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Background: Vaccine market access (VMA) pathways across the European Union (EU) and the United
Kingdom (UK) are complex, lengthy, and heterogeneous, particularly when compared with pharmaceu-
ticals. The knowledge base to inform recommendations for optimization of VMA is lacking. We therefore
conducted a comprehensive evaluation of EU VMA pathways.
Methods: Research in two phases included: (1) mapping VMA pathways in each EU member state (in-
cluding the UK) based on a literature review, expert interviews, and mathematical archetyping; and
(2) interviews with vaccine experts to identify barriers, drivers, and recommendations for regional
VMA alignments.
Results: Key steps in VMA across the EU include horizon scanning, early advice, National Immunization
Technical Advisory Group (NITAG) recommendation for inclusion in national immunization programs,
health technology assessment (HTA), final decision and procurement. We found significant complexity
and heterogeneity, particularly for early advice, and in the roles, decision-making criteria, and trans-
parency of NITAGs and HTA bodies. The most important drivers for rapid VMA included demonstration
of disease burden and vaccine benefit (e.g., efficacy, safety, economic). Key barriers were budget limita-
tions and complexity/clarity of VMA processes (e.g., need for national-regional consensus, clarity on pro-
cess initiation, and clarity on the role of HTA). Recommendations for alignment at EU and member-state
levels include information sharing, joint clinical assessment, initiatives to address funding and political
barriers, and improved transparency by decision-making bodies. Early engagement with vaccine stake-
holders was a key recommendation for manufacturers.
Conclusions: There is significant potential for alignment, collaboration, and improvement of VMA across
the EU. Roles, responsibilities, and transparency of key bodies can be clarified. The COVID-19 pandemic
response should stimulate policies to improve access to all vaccines, including routine ones, and form the
foundation upon which a consistent vaccine ecosystem can be created for the EU, one that is resilient,
consistent between member states, and fit for purpose.
� 2021 The Authors. Published by Elsevier Ltd. This is an openaccess article under the CCBY license (http://

creativecommons.org/licenses/by/4.0/).
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1. Introduction

Vaccines have the potential to significantly reduce disease, dis-
ability and mortality [1–4]. In addition to the rigorous licensing
steps that also apply to pharmaceuticals, vaccines follow compli-
cated market access pathway processes and are subjected to
mandatory local standards, [5,6] which add complexity and time
to the recommendation and reimbursement of national immuniza-
tion programs. The COVID-19 pandemic has underscored both the
need and possibility for agile vaccine mobilization, even within
existing vaccine market access frameworks [7–9]. However, the
pandemic has also highlighted the need to improve vaccine pro-
curement strategies and cooperation across Europe [10,11]. Aside
from the present pandemic, under-recognition of the long-term
societal benefits of vaccines, including their value from economic
perspectives, which may be locally driven, represent barriers to
vaccine market access [12].

Within the European Union (EU), vaccine market access (VMA)
is nationally led. Following marketing authorization, member
states individually decide on inclusion of a vaccine within their
national immunization program (NIP). A common step of VMA
across the region involves a recommendation by the National
Immunization Technical Advisory Group (NITAG) in each country
[13,14]. However, there are significant differences and specificities
in VMA pathways within and beyond the NITAG recommendation.
As such, VMA across the EU has historically appeared complex and
opaque [15,16]. Thus, while it is timely to align on approaches to
enhance the rapidity of VMA, the knowledge base to inform such
recommendations is lacking. For this purpose, we conducted a
comprehensive evaluation of VMA pathways across the EU region,
from marketing authorization to population access.

This research was conducted on behalf of Vaccines Europe, part
of the European Federation of Pharmaceutical Industries and
Associations (EFPIA), [17,18] to establish VMA pathways across
the 28 EU member states including United Kingdom (UK), which
was an EU member at the time of the research. The objective
was to provide an evidence base on which to inform policy recom-
mendations at national and EU levels, with the goal of optimizing
VMA across the region. To facilitate this goal, we systematically
mapped and evaluated VMA pathways in each member state.
2. Materials and methods

Secondary and primary research was conducted in 2018–2019
in two phases: (1) mapping VMA pathways in each EU28 member
state based on a literature review and local data collection by
industry vaccine experts, culminating in mathematical archetyping
and defining exemplar countries; and (2) primary research with
non-industry vaccine experts in exemplar countries to validate
phase 1 findings. This exercise also enabled the identification and
analyses of barriers and drivers of VMA across the EU28, and rec-
ommendations for alignment.
2.1. Phase 1

2.1.1. Literature search
A literature search (covering January 1, 2015 to September 25,

2018) was conducted to establish an understanding of VMA path-
ways and develop data collection instruments (country cards).
Peer-reviewed publications covering the key aspects of the VMA
pathways in the EU28, including relevant stakeholders, processes,
and time to population access (TTPA), were identified. Searches
of full publications were conducted in Embase� and Medline�

databases. Scientific presentations were searched in the Interna-
tional Society for Pharmacoeconomics and Outcomes Research
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database, Health Technology Assessment International (HTAi) Vor-
tal� and a Creativ-Ceutical Proprietary Database. The full search
strategy and inclusion/exclusion criteria are provided in Supple-
mental File 1; Table 1. Titles and abstracts were screened by a sin-
gle experienced reviewer to select relevant records subject to pre-
defined inclusion and exclusion criteria; full-text publications
were obtained for the selected literature.

2.1.2. Country card completion
To obtain detailed descriptions of VMA pathways in each of the

EU28 countries, we conducted primary research (in Q4 2018) with
national industry experts identified and recruited by Vaccines Eur-
ope from each member state. Narrative descriptions of the
country-specific VMA pathways were collected on data collection
instruments (country cards). Country card sections included: key
steps of the VMA process, key stakeholders such as NITAG and
health technology assessment bodies (HTABs) and their roles,
and the number of vaccinations included in the NIP. On NITAGs
and HTABs specifically, each expert assessed key decision-drivers
and details of early advice, if given, and perceived transparency
level. Transparency was defined as the presence of a formal
decision-analysis/health technology assessment (HTA) framework,
a systematic approach for evidence appraisal, and publication of
the decision and rationale. The level of transparency was consid-
ered low if 0 or 1 criterion was met; medium if 2 criteria were
met; and high if all 3 criteria were met. The experts also provided
supportive references for all local VMA information, where
available.

Quantitative data were also obtained from the industry experts
on TTPA, defined as the time between marketing authorization and
the date when funding was effectively implemented, either via
public procurement or reimbursement [19]. TTPA data were
obtained for the overall process and specifically for three vaccines:
a pneumococcal vaccine (PCV13), a human papilloma virus (HPV)
vaccine (Gardasil 4), and a quadrivalent influenza vaccine (Fluarix
Quadrivalent; Fluarix Tetra for France and the UK; Influsplit Tetra
for Germany). Our selection rationale was to include vaccines tar-
geting widespread and/or common diseases adopted for routine
use in multiple member states, across a spectrum of populations
(namely pediatric, adolescent, and adult).

Range and 95% confidence intervals (CI) were calculated. The
TTPA data for these vaccines were analyzed to examine the trends
in VMA compared with the data presented in the literature.

All questionnaires were checked for completeness and consis-
tency and clarifications and adjustments were made if needed.
Responses were further reviewed by 11 non-industry vaccine
experts and amended if needed (in 2019). Finally, information
was cross-checked by a separate group of industry experts in
2020 to ensure robustness of data and to reflect recent changes
not previously captured. Therefore, the information in this report
relates to the status of VMA as of Q1 2020.

2.1.3. Archetype and exemplar development
Based on findings from the primary research with industry

experts, we conducted a hierarchical clustering exercise to classify
the member states according to selected VMA attributes. Manual
clustering was used to assess the face validity of results obtained
by mathematical algorithms. Three attributes were selected,
informed by industry vaccine experts, to perform the manual clus-
tering: (1) involvement of HTAB (yes/no); (2) procurement type
(formal tender-driven process and/or non-tender/individual
product-driven process); and (3) level of decision-making (national
and/or regional).

A mathematical agglomerative approach to clustering was used,
including a standard method for categorical attributes (Jaccard
metrics) to measure the ‘‘distance” between country data. A



Table 1
Attributes used for preliminary mathematical clustering of EU28 VMA pathways.

Clustering attribute

1. Applicability of horizon scanning (yes/no)
2. Availability of formal early advice (yes/no)
3. NITAG formal terms of reference (yes/no)
4. NITAG formal decision-analysis framework (yes/no)
5. Level of decision making* (national/regional/both)
6. Mandatory (binding) funding of at least one vaccine following inclusion of vaccination in immunization program (yes/no)
7. Procurement type (tender-driven/individually-driven┼/both)
8. Level of tenders (national/regional/both)
9. Published award criteria and clear selection process for tenders (yes/no)
10. Number of vaccinations in immunization program (<10/10–15/>15)
11. Involvement of HTAB (yes/no)
12. NITAG preferential recommendation towards vaccine type (yes-always or usually/yes-sometimes/no)
13. NITAG main decision drivers (clinical/economic/population-based/clinical and economic/clinical and population-based/clinical and economic and population-

based/other)
14. HTA main decision drivers (clinical/economic/population-based/clinical and economic/clinical and population-based/clinical and economic and population-based/

other)
15. Transparency of NITAG/HTAB (low/medium/high)
16. HTA binding for the respective authority (low/medium/high)
17. Can marketing authorization holder initiate the assessment (yes/no)
18. Time to population access (<2 years/2–6 years/>6 years)

HTA, health technology assessment; HTAB, health technology assessment body; NITAG, National Immunization Technical Advisory Group.
* Issuing recommendation for inclusion into vaccination program and funding.
┼ Reimbursement list for vaccines.
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Complete-Linkage method was performed thereafter to evaluate
the distance between the farthest two points from different clus-
ters. The Average-Linkage method was used for sensitivity analysis,
which evaluated the average distance from any country of one
cluster to any country of another cluster. The optimal number of
clusters was selected based on silhouette average width, which
describes the distance of each country in one cluster to countries
in the neighboring cluster. To compare the clusters created based
on different sets of attributes, the Adjusted Rand Index (ARI) was
used as a measure of cluster similarity. Finally, the appropriateness
of clusters was checked by Dunn’s index (DI; i.e., a ratio between
the minimum inter-cluster distances to the maximum intra-
cluster diameter) with DI > 1 being a necessary and sufficient con-
dition and higher value indicating a better fit [20,21]. Each country
was treated separately, and clusters were merged until stopping
criteria were met. Attributes for which answers were ‘‘not applica-
ble” were excluded from the clustering to avoid false homogeneity
for this response. The remaining attributes were used for the pre-
liminary mathematical clustering. These analyses were conducted
using the ‘hclust’ function in R (� The R Foundation Software, ver-
sion 3.5.0).

Exemplar countries were then selected (and cross-validated by
the vaccine industry experts) for each cluster: first, those
representing the main European (EU5) markets (France, Germany,
Italy, Spain and the UK) [22,23]. In the absence of at least one EU5
member state within a given cluster, the state with the highest
population size/growth rate was selected. The results of mathe-
matical clustering and manual clustering were compared, to
ensure face validity and consistency. Created clusters were further
validated by the industry experts, with final validation by non-
industry experts from exemplar countries.

2.2. Phase 2

2.2.1. Expert stakeholder interviews
Up to two non-industry experts were recruited from each

exemplar country to validate the pathway descriptions and VMA
archetypes. Experts were recruited based on their individual expe-
rience in vaccine decision making, participation in decision-
making working groups, and relevant publications. This validation
exercise was also conducted with a non-industry expert providing
EU-level input.
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Before the one-hour telephone interviews, respondents received
pre-reading material and a semi-structured questionnaire grouped
in three main sections: overview of VMA and EU-level collaboration,
vaccine assessment frameworks, and archetypes of VMA across the
EU28. Findings from the expert interviews were collated to describe
drivers, barriers, and other critical steps of the VMA pathway. The
non-industry experts also provided recommendations to improve
VMA at the national and EU levels.
3. Results

3.1. Phase 1

3.1.1. Literature review
The literature search (Supplemental File 1; Fig. 1.1) identified

17 references representing 16 original studies (14 peer-reviewed
journal articles, two congress poster presentations, and one book
chapter), which were classified as country-specific or cross-
country comparisons, [15,16,24–32] topics on clinical and eco-
nomic assessments of vaccines, [12,14] or vaccination program
implementation studies [33–36].

The literature confirmed the varying timeframes, complexity,
and heterogeneity of VMA across the EU28, with numerous stake-
holders involved [6,16,25]. For example, one study reported sub-
stantial variability in TTPA across countries, ranging from
11 months in Belgium to 135 months in Italy [16] and others esti-
mated up to 77 months (6.4 years) [19].

Some countries evaluated vaccination programs at the popula-
tion or societal levels, rather than on individual or healthcare
levels. Broader measures of vaccination value were also identified
e.g., community externalities such as disease control, herd immu-
nity, elimination, or eradication [12,14].
3.1.2. Information from country cards
Country card data from the industry experts further clarified the

key features of VMA pathways and marketing authorization in
each of the member states (Supplemental File 2). An example
country card for Germany describes a process with both NITAG
and HTAB involvement (Fig. 1).



Fig. 1. Country card example: Germany. *See chapter 4 of STIKO Standard Operating Process [44]. **Issuing the recommendation toward the particular brand by NITAG.
yHigh–3/3 criteria (formal decision-analysis framework in place; publication of decision with rationale; systematic approach for evidence appraisal) met; medium–2/3
criteria met; low–1/none criteria met. �NITAG Resource Center [45]. G-BA, Federal Joint Committee (Gemeinsamer Bundesausschuss) GRADE, Grading of Recommendations
Assessment, Development and Evaluation; HTA, health technology assessment; HTAB, health technology assessment body; NA, not applicable; NITAG, National Immunization
Technical Advisory Group; STIKO, Standing Committee on Vaccination (Ständige Impfkommission); WHO, World Health Organization.
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3.1.3. Vaccine market access pathways
Based on responses gathered per key topic, descriptive statisti-

cal analysis was conducted and a market access pathway, from
marketing authorization to population access, was summarized
for each country. In addition, an overview of all EU28 VMA path-
ways was developed.

3.1.4. Country-specific VMA pathway examples: Germany and France
Fig. 2 shows the VMA pathways for Germany (Fig. 2a) and

France (Fig. 2b) [37–40].

3.1.5. Overall EU vaccine market access pathway
Key steps of the VMA pathway across the region include hori-

zon scanning, early advice, initiation of assessment, NITAG recom-
mendations for consideration of vaccine into NIP and funding,
HTAB recommendation, final decision, NIP inclusion, and procure-
ment (Fig. 3).
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The presence or absence of steps followed by each EU28 coun-
try are represented in Fig. 4. Horizon Scanning, conducted once or
twice a year, is performed in 15 countries, usually by the NITAG,
Ministry of Health (MoH) or other institutions. Experts highlighted
that early advice from the relevant body is crucial for acceleration
of the access pathway process. Formal Early Advice, featured in
five countries, usually involves a NITAG or HTAB and is defined
as a separate, established process with criteria that may include
whether a vaccine is eligible for the process, documentation, time-
lines and, in some cases, fees. Informal Early Advice, featured in
eight countries, is usually provided verbally, in face-to-face meet-
ings, without a fee. The German VMA pathway did not feature early
advice, but manufacturers may present their data in meetings with
the Robert Koch Institute (RKI).

Assessment of a new vaccine is initiated by the marketing
authorization holder in 14 countries. In Finland, assessment is ini-
tiated by the HTAB, whereas in Croatia and Spain it is initiated by
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Fig. 2. (a) Key steps and stakeholders in the VMA decision-making and procurement process for Germany. In Germany, [37–40] horizon scanning is conducted annually by
the RKI in discussion with the vaccine marketing authorization holder concerning new evidence. Assessment is initiated by the German NITAG (STIKO). The initiation of the
assessment depends on the availability of a licensed vaccine, the vaccine profile, burden of disease, and medical need. The STIKO decides on inclusion into the NIP, following a
formal decision-analysis framework process and assisted by the Immunization Unit 33 at the RKI. While safety, tolerability, population-based aspects, and cost-effectiveness
of the vaccination constitute the main decision drivers, burden of disease has a greater impact on the timing of the decision than on the decision itself. Afterwards, the
evidence is summarized and sent to the G-BA and the Regional Health Authorities. Based on their comments, which STIKO is not obliged to consider, the STIKO issues
a recommendation on funding, which is published in the national epidemiological bulletin by the RKI. The final G-BA decision is aligned with the STIKO recommendation;
however, G-BA maintains the right to disagree for procedural (not scientific or cost-related) reasons. In case of a positive decision, sickness funds (insurers) have to reimburse
the vaccination. Therefore, sickness funds and the KVen negotiate whether there will be a single prescription (pick up in pharmacies) or office supply and what vaccination fee
will apply. In general, sickness funds may voluntarily reimburse a vaccination before STIKO and G-BA as long as a vaccine with market authorization is available. No formal
scientific advice is possible with STIKO as this is provided by the regulatory authority (Paul-Ehrlich institute). (b) Key steps and stakeholders in the VMA decision-making and
procurement process for France. In France, the marketing authorization holder initiates the assessment. CEESP, National Authority for Health-Economic and Public Health
Assessment (Commission Evaluation Economique et de Santé Publique); CEPS, Pricing Committee (Comité Economique des Produits de Santé); CT, National Authority for HTA
(Comité Economique des Produits de Santé); CTV, Technical Vaccination Committee (Comité Technique des Vaccinations); G-BA, Federal Joint Committee (Gemeinsamer
Bundesausschuss); HTAB, health technology assessment body; KVen, Regional Association of Statutory Health Insurance Physicians (Kassenärztliche Vereinigung); MoH,
Ministry of Health; NIP, national immunization program; NITAG, National Immunization Technical Advisory Group; RKI, Robert Koch Institute; STIKO, Standing Committee on
Vaccination at the Robert Koch Institute (Ständige Impfkommission am Robert-Koch-Institut); UNCAM, National Union of Health Insurance Funds (Union Nationale des
Caisses d’Assurance Maladie). *MoH as well as approved patient associations, national colleges of professionals or learned societies may request a recommendation.
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the Public Health Institute and the Public Health Commission,
respectively. In some states, other stakeholders, such as scientific
or patient associations, may also initiate assessment. HTA, in the
12 member states where it applies to vaccines, usually follows a
marketing authorization holder submission, but can also be initi-
ated by other stakeholders, such as the MoH in the Netherlands
and NITAGs in Estonia and Ireland.

In all member states (except Romania) the NITAG recommends
inclusion of a vaccine in the NIP and makes recommendations on
funding. Drivers of NITAG recommendations are clinical, economic,
or public health factors in most member states. Only clinical fac-
tors are considered key recommendation drivers in Greece,
5710
whereas in four member states, additional economic factors drive
the NITAG recommendation. In the remaining nine member states,
the NITAG recommendation is driven by clinical and public health
factors. In eight of 16 member states with economically driven rec-
ommendations, budget impact is considered most relevant by
NITAGs, whereas in approximately one-third of member states
cost-effectiveness analysis is a key driver. In the remaining two
member states, both cost-effectiveness analysis and budget impact
are the main decision drivers.

The HTAB Recommendation follows or is made in parallel (as in
France) to the NITAG Recommendation, in 12 of the EU28 countries.
No eligibility criteria apply for vaccination programs to undergo an
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Fig. 3. Key features of VMA pathways in the EU28 member states. *HTA may be conducted before or in parallel with the assessment by NITAG. HTA, Health Technology
Assessment; HTAB, Health Technology Assessment Body; NIP, National Immunization Program; NITAG, National Immunization Technical Advisory Group.

Fig. 4. Presence/absence of key steps in the vaccine access pathways of EU28 member states. *Can also be initiated by marketing authorization holder; Green/darker-shaded
boxes represent presence of step in the member-state pathway. E(BI), Driver: Economic, budget impact; E(CE), Driver: Economic, cost-effectiveness; Clin, Driver: Clinical; PH,
Driver: Public health; Local epi, Local epidemiology; N Lev, National level; R Lev, Regional level; HTAB, health technology assessment body; NITAG, National Immunization
Technical Advisory Group; yr, year; MoH, Ministry of Health; PH Inst, Public Health Institution or Commission.
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assessment by HTAB in any of the 12 member states where HTA is
conducted. In nine member states that conduct HTA for vaccines,
no vaccine-specific decision-analysis framework is in place; there-
fore, vaccines are assessed similarly to therapeutic drugs. Of the 12
member states that conduct HTA, seven base recommendations for
funding on clinical and economic aspects. Public health impact is
considered as a key decision-making factor in Finland, Nether-
lands, and Slovakia and is considered a significant factor by >3/4
member-state NITAGs, in contrast to HTABs, which generally do
5711
not consider public health impact as a significant factor for deci-
sion making.

In 24 member states, decision making is mainly conducted at
the national level. National and regional decision making is con-
ducted in four member states. Final Decision and NIP Inclusion
is usually made by the MoH. Experts from Poland, Sweden, and
Italy indicated this to be the critical step for VMA in their respec-
tive countries. Experts in Poland and Sweden expressed a lack of
transparency in decision making prior to the final decision being
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made. In Italy, there is requirement for unanimous regional con-
sensus prior to granting a final positive national-level decision.

Mandatory (i.e., legally binding) funding, based on a positive
final decision, is made in all member states except Romania.
Because the costs of a vaccination program go beyond the cost of
the vaccine and include other costs associated with implementa-
tion and organization of the immunization, the decision on funding
of vaccination programs may or may not include funding/reim-
bursement of a vaccine, depending on the country. In 25 EU states,
binding funding following inclusion of the vaccine in the immu-
nization program applies. However, Cyprus and France approach
funding differently, and no details were provided for Malta.

Procurement of vaccines is tender driven in 22 member states,
with tenders usually conducted at the national level (Fig. 4). Ten-
ders are conducted at the regional level in two countries, whereas
in Austria, Spain, and Sweden, both national and regional tenders
occur. In five member states, an ‘‘individual-driven” market domi-
nates with a reimbursement list for individual vaccines. Price
negotiations in member states dominated by the individual-
driven market, are typically conducted at the national level. How-
ever, in Germany, vaccine price is determined by the mandatory
rebate and price moratorium, or an EU rebate. In Belgium, there
is no dominating procurement type with both regional tenders
for universal mass vaccination (UMV) and a reimbursement list
for vaccines not included in UMV representing similar shares of
the market.
3.1.6. Transparency ratings
The level of NITAG transparency was rated low in 19 of 27 (70%)

member states; and high in four of 27 (15%) member states (Fig. 5).
For HTABs, transparency was rated low for six of the 12 (50%)
member states that conducted HTAs for vaccination programs,
and high for four of 12 (33%) member states.
Fig. 5. NITAG and HTAB transparency ratings in the EU28 member states (excluding Ro
decision-analysis framework is in place; (2) presence of a systematic approach for ev
transparency was considered low if 0 or 1 criterion was met; medium if 2 criteria we
Assessment, Development and Evaluation; HTA, health technology assessment; HTAB, hea
Group.
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3.1.7. Estimation of time to population access
The descriptive data on TTPA indicated that the median time

from marketing authorization to funding was 7 months (95% CI,
5–67 months) for PCV13 based on data from 15 member states,
39 months (95% CI, 23–84 months) for Gardasil 4 based on data
from 27 states, and 53 months (9–64 months) for the quadrivalent
influenza vaccines in the three member states where they were
approved at the time of study, including one without an available
funding date (hence, the 95% CI could not be calculated). The num-
ber and proportions of member states with TTPA of < 2 years, 2–
6 years and > 6 years, respectively, between key VMA milestones,
are shown in Fig. 6.
3.1.8. Vaccine access archetyping
The first 10 of the 18 attributes used for preliminary mathemat-

ical clustering (Table 1) were included in the final mathematical
clustering, which led to the identification of four overall clusters.

Because the results of the primary clustering (Supplemental File
1; Table 1.3) varied significantly from the results of manual clus-
tering, it was hypothesized that certain attributes provided little
information to identify patterns inherent in the dataset. Therefore,
based on initial clustering, a set of the most relevant 10 attributes
was agreed upon with industry vaccine experts and subsequently
selected to facilitate visualization of the pattern in the dataset. Five
attributes were identified as the most important for market access;
three concerned transparency (formal NITAG terms of reference,
formal NITAG decision-analysis framework, and published award
criteria and clear tenders selection process), one potentially
affected time to access (national tenders, sub-national tenders, or
both) and one constituted a proxy for the efficiency of the market
access process (number of vaccines in the national immunization
program). Statistical parameters were checked versus preliminary
clustering to confirm appropriateness of attributes selection. All
mania). Transparency was rated based on the following three criteria: (1) a formal
idence appraisal; and (3) publication of the decision with rationale. The level of
re met; and high if all 3 criteria were met. GRADE, Grading of Recommendations
lth technology assessment body; NITAG, National Immunization Technical Advisory



Fig. 6. Estimates of time to population access between the key VMA milestones of: (a) marketing authorization to NITAG recommendation; (b) NITAG recommendation to
funding; (c) marketing authorization to population access. TTPA could not be estimated for Poland, as none of the selected vaccines were funded at the time of the research.
NITAG, National Immunization Technical Advisory Group; TTPA, time to population access; VMA, vaccine market access.
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statistical parameters indicated the advantage of the following
approach: silhouette average width (0.38 vs 0.14 for the prelimi-
nary clustering); ARI (0.91 vs 0.74 for the preliminary clustering);
and DI (1.10 vs 1.05 for the preliminary clustering). Therefore, the
approach with the reduced number of attributes was used as the
final clustering method.

The most populous cluster was separated to differentiate coun-
tries according to median gross domestic product (GDP); the need
for this step was identified during face validity and discussion with
industry experts to provide more granularity within the clustering
while balancing size. This resulted in a total of five clusters or
‘‘archetypes” of VMA pathways (Table 2).

In Cluster 1 with national and regional decision-making and
mandatory (binding) funding, population-based impact is consid-
ered for recommendation of immunization program in addition to
individual-based benefits. Tenders are conducted at the regional
level (in Belgium, both regional and national levels apply) with
published award criteria and clear selection process. Formal early
advice for vaccines is not available. Within Cluster 2 countries with
national decision-making with national tendering, the UK is the
only country with a truly influential NITAG in the cluster. Horizon
scanning for vaccines is performed in all three of these countries,
but formal early advice is not available. In Cluster 3 countries with
individual reimbursement (defined as procurement based on a
reimbursement list for individual vaccines, versus tenders), a
national level of decision-making applies and NITAGs have formal
terms of reference; HTA, if in place, is not binding for respective
authorities. Having national decision-making and binding fund-
ing, all member states in Clusters 4 and 5 are also characterized
by national tenders (in Austria, regional tenders also apply) with
published award criteria and clear selection processes. Clusters 4
and 5 featured countries with higher or lower GDPs, respectively.
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The results of sensitivity analysis (Supplemental File 1; Table 1.4)
indicated that clusters remained stable across analyses. Similar
patterns in manual and mathematical clustering (both by the
complete-linkage and single-linkage method) indicated a good fit
for these clusters.

Typology of archetypes includes attributes that discriminated
among countries and are common for all countries included in a
single cluster. Analysis of archetypes identified formal early advice
and NITAG formal decision-analysis framework as areas requiring
improvement, irrespective of the archetypes, as these two attri-
butes are lacking in most countries and thus they did not discrim-
inate between the clusters.

By archetype, the median time from marketing authorization to
funding for the three selected vaccines was the shortest in Cluster
3 (individual reimbursement, 12 months [95% CI, 5–64 months])
and the longest in Cluster 5 (national decision-making with bind-
ing funding and lower GDP, 65 months [95% CI, 23–119 months]).
The estimated median time from marketing authorization to
NITAG recommendation was also the shortest in Cluster 3
(5 months [95% CI, 0–12 months]) and was the longest in Cluster
4 (national decision-making with funding and higher GDP,
39 months [95% CI, 7–100 months]), whereas the median time
from NITAG recommendation to funding was the shortest in Clus-
ter 2 (national decision-making and national tendering, 2 months
[95% CI not calculable]) and the longest in Cluster 5 (16 months
[95% CI, 2–96 months]).

For further analysis and primary research, a total of seven
exemplar member states were selected representing each arche-
type of VMA and included: Italy from Cluster 1; UK from Cluster
2; France and Germany from Cluster 3; the Netherlands from Clus-
ter 4; Poland from Cluster 5; additionally, Sweden (Cluster 1) was
selected to represent northern Europe.



Table 2
EU28 country clusters based on vaccine market access pathway characteristics.

Cluster 1
National and regional
decision-making +
mandatory funding

Cluster 2
National decision-
making+
national tendering

Cluster 3
Individual reimbursement

Cluster 4
National decision-making+
mandatory funding (GDP Higher)

Cluster 5
National decision-making +
mandatory funding (GDP Lower)

Countries
� Belgiuma

� Italy
� Spainb

� Swedenb

� Cyprus
� Malta
� UKc

� Czech Republic
� France
� Germany
� Greece
� Slovakia

� Austriab

� Denmark
� Estonia
� Finland
� Ireland
� Luxembourg
� The Netherlands
� Slovenia

� Bulgaria
� Croatia
� Hungary
� Latvia
� Lithuania
� Polandd

� Portugal
� Romania

Shared attributes
� No formal early advice
� Population factor–driven NITAG
recommendation

� Regional tendering
� Published award criteria and clear
selection process for tendering

� Horizon scanning
in place

� No formal early advice

� National level of decision making
� NITAG formal terms of reference in place
� HTA not binding for respective authorities
(if HTA in place; but final decision usually
in line with HTA
recommendation)

� Public health-driven NITAG
recommendation
(except Estonia)

� NITAG terms of reference (except Ireland)
� HTA not binding for respective authorities
(if HTA in place; but final decision usually
in line with HTA recommendation)

� National tendering
� Published award criteria and clear selection
process for tendering

� No HTA for vaccines (except Bulgaria)
� No formal decision analysis framework used
by NITAG (except Croatia and Portugal)

� Low/medium transparency of decision-
making

� National tendering
� Published award criteria and clear selection
process for tendering

� Time to access >2 years

Exemplar member states in each cluster are in bold font.
GDP, gross domestic product; HTA, health technology assessment; NITAG, National Immunization Technical Advisory Group.

a Recommendation for immunization program issued at national level and recommendation for funding issued at both national and regional levels.
b National and subnational tendering.
c The UK is the one country in this cluster having truly influential NITAG with formal terms of reference and mandatory (binding) funding at the cost-effective price following inclusion of a vaccine in the immunization program.
d Regional level of issuing recommendation on funding also applies but national level of decision-making dominates; mandatory (binding) funding applies only to obligatory vaccination.
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Table 3
Drivers and barriers for vaccine access as reported by non-industry vaccine experts in seven exemplar EU member states.

Green or red box represents presence of vaccine access driver or barrier, respectively.
FR, France; DE, Germany; HTA, health technology assessment; IT, Italy; NK, the Netherlands; NR, not reported; PL, Poland; SW, Sweden; UK, the United Kingdom.

Table 4
Initiatives or actions to improve VMA*

EU Level
� Improved collaboration to avoid duplication of effort and reduce time to vaccine access for local populations
� Enhanced scientific activities and information sharing (e.g., literature reviews)
� Joint HTA/clinical assessment and development of framework guidelines
� Initiatives to address barriers such as limited research funding and lack of political or health authority support

Targeting NITAGs
� Provision of formal early advice
� Input of appropriate vaccine expertise, recognizing that many vaccine experts may be currently excluded from NITAGs due to potential conflicts of interest
� Formalization of horizon scanning, definition of recommendation timelines, and prioritization criteria to select in dossier

Targeting NITAGs and HTABs
� Definition and standardization of NITAG and HTAB roles and decision-making processes
� Greater transparency in assessment and decision-making processes
� Consideration of vaccination demographic effects, equity, country macroeconomic development, and increases in the cost-effectiveness thresholds for vaccines
� Establishment of national public HTABs in charge of independent vaccine evaluations

Targeting vaccine industry/manufacturers
� Early company engagement with vaccine assessment authorities
� Early generation of evidence of vaccine effectiveness
� Securing supply and stocks to avoid delay in the implementation of vaccination programs following the final/local coverage decisions

HTAB, health technology assessment body; NITAG, National Immunization Technical Advisory Group.
* List includes ongoing, partially completed, planned (such as a joint HTA-clinical assessment framework) and new/additional recommendations.
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3.2. Phase 2

3.2.1. Expert stakeholder interviews
Interviews were conducted with 11 non-industry experts from

the seven archetype exemplar countries i.e., two each from France,
Italy, Poland, and the UK and one each from Germany, the Nether-
5715
lands, and Sweden. One of the French experts provided an EU-level
perspective. At least two interviews per member state representing
each archetype were planned, 55 recognized vaccine experts were
initially identified and 11 participated. The most frequent reason
for non-participation was insufficient knowledge of the entire
VMA process. All experts perceived VMA as more complex and
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complicated than for therapeutic drugs in all countries except the
UK.

The most important drivers for VMA included disease burden or
actual benefit (all seven exemplar states); followed by vaccine effec-
tiveness, efficacy, and/or safety (six exemplar states); and vaccine
cost-effectiveness (five exemplar states; Table 3). In France, given that
horizon scanning and early advice processes are conducted, there is
formal opportunity for interaction between industry and authorities
during the early stages of VMA. In Italy, other attributes perceived as
important for VMA included unmet need, prior access at the regional
level and recommendation by scientific societies (which were histori-
cally involved for vaccine recommendations before implementation of
a national advisory body for vaccines in 2018/2019).

The most important barriers reported for all member states
analyzed were budget limitations, high vaccine price and not being
cost-effective (Table 3). Vaccine safety issues or the lack of effec-
tiveness were indicated as barriers for France, the Netherlands,
and the UK. Unclear VMA processes (e.g., complexity due to the
need for a national-regional consensus or a lack of clarity on pro-
cess initiation and the role of HTA) were reported for Italy and
Poland. Italian and Swedish experts mentioned issues with organi-
zation at the regional level (e.g., pertaining to distribution or
administration of vaccines), and experts from Italy and the UK
listed the limited awareness of new vaccines in the NIP and their
value among vaccination providers and public as a barrier. Further
barriers included the lack of data on vaccine experience from other
member states, and requirements for additional medical consulta-
tions resulting from changes in vaccination schedules (the UK). The
expert from France reported a lack of timelines/prioritization crite-
ria for issuing a recommendation as barriers.

Overall, NITAG recommendation was identified as the most criti-
cal step in the VMA process. However, experts also noted challenges
associated with NITAGs such as exclusion of vaccine experts with
industry ties due to potential conflicts of interest, lack of standard
timelines for issuing a recommendation (in France), and low toler-
ance of uncertainty during vaccine assessment (in Germany and
the UK). NITAG recommendations had the greatest influence in
VMA in Germany, the Netherlands, and the UK; whereas both NITAG
recommendations and HTA assessments had the greatest influence in
France and Italy; and country MoH/government final decisions had
the greatest influence in Italy, Poland, and Sweden.

While not an intrinsic barrier to VMA, the expert in Poland cited
vaccine shortages as a barrier to broader population access, as
most vaccines are imported and reimbursed at a lower price rela-
tive to other EU countries, meaning Poland is not prioritized for
vaccine supply. Vaccine hesitancy and anti-vaccine movements
were also mentioned by experts as barriers to population access
across Europe.
3.2.2. Expert recommendations for alignment at EU and member-state
levels

Non-industry experts who identified the VMA drivers and bar-
riers also provided several recommendations to enhance VMA
(Table 4). At the EU level, recommendations included information
sharing, joint clinical assessments, and initiatives to address fund-
ing and political barriers. At the member-state level, recommenda-
tions targeted the specific or collaborative remits of NITAGs and
HTABs, including improved transparency in their roles. Early com-
pany engagement with vaccine stakeholders was a key recommen-
dation for manufacturers.
4. Discussion

The objective of this quantitative and qualitative research was
to understand VMA at the member-state level and establish a basis
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for updating policies to improve transparency, coordination, and
potential collaboration between decision-makers across the EU27
and the UK to ensure timely and evidence-based VMA and vaccina-
tion programs. Toward this aim, these findings confirm the hetero-
geneity and reveal further complexities and lack of transparency in
the key steps of the VMA pathways across the region.

Key areas requiring improvement include the introduction of
formal early advice, which was available in only five member
states, and regular horizon scanning, which was absent in 18 mem-
ber states.

In all but one member state, NITAGs play a critical role in VMA;
although HTABs are also involved in almost half of the member
states, the evidence and decision-making requirements of HTABs
were often unclear, and NITAG–HTAB interactions within countries
appeared to be limited.

Complexity, heterogeneity, segmentation, and limited trans-
parency of processes may explain the discrepancies in the time
from marketing authorization to NIP implementation between
member states and between different vaccines within a given
country. In our study, industry experts estimated TTPA for adoles-
cent HPV vaccine to be between 5 and 147 months and TTPA for
adult influenza vaccine to be 9–64 months, with NITAG assessment
accounting for most of the time. Although limited data were avail-
able to inform a full TTPA analysis, insights drawn for the sample
vaccines considered here are consistent with estimates reported
by others in the literature [16,19]. The average TTPA for non-
vaccine pharmaceutical drugs reported by Blank et al. (0.0–
1.3 years) [19] and for oncology treatments by Prada et al. (266–
770 days) [41], in addition to the rapid processes recently followed
for COVID vaccine evaluations, argues strongly for the potential to
shorten vaccine evaluation and decision-making. To facilitate
benchmarking and comparative analysis, we recommend national
bodies make public their TTPA timelines.

Barriers such as these have likely placed VMA in the situation
that had been faced by therapeutic drugs, when the role of HTA
was not well defined [42,43]. Ultimately the VMA pathways may
be improved with gaining greater consensus on vaccine assess-
ment across the EU, leading to more predictable, rapid, and trans-
parent evaluations. The development of a joint clinical ‘‘fit for
purpose” vaccine HTA may help reduce workload. In addition, for-
mal early dialogue with relevant authorities at national and EU
level should be more widespread.

Finally, the non-industry vaccine experts, who validated the ini-
tial findings, also provided recommendations for timely VMA at the
EU and member-state levels, and proposed recommendations
directed toward NITAGs, HTABs, and vaccine manufacturers. While
NITAG recommendations were most frequently viewed as a critical
step in VMA, the final decision by the MoH (or other relevant body)
and HTA (where applicable) were also deemed critically important.
The experts recommended enhanced collaboration at the EU level,
specifically in scientific activities (e.g. literature reviews), informa-
tion sharing, and vaccine assessment guidelines (Table 4). The
anticipated HTA regulation to facilitate joint clinical assessments
may be a future driver of VMA.

A key feature of this study was the objective analysis of country
archetypes that allowed for selection of representative non-
industry experts with whom data gathered in the first phase of
the project were explored and validated. The country archetypes
themselves were reviewed by non-industry experts from member
states representing each archetype. Despite being a simplification
of reality, the archetyping allows for practical analysis and identi-
fication of key areas for improvement beyond the individual coun-
try level and thus provides insights for generating policy. We
acknowledge that criteria for exemplar-country selection favored
the EU5 and more populous countries, which is a limitation, and



Valérie Laigle, Maarten J Postma, M. Pavlovic et al. Vaccine 39 (2021) 5706–5718
more research is needed into smaller countries and countries with
lower per-capita GDP.

Although our analysis did not aim to compare income, size, or
at-risk groups, the findings suggest that citizens in smaller,
lower-GDP per-capita countries, as well as the adult population,
may face longer times to vaccine population-level access compared
with larger, higher-GDP per-capita countries, and pediatric and
adolescent populations. In this context, greater EU-level collabora-
tion, including joint clinical assessments and HTAs, may have the
potential to reduce inequity in time to access, by providing the
same robust assessment of clinical evidence to inform the
decision-making process across all EU countries, regardless of size,
income, or at-risk populations.

To ensure reliability, data provided by industry experts were
from referenced sources. In addition, the VMA pathways for seven
exemplar member states were validated by stakeholders who per-
ceived the archetypes as being generally robust, although some
indicated that due to inevitable differences between countries,
each cluster represents a simplification.

Our findings must be considered in light of the limitations of
our research. We utilized a range of methods and relied on qualita-
tive, descriptive, and potentially subjective expert opinion. Non-
industry expert knowledge of overall VMA pathways was often
fragmented and incomplete. However, results from different
groups of experts were cross-validated and confirmed to reduce
potential confounding effects and bias. The TTPA analysis, while
limited by the data available, generated findings consistent with
other reports [16,19].
5. Conclusions

VMA pathways have the potential to be optimized across Eur-
ope. Our findings provide a comprehensive description of VMA
processes across the EU region and point to the need for policy
changes at the member-state level, leveraging EU-level interac-
tions and facilitation. It is evident that in the existing paradigm,
VMA is too heterogeneous to allow shared responsibilities or learn-
ing and delays population access [24]. The roles and responsibili-
ties of all stakeholders involved in the processes can be further
clarified, [16] and guidelines and transparency can be significantly
improved. The sense of momentum in response to the COVID-19
pandemic should stimulate consideration of policies to improve
access to all vaccinations and inform the foundation on which a
consistent vaccine ecosystem can be created, one that is resilient
and fit for purpose now, and in the face of future challenges. The
societal benefits inherent in more transparent and inclusive VMA
processes may also enhance the trust of end-users, reducing vac-
cine hesitancy and increasing uptake and confidence in vaccination
programs.
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