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SUMMARY

Next-generation sequencing (NGS) panels for intellectual disability or global
developmental delays

Background and Mandate

Most requests for authorization for medical biology services not available in Quebec
involve very high throughput sequencing of several genes simultaneously, using a so-
called next-generation approach. However, the province’s laboratories have the
technology and expertise to perform these analyses. With a view to achieving economies
of scale and promoting more judicious use of this technology, the Ministére de la Santé et
des Services Sociaux (MSSS), in collaboration with the Réseau québécois de diagnostic
moléculaire (RQDM), has undertaken to rapidly repatriate several analyses performed
using next-generation sequencing (NGS).

At the request of the MSSS, the Institut national d’excellence en santé et en services
sociaux (INESSS) is carrying out a rapid assessment of the relevance, challenges and,
where appropriate, optimal implementation methods associated with the repatriation of
these analyses, from the overall perspective of the Quebec healthcare system. This
report deals specifically with the panel of nuclear genes analyzed by NGS for the
molecular diagnosis of mitochondrial diseases.

Methodology

The process included a quick review of the scientific and gray literature for the clinical
and economic aspects, a budget impact analysis, and consultations with Quebec experts.
Only documents presenting synthesis data or recommendations associated with the use
of a NGS test to establish the diagnosis of mitochondrial diseases were retained.
INESSS set up an advisory committee where members were invited to express their
views on the various issues surrounding repatriation of the proposed tests. The final
findings are based on a triangulation of scientific data, the positions of the main learned
societies consulted, and the contextual data and experiential knowledge gathered.

Brief Description of the Diseases

Mitochondrial diseases are the result of the dysfunction of the mitochondrial respiratory
chain. They are one of the most genetically and phenotypically diverse groups of genetic
conditions, with extensive overlap with other disease entities. Primary mitochondrial
diseases affect phosphorylation and have an estimated incidence of 1.6 in 5,000 to 1 in
8,500 live births.

Mutations that cause mitochondrial diseases can be found in mitochondrial DNA (mtDNA)
or nuclear DNA, in genes involved in mitochondrial homeostasis. To date, over 350
genes encoded by the nuclear and mitochondrial genomes have been identified as being
involved in mitochondrial disorders.



Description of the Proposed Analyses

This is a two-part analysis, involving the analysis of a panel of nuclear genes associated
with mitochondrial diseases using Whole Exome Sequencing (WES) data, and the deep
sequencing of mtDNA using long fragment PCR. It should be noted that the WES capture
kit currently used for nuclear genes analysis could be upgraded to capture mtDNA
simultaneously, which could potentially reduce analysis time and costs.

These analyses are offered following a consultation in medical genetics, neurology or
ophthalmology. A medical assessment based on the clinical presentation is a prerequisite
for testing and must take into account other relevant tests offered in the network for
certain specific conditions.

The possibility of opening the analysis to the 1,136 genes of Human MitoCarta3.0 for
patients with a negative result, despite a strong suspicion of mitochondrial disease, could
be considered.

Clinical Validity and Utility

The list of nuclear genes included in the mitochondrial disease panel was determined by
a group of Quebec experts mainly based on PanelApp (Genomics England, UK), ClinGen
(National Institutes of Health, USA) and a review study.

According to the literature, the diagnostic yield of panels of around 300 genes of
mitochondrial and nuclear origin is around 30%. Exome sequencing, on the other hand,
achieves diagnostic yields of 35% to 70%, depending on the study.

Molecular diagnostics could put an end to the diagnostic odyssey and guide genetic
counseling. It can also clarify the prognosis and the risk of involvement of different organ
systems, thereby guiding the management of sufferers. Prenatal diagnosis may be
offered to families with a confirmed causal variant of mitochondrial disease. In addition,
assisted reproduction options are available for patients with hereditary pathogenic
mtDNA variants.

International Positioning

The literature search identified six publications from learned societies and review papers
relating to the use of NGS in the molecular diagnosis of mitochondrial diseases.

In 2014, INESSS published an evaluation report recommending the introduction of
mtDNA sequencing for the diagnosis of mitochondrial diseases.

According to the Mitochondrial Medicine Society (MMS), the use of parallel massive NGS
techniques are recommended for mtDNA analysis. In the event of a negative blood
mtDNA result, mtDNA from other tissues should be analyzed to avoid the possibility of
missing tissue-specific mutations or low levels of heteroplasmy in blood. NGS methods
providing complete coverage of nuclear genes associated with mitochondrial diseases
should also be employed. WES should be considered in case of negative results by
targeted panel.



In the UK, according to the guidelines of the Association for Clinical Genomic Science
(ACGS) and the consensus framework of the National Health Service’s (NHS) highly
specialized laboratories, including the NHS Rare Mitochondrial Disorders Service and the
NHS Genomic Medicine Service, the first-line use of targeted genetic analysis from blood
samples may be considered for non-urgent cases, phenotypes highly suggestive of a
specific mitochondrial disease, or when resources are limited. In the event of a negative
result, analysis of other sample types or muscle biopsy for further biochemical or
histopathological analysis may be suggested. Alternatively, genome-wide approaches
can be used in the first line for all mitochondrial indications for sensitive and efficient
analysis of genetic causes. In addition, the NHS National Genomic Test Directory offers
targeted panel and WES genetic analysis, as appropriate, for the diagnosis of
mitochondrial disease.

In France, WGS seems to be the approach proposed by the Plan France Médecine
Génomique 2025 (PFMG 2025).

According to a recent review of mitochondrial disease published in the Handbook of
Clinical Neurology, standards of practice prioritizing skeletal muscle biopsy, once central
to mitochondrial diagnostic algorithms, are gradually being replaced by genome-wide
sequencing of blood samples. Skeletal muscle biopsy remains useful when WES or WGS
blood results are negative despite strong suspicion of mitochondrial disease.

Experts’ Perspectives and Implementation Considerations
Population and clinical dimensions

The experts advocate flexibility in the application of the criteria, as some patients may
present with normal biochemical tests or mono-organ involvement. They suggest adding
family history as an indication for testing, and urine as an accepted sample type for
mtDNA sequencing. As clinical judgment is of great importance with this type of disease,
the prescription of tests should be limited to identified expertise, i.e., medical genetics,
neurology and ophthalmology.

Given the high phenotypic heterogeneity and overlap with other genetic conditions, the
experts consulted stressed the importance of being able to run several virtual panels
simultaneously, or of having faster access to exome data. Some recognize the
importance of exploratory analyses in the event of a negative result, and of enhancing the
search for new genes. NGS services outside of Quebec currently provide access to data
for emerging genes. Therefore, it would be important that the service offered by the
RQDM included the analysis of these genes. Some experts also stress the importance of
having access to reanalysis of sequence data when new evidence becomes available.

Organizational dimension

According to the experts consulted, the quality of customer service will have to be
comparable to that currently offered by external laboratories, in terms of sample
traceability, response times, user-friendly reports and updates.



The importance of adequately planning the need for resources in genetic counseling,
genetic medicine and metabolic diseases was also stressed, as the system does not
have the capacity to supply the demand with the current volume.

The risk of an increase in volume is nevertheless considered low if prescribing is limited
to neurologists, geneticists and ophthalmologists, with centralized approval. However, we
would need to clarify the approval process and the professionals authorized to do so.
There are few experts in this field in Quebec, and they could quickly become
overwhelmed. Indeed, some clinicians may be tempted to make requests on their own,
without prior consultation with recognized experts, which could increase the workload
associated with validating analysis requests.

Ethical, social and legal dimensions

Policies on access to exome sequencing data, information management and disclosure
of incidental findings would need to be developed to guide clinicians’ possible requests
for access to exome sequencing data.

Economic Analysis

A review of the economic literature suggests that genome-wide approaches would be
dominant compared to conventional approaches for the diagnosis of mitochondrial
diseases. WGS would not be efficient compared to WES and mtDNA analysis.

Based on budget impacts, the use of WES with simultaneous mtDNA capture could
generate savings of $23,500 ($21,155 to $191,700) over the first three years. The use of
WGS could increase expenses by $707,484 ($636,735 to $1.3 million) over the first three
years. The budgetary impact remains uncertain due to difficulties in estimating the exact
number of analyses planned and the costs of bioinformatics tools (licenses, data
archiving).

Conclusion

The findings and conclusions of this report are based on a quick review of the scientific
and gray literature, as well as on the contextual data and experiential knowledge
gathered. The approach consists of a summary risk analysis to guide the ministerial
decision to repatriate the nuclear gene panel intended for the molecular diagnosis of
mitochondrial diseases. In the present exercise, no major concerns were identified in this
respect, and the information gathered supports the appropriateness of repatriating these
analyses.

However, uncertainties related to the availability of resources, the choice of analytical
approach and the organization of services surrounding the implementation of this
approach in Quebec have been highlighted and should be explored to ensure optimal
implementation. Conclusions on potential savings also call for caution, but the possible
use of a simultaneous nuclear exome and mitochondrial genome capture kit could
improve efficiency.
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