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Influenza poses a major public health concern in the United States (US) and globally'?,
particularly among high-risk groups such as individuals with chronic conditions, those
with weakened immune systems, and older adults®. Influenza infections can lead to
severe outcomes, exacerbating the economic burden of the disease*®. In response,
new vaccine technologies, including enhanced vaccines, have been developed to
achieve greater effectiveness than that found with traditional standard dose (SD)
influenza vaccines'. While these enhanced vaccines may be of particular benefit to
high-risk populations, they also come with a relatively higher cost'-. To assess the
trade-offs between higher costs and effectiveness, cost-effectiveness or cost-utility
analyses have been crucial for supporting and optimizing resource allocation among

decision-makers worldwide.

Enhanced influenza vaccines, which include high-dose (HD) inactivated influenza
vaccines (IIVs), adjuvanted influenza vaccines (Adj-1Vs), cell-cultured I1Vs, and
recombinant influenza vaccines (RIVs), are designed to improve vaccine effectiveness

(VE) 678, Each of these vaccines has different manufacturing processes as well as
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different properties. Traditional vaccine manufacturing processes, which have been
used for >70 years, involve replicating candidate vaccine viruses in embryonated
chicken eggs®. HD-IIVs and Adj-IVs are both egg-based influenza vaccines; HD-IVs
vaccines contain four times the amount of hemagglutinin (HA) protein as SD egg-based
vaccines'0. Adj-1Vs are SD inactivated vaccines that contain adjuvant, an added
ingredient to elicit a stronger immune response . In contrast, cell-cultured vaccines, US
Food and Drug Administration (FDA) approved since 2012, replicate in cultured
mammalian cells, potentially allowing for a faster manufacturing process®. The fastest
method involves recombinant influenza vaccines (FDA approved in 2013), which are
synthetically manufactured by targeting HA genes, thus eliminating reliance on chicken-

egg supply and susceptibility to antigenic drift during production®2,

Vaccination Strategies and Cost-Effectiveness

The Centers for Disease Control and Prevention and the Advisory Committee on
Immunization Practices recommend the use of higher dose influenza vaccines
(including HD inactivated and recombinant vaccines) or Adj-IVs over SD unadjuvanted
vaccines for adults aged >65 years'3. With rising health care costs, health systems are
seeking to optimize their vaccine strategies to maximize both population health
outcomes and cost efficiency'. Physician leaders and administrators are under
significant pressures, including competing priorities and complex decisions that require
attention to costs while maintaining the focus and goal of providing the best health care
options to patients'4. The annual economic burden of influenza in the US in 2015 was

estimated at about $5.8 billion, accounting for ~65% of the total annual economic



burden caused by other vaccine-preventable diseases®. In another study, the average
annual total economic burden of influenza to the health system and society was
estimated at $11.2 billion*. Recent data indicate that nine out of ten influenza
hospitalization cases involved at least one underlying chronic condition, highlighting the

need for effective vaccination strategies in this demographic?.

A greater number of patients aged >50 years have chronic conditions than in younger
populations and influenza vaccination in adults aged 50-64 years has previously been
shown to be cost-effective’>2"; however, many individuals in this age group remain
uninsured or face high health-related financial burdens?2. This age group contributes
significantly to the economic and societal implications of influenza, as evidenced by the
fact that influenza infections accounted for 67% of the estimated annual economic

burden of vaccine-preventable diseases in 2015°.

Societal Perspective on the Cost-Effectiveness of an Enhanced

Influenza Vaccine in Adults Younger Than Age 65 Years

In the analysis by Nowalk et al., among working-age adults aged 18-64 years,
vaccination with recombinant quadrivalent influenza vaccine (RIV4) was associated with
a cost of $94,186 per quality-adjusted life year (QALY) gained, while for the age 50—64-
year subgroup, the cost was $61,329 per QALY gained®. Adopting a 100,000 per QALY
threshold, RIV4 was more effective and cost-effective relative to SD quadrivalent [IV
(SD-11V4), which encompassed both egg and cell-based SD influenza vaccines. RIV4
was cost-effective among the group aged 18-64 years, particularly among those aged

50-64 years®.



A sensitivity analysis of model parameters indicated significant variability in outcomes
within the group aged 18-64 years, influenced by factors such as VE for inpatient
hospitalization and outpatient RIV4, VE for inpatient hospitalization and outpatient SD-
[IV4, the cost of RIV4, and influenza attack rates. A focused examination of cost-per-
QALY (ICER) sensitivity to RIV4 VE for outpatient scenarios revealed that, for
individuals aged 18-64 years, RIV4 ceased to be cost-effective at a threshold of
$100,000 per QALY when the absolute VE of RIV4 relative to SD-1IV4 was 4% or less.
Among those aged 50—-64 years, however, RIV4 remained cost-effective under all

conditions, likely because of the higher disease burden in this cohort®.

Further analysis of inpatient-specific VE thresholds showed that RIV4 would not be
cost-effective at more than $100,000 per QALY if the absolute VE relative to SD-11V4
was <19% for the group aged 18-64 years or <13% for the cohort aged 50-64 years®.
Comparing cost-per-dose of RIV4 with its absolute VE relative to SD-11V4, sensitivity
analysis demonstrated that with a VE difference of 5% for outpatients or 20% for
inpatients, the cost-effective price was approximately $57.50 for those aged 18—64

years and >$70 for those aged 50-64 years®.

The projected annual public health effects of influenza vaccination strategies indicate
that the use of RIV4 instead of SD-11V4 could result in thousands fewer influenza-related
hospitalizations and hundreds of thousands of outpatient office visits and hundreds of
thousands fewer infections (Figure 1), assuming 40% vaccine uptake®. While adults
aged 50-64 years accounted for about 31% of the study population (62,788,435 of
199,841,852), and an equivalent proportion of the decrease in cases (~31%) occurred in

this age group, a higher proportion of the decreases in hospitalizations (~44%) and
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most of the decreases in deaths (~59%) occurred in those aged 50—64 years®,
assuming 40% vaccine uptake. The model did not capture information about the
presence of chronic conditions; however, this finding may reflect the likelihood of
chronic conditions observed in this age group and highlights the potential benefit of an
enhanced vaccine strategy beyond a focus on adults aged =65 years. Future research
could potentially quantify the effects of chronic conditions and may further elucidate the
effectiveness and cost-effectiveness of using an enhanced vaccine strategy in the
overall population, including younger (aged 18—64 years) adults. One study estimated
that 14% of younger working age adults (aged 18—49 years) had clinical risk conditions
for influenza but represented more than 28% of influenza hospitalizations in that age
group?3. Furthermore, the study model predicted that using RIV4 among adults with
clinical risk conditions in the US could prevent nearly 9000 hospitalizations (in adults 50-
64 years of age) and >1000 hospitalizations (in adults 18-49 years of age) due to
influenza each season 23. Accordingly, health systems and policymakers may opt for
preferential product use in select age/risk groups (eg. 50—64-year-olds) to maximize

cost-benefit ratios.



Figure 1. Annual Projected Public Health Benefits to a RIV4-Vaccination Strategy
vs. Standard Dose Among Adults Aged 50-64 Years (N=62,788,435) and Aged 18-

64 Years Overall (N=199,841,852)5*

90,516 597

fewer outpatient visits fewer deaths

among adults among adults

aged 50-64 years aged 50-64 years

SD-1lv4 7,279,189 SD-IIV4 3,130,051 SD-1lv4 80,730 SD-IlV4 5407
RIV4 7,068,687 RIV4 3,039,535 RIV4 71,804 RIV4 4810
261,293 1018

fewer outpatient visits fewer deaths
overall overall
SD-IlV4 23,168,068 SD-1lV4 9,035,546 SD-1lv4 181,316 SD-Ilv4 9211
RIV4 22,498,084 RIV4 8,774,253 RIV4 161,270 RIV4 8193

*Assuming 40% vaccine uptake

Table Adapted from Table 4, Norwalk, M.P. et al.
Available Open access under Creative Common CC-BY license.
©2024 The Authors. Published by Elsevier Ltd.

Conclusion

Decision-making related to annual influenza vaccination challenges physician leaders
and administrators to balance competing priorities between the improved effectiveness
associated with new vaccine technologies with their relatively higher costs?*.
Consequently, health systems and policymakers may consider preferential use of

enhanced vaccines such as recombinant influenza vaccine in select age and risk
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groups, particularly individuals aged 50-64years, to optimize protection for the adult

population’.
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