceptualization, C.O. and G.E.C.; methodology, C.O. and G.E.C.; formal
analysis, C.O. and G.E.C.; investigation, C.O. and G.E.C.; resources and data curation, C.O. and
G.E.C.; writing—original draft preparation, G.E.C.; writing—review and editing, C.O. and G.E.C.;
project administration, C.O. and G.E.C.; funding acquisition, C.O. All authors have read and agreed
to the published version of the manuscript.

Funding: The paper is based on a report reviewing the literature on cost-effectiveness adjuvanted.quadrivalent
influenza vaccine in older-age adults prepared for CSL Seqirus. Article processing charges were also
provided by CSL Seqirus.

https://www.mdpi.com/article/10.3390/vaccines12050523/s1
https://www.mdpi.com/article/10.3390/vaccines12050523/s1


Vaccines 2024, 12, 523 15 of 16

Conflicts of Interest: This article was sponsored by and designed in conjunction with CSL Seqirus.
CSL Seqirus were not involved in the execution, interpretation, or writing of this study.

References
1. World Health Organization. Influenza (Seasonal). Available online: https://www.who.int/news-room/fact-sheets/detail/

influenza-(seasonal) (accessed on 30 January 2024).
2. World Health Organization. Estimating Disease Burden of Influenza. Available online: https://www.who.int/europe/health-

topics/influenza-seasonal/estimating-disease-burden-of-influenza (accessed on 30 January 2024).
3. Putri, W.C.W.S.; Muscatello, D.J.; Stockwell, M.S.; Newall, A.T. Economic burden of seasonal influenza in the United States.

Vaccine 2018, 36, 3960–3966. [CrossRef] [PubMed]
4. Langer, J.; Welch, V.L.; Moran, M.M.; Cane, A.; Lopez, S.M.C.; Srivastava, A.; Enstone, A.; Sears, A.; Markus, K.; Heuser, M.; et al.

The Cost of Seasonal Influenza: A Systematic Literature Review on the Humanistic and Economic Burden of Influenza in Older
(≥65 Years Old) Adults. Adv. Ther. 2024, epub ahead of print. [CrossRef] [PubMed]

5. CDC Vaccine Effectiveness: How Well Do Flu Vaccines Work? 2022. Available online: https://www.cdc.gov/flu/vaccines-work/
vaccineeffect.htm (accessed on 30 January 2024).

6. CDC What Are the Benefits of Flu Vaccination? 2022. Available online: https://www.cdc.gov/flu/prevent/vaccine-benefits.htm
(accessed on 30 January 2024).

7. Beyer, W.E.; McElhaney, J.; Smith, D.J.; Monto, A.S.; Nguyen-Van-Tam, J.S.; Osterhaus, A.D. Cochrane re-arranged: Support for
policies to vaccinate elderly people against influenza. Vaccine 2013, 31, 6030–6033. [CrossRef] [PubMed]

8. Loperto, I.; Simonetti, A.; Nardone, A.; Triassi, M. Use of adjuvanted trivalent influenza vaccine in older-age adults: A systematic
review of economic evidence. Hum. Vaccin. Immunother. 2019, 15, 1035–1047. [CrossRef] [PubMed]

9. de Boer, P.T.; van Maanen, B.M.; Damm, O.; Ultsch, B.; Dolk, F.C.K.; Crépey, P.; Pitman, R.; Wilschut, J.C.; Postma, M.J. A
systematic review of the health economic consequences of quadrivalent influenza vaccination. Expert Rev. Pharmacoecon. Outcomes
Res. 2017, 17, 249–265. [CrossRef] [PubMed]

10. Demicheli, V.; Jefferson, T.; Di Pietrantonj, C.; Ferroni, E.; Thorning, S.; Thomas, R.E.; Rivetti, A. Vaccines for preventing influenza
in the elderly. Cochrane Database Syst. Rev. 2018, 2, CD004876. [CrossRef]

11. Postma, M.; Fisman, D.; Giglio, N.; Márquez-Peláez, S.; Nguyen, V.H.; Pugliese, A.; Ruiz-Aragón, J.; Urueña, A.; Mould-Quevedo,
J. Real-World Evidence in Cost-Effectiveness Analysis of Enhanced Influenza Vaccines in Adults ≥ 65 Years of Age: Literature
Review and Expert Opinion. Vaccines 2023, 11, 1089. [CrossRef] [PubMed]

12. Mandrik, O.L.; Severens, J.L.H.; Bardach, A.; Ghabri, S.; Hamel, C.; Mathes, T.; Vale, L.; Wisløff, T.; Goldhaber-Fiebert, J.D. Critical
Appraisal of Systematic Reviews with Costs and Cost-Effectiveness Outcomes: An ISPOR Good Practices Task Force Report.
Value Health 2021, 24, 463–472. [CrossRef] [PubMed]

13. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; The PRISMA Group. Preferred reporting items for systematic reviews and
meta-analyses: The PRISMA Statement. PLoS Med. 2008, 6, e1000097. [CrossRef]

14. Wijnen, B.; Van Mastrigt, G.; Redekop, W.K.; Majoie, H.; De Kinderen, R.; Evers, S. How to prepare a systematic review of
economic evaluations for informing evidence-based healthcare decisions: Data extraction, risk of bias, and transferability (part
3/3). Expert Rev. Pharmacoecon. Outcomes Res. 2016, 16, 723–732. [CrossRef]

15. Evers, S.; Goossens, M.; de Vet, H.; van Tulder, M.; Ament, A. Criteria list for assessment of methodological quality of economic
evaluations: Consensus on Health Economic Criteria. Int. J. Technol. Assess Health Care 2005, 21, 240–245. [CrossRef] [PubMed]

16. Husereau, D.; Drummond, M.; Augustovski, F.; de Bekker-Grob, E.; Briggs, A.H.; Carswell, C.; Caulley, L.; Chaiyakunapruk, N.;
Greenberg, D.; Loder, E.; et al. Consolidated Health Economic Evaluation Reporting Standards 2022 (CHEERS 2022) Statement:
Updated Reporting Guidance for Health Economic Evaluations. Value Health 2022, 25, 3–9. [CrossRef] [PubMed]

17. Kohli, M.A.; Maschio, M.; Mould-Quevedo, J.F.; Drummond, M.; Weinstein, M.C. The cost-effectiveness of an adjuvanted
quadrivalent influenza vaccine in the United Kingdom. Hum. Vaccines Immunother. 2021, 17, 4603–4610. [CrossRef] [PubMed]

18. Calabrò, G.E.; Boccalini, S.; Panatto, D.; Rizzo, C.; Di Pietro, M.L.; Abreha, F.M.; Ajelli, M.; Amicizia, D.; Bechini, A.; Giacchetta,
I.; et al. The New Quadrivalent Adjuvanted Influenza Vaccine for the Italian Elderly: A Health Technology Assessment. Int. J.
Environ. Res. Public Health 2022, 19, 4166. [CrossRef] [PubMed]

19. Fochesato, A.; Sottile, S.; Pugliese, A.; Márquez-Peláez, S.; Toro-Diaz, H.; Gani, R.; Alvarez, P.; Ruiz-Aragón, J. An Economic
Evaluation of the Adjuvanted Quadrivalent Influenza Vaccine Compared with Standard-Dose Quadrivalent Influenza Vaccine in
the Spanish Older Adult Population. Vaccines 2022, 10, 1360. [CrossRef] [PubMed]

20. Kohli, M.A.; Maschio, M.; Cartier, S.; Mould-Quevedo, J.; Fricke, F.U. The Cost-Effectiveness of Vaccination of Older Adults with
an MF59-Adjuvanted Quadrivalent Influenza Vaccine Compared to Other Available Quadrivalent Vaccines in Germany. Vaccines
2022, 10, 1386. [CrossRef] [PubMed]

21. Ruiz-Aragón, J.; Márquez-Peláez, S.; Gani, R.; Alvarez, P.; Guerrero-Luduena, R. Cost-Effectiveness and Burden of Disease for
Adjuvanted Quadrivalent Influenza Vaccines Compared to High-Dose Quadrivalent Influenza Vaccines in Elderly Patients in
Spain. Vaccines 2022, 10, 176. [CrossRef] [PubMed]

https://www.who.int/news-room/fact-sheets/detail/influenza-(seasonal)
https://www.who.int/news-room/fact-sheets/detail/influenza-(seasonal)
https://www.who.int/europe/health-topics/influenza-seasonal/estimating-disease-burden-of-influenza
https://www.who.int/europe/health-topics/influenza-seasonal/estimating-disease-burden-of-influenza
https://doi.org/10.1016/j.vaccine.2018.05.057
https://www.ncbi.nlm.nih.gov/pubmed/29801998
https://doi.org/10.1007/s12325-023-02770-0
https://www.ncbi.nlm.nih.gov/pubmed/38261171
https://www.cdc.gov/flu/vaccines-work/vaccineeffect.htm
https://www.cdc.gov/flu/vaccines-work/vaccineeffect.htm
https://www.cdc.gov/flu/prevent/vaccine-benefits.htm
https://doi.org/10.1016/j.vaccine.2013.09.063
https://www.ncbi.nlm.nih.gov/pubmed/24095882
https://doi.org/10.1080/21645515.2019.1578597
https://www.ncbi.nlm.nih.gov/pubmed/30735465
https://doi.org/10.1080/14737167.2017.1343145
https://www.ncbi.nlm.nih.gov/pubmed/28613092
https://doi.org/10.1002/14651858.CD004876.pub4
https://doi.org/10.3390/vaccines11061089
https://www.ncbi.nlm.nih.gov/pubmed/37376478
https://doi.org/10.1016/j.jval.2021.01.002
https://www.ncbi.nlm.nih.gov/pubmed/33840423
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1080/14737167.2016.1246961
https://doi.org/10.1017/S0266462305050324
https://www.ncbi.nlm.nih.gov/pubmed/15921065
https://doi.org/10.1016/j.jval.2021.11.1351
https://www.ncbi.nlm.nih.gov/pubmed/35031096
https://doi.org/10.1080/21645515.2021.1971017
https://www.ncbi.nlm.nih.gov/pubmed/34550848
https://doi.org/10.3390/ijerph19074166
https://www.ncbi.nlm.nih.gov/pubmed/35409848
https://doi.org/10.3390/vaccines10081360
https://www.ncbi.nlm.nih.gov/pubmed/36016247
https://doi.org/10.3390/vaccines10091386
https://www.ncbi.nlm.nih.gov/pubmed/36146464
https://doi.org/10.3390/vaccines10020176
https://www.ncbi.nlm.nih.gov/pubmed/35214635


Vaccines 2024, 12, 523 16 of 16

22. Jacob, J.; Biering-Sørensen, T.; Holger Ehlers, L.; Edwards, C.H.; Mohn, K.G.; Nilsson, A.; Hjelmgren, J.; Ma, W.; Sharma, Y.;
Ciglia, E.; et al. Cost-Effectiveness of Vaccination of Older Adults with an MF59®-Adjuvanted Quadrivalent Influenza Vaccine
Compared to Standard-Dose and High-Dose Vaccines in Denmark, Norway, and Sweden. Vaccines 2023, 11, 753. [CrossRef]
[PubMed]

23. Marbaix, S.; Dauby, N.; Mould-Quevedo, J. Cost-effectiveness of the adjuvanted quadrivalent influenza vaccine in the elderly
Belgian population. Expert Rev. Vaccines 2023, 22, 608–619. [CrossRef]

24. Nguyen, V.H.; Ashraf, M.; Mould-Quevedo, J.F. Cost-Effectiveness of the Use of Adjuvanted Quadrivalent Seasonal Influenza
Vaccine in Older Adults in Ireland. Vaccines 2023, 11, 933. [CrossRef]

25. Ruiz-Aragón, J.; Márquez-Peláez, S. An Economic Comparison in the Elderly of Adjuvanted Quadrivalent Influenza Vaccine with
Recombinant Quadrivalent Influenza Vaccine in Spain. Vaccines 2023, 11, 427. [CrossRef] [PubMed]

26. Rumi, F.; Basile, M.; Cicchetti, A.; Alvarez, F.P.; Azzi, M.V.; Muzii, B. Cost-effectiveness for high dose quadrivalent versus the
adjuvanted quadrivalent influenza vaccine in the Italian older adult population. Front. Public Health 2023, 11, 1200116. [CrossRef]

27. Walker, D.G.; Hutubessy, R.; Beutels, P. WHO Guide for standardisation of economic evaluations of immunization programmes.
Vaccine 2010, 28, 2356–2359. [CrossRef] [PubMed]

28. O’Reilly, D.J.; Blackhouse, G.; Burns, S.; Bowen, J.M.; Burke, N.; Mehltretter, J.; Waite, N.M.; Houle, S.K. Economic analysis
of pharmacist-administered influenza vaccines in Ontario, Canada. ClinicoEcon. Outcomes Res. 2018, 10, 655–663. [CrossRef]
[PubMed]

29. Pitman, R.; Fisman, D.; Zaric, G.S.; Postma, M.; Kretzschmar, M.; Edmunds, J.; Brisson, M.; ISPOR-SMDM Modeling Good
Research Practices Task Force. Dynamic transmission modeling: A report of the ISPOR-SMDM Modeling Good Research Practices
Task Force--5. Value Health 2012, 15, 828–834. [CrossRef] [PubMed]

30. Loong, D.; Pham, B.; Amiri, M.; Saunders, H.; Mishra, S.; Radhakrishnan, A.; Rodrigues, M.; Yeung, M.W.; Muller, M.P.; Straus,
S.E.; et al. Systematic Review on the Cost-Effectiveness of Seasonal Influenza Vaccines in Older Adults. Value Health 2022, 25,
1439–1458. [CrossRef] [PubMed]

31. Dunlop, W.C.N.; Mason, N.; Kenworthy, J.; Akehurst, R.L. Benefits, Challenges and Potential Strategies of Open Source Health
Economic Models. Pharmacoeconomics 2017, 35, 125–128. [CrossRef]

32. Feenstra, T.; Corro-Ramos, I.; Hamerlijnck, D.; van Voorn, G.; Ghabri, S. Four Aspects Affecting Health Economic Decision
Models and Their Validation. Pharmacoeconomics 2022, 40, 241–248. [CrossRef]

33. Chit, A.; Roiz, J.; Aballea, S. An Assessment of the Expected Cost-Effectiveness of Quadrivalent Influenza Vaccines in Ontario,
Canada Using a Static Model. PLoS ONE 2015, 10, e0133606. [CrossRef]

34. Gärtner, B.C.; Weinke, T.; Wahle, K.; Kwetkat, A.; Beier, D.; Schmidt, K.J.; Schwarz, T.F. Importance and value of adjuvanted
influenza vaccine in the care of older adults from a European perspective—A systematic review of recently published literature
on real-world data. Vaccine 2022, 40, 2999–3008. [CrossRef]

35. Colrat, F.; Thommes, E.; Largeron, N.; Alvarez, F.P. Economic evaluation of high-dose inactivated influenza vaccine in adults
aged >/=65 years: A systematic literature review. Vaccine 2021, 39 (Suppl. S1), A42–A50. [CrossRef] [PubMed]

36. Shields, G.E.; Elvidge, J.; Davies, L.M. A systematic review of economic evaluations of seasonal influenza vaccination for the
elderly population in the European Union. BMJ Open 2017, 7, e014847. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/vaccines11040753
https://www.ncbi.nlm.nih.gov/pubmed/37112667
https://doi.org/10.1080/14760584.2023.2229917
https://doi.org/10.3390/vaccines11050933
https://doi.org/10.3390/vaccines11020427
https://www.ncbi.nlm.nih.gov/pubmed/36851304
https://doi.org/10.3389/fpubh.2023.1200116
https://doi.org/10.1016/j.vaccine.2009.06.035
https://www.ncbi.nlm.nih.gov/pubmed/19567247
https://doi.org/10.2147/CEOR.S167500
https://www.ncbi.nlm.nih.gov/pubmed/30498367
https://doi.org/10.1016/j.jval.2012.06.011
https://www.ncbi.nlm.nih.gov/pubmed/22999132
https://doi.org/10.1016/j.jval.2022.03.011
https://www.ncbi.nlm.nih.gov/pubmed/35659487
https://doi.org/10.1007/s40273-016-0479-8
https://doi.org/10.1007/s40273-021-01110-w
https://doi.org/10.1371/journal.pone.0133606
https://doi.org/10.1016/j.vaccine.2022.04.019
https://doi.org/10.1016/j.vaccine.2020.12.036
https://www.ncbi.nlm.nih.gov/pubmed/33518466
https://doi.org/10.1136/bmjopen-2016-014847
https://www.ncbi.nlm.nih.gov/pubmed/28601824

	Introduction 
	Methods 
	Eligibility Criteria 
	Search Strategy 
	Handling Searches 
	Selection of Studies 
	Data Extraction and Management 
	Assessment of Study Quality 
	Data Synthesis 

	Results 
	Systematic Search 
	Characteristics of Included Studies 
	Study Design 
	Presentation of Findings 
	Evidence on the Cost-Effectiveness of aQIV versus Standard-Dose QIV 
	Evidence on the Cost-Effectiveness of aQIV versus High-Dose QIV 
	Evidence on the Cost-Effectiveness of aQIV Compared to Recombinant QIV 


	Discussion 
	Conclusions 
	References

