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Connecting Cancer Genomics to Cancer Care: The Terry Fox Research Institute's Marathon of Hope Cancer Centres Network GenerationAll Program


STUDY RATIONALE AND CLINICAL SIGNIFICANCE
Cancer initiation and progression is a complex process, such that there is significant variability in clinical behaviour and response to therapy, even in tumours that share similar histology. Identification of the genomic aberrations that promote and sustain individual cancers can thus facilitate a precision approach to management – a concept known as precision cancer medicine, or precision oncology1. Genomic tests have become standard of care to guide cancer management for specific subpopulations, including for example advanced lung cancer and melanoma; however, there is growing evidence that this kind of testing can be useful across tumour types2. Importantly, tumour-agnostic drug indications have also emerged based on genomic information; for example, microsatellite instability and high tumour mutational burden are also now recognized by the FDA as tumour-agnostic biomarkers of immunotherapy response3.
Limited genomic profiling of cancers in clinical settings has become routine in oncology (e.g. at the Memorial Sloan Kettering Cancer Center4, the Princess Margaret Cancer Centre and other cancer centres in Ontario5, and BC Cancer (http://cancergeneticslab.ca/). In clinical labs, such profiling typically involves gene panels, which profile a subset of genes and alterations based on their known clinical relevance in tumour and/or normal samples2. Results can then be used to identify potential drug targets, avoid the use of drugs that may result in adverse reactions, and to identify potential germline alterations that indicate a familial link.
While there are many panels available, they vary in the number of genes and complexity of aberrations profiled, as well as in their cost. The variability in the genes included in panels demonstrates that there is little agreement on which genes, or variants within them, are the most important to consider for clinical testing or translational research. As illustrated in Figure 1, more than half of genes profiled in eight commonly used panels are either unique to a single panel or shared by only two panels. Importantly, over time, the static nature of genes and variants selected for inclusion on panels add layers of cost and complexity, as each time a gene of variant must be added to the panel, it becomes obsolete until it can be modified, rebuilt, and tested.
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Figure 1. Depiction of the overlap of genes covered in commonly employed cancer panels. (Courtesy of Dr. Philip Beer, ICGC-ARGO) 
Some of the limitations of panels, including their inter-variability and static nature, can be addressed with more comprehensive molecular profiling. For example, existing data and experience support the contention that whole-genome sequencing of patient samples can be used to identify therapeutic targets, including many that are cryptic to panel assays6. Transcriptome sequencing, especially when integrated with genome data (whole-genome and transcriptome analysis, WGTA), can also enhance the sensitivity of detection of actionable alterations7,8. Importantly, WGTA data can be complete, accurate, and durable, meeting the needs of cancer research initiatives and providing information to inform clinical care. 

The Marathon of Hope Cancer Centres Network
The Marathon of Hope Cancer Centres Network (MOHCCN) is a pan-Canadian initiative led by the Terry Fox Research Institute and the Terry Fox Foundation that is uniting researchers, oncology teams, patients, administrators, funders, and other partners across the country to accelerate precision medicine for cancer (marathonofhopecancercentres.ca).
One of the main deliverables of the Network’s first phase (March 2021 – March 2026) is the creation of the MOHCCN Gold Cohort, a resource of WGTA and matched clinical data from 15,000 diverse cancer patients treated across the country. The Gold Cohort is composed of both retrospective and prospective cases, and Network working groups have created several policies and guidelines to aid in the generation of high-quality genomic and clinical data across cancer and sequencing centres (marathonofhopecancercentres.ca/researcher-hub/policies-and-guidelines).
As the Network evolves, its focus is increasingly shifting towards prospective cases. As part of this effort, the MOHCCN is launching GenerationAll, a program meant to enable prospective enrolment of patients across the country directly into the Network, with return of results to their treatment teams to facilitate WGTA-guided treatment decisions.

Prospective WGTA trial experience
In Canada, two centres – BC Cancer in British Columbia (BC) and the Princess Margaret Cancer Centre (PMCC) in Toronto, Ontario – have developed prospective tumour-agnostic studies using WGTA to guide potential treatment opportunities and consideration for experimental therapies for patients with cancer. BC Cancer’s Personalized Oncogenomics (POG) program was initiated in 2012 and is closely linked to the Vancouver Cancer Centre’s Clinical Trials Unit and phase 1 program9. More recently, PMCC has implemented WGTA in a prospective study supported by the Marathon of Hope Cancer Centre Network (MOHCCN) called MOHCCN-Ontario (MOHCCN-O). Both programs are open to centres across their respective provinces.
In the context of these studies, WGTA refers to whole-genome sequencing (WGS) of each participating patient’s tumour and matched normal samples, along with transcriptome sequencing of their tumour sample. As per the MOHCCN Gold Cohort Policy, cases that meet WGS but not transcriptome sequencing standards may be included in the dataset as “Tier B” cases, and the WGS information may be used to generate a clinical report (see below). 
High-quality tissue samples are essential to extract high-quality nucleic acids and subsequently generate high-quality sequencing data. This is best achieved using freshly biopsied or recently (ideally <2 years) resected and formalin-fixed, paraffin-embedded (FFPE) tumour tissues. 
The data analysis process includes the assembly, annotation, and mining of the genomic and transcriptomic data to identify both somatic and germline genetic alterations, aberrant gene expression patterns, and other abnormalities that might be driving the cancer to provide actionable diagnostic or druggable targets. These findings and data are presented and discussed at multidisciplinary Molecular or Cancer Genomics Tumour Board meetings, providing a forum for clinicians, medical geneticists, and genome scientists to generate clinical and research hypotheses for individual cases.

Generation of a time-sensitive clinical genomics report
Although WGTA can provide deep insights into tumour properties in ways that are profound for research, the amount of time between sample collection to availability of the fully analyzed data can be too long to meet clinical timelines, and the large amount of information these data provide may not be immediately or obviously useful for clinicians in the selection of potential treatments or clinical trials. To address the clinical need for rapid turnaround and accessibility, various forms of reports have been developed to deliver rapid and easier access to the most clinically significant patient-level results.
The POG and MOHCCN-O programs each use excellent examples of such clinical reports: respectively, the Platform for Oncogenomic Reporting and Interpretation (PORI)’s targeted gene report (TGR), developed at Canada’s Michael Smith Genome Sciences Centre (GSC), and Djerba, developed at the Ontario Institute for Cancer Research (OICR). Similar in concept to a panel, but derived from whole-genome and transcriptome data (unlike a panel), the findings described in these reports are identified a priori by analytics teams. These include genes and variants of interest that are commonly represented on panels, such as KRAS, EGFR, and P53, and extend beyond point mutations to include complex alterations such as ALK and RET fusions. The reports are linked to knowledge bases that contain information related to cancer-association genomic abnormalities and that integrate other information such as targeted therapies and clinical trials. Djerba is linked to the OncoKB database (https://oncokb.org). PORI is linked to an in-house knowledgebase compiled at Canada’s Michael Smith Genome Sciences Centre (GSC; where the program is based) over several years, and also includes results from other academic knowledgebases such as CiVIC (https://civicdb.org/home).
Since platforms such as PORI and Djerba scans across the full complement of genomic and transcriptomic information, including, in the case of the PORI TGR, germline abnormalities, the bioinformatics process to add a new gene or abnormality of interest to the report is relatively straightforward. Importantly, it does not require the biochemical development and assessment of a new assay, such as would be required in the case of panels.
[bookmark: _Int_heRSmnCB]The turnaround time for a PORI report from the time of biopsy is approximately 21 days, and the report is communicated to the ordering clinician. The 2024 version of the PORI report screens 1,164 cancer-relevant genes, identifying single nucleotide variants (SNVs), small insertions and deletions (indels), and structural variants (SVs). This is in comparison to the popular Foundation One panel, for example, which uses next-generation sequencing and reports on 324 genes The turnaround time for a Djerba report is currently 45 days, but is expected to be reduced to two weeks in the near future. The PORI and Djerba reports are also programmed to look at specific signatures of interest or directly related to clinical trials, such as microbial/viral infiltration and CD8+ T cell scores.
Although PORI and Djerba are presented here as examples, approaches other than these are likely to appear and may suit the ambitions of the MOHCCN (see Appendix 1 for examples of PORI and Djerba reports).

Improvements in population cancer care 
WGTA data are now suitable for comprehensive analyses of not only patients with cancer but also cancer populations. Earlier integration of WGS into routine cancer care provides an ideal opportunity to streamline the current approach of various panel-based and genomic tests.
Routine testing of mutational “hotspots” (genomic sites of recurrent mutation) using next-generation sequencing (NGS) has demonstrated that even panel-based platforms can identify families that should be referred to germline screening at a hereditary cancer program (HCP). As an optional component, the GenerationAll program will consider the testing and management of previously unknown hereditary cancer families identified through WGTA of cancer patients, and will encompass the use of germline findings that are predictive of treatment-associated toxicity (e.g. DPD deficiency, UGT1A1, TPMT), sensitivity, resistance, survival and immunogenicity.
In most cancer sequencing studies, germline data have been considered secondary or even incidental to the primary purpose of improving detection of tumour-specific (somatic) mutations. This view is changing, and we will describe and enable a standardized population-based approach for handling different types of germline information, including those variants that predispose to cancer risk and those that are relevant to treatment. We expect to identify an expanded cohort of hereditary cancer families, anticipating that our study will result in the identification of 10-15% of cases in centres that opt in to germline testing as carrying moderate- to high-penetrance cancer susceptibility germline variants. We will also have the opportunity to identify common germline variants with predictive, prognostic, or treatment utility. 
In centres that opt in to germline testing, patients identified as having a relevant germline alteration, along with their families, will be referred to an HCP for site-specific confirmation of the WGTA research findings (if required). Appropriate handling of these findings is crucial, and the MOHCCN’s goal is to provide a pathway to support participating centres in returning germline results to physicians, patients, and families. Recognizing that some centres have experience in this area (e.g. the POG program at BC Cancer10) while others will require infrastructure and capacity support, the aim is to leverage the experience and expertise of centres actively engaged in such work to assist other centres seeking to do the same. For example, protocols and processes to enable germline testing and return of results will be developed and shared across Member Sites, thus potentially enabling large-scale cancer detection early on in the disease course at a time when appropriate interventions can result in cures. 

Plasma analysis as an adjunct to tumor tissue sequencing 
[bookmark: _heading=h.gjdgxs]In addition to the valuable information that is provided by tumor tissue sequencing, precision oncology is expanding to search for prognostic and predictive biomarkers in plasma samples1,2. At least in some cases, this approach could theoretically overcome a central limitation of tumor sequencing, which is the availability of suitable tumour tissue for sequence analysis. Plasma sequencing is not limited to profiling mutations from a single biopsy site and can theoretically profile genomic aberrations originating from multiple metastatic sites throughout the body. Challenges are primarily related to the sensitivity of whole-genome profiling of plasma, which is dependent on the amount of tumour DNA in the plasma. This can be highly variable, including between metastatic sites in patients, leading to the possibility of false negative results. 
Despite such challenges, it is clear that plasma sequencing offers potential in the MOHCCN context and can be integrated with and thoroughly evaluated alongside WGTA. In the meantime, targeted plasma profiling of specific mutations using selected mutations, such as those evident from WGTA analysis, is eminently feasible and has been used to examine the expansion and contraction of mutant alleles across serially obtained patient plasma samples11. Beyond genomics, plasma can also provide information about potential epigenetic alterations and metabolites which could be used as prognostic or predictive biomarkers in cancer.
Given the complexities of plasma collection, storage and genomic analysis, plasma analysis will be an optional component of this protocol. Groups that can feasibly collect plasma samples at baseline and follow-up, even if there is no immediate intent to analyze these samples, should do so to enable complementary and validation studies.

Summary
Genomic and transcriptomic analyses of individual patient samples demonstrate unique combinations of molecular abnormalities and drivers for every cancer examined. As novel therapeutics are routinely introduced with companion biomarkers, it is expected that some degree of molecular biomarker testing will be the standard of care for many if not all cancers in the near future. Cancer treatment centres should anticipate this shift and prepare for this inevitable change in cancer diagnostics and treatment. 
WGTA and the generation of a rapid report for immediate patient care decision-making represents an ideal modality for GenerationAll, as the framework and processes to generate these data and produce these reports are already fully functional at two Canadian centres and can readily be shared and integrated into new sites. This protocol was designed to mirror these existing programs at BC Cancer and PMCC to help facilitate and guide the application of this approach in centres that do not currently have active prospective WGTA programs.
The GenerationAll study will help integrate WGTA in a prospective program across Canada to generate reports that can be delivered to treating physicians for immediate treatment decisions. At the same time, the study also contributes to the MOHCCN’s comprehensive Gold Cohort dataset to enable further research. This collaborative approach will be patient-centered, improving both therapeutic targeting of cancer cell vulnerabilities and identification of unknown hereditary cancer families, thus positively impacting both survival characteristics and quality of life. We anticipate that this approach will be cost-effective and improve the efficiency of cancer control in Canada. Ultimately, the GenerationAll program will serve as the interface between genome scientists, clinicians, and patients to accelerate cancer research and care. Importantly, the result of these analyses will be made publicly available following the MOHCCN mandate for data sharing. 

STUDY OBJECTIVES 
Primary Objective:
To integrate WGTA into clinical care and improve access to clinical trials and precision medicine for patients with cancer across Canada. 

Secondary Objectives:
1. To prospectively generate, at scale, genome and transcriptome data in a broad population of patients with cancers, thus assembling a repository of data for use in care and research to incorporate in the MOHCCN
2. To analyze the actionability of WGTA using a rapid clinical actionability report.
3. To analyze the impact of WGTA data on treatment decisions. 
4. To develop algorithms to identify a cohort of patients who might benefit from WGTA in terms of the rate of clinically actionable abnormalities identified and other factors.
5. To use WGTA as an approach to pathogenic germline testing and understand the landscape of germline cancer-related genes across the diverse Canadian population.*
6. To begin harmonizing germline genomic testing processes across hereditary cancer programs to encompass a broader range of patients and families across Canada. 
7. To prospectively collect clinical data such as information on treatments, progression, and survival.
8. To prospectively collect tissue and plasma other biospecimen samples for future analysis beyond WGTA. †
9. To promote the education of genomics in clinical care and WGTA-based treatment decisions with oncologists and other health personnel across Canada.
*Inclusion of germline results in the clinical report and return of germline results to oncology teams is optional; however, germline whole-genome sequencing must be performed to meet MOHCCN Gold Cohort criteria.
†This is optional. Permission may be requested to use unused specimens for future research purposes, but consenting, collection, and biobanking procedures must be conducted at each site according to approved biobanking protocols outside of GenerationAll.

STUDY DESIGN
This is primarily a study for patients with malignancies that are at high risk of recurrence (as gauged by the treating clinician) or advanced cancers who are fit for standard systemic therapy and/or clinical trials, if applicable. These Cohorts will be assembled from the larger pool of patients seen by clinicians and consist of selected participants in whom the WGTA might influence treatment choices.   
When a patient consents to this study, and is deemed eligible for participation, the treating physician/oncology team will evaluate sample options for WGTA. Preference should be given to fresh (i.e. fresh biopsy or surgical sample) or fresh-frozen archival samples, if available. If this is not possible, FFPE archival samples may be used. Tumour cellularity should be pathology-reviewed (digital H&E slide or clinical flow cytometry) and meet Gold Cohort requirements as per the MOHCCN Biospecimen Guidelines (fresh-frozen and FFPE, marathonofhopecancercentres.ca/researcher-hub/policies-and-guidelines). Whether a fresh-frozen or FFPE sample is used, a blood sample will be taken to use as the normal DNA comparator and for germline testing; in some cases, a cheek swab or skin biopsy may be used instead of blood. 
Once the archival or fresh-frozen sample has been processed, WGTA will be performed at one of the MOHCCN Member Sites across Canada according to the MOHCCN Gold Cohort policy (https://www.marathonofhopecancercentres.ca/researcher-hub/policies-and-guidelines). A clinical actionability report such as a PORI TGR or Djerba report will be issued for each patient within a month from the acceptance of the tissue. This report will be shared via a secure mechanism to the consenting physician/oncology team, who will discuss the findings with the patient. Cases are encouraged to be presented confidentially in a molecular tumour board (MTB) to facilitate the understanding of this analysis.

Total patient enrolment:
It is the goal of GenerationAll to enroll 5,000 patients in 5 years. This will require a graduated process, starting at established MOHCCN Member Sites and subsequently scaling up and out across each province.
This number may need to be adjusted based on accrual, tissue acquisition, and funding. 

Inclusion criteria:
Consent must be obtained according to the provincial and REB requirements. 
Patients with a known history of advanced or otherwise incurable malignancies or those who are having a surgical procedure for a cancer with a high risk of recurrence are eligible if they meet the following criteria:
1. For centres that have REB approval to do so, patients must agree to allow their archival specimens to be used for WGTA sequencing.
2. Newly acquired or fresh-frozen archival tissue samples should be prioritized if available and/or feasible. If a biopsy is not feasible or deemed medically unsafe by the investigators, an FFPE archival sample may be used as long as there is sufficient material and its quality is sufficient for the generation of nucleic acids for sequencing.
3. Patients must understand and agree to provide a blood test (or other sample of normal DNA) for germline genomic analysis.
4. ECOG PS 0 or 1.
5. Age >/= 18 years
6. Estimated life expectancy >/= 6 months
7. Adequate organ function for systemic therapy treatments or most clinical trials.
8. Willingness to be contacted for future studies based on the data that is generated by participation in GenerationAll.
9. Agreement to have clinically relevant somatic results returned.
10. Agreement to have specific cancer-related germline findings returned.*
*This is only applicable to centres that will be returning germline findings.

Exclusion criteria
1. Unable or unwilling to consent to the above tissue and blood requirements.
2. Significant medical condition that, in the opinion of the treating or consenting physician, renders the subject not suitable for participation.
3. Unwilling or unable to provide treatment and outcome follow-up information to the enrolling site, to MOHCCN, and/or to affiliated investigators.

STUDY PROCEDURES
Potentially eligible subjects will be identified by the clinical and/or research team as part of their routine care. Appropriate time for review and consideration of the consent will be ensured. A tissue acquisition plan will be made for either a fresh tumour biopsy or surgical sample, or for review of available FFPE materials. If eligible, arrangements for consent will be made.    
Paper copies of the consent form will be made available to all patients, but a web-based application (app) for electronic consenting will be also developed for this study. Centres and patients will be given the option to consent physically or virtually. Once completed, all electronic consent forms (and data contained within, such as names and dates of signatures) will be stored on the local institution’s server, separate from the study data, with access restricted to the site’s principal investigator and the local study team. All paper consents will be also stored confidentially as per institutional standard operation procedures (SOP). If the patient has consented to electronic communications, an electronic PDF copy of the signed consent may be emailed to the patient by the study team. If electronic consenting is unavailable at the time of informed consent or not approved by the institution, written consent will be obtained on paper. 
A delegated and trained member of the study team may review charts of patients who are currently under treatment or surveillance of an oncology team, and may flag any potential candidate to the treating team.  The patient’s physician or delegated member of the study team will introduce the study to the patient and, if the patient indicates they would like to learn more, the team will contact the study coordinator for consent. If the study coordinator is unable to meet with the patient in person, the coordinator will contact the patient via phone call to determine if the patient is interested in the study. If the patient agrees, a video and/or phone call will be scheduled with the coordinator to review the consent. Preceding the video and/or phone call, a copy of the consent will be securely sent to the potential participant via email for them to review. Consent will be signed electronically, and a copy of the signed consent form will be sent to the patient for their records. If the patient cannot electronically consent, documentation of the verbal consent will be recorded, and wet ink signature will be collected when the patient returns to the hospital.
Tumor tissue and blood samples will be collected from patients who are enrolled in this study. Tissue and sample handling guidelines are outlined in the accompanying lab manual.

Treatment 
The choice of systemic therapy will be up to the treating oncology team and the individual patient receiving treatment. Whatever information is gathered from the genomic and transcriptomic testing is to be considered as one piece of information amongst the many that the oncologist considers when making treatment recommendations. It should be clear to the participants that one main goal of the testing is to identify known or novel biomarker information, and that this may help the physicians to identify which clinical trials or other treatments may be appropriate. However, this protocol is related only to the process of genomic testing and generation of a report and does not specifically cover any therapeutic choices, nor is intended to substitute routine gene sequencing or necessarily impact clinical decisions. 

Clinical follow-up and data collection
The interventional aspect of this study is completed with the generation of the clinical actionability report and return of results; however, it is critical to the understanding of the overall utility of this study to ensure adequate clinical data collection prospectively. Clinical data to be collected will align with the MOHCCN Clinical Data Model requirements (https://www.marathonofhopecancercentres.ca/researcher-hub/policies-and-guidelines), including: sex, age at diagnosis, stage at diagnosis and enrolment, start and stop dates of any cancer-related treatments and trials (before and after consent), responses to such treatments, toxicities to these treatments (when possible), development of metastases, recurrences, and/or new malignancies. Particularly within the first 2 years following participation in the study, routine imaging such as CT scans are strongly recommended, though not mandatory. Clinical data will be collected for up to 5 years from the date of consent. As per MOHCCN policies, the de-identified clinical data, together with the genomic and transcriptomic data, will be shared with Network members and possibly with the wider research community (on a controlled basis), as an essential component of this study. This will be detailed in the consent process. 

DATA SHARING, GENERATION AND MANAGEMENT
All clinical, genomic, imaging and other medical data generated as part of the study will need to be made available to Network members through data sharing mechanisms enabled by the MOHCCN, following the MOHCCN Data Access Policy (marathonofhopecancercentres.ca/researcher-hub/policies-and-guidelines). 
The data generated by these analyses will be collected and stored in password-protected computers. Data collected will include demographics, staging, treatment, and outcome data. Genomic, pathologic, panel, and proteomic information will also be stored in password-protected computers in each of the participating centres. These data will not contain patient names, but they will contain unique patient identifiers that will allow researchers to link biological information to clinical and outcome data. De-personalized data must be shared within the MOHCCN and may be shared with investigators, collaborators, partners, and researchers locally and globally. These data will be de-identified and will not contain names, personal health numbers (PHNs), or detailed addresses. Every effort will be made to make all the data anonymous; however, it must be recognized that it is now possible to identify a person from their DNA, and thus anonymity cannot be guaranteed. 
Data will be presented at local and international meetings and manuscripts will be prepared and submitted for publication following the MOHCCN Publication Policy (https://www.marathonofhopecancercentres.ca/researcher-hub/policies-and-guidelines). 
The GenerationAll study will use a common sequencing, analysis, and reporting pathway that will enable participation from multiple genome sequencing studies at centers who are members of MOHCNN network, as per the MOHCCN Gold Cohort Policy (https://www.marathonofhopecancercentres.ca/researcher-hub/policies-and-guidelines). It is anticipated that many research questions will be asked in the future and that these data will be an extremely valuable resource. Anything that is not specifically linked to GenerationAll will be considered a sub-study and, as such, will need to submit separate REB applications. 

INDIGENOUS DATA SOVEREIGNTY
[TFRI is working with the Silent Genomes Project to work out a process for Indigenous participants to opt in to having their data hosted in the Indigenous Background Variant Library and/or access to Indigenous identifiers governed by an Indigenous committee. Language about this plan will be included in an updated version of the protocol.]

FUTURE ANALYSIS
There will be an option in some centres to store plasma samples for future analysis, including the analysis of cell-free DNA and RNA found in the samples. A total of two Streck tubes (each 10 mL) will be requested. Similarly, there will be an option to store a portion of the biopsy, surgery, or FFPE samples (or nucleic acids derived from them) used for WGTA for future research.
Patients may be contacted and may need to provide consent for any future analysis involving tissue or plasma beyond the aims of this study (WGTA). Deceased patients may be exempt from this requirement.

PATIENT ACCESS TO DATA
The data generated are for research purposes; however, the clinical actionability report will contain known and defined targetable abnormalities that are specifically linked to treatments with systemic therapy and/or clinical trials. Participating centres can choose the means by which these data are returned to clinicians and patients, and whether or not these data are included in patients’ charts. This may depend on whether the WGTA data are a validated clinical test or a “research-grade” test.  

STATISTICAL CONSIDERATIONS AND EVALUATION OF RESULTS 
As the primary outcome of GenerationAll is the integration of genomics technology into oncology practice, specific sample size calculations have not been attempted. The goal of the study is to enroll and provide data on 5,000 patients in 5 years and this will create an important data set of WGTA for patients with cancer across Canada. 
Descriptive statistics will be used to report on outcome measures such as: the rate of implementation and turnaround time for testing; the number of patients receiving treatments based on these data; and clinical outcome measures.
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Add PORI and Djerba examples
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