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Abstract

Advances in the field of human genetics over the past three decades have led to improvements in
human health through development and availability of novel genetic testing approaches for
diagnosis, prognosis, treatment therapy, safety, preventive screening and population-based risk
assessment. In this commentary, I highlight the current landscape of genetic testing in Delaware
with a focus on the genetic etiology and molecular diagnosis of pediatric disease, tailored
treatment efficacy and safety through novel clinical trials and pharmacogenomics, and training in
the application of genomic approaches to rare and common diseases. Future opportunities
include integrating application of genetic information into clinical practice, improving genetics
education, focusing on disparities and access, and advancing genomics and digital health
technologies.

Applied Clinical Genomics is the application of genetic information to the clinical setting,
including improved diagnosis of disease and tailored treatment efficacy and safety. By
discovering and defining the genes that underlie susceptibility to disorders, genetic information
can be used to identify and better define those genes that play vital roles in human health,
disease, and medical conditions. Equally important is the provision of training to physicians in
the application of genomic and genetic approaches to studies of human diseases. When
transferred directly into drug discovery programs and clinical trials, this knowledge will help to
advance diagnosis, individualize treatment, and improve human health.

The mission of the Precision Medicine Program at Nemours Children’s Health is to integrate the
application of genetic information into patient care and to provide colleagues across our
institution with the resources and knowledge base to adapt to the growing genetic and genomic
landscape that impacts modern patient care. In 1993, the first Clinical Laboratory Improvements
Amendments (CLIA)-certified pediatric genetic testing lab was established at the Alfred I.
duPont campus in Delaware, with an initial focus on the neuromuscular disorders:
Duchenne/Becker muscular dystrophy, myotonic dystrophy, Pelizacus-Merzbacher disease, and
spinal muscular atrophy. In addition to providing accurate diagnoses, the availability of these
testing platforms led to the development of clinical decision support tools, improved clinical
outcomes, and less invasive and expensive diagnostic tests that could replace muscle biopsy and
histochemistry, which were the primary means for differential diagnosis of neuromuscular
diseases in children. The genetic testing platforms also furthered understanding of the molecular
etiology of myotonic dystrophy'? and Pelizacus-Merzbacher disease® and fostered the
development of novel gene therapies for spinal muscular atrophy.*

While human genetics has long been known for its role in the diagnosis and management of
familial genetic disorders such as cystic fibrosis and neurodevelopmental and neuromuscular
disorders, variation in human DNA sequences contributes to risks for more common complex
disorders including asthma, obesity, diabetes, autism, and congenital heart malformations.
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Response to treatment with medications and other procedures may also be largely determined by
individual genetic variation. With rapidly advancing technologies in genome-wide mutation
discovery (e.g., genome-wide association studies and next generation sequencing technologies),
elucidation of the genomic risk factors or genetic etiology of complex diseases became possible.
Moreover, “biomarker” profiles derived from many sources including patterns of gene activity,
specific DNA sequences at important regulatory genes for drug metabolism
(pharmacogenomics), or patterns of DNA sequences at other “risk” genes are rich sources of
information for personalized approaches to medicine. These biomarker profiles, along with
family history and educated practitioner assessments, can influence the management of patients
in a positive way. The application of genetic information from bench to bedside, clinic to
community, will help to improve diagnosis of disease, individualize treatment, and improve
health outcomes.

Precision or Personalized Medicine, which considers individual differences in genes,
environments and lifestyles to better understand and manage a patient’s health, disease, or
condition, has emerged as a paradigm shift in healthcare, with the intersection of big data and
advances in genomics enabling efficient identification of high quality and personalized evidence-
based care. The Nemours Precision Medicine Initiative was launched in 2017 to provide high-
quality, evidence-based care to children across the Nemours system, expanding the knowledge
base for each individual patient to improve the overall safety, quality and cost effectiveness of
their care. Several key programmatic pillars were included in this initiative. The Nemours
Genetics Testing Stewardship Program was launched to provide consultation services for
appropriate genetic testing, interpretation of genetic tests, explanation of test implications to
caregivers and family, and diagnosis and management of genetic disorders. In a few short years,
this program has been shown to increase access to genetic testing and provide prompt diagnoses
and supportive care.’ The Nemours Pharmacogenomics Service Program, comprised of trained
PharmD specialists, provides education, clinical decision support tools, and best practice alerts in
the electronic health record (EHR).%” The Nemours Biomedical Research Informatics Center
deployed a learning health system model, developing analytic tools to improve use of existing
EHR data for outcomes research, and natural language processing and machine learning tools to
make maximal use of unstructured medical data.®® The Biobank and Molecular Analysis
Program offers a biorepository for storage of pediatric tissue samples as well as guidance and
scientific support to investigators in the conduct of clinical research. Finally, the Rare Disease
Program provides both single gene and next generation sequencing platforms to provide
differential diagnoses for rare complex genetic disorders such as chronic kidney disease and
leukodystrophies.

As healthcare organizations strive to excel in a value-driven healthcare economys, it will be
important to accelerate the delivery of high quality, precise, and efficient care as well as provide
cost savings for patients. Demonstration projects will incorporate genomic information into the
EHR and provide clinical decision support for implementation of appropriate interventions or
clinical advice. Dissemination of these methods through implementation science is a key goal so
that the information generated will contribute to the growing knowledge base of using genomic
information in patient care. Researchers often advance the practice of precision medicine by
studying the genetics of a population, searching for commonalities and anomalies. This approach
may unlock medical breakthroughs, enabling us to prevent disease, improve medication safety
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based on an individual’s unique genetics, and better predict which treatments will be most
effective.

Denny and Collins'® have proposed an expansion in seven key areas to enable a data-driven
transformation in healthcare: large interoperable longitudinal cohorts, improved diversity and
inclusion in science, big data and artificial intelligence, clinical genomics, phenomics,
environment, privacy, trust and return of value. These areas provide a roadmap for precision
medicine in 2030 and align with the overall goal of the National Academies’ Roundtable on
Genomics and Precision Health to ensure that all people benefit from genomics for precision
health.!' The Genomics Workforce is prioritizing four action-oriented areas for 2021: innovation,
dialog, equity, and adoption. Collectively, these areas of focus provide a roadmap for our state to
employ its collective talent and voices to capitalize on the advances in genomics and precision
health to improve the health of all Delawareans.

Correspondence: Dr. Funanage can be e-mailed at vicky.funanage(@nemours.org
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