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Vaccines are widely regarded as one ofthe mostimportant public health achievements of the last
century (Centers for Disease Control and Prevention (CDC), 2011; Levine et al., 2011). Recent
literature, however, highlights gaps between what policymakers typically count as vaccine benefits
and the full benefits that vaccines confer (Jitetal., 2015; Bloomet al., 2017; Gessner et al., 2017;
Mauskopfet al., 2018). Failureto consider substantial portionsofvaccines'full benefits, referred to
as ‘broader’ benefits, can lead to undervaluing vaccines. This, in turn, may lead to suboptimal
vaccine development, recommendation, and reimbursementdecisions (Bloometal., 2018).

OHE is undertaking aresearch programme called the

Theoverarchingaimofthe BRAVE initiativeis to increase recognition of
the broader value elements of vaccines and consistency oftheir assessmentwithinHTAand wider
decision-making processes in nine target markets. These markets are Belgium, Canada, France,
Germany, Italy, Japan, Sweden, the UK and the US.

The activities ofthe BRAVE initiative to date are incorporated into this paper, the ‘BRAVE
narrative’. The BRAVE narrative firstdescribes the current ‘state-of-play’ of vaccine assessments in
arange of higher-income countries. Based on insights from a Roundtable with academic and HTA
experts in each country, the narrative then goes on to recommend on how (pragmatic) use ofthe
newest and mostadvanced evidence and analytics might facilitate consideration ofthe broader
value of newvaccines. Future work will involve engaging with other stakeholders in vaccines
assessmentin these target markets to investigate the feasibility and desirability ofimplementing
these recommendations for broader value assessmentofvaccines. Thefinal ‘BRAVE narrative’ will
ultimately be disseminated as a science and policy paper.

Traditionally, HTA considers “only benefits in terms ofimproved health, reduced health care costs
and resource use (and improved quality of care) and short-term productivity increases to patients
and their caregivers” (WHO, 2019). However, vaccines can also generate substantial externalities
(indirecteffects on third parties) thatare not necessarily observed with other types of medical
interventions (Mauskopfetal., 2018). In the contextofhealth care, these are benefits and costs to
the health system beyond those attributable to the treated patient. Beyond the health system
perspective, vaccines mightalso have socialand economic externalities which areimportantto
society. Consideration ofthese broader benefits should be applied to all interventions funded by the
same budget, where they are relevant, in order for consistentdecision-making (Jitand Hutubessy,
2016; WHO, 2019). However, some of the broader benefits are unique, or unusually large, in the
case ofvaccines (Mauskopfetal., 2018). As aresult, the estimated cost-effectiveness of vaccines
in comparisonto otherinterventionsis systematically disadvantaged comparedto the true cost-
effectiveness (Beutels et al., 2008), leading to sub-optimal prioritisation of health care budgets.

In recentyears, a number of frameworks have been proposed to conceptualise the full value
generated by vaccinations (Barnighausen etal., 2011, 2014; Bloomet al., 2017; Deogaonkar etal.,
2012; Jit and Hutubessy, 2016). Recognisingthe many overlaps between these frameworks, OHE
has developed asynthesising framework designed to provide acomprehensive overview ofthe
categories of effects which mightresultfromvaccination (see Figure 1).
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Figure 1: OHE Value Framework
Notes: QoL = Quality of Life; AMR = antimicrobial resistance.

Recognisingtheincreasing academic consensus thatvaccines generate value which is nottypically
covered within HTAand the wider decision-making processes they support, the International
Society for Pharmacoeconomicsand Outcomes Research (ISPOR) and the WHO haverecently
published guidelines on the HTA of vaccines which explicitly advise on howthese could, and
should, incorporate broader value! (Mauskopfet al., 2018; WHO, 2019). In 2016, a convening of
experts from the European vaccines economics community organised by the Robert Koch Institute
developed asimilar consensus framework intended to supportthe developmentof national
guidelines in Europe (Ultschetal., 2016). Section 2.3 summarises the recommendationscoveredin
these three publications.

Thesethree publications argue for comprehensive consideration of the narrow and broad effects of
vaccines on both health and economic outcomes —although they recognise thatthe choice of
whether to incorporate burden of disease, social equity, productivity costs and macroeconomic
effects is ultimately dependenton the objective function ofthe decision-maker.

The below table illustrates how HTA and broader decision-making processes in the countriesinour
sample consider the value elements identified in our framework. Thisis based on areview ofthe
published HTAmethodologies in each country, to establish which value elements are explicitly
recognised as potential components of aformal HTA. In cases where there is no formal reference
to a value element, we supplementthis with thefindingsfromarapid literature review and written
feedback fromrecognised vaccines experts within each ofthe countries in our sample, to determine
whether it mightbe informally considered within HTAand the wider decision-making process, and
the frequency with which this takes place. Ifa value element isinformally considered in the
assessments ofthe majority of vaccines to which itis relevant, this is defined as ‘commonly and
informally considered'.

! These guidelines focus on economic evaluations, which are the predominant method of HTA assessment in the
countries in our sample, and globally. HTA may also be carried out through evaluations of clinical effectiveness only (as
opposed toin tandem with economic effectiveness), although this is increasingly rare. Within our sample, only France
and Germany (sometimes) carry out evaluations of clinical effectiveness.
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Table 2: —matrix of value elements considered by country

* Note that although productivity of patients and carers should be considered according to the Japanese guidelines, to date thereis no evidence thatthis has
happened exceptin recentdiscussions of vaccinations for rotavirus (productivity of carers) —source: Pfizer Japan.

QoL = Quality of Life; AMR = Antimicrobial Resistance

Belgium Canada France Germany Italy Japan Sweden UK us

Disease impacton length oflife

Disease impacton QoL of patients

Disease impacton QoL of carers

Burden of disease

Value to otherinterventions

Transmissionvalue

Prevent the development of AMR

Social equity

Productivity of patients

Productivity of carers

Costs-offsetto health care system

Macroeconomic effects

Key: _ Commonly and informally considered | | Not considered




Comparing the current ‘state of play’in our sample countries with international recommendations
allows us to identify gaps between the two. Closing these gaps would achieve more consistent
recognition ofthe full value generated by vaccines.

For HTA policymakers and practitioners to fully recognise any aspect of value created by vaccines,
they must have:

= Evidence: empirical high-quality data demonstrating the value accrued for each relevant value
element

= Wilingness: motivation to incorporate this evidenceinto HTAand broader decision-making
processes

= Ability: technical/analytic tools and approaches to incorporate this evidence into HTAand
broader decision-making processes:

As such, gaps between the current ‘state of play’and full recognition can be conceptualised in
terms of constraints, or ‘hurdles’, which can presentin the form oflimited/no evidence, willingness,
and/or ability. Identifyingthese gaps and hurdles is akey step in developing aroadmap towards full
recognition ofthe broader value of vaccines.

In orderto identify gaps and hurdles, we developed an initial longlist based on our comparison of
the current‘state of play’ and international recommendations. This longlistwas then reviewed and
added to by experts on value assessmentofvaccines fromeach of our nine target markets, who
have backgrounds workingwithin HTAdecision-making bodies and/or academia. Two rounds of
shortlistingwere done to selectfive priority gaps for discussion atthe roundtable.

The primary foci ofthe roundtable discussions were, for each of the five prioritised value elements:

1. to understand which hurdles are between full recognition andthe current state ofplay in the
respective countries

2. to develop recommendations as to howthese hurdles in evidence, ability and willingness could
be overcome and full recognition achieved.

At the roundtable, each ofthe gaps was discussed in turn. Firstly, participants were asked to
positiontheir country on astylised roadmap representing to show whether they had already
surpassed, or had yetto overcome, hurdles in evidence, ability and willingness. Thiswas a
gualitative exerciseintended to generate discussion and provide asimplified visual ofacountry’s
positionwith respectto each gap. Secondly, participants were asked to discuss how the existing
hurdles (in any ofthe target markets) could be overcome.

A stylised representation ofthe BRAVE roadmap is provided in Figure 2. The roadmap should be
read fromleft to right. Theroadmap is populated by hurdles (in red) of three types: willingness (W),
ability (A) and evidence (E). The five priority gaps (P symbols in green) were positioned on the
roadmap to show wherethey are on theroad towards full recognition (indicated by full recognition
award symbol). As such the hurdles thatare considered overcome,i.e.on theleft hand side (or
behind) the priority-gap symbol and those thatremain to be crossed, i.e.on therighthand side (or
ahead) of the priority-gap symbol. (Itshould be noted thatthe order ofthe hurdles does notimply
that future progress wouldrely on addressing them sequentially; further discussion ofthis is



included in the priority-gap specific roadmaps). The position of each priority gap reflects the
average ofthe positions occupied by each target country with respectto that priority gap.
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Figure 2: The BRAVE Roadmap
Notes: W = willingness; A = Ability; E = Evidence; P1 = ‘Broad’ cost offsets at the community-level, P2 = Effects on
carer's health; P3 = Transmission value; P4 = Effects on AMR; P5 = Macroeconomic effects.

In Figure 2, the five priority gaps (Ps) are ordered fromthe closestto the farthestto full recognition:

P1: ‘Broad’ cost offsets at the community level are not comprehensively considered. Overall,
all countries are willing and able to consider cost offsets. However, evidence of ‘broad’ cost
offsets should beimproved to ensure that value is consistently recognised.

P2: Effects on carers’ health are not considered, or not consistently considered. The ability to
include effects on carers’ health is overall available, but the willingness to do so has notbeen

established in all countries, and the evidentiary standards could be improved.

P3: Transmission value is not consistently considered in all countries. Willingnessto model
transmissionvalueis overall available. While ability may improve through an effortto
standardise methods to advanced modelling approaches, the availability of good quality
evidenceis currently the main hurdle.

P4. Effects on AMR are rarely considered. Many countries have explicitly expressed their
willingness to consider AMR effects given therelated public health risks. Research on methods
and evidenceto quantify AMR effects is ongoing.

P5: Macroeconomic effects are rarely considered. Consideration of macroeconomic effects
requires rethinking many aspects ofthe value assessment approach ofvaccines, as well as
researching suitable evidence. So far, i.e. prior to the COVID-19 pandemic, and in the higher-
income countries under study, these efforts have been limited by the lack of recentexperience
with infectious diseases with significant macroeconomic effects.
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In lightofthe challenges described above, we identified areas for change and improvementin the
way that vaccines are assessed. Below, we listrecommendations for starting to address the
willingness, ability and evidence hurdles for each prioritised value element.

Willingness

= Stimulate decision makers and the public awareness of the significantimpacton carers’health
(P2) and macroeconomic effects (P5) that vaccines could help prevent by leveraging the global
experience with COVID-19, and further develop metrics and models to quantify this.

= As a complementary activity to the above, and showing that macroeconomic impactis not
unique to COVID-19 vaccine-preventable disease, develop ‘case studies’demonstrating the
impact of other vaccine-preventable diseases on carers’ health and macroeconomic effects.

= Effects on AMR are notuniqueto vaccines and can accrue fromvarious health technologies
such as antibiotics. In the countries where willingness is currently missing, theissue should be
addressed by promoting abroader discussion aroundtherole of HTA in rewarding the
incremental impactof preventing or mitigating AMR (P3) in all technologies expected to do so.

Ability

» Short-and long-termadaptations ofthe approaches for assessing vaccines should be
considered, when willingness to consider AMR (P4) and macroeconomic effects (P5) exists. In
the short-term, where the available evidence may notbe perceived sufficientto quantify the
impactof vaccines on AMR and macroeconomic effects, decision makers may consider aiding
resource allocation decisions with qualitative methods/ judgements (e.g. multi-criteriadecision
marking, MCDA). In the long-term, consideration of non-health effects (e.g. macroeconomic
effects) may require a permanentchange ofthe approaches to assess vaccines, either through
an adaptation oftraditional methods (e.g. differential cost-effectiveness thresholds) or adoption
of newones (e.g. macroeconomic models).

Evidence

= Targetthecollectionofevidenceof ‘broad’ cost offsets (P1) and carers’ health (P2) based on
the disease characteristics (e.g. high infectiousness) and the vaccine target population.

= More effortis needed to generate and maintain high-quality evidence oftransmission value and
effects on AMR. This requires i) continuation ofresearch thataims to generate evidenceon
infection dynamics, to estimate the impactofvaccines on the developmentofherd immunity
(P3) and of AMR (P4); ii) strengthening national surveillance systems of infection transmissions
(P3) and of resistantinfections spread (P4).

= Overall, efforts to improve the available evidence base around theimpact of vaccines may also
generate willingness on the decision makers’side. However, if both evidence and willingness
hurdles exist, they may be most effectively tackled simultaneously, rather than sequentially. For
example, an explicit statement of willingnessand commitment by the decision maker to
consider such evidence and an open dialogue with manufacturers of what the evidence should
look like may incentivise the development of further technical/analytic expertise where needed
and the evidence collection itself.
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The BRAVE narrative outlines the rationale for consideration of the broader value of vaccines;
describes the gaps which currently exist between full recognition of this broader value and
recognitioninthe HTAprocesses of nine target markets; and provides concrete recommendations
foraddressingfive ofthese priority gaps. For these recommendations to translate into policy
changerequires constructive conversation and ashared understanding of key issues. Beyond that,
it requires alignmentamong key stakeholdersand —ultimately — shared willingness, ability and data
to then make the change. Further work ofthe BRAVE initiative will address the willingness and
ability ofa broaderrange of stakeholders including payers, policymakers and HTA-bodies.

PP-VAC-GBR-1780 June 2021



Vaccines are widely regarded as one ofthe mostimportant public health achievements ofthe last
century (Centers for Disease Control and Prevention (CDC), Levineetal., 2011). They save the
lives of an estimated 2.5 million children ayear (Maurice and Davey, 2009), and with currentand
anticipated technological advances have the potential to preventafar greater number of deaths
and illnesses amongst children and adults (Levine etal., 2011). However, there isincreasing
consensus amongstauthoritative academic groupsand the World Health Organisation (WHO) that
vaccines have valuable health and economic effects which are not captured within traditional health
technology assessments (HTAs), and the wider decision-making processes they support. These
effects have been termed the ‘broader’ benefits of vaccinations, to underline that such benéefits fall
outsidethe scope oftraditional health technology assessments (WHO, 2019). In the context of
increasing pressure on health care budgets, the failure to recognise these broader benefits means
that decision-makers risk sub-optimal allocation of funding towards new vaccines and other
technologies with similar value profiles.

OHE is undertaking aresearch programme called the

Theoverarchingaimofthe BRAVE initiativeis to increase recognition of
the broader value elements of vaccines and consistency oftheir assessmentwithinHTAand wider
decision-making processes in nine target markets.

The activities ofthe BRAVE initiative to date are incorporated into this paper, the ‘BRAVE
narrative’. The BRAVE narrative firstdescribes the current ‘state of play’ of vaccine assessments in
arange of higher-income countries. Based on insights from a Roundtable with academic and HTA
experts in each country, the narrative then goes on to recommend how (pragmatic) use ofthe
newest and mostadvanced evidence and analytics mightfacilitate consideration ofthe broader
value of newvaccines. Therecommendationsincluded inthe BRAVE narrative were developed
considering the ‘broader’value dimensionsofvaccines, which typically fall outside traditional HTA
approaches. In this sense, vaccines are an exemplary case study to argue forrecognising the
‘broader’ value ofall technologies showing these effects.

We restrictour focus of study to a sample of higher-income markets that have relatively advanced
HTA and evidence-based decision-making processes, yetwithin which thereis still significant
variability. These markets are Belgium, Canada, France, Germany, Italy, Japan, Sweden, the UK
and the US.

Future work will involve engaging with other stakeholders in vaccines and health technologies
assessmentin these target markets to investigate the feasibility and desirability ofimplementing
these recommendations for broader value assessment. The final ‘BRAVE narrative’ will ultimately
be disseminated as ascience and policypaper.
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The firstphase ofdeveloping the ‘BRAVE narrative’ (section 2) involved aliterature review to
synthesise currentevidence forthe broader value generated by vaccines and recommendations for
considering thisvalueinto HTAand related decision-making processes. Based on the findings of
the literature review, we developed aframework depictingthe various value elements to be
consideredin vaccines assessment.

We also reviewed published HTAguidelines (section 3), in addition to relevantgrey literature, in
orderto understand the current ‘state of play’for assessments of the value of vaccines in each of
our target markets2. This allowed us to identify along listof gaps between value elements currently
consideredin vaccines assessments and value elements thathave been recommended, and
evidence providedfor, in the (health economic) literature.

The second phase ofdeveloping the ‘BRAVE narrative’ involved conveningagroup ofexpert
representatives in the value assessments of vaccines from each of our nine target markets, who
have backgrounds working within HTAdecision-making bodies and/or academia. The experts were
invited to take partin a 2-day roundtable meeting and related engagement activities (sections 4 and
5) in orderto:

a) validatethe conceptual appropriateness ofthe vaccines value framework (section 2), and
provideinsights on howthe value assessment of vaccines in their country of expertiseis
conducted in practice, compared to the description inthe published guidelines (section 3).

b) fromthelong listofgapsin vaccines value assessment (identified inour literature review),
prioritise the value elements forinclusionin HTAand discuss currentbarriers to their full
recognition.

c) develop suggestions for overcomingthese barriers.

Itis the feasibility and desirability ofimplementing these suggestionsin practice which will be tested
and refined in the future stages of the BRAVE initiative.

Froman economic perspective, optimising the allocation of scarce resources is the fundamental
aim of decision makers responsible for health care budgets, and for tax revenue more widely. In
many health systems, decisions aboutwhich health technologies to fund —and the level at which
they are reimbursed — are informed by HTA. HTA evaluates the clinical- and/or cost-effectiveness
of a health technology (York Health Economics Consortium, 2016). Traditionally, HTAconsiders
“only benefits in terms of improved health, reduced health care costs and resource use (and
improved quality of care) and short-term productivity increases to patients and their caregivers”
(WHO, 2019). This decision-makingapproachis consistentwith the ‘health-maximisation’ objective
of health systems that is advocated by the ‘extra-welfarist’ schoolofthought. However, health

2 HTA submission documents were not included in this scope, although a number of illustrative examples subsequently
identified by expert representatives are discussed.
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technologies like vaccines can also generate substantial ‘externalities’ (indirect effects on third
parties) (Mauskopfet al., 2018). Externalities are defined as spillover benefits and/or costs ofa
product’s activity, beyond the effects on the immediate consumer, to other consumers, which are
notaccounted forin markettransactions (Donaldsonand Gerard, 2004). In the contextofhealth
care, these are benefits and costs to the health system, beyond those attributable to the treated
patient, and to the broader society. In the value of vaccines literature, these effects have been
termed ‘broader’ benefits of vaccinations, to underline that such effects fall outsidethe scope of
traditional health technology assessments (WHO, 2019). While some ofthe ‘broader’ benefits have
been shown to be particularly large in the case of vaccines (Mauskopfetal., 2018), consideration of
‘broader’ benefits should be applied to all interventions funded by the same budget, where they are
relevant,in order for consistentdecision making (Jitand Hutubessy, 2016; WHO, 2019). If major
'‘broader’ effects of vaccines and other health technologies are neglected in HTA, their true cost-
effectiveness may be underestimated. As a result, the allocation of health care resources will be
sub-optimal, and the objective ofallocative efficiency undermined3.

In recentyears, a number of frameworks have been proposed to conceptualise the full value
generated by vaccinations (Barnighausen etal., 2011, 2014; Bloomet al., 2017; Deogaonkar etal.,
2012; Jit and Hutubessy, 2016). Recognisingthe many overlaps between these frameworks, OHE
has developed asynthesising framework designedto provide acomprehensive overview ofthe
categories of effects which mightresultfrom vaccines based on economic theory. As such, it is
flexible to incorporate new dimensions as research evolves, whilsttryingto minimise the risk of
‘double-counting’4.

We distinguish four categories of effects: (1) ‘narrow’ health effects, concerning theimpactof
vaccines on the health of vaccinated individuals; (2) ‘broad’ health effects, concerningthe impact of
vaccines on the health ofthe unvaccinated population; (3) health system economic effects,
concerningthe costs of vaccination and its cost offsets to the health care budget; and (4) societal
economic effects, concerning the economic impactofvaccines outside of the health system, for
example on productivity or macroeconomic growth. Within these are multiple distinct effects, or
value elements that vaccines may generate. This structure aligns with the perspectives commonly
adopted by HTAs, which typically consider narrow health effects and economic effects within the
health system, but not necessarily effects external to these®. Below, we discuss the relevance and
the evidence supporting the appropriateness ofthese effects in the case of vaccines. These effects
may notnecessarily be exclusive to vaccines. However, an extension ofthis discussionto other
health technologies is considered beyond the scope ofthis paper.

This framework was firstdeveloped with reference to the value elements that are currently or may
plausibly in the future be consideredin assessments of vaccines in the UK (Brassel et al., 2020).
An updated version, whichincludes the additional value elements of social equity and

3 This conclusion stems from the assumption that society values additional outcomes of health care in addition to health
improvements. This view is more typical of ‘welfarist’ approaches and shows the tension with ‘extra welfarist’
approaches that determine the optimality of budget allocation decisions according to the achievement of specific
objectives (e.g. health maximisation).

4 A potential problem in cost-utility analysis when some value elements, in principle, can be included both in the costs
(i.e. numerator) and in the quality adjustment weight (i.e. part of the denominator) of the incremental cost-effectiveness
ratio, which can lead to double-counting.

5 The WHO guide for standardisation of economic evaluations of immunisation programmes (WHO, 2019) notes that
there is also precedent for considering health effects on caregivers, and productivity effects on patients and caregivers,
in traditional HTA. We define these effects as broad for two reasons: firstly, in order to maintain a conceptual distinction
between costs and effects of treating patients and externalities to this treatment; secondly, to reflect the majority
approach in the markets in our sample.
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macroeconomic effects, was developed for the BRAVE initiative following areview of the literature
and discussed and validated atthe BRAVE expertroundtable convenedin May 2020. A range of
opinions were offered by roundtable participants relating to the relative importance and feasibility of
considering these value elements in the value assessmentofvaccines. These are discussed in
more detail in section 4.3where we explore participants’reasons for prioritising certain gaps in
currentvalue assessments of vaccines. It was also noted thatthe relevance of value elements
mightvary by vaccine and pathogen. However, the majority opinion was that every value element
was conceptually appropriate to consider in assessments of the value of vaccines. Where full
consensus did notemerge amongstthe roundtable participants, this is discussed below in
reference to the relevantvalue element.

Impact on Trans- V?}!{‘;}ZSO pé}?ﬂlﬁt— Burden Social
gg}e{?;f HHSIon intervent- ion 0 eqlluty
value faie Vilio disease value
Impact Cost-
Impact on on offsets to
QoL of length health
patients of life of care
patients system
Impact
. Impact on T SOCIETAL
patient p%aéﬁgt_ economic ECONOMIC
Drx?;ct— ivity effects EFFECTS

Figure 3: OHE Value Framework
Notes: QoL = Quality of Life; AMR = antimicrobial resistance.

Narrow health effects

= Impact on length of life of patients. Impact on life expectancy.

= Impact on quality of life (QoL) of patients. Impact on patients’ physical, mental, emotional,
and social functioning. This includes impacts related to vaccine-preventable diseases, and the
complicationsand long-term sequalae which may arise from them. It may also include non-

specific benefits relating to heterologous immune stimulation (Annemans etal., 2021).

All roundtable participants agreed thatimpacton QoL of patients should beincorporated into
assessments of vaccines’value. There was some debate about whether measures of QoL
should aimto capture ‘peace of mind’or ‘utility in anticipation’effects thatare hypothesisedto
occur when quality oflife of vaccinated individualsimproves due to a reduction in anxiety about
illness and disruptions to normal life (Beutels, Scuffham and MacIntyre, 2008; Ultsch et al.,
2016). However, this debate centred around the practicability of capturing these effects, and
corresponding ‘disutility in anticipation’ effects, as opposedto the conceptual appropriateness of
measuring QoL effects comprehensively. Itis therefore outlined in section 4.3.

Broad health effects

= |mpact on QoL of caregivers. Impact on caregivers’physical, mental, emotional, and social
functioning. ‘Peace of mind’and ‘utility in anticipation’ effects are also relevantto caregivers of
children (Beutels, Scuffnam and MacIntyre, 2008; Drummond, Chevatand Lothgren, 2007).
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However, capturing these effects involves the same practical challenges as when they apply to
patients.

= Transmission value. Impact on disease transmission patterns and associated morbidity and
mortality. Vaccines for infectious diseases can have an impacton population-wide
epidemiological outcomes by providing herd immunity to unvaccinated individuals
(Barnighausen etal., 2011; Jit and Hutubessy, 2016). They may also cause changesin the
average age ofthoseinfected, serotype replacement, or outbreak periodicity, with implications
for morbidity and mortality (Mauskopfetal., 2018).

= Prevention of antimicrobial resistance (AMR). Impact on the rate of developmentand
transmission ofresistant bacterial infections, and associated morbidityand mortality. Vaccines
targeting resistantbacterial infections can reduce the transmission and growth of AMR. Other
vaccines can reducethe (appropriate and inap propriate) use of antibiotics for treating infections,
thus slowing thedevelopmentof AMR (Barnighausen etal., 2011; Jit and Hutubessy, 2016;
Sevillaet al., 2018).

= Value to other interventions. Impact on the cost-effectiveness of other non-vaccine
interventions. Ithas been argued that vaccines should notbe evaluated in isolation because
they are complementary with —i.e. enhance the cost-effectiveness of, and have their cost-
effectiveness enhanced by — related non-vaccine interventions. For example, malariavaccines
have been suggested to synergise with bed nets to produce larger health gains than the sum
total of benefits from each intervention onits own (Jitand Hutubessy, 2016).

Roundtable participants expressed some reservationsaboutthe evidence thatvaccines do
generate value to otherinterventions, although itwas also noted thatthis is endogenous to the
types of evaluations used to assess vaccines effectiveness. Participantsagreed that, ifthere is
empirical evidence that vaccines generate value to other interventions, this would be
conceptually appropriate to include in assessments of their value. They also noted thatthe
definition ofthis value element could be broadened to include value to non-medical

interventions ifthe objective function of the decision maker is to maximise welfare.

= Burden of disease. Impact on overall burden of disease to society, in terms of prevalence and
severity, estimated through thetotal amount of associated morbidity and mortality. Society, and
decision makers acting to reflect societal preferences, mightvalue an interventionnotonly for
its cost-effectiveness, but for its ability to treat conditions which are more common or severe
(Gessneretal., 2017). In this case, an efficiency-equity trade-off may improve the allocation of
resources (Nord, 1999).

= Social equity. Although consideration ofthe burden of disease captures equity concerns
related to how many people suffer froma disease, and how seriously, interventions may also
have differentimpacts across demographics which arerelevantto society’s preferences for
equity. For example, vaccines may be particularly beneficial to disadvantaged socio-economic
groups (Bloom, Fan and Sevilla, 2018).

Roundtable participants again noted that, whilsta full conceptualisation of the value of vaccines
should incorporate social equity, the decisionto incorporate this into HTAassessments
depends on whether the objective function of the decision-maker is to maximise health, or

welfare more broadly.
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Health system economic effects (narrow and broad)

Cost offsets to health system. Whilethere are costs associated with any health care
intervention, vaccines may also create value in the form of costoffsets. These can be narrow, in
that they relate to a reduction in health care consumptionamongstavaccinated individual due
to the prevention of morbidity. Thelong term ‘peace of mind’following vaccination may also
lower the rates ofunnecessary clinical visits (Christensen etal., 2019). Alternatively, they may
be broad, in thatthey relate to a reduction in health care consumption atthe community level,
for example through lower spending on health care forindividuals protected by herd immunity or
outbreak prevention savings (Bloometal., 2017). Care should be taken to avoid double
counting of costsavings achieved through the value of vaccines to other related interventions,
ideally by evaluating them together.

Societal economic effects (broad)

Impact on patient productivity. Impact on lostdays of work and on the level of productivity at
work, both for getting vaccinated and for disease or mortality avoided.

Roundtable participants noted that, whilstafull conceptualisation ofthe value of vaccines
should incorporate productivity effects, the decisionto incorporate thisinto HTAassessments
depends on whether the objective function ofthe decision maker is to maximise health, or
welfare more broadly. Therole ofthe decision makers perspective in determining whatis
included in assessments ofthe value of vaccines is discussed in section 2.3.

Impact on caregivers’ productivity. Impact on caregivers’time spentand level of productivity
at work dueto caring for apatientor taking them to be vaccinated.

Macroeconomic effects. Vaccinations can have macroeconomic effects in the short-run, for
example by preventing pandemics and outbreaks of emerging diseases (Jitetal., 2015; Bloom,
Kuhn and Prettner, 2020). They mightalso have long-run macroeconomic effects. Changes to
health and survival patterns, particularlyamongst children, can improve lifetime productivity —
for example, because oftheir ability to reach full cognitive potential and access more education
(Barnighausen etal., 2011; Deogaonkar etal., 2012). A reduction in infectious diseases can
also stimulate foreign directinvestment (Deogaonkar etal., 2012), whilstpandemics can have
long-term consequences on trade patterns (Bloom, Kuhn and Prettner, 2020).

Participants expressed some caution aboutassuming thatall vaccines have macroeconomic
effects, and the uncertainty involved in measuring these, which is discussed in section 4.3.
However, consensus was reached thatitwas conceptually appropriate to measure
macroeconomic effects, even ifthey were only relevantto some vaccines and pathogens. That
said, itisimportantto be aware ofthe potential for double counting with effects on productivity
of patients and caregivers.

Below, we presenta mapping of existing frameworks onto the OHE framework, to clarify the
overlaps and our exclusions.
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Table 1: Matrix of the frameworks for valuing vaccinations

OHE Category

OHE Value elements

Deogaonkar et al. (2012)

Barninghausen et al. (2014)

Jit et al. (2015) value

Bloom et al. (2017) value

value elements value elements elements elements
Narrow health effects Impact on QoL of patients Health gains Health gains; risk reduction Health gains Health gains; risk reduction
gains gains; co-morbidities;
Impact on length of life nosocomial infections
Broad health effects Impact on QoL of carers Health gains Health gains Health gains Health gains

Health system economic
effects

Societal economic effects

N/A
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Burden of disease to health
system
Transmission value

AMR prevention value
Value to other interventions
Social equity

Costs-offset to health care
system

Productivity of patients

Productivity of carers

Macroeconomic effects

N/A

Ecological effects

Equity

Health care savings; financial
sustainability

Productivity gains related to
short-term outcomes;
productivity gains related to
long-term outcomes
Productivity gains related to
care

Productivity gains related to
household behaviour

Community health externalities

Health care cost savings

Outcome-related productivity
gains

Care-related productivity gains

Community economic
externalities

Behaviour-related productivity
gains

Ecological effects

Equity

Health care cost savings;
financial and programmatic
synergies and sustainability

Productivity gains related to
health effects; productivity
gains related to non-utility
capabilities

Productivity gains related to
care

Changes to household
behaviour; Public sector
budget impact; Short-term
macroeconomic impact; Long-
term macroeconomic impact
Household security

Health based community
externalities

Social equity

Health care cost savings

Outcome related
productivity gains

Care-related productivity
gains
Behaviour related output
gains



Recognisingtheincreasing academic consensus thatvaccines generate value which is nottypically
covered within HTAand wider decision-making processes, the International Society for
Pharmacoeconomics and Outcomes Research (ISPOR) and the WHO have recently published
guidelines onthe HTA ofvaccines which explicitly advise how these could, and should, incorporate
broader value® (Mauskopfet al., 2018, WHO, 2019). In 2016, a conveningofexperts fromthe
European vaccines economics community organised by the Robert Koch Institute developed a
similar consensus framework intended to supportthe developmentofnational guidelines in Europe
(Ultsch et al., 2016). This section summarises the recommendations coveredin thesethree
publications. We note that some of these recommendations may also be valuable to improvethe
evaluation of other health technologies that, like vaccines, generate value outside the traditional
HTA dimensions.

All three publications state that assessments of the clinical- and/or cost-effectiveness of vaccines
should involve comprehensive consideration oftheir health effects. They also recognise thatsome
of these effects may be challengingto incorporateinto these assessments but may alternatively be
consideredthrough alternative methodologies as part ofthe broader decision-making process.

Narrow health effects on patients’ quality and length oflife are traditionally considered in HTA, but
some aspects, for example effects due to adverse events, may be more challenging to consider
(WHO, 2019). Nonetheless, the guidelines advise acomprehensive consideration of these effects
where possible. The ISPOR guidelines, for example, recommend extending the time horizon of
cost-effectiveness models to ensure thatany reductions in adisease’s long-term effects, such as
chronicsequelae, are captured (Mauskopfet al., 2018).

Within the category of broad health effects, recommendations for the consideration of effects on
carers’ quality of life are more flexible. However, the WHO notes that health effects on carers’
quality oflife can be “substantial”, and the framework developed by the European vaccines
economics communityadvises thatthey should “routinely be considered in uncertainty analysis,
even ifinputdata is scarce” (WHO, 2019; Ultsch et al., 2016).

All three publications provide extensive guidance to supportthe consideration of transmission value
within existing HTAs. The effects of vaccines on disease transmission patterns, and associated
morbidity and mortality, must be estimated using modelling. Static models, which are simpler and
less resource-intensive to develop, are considered an adequate means to conservatively estimate
transmissionvalue, but only when this does notrisk a) underestimation of dynamics such as
serotypereplacementwhich may have negative effects on morbidity and mortality b)
underestimation of the positive herd immunity to the extent thatresults become unfavourable or
borderline favourable for vaccination (Ultsch etal., 2016; WHO, 2019). Otherwise, dynamic models
are advised. When inputdatais a challenge, surrogate endpoints (Ultsch etal., 2016) and expert
opinion (Mauskopfetal., 2018) are recommended.

The three publications also recommend thatthe effect of vaccines on antimicrobial resistance
(AMR) should be considered when possible, although recognise that this might be challenging
because itis difficultto quantify and requires stronger assumptions than modelling of transmission
effects. The WHO and ISPOR guidelines statethat AMR should be considered ifappropriate data

® These guidelines focus on economic evaluations, which are the predominant method of HTA assessment in the
countries in our sample, and globally. HTA may also be carried out through evaluations clinical effectiveness only (as
opposed toin tandem with economic effectiveness), although this is increasingly rare. Within our sample, only France
and Germany (sometimes) carry out evaluations of clinical effectiveness.
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is available, although this mightberare in practice. The European vaccines economics community
advises thatit should be part of uncertainty analyses wherever relevant.

For consideration ofthe value to other interventions, all publications state thatvaccines should be
assessed in combination with other interventions which could be delivered through the same
platform (Ultsch etal., 2016) or could be used to providerelated treatments, in order to determine
their cost-effectiveness (Mauskopfetal., 2018). However, the contribution of vaccines to easing
pressure on health systems, and thus facilitating more cost-effective delivery of other interventions,
isnotaddressed.

Burden of disease and social equity are distinctfromthe other types of health effects generated by
vaccines, in thatthey relate notto the efficacy with which avaccine produces health (reduces
mortality and morbidity), butthe distribution ofthis health. The WHO guidelines recognise thatsuch
effects may to be importantto society and the decision makers who representthem, and describe
how mortality and morbidity may be weighted in terms of the social equity they provide through
extended or distributional cost-effectiveness analysis ifthis is an explicitgoal ofthe decision maker.
Alternatively, the guidelines encourage qualitative assessment of equity and disease burden
considerations through methods such as multi-criteriadecision analysis (MCDA). The ISPOR
guidelines and European vaccines economics community framework similarly note that qualitative
approaches, including MCDA and less formal methods, may be necessary in order to reflect the full
effect of vaccines on social welfare, as well as incorporate understandings of operational feasibility,
all of which should be considered as partofa broader appraisal (Ultsch etal., 2016). The ISPOR
guidelines state thata qualitative approach may also be used to aid in the consideration of other
health effects which are difficultto incorporate into clinical- and/or cost-effectivenessmodels not
because ofthe types of outcomes they generate but due to lack of data (Mauskopfet al., 2018).

Turning to health system economic effects, all publications state that cost offsets should be
considered. This includes both those ‘narrow’ offsets resulting fromreductions in health care
resource usage by patients through, for example, prevented disease sequalae (Mauskopfet al.,
2018), and ‘broad’ offsets resulting from changes in community-level resource use such as lower
spending on preventing disease outbreaks (WHO, 2019).

Within the category of economic effects, all three publicationsrecognise thatthe decision of
whether ornotto incorporate productivity effects depends onthe normative judgementofdecision
makers and the social preferences they represent. The majority of decision makers in our sample
take the perspective ofthe health care payer when conducting HTAand aimto maximise the health
that can be achieved for a given health care budget (which mightbe a budget designated solely for
vaccinations, or abroader set of health care interventions). Others take asocietal perspective,
which incorporates productivity effects in order to maximise health relative to broader economic
impact— and therefore welfare. A consequence oftaking asocietal perspective is that health care
interventions that are less efficientat improving health may be favoured because productivity gains,
forexample, are higher—which mightdisadvantage interventions predominantly consumed by the
populationoutside ofthe workforce. In the current public sector decision-making settings, thisis an
issue because budgets tend to be siloed, and chances arelow thatthe savings that productivity
gains accrueto other sectors will be redirected to the health care budget. On the other hand, the
societal perspective arguably leads to more efficientallocation ofresources in the short- and long-
term (Jonsson, 2009). Whilst decision-makers are free to determine which perspectiveis most
appropriate for their goals, all three publications advise thata societal perspectiveis the preferable
‘base case’ for HTA in general (Ultsch etal., 2016). This shouldinclude productivity effects both for
patients, and their carers; effects on carers’ productivity often have major effects on the results of
HTAs (Ultsch et al., 2016).

The literature also stipulates that the decision as to whether to include macroeconomiceffects is
similarly dependenton the objectives of decision makers. However, and unlike any ofthe other
value elements discussed above, measuring these effects is likely to require the use of different
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methodologies as alternatives or complements to the clinical- or cost-effective analysisused in
traditional HTA. The WHO argues that, “where an infectious disease and interventions againstit
can have economy-wide impacts thatexceed theimpacts on infected individuals, their contacts,
theiremployers and the health care sector, a macroeconomicevaluation using acomputable
general equilibrium (CGE) model would be more appropriate than the traditional microeconomic
approach in health care”. They also note thatthese situations are ‘exceptional’, for examplein the
case of (prevention of) pandemics (WHO, 2019). The ISPOR guidelines alsorecognise additional
types of macroeconomic effects, which mightbe captured using different methods. For example,
fiscal health modelling can be used to estimate “the changes over alifetime in tax revenues and
transfer costs attributable to changes in the birth cohort’s morbidity and mortality rates because of
the new intervention”(Mauskopfetal., 2018). A summary ofthese approachesis beyondthescope
of thisreport, but the publication notes thatabroad macroeconomic perspective mightbe useful
and that there are multiple alternative approaches which might facilitate this (Ultsch et al., 2016).

In conclusion, the two internationally recognised published guidelines on vaccines HTA, in addition
to a consensus framework intended to supportthe development of European guidelines, argue for
comprehensive consideration of the narrow and broad effect of vaccines on both health and
economic outcomes —although they recognise thatthe choice of whether to incorporate burden of
disease, social equity, productivity costs and macroeconomic effects is to be determined by the
decision maker. This is consistentwith the views expressed by roundtable participants, who noted
that whilsta full conceptualisation of vaccines’value includes these value elements, the decisionas
to whetherto includethemin HTA assessmentofvaccines — and whether to do so through
incorporationintothe ICER or through qualitative methods —dependson whether the decision
makers’ objective function is to maximise health or welfare.

The publications also recognise thatthere may be some limitations to the consideration of broad
health and societal economic effects within existing HTAand broader decision-making processes,
although do not provide analysis ofthe specific barriers which countries may face in recognising
these effects, nor make recommendations to overcome these.

In this section, we describe how HTA and broader decision-making processes in the countries in
our sample consider the value elements identified in our framework, in order to understand to what
extent the recommendations outlined above are being applied. Thisis asummary of the individual
country descriptions presentedin Appendix 1. Thisis based on a review ofthe published HTA
methodologies in each country, in order to establish which value elements are explicitly recognised
as potential components ofaformal HTA. In cases where there is no formal reference to a value
element, we supplementthis with the findingsfroma rapid literature review and written feedback
from recognised vaccines experts within each ofthe countries in our sample, to determine whether
it mightbe informally considered withinHTA and the wider decision-making process, and the
frequency with which this takes place. Each country summary was reviewed and approved by at
least onerecognised vaccines expert. Ifa value element is informally considered in the
assessments ofthe majority of vaccines to which itis relevant, this is defined as ‘commonly and
informally considered.

We consider formal recognitionto be a helpful categorisationin this section becauseit provides the
clearest indication available ofthe intentions ofdecision makers in our target markets to consider
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each value element. We note however thatformal recognition of avalue element does not
necessarily require this value elementto be included in every individual HTA. Like any other value
element, ifitisnotrelevantto the vaccine under assessmentit can justifiably be left out.

Effects on thelength and quality of life of patients are formally consideredin all countries under
study. Effects on the quality oflife of carers are only formally consideredin the UK, and in practice
are rarely considered there. In Canada effects on the quality of life of carers are commonly but
informally considered. Therestofthe sample is splitequally between effects being uncommonly
and informally considered, and notconsidered.

Turning to broader health effects, burden of diseaseis considered formallyin all countries except
Japan,where itis considered informally butcommonly. Transmission valueis also considered
formally in the majority of countries, and informally but commonly in Belgium and Italy. In contrast,
value to otherinterventionsis only considered formally in France and Japan; in the majority of other
countriesitis notconsidered, althoughitmay be considered uncommonly and informally in the UK
and the US. Effects on AMR are notformally considered in any country;in half ofthe sample they
are considered informally and uncommonly, and in half, they are notconsidered at all. Effects on
social equity presentamore mixed picture, although the majority of countries do have precedentin
considering them. They are considered formally in Belgium, Canada, Germany and Sweden;
informally butcommonly in France, Italy and Japan;informallyand uncommonly in the UK; and not
consideredin the US.

All countries consider costsoffsetto the health care system formally, except Germany which does
notmandate that costs are considered butwhere they are considered informally butcommonly.
There is a mixed picture with respectto productivity effects. Consistentwith asocietal perspective,
effects on the productivity of patients and carers are formally considered in France (although as
complementary information, rather than directly incorporated in the ICER), Sweden and the US. In
Canada, effects on the productivity of patients are formally considered, and effects on carers
informally butcommonly considered. Productivity effects of both patients and carers are also
informally butcommonly considered in Italy. Reflecting the occasional use of a societal perspective,
productivity effects on patients and carers are informally and uncommonly consideredin Germany
and Japan. They are notconsideredin Belgiumor the UK.
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Table 2: Matrix of value elements considered by country

* Note that although productivity of patients and carers should be considered accordingto the Japanese guidelines, to date thereis no evidence thatthis has
happened exceptin recentdiscussions of vaccinations for rotavirus (productivity of carers) —source: Pfizer Japan. QoL = Quality of Life; AMR — Antimicrobial
resistance.

Belgium Canada France Germany Italy Japan Sweden UK us

Disease impacton length oflife

Disease impacton QoL of patients

Disease impacton QoL of carers

Burden of disease

Value to other interventions

Transmissionvalue

AMR prevention value

Social equity

Productivity of patients

Productivity of carers

Costs-offsetto health care system

Macroeconomic effects

Key: _ Commonly and informally considered | | Notconsidered |
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Impact on patients’ length of life

All countries in our sample also formally consider the effect of vaccines on patients’length oflife as
a fundamental componentofany HTA. These effects can generally be evidenced through real-
world data. However, vaccines may also lead to reductions in all-cause mortality which are not
typically captured, for example throughimmune stimulation (Annemans etal., 2020; Mina, 2017),
although these effects are morerelevantin low-income settingsand are challenging to evidence
(Donzelli, Schivalocchi and Giudicatti, 2018).

Impact on patients’ quality of life

All countries in our sample formally consider the effect of vaccines on patients’ quality of life as a
fundamental componentofany HTA. The short-term health effects of vaccinations, either
therapeutic or preventative, are typically well-evidenced in clinical trials, and accepted by all
countries.

Long-termdisease sequalae may be more difficultto evidence, due to the time constraints of
clinical trials, but can often be quantified through use of real-world evidence and modelling. Their
inclusion can beimportantto the results of HTAs. For example, in the UK the JCVI revised its initial
conclusionthata new meningococcal vaccine was not cost-effective, and instead recommended it
for reimbursement, partly on the basis ofinclusion of dataabout minor and major disease sequelae
(JCVI, 2014). Evidence for the effects of sequalaeis incorporated into HTAin all countries in our
sample, with the exception of Japan. However, there are concerns thatin some cases a lack of
sensitivity in the existing tools for converting evidence on the clinical outcomes associated with
sequalae into measures of quality of life may lead to underestimates (Hernandez-Villafuerte et al.,
2020). In addition, some late-onsetor mild sequalae, or sequalae associated with the exacerbation
of underlying conditions, may be challenging to evidence (Annemans etal., 2021; Christensen et
al., 2019). Recognisingthesedeficiencies, JCVI has applied an adjustmentfactor ofx3 to the
quality oflife effects oflong-term sequalae in its assessments of meningococcal vaccines
(Christensen etal., 2019).

Although thereisincreasingrecognitionin the academic spherethatvaccines can haveimportant
effects on patients’ (and carers’) quality of life by providing peace of mind, thisis routinely excluded
from HTA in all countries in our sample dueto a lack of measurement tools and evidence (WHO,
2019; Christensen etal., 2019).

Impact on carers’ quality of life

Despite the fact that inclusion of carers’ quality oflife can have a largeimpact on theresults of HTA
(Annemans et al., 2021), at present, the effect of vaccines on carers’ quality oflifeis only
considered formally in the UK. It may be considered informally and uncommonly in Germany, Italy
and Sweden. Even in these countries, consideration of this effectis relatively recent, in general, at
presentevidence may be relatively scarce (Ultsch etal., 2016). However, evidence ofthe short-
term effects on carers’quality of life could be straightforwardlyintegrated into clinical trials. The
effects of caring for individuals with long-term sequalae may also be significant, acase study of
meningitis demonstrates how these effects can be evidenced through surveys (Al-Janabi etal.,
2016).
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Burden of disease

The burden of disease is formally considered in all countries in our sample, althoughtypically as an
additional factor in decision making rather than integrated into estimates of clinical- or cost-
effectiveness. In general, the weights given to burden ofdisease and processes by which itis
incorporated into decision making are notsystematic or transparent. The criteria by which burden of
diseaseis defined also vary, which affects the ranking of its relative importance. In Germany, for
example, vaccinations may be prioritised by disease incidence, as well as the number of severe
incidents associated with adisease (mortality, number of hospitalisations, number oflong-term
sequalae) (STIKO, 2018). In Belgium, disease severity may be considered in reimbursement
decisions (Cleemputet al., 2012). However, in general, these criteria are relatively straightforward
to estimate. For example, evidence about current prevalence can be found in epidemiological
surveys such as the Global Burden of Disease Study (IHME, 2019).

Value to other interventions

In our sample, only Germany formally considersthe effect of vaccines’value to other interventions
in the health care pathway (STIKO 2016); there is also consideration of various comparators
(STIKO 2016) to understand how avaccines’ cost-effectiveness may changeifitis delivered in
combination with other vaccines or related interventions such as screening, e.g. cytology-based
cervical cancer screeningin additionto HPV vaccination (Taklaetal., 2018). France, the UK and
US may uncommonly and informally recognise value to other related interventions. JCVI, for
example, has considered implications for cervical cancer screening related to the effect ofan HPV
vaccination programme (JCVI, 2018). Estimating the combined effect of multiple interventions
requires more complex —and time-consuming—modelling, which may explain why itis relatively
uncommon even in countries with advanced modelling capabilities.

Estimating the value of vaccinations to unrelated interventions, for example by reducing seasonal
pressure,is more challenging, and thereis little evidence ofthis type of value to otherinterventions
being considered in practice (with the exception of AMR).

Transmission value

The effect of vaccines on transmission dynamics is the second mostcommonly considered
externality in our sample;itis formally considered in Canada, France, Germany, Japan, Sweden,
the UK and the US, and informally and commonly considered in Belgium and Italy. In Belgium,
Germany and Sweden, there is precedentfor estimating these effects using datafrom other
countries, when country-specific evidence is lacking, as per ISPOR guidelines (Cleemputet al.,
2012; STIKO, 2016; Personal Communication Swedish HTA experts, 2020). However, past OHE
research indicates that counter to ISPOR and WHO recommendations, these effects are often
estimated through static rather than dynamic models —and therefore underestimated —even in
countries with high capacity for dynamic modelling (Hernandez-Villafuerte etal., May 2020). It
should berecognised thatthere are trade-offs between the use of dynamic and static models, given
that the former may be more accurate, but also more complex and time consuming.

AMR prevention value

None of the countries in our sample formally evaluate the effect of vaccines on AMR, although itis
formally and uncommonly considered in Belgium, Italy, the UK and the US. Although thetheoretical
link between vaccines and AMR is undoubted, itis very difficultto estimate (WHO, 2019). Better
quantifying this relationship is acurrentpriorityof the JCVI, which formed a working group on
antibiotic resistanthospital acquiredinfections in 2019. There is also a significantamount of
academic research ongoingin this area. Recentwork by Sevilla et al. (2018) provides an outline of
the methodological challenges in quantifying the effects of vaccinationson AMR, but also a
roadmap for future work to overcome these challenges (UK Parliament, 2019). Atkins et al. (2018)
have also published areview of currentmodelling approaches whichhave been used in economic
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evaluations to understand the effect of vaccinations on AMR, as well as suggestionsfor
overcomingtheir limitations.

Social equity

The effect of vaccines on social equity is formally considered in Belgium, Germany and Sweden. It
isinformally and commonly considered in Canadaand Italy, and informallyand uncommonly
consideredin the UK. As in the case of burden of disease, social equity is typically considered as
an additional factor in decision making. In general, the weightgiven to social equity and processes
by whichitisincorporated into decision making are not systematic or transparent.

The differential effects of vaccinationsacross society —for example by socio-demographic group or
age — cannotbe determined fromclinical trials but can be estimated through static models. Key
inputs into these models include estimates of vaccination uptake by group; such evidenceis
frequently already available for vaccinationsbecauseit is needed to informgovernments’ uptake
strategies (see for example the NICE Guidelines on vaccines uptake in the general population,
National Institute for Health and Care Excellence (2019).

Impact on patients’ productivity

Effects on the productivity of patients are formally considered within HTAin Sweden and the US;
informally and uncommonly consideredin Italy and Japan, and informally and uncommonly
consideredin France and Germany. Evidence on short-term productivity losses to patients can be
collected through clinical trials, althoughin practice is often not (Hernandez-Villafuerte et al., 2020).
Evidencinglong-term productivity effects on patients, for example through the prevention of
sequalae, is more complex, and less evidence s available. However, it has been shown to be
possible —for example using real-world evidence from a sample of sequalae sufferers which is then
weighted to match the demographics ofthe vaccinated population, as in a meningitis case study by
Scholzet al. (2019). Sevillaet al. (2020) also show how productivity effects of multiple sequalae
resulting fromadult pneumococcal disease can be estimated for patients (and carers).

Impact on carers’ productivity

Effects ofvaccines which preventchildhood diseases on the productivity of carers are, as in the
case of effects on patients’ productivity, formally considered within HTAin Sweden and the US;
informally and uncommonly consideredin Italy and Japan, and informally and uncommonly
consideredin France and Germany. As above, longer-term productivity costs for carers are more
difficultto evidence, although are often incorporated in the case of more serious sequalae (OHE
2019).

Cost offsets to health care system

The effect of vaccines on costoffsets to the health care system is formally considered in the
majority of countries in our sample: Belgium, Canada, Italy, Japan, Sweden, the UK and the US.
They are informally and commonly consideredin Germany, and informally and uncommonly
consideredin France.

Narrow costoffsets, as a result ofaverted diseasein patients, are relatively easy to evidence, and
usually considered comprehensively. Cost offsets occurring due to a vaccine’s transmission value
are also generally captured. However, other broad health effects — specifically on AMR and the
value to otherinterventions —also generate costoffsets which are challengingto evidence, and
thereforerarely considered (Sevillaetal., 2018; WHO, 2019).

Macroeconomic effects

At presentmacroeconomic effects are notformally recognised within HTAin any ofthe countries in
our sample but may be rarely and informally considered in the US. Thisisin partdue to the lack of
evidence available about the macroeconomic effects of vaccines. Although the links between
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vaccines and economic growth are strong in theory, they are complex to demonstrate empirically
(Jitet al., 2015). Isolating the specific contribution of avaccine to macroeconomic outcomes in an
individual country settingis harder still, although a systematic literature review of studies evaluating
the broader economic impactofvaccinationin lowand middle-income countries demonstrates that
itis possible to capture at least some macroeconomic outcomes such as financial sustainability and
lifetime productivity (Deogaonkar etal., 2012). However, work is ongoing to develop new analytical
approaches which can estimate these effects more accurately, complemented by observational and
experimental field studies which can build the evidence base itself.

Comparing the current ‘state of play’in our sample countries with the international
recommendations summarised in section 2.3 allows us to identify gaps between the two. Closing
these gaps would achieve more consistentrecognition ofthe full value (both ‘broad’ and ‘narrow)
generated by vaccines.

For HTA policymakers and practitioners to fully recognise any aspect of value created by vaccines,
they must have

= Evidence: empirical high-quality data demonstrating the value accrued for each relevant value
element

= Wilingness: motivation to incorporate this evidenceinto HTAand broader decision-making
processes

= Ability: technical/analytic tools and approaches to incorporate this evidenceinto HTAand
broader decision-making processes:

As such, gaps between the current‘state of play’and full recognition can be conceptualised in
terms of constraints, or ‘hurdles’, which can presentin the form oflimited/no evidence, willingness,
and/or ability. Identifyingthese gaps and hurdles is akey step in developing aroadmap towards full
recognition ofthe broader value of vaccines.

In orderto identify gaps and hurdles, we proposed an initial longlistbased on our comparisonofthe
current ‘state of play’and international recommendations. Thislonglistwas then reviewed and
added to by expertrepresentatives in the value assessments of vaccines fromeach of our nine
target markets, who have backgrounds working within HTA decision-making bodies and/or
academia.

Below isthe longlistofgaps identified by OHE and the group of expertrepresentatives.
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Table 3: long-list of gaps between state of play and recommendations

Value element

Gap

Impacton patients’ quality of life

Impacton patients’ length of life

Impacton carers’ quality of life

Transmission value

AMR prevention value

Value to other interventions

Burden of disease
Social equity

Cost offsets to health care system

Impacton patients’ productivity
Impacton carers’ productivity

Macroeconomic effects

Some sequalae are not consistently considered

Peace of mind is not considered

Reductions in all-cause mortality may be underestimated

Effects on carers’ health are not considered, or not consistently considered

Peace of mind is not considered
Transmission value is not consistently considered in all countries

Static models may underestimate effect of vaccines on transmission-related
outcomes

Effects on AMR are rarely considered

Effects on related interventions are not consistently considered
Effects on unrelated interventions are rarely considered
Effects on burden of disease are not considered systematically
Effects on social equity are not considered systematically

‘Broad’ cost offsets at the community-level are not comprehensively
considered

Effects of long-term sequalae on productivity may be underestimated
Effects of long-term sequalae on productivity may be underestimated

Macroeconomic effects are rarely considered

We notethat there is variation within our samplein the gaps identified above. Thereis also
variation in HTAbodies’level of existing ability and willingnessto address these gaps, which have
implications for which constraints to recognition of value may be plausibly addressed. Relevant
dimensions ofthis variation are described below. These descriptionsare based on inputs from at
least onevaccines HTAexpert fromeach country in the sample.

The existence of specialist technical groups for assessing vaccines

In Canada, France, Germany, Sweden, the UK and the US, HTA ofvaccines is carried out

separately from that of other interventions, by specialisttechnical groupsor committees. No such
provisionis madein Belgium, Italy and Japan. In countries where specialisttechnical groupsexist,
there isimplicitwillingness to consider the broader value of vaccines beyond whatis captured in
other HTA processes. These groups also provide greater technical capacity than is likely to exist
when HTA is carried outby non-specialists.

The use of modelling to extrapolate from evidence on the value of vaccines

HTA bodies in some countries have greater ability to use models to extrapolate from quantitative
data, and greater willingnessto tolerate the uncertainty which is associated with this. Particular
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differences existin the willingness to use datafrom other countries as inputs, and the ability and
willingness to estimate effects into the future on the basis ofreal-world evidence.

The use of qualitative decision-making processes

HTA bodies in some countries have greater willingness and ability to consider value elements for
which there exists limited quantitative evidence by incorporating them into qualitative decision-
making processes (as opposed to directly into an evaluation of cost- or clinical-effectiveness).

The decision-makers’ perspective

HTA in Belgiumand the UK is carried outfrom the perspective ofthe health care payer, meaning
that productivity effects of vaccines are notconsidered. Thiscreates a ‘roadblock’in willingness
which cannotbe overcome, at leastin the near future. To a lesser extent, similar ‘roadblocks’ may
apply to the consideration of carers’ health effects.

In theroadmap laid outin section 5, we highlightwhere the efficacy strategies to overcome
constraints in ability or willingness may vary according to these dimensions.

The existence of a separate budget for vaccines

In Belgium, vaccines are funded from earmarked vaccines budgets atthe regional level, and
thereforedo nothaveto ‘compete’ with other health technologies. In Canadaand Italy, they are
funded frombudgets for prevention and public healthinterventions. Although thereis no central
budget for health care technologies in the US, vaccines for vulnerable children may be funded on
the advice ofthe Advisory Committee on Immunisation Practices withoutthe need for
Congressional approval. Thereis no such dedicated budgetin the other countries in our sample.

We conducted an iterative prioritisation process with ten experts representing each of our target
countries”. Before attending the roundtable, each expertwas asked to prioritise for discussion three
gaps fromthe longlist, using the following criteria: i) the feasibility of addressing this gap, and ii) the
potential impactofincludingthis value elementon the outcomes of an HTA. Participants were also
asked to state whetherthey felt each prioritised gap was a short- or medium-termgoal, and
whether the gap currently existed in the country they were representing. Atthe roundtable, the
results of the firstround ofthe prioritisation exercise were presented, and participants were invited
to repeat the process following clarifications and discussions. On the basis ofthis second round,
five priority gaps (no 1-5in Table 4) were chosen for further discussion (where gaps received the
same number ofvotes, they were ranked by prevalence). The results are shown below.

" One representative from every country, except for Sweden which was represented by two experts.
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Table 4: results of prioritisation exercise

Gaps (value element) nﬁjonl:lggr ldf nﬁjorgggrzo.f Prevaglzr;ce of
votes votes
Macroeconomic effects are rarely considered (Macroeconomic effects) 40% 40% 70%
Transmission value is not consistently considered in all countries (Transmission value) 30% 40% 10%
Effects on carers’ health are not considered, or not consistently considered (Carers' QoL) 40% 30% 90%
Effects on AMR are rarely considered (AMR prevention value) 20% 30% 60%
‘Broad’ cost offsets at the community-level are not comprehensively considered (Cost offsets to health care) 20% 30% 40%
Some sequalae are notconsistently considered (Patients' QoL) 20% 30% 20%
Peace of mind is notconsidered (Patients' QoL) 20% 20% 60%
Effects oflong-term sequalae on productivity may be underestimated (Patients' productivity) 30% 20% 50%
Static models may underestimate effect of vaccines on transmission-related outcomes (Transmission value) 20% 20% 30%
Reductions in all-cause mortality may be underestimated (Patients'length oflife) 10% 20% 0%
Effects oflong-term sequalae of carers' productivity may be underestimated (Carers' productivity) 10% 10% 70%
Effects on burden ofdisease are notconsidered systematically (Burden of disease) 10% 10% 20%
Effects on unrelated interventions are rarely considered (Value to other interventions) 10% 0% 90%
Peace of mind isnotconsidered (Carers'Qol) 10% 0% 80%
Effects on social equity are notconsidered systematically (Social equity) 10% 0% 50%
Effects on related interventions are not consistently considered (Value to other interventions) 0% 0% 50%
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The primary foci oftheroundtable discussions were, for each of the five prioritised value elements:

1) to understand which hurdles are between the full recognition and the current state of play
in our target markets

2) to develop recommendations as to howthese hurdles in evidence, ability and willingness
could be overcome and full recognition achieved.

At the roundtable, each ofthe gaps was discussed in turn. Firstly, participants were asked to locate
their country on astylised roadmap representing to show whether they had already surpassed, or
had yet to overcome, hurdles in evidence, ability and willingness. This was a qualitative exercise
intended to generate discussion and provide a simplified visual of countries’ positions with respect
to each gap. The results ofthe exercise are qualified with the discussionaccompanying themin
section 5.2, in combination with which they should be read. We recognisethatin practice
constraints, or ‘hurdles’, may have only been partially overcome, and this is reflected in the
discussion.

Secondly, participants were asked to discuss how the existing hurdles (inany of the target markets)
could be overcome. Prior to the roundtable, participants were asked to share suggestions for
practical tools and good practice approaches which could be useful in helping HTA policymakers
and practitionersto overcome the constraints identified. Discussions were initially motivated around
these suggestions, butalso flexible to incorporate additional suggestions which emerged in the
convening process. Trade-offs involved in utilising these tools were explicitly considered, as were
variations in their applicabilityto countries in our sample based on their ability and willingness. Alist
of the questions used to motivate the discussion of each gap is included in Appendix 2.

A stylised representation ofthe BRAVE roadmap is provided in Figure 2. The roadmap should be
read fromleft to right. Theroadmap is populated by hurdles (in red) ofthree types: willingness (W),
ability (A) and evidence (E). The five priority gaps (P symbols in green) are numbered to reflect the
orderin which they were discussed atthe roundtable, and are positioned alongthe roadmap to
showwherethey are on theroad towards full recognition (indicated by the ‘full recognition‘award
symbol). As such the hurdles thatare considered overcome are on the left hand side (or behind)
the priority-gap symbol and those thatremain to be crossed are on therighthand side (or ahead) of
the priority-gap symbol. (Itshould be noted thatorder ofthe hurdles does notimply that future
progress wouldrely on addressing them sequentially; further discussion ofthis isincluded in the
priority gap specificroadmaps insection5.2.2). The position of each priority gap reflects the
average ofthe positions occupied by each target country with respectto that priority gap. A
breakdown ofthe countries’ positions with respectto each priority gap is detailed in Appendix 2.
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Figure 4 The BRAVE Roadmap

Notes: W = willingness; A= Ability; E = Evidence; P1 = ‘Broad’ costoffsets at the community level;
P2 = Effects on carers’ health; P3 = Transmission value; P4 = Effects on AMR; P5 =
Macroeconomic effects.

= P1: ‘Broad’ cost offsets at the community level are not comprehensively considered.
Overall, all countries arewilling and able to consider cost offsets. However, evidence of broad
costoffsets should beimproved to ensure thatvalue is consistently recognised.

= P2: Effects on carers’ health are not considered, or not consistently considered. The
ability to include effects on carers’ health is overall available, but the willingness to do so has

notbeen established in all countries, and the evidentiary standards could be improved.

= P3: Transmission value is not consistently considered in all countries. Willingnessto
model transmissionvalueis overall available. While ability may improve through an effortto
standardise methods to advanced modelling approaches, the availability of good quality
evidenceis currently the main hurdle.

= P4: Effects on AMR are rarely considered. Many countries have explicitly expressed their
willingness to consider AMR effects given therelated public health risks. Research on methods
and evidenceto quantify AMR effects is ongoing.

= P5: Macroeconomic effects are rarely considered. Consideration of macroeconomic effects
requires rethinking many aspects ofthe value assessment approach ofvaccines, as well as
researching suitable evidence. So far, i.e. prior to the COVID-19 pandemic, and in the higher-
income countries under study, these efforts have been limited by the lack of recentexperience
with infectious diseases having substantial macroeconomic impact.

The lack ofgood quality evidence that can be used in a specific HTA, is considered ahurdle
towards the full and systematic recognition of hurdles P1to P4. Some challenges also existin the
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ability to incorporate transmission value (P3) and effects on AMR (P4) in HTA. These are typically
due to the lack of knowledge ofthe underlying infection dynamics and the need to improve the
standards of infection surveillance. In part, an adaptation of vaccines assessment methods may
also be necessary in the case of AMR, where qualitative approaches may aid decisionmaking in
the absence of quantitative evidence.

Overall, there does notappear to be a lack of willingness to consider P1to P4 — although thereis
roomforimprovementfor P4. While these value elements P1 to P4 relate to the broader
community, rather than to the vaccinated individuals, theirimpactis directly relevantto the health
system’s perspective. Therefore, while willingness may notalways be explicitin the guidelines,
decisionmakers should be expected to recognise these value elements when robustevidenceis
presented. Thatsaid, more explicitwillingness, or commitment, from decision makers to consider
these broader value elements may provide an incentive for (further) developing the
technical/analytic ability and collecting the required evidence.

The same willingness is currently notas apparentregardinginclusion of macroeconomic effects
(P5). Willingness to recognise macroeconomic effects requires adopting awelfarist perspective and
cost-benefitanalyses to assess vaccines’value for money (Bloom, Fan and Sevilla, 2018).
Therefore, differently from P1 to P4, both willingness and ability for full recognition of P5 require an
overall rethinkingofthe HTA approach in use (likely for all technologies if paid for fromthe same
budget) and alignmenton what (additional) macroeconomic evidence would then be required.

In lightofthe challenges described above, we identified areas for change and improvementin the
way that vaccines are assessed. Below, we listrecommendations for starting to address the
willingness, ability and evidence hurdles for each prioritised value element. Whilethese
recommendations were developed in consideration ofthe currentgaps in the value assessment of
vaccines, they should be tackled with the objective ofimproving HTA of all health technologies
showingvalue on such broader dimensions.

For a detailed listofthe individual recommendations relating to each priority gap, we refer to
Appendix 2 ofthis report.

Willingness

= Stimulate decision makers and public awareness ofthe significantimpacton carers’health (P2)
and macroeconomiceffects (P5) that vaccines could help preventby leveraging the global
experience with COVID-19, and further develop metrics and models to quantify this.

= As a complementary activity to the above, and showing that macroeconomic impactis not
unique to COVID-19 vaccine-preventable disease, develop ‘case studies’demonstrating the
impact of other vaccine-preventable diseases on carers’ health and macroeconomic effects.

= Effects on AMR are notuniqueto vaccines and can accrue fromvarious health technologies
such as antibiotics. In the countries where willingness is currently missing, theissue should be
addressed by promoting abroader discussion aroundtherole of HTA in rewarding the
incremental impactofpreventing or mitigating AMR (P3) in all technologies expected to do so.

Ability
= Short-and long-termadaptations ofthe approaches for assessing vaccines should be

considered, when willingness to consider AMR (P4) and macroeconomic effects (P5) exists. In
the shortterm, where the available evidence may notbe perceived sufficientto quantify the
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impact of vaccines on AMR and macroeconomic effects, decision makers may consider aiding
resource allocation decisions with qualitative methods/judgements (e.g. multi-criteriadecision
marking, MCDA). In the long-term, consideration of non-health effects (e.g. macroeconomic
effects) may require a permanentchange oftheapproaches to assess vaccines, either through
an adaptation of traditional methods (e.g. differential cost-effectiveness thresholds) or adoption
of newones (e.g. macroeconomic models).

Evidence

= Targetthecollectionofevidenceofbroad costoffsets (P1) and carers’ health (P2) based on the
disease characteristics (e.g. highinfectiousness) and the vaccine target population.

= More effortis needed to generate and maintain high-quality evidence of transmission value and
effects on AMR. This requires i) continuation of research thataims to generate evidenceon
infection dynamics, to estimate the impactofvaccines on the developmentofherd immunity
(P3) and of AMR (P4); ii) strengthening national surveillance systems ofinfection transmissions
(P3) and of resistantinfections spread (P4).

= OQverall, efforts to improve the available evidence base around the impactof vaccines may also
generate willingness on the decision maker’s side. However, if both evidence and willingness
hurdles exist, they may be most effectively tackled simultaneously, rather than sequentially. For
example, an explicit statementof willingnessand commitment by the decision maker to
consider such evidence and an open dialogue with manufacturers of what the evidence should
look like, may incentivise the development of further technical/analytic expertise where needed

and the evidence collection itself.

As all studies, ours has its limitations. First, rather than aiming to be fully comprehensive, the study
was based on a targeted literature research and a selection often experts to cover nine countries.
A broader stakeholder consultation was beyond the scope ofthis research and may provide further
insightinto stakeholders’ opinionsand suggestionsfor achieving broader value recognition of
vaccines. While our analysisofvaccine HTApractices in the nine target markets was based on an
in-depth review of HTA guidelines, and their use in practice was validated by local experts, we did
notreview specific vaccines assessments to validate the practical implementation of these
guidelines. Second, the expertroundtable happened to fall in the firstwave of the COVID-19
pandemic, as a result of which this meeting was transformed from an in-person to avirtual two-day
meeting and the discussionthereforein partreflects participants experiences and thinking onthe
broader value of vaccines amidsta pandemic. Finally, the study results are reflective of higher
income countries with relatively developed HTA-processes and cannot necessarily be generalised
beyond such countries.

The BRAVE narrative outlines the rationale for consideration of the broader value of vaccines;
describes the gaps which currently exist between full recognition ofthis broader value and
recognitionin the HTAprocesses of nine target markets; and provides concrete recommendations
foraddressingfive ofthese priority gaps. For these recommendations to translate into policy
changerequires constructive conversation and ashared understanding of key issues. Beyond that,
it requires alignmentamong key stakeholdersand —ultimately — shared willingness, ability and data
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to then make the change. Further work ofthe BRAVE initiative will address the willingness and
ability ofa broaderrange of stakeholders including payers, policymakers and HTA bodies.
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These summaries are based on a combination of literature review and inputfrom at least one
vaccines expertfromeach country. Thefinal descriptions were reviewed and approved by the
relevantrepresentatives.

Belgium

In Belgium, HTA informs the decisionto reimburse a vaccine at the level of the communities and at
the federal level. The communities are responsible for preventive care and can decideto fully
reimburse and include avaccinein theroutine vaccination programme. A vaccine can be granted
partial reimbursement for certain sub-groups atthe federal level by the National Institute for Health
and Disability Insurance (INAMI/RIZIV). Atthe federal level, HTAs are then appraised by an expert
committee, the Committee for the Reimbursement of Medicines (CTG/CRM), which makes non-
binding recommendations to the minister responsible for social affairs (Belgian Health Care
Knowledge Centre, 2010). Guidelines for HTAare published by the Belgian Health Care
Knowledge Centre, an independentresearch centre. There existno separate guidelines for the
HTA ofvaccines.

The mostrecentHTA guidelines, updated in 2012 state that the quality and length oflife of patients
should be considered (Cleemputet al., 2012). No specific referenceis made to carers’quality of
life, transmission value, prevention of AMR, or value to other interventions. However, itis
recognisedthatsocial equity and disease burden (severity) mightbe considered as partof HTA
appraisal —although the methodology forincorporating these value elements is notdescribed. In
terms of economic effects, a health care payer’s perspectiveis recommended in the base-case
analysis, but a societal perspective which also considers theimpacton patient productivity can be
presented in asensitivity analysis. Costoffsets atthe patientlevel are considered, but
macroeconomic effects are not.

In practice, itappears that HTAs may commonly butinformally incorporate considerations of
transmissionvalue. Carers’ quality oflifeand AMR may also be informally considered, albeitmore
rarely. Macroeconomic effects are notconsidered.

Canada:

In Canada, non-bindingrecommendations about reimbursement of vaccines are made by the
National Advisory Committee on Immunisation (NACI), an advisory committee of the Public Health
Agency of Canada. NACI forms expertworking groups to assess individual vaccines, which
develop recommendations thatthe advisory committee votes on (Ismail etal., 2010). There are
published methods by which NACl arrives at recommendations, lastupdated in 2009 (National
Advisory Committee on Immunization (NACI), 2009), although new guidelines and frameworks for
health economic evaluation of vaccines are anticipated in 2020 (National Advisory Committee on
Immunization (NACI), 2019).

NACI develops recommendations based on reviews of existing literature, as opposedto by
conducting its own research. NACI allows consideration of burden of disease, directand indirect
health benefits (including transmission value), and other factors such as its impact on particular
populations (social equity).
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While NACI does notexplicitly mention carer QoL, value to other interventions, or AMR, its use of
the catch-all phrase “community or population health outcomes” suggests that NACI may already
be willingto acceptevidence ofthese value elements; carer QoL isin fact already commonly
considered. Although thereis no referenceto costingapproaches in the methods. Asocietal
perspectiveis consistently appliedin practice; macroeconomiceffects are notconsidered in the
decision-making process.

France

In France, the Technical Vaccination Committee (CTV) is a specialised commission ofthe National
Authority for Health (HAS). The CTV responsible for HTAofvaccines and provides non-binding
recommendations ontheintegration of new vaccines intothe national immunisation schedule to
HAS (Christensen etal., 2019). To carry out HTA, the CTV forms expert working groups to develop
recommendations thatthe committee votes on (Floretand Deutsch, 2010).

The CTV make recommendationson acase-by-case basis, rather than in adherence to methods
guidelines. Typically, the elements of primary consideration are the effect on morbidity, including
quality oflife (personal communication French expert), length oflife, and hospitalisation (which is a
burden of disease aspect); transmissionvalueis also considered where relevant (Floretand
Deutsch, 2010). Thereis no reference in the literature relating to the operations ofthe CTV to the
effect of vaccines on the quality oflife of carers, nor to their effects on other community health
externalities including value to other interventions, AMR and social equity. However, the CTV may
consider guidelines developed by the WHO as partof their considerations (Floretand Deutsch,
2010) — and therefore in theory consider these effects implicitly. The CTV are notbound to
incorporate economic considerationsinto HTAs, but do so with increasing regularity (Floretand
Deutsch, 2010; Christensen etal., 2019). These considerations typically consider productivity costs
associated with providing an intervention, both for patients and carers, but may uncommonly
consider productivity offsets due to averted disease. ‘Narrow’ and ‘broad’ cost offsets to the health
system are also occasionally considered, althoughthese do notextend to macroeconomic effects.

Germany

In Germany the Standing Committee on Vaccination (STIKO) is responsible for appraising
vaccinations and making recommendations for reimbursement. These recommendationsare not
legally binding butdo formthe basis ofthe directives issued by the Federal Joint Committee (GBA)
on reimbursement. Each state in Germany also has a vaccines committee which makes official
recommendations atthe federal level.

The methodology STIKO follows is outlined in the “Standard Operating Procedure ofthe German
Standing Committee on Vaccinations (STIKO) for the systematic developmentofvaccination
recommendations” (STIKO, 2018).

The Standard Operating Procedure (SOP) state that the health outcomes and mortality effects of
disease on patients oughtto beincorporated into appraisals; no referenceis made to the impacts of
disease on carers’ health outcomes, although our research suggests thatthey may be uncommonly
and informally considered. The SOP also consider “population-relevant outcomes” in their
appraisals, explicitly noting the role of value elements such as the burden ofdisease; herd
immunity; and the impacton “health inequities”; the potential for co-ad ministration with other
vaccines is noted, although thereis no discussion ofawider consideration ofthe value of a vaccine
to otherinterventions nor AMR (STIKO, 2018).

STIKO does notrequire an evaluation of cost-effectiveness in order to make an appraisal, nor
undertake this internally, but can take cost-effectiveness considerationsinto accountifthese are
available (STIKO, 2018). This is also true for the federal vaccines committees. The methods
suggested for health economicanalyses presented to STIKO recommend that ‘narrow’and ‘broad’
costoffsets are considered andthata societal perspective incorporating productivity concerns (but
notmacroeconomiceffects) is taken in the reference case, for vaccinations that preventillnesses
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which mainly affectchildren (inorder to estimate the productivity lostdue to parental caregiving)
(STIKO, 2016). However, in practice a health care perspective may be more common.

Italy

The Italian Ministry of Health issues the National Vaccine Prevention Plan (PNPV), which provides
vaccines guidance and sets national coverage targets. HTAs to informthe Ministry of Health's
guidance are undertaken by the National Immunization Technical Committee (of the Ministry of
Health), which was established in 2017 after the approval ofthe 2017-2019 PNPV. Academic
departments in Italian universities play akey rolein supportingthe HTA process.

The final decisionsaboutvaccines reimbursementare made by regional health authorities,
although thereis an expectation thatthey follow the non-binding recommendations issued in the
PNPV. However, regional health authorities are also able to undertake their own HTAs taking into
accountlocal considerations.

The National Vaccine Prevention Plan (PNPV) 2017-2019 introduced new guidelines for the HTA of
vaccinations. Every vaccination recommendation mustbe supported by areview ofevidence
regarding the economic impacts of vaccination from a health payer perspective, in addition to their
effects on patientquality of life and mortality. Whilstthe formal positionis thatthese should be
performed from perspective of society and the Italian National health System (Capri et al., 2001), in
practice effects on the productivity of patients and carers are not fully considered (OHE 2020). Herd
immunity and social equity can be informally considered, yet macroeconomic effects are not
considered (Personalcommunication Italian HTA expert, May 2020).

Japan

In Japan decisionsaboutvaccine reimbursementare made by Ministry of Health, Labour and
Welfare (MHLW) on the basis of non-binding recommendations from the Health Sciences Council
(HSC) Vaccines Evaluation Committee. The HSC bases its recommendations primarily on
consultations performed by the Pharmaceuticals and Medical Devices Agency (PMDA), as well as
HTA assessments commissioned by the Central Social Insurance Medical Council (CSIMC or Chu-
i-kyo) ofthe MHLW and carried out be external working groups.

The CSIMC's official methodological guidelines for HTAwere last updated in 2019 (Takashi
Fukuda, 2019). Methodological guidelines for cost-effectiveness analysis specific to vaccines are
separately implemented by the HSC, alongside these guidelines. The HSC guidelines state that
HTAs should consider the effects of vaccines on patients’ quality and length of life in terms of
QALYs, but make no reference to effects on carers’ health or broader community health
externalities (Fukuda, 2019). They state that ‘narrow’ cost offsets should be considered, although
no referenceis made to ‘broad’ cost offsets; productivity costs may be measured if relevantbut are
notconsidered in the ‘base case’ (Fukuda, 2019). Disease burden and herd immunity will typically
be considered for vaccine evaluationsyetvalue to other interventions and macroeconomic effects
are notconsidered formally or informally (Personalcommunication Japanese HTA expert, May
2020).

Sweden

In Sweden the Folkhalsomyndigheten (Swedish Public Health Agency) is responsible for carrying
out HTA and providing recommendations to the Ministry of Health and Social Affairs on which
diseases should beincludedin the national vaccination programme and suggesting changes to the
existing programme. The Tandvéard och lakemedelsférmansverket (Dental and Pharmaceutical
Benefits Agency, or TLV) is responsible for HTAof medical technologies in Sweden and is involved
in HTAs of vaccines applying for reimbursement outside ofthe national vaccination programme.

Foreach disease under consideration, aworking group is formed comprising clinicaland public
health experts and representatives fromgovernmentand professional associations. Diseases are
assessed against 13 factors(Folkhalsomyndigheten, 2018); if the diseaseis considered to meet all
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of these, the Folkh&lsomyndigheten’s recommendation forinclusionis binding. If not, the
Folkhélsomyndigheten may issue a non-binding recommendation, and regions are able to
determine whether vaccines are provided for free or paid for out-of-pocket, and to which sub-
populations (Personal communication Swedish HTA experts, May 2020).

The 13 factors considered by the Folkhalsomyndigheten primarily relate to the safety and clinical-
and cost-effectiveness ofthe vaccine. The anticipated impactofthe vaccine on burden and
epidemiologyofdisease, as well as socio-economic impacts are considered withinthese criteria (in
addition to the likely effectofinclusion ofthe disease on overall public confidence in the national
vaccination programme). On the costside, ‘broad’and ‘narrow’ costoffsets for example to the
state, municipalities and counties are to be considered (Folkhédlsomyndigheten, 2018).

The effects ofvaccines on the quality oflife of carers may be informally and uncommonly
considered, notin HTAbut as part ofthe broader decision-making process. Effects on AMR, the
cost-effectiveness of other interventions, and macroeconomic outcomes are notcurrently
consideredin aformalised way (Personal communication Swedish HTA experts, May 2020).

UK

HTAs of preventative vaccines in the UK are carried outby the Joint Committee on Vaccination and
Immunisation (JCVI), which is the body responsible for providing recommendations to the UK
Department of Health and Social Care on the introduction of new, and changes to existing, vaccine
programmes. Theserecommendationsare bindingif JCVIconcludes thatthe vaccineis cost-
effective. A JCVI Code of Practice was published in 2013 (JCVI, 2013), although in practice there
may be some flexibility in how thisis applied.

Accordingto the Code of Practice, JCVI recommends that health effects on both patients and
carers are considered in HTAs; burden of disease and herd immunity are also considered where
relevant (JCVI, 2013). On thecostside, ‘narrow’ and ‘broad’ cost offsets are considered, but effects
on productivity are notdueto the preference for a health system perspective.

The Code of Practice also recognises that some important effects and costs mightnotbe possible
to explicitly capture in the cost-effectiveness model which forms the basis ofthe HTA, and that
these should be stated and the estimates produced by the cost-effectiveness model adjusted
“commensurate with a reasonable view of the relative magnitude ofthe additional factors”.
Examples noted in the Code of Practice include value to non-related interventions (for example due
to the prevention of seasonal outbreaks of disease) and peace of mind (as part of the effect on
quality oflife on patients are carers). In practice, however, these are rarely considered.
Macroeconomic effects are notconsidered. Following areview of JCVI's methodology, the
Department of Health and Social Care has prioritised future research to identify how peace of mind,
AMR and social equity mightbeincorporated into HTA (Department of Health and Social Care,
2018).Thisresearch is part ofa broader agendato review the HTA methods used by the National
Institute for Health and Care Excellence, which is currently ongoing.

us

In the US, the Advisory Committee on Immunisation Practices (ACIP) is responsible for producing
recommendations to the Director of the Centres for Disease Control and Prevention (CDC) on the
use of new and existing vaccinations. Although these recommendations are non-binding, once
approved by the Director ofthe CDC they are generally regarded as national policy and are
respected and adopted by mostinsurers (Smith, 2010). To carry out HTA, ACIP typically forms
working groupsto develop recommendations that the full committee votes on.

The ACIP Charter states that HTA of vaccines should consider clinical- and cost-effectiveness,
safety, and burden of disease. The ACIP also publishes guidance for the health economic
evaluations which ituses to assess clinical- and cost-effectiveness (Leidner etal., 2019). This
guidance does notmake explicitwhich narrow or broad health effects should be considered, only
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that they should be “relevantto the perspective and policy question”. Effects on quality and length
of patients, along with herd immunity, do receive specific mention. On the costside, ‘narrow’and
‘broad’ costoffsets and effects on productivity are considered.

In practice, thereis some precedentforthe consideration of AMR and the value of vaccines to
otherinterventions. Social equity is also notconsidered.
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P1: ‘BROAD’ COST OFFSETS AT THE COMMUNITY LEVEL ARE NOT COMPREHENSIVELY
CONSIDERED

Overall, the willingness and ability to formally include cost offsets in the HTA of vaccines is
available in all but one country under study. Japan represents the exception because HTA has
relatively recently been introduced and ithas notbeen applied to vaccines yet.

Evidence of costoffsets is typically available but limited to the impactofvaccines on health
systems’ resources concerning vaccinated individuals. However, the quality ofthe evidence of
broad costoffset, accruing for example from herd-immunity or preventing infection outbreaks, could
be improved. We notethateven narrow cost offsets, relating to long-term sequelae for example,
are notalways comprehensively considered, despite awillingness and ability to do so, when the
evidenceis considered insufficient.

The relevance of broad costs may depend on theinfection type and the population targeted by a
vaccine. For example, broad costs may be particularly relevantin the case ofinfections with high
levels of transmission.
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Figure 5 Theroadmap towards full recognition of 'broad’ cost offsets
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Notes: W = willingness; A = Ability; E = Evidence

Potential strategies for overcomingthe hurdles that currently preventthe recognition of ‘broad’ cost
offsets at the community-level are listed in the table below.
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Table 5: summary of recommendations for Priority Gap 1

HURDLE WHAT WHOM WHEN
Willingness Assume overcome
Ability Assume overcome
Evidence Target the collectionofevidence on broad Manufacturers  Shortto medium
costoffsets based on disease term
characteristics and vaccine target
population

P2: EFFECTS ON CARERS' HEALTH ARE NOT CONSIDERED, OR NOT CONSISTENTLY
CONSIDERED

The overall picture regarding the consistentrecognition of carers’ health in vaccines assessmentis
mixed. Methods to measure carers’ health existand have been used in various contexts (Hoefman,
van Exel and Brouwer, 2017). Therefore, in countries with established systems for HTA, the ability
hurdle may be considered overcome. Japan is currently working on defining the evidence
requirements for demonstrating the effectiveness of vaccines in HTA. Hence, while at present
willingness to include carers’ health may notformally existin Japan, theinternational experience
demonstrates thatthe ability to do so is available.

Willingness is currently considered ahurdle in Belgium, Italy and Germany. In these countries, the
guidelines for vaccines assessment state thata perspective of analysis thatfocuses on theimpact
of vaccines on vaccinated individuals should be used. We note that in countries like the UK,
willingness to consider carers’health is stated in the guidelines but, de facto, this effect is not
prioritised and rarely taken into account.

The availability of evidencerepresentsahurdlefor all the countries includedin this study. The main
issuerelates to the quality ofthe evidencethat is available at the time ofthe HTA. Thisis often
deemed insufficientfor the formal inclusion of this effectin the vaccines’value assessment. We
notethat in countries where willingness is currentlylacking, improving the quality ofthe evidence
may also increase the willingness to explicitly recognise this value elementin the vaccines’
assessmentguidelines. As mentioned before, initiatives to increase willingness and improve
evidence may be more effective when undertaken in parallel.
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Figure 6 Roadmap towards full recognition of carers’ health

Notes: W = willingness; A = Ability; E = Evidence

Potential strategies for overcoming the hurdles that are currently preventing the recognition of
effects on carers’ health are listed in the table below.
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Table 6: summary of recommendations for Priority Gap 2

HURDLE WHAT WHOM WHEN
Ability Assume overcome
Willingness  Stimulate decision makers’and the public’'s  Manufacturers  Shortterm
awareness ofthe significantimpacton and decision
carers’ health that vaccines could help makers

preventby leveraging the global experience
with COVID-19, and further develop metrics
and models to quantify this
Evidence Target the collectionofevidenceon carers’ Manufacturers Medium term
health based on disease characteristics and
vaccinetargetpopulation

P3: TRANSMISSION VALUE IS NOT CONSISTENTLY CONSIDERED IN ALL COUNTRIES

The willingness to consider transmission value is generally homogeneous amongthe countries of
our study.

While a basic ability to model transmissionvalueis available in all countries, the lack of consistent
methods for evaluating herd effects as partof HTA represents an ability hurdle for countries like
Germany and Japan. Similarly, Canadaneeds to consolidate its ability through an expansion ofthe
decision makers’capacity to interpretthe results of models on herd immunity. Investments in
adequate ability and capacity may have been limited so far by the inconsistent quality ofevidence
of herd effects.

Evidence seems in fact the major hurdle towards a more consistent consideration of transmission
value. In the past, evidence of health gains linked to herd immunity has been crucial for the
recognition of value of meningococcal, HPV and rotavirus vaccines. However, the quality ofthe
evidence can vary widely across diseases. For some diseases, good evidence of herd immunity
may notbe available at the time ofthe assessment. Continuous research efforts are necessary but
also require time and resources to obtain. For manufacturers, the ability to recoup thosein a value-

based reimbursement will be critical for deciding to investin this.

A prerequisite for obtaining good quality evidence to model herd effects are effective systems of
surveillance ofinfection transmission. In ltaly, for example, the quality of surveillance data differs
widely across regions and represents a barrier.
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Figure 7 Roadmap towards full recognition of transmission value
Notes: W = willingness; A = Ability; E = Evidence
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Potential strategies for overcomingthe hurdles that currently preventthe recognition of
transmissionvalue are listed in the table below.
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Table 7: summary of recommendations for Priority Gap 2

HURDLE WHAT WHOM WHEN

Willingness Assume overcome

Ability Develop standard frameworks for Decision Shortterm
modelling transmission dynamics makers
Improve the ability of decision makers to Decision Medium term
interpretthe models on herd effects makers

Evidence Develop standards around the suitability of Decision Shortto
data extrapolation across countries to makers and Medium term
addressthelack of evidence atthe time of  manufacturers
assessment

Continue research on dynamicsofimpact Manufacturers Medium term
of vaccines on disease transmission and
immunity development

Strengthen surveillance data collection Decision Shortto
approaches makers and medium term
surveillance
bodies

P4: EFFECTS ON AMR ARE RARELY CONSIDERED

AMR effects are notexplicitly listed invaccine assessmentguidelines of Italy, Germany, Japan and
Sweden. Overall, willingness may be lacking because of the currently weak evidence base and yet
the need for validated and feasible approaches to modelling the effect of vaccines on AMR, which
in turn may require medium to long timelines to develop.

In lightofthe major public health threatthat AMR poses, theremaining countries under study have
made their willingness to consider the effects on AMR explicit. In these countries, this willingness
seems to have followed froma broader movementthat emphasises therole of HTA in rewarding
the value of medical technologies (e.g. antibiotics) that will help preventing and fighting AMR.
However, the ability to quantify theimpactof AMR and the supporting evidenceto do so are

currently insufficient.

Generating suitable evidence of AMR effects, requires untangling theimpactofvaccines on the
developmentof AMR from other causes. The causal impactofvaccines on AMR developmentis
arguably better documented than thatof other medical and public health interventions (Outterson,
2014; WHO, 2014). However, the existing evidenceis based on many assumptions which make the
true size ofthe impactof vaccines on AMR uncertain. An additional complication of generating
suitable evidence of AMR effects for HTA purposes isthatitshould be country specific. In fact,
AMR is a function of many country level factors including antibiotic use, type of antibiotics in use,
prescription culture and demand. Research in this areaand on the developmentof modelling
approaches of AMR developmentand transmissionis ongoing (Atkins etal., 2018).
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Figure 8 Roadmap towards full recognition of effects on AMR
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Potential strategies for overcomingthe hurdles that currently preventthe recognition ofthe effects
on AMR are listed in the table below.

Table 8: summary of recommendations for Priority Gap 4

HURDLE WHAT WHOM WHEN
Willingness Promote broader discussionaroundthe  Decision Shortterm
value of all types of medical makers

technologies, beyondvaccines, that may
preventand/or fight AMR

Ability Develop qualitative methods (e.g. Decision Shortterm
MCDA) or make deliberate makers

considerations on AMR effects until
suitable evidence for modelling becomes
available (high weightto QALYs
generated as a result of resistance

infections)
Evidence Continue research on dynamics of Manufacturers Medium
impact of vaccines on AMR development term
Strengthen surveillance data collection Decision Shortto
approaches atcountry level makers and medium
surveillance term
bodies

P5: MACROECONOMIC EFFECTS ARE RARELY CONSIDERED

Most countries in this study need to overcome willingness, ability and evidence hurdles onthe road
towards recognising macroeconomic effects of vaccines. Overall, the recognition of macroeconomic
effects requires a major rethinking of HTA methods thatwould apply to all types of medical
technologies beyondvaccines.

Willingness seems the primary initial hurdle to overcome when aiming to move towards the
recognition of macroeconomic effects. At present, Belgium, France, Germany, Italy, Japan and the
UK all use a health system perspectiveto carry outthe HTA of medical technologies. Yet countries
that take a broader societal perspective (e.g. Sweden) on HTA, and include productivity effects in
the cost-effectiveness analysis (CEA), also do not currently consider macroeconomic effects.

A comprehensive consideration of macroeconomic effects may also require evolvingthe ability of

decision makers, in terms ofthe type of analysis used to assess vaccines. While CEAis the most
widespread analytical tool in HTA, alternative approaches (e.g. macroeconomic models) may be
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more suitable to quantify macroeconomic effects. Research from an ongoing ISPOR taskforce
(Mauskopfetal., 2018) and the IMPACT HTA EU project (IMPACT HTA, 2021) are examples of
efforts aiming to improve the understanding of the methods for measuring macroeconomicimpact.
Alternative approachesthatrely on adapting current CEA approaches (e.g. differential cost-
effectiveness thresholds) may also be considered.

Evidence ofthe impactofvaccines on economicdevelopmentexists butis generally focused on
low-income settings. However, COVID-19 may offer an ‘opportunity’for assessing the short- and

long-termmacroeconomic impactthatvaccines could prevent.

Figure 9 Roadmap towards full recognition of macroeconomic effects
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Potential strategies for overcomingthe hurdles that currently preventthe recognition of
macroeconomic effects are listed in the table below. We note that, because the recognition of
macroeconomic effects isin its early stages, the strategies below will be subject to further
refinementdependingon future research developments, and adaptation to the setting of
application:

Table 9: summary of recommendations for Priority Gap 5

HURDLE WHAT WHOM WHEN
Willingness  Leverage experience with COVID-19 to show  Decision Medium term
existence of significant macroeconomic makers and
effects. Macroeconomic effects from COVID- manufacturers

19 can also address the public opinion around
vaccination scepticism. Acomplementary
piece of work could consistin the development
of ‘case studies’ showing macroeconomic
effects for diseases other than COVID-19.

Explore opportunities for different cost- Decision Shortto
effectiveness threshold for vaccines with makers and medium term
greater societal benefits than other medical manufacturers

technologies, and differential discounting for
vaccines with longer-term benefits
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Explore opportunities for piloting use of
societal perspective, e.g. as a scenario
analysis.
Ability Research in adaptation oftraditional HTA
methods (e.g. differential cost-effectiveness
thresholds) oradoptionofnewones (e.g.
macroeconomic models)

Evidence Research on short- and long-term

macroeconomic impact ofinfectious diseases
that are vaccine preventable

PP-VAC-GBR-1780 June 2021

Decision
makers and
manufacturers

Independent
research

Independent
research,
public health
bodies

Shortto
medium term

Shortto
medium term

Medium term
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