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BACKGROUND 
The aim of the Rational Pharmacotherapy programme (Goed Gebruik Geneesmiddelen - GGG) is the 
more efficient, safe and suitable use of existing medicines. The Personalised Medicine programme is 
part of the GGG programme and intends to structurally contribute to a future healthcare system where 
each patient can count on tailored therapy based on his/her individual patient characteristics. The aim 
of the programme is to ensure the efficient implementation of Next Generation Sequencing (NGS) and 
Personalised Medicine in the Dutch healthcare system. The programme stimulates collaboration, 
facilitates the use of process standards and studies cost-effectiveness of diagnostic tools and 
pharmacotherapy.  

Additional information on the background, goals and organisation of the Personalised Medicine 
program can be found in the Programme outline. 

In 2013 a group of Dutch experts consisting of - among others - pathologists, medical oncologists, 
geneticists, ethicists and the National Health Care Institute the Netherlands, compiled a white paper 
which addressed the challenges and issues regarding the implementation of NGS and Personalised 
Medicine in the Dutch healthcare system (Appendix 3). 

Genome analysis, and especially NGS, brings along specific data and IT related challenges. Genetic 
research questions involve large datasets, often distributed over different laboratories and 
departments. It therefore requires the integration of genotype and phenotype data captured in different 
systems. It is essential that storing, sharing and analysing DNA and phenotype data is standardized 
across the research facilities and care units in the Netherlands to ensure optimal reusability of data, 
while adhering to adequate levels of security and privacy standards.  

Addressing these challenges is part of the Personalised Medicine research program and the following 
overall objective has been formulated in this research program:  

To ensure optimal reusability of genomic data according to the FAIR principles both for future 
research and in the health care setting.  

FAIR stands for ‘Findable, Accessible, Interoperable, and Reusable’ and can be considered an 
international guideline for high quality data stewardship. More information on the FAIR principles can 
be found on the ZonMw website under Fair data and Appendix 4.  

AIM OF THE CALL 
In the first quarter of 2018, an analysis was conducted to investigate current standards and gaps for 
optimal data management of NGS data according to the FAIR principles, including the topics: data 
generation, data quality and (meta) data standards, data storage and archiving, data integration and 
exchange. The aim of this call is to address some of the gaps identified in this analysis (Appendix 2). 

The call invites proposals from a consortium for developing an instruction manual for FAIR genomic 
data in research and clinical care, based on an inventory to be carried out on the commonly used work 
flow and standards in the (inter)national field of genome analysis. The recently conducted gap analysis 
(Appendix 2) will constitute the starting point to the inventory. The expected deliverable of the proposal 
is a practical instruction manual (Deliverable 1). The proposed project should contribute to a uniform 
work flow in genome analysis, including interoperability of the standards and ontologies (Deliverable 2) 
and result template (Deliverable 3). In addition, the instruction manual should include 
recommendations on the procedures for secure sharing of genomic data (Deliverable 4). The proposal 
should include the conduct of implementation studies to assess the feasibility of the implementation of 
the manual at independent third parties and to ensure broad support for the instruction manual across 
laboratories and hospitals, at least in the Netherlands (Deliverable 5).  

https://www.zonmw.nl/uploads/tx_vipublicaties/140827_Programmatekst_Personalised_Medicine.pdf
https://www.zonmw.nl/nl/over-zonmw/toegang-tot-data/fair-data/
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Expected deliverables: 

1. A complete, widely supported, clear, easy-to-use instruction manual for researcher(s) to
deliver FAIR genomic data so that it is suitable and available for reuse within both the
research and healthcare setting. This includes:
1.1. An inventory of the work flow and standards used in the field
1.2. An evaluation of which work flow and standards receive the highest support in the field
1.3. Recommendations on the work flow, standards and ontologies to be used to result in FAIR

genomic data (needs input from Deliverables 2, 3, 4). 

2. Recommendations on standard data definitions, (meta)data standards and ontologies
required for uniform data capture in genome analysis to ensure interoperability and
reusability of genomic data. This includes:
2.1. An inventory of the data definitions, (meta)data standards and ontologies used in the field,

including the level of support in the field
2.2. Recommendations on which data definitions, (meta)data standards and ontologies to use

based on the level of support. These recommendations should serve as input for the 
instruction manual (Deliverable 1). 

3. Recommendations on the minimal, standardized dataset required by third parties to a)
perform the genome analysis and b) interpret the processed genomic data, to reach a
uniform result. This includes:
3.1. Recommendations on an (inter)nationally uniform standardized template for reporting results

of genome analyses. These recommendations should serve as input for the instruction 
manual (Deliverable 1). 

4. Recommendations on the procedures for secure sharing of genomic data according to
applicable ethical and legal standards (GDPR, Dutch: AVG, Algemene Verordening
Gegevensbescherming) and to gain widespread support from the field for the proposed
procedure. This includes:
4.1. Guidance on how to share anonymized results of genome analyses, including tools and

prerequisites, which can serve as input for the instruction manual
4.2. Guidance on how to share pseudonymized results of genome analyses, including tools and

prerequisites, which can serve as input for the instruction manual 

5. A feasibility study to demonstrate and ensure support for implementation and widespread
use of the developed instruction manual and standards across laboratories and hospitals
in the Netherlands. This includes:
5.1. A dissemination plan for available standards
5.2. A feasibility study for applying the instruction manual in practice (research and clinical care),

and gaining support among the users of data.
5.3. A plan on how to stimulate the uptake of the proposed workflow and standards

Program specific criteria 
The Personalised Medicine program committee requests you to write a full proposal. 

Overall criteria: 
- Work packages are included in a general work plan description with clear milestones and

deliverables for each work package
- From the application it needs to be clear that the project contributes to a sustainable research

infrastructure in the Netherlands
- The application needs to contain a sustainability plan for the instruction manual
- The consortium contains expertise in the field of data management and processing in NGS

both in research and clinical practice
- The consortium has the expertise and experience required to realise broad support for the use

of the instruction manual to be developed
- The application contains a clear consortium management plan, explaining how the

coordination and management of the activities and work progress will be managed
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Specific criteria: 
1. The instruction manual – and associated recommendations on the standard data definitions,

(meta) data standards and ontologies required for uniform data capture -  should:
a. Be applicable for at least the following three forms of NGS: Whole Genome

Sequencing (WGS), Whole Exome Sequencing (WES) and panel analysis
b. Be applicable to both germ line and somatic analyses
c. Describe the entire work flow from request of analysis to the interpretation of the

results and reported outcome
d. Include a data management checklist to ensure that researchers and clinicians can

evaluate their compliance to the manual
e. Include (but is not limited to) proposed work flows for the:

i. Direct recording/registering of data at the source
ii. Registration (and subsequent identification) of derivatives from original

[blood/tissue/…] sample
iii. Versioning process in case the interpretation of a sequence alters – e.g. due

to changes in the situation of the patient – but not the sequence itself
iv. Conditions under which the data can be reused
v. Long-term archiving of NGS data: also including responsibilities and

ownership (in health care or research), access and long-term storage after the
duration of the project

2. Recommendations on the procedures for secure sharing of genomic data (Deliverable 4)
should be compliant to the GDPR (Dutch: AVG). For these recommendations, expectations
are that the consortium consults the ELSI service desk and Research consortium ethical and
legal issues related to Personalised Medicine (information/contact details can be acquired at
geneesmiddelen@zonmw.nl)

3. It should be demonstrated that the developed instruction manual – and associated
recommendations for uniform standards, formats, ontologies, processes etc. - can be
implemented at or by an independent third party (laboratory, hospital or health care institution)
in the Netherlands, resulting in reproducible results in genome analysis.

4. The feasibility study should include at least one demonstrator study for the implementation of
the instruction manual

5. Recommendations for standardization of ontologies should at least be formulated for:
a. Bio-informatics pipelines
b. FAIR reference genome
c. Informed consent
d. Applied filters in the VCF for interpretation
e. Description of accession number + version number of the reference sequence on

which the variant is called

6. It should be demonstrated that commitment/support or relationship/awareness of the end
users and higher management from the national and international field has actively been
sought during the development of the instruction manual. At least from:

a. National and international initiatives (BBMRI, ELIXIR, Health-RI, GA4GH)
b. Funders (KWF, NWO, etc)
c. University Medical Centers
d. (Medical) professional associations
e. Industry
f. Research consortium ethical and legal issues related to Personalised Medicine

(information/contact details can be acquired at geneesmiddelen@zonmw.nl)
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ELIGIBILITY CRITERIA 

Who can apply 
● A grant application can only be submitted by a Dutch research or knowledge institution. The

project description must clarify that the use of public resources is justified and why the project
could not be tackled or financed, entirely or in part, by other parties, for example due to the
applicable obligations.

● Companies that are not healthcare or research institutions cannot be the main applicant.
Health insurers and companies working in the Life Science and Health sector on the other
hand are encouraged to apply as co-applicant and co-financier of the project.

● For this call, no grant will be allocated if agreements exist between the consortium partners (=
parties involved in the research) that have led or could lead to government support being
provided. ZonMw retains the right to review the consortium agreement signed by all the
parties and assess its conformity with the EU-support framework and General Terms and
Conditions Governing Grants of ZonMw. If the co-financier/potential co-financier is not
included in the consortium agreement, please submit the signed agreement including the
financial commitment of this co-financier before the starting date (the ‘sponsor agreement’). If
ZonMw does not accept the consortium agreement or the sponsor agreement, no grant will be
allocated.

● In your grant application, describe under 7 of the application form, who has the right to the
Background IP (Intellectual Property) / existing knowledge. If you have any questions about
this, please turn to the TTO officer or legal advisor of your organisation. ZonMw advises you to
involve this person as early as possible in your application preparation.

● Projects have a maximum duration of two years.

What sum can be requested 
In this round a maximum of €300.000 can be requested. 

EVALUATION CRITERIA 
For this call the general evaluation criteria of ZonMw apply, as reported in the Procedure brochure for 
applicants. In addition, several programme specific criteria of relevance are used. 

General criteria of relevance 
Along with the specific technical criteria in this call, all projects are assessed according to the following 
general criteria of relevance:  

● Collaboration with users/end users of your research project: ZonMw attaches great value to
collaboration from the beginning with the users/end users of your research. In your grant
application, describe the way you are realising this collaboration (and the form it now has)
when preparing your application. Your budget should take into account the cost of end-user
participation.

● Data management: ZonMw stimulates optimal use and re-use of data according to the FAIR
principle and support this with the General Terms and Conditions Governing Grants of ZonMw
(article 20) about data files. More information about data management that will help make your
data easier to find, access, exchange and re-use of data can be found on the ZonMw website
under Access to data. Projects that are allocated a grant in this round must also comply with
the Open Access policy.

More information about criteria of relevance can be found on the ZonMw website. 

Quality criteria 
See the Procedure brochure (in Dutch) / Summary of assessment procedure (in English) for the quality 
criteria used by ZonMw. 

https://www.zonmw.nl/fileadmin/zonmw/documenten/Corporate/Engelse_website/Grant_Terms_and_Conditions_from_1st_July_2013.pdf
https://www.zonmw.nl/fileadmin/zonmw/documenten/Corporate/Engelse_website/Grant_Terms_and_Conditions_from_1st_July_2013.pdf
https://www.zonmw.nl/fileadmin/zonmw/documenten/Corporate/Engelse_website/ZonMw_summary_assessment_procedure.pdf
https://www.zonmw.nl/fileadmin/zonmw/documenten/Corporate/Engelse_website/ZonMw_summary_assessment_procedure.pdf
https://www.zonmw.nl/fileadmin/zonmw/documenten/Corporate/Engelse_website/Grant_Terms_and_Conditions_from_1st_July_2013.pdf
https://www.zonmw.nl/en/research-and-results/access-to-data/
https://www.nwo.nl/en/policies/open+science
https://www.zonmw.nl/en/news-and-funding/funding/relevance-criteria/
https://www.zonmw.nl/fileadmin/documenten/Corporate/Procedurebrochure_ZonMw_aanvragers_v3.pdf
https://www.zonmw.nl/fileadmin/zonmw/documenten/Corporate/Engelse_website/ZonMw_summary_assessment_procedure.pdf
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PROCEDURE & TIMELINE 
When writing the grant application, the following points must be considered: 

● Write your application in English; Dutch applications will not be considered.
● Grant applications must comply with the General Terms and Conditions Governing Grants of

ZonMw.
● When submitting your grant application you will need to upload the following appendices (pdf):

o A budget
o Letter of Intent – Collaboration
o Letter of commitment

For a clarification of the preparation and submission of your grant application see Appendix 1. 

Assessment procedure 
For a description of the procedures for the assessment of grant applications, please refer to the 
Procedure brochure (in Dutch) / Summary of assessment procedure (in English). 

Ranking of grant applications 
Grant applications are evaluated by external reviewers, after which the applicant is given the 
opportunity to reply in writing (rebuttal). The ranking of the applications (in terms of quality and 
relevance) is done by the committee on the basis of the grant application, the reviewers' reports, the 
rebuttal and by means of the matrix shown below. In this call only one proposal will be granted.  

Relevance 
Quality 

Very 
relevant Relevant Not 

relevant 
Very good 1 3 rejection 

Good 2 4 rejection 

Sufficient rejection rejection rejection 

Poor rejection rejection rejection 

Insufficient rejection rejection rejection 

Timeline 
Deadline for submitting grant application Tuesday, 10 July 2018, 2:00 PM 
Receipt of reviewer’s reports September 5th 2018 
Deadline for submitting rebuttal September 21st 2018, 2:00 PM  
Decision End of October 2018 
Deadline for starting projects January 2019 

SUBMISSION 

Submitting your proposal (via ProjectNet) 
The deadline for submission is Tuesday, 10 July 2018, 2:00 PM. 
Applications may only be submitted online via the digital submission system of ZonMw (ProjectNet) 
according to the guidelines. You will first need to create a personal account. More information on 
ProjectNet can be found in the help section of ProjectNet.  

TIPS 
We advise you to print out a PDF of your application and to check it for any inconsistencies before 
submitting it online. If you have first produced your application as a Word document and then copied it 
to ProjectNet, you may find that some symbols (such as quotation marks) have not been converted 
properly. This cannot be corrected in ProjectNet. 

Declaration submitting full grant application 
Directly after submission of your application we will ask you to complete the ‘Declaration submitting full 
grant application’ and have the declaration signed both by the main applicant and the party 

https://www.zonmw.nl/fileadmin/zonmw/documenten/Corporate/Engelse_website/Grant_Terms_and_Conditions_from_1st_July_2013.pdf
https://www.zonmw.nl/fileadmin/zonmw/documenten/Corporate/Engelse_website/Grant_Terms_and_Conditions_from_1st_July_2013.pdf
https://www.zonmw.nl/fileadmin/documenten/Corporate/Procedurebrochure_ZonMw_aanvragers_v3.pdf
https://www.zonmw.nl/fileadmin/zonmw/documenten/Corporate/Engelse_website/ZonMw_summary_assessment_procedure.pdf
https://projectnet.zonmw.nl/
https://projectnet.zonmw.nl/projectnet/pdf/Toelichting_ProjectNet.pdf
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responsible for administrative issues (‘Bestuurlijk verantwoordelijke’). A digital version of the signed 
declaration must be submitted to ZonMw within one week after submission of the grant application (to 
the GGG-programme secretary: Eveline van der Knaap, geneesmiddelen@zonmw.nl).  

Questions about content 
For questions about content, please contact: Ilse Custers (programme officer), at the programme 
secretariat 070 349 5300 or geneesmiddelen@zonmw.nl.  

Technical questions 
For technical questions about the use of the digital submission system of ZonMw (ProjectNet), please 
contact the helpdesk: Monday-Friday from 08:00 to 17:00, telephone number: 070-3495178, or 
projectnet@zonmw.nl. State your telephone number in your e-mail so we can call you back if 
necessary. 

Downloads and links: 
● Personalised Medicine Programme outline
● General Terms and Conditions Governing Grants of ZonMw
● Grant conditions and finances
● Procedure brochure (in Dutch) / Summary of assessment procedure (in English)
● ProjectNet

Other appendices 
• Appendix 1 - Clarification of submission procedure for grant applications
• Appendix 2 - Analysis of current standards and gaps for optimal data management of NGS data
• Appendix 3 - White paper adressing the challenges and issues regarding the implementation of

NGS and Personalised Medicine in the Dutch healthcare system
• Appendix 4 - Scientific Data: The FAIR Guiding Principles for scientific data management and

stewardship

mailto:geneesmiddelen@zonmw.nl
mailto:geneesmiddelen@zonmw.nl
mailto:projectnet@zonmw.nl
https://www.zonmw.nl/uploads/tx_vipublicaties/140827_Programmatekst_Personalised_Medicine.pdf
https://www.zonmw.nl/fileadmin/zonmw/documenten/Corporate/Engelse_website/Grant_Terms_and_Conditions_from_1st_July_2013.pdf
https://www.zonmw.nl/en/news-and-funding/funding/grant-conditions-and-finances/
https://www.zonmw.nl/fileadmin/documenten/Corporate/Procedurebrochure_ZonMw_aanvragers_v3.pdf
https://www.zonmw.nl/fileadmin/zonmw/documenten/Corporate/Engelse_website/ZonMw_summary_assessment_procedure.pdf
https://projectnet.zonmw.nl/
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Appendix 1 
Clarification of submission procedure for grant applications 

Grant application general 
The grant applications must be written in English; Dutch applications will be rejected outright. 
The grant application consists of several parts:  

● The fields to be completed in ProjectNet
● Several appendices which you upload in ProjectNet:

o A budget, in English (see the Grant conditions and finances page:
▪ Use the appropriate Excel-format (in English): Academic Institutions or Other

Institutions.
▪ Use the appropriate salary table: NFU, VSNU or your own tariff.
▪ Make sure it is clear how much the total budget is, what part of the total

budget is requested from ZonMw and what part of the total budget is
comprised of co-financing or additional financing by your institution.

▪ Take into account and make sure part of the budget is reserved for the costs
of communication and implementation activities.

▪ Take into account and make sure part of the budget is reserved for end user
participation.

o Letter of Intent – Collaboration: Research Declaration(s) from the head of the
department/healthcare group manager (or equivalent) per participating study centre.

o Letter of commitment: in case of co-financing or additional financing by your
institution, you are asked to submit (signed) letters of commitment. You could use the
template for sponsors or the template for project partners.

ProjectNet (https://projectnet.zonmw.nl) 

Project members 
● A project group can consist of at most 10 members. You must choose among the following 6

roles:
o Main applicant: is responsible/has final responsibility for the grant application; during

the application process, s/he is the contact person for ZonMw.
o Project leader/correspondent: is responsible for carrying out the project; during the

conduct of the project, s/he is the contact person for ZonMw.
o Person with administrative responsibility: the one who can legally represent the legal

entity or is authorised to do so under the statutes.
o Co-applicant: has – together with the main applicant – a substantial and active role in

preparing and submitting the application.
o Project committee member: is actively involved in carrying out the project; for example

the principal investigator, co-promotor, HTA expert, data analyst, statistician, etc.
o Project advisor: has an advisory role in the project; is not actively involved in carrying

out the project and no direct interest (financial).
● You must always add the following 3 project group members:

o Main applicant
o Project leader/correspondent
o Person with administrative responsibility

● NB: main applicant and project leader/correspondent can be the same person.
● When assembling your project group, take into account the correct expertise required for the

successful conduct of your project; for example, the economic evaluation, user/end user
participation and the potential follow-up process.

Summary 
● Maximum of 2.000 characters.
● Use the following headings:

o RESEARCH QUESTION/RATIONALE
o PROJECT DESIGN Describe the planning of the project.

● Take into account that the summary will be used to approach reviewers (including foreign
ones).

https://www.zonmw.nl/en/news-and-funding/funding/grant-conditions-and-finances/
https://www.zonmw.nl/fileadmin/zonmw/documenten/Corporate/Subsidies/20161115_Academic_Institutions_New.xls
https://www.zonmw.nl/fileadmin/zonmw/documenten/Corporate/Subsidies/20161115__Format_Other_Institutions_New.xlsx
https://www.zonmw.nl/fileadmin/zonmw/documenten/Corporate/Subsidies/20161115__Format_Other_Institutions_New.xlsx
https://www.zonmw.nl/fileadmin/zonmw/documenten/Corporate/Subsidies/20161115__Format_Other_Institutions_New.xlsx
https://www.zonmw.nl/fileadmin/zonmw/documenten/Geneesmiddelen/Subsidieoproepen/T1._Letter-of-commitment-sponsor.docx
https://www.zonmw.nl/fileadmin/zonmw/documenten/Geneesmiddelen/Subsidieoproepen/T2._Letter-of-commitment-project-partner.docx
https://projectnet.zonmw.nl/
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Budget 
● Fill in the table
● Mention any co-financing including the sum and the status of the co-financing application

process.



Identified hiatus Any further description of hiatus Type of hiatus classification (possible 
link to work groups)

priority for 
call

The minimal amount of information required for an independent third party to conduct 
a NGS analysis is missing

Lack of a data set (data and metadata) to conduct a NGS analysis with the appropriate 
standards data analysis data processing 1

Lack of sustainable storage and associated governance for DNA sequence data

- lack of a central or federated archive for raw NGS data which is available for multiple users; 
often this is locally available but not accessible
- sustainable storage (storage is only financed for the duration of a project)
- ownership of care and/or research data is not allocated
- responsibility for care and/or research data is not allocated
- lack of or limited possibilities for granting access to data instead of having to transport data data archiving data processing 1

Data for research is not recorded immediately but at a later moment; resulting in 
decline in quality of data data quality data processing 1
Lack of uniform data definitions data quality data processing 1
Findability, searchability and traceability of sequence data on national and international 
level is limited (often locally possible) data sharing data processing 1

Not being able to ascertain (or poorly) whether someone else had already done DNA 
sequencing test of a patient/study participant 

In the diagnostic setting of an institute/department, it is often easier to ascertain whether DNA 
sequencing of a person has already been done data sharing data processing 1

Lack of a possibility to upload an identified sample somewhere to 
pseudonymise/anonymise it completely first before uploading it to a platform where 
the pseudonymised/anonymised sample can be shared. data sharing data processing 1

Sending and sharing sequence files are currently still too cumbersome, or not possible Prevent NGS data being transported via unencrypted external hard drives data sharing data processing 1

There is no ontology for the bio-informatics pipelines used in NGS analysis
If nothing is recorded because the ontology is missing,  begin recording relevant information in 
the NGS analysis in a uniform/standard manner accepted by the field data standards data processing 1

The use of or referral to the reference genome is not yet entirely FAIR

Within software the  (reference) genome is often still identified with self-designed strings  (for 
example "chromosome1")  instead of a unique identifier (NC_000001 and possibly with version 
NC_000001.11). When adjusting one of the programmes, a problem arises further along the 
chain because the adjustment has not (yet) been implemented. data standards data processing 1

Unknown if germline and somatic genome analyses use the same standards (of 
description/recording). data standards data processing 1

Informed consent is difficult to interpret due to the lack of a national or international 
standard/ontology; there is often still a lot of text that is not easy or difficult to interpret 
and is also open to multiple interpretations data standards ELSI - Servicedesk 1
Lack of the correct incentives to arrive at the desired dissemination and use of available 
standards data standards data processing 1

For VCF (Variant Call Format) there are no ontologies for e.g. recording filters applied data standards data processing 1

In VCF: in the variant decribed a good description is lacking of the accession number + 
version of the sequence on which the variant has been called

For example chromosome 1: 
Accession: NC_000001
Version: NC_000001.11 data standards data processing 1

Lack of a checklist (best practices) for data management in NGS 
A checklist for data management in NGS should be available both to those applying for a 
subsidy, as well as  to those who want to implement NGS data management data processing 1

Appendix 2 
Analysis of current standards and gaps for optimal data management of NGS data 



Identified hiatus Any further description of hiatus Type of hiatus classification (possible 
link to work groups)

priority for 
call

Part of the required metadata for e.g. publication of data and/or article is manually 
sought and recorded only when submitting the publication (e.g. lab journal) data management

Education and 
information 1

Not being capable or having to do cumbersome work to find out whether there are 
licences on data sets and not being able to search through the licences ELSI data processing 1
No uniform procedure for registration/identifying derivatives obtained from the original 
sample uniform work process data processing 1

Unknown or lack of evidence that existing complete NGS analysis workflows (from 
processing DNA up to the final result/report/outcome) are "transplantable" Data management depends on your workflow uniform work process data processing 1

Lack or non-uniform manner of version management regarding the interpretation of a 
sequence (so sequence remains the same but the interpretation can change)

- software tools lag behind with their "sources"
- Part of the context of the patient (for interpretation) is temporal and can change uniform work process data processing 1

Content and storage of NGS outcome not uniform uniform work process data processing 1
Storage of NGS data (in terms of content, format used and relevant context) is not 
uniform Necessity to make NGS data uniform: otherwise garbage in-garbage out uniform work process data processing 1

uniform procedure NGS lacking this is the general main hiatus for which this call is made uniform work process data processing 1

Lack of uniform work agreements for the applicant and the executor on which of the 
NGS techniques from the available range of NGS techniques (WGS/WES/panel/..) 
must/can be used to answer a particular question or specific indication statement commercial

Method of 
determining value of 
predictive tests 2

In the care process the focus is not on reuse of data for research so recording of 
relevant (meta)data for research is not done commercial data processing 2
Lack of easily obtainable funding to make a technical solution provided via a Proof of 
Concept suitable for use by a large group of users/researchers (the implementation and 
sustainability)

Innovation often ends after PoC, there is no follow-up due to a lack of financing for 
implementation commercial data processing 2

There is no governance for data storage of sequencing data at any overarching or 
collaboration level. Each party does this in its own way and with its own requirements 
of the associated (meta)data. data archiving ELSI - Consortium 2

It is not simple to ascertain how the integrity of the data is confirmed data quality data processing 2

There is frequent consultation about the procedure for NGS analysis. They are recorded 
at the department level in quality systems (SOPs). This is primarily meant for assurance 
and not for publishing a standard for the outside world. data quality data processing 2

Lack of or only partly available essential phenotype/clinical data when applying to NGS

There are often electronic/ paper forms for an NGS application available on which relevant 
phenotype/clinical data (phenotype is needed for interpretation by lab specialist) can be 
entered. However, they are not always correctly/completely filled in because that is too much 
work; instead the telephone is used data quality data processing 2

What should but does not always happen is that for every variant reported, the relevant 
reference used is also given. The context of the variant is crucial. data quality data processing 2



Identified hiatus Any further description of hiatus Type of hiatus classification (possible 
link to work groups)

priority for 
call

Lack of benchmark sets to be able to switch to continuous integration (also in care)
Continuous integration is defined as the process to assemble and test developments to 
software in a more or less directly automated manner, and then bring them to production. data quality data processing 2

As data of people/participants may/cannot be registered with a unique 
national/international ID, linking of data can lead to unnecessary mistakes. 

For example: through simple typing errors and/or use of other charactersets (e.g. with or 
without diacritical masks)  when linking data by matching by name, mismatches happen data linking ELSI - Consortium 2

Lack of possibility, or correct data, to be able to link data sets

For example: data recorded for study X can still not be matched or with great difficulty to e.g. 
existing registries like PALGA, IKNL, because study X works only with a pseudo-ID and does not 
or may not use name and address details or personal ID data linking data processing 2

Data in the diagnostic setting, in context of data sharing, are not sufficient for research data sharing data processing 2

No optimal track and trace system for participants in research (if they desire it) to be 
able to see/follow what has/is being done with their donation: not meant as 
information push, but offering the possibility to access it if desired

Lack of overview for participants of what happens with materials and data sets once they are 
created and made available data sharing data processing 2

Collecting and sharing variant(s) in gene(s) from diagnostics happens on 
national/international scale (to benefit interpretation of new patients). In research, 
however, collection is mainly only local in own database(s) (and in databanks like LOVD) 
or data is only supplied to researchers in aggregated form. data sharing data processing 2

With VKGL the gene is coupled to the variant and the content classification, but in such 
a way that it cannot be traced to an individual, but is aggregated to at best  “found in 
hospital X”. However, these data are not findable, searchable and/or retrievable data sharing data processing 2

Lack of ontology/national and international standard for reporting CNVs (copy-number 
variations) and fusion genes (are currently mostly recorded in predefined fields). NB: For SNPs, insertion/deletions, these ontologies/standards do exist data standards data processing 2
It is currently not possible to monitor the variation in outcomes/results of NGS analysis 
over time (consequences of an outcome/result due to variation in protocol/reference 
sets)

For example, which differences would there be in a NGS outcome if the same DNA sample were 
to be analysed and interpreted by making use of the formerly employed versus the latest 
human genome build (thus hg37 versus hg38) data standards data processing 2

NGS DNA sequencing is not yet FAIR:  begin with making metadata FAIR data management data processing 2

Lack of clarity/uniformity about/in storage period of NGS DNA analysis of (meta)data ELSI data processing 2

Lack of clarity about what can/cannot or may/may not be done regarding sharing/use 
(reuse) of DNA data (parts of it) under the new General Data Protection Regulation that 
will come into force at the end of May 2018. In this Regulation DNA (Data and 
derivatives) falls under the category of a special personal data. ELSI ELSI - Servicedesk 2
Essential metadata is often recorded in LIMS in the healthcare sector (e.g. human, 
germline, sequence depth, etc.) while this has not been done completely or consistently 
for research uniform work process data processing 2

The IKNL registration currently has a "backlog in registration of a year" and still doesn't 
contain the registration of the entire treatment course

related item: how can national information be collected within legislative frameworks that 
must come in general from multiple, dispersed dossiers commercial data processing 3
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link to work groups)

priority for 
call

Data managers/data scientists are still not included (standardly) in budgeting of projects commercial data processing 3

Safe communication demands that you must encrypt data if you want to upload it to 
the cloud: this is expensive (excessive) and takes time (too much) commercial ELSI - Consortium 3

Which steps are still needed to be able to obtain a NGS analysis as a commodity? 

Sequencing often still happens locally, and everyone sets it up themselves, which can 
negatively influence, for example, uniformity and reproducibility, and may result in a higher 
cost per analysis
In other words, if not distinctive then purchase it instead of developing/doing it yourself commercial

Method of 
determining value of 
predictive tests 3

Every data consumer would prefer structured data, but not every data producer likes 
structured data entry, or can more easily provide the rich context of data via free text commercial

Education and 
information 3

Lack of intrinsic motivation for FAIR; only arises when data is reused by the same 
person/group or if collaboration is required For PhD lack of intrinsic motivation for FAIR; many PhDs leave science to follow their career commercial data processing 3

Data governance, data management and service provision in the field of research 
support are primarily considered important and facilitated at the national/international 
level. Locally on the workfloor, department or within an institute, there is little to no 
attention paid to them, or if it is regulated (partly), no one knows about this commercial data processing 3
Data management is a multidisciplinary problem for which you want to collect 
knowledge and provide it as a service An example of how this can be organised is the ELSI service desk commercial data processing 3

Required ontologies/thesaurus (for example, HPO coding) for NGS are not (yet) part of 
EPDs, or are not given enough priority to be implemented commercial data processing 3
Moderate availability of expertise for the long-term archiving of (meta)data for genome 
sequencing for every researcher data archiving data processing 3
Not using the most recent HG-built Tools/resources that are used for sequencing are not yet all built 38 compliant data quality data processing 3

Lack of possibilities to make data findable within a catalogue without immediately doing 
research and making methodological mistakes data quality data processing 3

Lack of a register to discover if someone has already sequenced his/her germline or 
tumour

If there is a register that can reveal whether someone has already sequenced his/her germline 
and the same for a tumour from a specific location and time, then excessive sequencing could 
be prevented according to the current insights. data sharing

Method of 
determining value of 
predictive tests 3

The lack of a national, uniformly/standardly recorded body material code list in 
pathology can make requests for services more difficult or can lead to mistakes data standards data processing 3
Lack of uniform traceability using software in interpretation and the subsequent 
outcome data standards data processing 3

Any form of auditing of DMPs should be done from the beginning of the project to 
help/adjust/etc. earlier. Now checks are often done after the project is complete. data management data processing 3

Informed consent (IC) still commonly on paper, sometimes added as PDF to patient file, 
but generally not searchable

All forms of consent and conditions for use of data should preferably be generically written, 
findable and searchable, at first within the care sector but later also for research ELSI ELSI - Consortium 3

Reproducibility of NGS data in research is less good in comparison to reproducibility of 
NGS data in healthcare uniform work process data processing 3



11 



1 

Implementation of Genome Sequencing in patient care 

2013 

Authors: 
Prof. Dr. H.G. Brunner 
Prof. Dr. E.P.J.G. Cuppen 
Prof. Dr. J.J.M. van der Hoeven 
Dr. P.B. Dunki Jacobs 
Dr. M. Jiwa 
Drs. M. Meijboom 
Prof. Dr. G.A. Meijer 
M. ter Meulen LL.M.
Prof. Dr. E.E. Voest

Contributions by: 
Dr. A.L. Bredenoord 
Dr. W.J. Dondorp 
Prof. Dr. J.J.M. van Dongen 
Prof. Dr. G.M.W.R. de Wert 

    ZonMw Rational Pharmacotherapy 
      Personalised Medicine 

     Development instruction manual genomic data management 

Appendix 3 



2 

Index 
0. Management summary ....................................................................................................................... 3 
1. Development genomics ....................................................................................................................... 5 
2. Expected advantages genomics .......................................................................................................... 8 
3. Challenges genomics ......................................................................................................................... 10 

3.1 Data & IT ................................................................................................................................. 10 
3.2 Normative issues ..................................................................................................................... 11 
3.3 Infrastructure .......................................................................................................................... 12 
3.4 Finance .................................................................................................................................... 13 
3.5 Knowledge .............................................................................................................................. 14 

4. First outlines of solutions .................................................................................................................. 15 
4.1 Data & IT ................................................................................................................................. 15 
4.2 Normative issues ..................................................................................................................... 18 
4.3 Infrastructure .......................................................................................................................... 18 
4.4 Finance .................................................................................................................................... 20 
4.5 Knowledge .............................................................................................................................. 22 



3 

0. Management summary

1. Development genomics

Diagnoses are traditionally based on phenotype. Origins of diseases may be found on 
a cellular level. Diagnoses will increasingly be based on DNA, RNA or protein 
molecules. International development has resulted in manageable DNA diagnostics 
and implementation of genomics in routine clinical care has started. Genomics will 
play an increasingly important role in the clinic; therefore an implementation strategy 
is needed. The position of the Netherlands is a strong one for implementation of 
genomics, but challenges lay ahead. 

2. Expected advantages genomics

Genomics may improve diagnosis and effectiveness of treatment. For example, 
sequencing of germline DNA may ensure optimal diagnoses and treatment of 
hereditary diseases and diagnostics of tumor variations may be used to tailor cancer 
therapy. Also, Dutch economy may benefit from early full scale implementation of 
genomics. The position of Dutch research may improve by early full scale 
implementation of genomics. 

3. Challenges genomics

Many challenges exist to optimal implementation of genomics in health care. 
Important hurdles involve data & IT, ethical questions, infrastructural questions, 
financing of genomics and the availability of knowledge. 

Data and IT challenges arise because genetic questions involve large datasets, 
distributed over labs. Integration of genotype and phenotype data poses challenges. 
Challenges are standardization, storing, sharing and analyzing of DNA and phenotype 
data. Overarching infrastructure of registries that facilitate these processes but 
maintain high levels of data security, is of great importance, but the field is dispersed. 
Challenges of registries relate to technical, operational, ethical and governance 
issues. 

In postnatal appliance of both WGS and Personalized Medicine many ethical and legal 
issues need to be addressed. Special attention for the position of children is 
important. 

Optimal infrastructure is required to improve quality of care and reduce costs. To 
achieve an optimal infrastructure collaboration beyond traditional partnerships is 
required. 

A structural way of financing genomics is needed. Innovative diagnostics are 
reimbursed when clinical utility is proven, but uncertainty exists on the status of 
genome sequencing. Differences in financing of diagnostics of germline and tumor 
genome pose additional challenges.  



4 

Knowledge on genome sequencing needs to be more widely available to ensure 
patients receiving optimal care. 

4. First outline of solutions

A first outline of solutions to the described challenges can be given. 

Data & IT challenges require standardization, coupling of data sources and innovative 
ICT solutions. Standardization and ICT solutions might be achieved in three phases: 
the pilot phase, the design phase and the execution phase. Sample selection and 
laboratory procedures should be standardized to generate standardized output. 
Cooperation with current initiatives is of great importance.  

Research is needed to assure normative issues are addressed. This research may be 
partly funded by the program Personalized Medicine, funded by ZonMw and Achmea. 

An optimal infrastructure should be created for the entire process, important for 
genome sequencing. Concentration of sequencing equipment, together with the 
creation of a national knowledge center, in one national facility is expedient. This 
central sequencing facilitates the local care process.  

A structural way to prove clinical utility and secure reimbursement of genomic 
sequencing is possible to generate within the system. Timely communications with 
the Ministry of Health and ZiNL are important. After a declaration code is issued, it is 
important to determine a fair and cost-effective rate. 

Informing patients on genome sequencing requires a campaign, funded by 
government resources. Informing health care professionals on genome sequencing 
requires the development of education and tools. 
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1. Development genomics 

Diagnoses are traditionally based on phenotype. Origins of diseases may be found on 
a cellular level. Diagnoses will increasingly be based on DNA, RNA or protein 
molecules. International development has resulted in manageable DNA diagnostics 
and implementation of genomics in routine clinical care has started. Genomics will 
play an increasingly important role in the clinic; therefore an implementation strategy 
is needed. The position of the Netherlands is a strong one for implementation of 
genomics, but challenges lay ahead. 
 
Diagnoses are traditionally based on phenotype 
Traditionally diagnosis of disease is based on symptoms that can be observed ‘from the outside’, i.e. 
the disease phenotype. For instance tumors are classified by the organ in which they appear (e.g. 
breast cancer) and hereditary diseases by typical symptoms, for instance the sound patients produce 
(‘cri-du-chat sydrome’) or a bleeding tendency (hemophilia). A diagnosis is the basis for decisions on 
interventions like a specific therapy, genetic counseling, and all kind of preventive strategies. The 
more precise a diagnosis is, the more effective these interventions will be. 
 
Diagnoses will increasingly be based on DNA, RNA or protein molecules 
The DNA in chromosomes carries the program code (i.e. genes) for all actions that cells can execute. 
Via the intermediate RNA, genes are translated into proteins that are the actual effector molecules in 
the cells. For many diseases, mistakes in DNA are copied into mistakes in RNA that lead to defect 
proteins and consequently cell malfunction. Understanding and classifying disease (and the 
diagnosis) can therefore be based on analysis of DNA, RNA or protein molecules, areas of biomedical 
sciences referred to as genomics, transcriptomics and proteomics, respectively.  
 
International development has resulted in applicable DNA diagnostics 
Internationally, powerful and manageable methods for DNA diagnostics are developed. The steep 
decrease in run times (the time it takes to sequence/read DNA) and costs have turned reading 
genome sequencing from a multi-annual, multi-million, multi-laboratory undertaking into a feasible 
effort for individual laboratories within reasonable time. Many individual genomes have been 
sequenced, leading to increasingly comprehensive maps of human genetic variation1,2. More recently 
a large number of international and national research programs have been started, which aim at 
sequencing complete exomes and genomes from a large number of people. Generally, their objective 
is to identify novel disease genes or genetic risk factors. These projects have resulted in a steady flow 
of solved congenital disorders3,4,5,6, although identification of causal variants in complex disorders 

                                                           
1 Abecasis, G. R. et al. A map of human genome variation from population-scale sequencing. Nature 467, 1061-
1073, doi:10.1038/nature09534 (2010). 
2 Buchanan, C. C., Torstenson, E. S., Bush, W. S. & Ritchie, M. D. A comparison of cataloged variation between 
International HapMap Consortium and 1000 Genomes Project data. J Am Med Inform Assoc 19, 289-294, 
doi:10.1136/amiajnl-2011-000652 (2012). 
3 Ng, S. B. et al. Exome sequencing identifies the cause of a mendelian disorder. Nat Genet 42, 30-35, 
doi:10.1038/ng.499 (2010). 
4 Hoischen, A. et al. De novo mutations of SETBP1 cause Schinzel-Giedion syndrome. Nat Genet 42, 483-485, 
doi:10.1038/ng.581 (2010). 
5 Ng, S. B. et al. Exome sequencing identifies MLL2 mutations as a cause of Kabuki syndrome. Nat Genet 42, 
790-793, doi:10.1038/ng.646 (2010). 
6 Veltman, J. A. & Brunner, H. G. De novo mutations in human genetic disease. Nat Rev Genet 13, 565-575, 
doi:10.1038/nrg3241 (2012). 
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among the many million variants in each individual remains a major challenge7. Similarly, many 
recent studies on cancer (e.g. The Cancer Genome Atlas, TCGA, and the International Cancer Genome 
consortium, ICG) have categorized the mutational spectra in a wide range of tumor types, illustrating 
that every tumor is genetically different with highly variable mutational loads and spectra, and that 
known and newly identified oncogenic driver genes and pathways are shared among tumor types.7 

Internationally, implementation of genomics in routine clinical care has started 
While research projects have been broadly implemented and are highly successful in driving scientific 
knowledge on diseases forward, implementation of genomebased technologies and resulting 
knowledge in clinical care is now also gaining ground. The border between research and diagnostics 
is slowly fading as a result of genome diagnostics technology. Instead of merely identifying genetic 
variation that explains the disease in a group of patients using targeted techniques, NGS technology 
allows for an answer to the question: “Can we identify genetic variation in an individual patient that 
explains the disease and potentially provides clues for treatment choice?”. Obviously the latter can 
not be answered without making an initial patient group stratification, and we are currently not able 
to answer this question for every individual patient. Still, current knowledge already can provide 
clinically highly relevant information in some cases (= diagnostics), predominantly in cancer and rare 
congenital disorders8,9,10, while data from others is essential to identify the highly needed novel 
stratification biomarkers (= research). Therefore, the main opportunity lies in implementing NGS 
approaches in routine clinical care, while systematically collecting patient and treatment data during 
both routine and experimental care. While individual patients may benefit from this approach, a 
large knowledge base is established to improve on future care.11,12 

Genomics will play an increasingly important role in the clinic, therefore an implementation strategy 
is needed 
Because extremely powerful yet manageable methods, next generation sequencing (NGS)13, have 
become available at reasonable cost, reading out disease biology at the genetic level, i.e. genomics, 
currently is the method of choice for introducing large scale molecular diagnostics in the clinic. This is 
especially the case for hereditary diseases and cancer. Therefore, a strategy for optimal 
implementation of genomics in Dutch care needs to be developed. 

The position of the Netherlands is a strong one for implementation of genomics, but challenges lay 
ahead 
From a research perspective, the Netherlands belongs to the world top in both genetics and cancer. 
International leadership in these fields is evident in European research programs. Furthermore, 

7 Gonzaga-Jauregui, C., Lupski, J. R. & Gibbs, R. A. Human genome sequencing in health and disease. Annu Rev 
Med 63, 35-61, doi:10.1146/annurev-med-051010-162644 (2012). 
8 Lupski, J. R. et al. Whole-Genome Sequencing in a Patient with Charcot-Marie-Tooth Neuropathy. New 
England Journal of Medicine 362, 1181-1191, doi:doi:10.1056/NEJMoa0908094 (2010). 
9 Ashley, E. A. et al. Clinical assessment incorporating a personal genome. The Lancet 375, 1525-1535, 
doi:http://dx.doi.org/10.1016/S0140-6736(10)60452-7. 
10 Worthey, E. A. et al. Making a definitive diagnosis: successful clinical application of whole exome sequencing 
in a child with intractable inflammatory bowel disease. Genet Med 13, 255-262, 
doi:10.1097/GIM.0b013e3182088158 (2011). 
11 An integrated map of genetic variation from 1,092 human genomes. 
12 The first large-scale program that systematically exploited standard patient records in combination with 
genetic measurements was the public-private initiative led by Decode. This Iceland-based and US-led company 
was mandated by national referendum to collect DNA from all citizens of Iceland. Subsequently the company 
linked the generated genome-wide single nucleotide genotyping data to the corresponding patient records 
with the aim to identify disease risk factors. Although this effort was very fruitful and highly successful, their 
request to start applying whole genome sequencing in this context was recently not granted. 
13 Also referred to as massive parallel sequencing (MPS) 
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academic centres in the Netherlands are pioneers for implementation of NGS technology in routine 
diagnostics, where the wide-spread acceptance by care professionals and nation-wide efforts are 
highly distinctive with other countries, where only limited numbers of centers actively pursue such 
routes at this relatively early stage. It should be noted, however, that these implementation routes 
are typically driven by local expertise and have largely focused on technical and internal aspects of 
NGS implementation. Limited or no attention has been given so far to data standardization, 
integration and exchange. With a range of health care insurance companies involved, highly diverse 
electronic information systems in different hospitals and a lack of a standardized electronic patient 
record system, major challenges are face regarding genomic and clinical data integration. Finally, the 
Netherlands has relatively stringent privacy legislation and a strong privacy lobby that could 
influence or delay processes that may be required to change current practices. 
 
Taken together, the Netherlands currently has a very strong position in clinical genomics as well as 
cancer care and is internationally leading in clinical implementation of NGS technology. The 
Netherlands has thus the potential to guide such processes internationally, rather than following. 
Strong interaction with other large efforts like for example the stratified medicine program in the UK 
and the Global Alliance seems warranted to meet with international standards. 
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2. Expected advantages genomics

Genomics may improve diagnosis and effectiveness of treatment. For example,
sequencing of germline DNA may ensure optimal diagnoses and treatment of
hereditary diseases and diagnostics of tumor variations may be used to tailor cancer
therapy. Also, Dutch economy may benefit from early full scale implementation of
genomics. Position Dutch research may improve by early full scale implementation of
genomics.

Genomics may improve diagnosis and effectiveness of treatment 
Genomics may offer the possibility of diagnoses of (hereditary) diseases, which are until now hard or 
impossible to diagnose. It may also improve the effectiveness of treatment by delivering information 
on the patient’s susceptibility or sensitivity to a specific treatment. 

Sequencing of germline DNA may ensure optimal diagnose and treatment of hereditary diseases 
Variation between individuals, in color of eyes and hair, but also in susceptibility to disease is caused 
by differences between individuals in the DNA that we inherit from our parents, the so called 
germline DNA. Moreover, specific hereditary diseases are caused by specific germline DNA 
alterations. Currently available technologies allow for analyzing all genes in an individual’s germline 
genome in search for a gene defect that causes the disease phenotype. In this way a diagnosis based 
on the disease mechanism can be made, and optimal interventions planned for. 

Diagnostics of tumor variations may be used to tailor cancer therapy 
Cancer is caused by an accumulation of multiple DNA changes. Classic tumor types (lung cancer, 
breast cancer, etc.) now appear to consist of multiple sub classes when tumors are classified based 
on genomics. This genomic variation of tumors translates into different risks of premalignant lesions 
into cancer, different prognoses of primary cancers and differences in response to drug therapy in 
metastatic cancer. At this point in time, especially the latter application is booming, moving away 
from one size fits all to personalized therapy for cancer.14 

Dutch economy may benefit from early full scale implementation of genomics 
Systematically gathered and anonymously stored genetic information, especially when combined 
with other clinical data, may prove to be of great economic value, for example in the development of 
new medicine. This value has already been identified by the UK, which launched its Stratified 
Medicine Program recently.15 Furthermore, pharmaceutical companies emphasize the need for 
registries and invest and support the developments of these registries. 

14 Also referred to as tailored or precision therapy 
15 The Stratified Medicine Program is backed up with up to 200 million pound from seven partners, including 
various governmental organisations, Medical Research Council, and Cancer Research UK. The initiative involves 
systematic biobanking of tumor tissues of 9,000 UK cancer patients in Phase One, and genome sequencing of 
both cancer samples as well as tens of thousands of patients with congenital disorders. Most interestingly, 
genetic data will be systematically combined with patient clinical records. The latter is made possible through 
the government funded National Health Service system, that not only holds all patient data, but also has 
imposed on all clinical professionals that data is collected that is not only relevant for the patient, but also for 
research purposes. By these investments, the UK aims to build a health care economy that is able to provide 
unprecedented amounts of anonymized genomic information along with clinically relevant data that is 
attractive for example for pharma industry. In addition, it provides the NHS tools for managing health care 
costs in an effective way and drive health care innovation. Furthermore, the UK health secretary has 
established a new governmental agency, Genomics England, to push personalized medicine and oversee the 
mapping of 100,000 patients with cancer and rare diseases. Besides technical and logistical challenges, the 
initiative will also address privacy issues and design opt-out systems. Of note, this initiative is backed up by 
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The position of Dutch research may improve by early full scale implementation of genomics 
Systematically gathered data might be of great use to Dutch research and improve its competitive 
position internationally. 

investments of patient organisations like Cancer Research UK and industrial partners like AstraZeneca and 
Pfizer. 
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3. Challenges genomics

Many challenges exist to optimal implementation of genomics in health care.
Important hurdles involve data & IT, ethical questions, infrastructural questions,
financing of genomics and the availability of knowledge.

3.1 Data & IT 

Data and IT challenges arise because genetic questions involve large datasets, 
distributed over labs. Integration of genotype and phenotype data poses challenges. 
Challenges are standardization, storing, sharing and analyzing of DNA and phenotype 
data. Overarching infrastructure of registries that facilitate these processes but 
maintain high levels of data security, is of great importance, but the field is dispersed. 
Challenges of registries relate to technical, operational, ethical and governance 
issues. 

Data and IT challenges arise because genetic questions involve large datasets, distributed over labs 
Typical questions to be addressed in genetic clinical or translational research programs are: ‘Which 
(out of tens of thousands) genes are associated with the disease phenotype, can predict good or bad 
outcome, can predict whether or not a patient will benefit from a particular therapy?’. The very large 
datasets produced in such programs and their distribution over different laboratories are highly 
demanding in the area of data management and IT. These issues exist both in oncology (analysis of 
somatic mutations) and in clinical genetics (analysis of germline variation) and both in research and 
in health care. 

Integration of genotype and phenotype data poses challenges 
Both genotype and phenotype data are of great importance for genomics. Genotype data is the data 
that results of DNA testing. Phenotype data is biological and behavioral information of the patient 
and is typically present patient records with limited standardization or structure. For example, the 
onset of disease and the effect of interventions. However, the latter registrations are typically only 
aimed for optimal care for the individual patient and not for retrospective analyses to benefit the 
health care system. Furthermore, patient record registries are highly heterogeneous and patients are 
typically present in multiple relevant registries. 

Challenges are standardization, storing, sharing and analyzing of DNA and phenotype data 
The data challenges have four major aspects. First, data should be exchangeable and integrated, 
requiring standardization between different laboratories. Second, large datasets need to be stored 
but remain readily accessible, requiring expensive storage. Third, DNA-data needs to be shared 
between different health care providers, requiring a system to rapid and secure sharing of data. 
Fourth, due to the highly complex and large volume data resulting from DNA sequencing effective 
data analysis is challenging. On top of the challenges involving DNA-data, genomics-based 
translational research and diagnosis is critically dependent on structured and standardized capture of 
clinical phenotype data. In order to improve disease outcome correlating the variation in disease 
phenotype to variations in underlying DNA is crucial. Phenotype data is more diverse than genotype 
data, therefore standardization is more complex.  

Overarching infrastructure of registries is of great importance, but the field is dispersed 
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A valuable source of phenotype data are registries16. These registries provide an extremely rich, 
powerful and crucial resource for biomedical research, and availability of an overarching 
infrastructure to manage and exploit this resource in the most optimal way is of utmost importance 
for maintaining the competitive position of Dutch biomedical research. At present, this field is 
dispersed, which in many ways hampers efficient, safe and optimally quality assured use of these 
registries, putting the Netherlands way behind e.g. countries like Denmark and the UK in this respect. 

Challenges of registries relate to technical, operational, ethical and governance issues 
Challenges here are multifold and relate to technical, operational, ethical and governance issues. 
Examples include user authentication and authorization, the same individuals being present in 
multiple registries under different identifiers or having been de-identified in incompatible ways, the 
same data then being present in multiple registries (content wise at best identical, often 
incompatible or even conflicting).  

3.2 Normative issues17 

In postnatal appliance of both WGS and Personalized Medicine many ethical and legal 
issues need to be addressed. Special attention for the position of children is 
important. 

Use of WGS in patient care 
1. Justification and operationalization of the criteria ‘necessity’, ‘proportionality’ and ‘informed

consent’ (cf. Recommendations Eur Soc Hum Genet, Eur J Hum Genet, June 2013)
- Necessity: desirability and sustainability of the ‘not beyond necessity’- criterium (cf.

ACMG position to test for certain serious and treatable diseases in case of diagnostic
tests). Cost aspect: WGSA might in team be cheaper than ‘targeted testing’.

- Proportionality: is the advantage to the patient (diagnosis) large enough to
compensate the disadvantages (for example the chance off unclear results and
incidental findings)?

- Feasibility of informed consent for WGSA. Review of alternative variants and
interpretations (‘generic’, ‘tiered’). Feasibility/ design of ‘right to know/ not to know’
for incidental findings.

2. Sharing or not of additional (‘unexpected’, ‘incidental’, etc.) findings, allowing for the nature
of the finding (severity, treatability, ‘age of onset’, size of the risk), preferences of the patient
(right to know/ not to know), professional responsibility for the patient, duty to warn third
stakeholders (relatives with an interest in the result)

3. Storage of WGSA data: ethical questions concerning data- and biobanking (right to have a
say, privacy, feedback, commercial use).

Personalised Medicine (PM) 
Especially farmacogenetics and other forms of ‘tailored medicine’ and lifestyle advice. Possible 
tension between ‘tailored’/medical model and patient-centered/subjective perspective. Against this 
background ethical exploration is necessary of two contexts: 

1. Physician - patient relationship

16 Examples include phenotype data collections associated with prospective biobanks of (initially) healthy 
individuals like Lifelines, data from cohorts of individuals with certain chronic disorders (e.g. diabetes) that are 
being followed over long periods of time during which these individuals may experience intermitting 
exacerbations of disease, data from individuals suffering life threatening diseases like cancer (e.g. Dutch Cancer 
registry, Dutch Institute for Clinical Auditing (DICA), HOVON, NABON, multiple GI cancer type registries, etc.), 
but also discipline specific registries like the national pathology archive (> 50 million records from > 10 million 
individuals) that is linked to the tissue archive of all about 55 pathology laboratories in the Netherlands. 
17 By Dr. A.L. Bredenoord, Dr. W.J. Dondorp and Prof. Dr. G.M.W.R. de Wert 
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- What is proper care in genomic health care? Where is the boundary between patient
empowerment and problematic paternalism?

- Recontacting: should the physician inform patients (or family after death of the
patient)? Under which conditions?

2. Social/ social-ethical
- Genomic health care as symptom and catalyst of the ‘own responsibility for health’.

Empowerment of ‘eigen schuld, dikke bult’? Solidarity threatened?
- Genomic health care and early diagnosis: ‘the worried well & healthy ill’.
- Genomic health care and the fear of stigmatization and discrimination: real worries

or delusions?

Position of children 
In analyzing the above-mentioned themes the position of children (and legally incapable adults) 
deserves special attention.  

- In case of young children the parents, as representatives of the interest of the child, decide.
What does this mean for the scope of the right of these parents to know and not to know?
What happens when the interest of the child conflicts with the interests of the parents?

- Different example: in case Personalized medicine proves effective, it might be defended that
children have a ‘right to prevention’. What does this mean for the allocation of
responsibilities in the triangle child-parent-professional?

Legal 
The analysis above relate to ethical issues. In many respects, they also relate to the legal framework. 
When relevant, it is important to address this framework.  

3.3 Infrastructure 

Optimal infrastructure is required to improve quality of care and reduce costs. To 
achieve an optimal infrastructure collaboration beyond traditional partnerships is 
required. 

Optimal infrastructure is required to improve quality of care and reduce costs 
Several reasons for concentration and specialization exist. An important reason is the improvement 
of quality of care. Genome sequencing enables the health care provider to classify patients very 
precisely. For example, a breast cancer patient may be classified according to her genetic 
abnormality. Consequently, genome sequencing results in even smaller homogenic patient 
populations. For a health care provider to have enough knowledge of a patient’s disorder, further 
specialization might be necessary. This need may most notably be expected in the treatment of 
patients. But also in diagnosis, concentration may lead to higher quality of care. And facilitate 
standardization and generation of a national genome database. A second reason for concentration is 
cost reduction. Especially sequencing, but also the storage and analysis of the generated data, 
requires expensive infrastructure. Therefore, to achieve an efficient implementation of genome 
sequencing it is very important not to create excess capacity. Concentration may result in more 
intensive use of this equipment. 

To achieve an optimal infrastructure collaboration beyond traditional partnerships is required 
To achieve an optimal infrastructure for genome sequencing, collaboration is required: both to 
achieve the right infrastructure and afterwards, in actual patient care. Because many different 
disciplines are involved in genome sequencing, for example geneticists, pathologist, oncologists and 
bioinformatcians, collaboration beyond traditional partnerships is required. This cooperation is 
threatened by the large number of parties and conflicting interests. 
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3.4 Finance  

A structural way of financing genomics is needed. Innovative diagnostics are 
reimbursed when clinical utility is proven, but uncertainty exists on the status of 
genome sequencing. Differences in financing of diagnostics of germline and tumor 
genome pose additional challenges.  

A structural way of financing genomics is needed 
To achieve implementation of genome sequencing in patient care, a structural way of financing the 
sequencing and its accompanying processes is essential. At this point no formal way of 
reimbursement exists. Genome sequencing is partly paid out of the research funding and partly by 
‘creative accounting’ (for example by using declaration codes, meant for testing of a single gene, for 
exome or genome sequencing).18  

Innovative diagnostics are reimbursed when clinical utility is proven 
In the Dutch health care system, (innovative) care can only be paid out of the ‘basisverzekering’ 
when the care, whether it be diagnostic or therapeutic, is considered part of ‘the stand van de 
wetenschap en praktijk’. Only effective care is considered part of ‘the stand van de wetenschap en 
praktijk’ and can be part of the insured package.19 The Dutch system is an ‘open’ system. When a 
method is effective care the Nza and DBC Onderhoud may issue a declaration code, a rate is 
determined and health care providers can send an invoice. No need exists to have the method 
declared part of insured care. But, many checks and balances are implemented to control this open 
system. For example, when a new code is needed, the Nza or DBC Onderhoud will most likely ask the 
ZiNL whether an innovation is ‘effective’, before issuing a new code. And the ZiNL might advise the 
Ministry of Health to actively remove care from the insured package, for example when care is not 
cost effective. 

When asked to form an opinion on a new diagnostic test, the ZiNL will judge its clinical utility. This 
means the entire process of diagnose and treatment, relating to the test is taking into account. The 
actual effect on the health of a patient is regarded. Therefore, a diagnostic test will only have clinical 
utility when a treatment is available. Only one factor in the utility is the accuracy of the test (both 
analytic and diagnostic). To assess a new diagnostic test, the ZiNL will in most cases follow a few 
steps: 

1) Formulate the PICO questions (P  Patient; I  innovative test; C  current test; O 
relevant outcomes);

2) Assess whether direct evidence of clinical utility is available, preferably from Randomized
Controlled Trials (RCT’s);

3) Assess whether indirect evidence of clinical utility is available. This assessment will be done
with a framework which compares the new test and the best test currently available.

When clinical utility of a diagnostic test is not yet proven, conditional reimbursement might be an 
option to prove the effectiveness of the method.  

Uncertainty exists on the status of genome sequencing 
At this moment, uncertainty exists on the status of genome sequencing and the accompanying 
processes. For genome sequencing and the process of data storage and analysis accompanying it, no 
declaration codes have been issued by NZa and DBC onderhoud and ZiNL has not yet formed an 

18 Also, the rates for DBC’s and separately invoiced tests in the current situation might be incorrect. This is 
however a problem beyond genomics: it is the problem of an incorrect distribution of funds among different 
kinds of health care. 
19 ZiNL in ‘Medische tests (beoordeling stand van de wetenschap en praktijk)’ 
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opinion whether this method is insured care. This means health care providers are unable to get a 
compensation for this expensive diagnostic method. Even when genome sequencing has a proven 
clinical utility for certain patients, it is very unlikely that this is the case for all patient groups.  

Differences in financing of diagnostics of germline and tumor DNA pose additional challenges 
Complicating factor in financing genome sequencing is the aberrant way of compensating clinical 
genetics. Care, provided by hospitals, is usually paid for by DBC’s. These are ‘care packages’ for 
patients with certain diseases and needs. This means the costs for diagnostics are included in the 
total costs of for example, the treatment of a breast cancer patient. But diagnostic tests performed 
by clinical geneticists (as is genome sequencing of germline DNA) are invoiced separately. Reason for 
this choice is the limited number of hospitals who are allowed to offer genetics. Because of this 
limited number, genetic diagnostics are often performed in a different hospital from the one who 
started the treatment process (and is entitled to payment of the DBC). Clinical genetics does have 
DBC’s, but only for genetic counseling. Even in case of a Counseling DBC the geneticist invoices the 
tests separately. This means a separate declaration code is needed to invoice genome sequencing. It 
is not possible to increase the rate of DBC’s for certain diseases. 

In the current situation sequencing of germline DNA is reserved to hospitals with a license (WMBV) 
to perform clinical genetics. But, tumor profiling is also performed in local hospitals. This profiling is 
paid for as part of the DBC. In sequencing tumor DNA, germline DNA is important as a reference. The 
differences is financing of these tests may prove a challenge. 

3.5 Knowledge  

Knowledge on genome sequencing needs to be more widely available to ensure 
patients receiving optimal care. 

Knowledge on genome sequencing needs to be more widely available to ensure patients receiving 
optimal care. 
The use of genome sequencing in health care is a relatively new practice. Knowledge on sequencing 
is therefore mostly limited to specialists in academic hospitals. For patients to receive optimal care, 
involving genome sequencing when needed, knowledge on genetics and genome sequencing will 
have to be widely available. Patients will have to grasp the possibilities and implications of genetic 
research. Health care providers, both specialists and general physicians, will have to be able to 
identify a need for genetic testing and to guide a patient during the care process that accompanies 
the testing. 



15 

4. First outlines of solutions

A first outline of solutions to the described challenges can be given.

4.1 Data & IT 

Data & IT challenges require standardization, coupling of data sources and innovative 
ICT solutions. Standardization and ICT solutions might be achieved in three phases: 
the pilot phase, the design phase and the execution phase. Sample selection and 
laboratory procedures should be standardized to generate standardized output. 
Cooperation with current initiatives is of great importance.  

Data & IT challenges require standardization, coupling of data sources and innovative ICT solutions 
Challenges regarding genotype and phenotype data require both standardization of these types of 
data and innovative ICT solutions. Standardization means unified data standards and formats, 
besides agreements on minimal data requirements. Innovative ICT solutions should allow for 
worldwide controlled data exchange while guaranteeing predefined levels of security and privacy20. 
These solutions should also support the workflow of the process, offer affordable storage and fast 
analysis. Therefore they require highly specialized bioinformatics, data storage and high-speed 
network solutions, as well as interoperability with current health care IT systems like Electronic 
Health Records. This overall is referred to as ‘data stewardship’. NFU has launched an initiative to 
coordinate this domain for the UMC’s and this may provide templates and solutions that are more 
widely applicable.  

20 Illustrative to the global nature of these challenges, a world-wide initiative, backed up by more than 70 
organizations (the majority in the US) presented a white paper, describing a roadmap for the creation of a 
global alliance to enable responsible sharing of genomic and clinical data. The mission of the alliance is to 
enable rapid progress in biomedicine by working together to create and to maintain the interoperability of 
technical standards for managing and sharing sequence data in clinical samples, developing guidelines and 
harmonizing procedures for privacy and ethics, and engaging stakeholders across sectors to encourage 
responsible and voluntary sharing of data and of methods. It aims to achieve these goals by establishing 
technology platforms with open standards, similar as for the World Wide Web, that are designed to enable 
secure storage; access control and controlled sharing of information at multiple levels; participant centric 
consent; tools for data processing that support major sequencing platforms; method to make results of 
analyses comparable across centers and technologies; and a computational architecture and application 
programming interface (API) supporting innovative “Apps” and services.  
In line with this, the NIH (USA) recently announced a 96 million funding to fund several new centers that 
provide big data capabilities for biomedical research. Standardization is considered key as it enables 
interoperability, data sharing, and better management and analytical tools. According to the NIH director, the 
goal is to help researchers translate data into knowledge to adavance discoveries and improve health, while 
reducing costs and redundancy. 
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Standardization and ICT solutions might be achieved in three phases: the pilot phase, the design 
phase and the execution phase 

Build solutions IT

Execute solutions
operations
(cooperation etc.)

Execute solutions
data

Find initiatives for
cooperation

Find best practices
(in- or outside of
health care)

Identify
requirements of
database for
research and clinic
(both content and
functionalities)

Pilot phase

Identify obstacles
storage, sharing,
analyzing (both
technical and
operational)

Design phase

Consult experts
and future users

Execution phase

Product: description of
desired situation and
obstacles

Products: sketch of
desired infrastructure and
content; plan to achieve
desired situation

Products: depends on desired
situation: technical infrastructure,
technical requirements, data
protocols, legal documents etc.

To achieve both standardization and innovative ICT solutions a very clear description of requirements 
and obstacles is needed. These insights might be collected in a pilot phase. The description, resulting 
from the pilot phase can be used to in the next phase, named the design phase. In the design phase a 
sketch is made of the desired infrastructure and content and a plan is made to achieve this desired 
situation. Cooperation with current initiatives is of great value. Also, inspiration may be found by 
consulting best practices (for example banks, tax authority), experts and future users. In the last 
phase, the execution phase, the plan that is developed in the design phase is worked out. 

Sample selection and laboratory procedures should be standardized to generate standardized 
output21 
Building a broadly applicable central Genomics data base (derived from multiple institutes) starts 
with standardization of cell sample selection and laboratory & sequence procedures. 

1. Healthy controls and patients
a. Healthy controls

- Standardized exclusion/inclusion criteria;
- Standardized annotation: gender, age, race, family (disease) history?, profession?

Other?
b. Patients

- Complete disease annotation should be available at the time of uploading in the
data base (no retrospective completion of annotation): to be determined per
patient group.

- Description of cell material, used for genomics studies (i.e. high throughput
sequencing)

2. Which cell material should be used?

21 Written by Prof. Dr. J.J.M. van Dongen 
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The target cells for DNA extraction differ per diagnostic question/application, therefore also 
in the two identified application fields, i.e. diagnosis of germline defects and identification of 
oncogenetic defects.  
a. Healthy controls 

Most laboratories probably use non-separated blood leukocytes (white blood cells; 
WBC). However, WBC’s are highly heterogeneous. Particularly lymphocytes show a 
high diversity in their Ig-TCR genes (and potentially in several other genes, caused by 
somatic hypermutation). In addition, older individuals have progressively increased 
chance to develop clonal T-lymphocyte and/or B-lymphocyte expansions with a DNA 
content that differs from their germline DNA. Therefore it should be considered to use 
granulocytes as target cells for DNA extraction, since this DNA is truly polyclonal and is 
most comparable with germline DNA. 

b. Patients suspected to have a germline defect  
The above considerations concerning the usage of granulocytes as a source to 
sequence germline DNA, are also valid for DNA extraction for patients suspected of a 
germline genetic defect. 

c. Oncology patients22  
Several factors determine the choice of the target cells for DNA extraction in oncology 
patients: 
- The purity of the tumor cells should be high (preferably >90%) to prevent 

misinterpretation of results, caused by contamination with non-tumor cells. 
- The selected material should preferably be free from necrosis. 
- Which tumor site? Clonal evolution and selection processes (e.g. induced by 

therapy) might influence the genetic make-up of the tumor cells. Again, it is 
important to define which cell sample(s) should be collected for DNA extraction: 
 Primary diagnosis (primary tumor and/or metastasis); 
 Relapse during or after treatment (local recurrence or metastasis?) 

 
3. Standardized laboratory procedures, including DNA storage 

a. Choice of target cell material and purity (see topic 2) 
- High purity of target cells (>90%) 

b. DNA extraction 
- Preference for automated technology, e.g. QiaCube with 12 parallel DNA 

extraction columns 
- Usage of standard cell numbers (e.g. 10x106 or multiplex thereof) with a 

reproducible recovery of approximately 50% (25 à 30 g per 10x106 cells) 
- High purity and high quality of extracted DNA: 

 OD 260/280 ratio: >1.9 
 no fragmentation (check with gel or control PCR?) 
 mainly dsDNA (check with PicoGreen?) 

c. Standardized DNA storage for  high throughput sequencing and future (additional) 
studies 

- Storage temperature: -20C or -80C (to be agreed) 
- Standardized concentration: e.g. 100 ng/ l? 

4. Standardized sequencing procedures  
a. Procedures 

                                                           
22 In case of a Genomics data base for oncology patients, it might be important to invest in multiple samples 
per patient (instead of large patient series with one sample per patient), because multiple well-selected 
samples per patient (taken from different sites and during different phases of treatment) can provide criticallly 
important information about treatment effectiveness and development of treatment resistance, thereby 
contributing to personalized medicine. 
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- Choice for whole exome sequencing (WES) vs. whole genome sequencing (WGS),
e.g.

- WES for detection of germline defects?
 WGS for oncology patients?

b. Choice of techniques for high throughput sequencing
- Roche 454
- Illumina
- Other?

Cooperation with current initiatives is of great importance 
A number of initiatives in the Netherlands is ongoing in this field, with an increasing level of 
collaborations23. To prevent reinventing wheels is it important to cooperate with these existing 
initiatives and build upon existing IT solutions and organizational best practices, and develop for 
unmet needs only and to do this in a user-oriented and process-driven approach. 

4.2 Normative issues 

Research is needed to assure normative issues are addressed. This research may be 
partly funded by the program Personalized Medicine, funded by ZonMw and Achmea. 

4.3 Infrastructure 

An optimal infrastructure should be created for the entire process, important for 
genome sequencing. Concentration of sequencing equipment, together with the 
creation of a national knowledge center, in one national facility is expedient. This 
central sequencing facilitates the local care process.  

An optimal infrastructure should be created for the entire process, important for genome sequencing 
Genome sequencing is a step in a process of diagnostics, treatment and after care. For any (or all) of 
these steps the optimal rate of concentration and specialization should be determined.  

After careTreatmentDiagnose

Treatment
Preparation

material
Collection
material

Sequencing Storage data After care

Concentration of sequencing equipment in one national facility is expedient 
Concentration of sequencing equipment in one national facility and the creation of a national 
knowledge center has many advantages, both in quality of care and the constraint of health care 

23 The referred initiatives include the Netherlands Bioinformatics Center (NBIC, also serving as the NL ESFRI-
ELIXIR node), the Netherlands eScience Center, the CTMM TraIT ("Translational research IT") project and 
DISC/DTL. Together these initiatives aim to establish a significant improvement of the IT infrastructure for 
translational (including genomic) research in the Netherlands and to share and secure the data generated in 
these projects. BBMRI-NL1.0 has made a major step forward by bringing together many registries from the field 
on epidemiology and epigenetics (catalogue 1.0 & 2.0 and rainbow project 5). Further steps towards 
coordination and harmonization have come from other initiatives like CTMM-TraIT en het Parelsnoerinitiatief 
and the recent NFU initiative on data coordination. Still multiple registries exist with different levels of 
maturity, either developed for research purposes specifically (e.g. HOVON, PICNIC) or for alternative purposes 
like QA, but accessible for research use (e.g. DICA), that so far operate independently on an overarching 
national infrastructure, or have only just started to be engaged (e.g. PALGA). 
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costs. In the central facility, sequencing is performed for care, research and industry. The facility and 
it’s knowledge center also: 

- Store genetic data; 
- provide anonymous data for research; 
- provide personalized treatment advise, retrieved for cloud data, if applicable. 

 
In the picture below the desired situation is depicted. 
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By concentrating sequencing equipment, highest possible quality of care is stimulated: 

- The creation of a national genome database, to support health care and research, is 
facilitated; 

- Standardization of processes and stored data is less complex with only one 
sequencing center; 

- Larger volumes ensure that batches of samples are filled quicker, which may shorten 
waiting times; 

- Creates combined power to invest in newest, state of the art equipment is bigger; 
- The risks of investing in new equipment is spread among all players, this may ensure 

earlier adaption of new techniques; 
- Wider availability of different techniques encourages that in each situation the most 

suitable test is performed, instead of the locally available test. 
 
By concentrating sequencing highly rising health care costs are constrained: 

- Overcapacity is prevented; 
- Larger volumes ensure benefits in the purchase of consumables (resources used in 

the sequencing, for example when preparing samples); 
- Less (laboratory) technicians for the maintenance and employment of the equipment 

are necessary; 
- The incentive, originated by the local availability of equipment, to perform more 

tests than necessary doesn’t exist. This incentive may arise when local suppliers 
struggle to fill the capacity of an expensive sequencer. 

 



20 

This central sequencing facilitates the local care process 
A central sequencing facility, supported by the necessary ICT, offers the local physician information 
that is needed to treat his or her patient. The local health care providers send a sample of blood or 
tissue to the central facility. Within a short period of time the facility returns lab results, 
accompanied by a personalized treatment advise, retrieved from cloud data (if available). Actual 
patient care is still performed in local hospitals. But uniform procedures and guidelines how to 
inform the patient will be developed. 

4.4 Finance 

A structural way to prove clinical utility and secure reimbursement of genomic 
sequencing is possible to generate within the system. Timely communications with 
the Ministry of Health and ZiNL are important. After a declaration code is issued, it is 
important to determine a fair and cost-effective rate. 

A structural way to prove clinical utility and secure reimbursement of genomic sequencing is possible 
to generate within the system 
The NZa, DBC Onderhoud and ZiNL have a clear process to deal with innovations. In this section, this 
process is explained for genome sequencing. 

To guarantee payment of genome sequencing for specific patient groups, clearly defined steps need 
to be taken. These steps might differ for different techniques and patients, but the first step for each 
specific cases will be to assess the accuracy and clinical utility of genome sequencing and its 
accompanying processes. This means a review of available research needs to be performed by the 
stakeholders who would like to use the method in the care for patients. 

While the systematic review is performed, a Business Case should be compiled. In this Business Case 
both the effects on quality of life and on health care expenditure of the method are shown. With this 
Business Case cost effectiveness might be proven. Cost effectiveness is no legal obligation. But a 
positive Business Case might improve the changes of (conditional) reimbursement. 
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The result of the systematic review decides the third step; when clinical utility is proven, a 
declaration code may be issued. This code is issued by the NZa and DBC Onderhoud, after 
consultation of ZIN. ZiNL will most likely judge the clinical utility and cost effectiveness of genome 
sequencing for specific situations. The ZiNL will use the systematic review and Business Case and 
might perform additional research. In any case, a consultation of experts will be held.  

When the systematic review (or the research by ZIN) results in the conclusion no prove exists for the 
clinical utility of genome sequencing, it is of great importance whether experts agree the utility might 
not be proven. If the experts disagree, utility should be the subject of a research proposal. With this 
proposal a request for conditional reimbursement might be filed. For this request a positive Business 
Case might prove of great value.24  ZonMw has reserved funds to facilitate research of the 
effectiveness of care during the period of conditional reimbursement. When effectiveness has not 
been proved during this period, the reimbursement will be revoked. Also, the personalized medicine 
program, funded by ZonMw and Achmea may finance research on effectiveness and cost-efficiency. 

In securing reimbursement for genome sequencing the cooperation of all parties (at least care 
provider, patient and insurer) is important. By cooperation a field consultation performed by ZiNL 
will be quick.  

Timely communications with the Ministry of Health and ZiNL is important 
ZiNL, as any other institution, has it’s priorities and these influence the order of handling the 
incoming applications for (conditional) reimbursement. Therefore, timely communications with the 
Ministry of Health and ZiNL is an important part of the required long term strategy. 

Possibly, the current rules for the review of utility and cost effectiveness are not suitable for 
personalized medicine. Research should be done to determine whether these rules are suitable and 
whether they can be improved. This research might be part of the program Personalized Medicine. In 
this research, ZiNL should play an important role.  

After a declaration code is issued, it is important to determine a fair and cost-effective rate. 
When a declaration code is issued a fair rate should be determined in negotiation between care 
providers and health care insurers. For this determination certain points are of great importance: 

- Firstly, the rate should be based on the most cost effective use of the method possible. This
means the rate can be based on for example, German prices when these are the lowest ones
available. Or on the prices for centralized handling in the Netherlands of all tests, when this is
the cheapest option. The rapid decrease in costs for genome sequencing should be taken
into account;25

- Secondly, the rate should include a compensation for storage and analysis of DNA-data,
needed for care;

- Thirdly, a distinction should be made between costs, related to research and costs, related to
care. Only costs, directly related to proven effective care should be included in the rate. For
example, the costs of a research database should not be paid out of the health care budget;

- Fourthly, rates might diverge for different diseases because of varying costs. Especially the
amount of analysis needed can differ;

- Fifthly, rates should be renegotiable when situations, like foreign rates for sequencing,
change.

24 In it’s advice on conditional reimbursement 2014, the ZiNL mentioned the effect of costs of health care of the 
proposed innovations in a report. The report mentions that the effect on health care expenditure will be a 
relevant factor in the decision of the Ministry of Health concerning conditional reimbursement.  
25 At this moment the costs of sequencing a genome is between € 750 and € 1.000.  
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4.5 Knowledge 

Informing patients on genome sequencing requires a campaign, funded by 
government resources. Informing health care professionals on genome sequencing 
requires the development of education and tools. 

Informing patients on genome sequencing requires a campaign, funded by government resources 
The ideal way to inform patients on the potential and implications of genome sequencing a national 
campaign, preferably funded by government resources, is the most direct way.  Patient associations, 
health care providers and health insurers may be part of this campaign by providing information, for 
example online. Preferably, the content of this information is uniform, as multiform information may 
add to a feeling of confusion and distrust. The standardization of this information should be 
coordinated by one party. 

Informing health care professionals on genome sequencing requires the development of education 
and tools 
The education (both before and during his of her professional career) of every health care 
professional should contain information of the possibilities and implications of genomics. Therefore, 
educational material should be developed customized for different groups of professionals. 
Additionally, tools should be designed to support the professional in providing optimal care to the 
patient. Tools may include treatment protocols, online information and online decision support. The 
development of these tools may by financed by the research program, funded by ZonMw and 
Achmea. 



    ZonMw Rational Pharmacotherapy 
      Personalised Medicine 

     Development instruction manual genomic data management 
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Appendix 4
Scientific Data: The FAIR Guiding Principles for scientific data management and 
stewardship 



Comment: The FAIR Guiding
Principles for scientific data
management and stewardship
Mark D. Wilkinson et al.#

There is an urgent need to improve the infrastructure supporting the reuse of scholarly data. A diverse
set of stakeholders—representing academia, industry, funding agencies, and scholarly publishers—have
come together to design and jointly endorse a concise and measureable set of principles that we refer
to as the FAIR Data Principles. The intent is that these may act as a guideline for those wishing to
enhance the reusability of their data holdings. Distinct from peer initiatives that focus on the human
scholar, the FAIR Principles put specific emphasis on enhancing the ability of machines to automatically
find and use the data, in addition to supporting its reuse by individuals. This Comment is the first
formal publication of the FAIR Principles, and includes the rationale behind them, and some exemplar
implementations in the community.

Supporting discovery through good data management
Good data management is not a goal in itself, but rather is the key conduit leading to knowledge
discovery and innovation, and to subsequent data and knowledge integration and reuse by the
community after the data publication process. Unfortunately, the existing digital ecosystem
surrounding scholarly data publication prevents us from extracting maximum benefit from our
research investments (e.g., ref. 1). Partially in response to this, science funders, publishers and
governmental agencies are beginning to require data management and stewardship plans for data
generated in publicly funded experiments. Beyond proper collection, annotation, and archival, data
stewardship includes the notion of ‘long-term care’ of valuable digital assets, with the goal that they
should be discovered and re-used for downstream investigations, either alone, or in combination with
newly generated data. The outcomes from good data management and stewardship, therefore, are
high quality digital publications that facilitate and simplify this ongoing process of discovery, evaluation,
and reuse in downstream studies. What constitutes ‘good data management’ is, however, largely
undefined, and is generally left as a decision for the data or repository owner. Therefore, bringing some
clarity around the goals and desiderata of good data management and stewardship, and defining
simple guideposts to inform those who publish and/or preserve scholarly data, would be of great utility.

This article describes four foundational principles—Findability, Accessibility, Interoperability, and
Reusability—that serve to guide data producers and publishers as they navigate around these
obstacles, thereby helping to maximize the added-value gained by contemporary, formal scholarly
digital publishing. Importantly, it is our intent that the principles apply not only to ‘data’ in the
conventional sense, but also to the algorithms, tools, and workflows that led to that data. All
scholarly digital research objects2—from data to analytical pipelines—benefit from application of
these principles, since all components of the research process must be available to ensure
transparency, reproducibility, and reusability.

There are numerous and diverse stakeholders who stand to benefit from overcoming these obstacles:
researchers wanting to share, get credit, and reuse each other’s data and interpretations; professional
data publishers offering their services; software and tool-builders providing data analysis and
processing services such as reusable workflows; funding agencies (private and public) increasingly
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concerned with long-term data stewardship; and a data science community mining, integrating and
analysing new and existing data to advance discovery. To facilitate the reading of this manuscript by
these diverse stakeholders, we provide definitions for common abbreviations in Box 1. Humans,
however, are not the only critical stakeholders in the milieu of scientific data. Similar problems are
encountered by the applications and computational agents that we task to undertake data retrieval
and analysis on our behalf. These ‘computational stakeholders’ are increasingly relevant, and demand
as much, or more, attention as their importance grows. One of the grand challenges of data-intensive
science, therefore, is to improve knowledge discovery through assisting both humans, and their
computational agents, in the discovery of, access to, and integration and analysis of, task-appropriate
scientific data and other scholarly digital objects.

For certain types of important digital objects, there are well-curated, deeply-integrated,
special-purpose repositories such as Genbank3, Worldwide Protein Data Bank (wwPDB4), and
UniProt5 in the life sciences; Space Physics Data Facility (SPDF; http://spdf.gsfc.nasa.gov/) and Set of
Identifications, Measurements and Bibliography for Astronomical Data (SIMBAD6) in the space
sciences. These foundational and critical core resources are continuously curating and capturing high-
value reference datasets and fine-tuning them to enhance scholarly output, provide support for both
human and mechanical users, and provide extensive tooling to access their content in rich, dynamic
ways. However, not all datasets or even data types can be captured by, or submitted to, these
repositories. Many important datasets emerging from traditional, low-throughput bench science don’t
fit in the data models of these special-purpose repositories, yet these datasets are no less important
with respect to integrative research, reproducibility, and reuse in general. Apparently in response to
this, we see the emergence of numerous general-purpose data repositories, at scales ranging from
institutional (for example, a single university), to open globally-scoped repositories such as Dataverse7,
FigShare (http://figshare.com), Dryad8, Mendeley Data (https://data.mendeley.com/), Zenodo (http://
zenodo.org/), DataHub (http://datahub.io), DANS (http://www.dans.knaw.nl/), and EUDat9. Such
repositories accept a wide range of data types in a wide variety of formats, generally do not attempt
to integrate or harmonize the deposited data, and place few restrictions (or requirements) on the
descriptors of the data deposition. The resulting data ecosystem, therefore, appears to be moving
away from centralization, is becoming more diverse, and less integrated, thereby exacerbating the
discovery and re-usability problem for both human and computational stakeholders.

A specific example of these obstacles could be imagined in the domain of gene regulation and expression
analysis. Suppose a researcher has generated a dataset of differentially-selected polyadenylation sites in
a non-model pathogenic organism grown under a variety of environmental conditions that stimulate its
pathogenic state. The researcher is interested in comparing the alternatively-polyadenylated genes in
this local dataset, to other examples of alternative-polyadenylation, and the expression levels of these
genes—both in this organism and related model organisms—during the infection process. Given that
there is no special-purpose archive for differential polyadenylation data, and no model organism
database for this pathogen, where does the researcher begin?

We will consider the current approach to this problem from a variety of data discovery and integration
perspectives. If the desired datasets existed, where might they have been published, and how would
one begin to search for them, using what search tools? The desired search would need to filter based
on specific species, specific tissues, specific types of data (Poly-A, microarray, NGS), specific
conditions (infection), and specific genes—is that information (‘metadata’) captured by the
repositories, and if so, what formats is it in, is it searchable, and how? Once the data is discovered,
can it be downloaded? In what format(s)? Can that format be easily integrated with private in-house
data (the local dataset of alternative polyadenylation sites) as well as other data publications from
third-parties and with the community’s core gene/protein data repositories? Can this integration be

Box 1 | Terms and Abbreviations

BD2K—Big Data 2 Knowledge, is a trans-NIH initiative established to enable biomedical research as a digital research enterprise, to facilitate discovery and
support new knowledge, and to maximise community engagement.

DOI—Digital Object Identifier; a code used to permanently and stably identify (usually digital) objects. DOIs provide a standard mechanism for retrieval of
metadata about the object, and generally a means to access the data object itself.

FAIR—Findable, Accessible, Interoperable, Reusable.

FORCE11—The Future of Research Communications and e-Scholarship; a community of scholars, librarians, archivists, publishers and research funders that
has arisen organically to help facilitate the change toward improved knowledge creation and sharing, initiated in 2011.

Interoperability—the ability of data or tools from non-cooperating resources to integrate or work together with minimal effort.

JDDCP—Joint Declaration of Data Citation Principles; Acknowledging data as a first-class research output, and to support good research practices around
data re-use, JDDCP proposes a set of guiding principles for citation of data within scholarly literature, another dataset, or any other research object.

RDF—Resource Description Framework; a globally-accepted framework for data and knowledge representation that is intended to be read and interpreted
by machines.
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done automatically to save time and avoid copy/paste errors? Does the researcher have permission to
use the data from these third-party researchers, under what license conditions, and who should be
cited if a data-point is re-used?

Questions such as these highlight some of the barriers to data discovery and reuse, not only for
humans, but even more so for machines; yet it is precisely these kinds of deeply and broadly
integrative analyses that constitute the bulk of contemporary e-Science. The reason that we often
need several weeks (or months) of specialist technical effort to gather the data necessary to answer
such research questions is not the lack of appropriate technology; the reason is, that we do not pay
our valuable digital objects the careful attention they deserve when we create and preserve them.
Overcoming these barriers, therefore, necessitates that all stakeholders—including researchers,
special-purpose, and general-purpose repositories—evolve to meet the emergent challenges
described above. The goal is for scholarly digital objects of all kinds to become ‘first class citizens’
in the scientific publication ecosystem, where the quality of the publication—and more importantly,
the impact of the publication—is a function of its ability to be accurately and appropriately found, re-
used, and cited over time, by all stakeholders, both human and mechanical.

With this goal in-mind, a workshop was held in Leiden, Netherlands, in 2014, named ‘Jointly
Designing a Data Fairport’. This workshop brought together a wide group of academic and private
stakeholders all of whom had an interest in overcoming data discovery and reuse obstacles. From the
deliberations at the workshop the notion emerged that, through the definition of, and widespread
support for, a minimal set of community-agreed guiding principles and practices, all stakeholders
could more easily discover, access, appropriately integrate and re-use, and adequately cite, the vast
quantities of information being generated by contemporary data-intensive science. The meeting
concluded with a draft formulation of a set of foundational principles that were subsequently
elaborated in greater detail—namely, that all research objects should be Findable, Accessible,
Interoperable and Reusable (FAIR) both for machines and for people. These are now referred to as the
FAIR Guiding Principles. Subsequently, a dedicated FAIR working group, established by several
members of the FORCE11 community10 fine-tuned and improved the Principles. The results of these
efforts are reported here.

The significance of machines in data-rich research environments
The emphasis placed on FAIRness being applied to both human-driven and machine-driven activities,
is a specific focus of the FAIR Guiding Principles that distinguishes them from many peer initiatives
(discussed in the subsequent section). Humans and machines often face distinct barriers when
attempting to find and process data on the Web. Humans have an intuitive sense of ‘semantics’ (the
meaning or intent of a digital object) because we are capable of identifying and interpreting a wide
variety of contextual cues, whether those take the form of structural/visual/iconic cues in the layout of
a Web page, or the content of narrative notes. As such, we are less likely to make errors in the
selection of appropriate data or other digital objects, although humans will face similar difficulties if
sufficient contextual metadata is lacking. The primary limitation of humans, however, is that we are
unable to operate at the scope, scale, and speed necessitated by the scale of contemporary scientific
data and complexity of e-Science. It is for this reason that humans increasingly rely on computational
agents to undertake discovery and integration tasks on their behalf. This necessitates machines to be
capable of autonomously and appropriately acting when faced with the wide range of types, formats,
and access-mechanisms/protocols that will be encountered during their self-guided exploration of the
global data ecosystem. It also necessitates that the machines keep an exquisite record of provenance
such that the data they are collecting can be accurately and adequately cited. Assisting these agents,
therefore, is a critical consideration for all participants in the data management and stewardship
process—from researchers and data producers to data repository hosts.

Throughout this paper, we use the phrase ‘machine actionable’ to indicate a continuum of possible
states wherein a digital object provides increasingly more detailed information to an autonomously-
acting, computational data explorer. This information enables the agent—to a degree dependent on
the amount of detail provided—to have the capacity, when faced with a digital object never
encountered before, to: a) identify the type of object (with respect to both structure and intent), b)
determine if it is useful within the context of the agent’s current task by interrogating metadata and/
or data elements, c) determine if it is usable, with respect to license, consent, or other accessibility or
use constraints, and d) take appropriate action, in much the same manner that a human would.

For example, a machine may be capable of determining the data-type of a discovered digital object,
but not capable of parsing it due to it being in an unknown format; or it may be capable of processing
the contained data, but not capable of determining the licensing requirements related to the retrieval
and/or use of that data. The optimal state—where machines fully ‘understand’ and can autonomously
and correctly operate-on a digital object—may rarely be achieved. Nevertheless, the FAIR principles
provide ‘steps along a path’ toward machine-actionability; adopting, in whole or in part, the FAIR
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principles, leads the resource along the continuum towards this optimal state. In addition, the idea of
being machine-actionable applies in two contexts—first, when referring to the contextual metadata
surrounding a digital object (‘what is it?’), and second, when referring to the content of the digital
object itself (‘how do I process it/integrate it?’). Either, or both of these may be machine-actionable,
and each forms its own continuum of actionability.

Finally, we wish to draw a distinction between data that is machine-actionable as a result of specific
investment in software supporting that data-type, for example, bespoke parsers that understand life
science wwPDB files or space science Space Physics Archive Search and Extract (SPASE) files, and
data that is machine-actionable exclusively through the utilization of general-purpose, open
technologies. To reiterate the earlier point—ultimate machine-actionability occurs when a machine
can make a useful decision regarding data that it has not encountered before. This distinction is
important when considering both (a) the rapidly growing and evolving data environment, with new
technologies and new, more complex data-types continuously being developed, and (b) the growth of
general-purpose repositories, where the data-types likely to be encountered by an agent are
unpredictable. Creating bespoke parsers, in all computer languages, for all data-types and all
analytical tools that require those data-types, is not a sustainable activity. As such, the focus on
assisting machines in their discovery and exploration of data through application of more generalized
interoperability technologies and standards at the data/repository level, becomes a first-priority for
good data stewardship.

The FAIR Guiding Principles in detail
Representatives of the interested stakeholder-groups, discussed above, coalesced around four core
desiderata—the FAIR Guiding Principles—and limited elaboration of these, which have been refined
(Box 2) from the meeting’s original draft, available at (https://www.force11.org/node/6062). A
separate document that dynamically addresses community discussion relating to clarifications and
explanations of the principles, and detailed guidelines for and examples of FAIR implementations, is
currently being constructed (http://datafairport.org/fair-principles-living-document-menu). The FAIR
Guiding Principles describe distinct considerations for contemporary data publishing environments
with respect to supporting both manual and automated deposition, exploration, sharing, and reuse.
While there have been a number of recent, often domain-focused publications advocating for specific
improvements in practices relating to data management and archival1,11,12, FAIR differs in that it
describes concise, domain-independent, high-level principles that can be applied to a wide range of
scholarly outputs. Throughout the Principles, we use the phrase ‘(meta)data’ in cases where the
Principle should be applied to both metadata and data.

The elements of the FAIR Principles are related, but independent and separable. The Principles define
characteristics that contemporary data resources, tools, vocabularies and infrastructures should
exhibit to assist discovery and reuse by third-parties. By minimally defining each guiding principle, the
barrier-to-entry for data producers, publishers and stewards who wish to make their data holdings
FAIR is purposely maintained as low as possible. The Principles may be adhered to in any combination
and incrementally, as data providers’ publishing environments evolve to increasing degrees of
‘FAIRness’. Moreover, the modularity of the Principles, and their distinction between data and
metadata, explicitly support a wide range of special circumstances. One such example is highly
sensitive or personally-identifiable data, where publication of rich metadata to facilitate discovery,
including clear rules regarding the process for accessing the data, provides a high degree of ‘FAIRness’
even in the absence of FAIR publication of the data itself. A second example involves the publication

Box 2 | The FAIR Guiding Principles

To be Findable:
F1. (meta)data are assigned a globally unique and persistent identifier
F2. data are described with rich metadata (defined by R1 below)
F3. metadata clearly and explicitly include the identifier of the data it describes
F4. (meta)data are registered or indexed in a searchable resource

To be Accessible:
A1. (meta)data are retrievable by their identifier using a standardized communications protocol
A1.1 the protocol is open, free, and universally implementable
A1.2 the protocol allows for an authentication and authorization procedure, where necessary
A2. metadata are accessible, even when the data are no longer available

To be Interoperable:
I1. (meta)data use a formal, accessible, shared, and broadly applicable language for knowledge representation.
I2. (meta)data use vocabularies that follow FAIR principles
I3. (meta)data include qualified references to other (meta)data

To be Reusable:
R1. meta(data) are richly described with a plurality of accurate and relevant attributes
R1.1. (meta)data are released with a clear and accessible data usage license
R1.2. (meta)data are associated with detailed provenance
R1.3. (meta)data meet domain-relevant community standards
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of non-data research objects. Analytical workflows, for example, are a critical component of the
scholarly ecosystem, and their formal publication is necessary to achieve both transparency and
scientific reproducibility. The FAIR principles can equally be applied to these non-data assets, which
need to be identified, described, discovered, and reused in much the same manner as data.

Specific exemplar efforts that provide varying levels of FAIRness are detailed later in this document.
Additional issues, however, remain to be addressed. First, when community-endorsed vocabularies or
other (meta)data standards do not include the attributes necessary to achieve rich annotation, there
are two possible solutions: either publish an extension of an existing, closely related vocabulary, or—in
the extreme case—create and explicitly publish a new vocabulary resource, following FAIR principles
(‘I2’). Second, to explicitly identify the standard chosen when more than one vocabulary or other
(meta)data standard is available, and given that for instance in the life sciences there are over 600
content standards, the BioSharing registry (https://biosharing.org/) can be of use as it describes the
standards in detail, including versions where applicable.

The Principles precede implementation
These high-level FAIR Guiding Principles precede implementation choices, and do not suggest any
specific technology, standard, or implementation-solution; moreover, the Principles are not,
themselves, a standard or a specification. They act as a guide to data publishers and stewards to
assist them in evaluating whether their particular implementation choices are rendering their digital
research artefacts Findable, Accessible, Interoperable, and Reusable. We anticipate that these high
level principles will enable a broad range of integrative and exploratory behaviours, based on a wide
range of technology choices and implementations. Indeed, many repositories are already
implementing various aspects of FAIR using a variety of technology choices and several examples
are detailed in the next section; examples include Scientific Data itself and how narrative data articles
are anchored to a progressively FAIR structured metadata.

Examples of FAIRness, and the resulting value-added
Dataverse7: Dataverse is an open-source data repository software installed in dozens of institutions
globally to support public community repositories or institutional research data repositories. Harvard
Dataverse, with more than 60,000 datasets, is the largest of the current Dataverse repositories, and is
open to all researchers from all research fields. Dataverse generates a formal citation for each deposit,
following the standard defined by Altman and King13. Dataverse makes the Digital Object Identifier
(DOI), or other persistent identifiers (Handles), public when the dataset is published (‘F’). This resolves
to a landing page, providing access to metadata, data files, dataset terms, waivers or licenses, and
version information, all of which is indexed and searchable (‘F’, ‘A’, and ‘R’). Deposits include
metadata, data files, and any complementary files (such as documentation or code) needed to
understand the data and analysis (‘R’). Metadata is always public, even if the data are restricted or
removed for privacy issues (‘F’, ‘A’). This metadata is offered at three levels, extensively supporting the
‘I’ and ‘R’ FAIR principles: 1) data citation metadata, which maps to DataCite schema or Dublin Core
Terms, 2) domain-specific metadata, which when possible maps to metadata standards used within a
scientific domain, and 3) file-level metadata, which can be deep and extensive for tabular data files
(including column-level metadata). Finally, Dataverse provides public machine-accessible interfaces to
search the data, access the metadata and download the data files, using a token to grant access when
data files are restricted (‘A’).

FAIRDOM (http://fair-dom.org/about): integrates the SEEK14 and openBIS15 platforms to produce a
FAIR data and model management facility for Systems Biology. Individual research assets (or
aggregates of data and models) are identified with unique and persistent HTTP URLs, which can be
registered with DOIs for publication (‘F’). Assets can be accessed over the Web in a variety of formats
appropriate for individuals and/or their computers (RDF, XML) (‘I’). Research assets are annotated with
rich metadata, using community standards, formats and ontologies (‘I’). The metadata is stored as
RDF to enable interoperability and assets can be downloaded for reuse (‘R’).

ISA16: is a community-driven metadata tracking framework to facilitate standards-compliant
collection, curation, management and reuse of life science datasets. ISA provides progressively FAIR
structured metadata to Nature Scientific Data’s Data Descriptor articles, and many GigaScience data
papers, and underpins the EBI MetaboLights database among other data resources. At the heart is a
general-purpose, extensible ISA model, originally only available as a tabular representation but
subsequently enhanced as an RDF-based representation17, and JSON serializations to enable the ‘I’
and ‘R’, becoming ‘FAIR’ when published as linked data (http://elixir-uk.org/node-events/201cisa-as-a-
fair-research-object201d-hack-the-spec-event-1) and complementing other research objects18.

Open PHACTS19: Open PHACTS is a data integration platform for information pertaining to drug
discovery. Access to the platform is mediated through a machine-accessible interface20 which
provides multiple representations that are both human (HTML) and machine readable (RDF, JSON,
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XML, CSV, etc), providing the ‘A’ facet of FAIRness. The interface allows multiple URLs to be used to
access information about a particular entity through a mappings service (‘F’ and ‘A’). Thus, a user can
provide a ChEMBL URL to retrieve information sourced from, for example, Chemspider or DrugBank.
Each call provides a canonical URL in its response (‘A’ and ‘I’). All data sources used are described
using standardized dataset descriptions, following the global VoID standard, with rich provenance (‘R’
and ‘I’). All interface features are described using RDF following the Linked Data API specification (‘A’).
Finally, a majority of the datasets are described using community agreed upon ontologies (‘I’).

wwPDB4,21: wwPDB is a special-purpose, intensively-curated data archive that hosts information
about experimentally-determined 3D structures of proteins and nucleic acids. All wwPDB entries are
stably hosted on an FTP server (‘A’) and represented in machine-readable formats (text and XML); the
latter are machine-actionable using the metadata provided by the wwPDB conforming to the
Macromolecular Information Framework (mmCIF22), a data standard of the International Union of
Crystallography (IUCr) (‘F’,‘I’ for humans, ‘F’,‘I’ for IUCr-aware machines). The wwPDB metadata
contains cross-references to common identifiers such as PubMed and NCBI Taxonomy, and their
wwPDB metadata are described in data dictionaries and schema documents (http://mmcif.wwpdb.org
and http://pdbml.wwpdb.org) which conform to the IUCr data standard for the chemical and
structural biology domains (‘R’). A variety of software tools are available to interpret both wwPDB
data and meta-data (‘I’,‘R’ for humans, ‘I’,‘R’ for machines with this software). Each entry is
represented by a DOI (‘F’, ‘A’ for humans and machines). The DOI resolves to a zipped file which
requires special software for further interrogation/interpretation. Other wwPDB access points23–25

provide access to wwPDB records through URLs that are likely to be stable in the long-term (‘F’), and
all data and metadata is searchable through one or more of the wwPDB-affiliated websites (‘F’)

UniProt26: UniProt is a comprehensive resource for protein sequence and annotation data. All entries
are uniquely identified by a stable URL, that provides access to the record in a variety of formats
including a web page, plain-text, and RDF (‘F’ and ‘A’). The record contains rich metadata (‘F’) that is
both human-readable (HTML) and machine-readable (text and RDF), where the RDF formatted
response utilizes shared vocabularies and ontologies such as UniProt Core, FALDO, and ECO (‘I’).
Interlinking with more than 150 different databases, every UniProt record has extensive links into, for
example, PubMed, enabling rich citation. These links are machine-actionable in the RDF
representation (‘R’). Finally, in the RDF representation, the UniProt Core Ontology explicitly types
all records, leaving no ambiguity—neither for humans nor machines—about what the data represents
(‘R’), enabling fully-automated retrieval of records and cross-referencing information.

In addition to, and in support of, communities and resources that are already pursuing FAIR
objectives, the Data Citation Implementation Group of Force11 has published specific technical
recommendations for how to implement many of the principles27, with a particular focus on
identifiers and their resolution, persistence, and metadata accessibility especially related to citation.
In addition, the ‘Skunkworks’ group that emerged from the Lorentz Workshop has been creating
software supporting infrastructures28 that are, end-to-end, compatible with FAIR principles, and can
be implemented over existing repositories. These code modules have a particular focus on metadata
publication and searchability, compatibility in cases of strict privacy considerations, and the extremely
difficult problem of data and metadata interoperability (manuscript in preparation). Finally, there are
several emergent projects, some listed in Box 3, for which FAIR is a key objective. These projects may
provide valuable advice and guidance for those wishing to become more FAIR.

FAIRness is a prerequisite for proper data management and data stewardship
The ideas within the FAIR Guiding Principles reflect, combine, build upon and extend previous work by
both the Concept Web Alliance (https://conceptweblog.wordpress.com/) partners, who focused on
machine-actionability and harmonization of data structures and semantics, and by the scientific and
scholarly organizations that developed the Joint Declaration of Data Citation Principles (JDDCP29),

Box 3 | Emergent community/collaborative initiatives with FAIR as a core focus or activity

bioCADDIE (https://biocaddie.org): The NIH BD2K biomedical and healthCAre Data Discovery Index Ecosystem (bioCADDIE) consortium works to develop a
Data Discovery Index (DDI) prototype, which is set to be as transformative and impactful for data as PubMed for the biomedical literature30. The DDI focuses
on finding (‘F’) and accessing (‘A’) the datasets stored across different sources, and progressively works to identify relevant metadata31 (‘I’) and maps them to
community standards (‘R’), linking to BioSharing.

CEDAR32: The Center for Expanded Data Annotation and Retrieval (CEDAR) is an NIH BD2K funded center of excellence to develop tools and technologies
that reduce the burden of authoring and enhancing metadata that meet community-based standards. CEDAR will enable the creation of metadata templates
that implement community based standards for experimental metadata, from BioSharing (https://biosharing.org), and that will be uniquely identifiable and
retrievable with HTTP URIs, and annotated with vocabularies and ontologies drawn from BioPortal (http://bioportal.bioontology.org) (‘F’,‘A’,‘I’,‘R’). These
templates will guide users to create rich metadata with unique and stable HTTP identifiers (‘F’) that can be retrieved using HTTP (‘A’) and accessible in a
variety of formats (JSON-LD, TURTLE, RDF/XML, CSV, etc) (‘I’). These metadata will use community standards, as defined by the template, and include
provenance and data usage (‘R’).

These two projects, among others, provide tools and or collaborative opportunities for those who wish to improve the FAIRness of their data.
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who focused on primary scholarly data being made citable, discoverable and available for reuse, so as
to be capable of supporting more rigorous scholarship. An attempt to define the similarities and
overlaps between the FAIR Principles and the JDDCP is provided at (https://www.force11.org/node/
6062). The FAIR Principles are also complementary to the ‘Data Seal of Approval’ (DSA) (http://
datasealofapproval.org/media/filer_public/2013/09/27/guidelines_2014-2015.pdf) in that they share
the general aim to render data re-usable for users other than those who originally generated them.
While the DSA focuses primarily on the responsibilities and conduct of data producers and
repositories, FAIR focuses primarily on the data itself. Clearly, the broader community of stakeholders
is coalescing around a set of common, dovetailed visions spanning all facets of the scholarly data
publishing ecosystem.

The end result, when implemented, will be more rigorous management and stewardship of these
valuable digital resources, to the benefit of the entire academic community. As stated at the outset,
good data management and stewardship is not a goal in itself, but rather a pre-condition supporting
knowledge discovery and innovation. Contemporary e-Science requires data to be Findable,
Accessible, Interoperable, and Reusable in the long-term, and these objectives are rapidly becoming
expectations of agencies and publishers. We demonstrate, therefore, that the FAIR Data Principles
provide a set of mileposts for data producers and publishers. They guide the implementation of
the most basic levels of good Data Management and Stewardship practice, thus helping researchers
adhere to the expectations and requirements of their funding agencies. We call on all data producers
and publishers to examine and implement these principles, and actively participate with the
FAIR initiative by joining the Force11 working group. By working together towards shared, common
goals, the valuable data produced by our community will gradually achieve the critical goals
of FAIRness.
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