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1. Executive Summary

The Beyond One Million Genomes Maturity Level Model (B1MG MLM) was created as a tool for
countries to self-assess the maturity level of implementation of genomics into their healthcare
systems, according to a common matrix, and to define a path to optimization. As such, it aims to
promote and facilitate the adoption of genomics in healthcare systems, close the best practice
gaps across Europe, and make personalised medicine accessible to citizens and patients across
Europe.

This report describes the design of the BIMG MLM and the content validation through a Delphi
exercise. A draft version of the MLM was initially developed after careful review of recently
published literature and input from experts from the 1+ Million Genomes Initiative' (1+MG) and
the Beyond 1 Million Genomes Project’ (B1MG). This initial framework included 8 domains, each
comprising several subdomains for which indicators and respective levels of maturity were
assigned. The maturity level per indicator was rated in a scale from 1 to 5, namely from a
non-existent or Ad hoc level of implementation to a level of maturity characterised by a system
adaptable to opportunity and change, and in support of international cooperation.

The content and structure of the designed framework was validated through a two round Delphi
exercise to find consensus among a panel of 14 high level experts. The process validated the 8
proposed domains, namely:

I. Governance and strategy

[l.  Investment and economic mode
[ll.  Ethics, legislation and policy
V. Public awareness and acceptance
V. Workforce skills and organisation

VI.  Clinical organisation, infrastructure and tools
VIl.  Clinical genomics guidelines and infrastructure
VIIl.  Data management, standards and infrastructure.

The 147 items initially proposed were validated after inclusion of comments and suggestions by
the Delphi expert panel. The final version of the BIMG MLM can be found here?.

To facilitate the use of the BIMG MLM an Assessment Tool Kit was developed, including a User's
Guide and an Assessment Tool. A pilot with voluntary countries is currently ongoing, to assess
feasibility in real life healthcare settings, stimulate discussion among stakeholders across
European health systems, address transferability of best practices, and finally discuss the
development of an action plan for progress towards optimization.

lhttps://digital-strategy.ec.europa.eu/en/policies/1-million-genomes

2https://b1mg-project.eu/
3https://b1mg-project.eu/resources/maturity-level-model
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2. Contribution towards project
objectives

With this deliverable, the project has reached or the deliverable has contributed to the following
objectives/key results:

[Select ‘Yes' (at least one) if the deliverable contributed to the key result, otherwise select ‘No'.]

Key Result No and description

Contributed

Objective 1

1. B1MG assembles key local, national, European and global actors

in the field of Personalised Medicine within a B1MG Stakeholder No
Engage local Coordination Group (WP1) by M6.
regional, national .
angd European 2. BTMG drives broad engagement around European access to
stakeholders to personalised medicine data via the B1MG Stakeholder No
define the Coordination Portal (WP1) following the BIMG Communication
requirements for Strategy (WP6) by M12.
cross-border access . . .
to genomics and 3. BIMG establishes awareness and dialogue with a broad set of
personalised societal actors via a continuously monitored and refined No
medicine data communications strategy (WP1, WP6) by M12, M18, M24 & M30.
4. The open BTMG Summit (M18) engages and ensures that the
views of all relevant stakeholders are captured in BIMG No
requirements and guidelines (WP1, WP6).
objective 2 Legal & Ethical Key Results
Translate 1. Establish relevant best practice in ethics of cross-border access No
requirements for to genome and phenotypic data (WP2) by M36
data quality, .
standqards {echnical 2. Analysis of legal framework and development of common No
infrastruct'ure and minimum standard (WP2) by M36.
ELSI into technical )
specifications and 3. Cross-border Data Access and Use Governance Toolkit No
implementation Framework (WP2) by M36.
guidelines that .
captures European Technical Key Results
best practice ) ) )
4. Quality metrics for sequencing (WP3) by M12. No
5. Best practices for Next Generation Sequencing (WP3) by M24. No
6. Phenotypic and clinical metadata framework (WP3) by M12, M24 N
o
& M36.
7. Best practices in sharing and linking phenotypic and genetic data No
(WP3) by M12 & M24.
8. Data analysis challenge (WP3) by M36. No
Infrastructure Key Results
9. Secure cross-border data access roadmap (WP4) by M12 & M36. No
10. Secure cross-border data access demonstrator (WP4) by M24. No

and
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Objective 3 1. The B1MG maturity level model ( WP5) by M24. Yes

Drive adoption and ) ) )

support long-term | 2- Roadmap and guidance tools for countries for effective

operation by implementation of Personalised Medicine (WP5) by M36. Yes

organisations at

local, regional, . ) . L

nationalgand 3. Economic evaluation models for Personalised Medicine and case

European level by studies (WP5) by M30. No

providing guidance

on phased

development (via 4. Guidance principles for national mirror groups and cross-border

the BTMG maturity Personalised Medicine governance (WP6) by M30. No

level model), and a

methodology for

economic

evaluation 5. Long-term sustainability design and funding routes for No
cross-border Personalised Medicine delivery (WP6) by M34.

3. Methods

Implementing genomic medicine in healthcare settings can bring us one step closer to making
personalised medicine a reality. Accurate, timely diagnostics, personalised treatment protocols
and preventative approaches based on genomic information have a major impact on patients
and their families and can improve efficiency in health systems. For instance, genomic data
analysis may provide better and faster diagnosis for many conditions and determine a more
effective treatment based on a patient’'s pharmacogenomics profile, while accurate genomic
profiling of individuals is enabling a shift of medical practice towards disease prevention.

However, it is clear that European countries are currently at varying stages of maturity for
implementing genomics in healthcare. To close the maturity gaps across Europe (and globally)
and to promote the more effective usage of genomic information for clinical practice, countries
need to be able to understand their needs and challenges, and plan their path towards
optimised implementation. Recognizing this need prompted the B1MG WP5 to develop a support
tool for countries to self-assess their maturity, according to a common matrix that addresses the
crucial issues for implementation of genomics in healthcare. The B1IMG Maturity Level Model
(B1MG MLM) was created to meet this challenge, promoting strategic planning for genomics in
healthcare, as well as the dialogue and cooperation among countries.

To this end, the following activities and methodologies were carried out:

e Designing the BIMG MLM (Figure 1): based on a literature review, WP5 brainstorming,
critical advice and input from B1MG WPs and 1+MG Initiative WGs experts
knowledgeable in different fields, we developed a first version of the MLM framework
(see Section 4.1).

e Validation of the BIMG MLM (Figure 1): to validate the content of the first BIMG MLM
version, a group of international senior experts in the field of genomics medicine,
healthcare systems, public policy and data standards and infrastructure was invited to
participate in a Delphi exercise (see Section 4.2).

Beyond One Million Genomes B'lMG

B1MG has received funding from the European Union’s Horizon 2020 Research
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e Developing a Tool Kit for application of the B1MG MLM: to support the process of
applying the BIMG MLM in real world settings, we developed a Tool Kit including the
MLM in a suitable online visualisation platform with Glossary, an Assessment Tool and a
User's Guide. This Tool Kit is being tested in a pilot assessment by a group of volunteer
pilot countries (see Section 4.3).

Literature review

Consulting with
1+MG WGs

B1MG WP5
Brainstorming

¥

' Delphi
MLM framework - P

development (draft)

Delphi
. Round 1

1* Experts Round
2" Experts Round <—j

Final issues: BIMG <‘— - "'__',_',ff"
WGs consultation |

Figure 1. Overall development and validation of the BIMG MLM.

4. Description of work accomplished

4.1 Design of the BIMG MLM: Literature Review and
expert input from 1+MG/B1MG

The first step to design the BIMG MLM was to perform a literature review. For this, a search was
performed on Medline via PUBMED for papers with a publication date later than 2000 using the
search terms: “maturity model” AND “health systems”; “maturity model” AND “hospital”; “maturity
model” AND “governance” AND “indicators”; “maturity model” AND “public health”; “maturity
model” AND “education”; “maturity model” AND “patient”; “maturity model” AND “genomics”;
“maturity model” AND “genetics”; “maturity model” AND “big data”; “maturity model” AND

Beyond One Million Genomes B']MG

B1MG has received funding from the European Union’s Horizon 2020 Research
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“domains”; “maturity model” AND “dimension”; “maturity model” AND “data”; “maturity model”
AND “survey”; “maturity model” AND “indicators”; “maturity model” AND “process”; “maturity
model” AND “Delphi”; “maturity level” AND “healthcare”; “implementation” AND “genomic data”
AND “healthcare systems”. Titles and abstracts of the retrieved articles were analysed to identify
the relevant ones. A search for studies reporting the use of Delphi on raising healthcare
consensus was also done.

Based on this initial literature review, a first draft of the MLM framework was designed, which
included 8 domains. At this stage, discussions with the 1+MG WGs/B1MG WPLs provided critical
advice, particularly with WGs 2, 3, 4, 5, and 6, as they involve experts in different fields including
ethics and legal issues, data infrastructure, data and genomic standards, public health and
health economics. The initial draft maintained the 8 domains, but aspects were re-worked
following WP5 brainstorming to include the WGs suggestions and advice. The domain on ethical
and legal issues was entirely developed by WG2, while the domain addressing health economic

models had crucial input from WG6 members.

4.2 Validation of the B1IMG MLM content

To validate the initial draft proposal for the MLM framework, a group of experts was invited to
enter the Delphi iterative process of reaching consensus. A group of international experts in the
field of healthcare systems, public policy, data and genomics was identified by the B1MG team of
international networks. Delphi experts were selected according to the following preferential
criteria: 1) having senior leadership experience of national, European or international genomic
medicine or personalised medicine-related initiatives (could be digital health or similar), and/or
2) having a medical background with expertise in public health, healthcare policy, genomic
medicine and/or healthcare management, and/or 3) having experience in health policy for
genomic medicine or personalised medicine.

Twenty-one experts were selected and invited to participate. Among the 16 experts who
accepted the invitation, 14 completed the two rounds of the Delphi survey. The Delphi panel
experts were invited by email to provide input on every item of the MLM framework, using a
dedicated online platform.

In the first Round, the survey was divided into 10 sections. The first section was dedicated to
gathering informed consent and expert's demographic information. In the second section,
experts were asked about the relevance of the eight domains proposed as main blocks of the
MLM framework structure. Further to their opinion about the relevance of each domain, experts
were also able to add, remove or rephrase items as well as provide comments. The remaining 8
sections were each one dedicated to a domain, in a total of 147 items. For each domain, experts
were interrogated about the suggested subdomains, indicators and respective maturity levels.
For each indicator there was always a set of 5 maturity levels associated. Experts were asked to
score the adequacy of the subdomains and indicators proposed according to a 5-point Likert
scale ('strongly agree’, ‘agree’, ‘neither agree nor disagree’, ‘disagree’, ‘strongly disagree’). For
every ‘disagree’ or ‘strongly disagree’ response, a free-text response box was available for
participants to elaborate or further explain. An option of ‘unable to answer’ was also included.
Any ‘unable to answer’ response was considered as a missing value.

Beyond One Million Genomes B']M@
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As depicted in Figure 1, the items that did not reach the agreement level used as the consensus
criteria to validate an item were included in the Round 2 survey.

For item validation and inclusion in the final BIMG MLM, or reformulation and reevaluation in
the Delphi Round 2, decision criteria were established as follows:

1. Items with an agreement rate >86% (Strongly agree + Agree) were accepted in the final
B1MG MLM. For reporting purposes these were labelled as “Validated”;

2. Some items with an agreement rate > 86% (Strongly agree + Agree) were slightly changed
to accommodate very relevant comments from the expert panel, and accepted in the
final B1TMG MLM. For reporting purpose were labelled as “Validated with rewording”;

3. ltems with an agreement rate <86% (Strongly agree + Agree) and cumulatively with a
disagreement rate >7% (Disagree + Strongly Disagree), were reformulated according to
comments from the expert panel for validation in Round 2. These items were labelled
“Reformulated”;

4. Items with an agreement rate >79% (Strongly agree + Agree) and no disagreements
(Disagree + Strongly Disagree), corresponding to a rate of Neither agree or disagree
>21%, were accepted in the final BIMG MLM. For reporting purpose were labelled as
“Validated”;

5. Items with an agreement rate <86% (Strongly agree + Agree) without suggestions for
improvement were deemed inconclusive and included for reevaluation in Round 2 with
the original wording. For reporting purposes were labelled “Reevaluate”.

For Round 2, each expert was asked to independently rank a total of 36 items (“Reformulated”
and “Reevaluate”). Each expert also received a personalised report with his/her own scores in
Round 1, as well as the group's collective response (percentage agreement/disagreement) to
each statement, and the de-identified comments from all experts. This way, experts were given
the chance to reconsider their responses in Round 2 in light of the group’s responses in Round 1.
For Round 2, there were only two answering possibilities: ‘agree’ and ‘disagree’. For every
‘disagree’ response, a free-text response box was available to experts to elaborate or further
explain. ltems with an agreement rate >86% were validated and included in the final BIMG MLM.

Following Round 2, each expert received a personalised report by email with his/her own scores
as well as the group's collective response (percentage agreement/disagreement) to each
statement, and de-identified comments from all experts. For two domains, namely Domain Il and
Domain lll, some experts still raised a few pertinent questions and concerns. After discussion
with 1+MG/B1MG experts some minor changes were introduced. All experts received by email
the final and validated through consensus MLM framework, and were asked to express and
discuss any last opinions, concerns or doubts.

The Delphi survey was carried out using the Welphi® software. This online platform allowed the
implementation of the survey, ensuring confidentiality and anonymity of experts throughout the
Delphi exercise. Data were exported to Excel for further processing.

Beyond One Million Genomes B']M’G
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4.3 Using the B1IMG MLM - development of the
process and a Tool Kit

A process and a Tool Kit were developed to facilitate the process of applying the BIMG MLM in
real world settings. The general process includes 5 stages, namely:

1. Identification of stakeholders and assembly of the Assessment Team: a multidisciplinary
group of experts from the ministries of health and other relevant national or regional
agencies

2. Self-assessment: the Assessment Team completes the Assessment Tool, including
rationale and supporting evidence, for all or selected domains according to expertise

3. Consensus building and completion of the Assessment Tool Consensus Tab,
documenting rationale and supporting evidence

4. Analysis of assessment outcomes: identification of weaknesses and requirements for
optimization

5. Developing an action plan: definition of current and desired maturity status, and path
towards optimization according to the common matrix underlying the MLM

To support this process, we developed a Tool Kit including the MLM in a suitable online
visualisation platform with Glossary, an Assessment Tool and a User’s Guide.

A pilot is currently ongoing testing the Tool Kit and the general assessment process in 10
European countries. The main goals are to assess feasibility, stimulate discussion among
stakeholders across European health systems, address transferability of Best Practices and
address development of an action plan for progress towards optimization. Volunteer countries
across Europe are participating in this challenge.

4.4 Problems and solutions

Delphi expert selection was carried out according to a number of criteria to ensure that the
groups of experts were highly experienced in genomic medicine, leaders of national or
international initiatives in genomic or personalised medicine and had a good understanding of
healthcare systems. As such, most experts were medical doctors, and all were leaders in their
fields and experts in at least one of the domains covered by the MLM. This meant a limited pool
of 21 high level experts would fit this criteria, and were invited to participate. Of this group, 16
accepted the invitation, and 14 carried out the full assessment. We did not fully achieve the
desired balanced geographical coverage sought, and had more northern and central European
representation than eastern and southern. While we could not mitigate the less balanced
geographical representation, the seniority, wide experience and deep knowledge on genomic
medicine of this pool of experts was extremely reassuring that the validation exercise would be

Beyond One Million Genomes B']M@
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successful. We were also extremely pleased that all 14 experts who started completed the two
rounds of the Delphi, which were challenging and very time consuming.

The Delphi exercise was slightly delayed due to three main factors:

1. We prioritised a high response rate from experts, and therefore extended deadlines to
suit their schedules;

2. The Delphi exercise was carried out during summer, so had to accommodate summer
vacation timings, which differ between European countries;

3. After the Delphi Round 2 all items were validated. However we still received a number of
relevant comments and reached out again to WG experts for support on how to best
accommodate these without changing the consensus.

These delays were compensated with a fast turnaround of analysis in between rounds and for
the final version of the MLM.

5. Results

5.1 The BIMG MLM

The MLM framework is structured as a matrix of domains, subdomains and related indicators
and maturity levels. The proposed 8 domains cover topics agreed as crucial for assessing the
maturity stage of healthcare systems in implementing genomics in clinical practice, namely:

I.  Governance and strategy

[l.  Investment and economic model
. Ethics, legislation and policy
IV.  Public awareness and acceptance
V.  Workforce skills and organisation

VI.  Clinical organisation, infrastructure and tools
VIIl.  Clinical genomics guidelines and infrastructure
VIIl.  Data management, standards and infrastructure

The 8 domains comprise a total of 41 subdomains, 49 indicators and 49 sets of 5 maturity levels
(one set for each indicator). The 5 maturity levels reflect a stepwise path towards higher genomic
practice maturity, from Ad hoc practices to practices that are widely adopted, adaptable to new
opportunities and novel developments and supportive of international cooperation (shown in
Figure 2). Overall, the MLM is intended to provide a common matrix for countries to self-assess
their current status and plan a staged progression towards optimization.
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Adaptable to opportunity and
change, supports international

Maturity Level 5

cooperation

Adopted by national/regional Maturity Level 4
health systems

Documented, functional,
monitored

P Defined at local level Maturity Level 2

[ Ad hoc Maturity Level 1

Maturity Level 3

Figure 2. BIMG MLM maturity level framework - towards an increased maturity of genomics in
healthcare systems.

5.2 Expert Delphi panel

The first version of the BIMG MLM was validated by a Delphi panel with senior experts, who
completed both rounds of the Delphi exercise. Figure 3 provides a demographic and
professional characterisation of the expert. Table 1 provides a characterization of the expert
panel, while Figure 3 shows their geographical distribution. All experts originated from European
countries except one, who provided an international perspective.
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Table 1: Characterization of the expert panel by sex, type of organization, position within the

organization and main expertise areas.

Characteristic

No. (%)

Total 14 (100%)
Sex
Total 14 (100%)

Female

Male

6 (43%)

8 (57%)

Type of organisation’

Total

13 (100%)

Ministry

Public Health organisations

Academia or Research centre

1 (8%)

2 (16%)

10 (77%)

Position within the organisation’

Total

10 (100%)

CEO

Director

Head of clinic/scientific council

Advisor/Consultant

2 (20%)

4 (40%)

2 (20%

2 (20%)

Main Areas of expertise (more than 1)

Beyond One Million Genomes
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Total 9 (100%)
Genetics/Genomics (clinical/research) 7 (78%)
Medicine 3 (33%)
Public Policies/Administration 2 (22%)
Public Health 2 (22%)

Country

Total 11 (100%)

. Signatory countries

. QObserver countries

Invited

Figure 3. Geographical distribution of the Delphi expert panel.
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5.3 Delphi exercise for validation of the B1IMG MLM
framework

The first version of the BIMG MLM framework submitted to Round 1 for validation through
Delphi panel consensus included 8 domains. These covered topics crucial for assessing the
maturity stage of healthcare systems in implementing genomics into regular care. For each
domain, subdomains were identified, and the level of maturity associated to each subdomain
was assessed by ascribing a maturity level, between 1 and 5, to appropriate indicators. The
original wording for each item included in the first version of the MLM framework is shown in
Annex 1 (Tables 1-8).

Overall, the validation of the BIMG MLM using the Delphi method took around four months
(Figure 4). During the two rounds, priority was given to having a 100% response rate from the
Delphi expert panel over meeting pre-established deadlines. Both rounds were closed only after
all 14 experts responded to the Delphi survey.

Round 1 open Round 1 Close Round 2 open Round 2 Close Round 2 Report
28/6/21 27/07/21 19/8/21 15/9/21 28/10/21

Figure 4. Timeline of the Delphi validation of the BIMG MLM.

The Delphi Round 1 allowed the validation, through expert panel consensus, of 76% of the 147
items that constitute the initial MLM version (Table 2). All remaining items were validated in
Round 2.

The rates of approval and rewording differed between the 8 domains (Table 1), with Domain Il
“Investment and economic model” requiring the most extensive rephrasing. Two domains,
namely Domain V “Workforce skills and organisation” and Domain VII “Clinical genomics
guidelines and infrastructure”, were fully accepted and validated in Round 1. After round 2, two
domains suffered a minor rearrangement (merging of subdomains), namely “Investment and
economic model” and “Ethics, legislation and policy”, following expert suggestions.

Annex 1, Tables 1 to 8 show the descriptive statistics per item (Domains and respective
Subdomains, Indicators and Maturity Levels), including rating by percentage (%) of experts, level
of decision per item, experts comments per item, and rewording proposal in the 2 rounds.
Tables 9 and 10 compile all other general expert comments of Round 1 and Round 2,
respectively. Overall, all initial 147 items, distributed by the initially proposed 8 domains, were
validated in the two Delphi rounds and included in the final MLM framework, 76% in the initial
wording, and 24% with rewording to include the suggestions made by the Delphi expert panel.
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Table 2. Quantitative analysis of Round 1 results, namely number and percentage of validated
and rephrased items in Round 1 and items included in Round 2.

Approvedin Rephrased Includedin

Domains items Round 1 % Approved after Round 1 % Rephrased Round 2 % reevaluation
I 10 9 20 3 30 1 10
[} 16 4 25 10 63 12 75
1 34 24 71 9 26 10 29
v 10 5 50 3 30 5 50
\' 18 18 100 0 0 0 0
Vi 16 11 69 7 44 5 31
Vil 19 19 100 0 0 0 0
Viil 24 21 88 2 8 3 13
Total 147 11 76 34 © 23 36 24

5.4 The BIMG MLM Tool Kit and assessment
procedure

The Tool Kit includes:

e The full BIMG MLM framework in an online platform, namely GitHub. The online
platform allows easy access to the model, with a simple but very clear visualisation of all
domains, subdomains, indicators and maturity levels. The MLM includes a linked
Glossary for clarification of definitions and concepts.

e The Assessment Tool is an excel file designed to:
o Collect and record data, namely the:

m Assessment Team members, with affiliation, contact, and Domains
assessed according to expertise

m The maturity level assessment per indicator by each Assessment Team
member

m Rationale and supporting evidence for maturity level choice for each
indicator

o Register the consensus for each Domain - 1 per country or region

o Register the rationale and supporting evidence for the consensus maturity level
assessment per indicator

e An informative User's Guide describing the development of the B1MG MLM, the
assessment process, the consensus building phase, the analysis phase and the
development of an action plan for optimization.
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The outcomes of the assessment process (Figure 4) provide the current status of maturity
regarding practices in genomic medicine, systematically identifying areas of strengths and
weaknesses according to a structured framework. This information can be used to set goals,
define areas of priority investment and establish an action plan. The BIMG MLM process and
tool can be:

e An instrument for self-assessment of current status, but also a framework for
progression

e The indicators and maturity levels provide reference points to define the desired
maturity status, and the processes, structures and capacities needed to reach higher
maturity

e A support tool to be used considering other issues to define the maturity goals, eg
healthcare system context, objectives and resources

e Once an action plan is implemented, the indicators can be used to monitor progress
along the path for maturity

e The Assessment Team and other stakeholders with relevant expertise may be engaged to
help implement the action plan.

1. Identification of stakeholders and assembly of the
Assessment team: a multidisciplinary group of experts from the
MoH and other relevant national or regional agencies

2 . Self-assessment: Assessment team completes the
Assessment tool, including rationale and supporting evidence,
for all or selected domains, according to expertise

3. Consensus building and completion of Asssessment tool
Consensus tab, documenting rationale and supporting evidence

4. Analysis of assessment outcomes: Identification of strenghts,
weaknesses and requirements for optimization

5. Developing an action plan: definition of current and desired maturity
status, and path towards optimization, with support from the MLM and
the 1+MG Trust frameworks

Figure 4. Description of the general process for using the MLM.

The assessment procedure and Tool Kit are currently being piloted in volunteer countries. To
gather these countries' impressions regarding the BIMG MLM usability and challenges, we
developed a pilot survey. We expect the answers to this survey will help improve the
self-assessment process and the Tool Kit.

The B1TMG MLM was presented to several audiences, namely:

Beyond One Million Genomes B/lMG
B1MG has received funding from the European Union’s Horizon 2020 Research

and

Innovation programme under grant agreement No 951724




B1MG — D5.1 18
B1MG maturity level model and country-specific alignment within the model

e Astrid Vicente for WP5, “B1MG Maturity Level Model”, the Global Health Implementation
Forum (GHIF), “End-to-End Standards Implementations Session", 24th September 2020;

e Astrid Vicente, The BIMG MLM - an update. 1+MG Special Group meeting, October 19th,
2021

e Astrid Vicente for WP5, "Delivering Personalised Medicine cross-borders: Implementation in
Healthcare systems and Societal Impact’, the Stakeholder Meeting, 21st October 2020;

e Astrid Vicente for WP5, “B1MG Maturity Level Model”, the Global Health Implementation
Forum (GHIF), 17th November 2021;

e Astrid Vicente for WP5, "How ready are European healthcare systems regarding the use of
genomics in medicine? The Beyond 1 Million Genomes (B1TMG) Maturity Level Model ",
Workshop "Integrating the use of genomic data in personalised healthcare: implications
across the board" at the European Public Health (EPH) Conference, 11th November 2021;

A manuscript describing the design and content-validation of the BIMG MLM is in preparation.

6. Discussion

In the area of healthcare, maturity models are necessarily cross-disciplinary in nature, and this is
clearly reflected in the BIMG MLM. The 8 domains covered in the model are essential for the
implementation of genomics in healthcare routine: Governance and strategy, Investment and
economic model, Ethics, legislation and policy, Public awareness and acceptance, Workforce
skills and organisation, Clinical organisation, infrastructure and tools, Clinical genomics
guidelines and infrastructure and Data management, standards and infrastructure.

Altogether, the results of the Delphi exercise, namely that there were no rejected domains in the
initial proposal of the model; evidence that a good preparation and deep reflection and debate
previous to the Delphi survey, including the extensive literature review; the WP5 team
brainstorming and the 1+MG expert inputs; were essential to the success of the exercise.

Two domains, namely Domain V, regarding “Workforce skills and organisation”, and Domain VII,
regarding “Clinical genomics guidelines and infrastructure”, were fully accepted and validated in
Round 1. These results evidence the progress and consensus in these two areas, likely to be the
most developed, or at least the most discussed, among European countries.

Among the eight domains of the BIMG_MLM framework, Domain Il, “Investment and economic
model”, had lower agreement rates from experts in the first round of the Delphi process and was
the least consensual. After round 2, although consensus was reached, we still addressed some
comments from the experts that we considered relevant. For this, we consulted again the 1+MG
WG6 Health economics and outcomes research, and made minor rewording to accommodate
these last comments. The area of economic evaluation of genomic medicine and economic
impact evaluation is still underdeveloped, and major efforts need to be made to define
appropriate models that consider not only cost-effectiveness but also the benefit for patients
and their families, and citizens at large. Another domain that required more effort to reach
consensus was Domain lll, “Ethics, legislation and policy”. Again, this reflects the controversies
and intense discussions, at the national and international levels, on data access, security and
privacy. Both these areas are crucial to ensure equity of access to all citizens.
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7. Conclusions

The BIMG MLM is a unique tool enabling the identification of strengths and areas that need
more attention and investment for the implementation of genomics in healthcare. The MLM has
been developed and validated as a common matrix that will contribute to closing the maturity
level gaps across Europe. A complementary procedure and Tool Kit to facilitate its use in
healthcare systems maturity assessments was developed and is currently being tested in
volunteer pilot countries.

The final goal of the overall effort is to develop stronger and more effective healthcare systems
for personalised medicine globally. The overall vision is to benefit all citizens and patients with
equity of access to personalised medicine.

8. Next steps

A manuscript describing the BIMG MLM design and content validation is in preparation for
publication.

A pilot is now running in 10 volunteer countries (Belgium, Denmark, Finland, Italy, Lithuania,
Luxembourg, Portugal, Slovenia, Spain and Germany) to test the MLM in real world settings.
Results of this pilot, focusing on the process and the Tool Kit (not on the national maturity levels)
will be presented and discussed in a workshop planned to take place at INSA (Lisbon) in October
2022. This workshop will provide recommendations for the use of the BIMG MLM and for the
development of action plans. The outcomes will be widely disseminated, and the BIMG MLM and
Tool Kit will be made freely available globally.

As evidenced by results presented in this report, the area of Health Economic models still needs
more research and data to better understand the economic impact and develop solid models for
health care. It is thus very relevant that WP5 organises a workshop on this topic, taking place in
May in Lisbon, Portugal. The results from this workshop will provide recommendations for what
steps need to be taken, including more research, to develop appropriate health economic
models for genomics in healthcare.

9. Impact

The validated B1MG MLM framework generated great interest among the 1+MG country
representatives, National Mirror Groups and Working Groups, as well as from genomics experts
globally. This interest recognizes the need for a structured tool to assess the challenges of each
country or region in the implementation of genomic medicine in health systems and to plan how
these can be overcome towards optimization. The B1MG MLM provides this tool.
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10. Annex 1
Table 1: Descriptive results for Domain | and respective sub-sections
Round 1 Round 2
Rating by % of experts Decision el e Decision
Item Comments after o Comments after
Not Relevant Relevant Round 1 Proposal % Round 2
Domain I:
Governance and 0% 100% - Validated N/A
Strategy
Rating by % of experts Decision . Decision
Rewording Agree
Item . Comments after Comments after
Disagree | Neutra | Agreeme Proposal %
Round 1 Round 2
ment l nt
Subdomain 1: 0% 0% 100% - Validated N/A
Governance
*1) We can
see a solution
that there are
Indicator 1: several or Country/regi
e s, | e |
14% 0% 86% s . with N/A
governance body bodies.; 2) The . governance
L . rewording .
for genomics in scale is very for genomics
healthcare demanding as in healthcare
regards the
rather strict
definition.
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Suggestion:
"Country/regi
on has
dedicated
governance for
genomics in
healthcare".
Scale

1-No
governance; 2
- Elements of
governance
exist but they
are not fully
functional; 3 -
Governance
for genomics
has bee
defined but
elements (e.g.
full legal
mandate) are
still missing. ;
4 - Governance
is fully
operating, led
centrally,
possibly in a
dedicated
agency or
body.; 5 - as
suggested.".

«| think there
is potential for
confusion
regarding the
term
governance-
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currently the
framework
states ... with
legal mandate
to establish
and enforce
legal,
professional...
.... conduct,
conventions
and practices
related to
genomic
medicine. This
is a very wide
definition - in
practice such
organisations
are likely not
to have a legal
mandate and
effective
governance
can be
provided
through
professional,
financial and
health system
governance.
Also any
governance
arrangements
for genomic
medicine will
not be
specifically for
this area only
but will form
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part of the
governance
arrangements
for medicine.
To suggest that
genomic
medicine
requires a
completely
separate and
different
standard of
legal
governance
from other
areas of
medicine
would in my
opinion not be
appropriate.
Rating by % of experts Decision el Lo Decision
Item Comments after o Comments after
Not adequate Adequate ] 4 Proposal % Round 2
1. Genomics «There could | think
in be a level 1-No there needs
healthcare stating "under dedicated to be an
is not development” governance explanation
Validated in or "under for genomics of what is
national/reg discussion”. in healthcare meant by
ional health 2 - Elements governance.
Reformula . . .
MLs | plans 29% 71% *Move ted of 93% It is not in Validated
2. Inclusion international governance the
of genomics cooperation to exist but glossary. It
in specific they are not has
healthcare subdomains?. fully different
in relevant functional meaning in
national/reg «Please see my 3 - Scope of different
ional health earlier governance countries.
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plans is
under
discussion

3. Genomics
in
healthcare
is Validated
in relevant
national/reg
ional health
plans

4. Genomics
in
healthcare
is
implemente
d as part of
national/reg
ional health
and other
relevant
plans (e.g.
education or
research)

5. Genomics
in
healthcare
is
implemente
d in health
and other
relevant
plans, and is
periodically
evaluated
for
optimization
, taking into
account

comment on
governance
body- greater
clarity
required.
Otherwise
maturity levels
are fine.

for genomics
has been
defined but
elements are
still under
development
4 - There is a
governance
body that is
fully
operating,
led centrally,
and activities
are
monitored
based on a
work plan.

5-
Governance
body is
institutionali
sed,
recognized
as the lead
for genomics
in
healthcare,
and is open
to novel
development
s and
supportive of
international
cooperation.

Do you
mean
healthcare
services,
funders,
regulators,
political,
health
professional
groups or
all or any of
these. All 5
points can
relate to

of these
different
types of
governance
arrangemen
ts.
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novel
developmen
ts at the
internationa
L level.
Rating by % of experts Decision
- Current Rewording Agree
Item Disagree | Neutra | Agreeme Comments .. Comments after
Decision proposal %
ment l nt Round 2
Subdomain 2: 0% 7% 93% . Validated . . . N/A
Priority
Indicator 1:
Genomics in
healthcare is
established as a 0% 7% 93% - Validated - - - N/A
priority at
national/regional
level
Rating by % of experts Decision e e Decision
Item Comments after o Comments after
Not adequate Adequate Round 1 proposal % Round 2
1. Genomics
in
healthcare
is not
included in
national/reg
ional health
MLs | plans 0% 100% - Validated - - - N/A
2. Inclusion
of genomics
in
healthcare
in relevant
national/reg
ional health
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plans is
under
discussion

3. Genomics
in
healthcare
is included
in relevant
national/reg
ional health
plans

4. Genomics
in
healthcare
is
implemente
d as part of
national/reg
ional health
and other
relevant
plans (e.g.
education or
research)

5. Genomics
in
healthcare
is
implemente
d in health
and other
relevant
plans, and is
periodically
evaluated
for
optimization
, taking into
account
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novel
developmen
ts at the
internationa
L level.
Rating by % of experts Decision e . Decision
Item Disagree | Neutra | Agreeme Comments after roposal . g‘y Comments after
men