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SUMMARY

Virtual genes panels of pediatric cancers by NGS of somatic exome and
transcriptome - Evaluation report of an analysis developed by the RQDM

Background and mandate

The mandate of the Réseau québécois de diagnostic moléculaire (RQDM), of which the
Centre québécois de génomique clinique (CQGC) is a part, is to meet the current and
future needs of the health and social services system in the field of molecular diagnostics
and personalized medicine, particularly with regard to the diagnosis of rare diseases and
cancer. To this end, the RQDM, with the support of the Ministere de la Santé et des
Services sociaux (MSSS), has undertaken a vast project to upgrade technology and
develop and repatriate next-generation sequencing (NGS) tests. The deployment of this
project undoubtedly entails opportunities and risks for the overall offer of NGS services.

At the MSSS'’s request, the Institut national d'excellence en santé et en services sociaux
(INESSS) carried out a rapid assessment of the relevance and challenges of the tests
developed by the RQDM and, where applicable, how best to implement them from the
overall perspective of the Quebec healthcare system. The information on each test
gathered by INESSS is consolidated in individual reports like this one. This report deals
with somatic exome and transcriptome sequencing for the molecular diagnosis of
pediatric cancers.

Methodology

The approach included a rapid review of the scientific and grey literature for the clinical
and economic aspects, a budget impact analysis, and consultations with Quebec experts.
Only items containing synthesis data or recommendations relating to the use of NGS of
the somatic exome and transcriptome to diagnose pediatric cancers were selected.
INESSS set up an advisory committee whose members were invited to express their
views on the various issues associated with the clinical implementation of the proposed
tests. The final findings stem from the triangulation of the scientific data, the positions of
the main learned societies consulted, and the contextual data and experiential knowledge
that was gathered.

Clinical contexts and proposed tests

Cancer in children is generally considered a rare and sporadic disease. According to the
Registre québécois du cancer, 291 new cases of pediatric cancer were diagnosed in
2019 in Québec in patients aged 0 to 17 years.

Pediatric tumours are highly heterogeneous and fundamentally different from those seen
in adults. The tumour types, molecular characteristics and pathogenesis of childhood
cancers are unique, and these cancers are often caused by a single genetic and clonal
event, such as a translocation generating a fusion oncogene.



According to the requester, a large proportion of the genetic alterations found in pediatric
cancers are not covered by conventional molecular tests. Consequently, for the vast
majority of these cancers, NGS tests are performed outside Québec in the context of
clinical trials or locally in the context of research projects funded, among others, by
philanthropy.

To offer better care and services to the patients concerned, the RQDM is proposing the
clinical implementation of virtual panels of genes associated with pediatric cancers, which
would be analyzed from somatic exome (DNA) and transcriptome (RNA) sequencing
data. For the exome, this would involve a subtractive comparative sequencing approach
in which the somatic exome sequencing data would be compared with germline exome
data.

Clinical validity

The lists of genes included in the different panels were mainly determined on the basis of
recommendations from national and international organizations whose mandate is to
guide the practice of medical oncology and molecular pathology according to the
available evidence. Among these organizations are the Association for Molecular
Pathology (AMP), the American Society of Clinical Oncology (ASCO), the College of
American Pathologists (CAP), the National Comprehensive Cancer Network (NCCN), the
Children's Oncology Group (COG), the World Health Organization (WHO), the National
Cancer Institute (NCI) and the European Leukemia Net (ELN).

Concurrent germline and tumour exome analysis using a bioinformatics “subtraction”
approach enables one to definitively distinguish between somatic and germline variants.

Clinical utility

Three syntheses presenting data on the clinical utility of genome-wide tests in pediatric
oncology were selected: one systematic review and two reviews of national and
international precision medicine programs.

The performance of genome-wide tests for pediatric cancers reported in the literature,
defined as the rate of detection of an actionable alteration, is highly variable.
Performances between 38% and 87% are reported for precision pediatric oncology
programs based on whole-exome sequencing (WES) and transcriptome sequencing,
some of which use virtual panels. Performances between 53% and 82% are reported
when these analyses are carried out with whole-genome sequencing (WGS), which
suggests that the clinical gain between WES and WGS is uncertain. These results should
be interpreted with caution, given the wide heterogeneity in the patient inclusion criteria
(age, cancer type), study publication year, and the definitions of actionability.

According to a systematic review that compiled the results from 1408 patients who
participated in 21 clinical and observational studies in pediatric oncology, therapeutic
targets were identified in 46% of the patients, of whom only 27% received a targeted
therapy. According to the authors, the inaccessibility of targeted therapies is a major
obstacle. An objective response was observed in approximately 42% of these patients, or



5.2% of the 1,408 patients. Health benefits that are sometime contradictory are reported.
The authors state, however, that these benefits should be interpreted with caution, since
the studies, methods and patients are heterogeneous. Furthermore, the lack of
comparison with conventional treatments limits the assessment of the clinical utility of
precision medicine programs in pediatric oncology based on genome-wide tests.

In addition to access to clinical studies and personalized therapies, a change or
refinement in the diagnosis was reported in 2% to 22% of the cases in which exome and
transcriptome sequencing was performed. The highest rate, 22%, was reported by the
TRICEPS program at the CHU Sainte-Justine in a cohort of 54 children and adolescents
with refractory or relapsed cancer. In this study, refinement of prognostic stratification
was also reported in 2% of patients.

Recommendations and positions of learned societies and health authorities

Currently, United Kingdom’s National Health Service (NHS) is offering and paying for an
investigational germline and tumour WGS service for any cancer diagnosed in pediatric
patients. The NHS plans to offer this service in routine clinical practice to every child with
cancer in United Kingdom. These tests are listed in NHS England's National Genomic
Test Directory for Cancer.

Assessing the feasibility of the clinical implementation of genome sequencing for
pediatric cancers is one of the pilot projects in the Plan France Médecine Génomique
2025. Depending on the clinical preindications, all pediatric cancers and leukemias will be
eligible for diagnosis. The test is currently available for patients with neuroblastoma and
will soon be extended to patients with certain difficult-to-diagnose brain tumours,
leukemia, and other pediatric cancers. Pediatric cancers and leukemias where treatment
has failed will also be eligible, subject to certain conditions. In particular, the patient must
be potentially eligible for an investigational treatment or a clinical trial and have a good
performance status and a life expectancy of more than three months.

In the Netherlands, at the Princess Maxima Center, Europe’s largest center for the fight
against childhood cancer, somatic exome and transcriptome sequencing is now part of
the standard of clinical care for children with newly diagnosed, relapsed or refractory
tumours.

Expert perspective and implementation considerations

Most of the experts consulted support the relevance of exome and transcriptome analysis
in refining tumour classification and diagnosing patients with pediatric cancer, and in
guiding therapeutic strategies, thereby avoiding the toxicity of certain treatments,
reducing the risk of relapse and, ultimately, reducing the risk of death.

Some experts emphasized the benefit of extending these tests to all pediatric tumours,
which sometimes occur in young adults, and in the context of relapses. Nevertheless,
some experts expressed doubts about the need to perform genome-wide, somatic and
germline tests for every diagnosis or suspicion of pediatric cancer. More targeted



preliminary analyses could, in some cases, be potentially faster and more appropriate
from a clinical, organizational, and economic standpoint.

Also, professionals other than pediatric oncologists, such as pathologists, should be
authorized to order these tests, according to some experts. It was also mentioned that
the pathologist in charge of the case must sometimes decide, to the best of their
judgment, whether the tissue is suitable for NGS or whether preference should be given
more restricted or targeted molecular tests. Measures should also be implemented to
promote the sharing and integration of results between the different medical specialties
concerned by tissue analysis and the clinical management of patients.

Concerns were expressed about the availability and quality of tumour samples, the
disclosure of incidental findings and variants of uncertain significance, and the training of
the personnel who will perform these analyses in a clinical rather than a research setting.
It was also mentioned that a clear definition of the roles and responsibilities expected of
clinical PhD holders, bioinformatics experts and other professionals concerned by the
performance of these genome-wide tests in a clinical context will be necessary. In
addition, some experts feel that one can expect repercussions on the treatment
protocols, since somatic exome and transcriptome analysis could reveal uncommon
actionable targets.

The proposed turnaround time is not optimal, according to some of the experts consulted.
A solution in the form of a test prioritization plan was proposed, notably for the search for
mutations that are not accessible by other techniques available in Québec and which
could change the management of certain patients.

Lastly, the experts consulted feel that additional genetic counselling staff, among others,
should be hired to ensure consent quality and to properly inform families about the use of
germline exome sequencing and its importance in interpreting somatic exome results and
in overall patient management. Qualified human resources and training will also be
needed to interpret the results.

Economic analysis

No cost-effectiveness studies of exome and transcriptome sequencing for the molecular
diagnosis of pediatric cancers were selected. It should be noted that, given the nature of
the MSSS’s request to INESSS, no modeling was carried out. The INESSS is therefore
not able to rule on the cost-effectiveness of somatic exome and transcriptome NGS for
the molecular investigation of pediatric cancers, since the analysis would generate
additional costs for the MSSS and since the resulting health benefits are difficult to
quantify using currently available data.

Although some uncertainties remain, particularly with regard to the organization of
services, the budget impact analysis suggests that including a panel of genes associated
with pediatric cancers in the Répertoire québécois et systeme de mesure des procédures
de biologie médicale could generate a cost increase of about $3.0 million over the first
three years, excluding indirect costs.



Conclusion

At a time when precision medicine is playing an increasing role, the deployment of the
genome-wide tests described in this report testifies to the desire of several authorities to
maximize efforts to better understand and treat the diseases that afflict children,
particularly cancer. In this regard, most of the experts consulted agree with the proposed
offer of service.

However, within the limits of the present request, the data gathered by INESSS does not
enable us to conclude with certainty that the routine use of genome-wide tests provides a
quantifiable benefit for all types of pediatric cancer.

Certain important uncertainties need to be considered to ensure an optimal
implementation and judicious use. Among other things, data in support of clinical utility
are limited and sometimes contradictory. Although potentially actionable targets can be
identified, access to certain personalized treatments could be limited.
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