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Abstract

Data federation intermediated through trusted research environments can help accelerate the adoption and
utilization of newborn genome screening worldwide. Data federation will protect individual datasets from
unauthorized security breaches, allow analysis in situ, and bypass the need for cumbersome data sharing
agreements between parties. Finally, data federation could accelerate the adoption of new therapies for rare
genetic diseases with the use of synthetic clinical trials.
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INTRODUCTION

Worldwide, millions of children are born with a rare genetic disease”’. Newborn screening (NBS) has been
effective in identifying babies who are at risk of developing a genetic disease and initiating a therapeutic
intervention. The first genetic disease for which NBS was introduced is phenylketonuria (PKU), where early
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dietary intervention prevents serious mental deficiency”. In the past fifty years, mandated NBS has
expanded to include other, mostly Mendelian, diseases where early therapeutic intervention has been
effective in preventing and/or ameliorating irreversible tissue damage. In many countries, states, and
regions of the world, public health programs are in place to collect blood specimens from babies soon after
birth"”. Analytes extracted from dried blood spots collected on filter paper are assayed using gas
chromatography/mass spectrometry (GC/MS) or tandem MS.

A second layer of screening based on Next-Generation Sequencing (NGS) technology could expand the
scope of the existing NBS programs"®. This additional layer of screening will not replace what is currently
used, but it will increase the current offering substantially to include a broader spectrum of disorders not
detectable by tandem MS.

Newborn genome sequencing could evolve to become the new paradigm for healthcare delivery, where early
detection could result in better clinical outcomes. Rapid Whole Genome Sequencing (rWGS) has been
shown to be an effective diagnostic test linked to decreased infant mortality and improved outcomes in
babies admitted to Neonatal Intensive Care Units (NICU)"*.

Extending the use of genome sequencing as a screening test to all newborns is only a matter of time.
However, before newborn genome screening is widely adopted, several factors will need to be carefully
considered, including:

1. Accurate definition of pathogenic genomic variants in diverse populations.
2. Defined care paths for the follow-up of a screen-positive finding.

3. Evidence that early intervention leads to improved clinical outcomes.

4. Detailed cost analysis.

Persuasive answers to the above will be required by the key stakeholders whose support is essential, i.e.,
parents, health care providers, public health policymakers, and the pharmaceutical industry.

Several newborn genome screening (including whole genome sequencing and whole exome sequencing)
initiatives have been launched, or they will be launched soon""..

We anticipate that no one project will have the necessary solutions to satisfactorily address all or some of
the above-mentioned problems. Thus, aggregation of information collected from different sources could
provide part of the solution for critical mass and momentum.

Data aggregation of such magnitude presents significant legal, ethical, and technical challenges related to (i)
the security and privacy of sensitive information; (ii) the size and varied nature of stored genomic data; and
(iii) legal requirements for data sharing. A viable near- and mid-term solution that can help address these
issues will be using trusted research environments (TREs) and data federation for secure storage, access, and
analysis of genomic data"”. A comparison of risks and benefits between existing and federated databases for
genomic data is shown in Table 1.
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Table 1. The data aggregation challenge. Comparison of risks and benefits between existing and federated databases

Databases Federated databases

Security and Movement and copying of sensitive information increases  In a TRE and federation environment, data are not moved or

compliance the risk of data breach copied, reducing security risk

Data size and Lack of standardized formats and pipelines limits Fully standardized data, securely accessible by cloud-based

interoperability interoperability, and negatively impacts scalability, cost, platforms through federation, can be combined with global
and efficiency cohorts and disparate datasets

Collaboration Data cannot leave jurisdictional borders. Data sharing Federated approaches will eliminate a major barrier across
agreements are frequently difficult to negotiate and individual datasets, vastly improving the statistical power of
implement, hindering collaboration research

TRE: trusted research environment.

Federated data analysis platforms, which facilitate secure data access from multiple sources without the
need for data movement- where data could be vulnerable to interception, have emerged as a promising part
of a solution for safely sharing anonymized genomic data. Here, genomic data remains secure in the TRE,
which can then be linked virtually using a set of Application Programming Interfaces (APIs).

Traditional data access methods involve researchers downloading data to an institutional computing cluster.
With federated analysis, the analysis is brought to where the distributed data lies, thereby eliminating the
risky movement of data and removing many existing barriers to accessibility"”. Such technology means that
data can be made securely accessible but that data controllers (e.g., biobanks and healthcare providers)
retain jurisdictional autonomy over data, a key concern in international data sharing.

International initiatives such as the Global Alliance for Genomics and Health (GA4GH)" set standards to
promote the international sharing of genomic and health-related data, in part by setting interoperability
standards and providing open-source APIs.

Common Data Models (CDMs) are crucial to ensuring data is interoperable, with several growing in
popularity in the life sciences sector recently, including OMOP (Observational Medical Outcomes
Partnership) CDM from the OHDSI (Observational Health Data Sciences and Informatics)-specifically for
clinical-genomic data. Examples of health organizations utilizing OMOP as their CDM include the UK
Biobank and All of Us from the US National Institutes for Health (NIH)">,

Additionally, extraction, transformation, and loading (ETL) pipelines that can automate this work to
process and convert raw data to analysis-ready data help further simplify this process for researchers.
Normalizing all data to internationally recognized standards allows researchers to perform joint analyses
across distributed datasets, which is key to ensuring diversity and representation of as many populations as
possible in studies.

These standardized and interoperable datasets could be combined seamlessly for analysis via federation,
enabling researchers to analyze this data collaboratively in conjunction with other complementary datasets.
Standardization of data formats and analytical approaches within and even between health systems can
bring substantial benefits in terms of comparability of data and contribute to continually improving
processes.

Hlustrative examples with potential multiplier effects could include:
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Sharing pathogenic variants: Defining the frequency and prevalence of a pathogenic variant in diverse
populations is essential. Access to the pathogenic variant libraries of the various initiatives will impact the
predictive value of a screen positive, and it might help in the reclassification of Variants of Uncertain
Significance (VUS).

Sharing care paths: Newborn genome screening is a risk stratification test that places a person in a high- or
low-risk group for a particular genetic disease. The accuracy and validity of establishing the presence of
disease have an enormous impact on the well-being of the person and the family, the timing of therapeutic
intervention, possibly the modality of intervention, and ultimately healthcare cost.

Sharing clinical outcomes: Managing individuals with latent or early-stage disease can potentially increase
the burden on health care providers and the health care system. Therapeutic interventions, to the extent
possible, will need to be evidence-based. Individual genetic illnesses are often uncommon, and randomized
clinical studies are difficult to conduct. Sharing clinical outcomes, on the other hand, may provide an
incentive for synthetic clinical studies.

Sharing the analytic modality used to generate a variant: The validity of a variant is frequently linked to the
analytical platform used to generate the information, i.e., panel, short-read NGS, and long-read NGS.
Providing a barcode record could be helpful in assessing a variant and its possible value as a biomarker.

Recently, a pioneering example of a multi-party federation between Genomics England and Cambridge
Biomedical Research Centre (BRC) was demonstrated. This allowed secure data analysis across TREs in the
UK’s first known demonstration of genomic data federation. This highlights that the technology now
facilitates secure data access via federation for authorized researchers to perform joint secure data analysis
on global cohorts. Data sharing via federated databases also decreases the danger of unauthorized access and
encourages the adoption of advanced privacy-preserving encryption methods when analyzing data"”. It is
conceivable to imagine that this technology could be used in an undiagnosed disease program targeting
newborns to help the integration of clinical, genomic, therapeutic, and outcome inputs residing in different
datasets. A summary of how this could work is provided in Figure 1.

The Federated European Genome-Phenome Archive (EGA) is another program that uses federation to
provide global discovery and access to human data for research while still adhering to jurisdictional data
protection rules. The Federated EGA promotes data reuse, facilitates reproducibility, and accelerates
biomedical research by providing a solution to increasing issues in the safe and efficient handling of human

18]

omics and related datal™.

While there are significant advantages to moving towards a genomic approach to newborn screening, these
programs also have challenges. These include considerations of the ethical, legal, and social implications
(ELSI) of newborn genomic screening - these can include concerns surrounding sensitive data sharing,
patient autonomy, and consent. A detailed discussion of these issues is out of the scope of this piece, but we
refer the reader to other references that have discussed these issues more completely"**.

As federation is an emerging technology, careful consideration must be given to scaling up federation across
different TREs, particularly surrounding governance and assurances in particular across different
jurisdictions. Additionally, genomic data federation could potentially have risks, which may include
improper use of data, hacking, and identification of incidental findings such as detection of variants
associated with pathologies not immediately treatable or relevant to the newborn. It is important that
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Figure 1. An overview of how federated data analysis can be incorporated into an undiagnosed disease program targeting newborns to
help enable secure data access across research laboratories and clinics worldwide. (A) The steps involved in diagnosing a rare disease
in an affected newborn; (B) A summary of how federated data analysis is performed and the benefits that can be gained.

these all be considered and addressed as federated approaches continue to be developed.

CONCLUSION

Newborn genome screening is a promising approach to early disease detection with considerable
advantages compared to traditional approaches, but the integration into clinical care comes with complex
technical challenges, which must be meaningfully explored to ensure effective and equitable impact.
Standardized data federation could provide part of a crucial solution as a collaboration framework for the
various newborn genome screening initiatives underway worldwide. Such efforts to facilitate secure joint
data access and analysis to information among relevant stakeholders will accelerate the existing momentum
of collaboration between global newborn sequencing initiatives, ultimately improving outcomes for
patients.
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