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A summary of the proposed research

Background

Low-dose computed tomography (LDCT) screening has been shown to reduce lung cancer mortality by
21% in high-risk individuals'. Screening eligibility criteria for selecting high-risk individuals are based
on two main approaches. First, using categorical age and smoking exposures. For example, the
expanded screening eligibility criteria from the US Preventive Services Task Force recommend annual
LDCT in adults aged 50 to 80 years who currently smoke or have smoked within the past 15 years with
an accumulated 20 pack-years or greater’. Second, using risk prediction models based on a number of
lung cancer predictors, e.g. the PLCOm2012 model®. Unfortunately, with both approaches, some
individuals that will be developing lung cancer will never meet current screening eligibility criteria.
This is especially relevant in individuals who never smoked.

Projections in the United States indicate that lung cancer deaths related to smoking will continue to
decrease in the coming years following the decline of tobacco use®. In contrast, the proportion of lung
cancer among individuals who never smoked continues to rise*>. The recent expert consensus from the
International Association for the Study of Lung cancer has recently established nine priorities for lung
cancer screening programs in the next years®. One of them is to “establish evidence-based criteria to
identify individuals who have never smoked but are at high risk of developing lung cancer, and who
would benefit from screening”.

In this study, we hypothesized that our knowledge of the genetic factors underlying lung cancer has
reached a point where we can use this information to improve risk prediction and delineate individuals
at high genetic risk of lung cancer, including individuals who never smoked or those not meeting lung
cancer screening eligibility criteria. As part of large international research groups, we have identified
genetic markers robustly associated with lung cancer’”. Individually, the lung cancer-associated
genetic variants have small effect sizes and thus limited clinical utility. Collectively, however, several
genetic variants can potentially be grouped into a polygenic risk score (PRS) to delineate a subgroup of
individuals at higher genetic risk of lung cancer (Figure 1)°.

Preliminary results

We have recently evaluated the clinical utility of a lung cancer PRS in a new case-control dataset
consisting of 4,002 lung cancer cases from the LORD project and 20,010 ethnically matched controls
from CARTaGENE (eBioMedicine 2024)!!. To do so, we have generated the first genome-wide PRS
leveraging the full genome-wide association study (GWAS) data to quantify genetic predisposition.
This genome-wide PRS includes more than 1.1 million genetic variants and outperformed all other
previously published lung cancer PRS (Figure 2). We then demonstrated in LORD/CARTaGENE that
the PRS was associated with lung cancer in a dose-response relationship (Figure 3). In addition, we
also noted that the effect sizes of the PRS were more pronounced in the extreme tails of the PRS, i.e.
the odds of lung cancer at higher PRS thresholds representing the >80, >90%, >95% and >99t
percentiles were respectively evaluated at 2.19, 2.72, 3.36, and 4.88. We may thus have a smaller
fraction of individuals at the tail end of the PRS distribution (PRS >99™ percentile tested in this study)
with an odds ratio in the same range as BRCAI (OR =10.57) and BRCA2 (OR = 5.85) mutations in the
field of breast cancer!'?. In the field of heart diseases, it was demonstrated that some individuals carry a
polygenic inheritance with a risk effect similar to mutations causing monogenic forms of the
disease'*!*. Whether this is also observed in lung cancer remains unknown and represents the main
goal of this project.

General objective

Identify individuals at high genetic risk of lung cancer at the tail end of the PRS distribution.
Research plan

This project will be performed using two existing datasets, namely LORD/CARTaGENE and UK
Biobank. A simplified overview of planned analyses is described below. Support is requested to
perform data analyses and report results into a peer-reviewed scientific manuscript.



LORD/CARTaGENE

LORD/CARTaGENE is a retrospective case-control dataset. LORD consists of a single site case-only
cohort based on a 20-year data collection (1999 to 2021) of patients who underwent lung cancer
surgery at our Institute. CARTaGENE is a population-based project including residents from the
province of Quebec enrolled between the ages of 40 and 69 (www.cartagene.qc.ca). Cases from LORD
and controls from CARTaGENE have been ethnically matched using ancestry-based principal
components into a 1:5 ratio leading to a final dataset of 4,002 cases and 20,010 controls'!.
Cross-sectional analyses in LORD/CARTaGENE

For risk factors that are quantitative in nature, it is useful to define a clinically relevant threshold.
However, for a PRS in the field of lung cancer, the thresholds to maximize discrimination of high and
low genetic risk are unknown (Figure 1). In addition, we do not know if a smaller fraction of
individuals at the end-tail of the PRS distribution carries a polygenic inheritance with an effect on risk
similar to mutations causing monogenic forms of the disease. Analyses will be performed to identify
the upper PRS limit to delineate the high genetic group within smoking groups. A PRS threshold
establishing a genetic risk category associated with >5-fold increased risk of lung cancer will be
determined and compared across smoking groups. In addition, we will refine our previous genome-
wide PRS, which is based on the effects of common variants, with other low-frequency pathogenic
variants associated with lung cancer'. To identify the most informative PRS thresholds, we will use a
multivariate statistical method called Principal Component Analysis with Optimal Scaling (PCAOS)'¢.
This method will allow us to gauge the value of the PRS in relation to other conventional demographic,
clinical and pathological variables used to define lung cancer. Although exploratory in nature, results
from these analyses will be validated in an independent cohort, namely UK Biobank.

UK Biobank

UK Biobank is an open access population-based cohort of nearly 500,000 participants enrolled between
the ages of 40 and 69 and prospectively evaluated for a range of health-related outcomes!’. The
definition of lung cancer in this study relies on International Classification of Diseases (ICD) codes,
ICDY and ICD10, and self-reported related codes described previously'®. Excluding individuals with
missing genotypes or phenotypes information as well as those that failed genotyping quality control
filters, we have identified 5,419 lung cancer cases and 403,003 controls at baseline. For UK Biobank,
incident lung cancer events were also ascertained through national cancer registries. During the median
follow-up of 7.2 years, 2,025 incident lung cancer cases were diagnosed.

Cross-sectional and longitudinal analyses in UK Biobank

Retrospective analyses in UK Biobank will be performed as described above to validate the results in
LORD/CARTaGENE. Because of the prospective follow-up data in UK Biobank, it is possible to
compare lung cancer risk with time across the genetic groups defined by the PRS. Cox proportional
hazard models will be used to assess the association between the PRS and lung cancer incidence. The
main endpoint will be the incidence of lung cancer during follow-up. Accordingly, lung cancer cases
identified at baseline will be excluded from longitudinal analyses. Hazard ratios with 95% confidence
intervals will be obtained after adjustment for age, sex, smoking status and the top ancestry-based
principal components. Other risk factors included in the PLCOm2012 model® will also be considered as
covariates. We will calculate absolute risk based on the difference in lung cancer incidence over a 5-
year period between genetic risk groups defined based on the most informative PRS threshold that will
be identified in LORD/CARTaGENE and validated in the retrospective part of UK Biobank.

Outcome

Advances in genetics of lung cancer provide a new solution to quantify genetic predisposition captured
by the PRS. Results of this project will allow us to understand the consequences of carrying a large
number of common risk variants for lung cancer, i.e. polygenic inheritance. This is needed to establish
the upper and lower PRS limits to delineate the low and high genetic subgroups for population
screening as well as to identify individuals with risk equivalent to large effect monogenic mutations.
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Figure 1. Concepts underpinning this grant application. The blue area represents the distribution of the
PRS within the population. Individuals can be classified at low, intermediate and high genetic risk of
lung cancer based on specific PRS thresholds that remain to be identified. A more extreme threshold at
the tail end of the PRS distribution may also exist to identify individuals with a lung cancer risk at the
same extent as BRCAI/BRCA2 mutations in the field of breast cancer.
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Figure 2. Benchmarking our genome-wide PRS with all previously published PRS in the field of lung
cancer in LORD/CARTaGENE. Variance explained by the PRS along with 95% confidence intervals.
The set of PRS includes: Two PRS developed in our study'! from GWAS-nominated loci obtained
from Bossé & Amos’ and Byun et al.%; Ten PRS from the literature, named Dai_19'°, Shi 6%,
Graff 102%!, Jia_19??, Fritsche 14 and Fritsche 19, Hung_35 and Hung_125%*, Zhang 32%, and
Zhu 22%%; A PRS derived from a single sentinel variant (rs1051730) on 15q25; Our genome-wide PRS
(red rectangle). For PRS from the literature, two versions were generated: 1) unweighted, representing
the sum of risk alleles, and 2) weighted, representing the sum of risk alleles weighted based on their
effect sizes [log(OR)]. The number of genetic variants in PRS is indicated in their names.




251
®
2.0- 1
§e)
=
o
[2]
=)
e
o
151
104 - -@-------mmmmmm e mm—— -
1 2 3 4 5

Quintiles of PRS
Figure 3. Association of the genome-wide PRS with lung cancer in LORD/CARTaGENE. Odds ratio
of lung cancer per quintile increase in the PRS along with 95% confidence intervals. Quintile 1 as the
reference including 20% of individuals with the lowest PRS.



Impact statement

Advances in genetics of lung cancer provide a new solution to quantify genetic predisposition captured
by the PRS. Results of this project will allow us to understand the consequences of carrying a large
number of risk variants for lung cancer, i.e. polygenic inheritance. This is needed to establish the upper
and lower PRS limits to delineate the low and high genetic subgroups for population screening as well
as to identify individuals with risk equivalent to large effect monogenic mutations. From the
identification of high-risk individuals through PRS analyses, we foresee major advancements in lung
cancer research and potential downstream clinical utilities.

1) Explain, at least partly, susceptibility/resistance to smoking-related risk of lung cancer through
polygenic inheritance captured by the PRS.

2) Contribute to our knowledge on lung cancer development in individuals who never smoked.

3) Inform tobacco control efforts and eventually offer targeted approaches in the high genetic risk
group.

4) Provide a solution for cost-effective screening implementation among never-smoking populations.
5) Identify high-risk individuals that do not meet current screening criteria.

6) Find individuals with genetic risk equivalent to mutations such as BRCA1/BRCA2 in breast cancer.
7) Optimize lung cancer screening to delineate true and false positive lung cancer cases, improve the
management of indeterminate pulmonary nodules, and inform optimal timing for low-dose CT
screening.

Obviously, specific studies for these intended purposes will be needed, but the proposed research
project will leverage the discoveries of previous GWAS on lung cancer and translate the new genomic
knowledge into results that are one step closer to clinical applications.



A public, non-scientific summary

Lung cancer screening by imaging using a special type of computed tomography (CT) scan in high-risk
individuals who have ever smoked has been firmly established to reduce lung cancer mortality.
However, current screening eligibility criteria rely predominantly on smoking exposure. Worldwide,
the number and proportion of lung cancers in people who have never smoked is on the rise.
Unfortunately, lung cancer in people who have never smoked will be missed by current screening
program. As indicated by a recent expert consensus, one of the main priorities for lung cancer
screening in the next years is to “establish evidence-based criteria to identify individuals who have
never smoked but are at high risk of developing lung cancer”.

In this study, we hypothesized that our knowledge of the genetic factors underlying lung cancer has
reached a point where we can identify individuals at high genetic risk of lung cancer. In fact, recent
studies conducted by large international research groups have achieved an important step to understand
the genetic component of lung cancer by identifying genetic markers robustly associated with the
disease. Based on this progress, we can now, for each individual, quantity genetic predisposition to
lung cancer by measuring genetic markers and calculating a polygenic risk score (PRS).

We have recently generated a new case-control dataset consisting of 4,002 lung cancer cases and
20,010 ethnically matched controls. In this cohort, the PRS was an independent predictor of lung
cancer beyond conventional clinical risk factors including age, sex and smoking. Interestingly, the risk
of lung cancer increased with genetic predisposition captured by the PRS. Higher PRS was associated
with higher risk of lung cancer. For example, the risk of lung cancer increased by 5-fold in the top
percentile of the PRS distribution. We may thus have a small fraction of individuals (approximately
1%) at the tail end of the PRS distribution with a lung cancer risk increase equivalent to the effect of
BRCAI1/BRCA2 mutations in the field of breast cancer.

The goal of this research project is to identify individuals with high genetic risk of lung cancer
regardless of their smoking exposure. Analyses in our case/control cohort will be performed to identify
the upper PRS limit to delineate the high genetic subgroup for population screening. Analyses will also
be performed stratified by smoking status. Finally, validation will be conducted in an independent
cohort, namely UK Biobank, consisting of 5,419 lung cancer cases and 403,003 controls.

This research is essential to identify high-risk individuals that do not meet current screening criteria.
Quantifying genetic predisposition with a PRS may provide a cost-effective screening solution for non-
smokers. Studying the clinical value of the PRS also has broader implications for prevention and early
detection. In contrast to most lung cancer risk factors, genetic markers can be obtained from birth and
used early to identify high-risk individuals. Early identification of high-risk individuals is likely to
become important for a disease that can be in large part avoided by preventing smoking initiation.



Budget — including justification for supplies, equipment, and personnel associated with the
research project. This must include the number of personnel required to complete the work, a
description of their experience and/or education level, and their commitment to the project. If
your project is part of a larger initiative, please list the other sources of funding. However, the
portion of the project proposed in this grant should not be covered by other sources of funding.

Funds requested will be used to support sophisticated bioinformatics and statistical analyses in existing
datasets as well as to prepare a scientific manuscript.

Research Staff

Amount: $21,000

Description: A part-time (25% effort) bioinformatician will be hired for this project. Zhonglin Li will
fulfill this position. He will be in charge of data stewardship and bioinformatics. The salary is based on
the collective agreement of research assistant at U Laval.

Part-time bioinformatician = $21,000 for one year

Knowledge Translation

Amount: $4,000

Description: We request costs for a publication of $3,000. The research manuscript will be freely
accessible online. A research allowance of $1,000 is also requested to present the results of this project
at a Canadian conference with a lung cancer focus. This will partly cover for registration fees, airfares,
hotels, meals, and taxi fares. The main investigator and the graduate student will be travelling.

Total for the project = $25,000.00
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Geoffrey Ogram Memorial Research Grant
Lung Cancer Canada

Re: A statement of support to confirm that the proposed research is feasible

Dear Committee Members,

| am very enthusiastic to provide this statement of support for Dr. Yohan Bossé’s research application
for the Geoffrey Ogram Memorial Research Grant Program entitled “Identification of individuals at
high risk of lung cancer at the tail end of the polygenic risk score distribution”. | write this letter in my
capacity as a Full Professor in the Department of Medicine at U Laval and Research Director of the
Institut universitaire de cardiologie et de pneumologie de Québec — Université Laval.

I am confirming that the project proposed by Dr. Bossé is feasible at our Institute. Dr. Bossé is a well-
established investigator with a proven track-records in the field of genetics of lung cancer. He is
leading an exceptional team with the programming and statistical analysis skills to make data
analyses and interpretation realistically achievable. In fact, | see no other team in Canada with this
scientific background, expertise and resources to conduct this world class research with this budget.
The project is timely, represents a logical extension of his previous work (Boumtje et al. eBioMedicine
2024, PMID 38970920) and leverages knowledge gained over many years in genetics of lung cancer.
| foresee enlightening results to assess the clinical utility of polygenic risk score in the care of our
patients with lung cancer.

| am thus offering my strongest possible support on this project.

Sincerely,

Mathieu Laplante
Director of Research
Institut universitaire de cardiologie et de pneumologie de Québec — Université Laval
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