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Abstract

Background: The first objective was to validate PLCOm2012 lung cancer risk prediction tool in
Quebec. The second objective was to determine the hypothetical performances of seven screening
strategies (2021 United-States and 2016 Canadian screening recommendations, PLCOm2012 with
>1.51%/6y, >1.7%/6y and >2.0%/6y thresholds, Quebec pilot criteria with 55-74 and 50-74 years
ranges).

Methods: The population-based CARTaGENE cohort was used, excluding participants who never
smoked, had missing smoking status or had a lung cancer history. Lung cancer risk was calculated
at inclusion for 11,652 participants and prediction calibration and discrimination were assessed. For
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investigating screening strategies, 8,938 participants were included. Strategies were evaluated
between 1998 and 2015 using shift and serial scenarios (PLCOmM2012 eligibility estimated annually
and each 6 years, respectively).

Results: Objective 1. 176 (1.51%) lung cancers diagnosed. Expected-to-observed ratio was 0.68
[95%CT 0.59-0.79] and C-statistic was 0.727 [0.679-0.770]. For the selected risk thresholds,
sensitivities ranged from 44.9% [37.4-52.6] to 52.3% [44.6-59.8], specificities from 81.6% [80.8-
82.3] to 87.7% [87-88.3] and positive predictive values from 4.2% [3.4-5.1] to 5.3% [4.2-6.5].
Objective 2. Using shift scenario, cancers detected with Quebec pilot criteria were lower than
PLCOmM2012 at >2.0%/6y threshold (48.3% vs 50.2%) for a similar number of scans per detected
cancer. Serial scenarios led to less lung cancers detected (up to 26 less) but higher positive
predictive values, the highest being PLCOm2012 at 2% (6.0% [4.8-7.3]).

Interpretation: PLCOm2012 had good discrimination but weak calibration in Quebec. It may be
helpful to adjust the PLCOm?2012 intercept to improve calibration in the Quebec setting.

1 Introduction

Lung cancer remains the leading cause of cancer-related mortality in Canada and worldwide (18%)
(1). Two large scaled randomized controlled trials of lung cancer screening, the National Lung
Screening Trial (NLST) and NELSON trial (2,3), have conclusively demonstrated efficacy, with a
reduction of lung cancer mortality in men of 8-26%, and 26-41% in women in high-risk smokers.
This has been demonstrated to be cost-effective (4). As a consequence, screening is now widely
recommended, but implementation remains limited (5), and varies across countries.

Multiple predictive models for lung cancer have been developed with different predicted outcomes
(incidence, death), prediction horizon (1 year, 6 years) and risk factors included (5). Among them,
the Tammemagi ef al. lung cancer predictive model (PLCOm2012) (6) showed good discriminative
power (area under the ROC curve (AUC) around 0.8). It has been externally validated across
different countries (5-8), and most recently in the International Lung Screen Trial (Australia,
Canada, Hong Kong, the UK. and Spain) to prospectively identify the best screening strategy
between national guidelines and risk prediction model (9). Provisional findings (10) showed that
PLCOmM2012 detected significantly more lung cancers than the 2013 United States Preventive
Services Task Force (USPSTF) criteria. Moreover, PLCOm2012 was better than the 2013 USPSTF
for the sensitivity, death averted, screening efficiency and reducing race and sex disparities (11-13).

In Canada, the Canadian Task Force on Preventive Health Care (CTFPHC) (14) recommend
screening for lung cancer using the NLST entry criteria (55 to 74 years, at least a 30 pack-year
smoking history, smoking quit-time less than 15 years) with low-dose computed tomography scan
(LDCT) every year for three consecutive screens. Quebec and Ontario have used PLCOm2012 with
a 2% threshold and age of 55-74 years, based on cost-effectiveness analyses (15,16), to select
residents for screening. In other provinces, screening is in the process of being implemented.

Risk models may be prone to increase the selection of older individuals with more comorbidities
and competing causes of death. The role of competing causes of death in these high-risk smokers,
and baseline risk factors in the population, may affect the performance of these models in different
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countries and may vary across provinces. Binary criteria can lead to the selection of individuals
with too low risks to benefit from screening (17).

Here, we validate the PLCOm2012 model at six years in the CARTaGENE Quebec population-
based cohort. We also report the efficiency of seven screening strategies that differed in criteria,
frequency of risk score calculation (each year or 6 years) and risk score thresholds, if theoretically
applied between 1998 and 2015 to our Quebec cohort.

2 Methods

2.1 Population studied and definition of lung cancer

This study used the population-based cohort CARTaGENE recruited in phase A (2009-2010),
composed of 19,985 Quebec residents aged between 40 and 69 years described previously (18).
Briefly, participants were randomly selected to be broadly representative of the population in
metropolitan areas. Questionnaires at enrollment included data on age, ethnicity, education, body
mass index, self-reported history of chronic obstructive pulmonary disease (COPD), familial history
of lung cancer, smoking status, cigarettes per day at inclusion and when the participant smoked the
most, start and stop smoking years, smoking duration, and duration of smoking cessation.
Participants can be linked with the Quebec administrative health databases from 1998-2015,
providing data on cancer diagnoses. Individuals who never smoked or had missing smoking data or
a lung cancer diagnosed before 1998 were excluded (Figure 1).

The Tonelli ef al. algorithm was used to define an incident lung cancer case (19) (i.e., individuals
with at least 2 claims in 2 years or one hospitalization related to a lung cancer; incidence date was
the date of first hospital discharge or first claim).

2.2 Study design

Our first objective was to externally validate the PLCOmM2012 model for estimating the 6-year
absolute risk of lung cancer from enrollment in the CARTaGENE cohort. The second objective was
to determine the hypothetical performances of 7 different screening strategies to detect lung cancers
if applied between January 1% 1998 and December 315 2015: the original PLCOmM2012 model (6)
using >1.51%/6y, >1.7%/6y and >2.0%/6y thresholds (11); the 2021 USPSTF criteria (20); the
2016 CTFPHC criteria (14); the Quebec pilot criteria (PLCOmM>2% and 55-74 years range) (21) and
the Quebec pilot with a 50-74 years range to test the lower age threshold of the 2021 USPSTF
criteria.

2.3 Statistical analysis

For both objectives, education, family history, smoking status and COPD status were considered
unchanged after enrollment in the cohort. Missing data for variables in the PLCOmM2012 model
were replaced by the centering value of the PLCOm?2012 original article for continuous variables
(Table 2 in (6)) and the mode for categorical variables. The proportion of missing data was higher
for smoking-related variables such as intensity and duration, but was limited (Supplementary Table
S1).
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2.3.1 Six-year risk prediction accuracy for lung cancer from enroliment in the CaG
cohort

The individual 6-year absolute risk of lung cancer was estimated using the coefficients and
variables according to the Tammemagi et al. original article (6) (Supplementary Materials).
Participants with a lung cancer occurrence before the inclusion date were excluded (Figure 1).

We computed the expected-to-observed ratio (E/O) with 95% confidence intervals (95%CI), from
the sum of the estimated risk (i.e., the number of expected cases) divided by the number of observed
cases. We determined the E/O with 95%CI in four absolute risk groups: < 0.5%, 0.5%-1%, 1-2%,
and >2%. The best calibrated models have an estimate closer to 1. Calibration graphs were plotted
to compare in each risk group the proportion of observed cases of lung cancer at 6-years using a
Kaplan-Meier estimator, and the proportion of expected cases (i.e., median risk). Global
discrimination was assessed by the C-statistic with an inverse probability of censoring weighting
estimation of cumulative time-dependent ROC curve with their 95%CI (22-24). We calculated
sensitivity, specificity and positive predictive value for >1.51%/6y, >1.7%/6y and >2.0%/6y

thresholds. We also plotted predictiveness curves (i.e., the risk quantile against the corresponding
cumulative proportion of the population with risks below this quantile).

2.3.2 Hypothetical efficiency of 7 lung cancer screening strategies

For this objective, the efficiency of a lung cancer screening strategy was assessed as if it has been
implemented between January 15 1998 and December 315t 2015. Participants with missing
cigarettes per day, missing start/stop smoking date, or with a stop smoking date occurring before the
start smoking date were excluded (Figure 1). We considered a lung cancer to be “screen detected” if
the participant was eligible for screening and if a LDCT would have been theoretically performed in
the year before the actual cancer occurrence date. To have at least one-year post-screening for each
participant, the last occurrence of what we considered a “screening” was made in 2014.

A participant was “eligible for screening” if he/she met eligibility criteria of the considered
screening strategy. For the binary screening scenarios (USPSTF and CTFPHC), we determined
eligibility yearly. For the screening scenarios based on the PLCOm2012 model, we determined
eligibility based on two schemes: 1) the shift scenario where we estimated eligibility annually using
the PLCOm?2012 thresholds (and added age for the Quebec program); 2) the serial scenario where
we determined eligibility at 6-year intervals, starting in 1998 for the models using PLCO risk
criteria, and additionally, starting when the participant was 50 years of age or 55 years of age for the
Quebec pilot strategies (Figure 2).

For each of the seven screening strategies, we calculated the total number of participants
theoretically eligible to be screened, the total number of LDCT that would have been performed, the
number of incident lung cancers that would have been detected, the number of LDCT to be
performed to detect one lung cancer, the number of participants to be screened to detect one lung
cancer. We also estimated the number of LDCT per participant that would have been performed
before the detection of the lung cancer, and the number of LDCT per cancer-free participants with
at least one LDCT.
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We calculated the sensitivity, specificity and positive predictive value with their 95%CI. The
sensitivity was the probability of being screened in the year prior to a lung cancer being diagnosed.
For the specificity, we reported the probability of being not eligible per cancer-free participant; for
the positive predictive value, we reported the probability to detect a lung cancer for a participant
being screened and having at least one LDCT.

All statistical analyses were performed using R software, version 4.0 (25).

3 Results

3.1 Six-year risk prediction accuracy for lung cancer from enrollment in the CaG
cohort

The 11,652 participants included in the cohort used for external validation of the PLCOm2012
model had a median age at inclusion of 54 years [IQR 49-61] and a median follow-up time of 5.9
years [IQR 5.7-6]. There were 176 (1.51%) lung cancers diagnosed during the 6-year period
following enrollment. For the PLCOm2012 model, 19.0%, 16.2% and 12.8% of the cohort had a 6-
year lung cancer risk estimated to equal or higher than 1.51%, 1.7% and 2%, respectively (Figure
3A). The estimated 6-year lung cancer median risk scores were 1.67% [IQR 0.62-3.86] and 0.54%
[IQR 0.27-1.16] for the participants with and without a diagnosis of lung cancer, respectively.

The global calibration was 0.68 [95%CI 0.59-0.79]. All E/O were lower than one in each risk
group, the significant ones being in the <0.5% and >2% groups (0.37 [0.27-0.51] and 0.74 [0.59-
0.92], respectively) (Figure 3B). The c-statistic was 0.727 [0.679-0.770] (Figure 3C). For the
different thresholds, the sensitivity was ranging from 44.9% [37.4-52.6] to 52.3% [44.6-59.8]. The
specificity was ranging from 81.6% [80.8-82.3] to 87.7% [87-88.3]. The positive predictive value
was ranging from 4.2% [3.4-5.1] to 5.3% [4.2-6.5] (Table 1).

3.2 Hypothetical efficiency of 7 lung cancer screening strategies

Among the 8,938 participants included to compare the efficiency of the 7 lung cancer screening
strategies, 205 (2.3%) had a lung cancer between 1998 and 2015.

3.2.1 Shift scenario

The number of LDCTs performed ranged from 15,201 (Quebec pilot) to 40,448 (USPSTF), while
the number of cancers detected ranged from 99 (48.3%) (Quebec pilot) to 133 (64.9%) (USPSTF)
(Table 2). The PLCOmM2% detected more lung cancers than CTFPHC with fewer scans. The number
of lung cancers detected using the Quebec pilot criteria (greater than 2% risk and age) were lower
than those where the PLCOm2012 risk threshold of >2%/6y alone (99 (48.3%) vs 103 (50.2%)) for
a similar number of CTs performed to detect one lung cancer (153.5 vs 162.9). The number of
screened participants needed to detect one cancer was the lowest for the Quebec pilot (19.5) and
highest for the USPSTF (33.4). The USPSTF had the highest sensitivity (64.9% [57.9-71.4]), while
the Quebec pilot had the highest positive predictive value per screened (5.1% [4.2-6.2]). The results
for the Quebec pilot criteria with an 50-74 age range were similar to a strategy that use only
PLCOmM2012 2% eligibility cut-off alone (Table 2).
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Using the CTFPHC and USPSTF strategies, 11 and 13 participants stopped their screening before
the detection of their lung cancer, respectively, as they stopped smoking for more than 15 years.
Their lung cancer occurred between 3.8 and 14.5 years after the last LDCT. Among these 13
participants, 4 were detected by the PLCOmM2012 models. None of the participants stopped his/her
screening before their lung cancer using the other strategies.

3.2.2 Serial scenario

Among the lung cancers that occurred between 1998 and 2015, the number of detected cancers
using the serial scenario was lower compared to the shift scenario, ranging from 16 (PLCOm1.51%)
to 26 (Quebec pilot 50-74 years) less cancers detected. The number of screened participants needed
to detect one cancer was close for the Quebec pilot and lower for PLCOm2012. The sensitivities
were all lower, while the positive predictive values were higher, the highest being the PLCOmM2%
(6.0% [4.8-7.3]) (Table S2 in Supplementary Appendix).

4 Interpretation

We validated the PLCOm2012 model to predict lung cancer at 6 years in the CARTaGENE cohort.
We also assessed different lung cancer screening strategies in a theoretical screening program
between 1998 and 2015.

4.1 Six-year risk prediction accuracy for lung cancer from enroliment in the CaG
cohort

This is the first time that the PLCOm2012 model was validated in the Quebec population, even
though a Quebec pilot study is assessing prospectively the PLCOm2012 model for lung cancer
screening (21). In our cohort where the lung cancer incidence was 1.51%, the PLCOm2012 model
underestimated the number of cases. This underestimation can be explained by the higher age-
standardized lung cancer’s incidence rate in Quebec (106.7 [95%CI 103.3-110.3] cases per 100,000
in 2010) than in the United-States (88.8 [95%CI 88.3-89.3]), based on information retrieved from
national cancer databases (26-28). The risk was overestimated in the UK Biobank, EPIC-UK and
Generation Study (incidence lower than 0.7%, E/O around 1.3) (8). In an Australian population-
based cohort with excellent calibration, the lung cancer incidence rate was of 1.17% (7).

The AUCs of the PLCOm2012 were close to 0.80 in the PLCO cancer screening trial, in UK
cohorts and in an Australian population-based cohort (6-8,29), which is higher than in our cohort
(0.73). These differences might be explained by the statistical method used for assessing
discrimination (c-statistic in our study), and how missing data were handled in UK and Australian
cohorts (participants with missing data excluded, multiple imputation performed with more than
30% of missing data).

Compared to other studies, the Quebec population had lower sensitivity values when using the
classical thresholds (7,11,29). Our positive predictive values were higher (7), which could be
explained by the higher specificities and the higher prevalence of the lung cancer in our cohort. This
may be due to smoking exposures in Quebec, which are known to be among the highest in North
America.
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4.2 Hypothetical efficiency of 7 lung cancer screening strategies

Re-assessing screening eligibility each 6 years instead of annually led to far less lung cancers being
detected and lower sensitivities. However, the higher positive predictive values and the lower cost
should be taken into account for public health policies. As the published studies seem to under-
investigate the frequency with which lung cancer should be screened, it is necessary to evaluate
different screening scenarios with non-binary predictive scores such as PLCOm2012.

The CTFPHC criteria did not perform well. Using PLCOm2012 with a 2% threshold with or
without a 50-74 year age range detected more lung cancer per LDCT. The 2021 USPSTF criteria
detected more cancers than the other strategies, but with far more LDCT screens performed and a
significantly lower positive predictive value (p<10-). In the Pasquinelli et al. retrospective study
(11), the 2013 USPSTF had a lower sensitivity than the 2021 USPSTF in our cohort (62.4% vs
64.9%). Moreover, CTFPHC and USPSTF criteria lead to some screening stopped before the
occurrence of the lung cancer due to more than 15 years of smoking cessation. Therefore, the 2021
USPSTF seemed less efficient than predictive scores, but a more precise cost-effectiveness study is
necessary.

The current Quebec pilot program, being deployed in 8 hospital centers in the province as of June
2021, is using the PLCOm2% with an age range from 55 to 74 years, preventing from screening
older individuals that might not benefit from screening (e.g., more comorbidities and competing
causes of death). Decreasing the age limit from 55 to 50 years, as suggested by the 2021 USPSTF
recommendations, led to 4% absolute increase in the number of lung cancer detected. This was
equivalent to PLCOm2% regarding the number of cancers detected, with less LDCT performed and
participants screened by the PLCOm2%. However, this last result must be analyzed with participant
older than 75 years. While the positive predictive value of the 50-74 age range was slightly lower
than the 55-74 age range, decreasing the age threshold would allow the detection of lung cancers
among younger individuals. In the Pasquinelli et al. retrospective study based on an actual lung
cancer case series (11), PLCOm2012 had better sensitivities than in our cohort (ranging from 60.6%
to 70.5%). Finally, the PLCOm2% with a serial scenario had the best positive predictive value,
which is an important measure for public health policies in absence of cost-effectiveness analysis.

4.3 Strengths and limitations

This is the first study of lung cancer risk estimating and validation with Canadian participants
outside of a clinical trial. The CARTaGENE cohort is representative of the Quebec urban
population of middle-aged and older adults. Moreover, the linkage with a provincial administrative
health database ensures all lung cancer cases are captured, improving the accuracy of our data.

Some limitations were present. Firstly, we did not have participants older than 75 years. Secondly,
we did not know how lung cancers were detected (e.g., participant under surveillance for lung
nodules). Therefore, the incidence date may depend on unobserved factors that may lead to biased
estimate. Thirdly, some self-reported variables were only available before the inclusion date
(COPD, familial history of lung cancer, smoking status). Fourthly, we had imputed missing data in
the PLCOmM2012 model, particularly regarding smoking related variables, but the proportion was
lower than in other large cohort studies (7,8). Finally, we considered that lung cancers were
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detected if an LDCT was made one year before the cancer’s incidence, which was arbitrary but
similar across the investigated scenarios.

4.4 Conclusion

The PLCOm2012 risk prediction model is currently used to select individuals for lung cancers in
Canada. This model has a good discrimination but weak calibration for the Quebec population. A
simple modification of the intercept in the prediction model may be proposed for improving the
calibration in this population having a higher lung cancer incidence, but should be externally
validated. Using the PLCOm2012 model with a 2% threshold, with an estimation of lung cancer
risk and screening eligibility each six years, has added value in a large-scale provincial program as
compared to other screening strategies. As predictive scores such as PLCOm?2012 are intended to
estimate a risk over a defined period, it is necessary to evaluate different screening scenarios.
Additionally, lowering the age of onset of screening to 50 from 55 years may be considered but
would require further cost-effectiveness analyses.
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13  Figures

Figure 1. Flow-chart.

Figure 2. Comparison of the screening scenarios. LDCT: low-dose scan. Comparison of the
“shift scenario” and the “serial scenario” for one theoretical participant. Percentages are the
calculated PLCOm2012 risk. In this example, we considered a threshold of 2% for being screened.
For the shift scenario, the PLCOm2012 risk is calculated each year. The participant has a risk
higher than 2% during the year 1 and 2, leading to an LDCT each year until the year 7. Its risk
remains under 2% until the year 9. The participant had no LDCT during the year 8. The risk was
higher than 2% at year 9 and 10, leading to an LDCT per year until the year 15. For the serial
scenario, the PLCOm2012 risk score is calculate each 6 years. The participant had a risk score
higher than 2% during the year 1. Therefore, he/she had an LDCT per year until year 7. The risk
score was calculated at year 8, with a score lower than 2%, leading to the absence of LDCT during
the next 6 years. For the Quebec pilot model, these strategies were the same, but no LDCT was
made if the participant was outside the age range.

Figure 3. Risk distribution and performance of the PLCOm2012 model (n=11,652). (A)
Distribution of the PLCOm2012 model’s predictions as a function of cumulative percentage of
individuals. (B) Calibration according to the PLCOm2012 model’s predictions groups (quartile).
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1
2 E/O: expected-to-observed cases. (C) Discrimination power of the PLCOm2012 model according to
z sensitivity and specificity.
5
6 14 Tables
; Table 1: PLCOm2012 6-year risk prediction accuracy for lung cancer at inclusion (n=11,652)
9 PLCOmM2012
10 E/O 0.68 [0.59-0.79]
}; C-statistic 0.727 [0.679-0.77]
13 Sensitivity
14 Threshold 1.51% 52.3% [44.6-59.8]
15 Threshold 1.70% 49.4% [41.8-57.1]
16 Threshold 2.00% 44.9% [37.4-52.6]
17 Specificity
18 Threshold 1.51% 81.6% [80.8-82.3]
o Threshold 1.70% 84.3% [83.6-85]
2 Threshold 2.00% 87.7% [87-88.3]
22 Positive predictive value
23 Threshold 1.51% 4.2% [3.4-5.1]
24 Threshold 1.70% 4.6% [3.7-5.7]
25 Threshold 2.00% 5.3% [4.2-6.5]
;? E/O: expected-to-observed cases
28
29 Table 2: Comparison of different computed tomography lung cancer screening inclusion
30 criteria with a shift scenario, between 1998 and 2015 (n=8,938)
31 Quebec Pilot Quebec Pilot PLCO >1.51% PLCO >1.7% PLCO >2%
32 USPSTF CTFPHC (55-74yrs) + 50-74yrs + (no age (no age (no age
33 PLCO >2% criteria) criteria) criteria)
34 Total number
35 of
2045 2733 2430
36 ticipants 4445 (49.7%) 2523 (28.2% 2064 (23.1%
o Cligible to be (9.7 2523 Q82%) 51 605)  (229%)  (30.6%)  (27.2%) (23.1%)
38 screened*
Total number
ig of LDCTSs 40448 19697 16672 24732 21020 16777
Number of
41 lung cancers
42 P 133 (64.9%) 101 (49.3%) 99 (48.3%) 103 (50.2%) 114 (55.6%) 110 (53.7%) 103 (50.2%)
43 (n=205)
44 Number of
o LDCT forone 5, 195.0 161.9 216.9 191.1 162.9
cancer
47 detected
48 Number of
49 participants
50 screened to 334 25.0 19.9 24.0 22.1 20.0
51 detect one
lung cancer
32 Number of
53 LDCT before
>4 cancer 10.3 8.6 8.2 9.6 9.1 8.3
55 detection per
56 participant
57 Number of
58 LDCT per 9.1 7.8 8.1 9.0 8.6 8.1
59 cancer-free
60
12
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Quebec Pilot Quebec Pilot PLCO >1.51% PLCO >1.7% PLCO >2%

USPSTF CTFPHC (55-74yrs) + 50-74yrs + (no age (no age (no age
PLCO >2% PLCO >2% criteria) criteria) criteria)
participants*
Sensitivit 64.9% 49.3% 48.3% 50.2% 55.6% 53.7% 50.2%
y [57.9-71.4] [42.2-56.3] [41.3-55.4] [43.2-57.3] [48.5-62.5] [46.6-60.6] [43.2-57.3]
Specificit 50.8% 72.4% 79% 77.8% 70.0% 73.4% 77.5%
P Yo [49.7-51.8] [71.4-73.3] [78.2-79.9] [76.9-78.6] [69.0-71.0] [72.5-74.4] [76.7-78.4]
P;’::;i‘cvt‘;ve 3.0% 4.2% 5.1% 5.0% 4.2% 4.5% 5.0%
D e [2.5-3.5] [3.5-5] [42-62] [4.1-6.1] [3.5-5.0] [3.7-54]  [4.1-6.0]

LDCT: low-dose computed tomography; CTFPHC: Canadian Task Force on Preventive Health Care; PLCOmX%:
PLCOmM2012 model with X threshold; USPSTF: US Preventive Services Task Force

Shift scenario: we checked eligibility annually. If a participant met the screening criteria, we considered that he/she had
an LDCT on the screening date and an LDCT per year during the five next years. If a participant no longer meets the
screening criteria, he/she had to complete the remained LDCT.

* only participants with at least one LDCT
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Supplementary materials

Statistical analysis
For the PLCOm2012 logistic model, the individual 6-year absolute risk of lung cancer is estimated as:
0 expla+ 3 ByXy)

11 pi= .
12 1+ exp(a + Z?’: 1,8inij)

oNOYTULT D WN =

where a is a baseline coefficient, f; is the coefficient associated with the j® risk factor (X;) and X, is its
16 value for individual i. Here, #; is the number of variables included in the PLCOm2012 model. These
17 coefficients and variable can be found in the Tammemagi ef al. original article [1-3].

21 1. Tammeméigi MC, Katki HA, Hocking WG, Church TR, Caporaso N, Kvale PA, et al. Selection
22 Criteria for Lung-Cancer Screening. N Engl J Med. 2013 Feb 21;368(8):728-36.

24 2. Lung Cancer Risk Calculators [Internet]. Brock University. [cited 2021 Dec 10]. Available from:
https://brocku.ca/lung-cancer-screening-and-risk-prediction/risk-calculators/

27 3. Tammemigi MC, Church TR, Hocking WG, Silvestri GA, Kvale PA, Riley TL, et al. Evaluation of
29 the Lung Cancer Risks at Which to Screen Ever- and Never-Smokers: Screening Rules Applied to
30 the PLCO and NLST Cohorts. PLOS Medicine. 2014 Dec 2;11(12):e1001764.
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Supplementary results
Table S1. Proportion of missing data for the variables included in the PLCOm2012 model

Number of missing data
Six-year risk prediction accuracy Efficiency of lung cancer screening
for lung cancer at inclusion between 1998 and 2015 (n=8,938)

(n=11,652)
Age 0 0
Education 26 (0.2%) 15 (0.2%)
Body Mass Index 123 (1.2%) 91 (1.0%)
COPD 74 (0.7%) 799 (8.9%)*
Cancer history 0 0
Family history of lung cancer 328 (3.1%) 258 (2.9%)
Smoking status 0 0
Smoking intensity 1361 (13.0%) O**
Smoking duration 1456 (13.9%) 0**
Smoking quit time 1066 (10.1%) O**

Prediction cohort: 90% of the cohort for validating the models.
*Missing COPD occurrence age
**Participants with missing data were excluded

Table S2. Comparison of different computed tomography lung cancer screening inclusion
criteria with a serial scenario, between 1998 and 2015 (n=8938)

Quebec Pilot (55- Quebec Pilot
74yrs) (50-74yrs)
+PLCO >2% + PLCO >2%
Total number of
participants
eligible to be
screened®
Total number of
LDCTs
Number of lung
cancers detected
Number of
LDCT for one 144.7 153.4 187.3 164.3 141.7
cancer detected
Number of
participants
screened to 19.9 20.4 20.5 18.6 16.8
detect one lung
cancer
Number of
LDCT before
cancer detection
per participant
Number of
LDCT per
cancer-free
participants*
Sensitivity 38% [31.4-45.1] 37.1%[30.4-44.1] 47.8% [40.8-54.9] 45.4% [38.4-52.4] 39.5% [32.8-46.6]
Specificity 83.1% [82.3-83.9] 83.1% [82.3-83.9] 78.1% [77.2-78.9] 81.2% [80.4-82] 84.9% [84.1-85.6]

PLCO >1.51% PLCO 21.7% PLCO >2%
(no age criteria) (no age criteria) (no age criteria)

1552 (17.4%) 1554 (17.4%) 2013 (22.5%) 1734 (19.4%) 1408 (15.8%)

11286 11661 18352 15284 11474

78 (38%) 76 (37.1%) 98 (47.8%) 93 (45.4%) 81 (39.5%)

7.4 1.7 8.7 8.3 7.0

7.3 1.5 9.1 8.8 8.2
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Quebec Pilot (55-  Quebec Pilot
74yrs) (50-74yrs)
+ PLCO >2% + PLCO >2%

5.0%[4.0-62]  4.9%[3.9-6.1] 4.9% [4-5.9] 5.4%[4.4-6.5]  6.0% [4.8-7.3]

PLCO >1.51% PLCO >21.7% PLCO >2%
(no age criteria) (no age criteria) (no age criteria)

Positive
predictive value
LDCT: low-dose computed tomography; USPSTF: US Preventive Services Task Force

Serial scenario: we checked eligibility each 6 years. If a participant met the inclusion criteria, he/she had a LDCT per year
9 during 6 years. Otherwise, no LDCT was made until the next screening.

10 * only participants with at least one LDCT
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CARTaGENE cohort phase A
19,985

Exclusion criteria (not mutually exclusive)
* Never smoked: 8,115

« Missing smoking status: 133

« Declared lung cancer before 1998: 9

Participants included
11,731

A

Six-year risk prediction accuracy
for lung cancer from enrollment in
the cohort

A
Efficiency of lung cancer screening
between 1998 and 2015

Exclusion criteria
Lung cancer occurrence before
inclusion date: 79

Y

Exclusion criteria
(not mutually exclusive)
« Missing cigarettes per day or
start/stop smoking date: 2,749
« Stop smoking date after start
smoking date: 54

4

Participants included
11,652

Participants included
8,938

Flow-chart.
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9 Year1l | Year2 Year3 Year4 Year5 | Year6 Year7 Year8 Year9 Year10

Shift scenario

12 LDCT LDCT LDCT LDCT LDCT LDCT LDCT LDCT LDCT

1 3 Calculating
14 PLCOM2012 -
2.05% PLCOM2012 e
15 2.01% | O™ caculaing
16 1.98% PLCOM2012 BwTII
17 1.95% PLCOM2012 Pﬁéﬁ’gﬁ
1.9% Calculating
1 8 1.8% PLCOM2012 ST
19 1.85% PLCOM2012 eI
20 1.95% PLCOM2012 P?clg ':f{'urﬁ
2.02%

21 2.05%

22 Serial scenario
LDCT LDCT LDCT LDCT LDCT LDCT

25 Calculating Calculating
PLCOmM2012 PLCOmM2012

2.05% 1.85%

Comparison of the screening scenarios. LDCT: low-dose scan. Comparison of the “shift scenario” and the
“serial scenario” for one theoretical participant. Percentages are the calculated PLCOmM2012 risk. In this
example, we considered a threshold of 2% for being screened. For the shift scenario, the PLCOmM2012 risk is
34 calculated each year. The participant has a risk higher than 2% during the year 1 and 2, leading to an LDCT
35 each year until the year 7. Its risk remains under 2% until the year 9. The participant had no LDCT during
36 the year 8. The risk was higher than 2% at year 9 and 10, leading to an LDCT per year until the year 15. For

37 the serial scenario, the PLCOmM2012 risk score is calculate each 6 years. The participant had a risk score
38 higher than 2% during the year 1. Therefore, he/she had an LDCT per year until year 7. The risk score was
calculated at year 8, with a score lower than 2%, leading to the absence of LDCT during the next 6 years.
For the Quebec pilot model, these strategies were the same, but no LDCT was made if the participant was
40 outside the age range.
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Risk distribution and performance of the PLCOmM2012 model (n=11,652). (A) Distribution of the PLCOmM2012
model’s predictions as a function of cumulative percentage of individuals. (B) Calibration according to the
PLCOmM2012 model’s predictions groups (quartile). E/O: expected-to-observed cases. (C) Discrimination
power of the PLCOm2012 model according to sensitivity and specificity.
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