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Take-home message 

Quantitative computed tomography measures of cardiovascular disease and chronic obstructive 

pulmonary disease may provide small but reproducible improvements to lung cancer risk prediction 

accuracy in a screening setting.  



Combining pulmonary and cardiac computed tomography 

biomarkers for disease-specific risk modelling in lung cancer 

screening 

Abstract 

Objectives 

Combined assessment of cardiovascular disease (CVD), chronic obstructive pulmonary disease (COPD), 

and lung cancer (LC) may improve the effectiveness of LC screening in smokers. The aims were to derive 

and assess risk models for predicting LC incidence, CVD mortality, and COPD mortality by combining 

quantitative CT measures from each disease, and to quantify the added predictive benefit of self-

reported patient characteristics given the availability of a CT scan.  

Methods 

A survey model (patient characteristics only), CT model (CT information only), and final model (all 

variables) were derived for each outcome using parsimonious Cox regression on a sample from the 

National Lung Screening Trial (n=15000). Validation was performed using Multicentric Italian Lung 

Detection data (n=2287). Time-dependent measures of model discrimination and calibration are 

reported. 

Results 

Age, mean lung density, emphysema score, bronchial wall thickness, and aorta calcium volume are 

variables which contributed to all final models. Nodule features were crucial for LC incidence predictions 

but did not contribute to CVD and COPD mortality prediction. In the derivation cohort, the LC incidence 

CT model had a five-year area under the receiver operating characteristic curve (AUC) of 82·5% (95% 

confidence interval = 80·9-84·0%), significantly inferior to that of the final model (84·0%, 82·6-85·5%). 

However, the addition of patient characteristics did not improve the LC incidence model performance in 

the validation cohort (CT model = 80·1%, 74·2-86·0%; final model = 79·9, 73·9-85·8%). Similarly, the final 



CVD mortality model outperformed the other two models in the derivation cohort (survey model = 

74·9%, 72·7-77·1%; CT model = 76·3%, 74·1-78·5%; final model = 79·1%, 77·0-81·2%) but not the 

validation cohort (survey model = 74·8%, 62·2-87·5%; CT model = 72·1%, 61·1-83·2%; final model = 

72·2%, 60·4-84·0%). Combining patient characteristics and CT measures provided the largest increase in 

accuracy for the COPD mortality final model (92·3%, 90·1-94·5%) compared to either other model 

individually (survey model = 87·5%, 84·3-90·6%; CT model = 87·9%, 84·8-91·0%), but no external 

validation was performed due to a very low event frequency. 

Conclusions 

CT measures of CVD and COPD provides small but reproducible improvements to nodule-based LC risk 

prediction accuracy from three years’ onwards. Self-reported patient characteristics may not be of 

added predictive value when CT information is available. 

 

  



Introduction 

The three major smoking-related causes of death are cardiovascular disease (CVD), chronic obstructive 

pulmonary disease (COPD), and lung cancer (LC) (1,2). Validated quantitative CT measures (QCT) of 

these disease have been described and validated for disease-specific risk prediction (3–7). Besides 

external risk factors, LC, CVD, and COPD share underlying pathophysiological mechanisms and tend to 

coexist within similar risk groups (1). A high risk of one of the three diseases may therefore indicate 

susceptibility for the others. 

LC CT screening reduces the number of LC deaths in high-risk populations where CVD and COPD are 

important competing causes of death (8–12). In the National Lung Screening Trial (NLST), 24·1% of all 

deaths were caused by neoplasms of bronchus and lung, 24·8% by CVD, and 10·4% by respiratory 

illnesses (9). When a chest CT is performed for detecting and characterizing lung nodules, the same scan 

can be used to extract additional information on QCTs of CVD and COPD. 

Pre-scan risk models have been described for predicting LC and competing mortality (13,14); their 

purpose is to select eligible screening participants from the general population. With access to baseline 

CT findings, post-scan risk stratification can be used to refine previous risk predictions (15). Several 

studies have hereby derived LC incidence risk models using baseline CT findings to encourage 

personalized follow-up interventions (16–21). To date, no available models have attempted to combine 

QCTs of LC, CVD, and COPD to predict outcomes related to each individual disease. We hypothesized 

that this additional information would further improve disease-specific risk stratification. 

We hereby derived risk models for predicting these outcomes using QCTs of all three diseases. Multiple 

models for predicting LC incidence, CVD death, and/or COPD death were derived to quantify the added 

value of (post-scan) CT information in addition to (pre-scan) self-reported patient characteristics. A 

secondary objective was to demonstrate the best performing models’ abilities to stratify LC screening 



participants into groups which are most and least likely to benefit from disease-specific early 

interventions.  

Methods 

Scans and data 

NLST data was used to form the derivation cohort (ClinicalTrials.gov NCT00047385) (9). The NLST was 

the first randomized controlled trial showing a significant reduction of LC deaths and overall deaths by 

annual chest CT scans (n=26722) compared to annual chest radiography (n=26732) in a high-risk 

population. There were three annual screening rounds and a subsequent follow-up period of five years 

between August 2002 and December 2009; the median follow-up time was 6·5 years. The use of NLST 

data for this project was approved for up to 15000 participants by the National Cancer Institute Cancer 

Data Access System under project ID NLST-437. 

The Multicentric Italian Lung Detection (MILD) trial data was used to externally validate the models 

(ClinicalTrials.gov NCT02837809) (11,22–24). MILD is a randomized controlled trial which followed 4099 

participants in Milan. MILD was the first trial to report a significant reduction in LC and overall mortality 

beyond the fifth year of screening (11); participants were followed between December 2005 and June 

2018· There were two intervention groups who underwent annual (n=1723) or biennial CT screening 

(n=1186). The median active screening by volumetric low-dose CT was 6 years; 93·5% of the participants 

were followed for 9 years. 

Model variables 

Models were derived to predict three patient outcomes: LC incidence, CVD mortality, and COPD 

mortality. The underlying, immediate, or antecedent causes of death were provided, meaning that each 

participant’s death may have been attributed to multiple causes. In MILD, the absolute frequency of 

COPD deaths was considered insufficient for external validation purposes (n=2 at five-years follow-up). 



Models for predicting LC mortality were also derived and are described in the supplement (Tables S1-S3, 

S12-S15). 

Variables for model derivation were selected based on the literature and what was available in the data 

sets (13,14,16–21). These were summarized into four groups: patient characteristics, nodule features, 

QCTs of CVD, and QCTs of COPD (Table 1). Patient characteristics and nodule features were obtained 

from the NLST and MILD data sets; symptoms were not available. If more than one nodule was 

recorded, the features of the nodule with the longest diameter were used; subjects without a nodule 

were given a null value for all features. Note that the NLST only reported non-calcified nodules of at 

least 4mm in longest diameter, while MILD reported the diameters and volume for baseline non-

calcified nodules of at least 20mm3 by semi-automatic segmentation (22). 

QCTs of CVD and COPD were extracted from the CT images automatically using previously described 

methods (3,25,26) (Table 1). Calcium volume and mean density were obtained for the coronary arteries 

(combined), mitral valve, aortic valve, and transthoracic aorta (26). Emphysema score was defined as 

the percentage of lung voxels below -950HU after resampling the CT images to 3mm slice thickness, 

normalization, and bullae analysis (25). Pi10 was computed as a measure of bronchial wall thickness, as 

follows: the square root of the airway wall area for a theoretical 10mm lumen perimeter airway derived 

using the linear regression of the square root of segmented wall areas against the lumen perimeter 

extracted from the complete segmented airway tree (3). 

Data set formation 

The NLST subject inclusion criterion was the availability of a baseline CT image of slice thickness 2·5mm 

or less. Participants with missing data on LC incidence, vital status, time of event, QCTs of CVD, or QCTs 

of COPD were excluded from the study (Figure S1). Cases with unrealistic QCT values were assumed to 

be algorithm failures and therefore also excluded, i.e., mean lung density > -300HU (n=8), mean lung 



density < -1000HU (n=3), Pi10 < 0·8 (n=190), and Pi10 > 6·5 (n=137) (3,27,28). Five-fold multiple 

imputations were performed to deal with other missing data. 

Of those still eligible, all participants who were diagnosed with LC, all who died within the study period, 

and a random sample of all other participants from the CT screening arm up to the maximum number 

allowed for a single study (15000 unique subjects) were included in the NLST cohort. The participants 

sampled at random (alive and LC-free) were sampled without replacement and added to the 15000 

unique subjects to simulate the full NLST cohort with a baseline scan (n=23096). This was to maintain 

the original probabilities of events which occurred in the NLST, in turn preventing the models from 

overestimating the risk. All 2287 eligible participants from MILD were used for validation; 2271 of the 

2287 scans (99·3%) had 1 mm slice thickness. Unlike with the derivation cohort, missing or outlier QCTs 

were replaced with the median values from the validation cohort; other missing data was imputed. 

Statistical analysis 

Statistical analysis was performed in R (version 3·4·3). Cox proportional hazards regression was 

performed to derive the models. As each participant could have multiple causes of death, competing 

risks were not considered in our analysis. The level of significance for including variables in the model 

was set at α1=0·20; first-degree fractional polynomials were considered for continuous variables 

(α2=0·05) (29). Three parsimonious models were derived for each outcome: a “survey model” (self-

reported patient characteristics only), “CT model” (nodule features, QCTs of CVD and COPD, age, and 

sex), and “final model” (all variables). An additional “nodule model” was derived for predicting LC 

incidence (patient characteristics and nodule features). The proportional hazards assumption for each 

model was tested by correlating Schoenfeld residuals with time (30). A graphical diagnostic assessment 

was performed in cases where there were indications for dependence between residuals and time (p < 

0.05). 



Beta coefficients, hazard ratios, estimated baseline hazard functions, and calibrated equations to 

estimate survival probabilities are reported in the supplement (“Risk model equations” section). For the 

purpose of testing accuracy, Kaplan Meier curves were plotted for each model; each was divided into 

low-risk (quantiles less than 0·5), medium-risk (quantiles 0·5 to 0·9), and high-risk (quantiles greater 

than 0·9) groups. Sensitivity, specificity, positive predictive value, and negative predictive value were 

calculated at the 0, 0.1, 0·25, 0·5, 0·75, and 0·9 quantile cut-off points at one-, two-, three-, and five-

years follow-up time (Tables S1, S2). The time-dependent area under the receiver operating 

characteristics curve (AUC) and pointwise 95% confidence intervals were calculated; statistical 

comparison of AUCs were performed using the bootstrap test for paired samples (500 times). 

Calibration was tested using calibration plots, where the estimated survival probabilities were plotted 

against the actual survival probabilities. Survival time decision curve analyses are included in the 

supplement (Figures S7, S8) (31). 

Comparisons of the variables’ distributions between the derivation and validation cohorts was 

performed using the Student’s t-test (normally distributed continuous variables), Mann-Whitney U test 

(non-normally distributed continuous variables), or Pearson’s chi-squared test (categorical variables). 

Effect sizes were reported in the form of the adjusted coefficient of determination (r2) for continuous 

variables (small effect size, 0·01 < ES < 0·09; medium effect size, 0·09 < ES < 0·25; large effect size, ES > 

0·25) and Cramér’s V (φc) for categorical variables (small, 0·1 < ES < 0·3; medium, 0·3 < ES < 0·5; large, ES 

> 0·5) (32,33). Nodule spiculation (yes vs no) was not available in the validation cohort and was given a 

value of 0; the number of first-degree family members with LC was binarized (0 vs ≥1). 

The same tests used to assess accuracy and calibration in the derivation cohort were used in the 

validation cohort. The mean and 90th quantile of absolute errors were measured as additional measures 

of calibration. Internal validation in the form of AUC bootstrap was performed for the CVD and COPD 



mortality models to assess optimism. Linear regression was performed to assess trends between risk 

scores. 

The discriminatory performance of our LC incidence and CVD mortality models were compared to the 

Brock nodule risk model (34) and the CVD event risk model by Mets et al. (35), respectively. Due to a 

lack of clinical and spirometry data, existing tools for predicting COPD mortality could not be calculated 

for comparison. Comparisons between two models were considered statistically significant when a p-

value < 0·05 was calculated. 

More details on the methods can be found in the supplement. 

Results 

Cohort demographics 
We formed a derivation cohort of 23096 resampled participants (Figure S1), where 923 were diagnosed 

with LC (4·0%), 392 were LC deaths (1·7%), 635 CVD deaths (2·7%), 177 COPD deaths (0·8%), and 518 

deaths from other causes (2·2%). 10·9% of the participants that died (118/1080) had multiple causes of 

death (LC, CVD, and/or COPD). The validation cohort consisted of 2287 participants, where 108 were 

diagnosed (4·7%) and 48 died of LC (2·1%), 54 died of CVD (2·4%), and 13 died of COPD (0·6%). 

Descriptive statistics within and between cohorts are summarized in Table 1. The distribution of all but 

one variable (97·3% [36/37]) between the derivation and validation cohorts were significantly different 

(p<0·05) due to different selection criteria, but the effect sizes were small (<0·09) in 92% of the variables 

(34/37) (32). This indicates that the observed effect may be due to a large sample size and should not be 

overvalued. 

Table 2 reports the models’ time dependent AUCs, Table S7 summarizes the variables included in each 

model, and more model details can be found in Tables S8 to S21. Other measures of accuracy are 

reported in Tables S1 (derivation cohort) and S2 (validation cohort). Models were abbreviated based on 

disease (LC, CVD, or COPD), event type (i [incidence] or m [mortality]), and variables considered (survey, CT, 



or final) (also given in Table 2 footnotes). Statistical testing suggested that nodule features violated the 

proportional hazards assumption, but graphical assessment only demonstrated a weak pattern with 

time and was not considered to be an issue (Figure S2). 

LC incidence 
Information extracted from CT scans significantly outperformed self-reported characteristics for the 

stratification of LC incidence in the derivation cohort, but the difference in discriminative performance 

decreased with time (Tables 2, S1, S2, Figures 1, S4): LCiCT’s AUC dropped from 93·1% (95% confidence 

interval: 91·4 to 94·9%) to 82·5% (80·9 to 84·0%) between one- and five-years follow-up whereas that of 

LCisurvey remained stable at 69·6% (66·4 to 72·8%) and 70·6% (68·8 to 72·4%), respectively. The AUC of 

LCifinal was significantly greater than that of LCiCT from three years’ follow-up onwards. LCinodule 

performed equivalently to LCiCT at all timepoints. The full Brock model with spiculation (calibrated to the 

NLST by Winter et al. (31)) was significantly inferior to LCinodule and LCifinal at all timepoints (33).  

External validation of the LC incidence models did not result in a significant difference between LCifinal 

and LCiCT, though LCinodule was inferior to both at three and five years’ follow-up (Table 2, Figure S3). The 

full Brock model without spiculation was significantly inferior to LCinodule, LCiCT, and LCifinal at all 

timepoints (33). External calibration of NLST-calibrated LC incidence models in the MILD cohort revealed 

that the mean absolute error across the models was no greater than 0·004 (0·9 quantile = 0·004 to 

0.008) (Table S5). NLST- and MILD-calibrated calibration plots are displayed in Figures S9 and S10, 

respectively. 

Participants with a higher LCifinal risk very often also had a higher LCmfinal risk (NLST cohort r2 = 0·90 [0·90 

to 0·91); MILD cohort r2 = 0·88 [0·86 to 0·89]) (Table S5). Similar discriminative performance trends were 

seen between the models for predicting LC mortality (Table S3, Figures S3, S6). 

CVD and COPD mortality 
CT models for CVD and COPD mortality risk prediction had an equivalent discriminative performance to 

the survey models in the derivation cohort (Tables 2, S1, Figures 2, 3): At one-year follow-up, CVDmCT 



(73·6% [95% confidence interval: 67·9 to 79·3%]) and COPDmCT (83·6% [73·2 to 94·1%]) had (not 

significantly) lower AUCs than CVDmsurvey (74·4% [68·5 to 80·3%]) and COPDmsurvey (86·6% [72·0 to 

100%]), respectively. For both outcomes, the final models were significantly superior to the survey and 

CT models in the third and fifth years of follow-up. Three years after the baseline scan, the model for 

three-year risk of CVD event by Mets et al. (34) was statistically inferior to both CVDmCT and CVDmfinal. 

At three years’ follow-up in the validation cohort, the CVDmCT AUC was significantly higher than that of 

CVDmsurvey, CVDmfinal, and the model by Mets et al. (34). CVDmCT also had the narrowest confidence 

intervals (Table 2, Figure S5), which is in line with CVDmCT also having the lowest mean absolute error 

for externally predicted probabilities (0·001; 0·9 quantile = 0·002) (Table S5). 

To compensate for a lack of external validation, internal validation of the COPD mortality models 

showed an optimism of no greater than -0·002 at one-year follow-up and 0·006 at five-years follow-up; 

this indicates a lack of overfitting (Table S4). 

Event probability estimates 
Among half of the participants in the derivation cohort with the lowest LCifinal, CVDmfinal, and COPDmfinal 

risks, the average five-year probabilities of each outcome occurring were 0·6% (61/11181), 0·5% 

(54/11272), and 0·02% (2/11166), respectively (Table S1). Among the 10% with the highest risks, the 

probabilities were 18·4% (393/2136), 8·2% (172/2102), and 4·0% (82/2033), respectively. 

In the validation cohort, half of the validation cohort with the lowest LCifinal risk had a five-year LC 

incidence of 0·8% (9/1130); for the half with the lowest CVDmfinal risk, the CVD mortality probability was 

0·4% (4/1139). The respective event probabilities among the 10% of the participants with the highest 

model risk probabilities were 12.9% and 3·2% (Table S2). Figure 4 visualizes the event probability 

estimates (calibrated to the relevant cohort) across percentiles. 



Discussion 

Overall performance of models 
We developed and validated risk models for predicting LC incidence, CVD mortality, and COPD mortality. 

These models are the first to combine objective QCTs of LC, CVD, and COPD, namely a consistent 

backbone of parameters beyond variability of self-reporting (13–16,18,19,36). The added value of the CT 

predictors to self-reported patient characteristics was quantified by comparing performances of models 

without one or the other group of variables (Table 2, Figure 1). The discriminative ability of each model 

at various cut-off points and timepoints was reported to aid in the selection of thresholds (Tables S1, S2, 

Figures 1-3, S12). 

For predicting events beyond one year of follow-up, LCifinal was significantly superior to all other LC 

incidence models in the derivation cohort (Table 2). In the validation cohort, LCiCT performed 

equivalently to LCifinal; both models performed better than LCinodule from three years’ follow-up onwards. 

This suggests that, depending on the cohort, patient characteristics may not improve LC incidence 

model discrimination or only contribute to long-term predictions. 

For CVD and COPD mortality prediction, the value of combining patient characteristics with CT 

information in the derivation cohort significantly improved performance compared to either alone at 

three and five years’ follow-up (Table 2). In the validation cohort, CVDmCT performed best at year three 

of follow-up but there was no significant differences between the CVD mortality risk models at year five. 

Although the combination of patient characteristics and QCTs appeared more beneficial for COPD 

mortality prediction (Table S4), the lack of external validation is a limitation preventing claims on 

reproducibility. 

External models 
We compared our LC incidence models to the Brock model and our CVD mortality models to the model 

by Met et al. (34,35); our CT and final models consistently outperformed the relevant external models. 

Though these external models were deemed to be the most suitable for comparison, we acknowledge 



that the comparisons were not completely fair: the Brock model provides malignancy risk scores for 

individual nodules (and is therefore not suited for nodule-free participants) (34), and the model by Mets 

et al. (35) provides three-year risk probabilities for CVD events (including non-fatal diseases). 

Assessment of model predictors 
QCTs of LC, CVD, and COPD were predictive of LC incidence, but nodule features did not improve the 

performance of CVD and COPD mortality outcomes. For LC incidence risk prediction, nodule features – 

especially nodule diameter – is the most important group of predictors for short-term (≤ 2 years); QCTs 

of CVD and COPD were significant predictors but only increased the accuracy by a small amount (five-

year difference in AUC LCifinal and LCinodule = 0·019) (Tables 2, S10, S11, Figure 1). Similar findings were 

described in the Manchester Lung Health Check pilot (37). All three final models included age, mean 

lung density, emphysema score, Pi10, and transthoracic aorta calcium volume as predictors, suggesting 

that the contribution of inflammatory lung and vascular damage might be linked into a phenotypical 

pattern which facilitates one of the selected outcomes. 

Another finding in our study is that the beta coefficients of aorta calcium mean density and coronary 

calcium mean density were negative in all applicable models (Tables S9, S10, S17, S18, S20, S21). This is 

noteworthy because the Agatston score (coronary calcium volume multiplied by the density factor) is 

the standard for measuring calcium scores (38). Two recent studies found that calcified atherosclerotic 

plaques with a higher density are an indication of stability and were therefore negatively correlated with 

the CVD event risk (39,40). To the best of our knowledge, our study is the first to support this claim in 

non-gated CT images. Note that the calcium mean density of the aortic and mitral valves had positive 

beta coefficients which indicates that these biomarkers play a different role in CVD. 

An important aspect of this study is that the QCTs of CVD and COPD were obtained fully automatically. 

Being the only externally calibrated model that did not require human input, the CVDmCT model also 

happened to have the lowest mean absolute error (Table S5). This indicates that the QCTs of CVD and 



COPD were the most objective and reliable predictors, independent of cohort. We used nodule features 

reported by radiologists for this study, but algorithms have already been developed that characterize 

nodules automatically (41,42). The presented models could be useful to select participants with a very 

high risk for a specific disease and prompt referral to the appropriate specialist. 

Clinical relevance 
Pulmonary nodule management guidelines recommend additional scans or more invasive tests for 

detected nodules with a higher malignancy potential (43–45). Assuming the standard screening interval 

of one year, the added value of our LC incidence models is not to refine nodule management guidelines 

but to downgrade LC risk among screening participants (Figure S13). In practice, participants with a 

lower LC risk may be recommended a longer interval before their next screening round. 

Figure S13 visualizes the costs and benefits if half of the NLST CT cohort with the lowest LCifinal risk had 

been instructed to return for their second screening round two instead of one year after baseline (19). 

To take it a step further, instructing one fourth of both the NLST and MILD cohorts with the lowest LCifinal 

risk to return after five years would have delayed the LC diagnosis in fewer than 4% (28/756) of the 

cases (Table S1, S2). Fewer true negative and false positive screening tests without significantly reducing 

the number of screen-detected LCs would improve the overall efficiency of screening. 

Besides focusing on LC, the idea of expanding screening to include CVD and COPD is not new (46,47). 

There are secondary prevention drug and lifestyle options with long-term benefits for both CVD and 

COPD, but studies have demonstrated no added value of screening for early signs of disease (38,48). 

This may be associated with the selection process, where most of the intervention group do not have a 

sufficiently high a-priori risk to benefit from the intervention. Our CVD mortality and COPD mortality risk 

models can be used to refine such a selection procedure, perhaps prompting referral to a specialist. 

Apart from lifestyle recommendations, the current COPD treatments are symptom dependent (48). 

Drugs are generally recommended for patients with a 10-year CVD death risk greater than 5% (38); the 



Dutch-Belgian screening (NELSON) trial found that 43 to 64% of participants with an intermediate-to-

high risk of CVD events did not receive antihypertensive drugs or statins (49). The selection of 

participants for secondary preventative interventions against CVD and COPD should remain relatively 

specific (e.g., top 10% risk quantile) to avoid overtreatment. If lung cancer is diagnosed, CVD and COPD 

mortality risk can also be considered when evaluating treatment options such as chemotherapy 

(cardiotoxicity) and surgery (cardiopulmonary fitness). 

Future directions 
The present analysis is based on the baseline CT only. From the subsequent screening round onwards, 

repeat scans enable the quantification of the longitudinal evolution of chest abnormalities. Future 

models should consider the rate of change between two scans to further improve prediction accuracy. If 

performed in parallel, outcomes from other screening modalities should also be considered. 

Building upon the notion that not all participants will benefit from LC screening, a future study should 

attempt to identify such a subgroup for reevaluating their screening eligibility. We performed a shallow 

analysis where a composite model consisting of LCifinal, CVDmfinal, and COPDmfinal probabilities was used 

to identify participants with a high risk of LC-free death (Supplement subsection “Combining disease-

specific risk probabilities: an assessment of Figures S11 and S12”). This group may be identifiable based 

on a relatively low LC risk and high risk for competing deaths. 

Limitations 
The main limitation of this study is the low (<100) frequency of each event of interest in the validation 

cohort. However, besides the NLST, the MILD data set is larger than other publicly available CT screening 

cohorts. It is furthermore difficult to estimate model performance in a prospective setting because there 

are many other variables that influenced the outcomes, e.g., inclusion criteria, follow-up protocols, and 

all additional tests and interventions performed outside of the screening setting. It is likely that 

participants’ CVD and COPD risk were (externally) assessed at some point during the trial period, which 

may have affected diagnostic follow-up decisions for some; the contribution of QCTs of CVD and COPD 



in our LC risk models may therefore be underestimated. The presented risk models have been calibrated 

to NLST and MILD data but will likely require retraining or recalibration for other screening programs. 

Though not prone to reader variability, the accuracy of the extracted QCTs is unclear. This especially 

applies to scans with slice thickness greater than 1 mm. The fact that the CT scans were not ECG-gated 

reduces the reliability of calcium scores. 

Another limitation is that only nodule features from the nodule with the longest diameter were 

considered. Including the features of multiple nodules may improve predictions but would increase the 

number of variables to consider, possibly leading to overfitting. It was also attempted to model features 

which were available in any nodule as done in another study (19), but this did not improve the model 

accuracy. Finally, presence of nodule spiculation was not recorded by the MILD cohort and could 

therefore not be used to validate the relevant models.  

Conclusion 
In conclusion, we developed time-dependent risk models for predicting LC incidence, CVD mortality, and 

COPD mortality using combinations of self-reported patient characteristics and QCTs of LC, CVD, and 

COPD among pre-selected LC screening participants. The added value of using QCTs of CVD and COPD to 

improve LC incidence predictions were statistically significant but may not be clinically relevant within 

three years’ follow-up. In turn, the accuracy of the CVD and COPD mortality models were not influenced 

by nodule features. When CT information is already available for predicting events within the next two 

years, it may not be worthwhile to collect patient characteristics for risk stratification purposes in 

certain screening populations. 

The LC incidence models offer the possibility to personalize screening intervals to two or more years 

among low-risk participants. The CVD mortality and COPD mortality models can be used to refer a 

select, high-risk group for clinical work-up or to consider treatment contraindications. With the 

possibility to automate the extraction of imaging features, the human workload can be decreased while 



optimizing personalized recommendations. As expected in a screening setting, most participants should 

be given high assurance of safety and a relatively small target selection should be watched closely.  
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Tables 
Table 1: Distribution of variables in the derivation and validation cohorts 

Variables Derivation cohort 
(NLST) 

 Validation cohort 
(MILD) 

 Inter-cohort 
statistics 

 Deceased (n=1598) Non-deceased 
(n=21498) 

Deceased (n=154) Non-deceased 
(n=2133) 

P-value, effect 
sizea 

Patient characteristics     

Age (SD), years 63·6 (5·5) 61·2 (4·9) 62·0 (6·6) 57·2 (5·7) <0·001, 0·036 
Female sex (%) 473 (29·7) 9036 (42·0) 37 (24·0) 688 (32·3) <0·001, 0·055 
Race or ethnicity     <0·001, 0·100 
     White (%) 1430 (89·8) 19247 (89·5) 154 (100) 2129 (99·8)  
     Black (%) 89 (5·6) 962 (4·5) 0 (0) 0 (0)  
     Asian (%) 20 (1·3) 528 (2·5) 0 (0) 2 (0·1)  
     Hispanic (%) 11 (0·7) 331 (1·5) 0 (0) 1 (0·0)  
     Mixed or other (%) 42 (2·6) 436 (2·0) 0 (0) 1 (0·0)  
Educational level (SD), 0-5 2·5 (1·6) 2·7 (1·5) 1·2 (1·4)c 1·4 (1·4)c <0·001, 0·067 
BMI (IQR), kg/m2 27·0 (24·0 to 30·7) 27·3 (24·4 to 30·5) 25·9 (23·1 to 28·4) 25·7 (23·5 to 28·4) <0·001, 0·015 
Current smoker (%) 934 (58·7) 10085 (46·9) 115 (74·7) 1451 (68·0) <0·001, 0·119 
Smoking intensity (IQR), pack years 56 (44 to 80) 48 (39 to 66) 46 (37 to 66) 39 (31 to 50) <0·001, 0·024 
Smoking duration (SD), years 43·5 (7·4) 39·5 (7·3) 43·1 (7·0) 37·9 (6·6) <0·001, 0·004 
Smoking quit time (IQR), yearsb 7 (3 to 11) 6 (2 to 11) 5 (3 to 7) 5 (3 to 8) <0·001, 0·034 
Lung cancer in family     0·059, <0·001 

1 (%) 292 (18·3) 3937 (18·3) 32 (20·8) 517 (24·2)  
≥2 (%) 71 (4·5) 671 (3·1) NA NA  

Work asbestos (%) 119 (7·5) 956 (4·4) 11 (7·1) 181 (8·5) <0·001, 0·049 
COPD diagnosis (%) 433 (27·2) 3732 (17·4) 41 (26·6) 248 (11·6) <0·001, 0·040 
Asthma diagnosis (%) 174 (10·9) 2086 (9·7) 16 (10·4) 138 (6·5) <0·001, 0·033 
Diabetes diagnosis (%) 256 (16·1) 1951 (9·1) 20 (13·0) 111 (5·2) <0·001, 0·038 
Heart disease diagnosis (%) 342 (21·5) 3560 (16·6) 36 (23·4) 244 (11·4) <0·001, 0·003 
Hypertension diagnosis (%) 675 (42·4) 7353 (34·2) 60 (39·0) 565 (26·5) <0·001, 0·045 
Stroke diagnosis (%) 98 (6·2) 525 (2·4) 8(5·2) 14 (0·7) <0·001, 0·032 

Nodule CT features      



Nodule attenuation     <0·001, 0·186 
No nodule (%) 1106 (69·2) 15790 (73·4) 65 (42·2) 933 (43·7)  
Solid (%) 394 (24·6) 4394 (20·4) 65 (42·2) 950 (44·5)  
Partsolid (%) 30 (1·9) 343 (1·6) 5 (3·2) 56 (2·6)  
Nonsolid (%) 68 (4·1) 971 (4·5) 19 (12·3) 194 (9·1)  

Longest diameter (IQR), mmb 8 (6 to 13) 6 (5 to 9) 6·7 (3·9 to 11·1) 4·9 (3·1 to 7·4) <0·001, 0·006 
Perpendicular diameter (IQR), mmb 6 (4 to 10) 5 (4 to 7) 5·0 (2·8 to 7·7) 3·9 (2·8 to 5·6) <0·001, 0·007 
Nodule in upper lobe (%)b 233 (44·7) 3351 (38·7) 49 (61·3) 474 (39·5) <0·001, 0·105 
Nodule spiculation (%)b 111 (21·3) 708 (11·7) NA NA NA 
Nodule count (IQR)b 1 (1 to 2) 1 (1 to 2) 1 (1 to 2) 1 (1 to 2) <0·001, 0·006 

Quantitative CT measures of CVD    
Coronary calcium volume (IQR), mm3 184 (30 to 681) 45 (0 to 259) 109 (8 to 505) 22 (0 to 141) <0·001, 0·004 
Coronary mean calcium density (IQR), HU 213 (226 to 266) 206 (0 to 250) 279 (205 to 340) 254 (0 to 309) <0·001, 0·006 
Transthoracic aorta calcium volume (IQR), 
mm3 

1089 (305 to 3002) 389 (85 to 1238) 900 (182 to 2646) 190 (43 to 642) <0·001, 0·004 

Transthoracic aorta mean calcium density 
(IQR), HU 

324 (274 to 376) 311 (250 to 378) 436 (388 to 508) 434 (361 to 523) <0·001, 0·035 

Mitral valve calcium volume (IQR), mm3 0 (0 to 11) 0 (0 to 0) 0 (0 to 2) 0 (0 to 0) <0·001, 0·004 
Mitral valve mean calcium density (IQR), HU 0 (0 to 190) 0 (0 to 0) 0 (0 to 216) 0 (0 to 0) <0·001, 0·001 
Aortic valve calcium volume (IQR), mm3 0 (0 to 15) 0 (0 to 0) 0 (0 to 14) 0 (0 to 0) <0·001, <0·001 
Aortic valve mean calcium density (IQR), HU 0 (0 to 177) 0 (0 to 0) 0 (0 to 233) 0 (0 to 0) 0·014, <0·001 

Quantitative CT measures of COPD    

Total lung volume (IQR), liters 5·68 (4·69 to 6·77) 5·38 (4·52 to 6·40) 5·98 (5·18 to 6·84) 5·92 (5·08 to 6·83) <0·001, 0·011 
Mean lung density (IQR), HU -836 (-858 to -810) -839 (-858 to -815) -846 (-862 to -825) -846 (-861 to -828) <0·001, 0·007 
Emphysema score (IQR) 0·5 (0·1 to 2·9) 0·2 (0·1 to 1·1) 0·1 (0·0 to 0·5) 0·0 (0·0 to 0·2) <0·001, 0·047 
Pi10 (IQR) 3·0 (2·5 to 3·5) 2·7 (2·3 to 3·3) 2·5 (2·3 to 2·9) 2·4 (2·1 to 2·6) <0·001, 0·056 
a Student’s t-test and coefficient of determination (r2) for continuous variables with a normal distribution; Mann-Whitney U test and r2 for continuous 

variables with a non-normal distribution; Pearson’s chi-squared test and Cramér’s V for categorical variables. 

b Of those applicable; regarding nodule features, applies to only the nodule with the longest diameter. 

c On a scale of 0 to 4. 



Continuous variables with a normal distribution are given in mean and SD; continuous variables with a non-normal distribution are given in median and IQR; 

categorical variables are given in %. Educational level: a categorical variable applied as a continuous variable, where 0 = did not complete high school, 1 = 

high school graduate, 2 = post high school training but no college, 3 = some college, 4 = bachelor’s degree, and 5 = graduate school or higher. Lung cancer in 

family: number of first-degree family members diagnosed with lung cancer (a value of “2” was given when two or more family members were diagnosed). 

COPD diagnosis: includes prior diagnosis of COPD, emphysema, and/or chronic bronchitis. Mean lung density was centered at -1000. 

BMI, body-mass index; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; HU, Hounsfield units; IQR, interquartile range; MILD, 

Multicentric Italian Lung Detection; NA, not applicable; NLST, National Lung Screening Trial; Pi10, measure of bronchial wall thickness; SD, standard 

deviation. 



Table 2: Models’ accuracy in the NLST and MILD cohorts 

Model 1-year AUC, % P value 3-year AUC, % P value 5-year AUC, % P value 

NLST cohort (derivation)    

LCisurvey 69·6 (66·4-72·8) <·001 69·8 (67·7-71·9) <·001 70·6 (68·8-72·4) <·001 

LCiCT 93·1 (91·4-94·9) ·170 84·8 (83·1-86·5) ·031 82·5 (80·9-84·0) <·001 

LCifinal 93·7 (92·0-95·4) Ref. 85·9 (84·3-87·5) Ref. 84·0 (82·6-85·5) Ref. 

LCinodule 93·3 (91·4-95·1) ·276 84·5 (82·7-86·3) <·001 82·1 (80·4-83·7) <·001 

Brock 2b (34)* 92·1 (89·9-94·4) ·069 80·3 (78·1-82·5) <·001 77·0 (75·0-78·9) <·001 

CVDmsurvey 74·4 (68·5-80·3) ·366 74·5 (71·6-77·4) <·001 74·9 (72·7-77·1) <·001 

CVDmCT 73·6 (67·9-79·3) ·034 77·1 (74·1-80·1) ·002 76·3 (74·1-78·5) <·001 

CVDmfinal 76·4 (70·9-82·0) Ref. 79·5 (76·6-82·3) Ref. 79·1 (77·0-81·2) Ref. 

Mets et al. 

(35) 

69·7 (63·4-75·9) ·005 72·9 (69·6-76·1) <·001 72·6 (70·1-75·0) <·001 

COPDmsurvey 86·6 (72·0-101·2) ·410 88·3 (84·0-92·6) ·028 87·5 (84·3-90·6) <·001 

COPDmCT 83·6 (73·2-94·1) ·049 87·1 (82·7-91·5) ·002 87·9 (84·8-91·0) <·001 

COPDmfinal 89·6 (80·5-98·6) Ref. 91·3 (87·9-94·7) Ref. 92·3 (90·1-94·5) Ref. 

MILD cohort (validation)    

LCisurvey 75·2 (61·3-89·0) ·008 75·8 (68·0-83·5) ·167 74·7 (68·0-81·4) ·103 

LCiCT 89·7 (81·5-97·9) ·621 79·9 (72·5-87·2) ·575 80·1 (74·2-86·0) ·909 

LCifinal 90·2 (81·0-99·5) Ref. 80·8 (73·7-87·9) Ref. 79·9 (73·9-85·8) Ref. 

LCinodule 89·2 (80·1-98·4) ·200 79·1 (71·6-86·5) ·014 77·5 (71·3-83·8) ·005 

Brock 1b (34) 81·5 (70·4-92·5) ·022 68·1 (58·9-77·2) <·001 67·6 (60·2-75·0) <·001 

CVDmsurvey NA NA 76·1 (60·2-92·1) ·902 74·8 (62·2-87·5) ·619 

CVDmCT NA NA 83·8 (68·3-99·4) ·034 72·1 (61·1-83·2) ·992 

CVDmfinal NA NA 76·8 (56·9-96·7) Ref. 72·2 (60·4-84·0) Ref. 

Mets et al. 

(35) 

NA NA 65·9 (34·7-97·2) ·078 63·7 (49·1-78·4) ·163 

Pointwise 95% AUC confidence intervals are reported in brackets; p values were obtained from the 

bootstrap test for paired samples compared to the final model’s AUC for the same outcome and 

timepoint. 



AUC, receiver operating characteristic area under the curve; Brock 1b, full LC incidence model without 

spiculation (34); Brock 2b, full LC incidence model with spiculation (34); COPD, chronic obstructive 

pulmonary disease; COPDmCT, COPD mortality CT model; COPDmfinal, final COPD mortality model; 

COPDmsurvey, COPD mortality survey model; CVD, cardiovascular disease; CVDmCT, CVD mortality survey 

model; CVDmfinal, final CVD mortality model; CVDmsurvey, CVD mortality survey model; LC, lung cancer; 

LCiCT, LC incidence CT model; LCifinal, final LC incidence model; LCisurvey, LC incidence survey model; LCmCT, 

LC mortality CT model; LCmfinal, final LC mortality model; LCmsurvey, LC mortality survey model; Mets et 

al., 3-year CVD risk model (35); MILD, Multicentric Italian Lung Detection; NA, not applicable; NLST, 

National Lung Screening Trial; Ref., reference value. 

* Calibrated by Winter et al. (32). 

  



Figure legends 
Figure 1: Lung cancer disease-free survival Kaplan Meier curves in the derivation cohort (NLST). Graph 

and risk table showing the performance of the lung cancer incidence models. The risk from each model 

is stratified into three risk quantiles divided at the 50th and 90th percentiles. 

LCiCT, lung cancer incidence CT model; LCifinal, final lung cancer incidence model; LCisurvey, lung cancer 

incidence survey model; NLST, National Lung Screening Trial. 

Figure 2: CVD death survival Kaplan Meier curves in the derivation cohort (NLST). Graph and risk table 

showing the performance of the CVD mortality models. The risk from each model is stratified into three 

risk quantiles divided at the 50th and 90th percentiles. 

CVD, cardiovascular disease; CVDmCT, CVD mortality CT model; CVDmfinal, final CVD mortality model; 

CVDmsurvey, CVD mortality survey model; NLST, National Lung Screening Trial. 

Figure 3: COPD death survival Kaplan Meier curves in the derivation cohort (NLST). Graph and risk table 

showing the performance of the COPD mortality models. The risk from each model is stratified into 

three risk quantiles divided at the 50th and 90th percentiles. 

COPD, chronic obstructive pulmonary disease; COPDmCT, COPD mortality CT model; COPDmfinal, final 

COPD mortality model; COPDmsurvey, COPD mortality survey model; NLST, National Lung Screening 

Trial. 

Figure 4: Line plots of the calibrated five-year event probability estimates for all final models. 

The highest event probabilities were: LCifinal (NLST) = 60·2%, LCmfinal (NLST) = 58·6%, CVDmfinal (NLST) 

= 56·0%, COPDmfinal (NLST) = 26·0%, LCifinal (MILD) = 54·7%, LCmfinal (MILD) = 24·9%, and CVDmfinal 

(MILD) = 9·6%. Models were derived in the NLST cohort and validated in the MILD cohort. Models were 

calibrated to five years’ follow-up in their respective cohorts. 

COPD, chronic obstructive pulmonary disease; COPDmfinal, final COPD mortality model; CVD, 

cardiovascular disease; CVDmfinal, final CVD mortality model; LCifinal, final lung cancer incidence 

model; MILD, Multicentric Italian Lung Detection; NLST, National Lung Screening Trial. 
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Methods 
Data selection (NLST) 
We obtained baseline patient characteristics, nodule features, follow-up outcomes, and chest CT images 

from National Lung Screening Trial (NLST) participants. The data was cleaned (missing data was given 

blank values) and new patient characteristics variables were created, i.e., body mass index (BMI), time 

since smoking quit, number of first-degree family members diagnosed with lung cancer, diagnosis of any 

cancer prior to trial, the follow-up time from randomization to event or date last known alive, and 

disease-specific causes of death (as determined by the endpoint verification process [EVP] and death 

certificate). Lung cancer mortality and incidence were provided; we also utilized the 10th revision [ICD-

10] codes to determine cardiovascular disease (CVD) (I00-I99) and chronic obstructive pulmonary 

disease (COPD) (J40-J47). A participant was considered to have a CVD or COPD death if either the EVP or 

death certificate considered the underlying, immediate, or antecedent cause of death to be such. This 

meant that it was possible for a participant to die of multiple causes and therefore count as an event 

across models predicting different outcomes. This was done because COPD deaths are underreported as 

the primary cause of death but not as a secondary cause of death (1).  

In the NLST data set, the variables race, ethnicity and education were separated into the following 

categories: Race was divided into White, Black or African-American, Asian, American Indian or Alaskan 

native, Native Hawaiian or other Pacific Islander, and more than one race; ethnicity was binary: Hispanic 

or Latino, or neither; educational level completed ranged from 8th grade or less, 9th to 11th grade, high 

school graduate or General Educational Development, post high school training (excluding college), 

associate degree or some college, bachelor’s degree, graduate school, and other. As most other studies 

and models did not record race and ethnicity as separate variables, we merged ethnicity with race by 

allocating all participants who had both a Hispanic or Latino ethnicity and White race into a new race 

category (Hispanic or Latino). Furthermore, due to the low prevalence (<1%) of the race groups 

“American Indian or Alaskan native” and “Native Hawaiian or other Pacific Islander” and the ambiguity 

of the “mixed” race group, the three were merged to form the “mixed or other” group. To make the 

education variable more applicable to other educational systems and due to their low frequencies, “8th 

grade or less” and “9th to 11th grade” were merged as “did not complete high school,” and “graduate 

school” and “other” were merged to “graduate school or higher.” Furthermore, education is a 

categorical variable but was applied as a continuous variable similar to in the PLCOm2012 (2); “11th grade 

or less” was set zero, plus one per increase in level up to five. 

Age (years) and sex (male vs female) were considered for all models. Detailed patient characteristics 

(which would normally only be obtained via a survey) were race or ethnicity (White, Black or African-

American, Asian, Hispanic or Latino, or mixed or other), educational level (range: 0 to 5), BMI (kg/m2), 

smoking status (current vs former), smoking intensity (pack years), smoking duration (years), smoking 

quit time (years, 0 if current smoker), number of first-degree family members diagnosed with lung 

cancer (range: 0 to 2 [a value of “2” was given when two or more family members were diagnosed due 

to a very low prevalence of those with three or more]), exposure to asbestos at work for at least one 

year (yes vs no), and the prior diagnosis of chronic obstructive pulmonary disease (COPD), asthma (child 

or adult), diabetes, heart disease, hypertension, and stroke (yes vs no). The prior diagnosis of COPD was 
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also considered positive if the subject had a prior diagnosis of chronic bronchitis and/or emphysema. 

The NLST listed other diseases in their survey, but these were not available in the MILD cohort and were 

therefore not considered for modelling. 

The list of prospectively detected pulmonary nodules as reported by radiologists who participated in the 

NLST was used. The following nodule features were considered in our study: longest diameter (mm), 

longest perpendicular diameter (mm), attenuation (solid [soft tissue], nonsolid [ground glass], or 

partsolid [mixed]), upper lobe location (yes vs no), spiculation (yes vs no), and nodule count. If more 

than one nodule was recorded, the features of the nodule with the longest diameter was used; subjects 

who did not have a nodule were given a null value for all nodule features. Note that the NLST only 

reported non-calcified nodules of at least 4 mm in longest diameter. Nodules reported to have a longest 

diameter of 20 mm or greater were visually inspected and corrected if necessary. 

Validation data set preparation (MILD) 
We obtained baseline patient characteristics, nodule features, follow-up outcomes, and chest CT images 

from Multicentric Italian Lung Detection (MILD) trial participants. The data was cleaned (missing data 

was given blank values) and the variables were created and transformed to be interchangeable with that 

of the NLST. Educational level was available in five levels: elementary school graduate, middle school 

graduate, high school graduate, university attendee, business school graduate, and bachelor’s degree. 

“elementary school graduate” and “middle school graduate” were classified as “did not complete high 

school,” “university attendee” was classified as “post high school training (excluding college),” and 

“business school graduate” was classified as “associate degree or some college.” The “first-degree family 

members diagnosed with lung cancer” variable only mentions whether there was at least one or none; 

the exact number is not given. All other patient characteristics variables selected from the NLST were 

available. 

We utilized the MILD data set of lung nodules retrospectively detected using computer-aided diagnosis, 

which does not correspond to the data set of nodules retrospectively detected by computer-aided 

diagnosis (3,4). Only a maximum of five nodules were reported per scan per time point; nodules only 

counted in the nodule count if larger than or equal to 20 mm3 in volume. The same nodule features as 

from the NLST were considered except for spiculation, which was not available and therefore given a 

null value when applicable. The longest perpendicular diameter was considered the longest diameter in 

one of the other two planes which was not the plane which the longest diameter was measured.  

Quantitative CT measures 
The CT images were used to obtain quantitative CT measures (QCT) of CVD – calcium volume and mean 

density of the coronary arteries, mitral valve, aortic valve, and transthoracic aorta (5,6) – and chronic 

obstructive pulmonary disease (COPD) – lung volume, mean lung density, normalized emphysema score 

(the percentage of lung voxels below -950 HU after resampling the CT images to 3mm slice thickness, 

normalization, and bullae analysis) (7), and bronchial wall thickness (Pi10, the square root of the airway 

wall area for a theoretical 10mm lumen perimeter airway derived using the linear regression of the 

square root of segmented wall area against the lumen perimeter) (8). As quality control, cases with 
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extreme outlier values were excluded, i.e., mean lung density > -300 HU, mean lung density < -1000 HU, 

Pi10 < 0·8, and Pi10 > 6·5· 

Data set formation 
The primary NLST subject inclusion criterion was the availability of a baseline CT image of slice thickness 

≤2·5 mm. Participants with missing data on lung cancer incidence, death status, time of event, nodule 

features, QCTs of CVD, or QCTs of COPD were excluded from the NLST cohort (Figure 1). All remaining 

participants who were diagnosed with lung cancer, all who died within the study period, and a random 

sample of all other participants from the CT screening cohort up to a maximum of 15000 unique subjects 

were included in the NLST cohort. This was due to the limit of NLST CT images used for one project set 

by the Cancer Data Access System, project ID “NLST-437· Subsequently, the proportion of non-deceased 

participants without a lung cancer diagnosed were resampled without replacement to simulate the full 

NLST cohort. This was calculated by taking the proportion of deceased or participants diagnosed with 

lung cancer included in our study out of those in the CT arm with a baseline scan, then applying that 

proportion to the non-deceased participants without a lung cancer diagnosis in the CT arm with a 

baseline scan to obtain the total number of non-deceased participants without a lung cancer diagnosis 

who should be included after resampling. This was to maintain the original probabilities of events which 

occurred in the NLST, in turn preventing the models from overestimating the risk. Resampling was not 

necessary for the validation cohort as there were no limitations on CT image usage. Furthermore, almost 

all CT images from MILD were available in 1 mm slice thickness (2271/2287, 99·3%). 

Mean lung density was centered to –1000 HU (i.e., 1000 was added to the actual value of the mean lung 

density) to circumvent modelling issues with negative values. 

Multiple imputation using the ‘mice’ function (R package ‘mice’, ‘cart’ method) was performed to 

impute missing data using classification and regression trees. Of the 15000 NLST subjects included in the 

NLST data set (before resampling), there was missing data from race (n=13), education (n=21), BMI 

(n=41), first-degree family history of lung cancer (n=623), exposure to asbestos at work (n=20), and the 

prior diagnoses of COPD (n=43), asthma (n=15), diabetes (n=14), heart disease (n=33), hypertension 

(n=16), and stroke (n=14). 

2303 subjects were considered for the validation cohort. Of these, 8/2303 (0·3%) were not part of the 

first screening round and 9/2303 (0·4%) were missing baseline scans. Of the 2287 subjects included, 

some QCTs of CVD (n=24) and Pi10 values (n=132) could not be extracted from the scans; in contrast to 

excluding these cases as was done with the NLST cohort, the missing values were replaced with the 

corresponding median values from the MILD cohort set to avoid excluding cases.  

Within each cohort, comparison of the individual variables’ distributions between deceased and non-

deceased participants was performed using the Student’s t-test (normally distributed continuous 

variables), Mann-Whitney U test (non-normally distributed continuous variables), or N-1 χ2 test 

(categorical variables). A smaller p-value indicates that the group means are less likely to be equal. 

Normality of each continuous variable was visually assessed from a quantile-quantile plot (Q-Q plot) 

using the ‘ggqqplot’ function (R package ‘ggpubr’). 
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Regression analysis 
The primary outcomes considered for model derivation were lung cancer mortality, CVD mortality, 

COPD mortality, and lung cancer incidence. For each outcome, parsimonious Cox proportional 

regression models were first derived using each group of variables (i.e., patient characteristics, nodule 

features, QCTs of CVD, and QCTs of COPD). Subsequently, the variables which were included in the 

nodule features, QCTs of CVD, and QCTs of COPD models were considered for the (parsimonious) CT 

model (i.e., without patient characteristics obtained via survey). Finally, the variables from the Survey 

(patient characteristics only) and the CT models were used to derive the (parsimonious) Final model. For 

the outcomes lung cancer incidence and lung cancer mortality, an additional Nodule model was derived 

(patient characteristics and nodule features). Age (years) and sex (male vs female) were considered for 

all models. Overall model quality was estimated using the Akaike information criterion (AIC), where a 

lower value indicates a better model. Only the results from the Survey, CT, and Final models are 

reported. 

Variables for parsimonious models were selected using a backward selection process; the level of 

significance for including variables in the model was set at α1=0·20· This process used the following 

functions: the ‘surv’ function (R package ‘survival’) creates a survival object in the model formula; the 

‘mfp’ function (R package ‘mfp’) selected fractional polynomials for continuous variables (significance 

for selecting individual fractional polynomials which improved the model accuracy was set to α2=0·05) 

(9); the ‘ggcoxfunctional’ function (R package ‘survminer’) was used to visually assess the non-linearity 

of individual continuous variables. To avoid over-fitting, only first-degree fractional polynomials were 

permitted (no more than one power in addition to the linear term); an exception was made where 

second-degree fractional polynomials were considered for nodule diameter variables due to its much 

superior predictive strength compared to other nodule features (10,11). For the lung cancer incidence 

outcome, Cox regression was performed using the ‘coxph’ function (R package ‘survival’); the test for 

proportional hazards was performed using the ‘cox.zph’ function (R package ‘survival’). The linear 

predictor – the sum of the model variables multiplied by their respective coefficients – from the Cox 

proportional hazards regression model was considered the prognostic index. 

As each participant could have multiple causes of death, competing risks were not considered in our 

analysis. The proportional hazards assumption for each model was tested by correlating Schoenfeld 

residuals with time. A graphical diagnostic assessment was performed in cases where there were 

indications for dependence between residuals and time (p < 0.05). 

Assessing discrimination and calibration 
Survival plots were created using the ‘survfit’ (R package ‘survival’) and ‘plot’ functions. Time-dependent 

area under the receiver operating characteristics curve (AUC) were measured using the ‘timeROC’ 

function (R package ‘timeROC). Pointwise 95% confidence intervals for the AUCs are reported. AUCs 

were statistically compared using the roc.test function (R package ‘pROC’) using the bootstrap method 

for paired samples (500 times); a p-value < 0·05 was considered a statistically significant difference. The 

sensitivity, specificity, positive predictive value, and negative predictive value at each cut-off point 

(including 95% confidence intervals) were obtained through the ‘SeSpPPVNPV’ function (R package 

‘timeROC’) at one, two, three, and five years (median follow-up time in the NLST was 6·5 years (12)). For 
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clinical utility, survival time decision curve analysis was performed at five-years’ follow-up using ‘stdca’ 

function (R package ‘ddsjoberg/dca’) (13).  

The baseline hazard function for each primary outcome was estimated by first obtaining the hazard at 

each time point (time after the baseline scan) using ‘survfit’ function (R package ‘survival’). A linear 

regression model (‘lm’ function) with second degree factorial polynomials (‘mfp’ function) of time was 

derived to estimate the cumulative hazard function. When all model variables equal zero, the hazard 

function equals the baseline hazard function. By replacing the baseline hazard function in each Cox 

proportional hazards regression model with the estimated baseline hazard function at the timepoint in 

question, the cumulative hazard function and survival function of each outcome could be estimated.  

With the estimated survival functions, the models’ calibration were inspected using the ‘val.surv’ and 

‘groupkm’ functions (R package ‘rms’). A calibration plot shows the expected five-year survival versus 

the actual survival, where perfect calibration would be a perfectly diagonal line between the top right 

and bottom left corners. Logistic recalibration was subsequently performed by obtaining the estimated 

and actual survival functions from the ‘val.surv’ function and fitting a linear regression model (‘lm’ 

function) without factorial polynomials to produce coefficients for the intercept and slope. The models’ 

survival probabilities were first recalibrated to the NLST cohort for one-, two-, three-, or five-years 

cumulative event survival; this calibration coefficients were applied when testing the calibration in the 

MILD cohort, for which the mean absolute error in predicted probabilities and 90th quantile of absolute 

errors were measured. The models’ intercept and slope were subsequently recalibrated (logistic 

recalibration) to provide the best-fit survival cumulative probability estimates for the MILD cohort 

(“provided in the Risk model equations section”).  

Note that the given recalibration equations given per model varies depending on the time frame for 

estimating cumulative survival (or event) probability (one-, two-, three-, or five-years). Also, while 

probability estimates should theoretically only have a value between 0 and 1, the provided equations 

may give negative event probability estimates; for practical purposes, these should be rounded to zero. 

External validation 
The MILD data set was used to externally validate our models (14)(15)(16)(17). The variable distributions 

between the two data sets were compared using the Student’s t-test, Mann-Whitney U test, or 

Pearson’s chi-squared test where applicable. In addition to a p-value, the effect size (ES) was also 

reported: For Student’s and Wilcoxon-Mann-Whitney tests, the coefficient of determination (r2) was 

calculated (ES interpretation: small, 0·01 < ES < 0·09; medium, 0·09 < ES < 0·25; large, ES > 0·25); for chi-

squared tests, Cramér’s V (φc) was used (ES interpretation: small, 0·1 < ES < 0·3; medium, 0·3 < ES < 0·5; 

large, ES > 0·5) (18)(19). A larger ES points towards a larger difference in magnitude of the variable’s 

distribution between the two data sets, assuming that all other variables are equally distributed. 

Variables whose distributions were significantly different but which have small effect sizes indicate that 

the observed effect may be due to a large sample size. Variables which were included in the models but 

were not available from the MILD data set were given a value of zero; this only applied to nodule 

spiculation (yes vs no). 
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The same tests used assess discrimination and calibration in the NLST cohort were used in the MILD 

cohort. Likely due to the lack of mortality data (no immediate or antecedent causes of death available) 

in the MILD data set, the number of COPD deaths were insufficient for validation purposes (n=2 at five-

years follow-up). For this reason, internal validation was performed for the COPD mortality prediction 

models (see “Internal validation”). 

Internal validation 
Internal validation was performed for the COPD mortality prediction models (Survey, CT, and Final) 

which had insufficient COPD death events in the MILD data set (n=2 and n=0 at five-years follow-up). 

This was done by creating a bootstrap sample, deriving a new model using the same variables, and 

testing the performance (AUC) on the bootstrap sample (the “derivation” data set) and the original data 

set (the “validation” data set). This process was repeated 1000 times to obtain a mean and 95% 

confidence intervals for each model at one, two, three, and five years follow-up. As the “bootstrap 

sample AUC” is usually greater than the “original sample AUC”; the difference is the model’s 

“optimism”. Optimism in a new sample means that the model is overfitting; a lower value indicates that 

the model is more likely to retain its performance in an external data set. 

Trends between risk models 
Linear regression was performed to obtain the adjusted coefficients of determination (r2) between each 

pair of risk models’ linear predictor (‘lm’ function). 95% confidence interval were obtained using the 

‘corr.test’ function using Holm's method of adjustment (R package ‘psych’). r2 is defined as the 

proportion of variance from the dependent variable that can be predicted from the independent 

variable. It ranges from 0 to 1, where a value closer to 1 indicates a better prediction. 

Comparison to existing models 
The discriminatory performance of our LC incidence and CVD mortality models were compared to the 

Brock nodule risk model (20) and the three-year CVD events risk model by Mets et al. (21), respectively. 

Brock model 2b (full model with spiculation) calibrated by Winter et al. (19) was used to compare to the 

LC incidence models in the derivation cohort, and the Brock model 1b (full model without spiculation) 

was compared to the models in the validation cohort. To the best of our knowledge, no existing risk 

models for predicting COPD mortality which do not consider spirometry outcomes were available for 

comparison. Results were considered statistically significant when a p-value < 0·05 was calculated. 

Risk probability combinations 
To give direction to future studies, we used the calibrated risk scores of the three final models to 

attempt to predict whether a participant is likely to encounter one of three mutually exclusive outcomes 

within five years: LC incidence or death, LC-free survival, or LC-free death. This division was created to 

attempt to find a subgroup of screening participants who are unlikely to benefit from LC screening. 

More specifically, those with a low risk of being diagnosed with LC and a high risk of dying from another 

cause. 

Multinomial logistic regression (R package ‘nnet’) was used to calculate participants’ probabilities of 

encountering each of the mutually exclusive outcomes (where the sum of the three probabilities equals 
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1). A scatter plot with trendlines was created to visualize the trend between the combination of disease-

specific risk scores and the risk of each mutually exclusive outcome. This analysis was performed for 

both cohorts.
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Results 
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Table S1: Models’ discriminatory performance in the derivation cohort (NLST) 
Cut-off quantile 
(centered linear 
predictor) (event 
risk estimate [%]) 

Follow
-up 
time 

Deaths (%) Survivors (%) Event 
probability, 
% 

Sensitivity, % (95% CI) Specificity, % (95% 
CI) 

Positive 
predictive 
value, % (95% 
CI) 

Negative predictive 
value, % (95% CI) 

NNS 

Lung cancer incidence, Survey        

0 (-2·766)(0·05) 1-year 249 (100·0) 22698 (100·0) 1·09 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 1·1 (0·9 to 1·2) 100·0 (100·0 to 100·0) 92 

 (0·08) 2-year 401 (100·0) 22373 (100·0) 1·76 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 1·7 (1·6 to 1·9) 100·0 (100·0 to 100·0) 56 

 (0·10 3-year 571 (100·0) 21974 (100·0) 2·53 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 2·5 (2·3 to 2·7) 100·0 (100·0 to 100·0) 39 

 (0·13) 5-year 756 (100·0) 21203 (100·0) 3·44 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 3·3 (3·1 to 3·6) 100·0 (100·0 to 100·0) 29 

0·1 (-0·995)(0·30) 1-year 243 (97·6) 20402 (89·9) 1·18 93·2 (90·0 to 96·3) 25·2 (24·7 to 25·8) 1·3 (1·2 to 1·5) 99·7 (99·6 to 99·8) 84 

 (0·52) 2-year 392 (97·8) 20088 (89·8) 1·91 93·5 (91·1 to 95·9) 25·5 (24·9 to 26·0) 2·2 (2·0 to 2·4) 99·6 (99·4 to 99·7) 52 

 (0·70) 3-year 556 (97·4) 19706 (89·7) 2·74 93·2 (91·1 to 95·2) 25·7 (25·2 to 26·3) 3·1 (2·9 to 3·4) 99·3 (99·1 to 99·5) 36 

 (0·96) 5-year 739 (97·8) 18963 (89·4) 3·75 93·7 (91·9 to 95·4) 26·2 (25·6 to 26·8) 4·2 (3·9 to 4·5) 99·2 (98·9 to 99·4) 26 

0·25 
(-0·512)(0·49) 

1-year 232 (93·2) 16970 (74·8) 1·35 75·5 (70·1 to 80·9) 50·4 (49·7 to 51·0) 1·6 (1·4 to 1·9) 99·5 (99·3 to 99·6) 74 

 (0·85) 2-year 375 (93·5) 16677 (74·5) 2·20 76·1 (71·9 to 80·2) 50·7 (50·0 to 51·3) 2·7 (2·4 to 3·0) 99·2 (99·0 to 99·3) 45 

 (1·14) 3-year 532 (93·2) 16324 (74·3) 3·16 76·5 (73·1 to 80·0) 51·1 (50·4 to 51·7) 3·9 (3·5 to 4·2) 98·8 (98·6 to 99·0) 31 

 (1·57) 5-year 708 (93·7) 15652 (73·8) 4·33 77·0 (74·0 to 80·0) 51·7 (51·1 to 52·4) 5·2 (4·8 to 5·6) 98·5 (98·3 to 98·7) 23 

0·5 (0·003)(0·83) 1-year 188 (75·5) 11269 (49·6) 1·64 75·5 (70·1 to 80·9) 50·4 (49·7 to 51·0) 1·6 (1·4 to 1·9) 99·5 (99·3 to 99·6) 60 

 (1·42) 2-year 305 (76·1) 11037 (49·3) 2·69 76·1 (71·9 to 80·2) 50·7 (50·0 to 51·3) 2·7 (2·4 to 3·0) 99·2 (99·0 to 99·3) 37 

 (1·91) 3-year 437 (76·5) 10758 (49·0) 3·90 76·5 (73·1 to 80·0) 51·1 (50·4 to 51·7) 3·9 (3·5 to 4·2) 98·8 (98·6 to 99·0) 25 

 (2·63) 5-year 582 (77·0) 10234 (48·3) 5·38 77·0 (74·0 to 80·0) 51·7 (51·1 to 52·4) 5·2 (4·8 to 5·6) 98·5 (98·3 to 98·7) 18 

0·75 (0·531)(1·40) 1-year 124 (49·8) 5601 (24·7) 2·17 49·8 (43·6 to 56·0) 75·3 (74·8 to 75·9) 2·2 (1·8 to 2·5) 99·3 (99·2 to 99·4) 46 

 (2·40) 2-year 207 (51·6) 5447 (24·3) 3·66 51·6 (46·7 to 56·5) 75·7 (75·1 to 76·2) 3·6 (3·1 to 4·1) 98·9 (98·7 to 99·0) 27 

 (3·22) 3-year 288 (50·4) 5277 (24·0) 5·18 50·4 (46·3 to 54·5) 76·0 (75·4 to 76·6) 5·1 (4·5 to 5·7) 98·4 (98·2 to 98·6) 19 

 (4·42) 5-year 382 (50·5) 4960 (23·4) 7·15 50·5 (47·0 to 54·1) 76·6 (76·0 to 77·2) 6·9 (6·2 to 7·6) 97·8 (97·6 to 98·0) 13 

0·9 (0·975)(2·17) 1-year 73 (29·3) 2210 (9·7) 3·20 29·3 (23·7 to 35·0) 90·3 (89·9 to 90·7) 3·2 (2·5 to 3·9) 99·2 (99·0 to 99·3) 31 

 (3·72) 2-year 110 (27·4) 2138 (9·6) 4·89 27·4 (23·0 to 31·8) 90·4 (90·0 to 90·8) 4·9 (4·0 to 5·7) 98·6 (98·4 to 98·7) 20 

 (4·97) 3-year 153 (26·8) 2044 (9·3) 6·96 26·8 (23·2 to 30·4) 90·7 (90·3 to 91·1) 6·9 (5·8 to 7·9) 98·0 (97·8 to 98·2) 14 

 (6·81) 5-year 195 (25·8) 1882 (8·9) 9·39 25·8 (22·6 to 28·9) 91·1 (90·7 to 91·5) 9·1 (7·9 to 
10·3) 

97·3 (97·1 to 97·5) 10 

Lung cancer incidence, CT        

0 (-3·122)(-0·69) 1-year 249 (100·0) 22698 (100·0) 1·09 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 1·1 (0·9 to 1·2) 100·0 (100·0 to 100·0) 92 
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 (-0·52) 2-year 401 (100·0) 22373 (100·0) 1·76 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 1·7 (1·6 to 1·9) 100·0 (100·0 to 100·0) 56 

 (-0·33) 3-year 571 (100·0) 21974 (100·0) 2·53 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 2·5 (2·3 to 2·7) 100·0 (100·0 to 100·0) 39 

 (0·01) 5-year 756 (100·0) 21203 (100·0) 3·44 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 3·3 (3·1 to 3·6) 100·0 (100·0 to 100·0) 29 

0·1 
(-0·954)(-0·32) 

1-year 248 (99·6) 20402 (89·9) 1·20 99·6 (98·8 to 100·4) 10·1 (9·7 to 10·5) 1·2 (1·0 to 1·4) 100·0 (99·9 to 100·0) 83 

 (-0·06) 2-year 400 (99·8) 20084 (89·8) 1·95 99·8 (99·3 to 100·2) 10·2 (9·8 to 10·6) 1·9 (1·7 to 2·1) 100·0 (99·9 to 100·0) 51 

 (0·21) 3-year 568 (99·5) 19700 (89·7) 2·80 99·5 (98·9 to 100·1) 10·4 (9·9 to 10·8) 2·8 (2·5 to 3·0) 99·9 (99·7 to 100·0) 35 

 (0·74) 5-year 751 (99·3) 18961 (89·4) 3·81 99·3 (98·7 to 99·9) 10·6 (10·2 to 11·0) 3·7 (3·4 to 3·9) 99·8 (99·6 to 100·0) 26 

0·25 
(-0·554)(-0·12) 

1-year 248 (99·6) 16965 (74·7) 1·44 99·6 (98·8 to 100·4) 25·3 (24·7 to 25·8) 1·4 (1·3 to 1·6) 100·0 (99·9 to 100·0) 69 

 (0·19) 2-year 397 (99·0) 16660 (74·5) 2·33 99·0 (98·0 to 100·0) 25·5 (25·0 to 26·1) 2·3 (2·1 to 2·5) 99·9 (99·9 to 100·0) 42 

 (0·52) 3-year 558 (97·7) 16303 (74·2) 3·31 97·7 (96·5 to 98·9) 25·8 (25·2 to 26·4) 3·3 (3·0 to 3·5) 99·8 (99·7 to 99·9) 30 

 (1·14) 5-year 733 (97·0) 15622 (73·7) 4·48 96·9 (95·7 to 98·2) 26·3 (25·7 to 26·9) 4·3 (4·0 to 4·6) 99·6 (99·4 to 99·8) 22 

0·5 (-0·120)(0·21) 1-year 242 (97·2) 11227 (49·5) 2·11 97·2 (95·1 to 99·2) 50·5 (49·9 to 51·2) 2·1 (1·8 to 2·4) 99·9 (99·9 to 100·0) 47 

 (0·61) 2-year 374 (93·3) 10971 (49·0) 3·30 93·2 (90·8 to 95·7) 51·0 (50·3 to 51·6) 3·3 (2·9 to 3·6) 99·8 (99·7 to 99·9) 30 

 (1·01) 3-year 519 (90·9) 10679 (48·6) 4·63 90·9 (88·5 to 93·2) 51·4 (50·7 to 52·1) 4·6 (4·2 to 5·0) 99·6 (99·4 to 99·7) 21 

 (1·80) 5-year 669 (88·5) 10128 (47·8) 6·20 88·4 (86·1 to 90·7) 52·2 (51·6 to 52·9) 6·0 (5·5 to 6·4) 99·2 (99·1 to 99·4) 16 

0·75 (0·397)(0·85) 1-year 222 (89·2) 5504 (24·2) 3·88 89·2 (85·3 to 93·0) 75·8 (75·2 to 76·3) 3·9 (3·4 to 4·4) 99·8 (99·8 to 99·9) 25 

 (1·40) 2-year 325 (81·0) 5325 (23·8) 5·75 81·0 (77·2 to 84·8) 76·2 (75·7 to 76·7) 5·7 (5·1 to 6·3) 99·6 (99·5 to 99·7) 17 

 (1·96) 3-year 430 (75·3) 5126 (23·3) 7·74 75·2 (71·7 to 78·8) 76·7 (76·1 to 77·2) 7·6 (6·9 to 8·3) 99·2 (99·0 to 99·3) 12 

 (3·05) 5-year 525 (69·4) 4806 (22·7) 9·85 69·3 (66·0 to 72·6) 77·3 (76·8 to 77·9) 9·5 (8·7 to 
10·3) 

98·7 (98·5 to 98·8) 10 

0·9 (1·022)(2·20) 1-year 209 (83·9) 2081 (9·2) 9·13 83·9 (79·4 to 88·5) 90·8 (90·5 to 91·2) 9·1 (7·9 to 
10·3) 

99·8 (99·8 to 99·9) 10 

 (3·08) 2-year 281 (70·1) 1981 (8·9) 12·42 70·0 (65·5 to 74·5) 91·2 (90·8 to 91·5) 12·3 (11·0 to 
13·7) 

99·4 (99·3 to 99·5) 8 

 (3·94) 3-year 336 (58·8) 1879 (8·6) 15·17 58·7 (54·7 to 62·7) 91·5 (91·1 to 91·8) 14·9 (13·5 to 
16·4) 

98·9 (98·7 to 99·0) 6 

 (5·64) 5-year 394 (52·1) 1749 (8·2) 18·39 51·9 (48·3 to 55·4) 91·8 (91·4 to 92·1) 17·8 (16·2 to 
19·4) 

98·2 (98·1 to 98·4) 5 

Lung cancer incidence, Final        

0 (-3·042)(-0·62) 1-year 249 (100·0) 22698 (100·0) 1·09 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 1·1 (0·9 to 1·2) 100·0 (100·0 to 100·0) 92 

 (-0·47) 2-year 401 (100·0) 22373 (100·0) 1·76 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 1·7 (1·6 to 1·9) 100·0 (100·0 to 100·0) 56 

 (-0·34) 3-year 571 (100·0) 21974 (100·0) 2·53 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 2·5 (2·3 to 2·7) 100·0 (100·0 to 100·0) 39 

 (-0·08) 5-year 756 (100·0) 21203 (100·0) 3·44 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 3·3 (3·1 to 3·6) 100·0 (100·0 to 100·0) 29 
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0·1 
(-1·156)(-0·37) 

1-year 248 (99·6) 20391 (89·8) 1·20 99·6 (98·8 to 100·4) 10·2 (9·8 to 10·6) 1·2 (1·0 to 1·4) 100·0 (99·9 to 100·0) 83 

 (-0·14) 2-year 400 (99·8) 20070 (89·7) 1·95 99·8 (99·3 to 100·2) 10·3 (9·9 to 10·7) 1·9 (1·7 to 2·1) 100·0 (99·9 to 100·0) 51 

 (0·07) 3-year 569 (99·6) 19681 (89·6) 2·81 99·7 (99·2 to 100·1) 10·4 (10·0 to 10·9) 2·8 (2·6 to 3·0) 99·9 (99·8 to 100·0) 35 

 (0·48) 5-year 753 (99·6) 18936 (89·3) 3·82 99·6 (99·1 to 100·1) 10·7 (10·3 to 11·1) 3·7 (3·4 to 3·9) 99·9 (99·7 to 100·0) 26 

0·25 
(-0·639)(-0·16) 

1-year 246 (98·8) 16947 (74·7) 1·43 98·8 (97·4 to 100·1) 25·3 (24·8 to 25·9) 1·4 (1·2 to 1·6) 100·0 (99·9 to 100·0) 69 

 (0·12) 2-year 395 (98·5) 16642 (74·4) 2·32 98·5 (97·3 to 99·7) 25·6 (25·1 to 26·2) 2·3 (2·1 to 2·5) 99·9 (99·8 to 100·0) 43 

 (0·39) 3-year 554 (97·0) 16288 (74·1) 3·29 97·0 (95·6 to 98·4) 25·9 (25·3 to 26·5) 3·2 (3·0 to 3·5) 99·7 (99·6 to 99·8) 30 

 (0·92) 5-year 731 (96·7) 15603 (73·6) 4·48 96·7 (95·4 to 97·9) 26·4 (25·8 to 27·0) 4·3 (4·0 to 4·6) 99·6 (99·4 to 99·7) 22 

0·5 (-0·079)(0·22) 1-year 243 (97·6) 11217 (49·4) 2·12 97·6 (95·7 to 99·5) 50·6 (49·9 to 51·2) 2·1 (1·9 to 2·4) 100·0 (99·9 to 100·0) 47 

 (0·60) 2-year 385 (96·0) 10947 (48·9) 3·40 96·0 (94·1 to 97·9) 51·1 (50·4 to 51·7) 3·4 (3·0 to 3·7) 99·9 (99·8 to 99·9) 29 

 (0·98) 3-year 526 (92·1) 10647 (48·5) 4·71 92·1 (89·9 to 94·3) 51·6 (50·9 to 52·2) 4·6 (4·2 to 5·0) 99·6 (99·5 to 99·7) 21 

 (1·73) 5-year 692 (91·5) 10086 (47·6) 6·42 91·5 (89·5 to 93·5) 52·4 (51·8 to 53·1) 6·2 (5·8 to 6·7) 99·4 (99·3 to 99·6) 15 

0·75 (0·523)(0·94) 1-year 229 (92·0) 5497 (24·2) 4·00 92·0 (88·6 to 95·3) 75·8 (75·2 to 76·3) 4·0 (3·5 to 4·5) 99·9 (99·8 to 99·9) 25 

 (1·52) 2-year 335 (83·5) 5312 (23·7) 5·93 83·5 (79·9 to 87·1) 76·3 (75·7 to 76·8) 5·9 (5·3 to 6·5) 99·6 (99·5 to 99·7) 16 

 (2·10) 3-year 445 (77·9) 5103 (23·2) 8·02 77·9 (74·4 to 81·3) 76·8 (76·2 to 77·3) 7·9 (7·2 to 8·6) 99·3 (99·1 to 99·4) 12 

 (3·26) 5-year 560 (74·1) 4745 (22·4) 10·56 73·9 (70·8 to 77·1) 77·6 (77·1 to 78·2) 10·2 (9·4 to 
11·0) 

98·9 (98·7 to 99·0) 9 

0·9 (1·157)(2·34) 1-year 209 (83·9) 2079 (9·2) 9·13 83·9 (79·4 to 88·5) 90·9 (90·5 to 91·2) 9·1 (7·9 to 
10·3) 

99·8 (99·8 to 99·9) 10 

 (3·29) 2-year 282 (70·3) 1982 (8·9) 12·46 70·3 (65·8 to 74·7) 91·2 (90·8 to 91·5) 12·4 (11·0 to 
13·7) 

99·4 (99·3 to 99·5) 8 

 (4·24) 3-year 340 (59·5) 1881 (8·6) 15·31 59·4 (55·4 to 63·4) 91·5 (91·1 to 91·8) 15·1 (13·6 to 
16·6) 

98·9 (98·7 to 99·0) 6 

 (6·14) 5-year 393 (52·0) 1743 (8·2) 18·40 51·7 (48·1 to 55·3) 91·8 (91·4 to 92·2) 17·8 (16·2 to 
19·4) 

98·2 (98·0 to 98·4) 5 

Lung cancer incidence, Nodule        

0 (-2·445)(-0·65) 1-year 249 (100·0) 22698 (100·0) 1·09 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 1·1 (0·9 to 1·2) 100·0 (100·0 to 100·0) 92 

 (-0·47) 2-year 401 (100·0) 22373 (100·0) 1·76 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 1·7 (1·6 to 1·9) 100·0 (100·0 to 100·0) 56 

 (-0·28) 3-year 571 (100·0) 21974 (100·0) 2·53 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 2·5 (2·3 to 2·7) 100·0 (100·0 to 100·0) 39 

 (0·06) 5-year 756 (100·0) 21203 (100·0) 3·44 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 3·3 (3·1 to 3·6) 100·0 (100·0 to 100·0) 29 

0·1 
(-1·029)(-0·36) 

1-year 248 (99·6) 20395 (89·9) 1·20 99·6 (98·8 to 100·4) 10·2 (9·8 to 10·5) 1·2 (1·0 to 1·4) 100·0 (99·9 to 100·0) 83 

 (-0·11) 2-year 399 (99·5) 20077 (89·7) 1·95 99·5 (98·8 to 100·2) 10·3 (9·9 to 10·7) 1·9 (1·7 to 2·1) 99·9 (99·8 to 100·0) 51 
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 (0·15) 3-year 566 (99·1) 19688 (89·6) 2·79 99·1 (98·4 to 99·9) 10·4 (10·0 to 10·8) 2·8 (2·5 to 3·0) 99·8 (99·6 to 100·0) 35 

 (0·63) 5-year 750 (99·2) 18940 (89·3) 3·81 99·2 (98·6 to 99·8) 10·7 (10·3 to 11·1) 3·7 (3·4 to 3·9) 99·7 (99·5 to 99·9) 26 

0·25 
(-0·587)(-0·16) 

1-year 244 (98·0) 16955 (74·7) 1·42 98·0 (96·2 to 99·7) 25·3 (24·7 to 25·9) 1·4 (1·2 to 1·6) 99·9 (99·8 to 100·0) 70 

 (0·15) 2-year 394 (98·3) 16656 (74·4) 2·31 98·3 (97·0 to 99·5) 25·6 (25·0 to 26·1) 2·3 (2·1 to 2·5) 99·9 (99·8 to 100·0) 43 

 (0·45) 3-year 553 (96·8) 16305 (74·2) 3·28 96·8 (95·4 to 98·3) 25·8 (25·2 to 26·4) 3·2 (3·0 to 3·5) 99·7 (99·6 to 99·8) 30 

 (1·05) 5-year 728 (96·3) 15629 (73·7) 4·45 96·3 (94·9 to 97·6) 26·3 (25·7 to 26·9) 4·3 (4·0 to 4·6) 99·5 (99·3 to 99·7) 22 

0·5 (-0·084)(0·22) 1-year 241 (96·8) 11213 (49·4) 2·10 96·8 (94·6 to 99·0) 50·6 (50·0 to 51·2) 2·1 (1·8 to 2·4) 99·9 (99·9 to 100·0) 47 

 (0·62) 2-year 371 (92·5) 10965 (49·0) 3·27 92·5 (89·9 to 95·1) 51·0 (50·3 to 51·6) 3·2 (2·9 to 3·6) 99·7 (99·6 to 99·8) 30 

 (1·03) 3-year 510 (89·3) 10671 (48·6) 4·56 89·3 (86·7 to 91·8) 51·4 (50·8 to 52·1) 4·5 (4·1 to 4·9) 99·5 (99·3 to 99·6) 21 

 (1·81) 5-year 663 (87·7) 10136 (47·8) 6·14 87·6 (85·3 to 90·0) 52·2 (51·5 to 52·9) 5·9 (5·5 to 6·4) 99·2 (99·0 to 99·3) 16 

0·75 (0·442)(0·88) 1-year 230 (92·4) 5491 (24·2) 4·02 92·4 (89·1 to 95·7) 75·8 (75·3 to 76·4) 4·0 (3·5 to 4·5) 99·9 (99·8 to 99·9) 24 

 (1·45) 2-year 336 (83·8) 5321 (23·8) 5·94 83·8 (80·1 to 87·4) 76·2 (75·7 to 76·8) 5·9 (5·3 to 6·5) 99·6 (99·5 to 99·7) 16 

 (2·01) 3-year 435 (76·2) 5125 (23·3) 7·82 76·1 (72·6 to 79·6) 76·7 (76·1 to 77·2) 7·7 (7·0 to 8·4) 99·2 (99·1 to 99·3) 12 

 (3·12) 5-year 539 (71·3) 4810 (22·7) 10·08 71·1 (67·9 to 74·4) 77·3 (76·7 to 77·9) 9·7 (8·9 to 
10·5) 

98·7 (98·6 to 98·9) 9 

0·9 (1·023)(2·13) 1-year 211 (84·7) 2075 (9·1) 9·23 84·7 (80·3 to 89·2) 90·9 (90·5 to 91·2) 9·2 (8·0 to 
10·4) 

99·8 (99·8 to 99·9) 10 

 (3·00) 2-year 280 (69·8) 1983 (8·9) 12·37 69·8 (65·2 to 74·3) 91·1 (90·8 to 91·5) 12·3 (10·9 to 
13·6) 

99·4 (99·3 to 99·5) 8 

 (3·86) 3-year 337 (59·0) 1887 (8·6) 15·15 58·9 (54·8 to 62·9) 91·4 (91·0 to 91·8) 14·9 (13·5 to 
16·4) 

98·9 (98·7 to 99·0) 6 

 (5·56) 5-year 384 (50·8) 1761 (8·3) 17·90 50·5 (46·9 to 54·1) 91·7 (91·3 to 92·1) 17·3 (15·7 to 
18·9) 

98·2 (98·0 to 98·4) 5 

Lung cancer mortality, Survey        

0 (-2·736)(0·01) 1-year 23 (100·0) 22920 (100·0) 0·10 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·1 (0·1 to 0·1) 100·0 (100·0 to 100·0) 997 

 (0·02) 2-year 70 (100·0) 22697 (100·0) 0·31 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·3 (0·2 to 0·4) 100·0 (100·0 to 100·0) 325 

 (0·02) 3-year 132 (100·0) 22407 (100·0) 0·59 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·6 (0·5 to 0·7) 100·0 (100·0 to 100·0) 170 

 (0·04) 5-year 259 (100·0) 21683 (100·0) 1·18 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 1·2 (1·0 to 1·3) 100·0 (100·0 to 100·0) 84 

0·1 (-1·133)(0·04) 1-year 22 (95·7) 20619 (90·0) 0·11 95·7 (87·3 to 104·0) 10·1 (9·7 to 10·4) 0·1 (0·1 to 0·1) 100·0 (99·9 to 100·0) 938 

 (0·08) 2-year 68 (97·1) 20406 (89·9) 0·33 97·2 (93·2 to 101·1) 10·1 (9·7 to 10·5) 0·3 (0·3 to 0·4) 99·9 (99·8 to 100·0) 301 

 (0·13) 3-year 128 (97·0) 20128 (89·8) 0·63 97·0 (94·0 to 99·9) 10·2 (9·8 to 10·6) 0·6 (0·5 to 0·7) 99·8 (99·7 to 100·0) 158 

 (0·25) 5-year 254 (98·1) 19428 (89·6) 1·29 98·1 (96·4 to 99·7) 10·4 (10·0 to 10·8) 1·3 (1·1 to 1·4) 99·8 (99·6 to 100·0) 77 

0·25 
(-0·584)(0·06) 

1-year 21 (91·3) 17169 (74·9) 0·12 91·3 (79·8 to 102·8) 25·1 (24·5 to 25·7) 0·1 (0·1 to 0·2) 100·0 (99·9 to 100·0) 818 
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 (0·13) 2-year 65 (92·9) 16968 (74·8) 0·38 92·9 (86·8 to 98·9) 25·2 (24·7 to 25·8) 0·4 (0·3 to 0·5) 99·9 (99·8 to 100·0) 262 

 (0·22) 3-year 123 (93·2) 16714 (74·6) 0·73 93·2 (88·9 to 97·5) 25·4 (24·8 to 26·0) 0·7 (0·6 to 0·8) 99·8 (99·7 to 99·9) 136 

 (0·44) 5-year 245 (94·6) 16074 (74·1) 1·50 94·6 (91·9 to 97·4) 25·9 (25·3 to 26·5) 1·5 (1·3 to 1·6) 99·8 (99·6 to 99·9) 66 

0·5 (-0·006)(0·11) 1-year 19 (82·6) 11430 (49·9) 0·17 82·6 (67·1 to 98·1) 50·1 (49·5 to 50·8) 0·2 (0·1 to 0·2) 100·0 (99·9 to 100·0) 602 

 (0·24) 2-year 55 (78·6) 11267 (49·6) 0·49 78·6 (69·0 to 88·2) 50·4 (49·7 to 51·0) 0·5 (0·4 to 0·6) 99·9 (99·8 to 99·9) 205 

 (0·39) 3-year 106 (80·3) 11066 (49·4) 0·95 80·3 (73·5 to 87·1) 50·6 (50·0 to 51·3) 0·9 (0·8 to 1·1) 99·8 (99·7 to 99·8) 105 

 (0·79) 5-year 204 (78·8) 10567 (48·7) 1·89 78·8 (73·8 to 83·8) 51·3 (50·6 to 51·9) 1·8 (1·6 to 2·1) 99·5 (99·4 to 99·6) 52 

0·75 (0·593)(0·20) 1-year 16 (69·6) 5699 (24·9) 0·28 69·6 (50·7 to 88·4) 75·1 (74·6 to 75·7) 0·3 (0·1 to 0·4) 100·0 (99·9 to 100·0) 357 

 (0·43) 2-year 44 (62·9) 5600 (24·7) 0·78 62·9 (51·5 to 74·2) 75·3 (74·8 to 75·9) 0·8 (0·5 to 1·0) 99·9 (99·8 to 99·9) 128 

 (0·71) 3-year 77 (58·3) 5476 (24·4) 1·39 58·3 (49·9 to 66·7) 75·6 (75·0 to 76·1) 1·4 (1·1 to 1·7) 99·7 (99·6 to 99·8) 72 

 (1·45) 5-year 149 (57·5) 5146 (23·7) 2·81 57·5 (51·5 to 63·5) 76·3 (75·7 to 76·8) 2·7 (2·3 to 3·2) 99·4 (99·2 to 99·5) 35 

0·9 (1·118)(0·33) 1-year 9 (39·1) 2269 (9·9) 0·40 39·1 (19·2 to 59·1) 90·1 (89·7 to 90·5) 0·4 (0·1 to 0·6) 99·9 (99·9 to 100·0) 253 

 (0·73) 2-year 23 (32·9) 2216 (9·8) 1·03 32·8 (21·8 to 43·8) 90·2 (89·8 to 90·6) 1·0 (0·6 to 1·4) 99·8 (99·7 to 99·8) 97 

 (1·20) 3-year 40 (30·3) 2147 (9·6) 1·83 30·3 (22·4 to 38·1) 90·4 (90·0 to 90·8) 1·8 (1·3 to 2·4) 99·6 (99·5 to 99·6) 54 

 (2·43) 5-year 87 (33·6) 1973 (9·1) 4·22 33·6 (27·9 to 39·4) 90·9 (90·5 to 91·3) 4·1 (3·3 to 5·0) 99·2 (99·0 to 99·3) 23 

Lung cancer mortality, CT        

0 (-3·327)(-0·07) 1-year 23 (100·0) 22920 (100·0) 0·10 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·1 (0·1 to 0·1) 100·0 (100·0 to 100·0) 997 

 (-0·11) 2-year 70 (100·0) 22697 (100·0) 0·31 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·3 (0·2 to 0·4) 100·0 (100·0 to 100·0) 325 

 (-0·14) 3-year 132 (100·0) 22407 (100·0) 0·59 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·6 (0·5 to 0·7) 100·0 (100·0 to 100·0) 170 

 (-0·10) 5-year 259 (100·0) 21683 (100·0) 1·18 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 1·2 (1·0 to 1·3) 100·0 (100·0 to 100·0) 84 

0·1 
(-1·125)(-0·03) 

1-year 23 (100·0) 20620 (90·0) 0·11 100·0 (100·0 to 100·0) 10·0 (9·6 to 10·4) 0·1 (0·1 to 0·1) 100·0 (100·0 to 100·0) 897 

 (-0·03) 2-year 70 (100·0) 20402 (89·9) 0·34 100·0 (100·0 to 100·0) 10·1 (9·7 to 10·5) 0·3 (0·3 to 0·4) 100·0 (100·0 to 100·0) 292 

 (-0·02) 3-year 131 (99·2) 20127 (89·8) 0·65 99·2 (97·8 to 100·7) 10·2 (9·8 to 10·6) 0·6 (0·5 to 0·8) 100·0 (99·9 to 100·0) 154 

 (0·12) 5-year 257 (99·2) 19424 (89·6) 1·31 99·2 (98·2 to 100·3) 10·4 (10·0 to 10·8) 1·3 (1·1 to 1·4) 99·9 (99·8 to 100·0) 76 

0·25 
(-0·618)(0·00) 

1-year 23 (100·0) 17176 (100·0) 0·13 100·0 (100·0 to 100·0) 25·1 (24·5 to 25·6) 0·1 (0·1 to 0·2) 100·0 (100·0 to 100·0) 747 

 (0·03) 2-year 70 (100·0) 16967 (100·0) 0·41 100·0 (100·0 to 100·0) 25·3 (24·7 to 25·8) 0·4 (0·3 to 0·5) 100·0 (100·0 to 100·0) 243 

 (0·08) 3-year 131 (100·0) 16711 (100·0) 0·78 99·2 (97·8 to 100·7) 25·4 (24·9 to 26·0) 0·8 (0·6 to 0·9) 100·0 (99·9 to 100·0) 128 

 (0·29) 5-year 253 (100·0) 16073 (100·0) 1·55 97·7 (95·8 to 99·5) 25·9 (25·3 to 26·5) 1·5 (1·3 to 1·7) 99·9 (99·8 to 100·0) 64 

0·5 (-0·059)(0·05) 1-year 22 (95·7) 11433 (66·6) 0·19 95·6 (87·3 to 104·0) 50·1 (49·5 to 50·8) 0·2 (0·1 to 0·3) 100·0 (100·0 to 100·0) 520 

 (0·14) 2-year 63 (90·0) 11261 (66·4) 0·56 90·0 (82·9 to 97·0) 50·4 (49·7 to 51·0) 0·6 (0·4 to 0·7) 99·9 (99·9 to 100·0) 179 

 (0·25) 3-year 116 (88·5) 11064 (66·2) 1·04 87·9 (82·3 to 93·4) 50·6 (50·0 to 51·3) 1·0 (0·9 to 1·2) 99·9 (99·8 to 99·9) 96 

 (0·60) 5-year 228 (90·1) 10537 (65·6) 2·12 88·0 (84·1 to 92·0) 51·4 (50·7 to 52·1) 2·1 (1·8 to 2·3) 99·7 (99·6 to 99·8) 47 
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0·75 (0·562)(0·17) 1-year 20 (87·0) 5702 (33·2) 0·35 87·0 (73·2 to 100·7) 75·1 (74·6 to 75·7) 0·4 (0·2 to 0·5) 100·0 (100·0 to 100·0) 286 

 (0·36) 2-year 55 (78·6) 5590 (32·9) 0·97 78·6 (68·9 to 88·2) 75·4 (74·8 to 75·9) 1·0 (0·7 to 1·2) 99·9 (99·9 to 99·9) 102 

 (0·60) 3-year 94 (71·8) 5452 (32·6) 1·69 71·2 (63·4 to 78·9) 75·7 (75·1 to 76·2) 1·7 (1·3 to 2·0) 99·8 (99·7 to 99·9) 59 

 (1·23) 5-year 176 (69·6) 5124 (31·9) 3·32 67·9 (62·2 to 73·6) 76·4 (75·8 to 76·9) 3·2 (2·8 to 3·7) 99·5 (99·4 to 99·6) 30 

0·9 (1·139)(0·36) 1-year 18 (78·3) 2267 (13·2) 0·79 78·3 (61·4 to 95·1) 90·1 (89·7 to 90·5) 0·8 (0·4 to 1·1) 100·0 (100·0 to 100·0) 126 

 (0·74) 2-year 51 (72·9) 2194 (12·9) 2·27 72·8 (62·4 to 83·3) 90·3 (89·9 to 90·7) 2·3 (1·7 to 2·9) 99·9 (99·9 to 99·9) 44 

 (1·19) 3-year 72 (55·0) 2127 (12·7) 3·27 54·4 (45·9 to 62·9) 90·5 (90·1 to 90·9) 3·2 (2·5 to 4·0) 99·7 (99·6 to 99·8) 30 

 (2·27) 5-year 124 (49·0) 1968 (12·2) 5·93 47·7 (41·7 to 53·8) 90·9 (90·5 to 91·3) 5·8 (4·8 to 6·8) 99·3 (99·2 to 99·5) 16 

Lung cancer mortality, Final        

0 (-3·383)(-0·06) 1-year 23 (100·0) 22920 (100·0) 0·10 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·1 (0·1 to 0·1) 100·0 (100·0 to 100·0) 997 

 (-0·09) 2-year 70 (100·0) 22697 (100·0) 0·31 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·3 (0·2 to 0·4) 100·0 (100·0 to 100·0) 325 

 (-0·12) 3-year 132 (100·0) 22407 (100·0) 0·59 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·6 (0·5 to 0·7) 100·0 (100·0 to 100·0) 170 

 (-0·11) 5-year 259 (100·0) 21683 (100·0) 1·18 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 1·2 (1·0 to 1·3) 100·0 (100·0 to 100·0) 84 

0·1 
(-1·344)(-0·03) 

1-year 23 (100·0) 20616 (89·9) 0·11 100·0 (100·0 to 100·0) 10·1 (9·7 to 10·5) 0·1 (0·1 to 0·1) 100·0 (100·0 to 100·0) 897 

 (-0·04 2-year 70 (100·0) 20398 (89·9) 0·34 100·0 (100·0 to 100·0) 10·1 (9·7 to 10·5) 0·3 (0·3 to 0·4) 100·0 (100·0 to 100·0) 292 

 (-0·04) 3-year 131 (99·2) 20120 (89·8) 0·65 99·2 (97·8 to 100·7) 10·2 (9·8 to 10·6) 0·6 (0·5 to 0·8) 100·0 (99·9 to 100·0) 154 

 (0·05) 5-year 258 (99·6) 19418 (89·6) 1·31 99·6 (98·9 to 100·4) 10·5 (10·0 to 10·9) 1·3 (1·1 to 1·4) 100·0 (99·9 to 100·0) 76 

0·25 
(-0·714)(0·00) 

1-year 23 (100·0) 17167 (100·0) 0·13 100·0 (100·0 to 100·0) 25·1 (24·5 to 25·7) 0·1 (0·1 to 0·2) 100·0 (100·0 to 100·0) 747 

 (0·02) 2-year 70 (100·0) 16959 (100·0) 0·41 100·0 (100·0 to 100·0) 25·3 (24·7 to 25·8) 0·4 (0·3 to 0·5) 100·0 (100·0 to 100·0) 243 

 (0·05) 3-year 128 (100·0) 16708 (100·0) 0·76 97·0 (94·0 to 99·9) 25·4 (24·9 to 26·0) 0·8 (0·6 to 0·9) 99·9 (99·9 to 100·0) 131 

 (0·21) 5-year 253 (100·0) 16068 (100·0) 1·55 97·7 (95·9 to 99·5) 25·9 (25·3 to 26·5) 1·5 (1·3 to 1·7) 99·9 (99·8 to 100·0) 64 

0·5 (-0·015)(0·05) 1-year 23 (100·0) 11432 (66·6) 0·20 100·0 (100·0 to 100·0) 50·1 (49·5 to 50·8) 0·2 (0·1 to 0·3) 100·0 (100·0 to 100·0) 498 

 (0·13) 2-year 67 (95·7) 11263 (66·4) 0·59 95·7 (91·0 to 100·5) 50·4 (49·7 to 51·0) 0·6 (0·5 to 0·7) 100·0 (99·9 to 100·0) 169 

 (0·23) 3-year 121 (94·5) 11047 (66·1) 1·08 91·6 (86·9 to 96·4) 50·7 (50·1 to 51·4) 1·1 (0·9 to 1·3) 99·9 (99·8 to 100·0) 92 

 (0·56) 5-year 240 (94·9) 10522 (65·5) 2·23 92·7 (89·5 to 95·8) 51·5 (50·8 to 52·1) 2·2 (1·9 to 2·4) 99·8 (99·8 to 99·9) 44 

0·75 (0·691)(0·17) 1-year 20 (87·0) 5700 (33·2) 0·35 87·0 (73·2 to 100·7) 75·1 (74·6 to 75·7) 0·4 (0·2 to 0·5) 100·0 (100·0 to 100·0) 286 

 (0·37) 2-year 56 (80·0) 5582 (32·9) 0·99 80·0 (70·6 to 89·4) 75·4 (74·8 to 76·0) 1·0 (0·7 to 1·2) 99·9 (99·9 to 100·0) 100 

 (0·61) 3-year 97 (75·8) 5441 (32·6) 1·75 73·4 (65·9 to 81·0) 75·7 (75·2 to 76·3) 1·7 (1·4 to 2·1) 99·8 (99·7 to 99·9) 57 

 (1·27) 5-year 186 (73·5) 5097 (31·7) 3·52 71·8 (66·3 to 77·3) 76·5 (75·9 to 77·1) 3·4 (2·9 to 3·9) 99·6 (99·5 to 99·7) 28 

0·9 (1·313)(0·37) 1-year 19 (82·6) 2261 (13·2) 0·83 82·6 (67·1 to 98·1) 90·1 (89·7 to 90·5) 0·8 (0·5 to 1·2) 100·0 (100·0 to 100·0) 120 

 (0·77) 2-year 49 (70·0) 2195 (12·9) 2·18 70·0 (59·2 to 80·7) 90·3 (89·9 to 90·7) 2·2 (1·6 to 2·8) 99·9 (99·9 to 99·9) 45 

 (1·26) 3-year 74 (57·8) 2120 (12·7) 3·37 56·0 (47·5 to 64·4) 90·5 (90·1 to 90·9) 3·3 (2·6 to 4·1) 99·7 (99·6 to 99·8) 29 
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 (2·45) 5-year 127 (50·2) 1945 (12·1) 6·13 48·9 (42·8 to 55·0) 91·0 (90·7 to 91·4) 6·0 (5·0 to 7·0) 99·4 (99·2 to 99·5) 16 

Lung cancer mortality, Nodule        

0 (-2·635)(-0·06) 1-year 23 (100·0) 22920 (100·0) 0·10 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·1 (0·1 to 0·1) 100·0 (100·0 to 100·0) 997 

 (-0·09) 2-year 70 (100·0) 22697 (100·0) 0·31 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·3 (0·2 to 0·4) 100·0 (100·0 to 100·0) 325 

 (-0·11) 3-year 132 (100·0) 22407 (100·0) 0·59 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·6 (0·5 to 0·7) 100·0 (100·0 to 100·0) 170 

 (-0·07) 5-year 259 (100·0) 21683 (100·0) 1·18 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 1·2 (1·0 to 1·3) 100·0 (100·0 to 100·0) 84 

0·1 
(-1·093)(-0·03) 

1-year 23 (100·0) 20616 (89·9) 0·11 100·0 (100·0 to 100·0) 10·1 (9·7 to 10·4) 0·1 (0·1 to 0·1) 100·0 (100·0 to 100·0) 897 

 (-0·02) 2-year 70 (100·0) 20400 (89·9) 0·34 100·0 (100·0 to 100·0) 10·1 (9·7 to 10·5) 0·3 (0·3 to 0·4) 100·0 (100·0 to 100·0) 292 

 (0·00) 3-year 130 (98·5) 20121 (89·8) 0·64 98·5 (96·4 to 100·6) 10·2 (9·8 to 10·6) 0·6 (0·5 to 0·7) 99·9 (99·8 to 100·0) 155 

 (0·14) 5-year 257 (99·2) 19414 (89·5) 1·31 99·2 (98·2 to 100·3) 10·5 (10·0 to 10·9) 1·3 (1·1 to 1·4) 99·9 (99·8 to 100·0) 76 

0·25 
(-0·593)(0·00) 

1-year 22 (95·7) 17168 (74·9) 0·13 95·7 (87·3 to 104·0) 25·1 (24·5 to 25·7) 0·1 (0·1 to 0·2) 100·0 (99·9 to 100·0) 781 

 (0·04) 2-year 68 (97·1) 16965 (74·7) 0·40 97·1 (93·2 to 101·0) 25·3 (24·7 to 25·8) 0·4 (0·3 to 0·5) 100·0 (99·9 to 100·0) 250 

 (0·10) 3-year 126 (95·5) 16712 (74·6) 0·75 95·5 (91·9 to 99·0) 25·4 (24·9 to 26·0) 0·7 (0·6 to 0·9) 99·9 (99·8 to 100·0) 133 

 (0·31) 5-year 249 (96·1) 16071 (74·1) 1·53 96·1 (93·8 to 98·5) 25·9 (25·3 to 26·5) 1·5 (1·3 to 1·7) 99·8 (99·7 to 99·9) 65 

0·5 (-0·047)(0·06) 1-year 21 (91·3) 11430 (49·9) 0·18 91·3 (79·8 to 102·8) 50·1 (49·5 to 50·8) 0·2 (0·1 to 0·3) 100·0 (100·0 to 100·0) 545 

 (0·15) 2-year 66 (94·3) 11259 (49·6) 0·58 94·3 (88·9 to 99·7) 50·4 (49·8 to 51·0) 0·6 (0·4 to 0·7) 100·0 (99·9 to 100·0) 171 

 (0·27) 3-year 121 (91·7) 11051 (49·3) 1·08 91·7 (86·9 to 96·4) 50·7 (50·0 to 51·3) 1·1 (0·9 to 1·3) 99·9 (99·8 to 100·0) 92 

 (0·63) 5-year 226 (87·3) 10545 (48·6) 2·10 87·2 (83·1 to 91·3) 51·4 (50·7 to 52·0) 2·0 (1·8 to 2·3) 99·7 (99·6 to 99·8) 47 

0·75 (0·545)(0·17) 1-year 20 (87·0) 5703 (24·9) 0·35 87·0 (73·2 to 100·7) 75·1 (74·6 to 75·7) 0·4 (0·2 to 0·5) 100·0 (100·0 to 100·0) 286 

 (0·37) 2-year 60 (85·7) 5588 (24·6) 1·06 85·7 (77·5 to 93·9) 75·4 (74·8 to 75·9) 1·1 (0·8 to 1·3) 99·9 (99·9 to 100·0) 94 

 (0·60) 3-year 94 (71·2) 5460 (24·4) 1·69 71·1 (63·4 to 78·9) 75·6 (75·1 to 76·2) 1·7 (1·3 to 2·0) 99·8 (99·7 to 99·9) 59 

 (1·23) 5-year 176 (68·0) 5137 (23·7) 3·31 67·9 (62·2 to 73·6) 76·3 (75·7 to 76·9) 3·2 (2·7 to 3·7) 99·5 (99·4 to 99·6) 30 

0·9 (1·087)(0·35) 1-year 17 (73·9) 2261 (9·9) 0·75 73·9 (56·0 to 91·9) 90·1 (89·7 to 90·5) 0·7 (0·4 to 1·1) 100·0 (100·0 to 100·0) 134 

 (0·71) 2-year 46 (65·7) 2196 (9·7) 2·05 65·7 (54·6 to 76·8) 90·3 (89·9 to 90·7) 2·0 (1·5 to 2·6) 99·9 (99·8 to 99·9) 48 

 (1·14) 3-year 67 (50·8) 2124 (9·5) 3·06 50·6 (42·1 to 59·2) 90·5 (90·1 to 90·9) 3·0 (2·3 to 3·7) 99·7 (99·6 to 99·8) 32 

 (2·20) 5-year 124 (47·9) 1950 (9·0) 5·98 47·8 (41·7 to 53·9) 91·0 (90·6 to 91·4) 5·8 (4·8 to 6·8) 99·3 (99·2 to 99·5) 16 

CVD mortality, Survey        

0 (-2·687)(0·05) 1-year 66 (100·0) 22920 (100·0) 0·29 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·3 (0·2 to 0·4) 100·0 (100·0 to 100·0) 348 

 (0·10) 2-year 134 (100·0) 22697 (100·0) 0·59 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·6 (0·5 to 0·7) 100·0 (100·0 to 100·0) 170 

 (0·15) 3-year 226 (100·0) 22407 (100·0) 1·00 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 1·0 (0·9 to 1·1) 100·0 (100·0 to 100·0) 100 

 (0·24) 5-year 435 (100·0) 21683 (100·0) 1·97 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 1·9 (1·7 to 2·1) 100·0 (100·0 to 100·0) 50 

0·1 (-0·974)(0·10) 1-year 65 (98·5) 20615 (89·9) 0·31 98·5 (95·5 to 101·4) 10·1 (9·7 to 10·5) 0·3 (0·2 to 0·4) 100·0 (99·9 to 100·0) 318 
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 (0·21) 2-year 132 (98·5) 20396 (89·9) 0·64 98·5 (96·5 to 100·6) 10·1 (9·7 to 10·5) 0·6 (0·5 to 0·8) 99·9 (99·8 to 100·0) 155 

 (0·34) 3-year 223 (98·7) 20118 (89·8) 1·10 98·7 (97·2 to 100·2) 10·2 (9·8 to 10·6) 1·1 (0·9 to 1·2) 99·9 (99·7 to 100·0) 91 

 (0·63) 5-year 430 (98·9) 19416 (89·5) 2·17 98·9 (97·9 to 99·8) 10·5 (10·0 to 10·9) 2·1 (1·9 to 2·3) 99·8 (99·6 to 100·0) 46 

0·25 
(-0·576)(0·13) 

1-year 62 (93·9) 17163 (74·9) 0·36 93·9 (88·2 to 99·7) 25·1 (24·6 to 25·7) 0·4 (0·3 to 0·5) 99·9 (99·9 to 100·0) 277 

 (0·28) 2-year 129 (96·3) 16962 (74·7) 0·75 96·3 (93·1 to 99·5) 25·3 (24·7 to 25·8) 0·8 (0·6 to 0·9) 99·9 (99·8 to 100·0) 132 

 (0·45) 3-year 217 (96·0) 16705 (74·6) 1·28 96·0 (93·5 to 98·6) 25·5 (24·9 to 26·0) 1·3 (1·1 to 1·4) 99·8 (99·7 to 99·9) 77 

 (0·86) 5-year 413 (94·9) 16043 (74·0) 2·51 94·9 (92·9 to 97·0) 26·0 (25·4 to 26·6) 2·5 (2·2 to 2·7) 99·6 (99·5 to 99·8) 39 

0·5 (-0·055)(0·19) 1-year 54 (81·8) 11421 (49·8) 0·47 81·8 (72·5 to 91·1) 50·2 (49·5 to 50·8) 0·5 (0·4 to 0·6) 99·9 (99·8 to 100·0) 212 

 (0·42) 2-year 112 (83·6) 11244 (49·5) 0·99 83·6 (77·3 to 89·9) 50·5 (49·8 to 51·1) 1·0 (0·8 to 1·2) 99·8 (99·7 to 99·9) 101 

 (0·68) 3-year 189 (83·6) 11040 (49·3) 1·68 83·6 (78·8 to 88·5) 50·7 (50·1 to 51·4) 1·7 (1·4 to 1·9) 99·7 (99·6 to 99·8) 59 

 (1·34) 5-year 360 (82·8) 10513 (48·5) 3·31 82·7 (79·2 to 86·3) 51·5 (50·9 to 52·2) 3·2 (2·9 to 3·6) 99·4 (99·2 to 99·5) 30 

0·75 (0·512)(0·31) 1-year 37 (56·1) 5690 (24·8) 0·65 56·1 (44·1 to 68·0) 75·2 (74·6 to 75·7) 0·6 (0·4 to 0·9) 99·8 (99·8 to 99·9) 154 

 (0·68) 2-year 72 (53·7) 5583 (24·6) 1·27 53·7 (45·3 to 62·2) 75·4 (74·8 to 76·0) 1·3 (1·0 to 1·6) 99·6 (99·5 to 99·7) 78 

 (1·12) 3-year 124 (54·9) 5446 (24·3) 2·23 54·9 (48·4 to 61·3) 75·7 (75·1 to 76·3) 2·2 (1·8 to 2·6) 99·4 (99·3 to 99·5) 44 

 (2·24) 5-year 250 (57·5) 5100 (23·5) 4·67 57·5 (52·8 to 62·1) 76·5 (75·9 to 77·0) 4·6 (4·0 to 5·1) 98·9 (98·8 to 99·1) 21 

0·9 (1·063)(0·52) 1-year 25 (37·9) 2264 (9·9) 1·09 37·9 (26·2 to 49·6) 90·1 (89·7 to 90·5) 1·1 (0·7 to 1·5) 99·8 (99·7 to 99·9) 91 

 (1·13) 2-year 45 (33·6) 2211 (9·7) 1·99 33·6 (25·6 to 41·6) 90·3 (89·9 to 90·7) 2·0 (1·4 to 2·5) 99·6 (99·5 to 99·7) 50 

 (1·85) 3-year 72 (31·9) 2142 (9·6) 3·25 31·8 (25·7 to 37·9) 90·5 (90·1 to 90·8) 3·2 (2·5 to 3·9) 99·3 (99·1 to 99·4) 30 

 (3·73) 5-year 136 (31·3) 1977 (9·1) 6·44 31·2 (26·9 to 35·6) 90·9 (90·5 to 91·3) 6·3 (5·3 to 7·3) 98·5 (98·4 to 98·7) 15 

CVD mortality, CT        

0 (-4·503)(0·00) 1-year 66 (100·0) 22920 (100·0) 0·29 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·3 (0·2 to 0·4) 100·0 (100·0 to 100·0) 348 

 (0·00) 2-year 134 (100·0) 22697 (100·0) 0·59 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·6 (0·5 to 0·7) 100·0 (100·0 to 100·0) 170 

 (-0·01) 3-year 226 (100·0) 22407 (100·0) 1·00 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 1·0 (0·9 to 1·1) 100·0 (100·0 to 100·0) 100 

 (-0·05) 5-year 435 (100·0) 21683 (100·0) 1·97 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 1·9 (1·7 to 2·1) 100·0 (100·0 to 100·0) 50 

0·1 (-1·336)(0·04) 1-year 65 (98·5) 20618 (90·0) 0·31 98·5 (95·6 to 101·4) 10·1 (9·7 to 10·4) 0·3 (0·2 to 0·4) 100·0 (99·9 to 100·0) 318 

 (0·09) 2-year 133 (99·3) 20401 (89·9) 0·65 99·3 (97·8 to 100·7) 10·1 (9·7 to 10·5) 0·6 (0·5 to 0·8) 100·0 (99·9 to 100·0) 154 

 (0·14) 3-year 224 (99·1) 20121 (89·8) 1·10 99·1 (97·9 to 100·3) 10·2 (9·8 to 10·6) 1·1 (1·0 to 1·2) 99·9 (99·8 to 100·0) 90 

 (0·26) 5-year 429 (98·6) 19427 (89·6) 2·16 98·6 (97·5 to 99·7) 10·4 (10·0 to 10·8) 2·1 (1·9 to 2·3) 99·7 (99·5 to 100·0) 46 

0·25 
(-0·720)(0·08) 

1-year 63 (95·5) 17168 (74·9) 0·37 95·5 (90·4 to 100·5) 25·1 (24·5 to 25·7) 0·4 (0·3 to 0·5) 100·0 (99·9 to 100·0) 273 

 (0·17) 2-year 129 (96·3) 16964 (74·7) 0·75 96·3 (93·1 to 99·5) 25·3 (24·7 to 25·8) 0·8 (0·6 to 0·9) 99·9 (99·8 to 100·0) 132 

 (0·28) 3-year 216 (95·6) 16711 (74·6) 1·28 95·6 (92·9 to 98·3) 25·4 (24·9 to 26·0) 1·3 (1·1 to 1·4) 99·8 (99·7 to 99·9) 78 

 (0·54) 5-year 415 (95·4) 16065 (74·1) 2·52 95·4 (93·4 to 97·4) 25·9 (25·3 to 26·5) 2·5 (2·2 to 2·7) 99·7 (99·5 to 99·8) 39 
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0·5 (0·000)(0·16) 1-year 57 (86·4) 11427 (49·9) 0·50 86·4 (78·1 to 94·6) 50·1 (49·5 to 50·8) 0·5 (0·4 to 0·6) 99·9 (99·9 to 100·0) 201 

 (0·36) 2-year 116 (86·6) 11254 (49·6) 1·02 86·6 (80·8 to 92·4) 50·4 (49·8 to 51·1) 1·0 (0·8 to 1·2) 99·8 (99·8 to 99·9) 98 

 (0·58) 3-year 195 (86·3) 11054 (49·3) 1·73 86·3 (81·8 to 90·8) 50·7 (50·0 to 51·3) 1·7 (1·5 to 2·0) 99·7 (99·6 to 99·8) 57 

 (1·15) 5-year 364 (83·7) 10532 (48·6) 3·34 83·6 (80·2 to 87·1) 51·4 (50·8 to 52·1) 3·3 (2·9 to 3·6) 99·4 (99·2 to 99·5) 29 

0·75 (0·718)(0·34) 1-year 36 (54·5) 5706 (24·9) 0·63 54·5 (42·5 to 66·6) 75·1 (74·5 to 75·7) 0·6 (0·4 to 0·8) 99·8 (99·8 to 99·9) 159 

 (0·73) 2-year 80 (59·7) 5589 (24·6) 1·41 59·7 (51·4 to 68·0) 75·4 (74·8 to 75·9) 1·4 (1·1 to 1·7) 99·7 (99·6 to 99·8) 70 

 (1·20) 3-year 145 (64·2) 5453 (24·3) 2·59 64·2 (57·9 to 70·4) 75·7 (75·1 to 76·2) 2·6 (2·2 to 3·0) 99·5 (99·4 to 99·6) 38 

 (2·40) 5-year 268 (61·6) 5107 (23·6) 4·99 61·6 (57·0 to 66·2) 76·5 (75·9 to 77·0) 4·9 (4·3 to 5·4) 99·0 (98·9 to 99·2) 20 

0·9 (1·333)(0·62) 1-year 22 (33·3) 2277 (9·9) 0·96 33·3 (22·0 to 44·7) 90·1 (89·7 to 90·5) 1·0 (0·6 to 1·4) 99·8 (99·7 to 99·8) 104 

 (1·36) 2-year 53 (39·6) 2211 (9·7) 2·34 39·6 (31·3 to 47·8) 90·3 (89·9 to 90·7) 2·3 (1·7 to 3·0) 99·6 (99·5 to 99·7) 42 

 (2·22) 3-year 89 (39·4) 2143 (9·6) 3·99 39·4 (33·0 to 45·8) 90·4 (90·0 to 90·8) 4·0 (3·1 to 4·8) 99·3 (99·2 to 99·5) 25 

 (4·42) 5-year 160 (36·8) 1974 (9·1) 7·50 36·8 (32·2 to 41·3) 90·9 (90·5 to 91·3) 7·3 (6·2 to 8·4) 98·7 (98·5 to 98·8) 13 

CVD mortality, Final        

0 (-4·032)(-0·00) 1-year 66 (100·0) 22920 (100·0) 0·29 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·3 (0·2 to 0·4) 100·0 (100·0 to 100·0) 348 

 (-0·01) 2-year 134 (100·0) 22697 (100·0) 0·59 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·6 (0·5 to 0·7) 100·0 (100·0 to 100·0) 170 

 (-0·03) 3-year 226 (100·0) 22407 (100·0) 1·00 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 1·0 (0·9 to 1·1) 100·0 (100·0 to 100·0) 100 

 (-0·11) 5-year 435 (100·0) 21683 (100·0) 1·97 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 1·9 (1·7 to 2·1) 100·0 (100·0 to 100·0) 50 

0·1 (-1·392)(0·03) 1-year 65 (98·5) 20616 (89·9) 0·31 98·5 (95·6 to 101·4) 10·1 (9·7 to 10·4) 0·3 (0·2 to 0·4) 100·0 (99·9 to 100·0) 318 

 (0·07) 2-year 133 (99·3) 20396 (89·9) 0·65 99·3 (97·8 to 100·7) 10·1 (9·7 to 10·5) 0·6 (0·5 to 0·8) 100·0 (99·9 to 100·0) 154 

 (0·10) 3-year 224 (99·1) 20119 (89·8) 1·10 99·1 (97·9 to 100·3) 10·2 (9·8 to 10·6) 1·1 (1·0 to 1·2) 99·9 (99·8 to 100·0) 90 

 (0·17) 5-year 431 (99·1) 19418 (89·6) 2·17 99·1 (98·2 to 100·0) 10·5 (10·0 to 10·9) 2·1 (1·9 to 2·3) 99·8 (99·7 to 100·0) 46 

0·25 
(-0·759)(0·07) 

1-year 62 (93·9) 17168 (74·9) 0·36 93·9 (88·2 to 99·7) 25·1 (24·5 to 25·7) 0·4 (0·3 to 0·5) 99·9 (99·9 to 100·0) 277 

 (0·14) 2-year 127 (94·8) 16960 (74·7) 0·74 94·8 (91·0 to 98·5) 25·3 (24·7 to 25·9) 0·7 (0·6 to 0·9) 99·9 (99·8 to 100·0) 134 

 (0·22) 3-year 216 (95·6) 16698 (74·5) 1·28 95·6 (92·9 to 98·3) 25·5 (24·9 to 26·1) 1·3 (1·1 to 1·4) 99·8 (99·7 to 99·9) 78 

 (0·43) 5-year 418 (96·1) 16045 (74·0) 2·54 96·1 (94·3 to 97·9) 26·0 (25·4 to 26·6) 2·5 (2·2 to 2·7) 99·7 (99·6 to 99·8) 39 

0·5 (-0·009)(0·15) 1-year 60 (90·9) 11413 (49·8) 0·52 90·9 (84·0 to 97·8) 50·2 (49·6 to 50·9) 0·5 (0·4 to 0·7) 100·0 (99·9 to 100·0) 191 

 (0·32) 2-year 121 (90·3) 11234 (49·5) 1·07 90·3 (85·3 to 95·3) 50·5 (49·9 to 51·1) 1·1 (0·9 to 1·3) 99·9 (99·8 to 99·9) 93 

 (0·52) 3-year 204 (90·3) 11014 (49·2) 1·82 90·3 (86·4 to 94·1) 50·9 (50·2 to 51·5) 1·8 (1·6 to 2·0) 99·8 (99·7 to 99·9) 54 

 (1·04) 5-year 381 (87·6) 10465 (48·3) 3·51 87·6 (84·4 to 90·7) 51·7 (51·1 to 52·4) 3·4 (3·1 to 3·8) 99·5 (99·4 to 99·6) 28 

0·75 (0·730)(0·31) 1-year 40 (60·6) 5685 (24·8) 0·70 60·6 (48·8 to 72·4) 75·2 (74·6 to 75·8) 0·7 (0·5 to 0·9) 99·9 (99·8 to 99·9) 143 

 (0·69) 2-year 87 (64·9) 5562 (24·5) 1·54 64·9 (56·9 to 73·0) 75·5 (74·9 to 76·1) 1·5 (1·2 to 1·8) 99·7 (99·7 to 99·8) 64 

 (1·13) 3-year 155 (68·6) 5403 (24·1) 2·79 68·6 (62·6 to 74·7) 75·9 (75·3 to 76·5) 2·8 (2·3 to 3·2) 99·6 (99·5 to 99·7) 35 

 (2·29) 5-year 292 (67·1) 5032 (23·2) 5·48 67·1 (62·7 to 71·5) 76·8 (76·2 to 77·4) 5·4 (4·8 to 6·0) 99·2 (99·0 to 99·3) 18 
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0·9 (1·397)(0·61) 1-year 26 (39·4) 2268 (9·9) 1·13 39·4 (27·6 to 51·2) 90·1 (89·7 to 90·5) 1·1 (0·7 to 1·6) 99·8 (99·8 to 99·9) 88 

 (1·34) 2-year 56 (41·8) 2202 (9·7) 2·48 41·8 (33·4 to 50·1) 90·3 (89·9 to 90·7) 2·5 (1·8 to 3·1) 99·6 (99·5 to 99·7) 40 

 (2·22) 3-year 91 (40·3) 2127 (9·5) 4·10 40·3 (33·9 to 46·6) 90·5 (90·1 to 90·9) 4·1 (3·2 to 4·9) 99·4 (99·2 to 99·5) 24 

 (4·49) 5-year 172 (39·5) 1930 (8·9) 8·18 39·5 (34·9 to 44·1) 91·1 (90·7 to 91·5) 8·0 (6·9 to 9·2) 98·7 (98·6 to 98·9) 12 

COPD mortality, Survey        

0 (-3·854)(0·00) 1-year 8 (100·0) 22920 (100·0) 0·03 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·0 (0·0 to 0·0) 100·0 (100·0 to 100·0) 2866 

 (0·00) 2-year 18 (100·0) 22697 (100·0) 0·08 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·1 (0·0 to 0·1) 100·0 (100·0 to 100·0) 1261 

 (0·00) 3-year 39 (100·0) 22407 (100·0) 0·17 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·2 (0·1 to 0·2) 100·0 (100·0 to 100·0) 575 

 (-0·03) 5-year 105 (100·0) 21683 (100·0) 0·48 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·5 (0·4 to 0·6) 100·0 (100·0 to 100·0) 207 

0·1 (0·000)(0·00) 1-year 8 (100·0) 20619 (90·0) 0·04 100·0 (100·0 to 100·0) 10·0 (9·6 to 10·4) 0·0 (0·0 to 0·1) 100·0 (100·0 to 100·0) 2578 

 (0·01) 2-year 18 (100·0) 20401 (89·9) 0·09 100·0 (100·0 to 100·0) 10·1 (9·7 to 10·5) 0·1 (0·1 to 0·1) 100·0 (100·0 to 100·0) 1134 

 (0·01) 3-year 39 (100·0) 20126 (89·8) 0·19 100·0 (100·0 to 100·0) 10·2 (9·8 to 10·6) 0·2 (0·1 to 0·2) 100·0 (100·0 to 100·0) 517 

 (0·01) 5-year 105 (100·0) 19432 (89·6) 0·54 100·0 (100·0 to 100·0) 10·4 (10·0 to 10·8) 0·5 (0·4 to 0·6) 100·0 (100·0 to 100·0) 186 

0·25 
(-0·903)(0·00) 

1-year 8 (100·0) 17171 (74·9) 0·05 100·0 (100·0 to 100·0) 25·1 (24·5 to 25·6) 0·1 (0·0 to 0·1) 100·0 (100·0 to 100·0) 2147 

 (0·01) 2-year 18 (100·0) 16979 (74·8) 0·11 100·0 (100·0 to 100·0) 25·2 (24·6 to 25·8) 0·1 (0·1 to 0·1) 100·0 (100·0 to 100·0) 944 

 (0·02) 3-year 39 (100·0) 16733 (74·7) 0·23 100·0 (100·0 to 100·0) 25·3 (24·8 to 25·9) 0·2 (0·2 to 0·3) 100·0 (100·0 to 100·0) 430 

 (0·05) 5-year 104 (99·0) 16105 (74·3) 0·64 99·0 (97·1 to 100·9) 25·7 (25·1 to 26·3) 0·6 (0·5 to 0·7) 100·0 (99·9 to 100·0) 155 

0·5 (-0·166)(0·01) 1-year 7 (87·5) 11432 (49·9) 0·06 87·5 (64·7 to 110·4) 50·1 (49·5 to 50·8) 0·1 (0·0 to 0·1) 100·0 (100·0 to 100·0) 1634 

 (0·03) 2-year 16 (88·9) 11276 (49·7) 0·14 88·9 (74·4 to 103·4) 50·3 (49·7 to 51·0) 0·1 (0·1 to 0·2) 100·0 (100·0 to 100·0) 705 

 (0·05) 3-year 37 (94·9) 11080 (49·4) 0·33 94·9 (88·1 to 101·8) 50·6 (49·9 to 51·2) 0·3 (0·2 to 0·4) 100·0 (100·0 to 100·0) 300 

 (0·13) 5-year 98 (93·3) 10579 (48·8) 0·92 93·3 (88·5 to 98·1) 51·2 (50·6 to 51·9) 0·9 (0·7 to 1·1) 99·9 (99·9 to 100·0) 108 

0·75 (0·760)(0·03) 1-year 6 (75·0) 5705 (24·9) 0·11 75·0 (45·0 to 105·0) 75·1 (74·5 to 75·7) 0·1 (0·0 to 0·2) 100·0 (100·0 to 100·0) 951 

 (0·07) 2-year 15 (83·3) 5605 (24·7) 0·27 83·4 (66·2 to 100·6) 75·3 (74·7 to 75·9) 0·3 (0·1 to 0·4) 100·0 (100·0 to 100·0) 374 

 (0·13) 3-year 35 (89·7) 5479 (24·5) 0·63 89·8 (80·3 to 99·3) 75·6 (75·0 to 76·1) 0·6 (0·4 to 0·8) 100·0 (100·0 to 100·0) 157 

 (0·37) 5-year 90 (85·7) 5152 (23·8) 1·72 85·7 (79·0 to 92·4) 76·2 (75·7 to 76·8) 1·7 (1·3 to 2·0) 99·9 (99·9 to 99·9) 58 

0·9 (1·815)(0·08) 1-year 6 (75·0) 2276 (9·9) 0·26 75·0 (45·0 to 105·0) 90·1 (89·7 to 90·5) 0·3 (0·0 to 0·5) 100·0 (100·0 to 100·0) 380 

 (0·20) 2-year 11 (61·1) 2226 (9·8) 0·49 61·1 (38·6 to 83·6) 90·2 (89·8 to 90·6) 0·5 (0·2 to 0·8) 100·0 (100·0 to 100·0) 203 

 (0·39) 3-year 23 (59·0) 2165 (9·7) 1·05 58·9 (43·5 to 74·4) 90·3 (89·9 to 90·7) 1·0 (0·6 to 1·5) 99·9 (99·9 to 100·0) 95 

 (1·11) 5-year 63 (60·0) 1994 (9·2) 3·06 60·0 (50·6 to 69·4) 90·8 (90·4 to 91·2) 3·0 (2·3 to 3·7) 99·8 (99·7 to 99·8) 32 

COPD mortality, CT        

0 (-5·066)(0·01) 1-year 8 (100·0) 22920 (100·0) 0·03 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·0 (0·0 to 0·0) 100·0 (100·0 to 100·0) 2866 

 (0·00) 2-year 18 (100·0) 22697 (100·0) 0·08 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·1 (0·0 to 0·1) 100·0 (100·0 to 100·0) 1261 

 (0·00) 3-year 39 (100·0) 22407 (100·0) 0·17 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·2 (0·1 to 0·2) 100·0 (100·0 to 100·0) 575 
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 (-0·02) 5-year 105 (100·0) 21683 (100·0) 0·48 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·5 (0·4 to 0·6) 100·0 (100·0 to 100·0) 207 

0·1 (-1·848)(0·01) 1-year 8 (100·0) 20619 (90·0) 0·04 100·0 (100·0 to 100·0) 10·0 (9·6 to 10·4) 0·0 (0·0 to 0·1) 100·0 (100·0 to 100·0) 2578 

 (0·00) 2-year 18 (100·0) 20404 (89·9) 0·09 100·0 (100·0 to 100·0) 10·1 (9·7 to 10·5) 0·1 (0·1 to 0·1) 100·0 (100·0 to 100·0) 1134 

 (0·01) 3-year 39 (100·0) 20124 (89·8) 0·19 100·0 (100·0 to 100·0) 10·2 (9·8 to 10·6) 0·2 (0·1 to 0·2) 100·0 (100·0 to 100·0) 517 

 (0·00) 5-year 105 (100·0) 19430 (89·6) 0·54 100·0 (100·0 to 100·0) 10·4 (10·0 to 10·8) 0·5 (0·4 to 0·6) 100·0 (100·0 to 100·0) 186 

0·25 
(-1·035)(0·01) 

1-year 8 (100·0) 17174 (74·9) 0·05 100·0 (100·0 to 100·0) 25·1 (24·5 to 25·6) 0·1 (0·0 to 0·1) 100·0 (100·0 to 100·0) 2147 

 (0·01) 2-year 18 (100·0) 16972 (74·8) 0·11 100·0 (100·0 to 100·0) 25·2 (24·7 to 25·8) 0·1 (0·1 to 0·1) 100·0 (100·0 to 100·0) 943 

 (0·02) 3-year 39 (100·0) 16718 (74·6) 0·23 100·0 (100·0 to 100·0) 25·4 (24·8 to 26·0) 0·2 (0·2 to 0·3) 100·0 (100·0 to 100·0) 429 

 (0·03) 5-year 103 (98·1) 16094 (74·2) 0·64 98·1 (95·5 to 100·7) 25·8 (25·2 to 26·4) 0·6 (0·5 to 0·7) 100·0 (99·9 to 100·0) 157 

0·5 (-0·119)(0·01) 1-year 7 (87·5) 11445 (49·9) 0·06 87·5 (64·6 to 110·4) 50·1 (49·4 to 50·7) 0·1 (0·0 to 0·1) 100·0 (100·0 to 100·0) 1636 

 (0·02) 2-year 17 (94·4) 11279 (49·7) 0·15 94·5 (83·9 to 105·0) 50·3 (49·7 to 51·0) 0·2 (0·1 to 0·2) 100·0 (100·0 to 100·0) 664 

 (0·05) 3-year 37 (94·9) 11085 (49·5) 0·33 94·9 (88·0 to 101·8) 50·5 (49·9 to 51·2) 0·3 (0·2 to 0·4) 100·0 (100·0 to 100·0) 300 

 (0·12) 5-year 99 (94·3) 10584 (48·8) 0·93 94·3 (89·8 to 98·7) 51·2 (50·5 to 51·9) 0·9 (0·7 to 1·1) 100·0 (99·9 to 100·0) 107 

0·75 (0·985)(0·03) 1-year 7 (87·5) 5711 (24·9) 0·12 87·5 (64·6 to 110·4) 75·1 (74·5 to 75·6) 0·1 (0·0 to 0·2) 100·0 (100·0 to 100·0) 816 

 (0·07) 2-year 16 (88·9) 5610 (24·7) 0·28 88·9 (74·4 to 103·4) 75·3 (74·7 to 75·8) 0·3 (0·1 to 0·4) 100·0 (100·0 to 100·0) 351 

 (0·14) 3-year 34 (87·2) 5495 (24·5) 0·61 87·2 (76·6 to 97·7) 75·5 (74·9 to 76·0) 0·6 (0·4 to 0·8) 100·0 (100·0 to 100·0) 162 

 (0·40) 5-year 92 (87·6) 5184 (23·9) 1·74 87·6 (81·3 to 93·9) 76·1 (75·5 to 76·7) 1·7 (1·3 to 2·1) 99·9 (99·9 to 100·0) 57 

0·9 (2·082)(0·08) 1-year 2 (25·0) 2284 (10·0) 0·09 25·0 (-5·0 to 55·0) 90·0 (89·6 to 90·4) 0·1 (0·0 to 0·2) 100·0 (100·0 to 100·0) 1143 

 (0·23) 2-year 9 (50·0) 2231 (9·8) 0·40 50·1 (27·0 to 73·2) 90·2 (89·8 to 90·6) 0·4 (0·1 to 0·7) 100·0 (99·9 to 100·0) 248 

 (0·43) 3-year 21 (53·8) 2175 (9·7) 0·96 53·9 (38·2 to 69·5) 90·3 (89·9 to 90·7) 0·9 (0·5 to 1·4) 99·9 (99·9 to 99·9) 104 

 (1·22) 5-year 62 (59·0) 2028 (9·4) 2·97 59·1 (49·7 to 68·5) 90·7 (90·3 to 91·0) 2·9 (2·2 to 3·6) 99·8 (99·7 to 99·8) 33 

COPD mortality, Final        

0 (-5·731)(0·01) 1-year 8 (100·0) 22920 (100·0) 0·03 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·0 (0·0 to 0·0) 100·0 (100·0 to 100·0) 2866 

 (0·00) 2-year 18 (100·0) 22697 (100·0) 0·08 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·1 (0·0 to 0·1) 100·0 (100·0 to 100·0) 1261 

 (-0·01) 3-year 39 (100·0) 22407 (100·0) 0·17 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·2 (0·1 to 0·2) 100·0 (100·0 to 100·0) 575 

 (-0·08) 5-year 105 (100·0) 21683 (100·0) 0·48 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·0) 0·5 (0·4 to 0·6) 100·0 (100·0 to 100·0) 207 

0·1 (-1·902)(0·01) 1-year 8 (100·0) 20614 (89·9) 0·04 100·0 (100·0 to 100·0) 10·1 (9·7 to 10·5) 0·0 (0·0 to 0·1) 100·0 (100·0 to 100·0) 2577 

 (0·00) 2-year 18 (100·0) 20394 (89·9) 0·09 100·0 (100·0 to 100·0) 10·2 (9·8 to 10·5) 0·1 (0·1 to 0·1) 100·0 (100·0 to 100·0) 1134 

 (0·00) 3-year 39 (100·0) 20115 (89·8) 0·19 100·0 (100·0 to 100·0) 10·2 (9·8 to 10·6) 0·2 (0·1 to 0·2) 100·0 (100·0 to 100·0) 516 

 (-0·05) 5-year 105 (100·0) 19423 (89·6) 0·54 100·0 (100·0 to 100·0) 10·4 (10·0 to 10·8) 0·5 (0·4 to 0·6) 100·0 (100·0 to 100·0) 185 

0·25 
(-1·076)(0·01) 

1-year 8 (100·0) 17166 (100·0) 0·05 100·0 (100·0 to 100·0) 25·1 (24·5 to 25·7) 0·1 (0·0 to 0·1) 100·0 (100·0 to 100·0) 2146 

 (0·00) 2-year 18 (100·0) 16963 (100·0) 0·11 100·0 (100·0 to 100·0) 25·3 (24·7 to 25·8) 0·1 (0·1 to 0·1) 100·0 (100·0 to 100·0) 943 
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 (0·00) 3-year 39 (100·0) 16706 (100·0) 0·23 100·0 (100·0 to 100·0) 25·4 (24·9 to 26·0) 0·2 (0·2 to 0·3) 100·0 (100·0 to 100·0) 429 

 (-0·02) 5-year 104 (100·0) 16075 (100·0) 0·64 99·0 (97·1 to 100·9) 25·9 (25·3 to 26·4) 0·6 (0·5 to 0·7) 100·0 (99·9 to 100·0) 155 

0·5 (-0·113)(0·01) 1-year 8 (100·0) 11417 (66·5) 0·07 100·0 (100·0 to 100·0) 50·2 (49·5 to 50·8) 0·1 (0·0 to 0·1) 100·0 (100·0 to 100·0) 1428 

 (0·02) 2-year 18 (100·0) 11241 (66·3) 0·16 100·0 (100·0 to 100·0) 50·5 (49·8 to 51·1) 0·2 (0·1 to 0·2) 100·0 (100·0 to 100·0) 625 

 (0·03) 3-year 38 (97·4) 11035 (66·1) 0·34 97·4 (92·4 to 102·4) 50·8 (50·1 to 51·4) 0·3 (0·2 to 0·4) 100·0 (100·0 to 100·0) 291 

 (0·06) 5-year 103 (99·0) 10519 (65·4) 0·97 98·1 (95·5 to 100·7) 51·5 (50·8 to 52·2) 1·0 (0·8 to 1·1) 100·0 (100·0 to 100·0) 103 

0·75 (0·970)(0·03) 1-year 6 (75·0) 5698 (33·2) 0·11 75·0 (45·0 to 105·0) 75·1 (74·6 to 75·7) 0·1 (0·0 to 0·2) 100·0 (100·0 to 100·0) 950 

 (0·05) 2-year 16 (88·9) 5587 (32·9) 0·29 89·0 (74·5 to 103·4) 75·4 (74·8 to 75·9) 0·3 (0·1 to 0·4) 100·0 (100·0 to 100·0) 350 

 (0·10) 3-year 35 (89·7) 5457 (32·7) 0·64 89·8 (80·3 to 99·3) 75·7 (75·1 to 76·2) 0·6 (0·4 to 0·8) 100·0 (100·0 to 100·0) 156 

 (0·32) 5-year 96 (92·3) 5110 (31·8) 1·84 91·4 (86·1 to 96·8) 76·4 (75·9 to 77·0) 1·8 (1·4 to 2·2) 100·0 (99·9 to 100·0) 54 

0·9 (2·102)(0·07) 1-year 6 (75·0) 2272 (13·2) 0·26 75·0 (45·0 to 105·0) 90·1 (89·7 to 90·5) 0·3 (0·0 to 0·5) 100·0 (100·0 to 100·0) 379 

 (0·16) 2-year 13 (72·2) 2213 (13·0) 0·58 72·2 (51·5 to 92·9) 90·3 (89·9 to 90·6) 0·6 (0·3 to 0·9) 100·0 (100·0 to 100·0) 171 

 (0·34) 3-year 30 (76·9) 2142 (12·8) 1·38 76·9 (63·7 to 90·1) 90·4 (90·0 to 90·8) 1·4 (0·9 to 1·9) 100·0 (99·9 to 100·0) 72 

 (1·14) 5-year 82 (78·8) 1951 (12·1) 4·03 78·1 (70·2 to 86·0) 91·0 (90·6 to 91·4) 3·9 (3·1 to 4·8) 99·9 (99·9 to 99·9) 24 

Each row represents the expected frequency of events if only participants with a prognostic index (risk score) above the given threshold were to be included in the 

screening program. The estimated risk probability is the calibrated estimated percentage of events occurring within the quantile within the given time period. 95% CI, 95% 

confidence interval; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; NLST, National Lung Screening Trial; NNS, number needed to screen to 

encounter one event. 
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Table S2: Models’ discriminatory performance in the validation cohort (MILD) 
Cut-off quantile 
(centered linear 
predictor) (event 
risk estimate [%]) 

Follow-
up time 

Deaths 
(%) 

Survivors (%) Event 
probability, 
% 

Sensitivity, % (95% CI) Specificity, % 
(95% CI) 

Positive 
predictive 
value, % (95% 
CI) 

Negative predictive 
value, % (95% CI) 

NNS 

Lung cancer incidence, Survey        

0 (-1·885)(-0·06) 1-year 19 (100·0) 2267 (100·0) 0·83 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·8 (0·5 to 1·2) 100·0 (100·0 to 100·0) 120 

 (-0·09) 2-year 28 (100·0) 2252 (100·0) 1·23 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 1·2 (0·8 to 1·7) 100·0 (100·0 to 100·0) 81 

 (-0·12) 3-year 40 (100·0) 2237 (100·0) 1·76 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 1·8 (1·2 to 2·3) 100·0 (100·0 to 100·0) 56 

 (-0·20) 5-year 59 (100·0) 2197 (100·0) 2·62 100·0 (100·0 to 100·0) 0·1 (0·0 to 0·1) 2·6 (1·9 to 3·2) 100·0 (100·0 to 100·0) 38 

0·1 (-1·032)(0·06) 1-year 18 (94·7) 2039 (89·9) 0·88 84·2 (67·8 to 100·6) 25·1 (23·3 to 26·9) 0·9 (0·5 to 1·4) 99·5 (98·9 to 100·1) 114 

 (0·10) 2-year 27 (96·4) 2024 (89·9) 1·32 89·3 (77·8 to 100·7) 25·2 (23·4 to 27·0) 1·5 (0·9 to 2·0) 99·5 (98·9 to 100·1) 75 

 (0·15) 3-year 39 (97·5) 2009 (89·8) 1·90 92·5 (84·4 to 100·7) 25·4 (23·6 to 27·2) 2·2 (1·5 to 2·8) 99·5 (98·9 to 100·1) 52 

 (0·21) 5-year 57 (96·6) 1972 (89·8) 2·81 89·8 (82·1 to 97·5) 25·5 (23·7 to 27·4) 3·1 (2·3 to 3·9) 99·0 (98·1 to 99·8) 35 

0·25 
(-0·390)(0·25) 

1-year 16 (84·2) 1698 (74·9) 0·93 79·0 (60·6 to 97·3) 50·3 (48·2 to 52·3) 1·3 (0·6 to 2·0) 99·7 (99·3 to 100·0) 107 

 (0·39) 2-year 25 (89·3) 1684 (74·8) 1·46 82·1 (67·9 to 96·3) 50·5 (48·4 to 52·5) 2·0 (1·2 to 2·8) 99·6 (99·2 to 99·9) 68 

 (0·54) 3-year 37 (92·5) 1669 (74·6) 2·17 82·5 (70·7 to 94·3) 50·7 (48·6 to 52·8) 2·9 (1·9 to 3·9) 99·4 (98·9 to 99·8) 46 

 (0·83) 5-year 53 (89·8) 1636 (74·5) 3·14 79·6 (69·4 to 89·9) 51·1 (49·0 to 53·2) 4·2 (3·0 to 5·3) 99·0 (98·4 to 99·5) 31 

0·5 (-0·390)(0·53) 1-year 15 (78·9) 1128 (49·8) 1·31 79·0 (60·6 to 97·3) 50·3 (48·2 to 52·3) 1·3 (0·6 to 2·0) 99·7 (99·3 to 100·0) 76 

 (0·85) 2-year 23 (82·1) 1116 (49·6) 2·02 82·1 (67·9 to 96·3) 50·5 (48·4 to 52·5) 2·0 (1·2 to 2·8) 99·6 (99·2 to 99·9) 49 

 (1·16) 3-year 33 (82·5) 1104 (49·4) 2·90 82·5 (70·7 to 94·3) 50·7 (48·6 to 52·8) 2·9 (1·9 to 3·9) 99·4 (98·9 to 99·8) 34 

 (1·78) 5-year 47 (79·7) 1075 (48·9) 4·19 79·6 (69·4 to 89·9) 51·1 (49·0 to 53·2) 4·2 (3·0 to 5·3) 99·0 (98·4 to 99·5) 23 

0·75 (0·205)(1·01) 1-year 13 (68·4) 558 (24·6) 2·28 68·4 (47·5 to 89·3) 75·4 (73·6 to 77·2) 2·3 (1·1 to 3·5) 99·7 (99·4 to 99·9) 43 

 (1·62) 2-year 17 (60·7) 551 (24·5) 2·99 60·7 (42·6 to 78·8) 75·5 (73·7 to 77·3) 3·0 (1·6 to 4·4) 99·4 (99·0 to 99·7) 33 

 (2·21) 3-year 24 (60·0) 542 (24·2) 4·24 60·0 (44·8 to 75·2) 75·8 (74·0 to 77·6) 4·2 (2·6 to 5·9) 99·1 (98·6 to 99·5) 23 

 (3·39) 5-year 36 (61·0) 521 (23·7) 6·46 61·0 (48·6 to 73·5) 76·3 (74·5 to 78·1) 6·4 (4·4 to 8·4) 98·7 (98·1 to 99·2) 15 

0·9 (0·695)(1·71) 1-year 9 (47·4) 219 (9·7) 3·95 47·4 (24·9 to 69·8) 90·3 (89·1 to 91·6) 4·0 (1·4 to 6·5) 99·5 (99·2 to 99·8) 25 

 (2·70) 2-year 12 (42·9) 215 (9·5) 5·29 42·9 (24·5 to 61·2) 90·5 (89·2 to 91·7) 5·3 (2·4 to 8·2) 99·2 (98·8 to 99·6) 18 

 (3·69) 3-year 16 (40·0) 211 (9·4) 7·05 40·0 (24·8 to 55·2) 90·6 (89·4 to 91·8) 7·0 (3·7 to 10·3) 98·8 (98·4 to 99·3) 14 

 (5·64) 5-year 22 (37·3) 201 (9·1) 9·87 37·3 (24·9 to 49·6) 90·9 (89·6 to 92·1) 9·8 (5·9 to 13·7) 98·2 (97·6 to 98·8) 10 

Lung cancer incidence, CT        

0 (-4·763)(-0·47) 1-year 19 (100·0) 2267 (100·0) 0·83 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·8 (0·5 to 1·2) 100·0 (100·0 to 100·0) 120 

 (-0·29) 2-year 28 (100·0) 2252 (100·0) 1·23 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 1·2 (0·8 to 1·7) 100·0 (100·0 to 100·0) 81 
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 (-0·12) 3-year 40 (100·0) 2237 (100·0) 1·76 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 1·8 (1·2 to 2·3) 100·0 (100·0 to 100·0) 56 

 (0·22) 5-year 59 (100·0) 2197 (100·0) 2·62 100·0 (100·0 to 100·0) 0·1 (0·0 to 0·1) 2·6 (1·9 to 3·2) 100·0 (100·0 to 100·0) 38 

0·1 (-2·174)(0·31) 1-year 19 (100·0) 2038 (89·9) 0·92 100·0 (100·0 to 100·0) 10·1 (8·9 to 11·3) 0·9 (0·5 to 1·3) 100·0 (100·0 to 100·0) 108 

 (-0·09) 2-year 28 (100·0) 2023 (89·8) 1·37 100·0 (100·0 to 100·0) 10·2 (8·9 to 11·4) 1·4 (0·9 to 1·9) 100·0 (100·0 to 100·0) 73 

 (0·12) 3-year 40 (100·0) 2009 (89·8) 1·95 100·0 (100·0 to 100·0) 10·2 (9·0 to 11·5) 2·0 (1·3 to 2·6) 100·0 (100·0 to 100·0) 51 

 (0·54) 5-year 58 (98·3) 1971 (89·7) 2·86 98·3 (95·0 to 101·6) 10·3 (9·1 to 11·6) 2·8 (2·1 to 3·6) 99·6 (98·7 to 100·4) 34 
0·25 
(-1·526)(-0·15) 1-year 18 (94·7) 1696 (74·8) 1·05 94·7 (84·7 to 104·8) 25·2 (23·4 to 27·0) 1·1 (0·6 to 1·5) 99·8 (99·5 to 100·2) 95 

 (0·10) 2-year 26 (92·9) 1682 (74·7) 1·52 92·9 (83·3 to 102·4) 25·3 (23·5 to 27·1) 1·5 (0·9 to 2·1) 99·7 (99·2 to 100·1) 65 

 (0·35) 3-year 36 (90·0) 1670 (74·7) 2·11 90·0 (80·7 to 99·3) 25·4 (23·5 to 27·2) 2·1 (1·4 to 2·8) 99·3 (98·6 to 100·0) 47 

 (0·85) 5-year 54 (91·5) 1634 (74·4) 3·20 91·5 (84·4 to 98·6) 25·7 (23·8 to 27·5) 3·2 (2·3 to 4·0) 99·1 (98·4 to 99·9) 31 

0·5 (-0·884)(0·15) 1-year 18 (94·7) 1127 (49·7) 1·57 94·7 (84·7 to 104·8) 50·4 (48·3 to 52·4) 1·6 (0·8 to 2·3) 99·9 (99·7 to 100·1) 63 

 (0·47) 2-year 25 (89·3) 1115 (49·5) 2·19 89·3 (77·8 to 100·7) 50·6 (48·5 to 52·6) 2·2 (1·3 to 3·0) 99·7 (99·4 to 100·0) 45 

 (0·80) 3-year 35 (87·5) 1104 (49·4) 3·07 87·5 (77·2 to 97·7) 50·8 (48·8 to 52·9) 3·1 (2·1 to 4·1) 99·6 (99·2 to 100·0) 32 

 (1·43) 5-year 53 (89·8) 1073 (48·8) 4·71 89·8 (82·1 to 97·5) 51·4 (49·3 to 53·5) 4·7 (3·5 to 5·9) 99·5 (99·1 to 99·9) 21 
0·75 
(-0·276)(0·67) 1-year 18 (94·7) 555 (24·5) 3·14 94·7 (84·7 to 104·8) 75·6 (73·8 to 77·3) 3·2 (1·7 to 4·6) 99·9 (99·8 to 100·1) 31 

 (1·12) 2-year 22 (78·6) 546 (24·2) 3·87 78·6 (63·4 to 93·8) 75·8 (74·0 to 77·5) 3·9 (2·3 to 5·4) 99·7 (99·4 to 99·9) 25 

 (1·57) 3-year 30 (75·0) 538 (24·1) 5·28 75·0 (61·6 to 88·4) 76·0 (74·2 to 77·8) 5·3 (3·4 to 7·1) 99·4 (99·1 to 99·8) 18 

 (2·46) 5-year 44 (74·6) 513 (23·4) 7·90 74·6 (63·4 to 85·7) 76·7 (74·9 to 78·4) 7·8 (5·6 to 10·0) 99·1 (98·7 to 99·6) 12 

0·9 (0·466)(1·93) 1-year 13 (68·4) 216 (9·5) 5·68 68·4 (47·5 to 89·3) 90·5 (89·3 to 91·7) 5·7 (2·7 to 8·7) 99·7 (99·5 to 99·9) 17 

 (2·67) 2-year 14 (50·0) 213 (9·5) 6·17 50·0 (31·5 to 68·5) 90·5 (89·3 to 91·8) 6·2 (3·0 to 9·3) 99·3 (99·0 to 99·7) 16 

 (3·41) 3-year 17 (42·5) 208 (9·3) 7·56 42·5 (27·1 to 57·8) 90·6 (89·4 to 91·8) 7·5 (4·0 to 10·9) 98·9 (98·4 to 99·3) 13 

 (4·87) 5-year 23 (39·0) 197 (9·0) 10·45 38·9 (26·5 to 51·4) 90·9 (89·7 to 92·1) 
10·2 (6·3 to 
14·2) 98·3 (97·7 to 98·8) 9 

Lung cancer incidence, Final        

0 (-5·411)(-0·48) 1-year 19 (100·0) 2267 (100·0) 0·83 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·8 (0·5 to 1·2) 100·0 (100·0 to 100·0) 120 

 (-0·30) 2-year 28 (100·0) 2252 (100·0) 1·23 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 1·2 (0·8 to 1·7) 100·0 (100·0 to 100·0) 81 

 (-0·13) 3-year 40 (100·0) 2237 (100·0) 1·76 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 1·8 (1·2 to 2·3) 100·0 (100·0 to 100·0) 56 

 (0·20) 5-year 59 (100·0) 2197 (100·0) 2·62 100·0 (100·0 to 100·0) 0·1 (0·0 to 0·1) 2·6 (1·9 to 3·2) 100·0 (100·0 to 100·0) 38 
0·1 
(-2·808)(-0·40) 1-year 18 (94·7) 2039 (89·9) 0·88 94·7 (84·7 to 104·8) 10·1 (8·8 to 11·3) 0·9 (0·5 to 1·3) 99·6 (98·7 to 100·4) 114 

 (-0·20) 2-year 27 (96·4) 2024 (89·9) 1·32 96·4 (89·6 to 103·3) 10·1 (8·9 to 11·4) 1·3 (0·8 to 1·8) 99·6 (98·7 to 100·4) 75 

 (-0·01) 3-year 39 (97·5) 2009 (89·8) 1·90 97·5 (92·7 to 102·3) 10·2 (8·9 to 11·4) 1·9 (1·3 to 2·5) 99·6 (98·7 to 100·4) 52 

 (0·37) 5-year 57 (96·6) 1970 (89·7) 2·81 96·6 (92·0 to 101·2) 10·3 (9·1 to 11·6) 2·8 (2·1 to 3·5) 99·1 (97·9 to 100·3) 35 
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0·25 
(-1·891)(-0·26) 1-year 18 (94·7) 1696 (74·8) 1·05 94·7 (84·7 to 104·8) 25·2 (23·4 to 27·0) 1·1 (0·6 to 1·5) 99·8 (99·5 to 100·2) 95 

 (-0·03) 2-year 27 (96·4) 1682 (74·7) 1·58 96·4 (89·6 to 103·3) 25·3 (23·5 to 27·1) 1·6 (1·0 to 2·2) 99·8 (99·5 to 100·2) 63 

 (0·19) 3-year 39 (97·5) 1667 (74·5) 2·29 97·5 (92·7 to 102·3) 25·5 (23·7 to 27·3) 2·3 (1·6 to 3·0) 99·8 (99·5 to 100·2) 43 

 (0·64) 5-year 57 (96·6) 1630 (74·2) 3·38 96·6 (92·0 to 101·2) 25·8 (24·0 to 27·6) 3·4 (2·5 to 4·2) 99·7 (99·2 to 100·1) 29 

0·5 (-0·995)(0·06) 1-year 18 (94·7) 1125 (49·6) 1·57 94·7 (84·7 to 104·8) 50·4 (48·4 to 52·5) 1·6 (0·9 to 2·3) 99·9 (99·7 to 100·1) 63 

 (0·37) 2-year 24 (85·7) 1114 (49·5) 2·11 85·7 (72·7 to 98·7) 50·5 (48·5 to 52·6) 2·1 (1·3 to 2·9) 99·7 (99·3 to 100·0) 47 

 (0·67) 3-year 33 (82·5) 1104 (49·4) 2·90 82·5 (70·7 to 94·3) 50·7 (48·6 to 52·8) 2·9 (1·9 to 3·9) 99·4 (98·9 to 99·8) 34 

 (1·28) 5-year 50 (84·7) 1076 (49·0) 4·44 84·7 (75·6 to 93·9) 51·2 (49·1 to 53·3) 4·4 (3·2 to 5·6) 99·2 (98·7 to 99·7) 22 
0·75 
(-0·227)(0·68) 1-year 18 (94·7) 555 (24·5) 3·14 94·7 (84·7 to 104·8) 75·6 (73·8 to 77·3) 3·2 (1·7 to 4·6) 99·9 (99·8 to 100·1) 31 

 (1·14) 2-year 21 (75·0) 547 (24·3) 3·70 75·0 (58·9 to 91·0) 75·7 (73·9 to 77·4) 3·7 (2·1 to 5·2) 99·6 (99·3 to 99·9) 27 

 (1·60) 3-year 29 (72·5) 539 (24·1) 5·11 72·5 (58·6 to 86·3) 76·0 (74·2 to 77·7) 5·1 (3·3 to 6·9) 99·4 (99·0 to 99·7) 19 

 (2·51) 5-year 42 (71·2) 519 (23·6) 7·49 71·2 (59·6 to 82·7) 76·5 (74·7 to 78·3) 7·5 (5·3 to 9·6) 99·0 (98·5 to 99·5) 13 

0·9 (0·518)(1·97) 1-year 15 (78·9) 213 (9·4) 6·58 79·0 (60·6 to 97·3) 90·6 (89·4 to 91·8) 6·6 (3·4 to 9·7) 99·8 (99·6 to 100·0) 15 

 (2·73) 2-year 16 (57·1) 212 (9·4) 7·02 57·1 (38·8 to 75·5) 90·6 (89·4 to 91·8) 7·0 (3·7 to 10·3) 99·4 (99·1 to 99·8) 14 

 (3·49) 3-year 22 (55·0) 207 (9·3) 9·61 55·0 (39·6 to 70·4) 90·8 (89·6 to 92·0) 9·6 (5·8 to 13·4) 99·1 (98·7 to 99·5) 10 

 (5·00) 5-year 29 (49·2) 196 (8·9) 12·89 49·1 (36·4 to 61·9) 91·1 (89·9 to 92·3) 
12·8 (8·4 to 
17·2) 98·5 (98·0 to 99·1) 7 

Lung cancer incidence, Nodule        

0 (-5·553)(-0·46) 1-year 19 (100·0) 2267 (100·0) 0·83 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·8 (0·5 to 1·2) 100·0 (100·0 to 100·0) 120 

 (-0·25) 2-year 28 (100·0) 2252 (100·0) 1·23 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 1·2 (0·8 to 1·7) 100·0 (100·0 to 100·0) 81 

 (-0·05) 3-year 40 (100·0) 2237 (100·0) 1·76 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 1·8 (1·2 to 2·3) 100·0 (100·0 to 100·0) 56 

 (0·33) 5-year 59 (100·0) 2197 (100·0) 2·62 100·0 (100·0 to 100·0) 0·1 (0·0 to 0·1) 2·6 (1·9 to 3·2) 100·0 (100·0 to 100·0) 38 
0·1 
(-2·486)(-0·38) 1-year 19 (100·0) 2038 (89·9) 0·92 100·0 (100·0 to 100·0) 10·1 (8·9 to 11·3) 0·9 (0·5 to 1·3) 100·0 (100·0 to 100·0) 108 

 (-0·15) 2-year 28 (100·0) 2023 (89·8) 1·37 100·0 (100·0 to 100·0) 10·2 (8·9 to 11·4) 1·4 (0·9 to 1·9) 100·0 (100·0 to 100·0) 73 

 (0·07) 3-year 40 (100·0) 2008 (89·8) 1·95 100·0 (100·0 to 100·0) 10·2 (9·0 to 11·5) 2·0 (1·3 to 2·6) 100·0 (100·0 to 100·0) 51 

 (0·48) 5-year 58 (98·3) 1969 (89·6) 2·86 98·3 (95·0 to 101·6) 10·4 (9·1 to 11·7) 2·8 (2·1 to 3·6) 99·6 (98·7 to 100·4) 34 
0·25 
(-1·474)(-0·24) 1-year 18 (94·7) 1696 (74·8) 1·05 94·7 (84·7 to 104·8) 25·2 (23·4 to 27·0) 1·1 (0·6 to 1·5) 99·8 (99·5 to 100·2) 95 

 (0·02) 2-year 27 (96·4) 1682 (74·7) 1·58 96·4 (89·6 to 103·3) 25·3 (23·5 to 27·1) 1·6 (1·0 to 2·2) 99·8 (99·5 to 100·2) 63 

 (0·28) 3-year 39 (97·5) 1668 (74·6) 2·28 95·0 (88·2 to 101·8) 25·4 (23·6 to 27·2) 2·2 (1·5 to 2·9) 99·7 (99·2 to 100·1) 43 

 (0·76) 5-year 57 (96·6) 1632 (74·3) 3·37 94·9 (89·3 to 100·5) 25·7 (23·9 to 27·5) 3·3 (2·4 to 4·1) 99·5 (98·9 to 100·1) 29 

0·5 (-0·600)(0·07) 1-year 18 (94·7) 1125 (49·6) 1·57 94·7 (84·7 to 104·8) 50·4 (48·3 to 52·4) 1·6 (0·8 to 2·3) 99·9 (99·7 to 100·1) 63 
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 (0·41) 2-year 23 (82·1) 1115 (49·5) 2·02 82·1 (67·9 to 96·3) 50·4 (48·4 to 52·5) 2·0 (1·2 to 2·8) 99·6 (99·2 to 100·0) 49 

 (0·73) 3-year 32 (80·0) 1106 (49·4) 2·81 80·0 (67·6 to 92·4) 50·6 (48·5 to 52·7) 2·8 (1·8 to 3·8) 99·3 (98·8 to 99·8) 35 

 (1·37) 5-year 48 (81·4) 1079 (49·1) 4·26 81·4 (71·4 to 91·3) 51·0 (48·9 to 53·1) 4·2 (3·1 to 5·4) 99·0 (98·5 to 99·6) 23 

0·75 (0·145)(0·66) 1-year 17 (89·5) 555 (24·5) 2·97 89·5 (75·7 to 103·3) 75·5 (73·8 to 77·3) 3·0 (1·6 to 4·4) 99·9 (99·7 to 100·0) 33 

 (1·13) 2-year 20 (71·4) 547 (24·3) 3·53 71·4 (54·7 to 88·1) 75·6 (73·9 to 77·4) 3·5 (2·0 to 5·0) 99·5 (99·2 to 99·8) 28 

 (1·59) 3-year 27 (67·5) 539 (24·1) 4·77 67·5 (53·0 to 82·0) 75·9 (74·1 to 77·6) 4·8 (3·0 to 6·5) 99·2 (98·8 to 99·7) 20 

 (2·51) 5-year 38 (64·4) 520 (23·7) 6·81 64·4 (52·1 to 76·6) 76·4 (74·6 to 78·2) 6·8 (4·7 to 8·8) 98·8 (98·2 to 99·3) 14 

0·9 (0·936)(1·99) 1-year 12 (63·2) 214 (9·4) 5·31 63·2 (41·5 to 84·9) 90·4 (89·2 to 91·6) 5·2 (2·4 to 8·1) 99·7 (99·4 to 99·9) 18 

 (2·75) 2-year 13 (46·4) 213 (9·5) 5·75 46·4 (27·9 to 64·9) 90·5 (89·2 to 91·7) 5·7 (2·7 to 8·7) 99·3 (98·9 to 99·6) 17 

 (3·51) 3-year 18 (45·0) 209 (9·3) 7·93 45·0 (29·6 to 60·4) 90·6 (89·4 to 91·8) 7·9 (4·4 to 11·4) 98·9 (98·5 to 99·4) 12 

 (5·04) 5-year 23 (39·0) 200 (9·1) 10·31 38·9 (26·5 to 51·4) 90·9 (89·6 to 92·1) 
10·2 (6·2 to 
14·1) 98·2 (97·7 to 98·8) 9 

Lung cancer mortality, Survey        

0 (-3·091)(-0·02) 1-year 2 (100·0) 2284 (100·0) 0·09 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·1 (0·0 to 0·2) 100·0 (100·0 to 100·0) 1143 

 (-0·04) 2-year 5 (100·0) 2275 (100·0) 0·22 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·2 (0·0 to 0·4) 100·0 (100·0 to 100·0) 456 

 (-0·07) 3-year 9 (100·0) 2268 (100·0) 0·40 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·4 (0·1 to 0·6) 100·0 (100·0 to 100·0) 253 

 (-0·15) 5-year 17 (100·0) 2237 (100·0) 0·75 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·8 (0·4 to 1·1) 100·0 (100·0 to 100·0) 132 

0·1 (-1·361)(0·01) 1-year 2 (100·0) 2055 (90·0) 0·10 100·0 (100·0 to 100·0) 10·0 (8·8 to 11·3) 0·1 (0·0 to 0·2) 100·0 (100·0 to 100·0) 1028 

 (0·02) 2-year 5 (100·0) 2046 (89·9) 0·24 100·0 (100·0 to 100·0) 10·1 (8·8 to 11·3) 0·2 (0·0 to 0·5) 100·0 (100·0 to 100·0) 410 

 (0·03) 3-year 9 (100·0) 2039 (89·9) 0·44 100·0 (100·0 to 100·0) 10·1 (8·9 to 11·3) 0·4 (0·1 to 0·7) 100·0 (100·0 to 100·0) 227 

 (0·01) 5-year 17 (100·0) 2011 (89·9) 0·84 100·0 (100·0 to 100·0) 10·1 (8·8 to 11·4) 0·8 (0·4 to 1·2) 100·0 (100·0 to 100·0) 119 

0·25 
(-0·844)(0·03) 

1-year 2 (100·0) 1712 (75·0) 0·12 100·0 (100·0 to 100·0) 25·0 (23·3 to 26·8) 0·1 (0·0 to 0·3) 100·0 (100·0 to 100·0) 857 

 (0·07) 2-year 5 (100·0) 1703 (74·9) 0·29 100·0 (100·0 to 100·0) 25·1 (23·4 to 26·9) 0·3 (0·0 to 0·5) 100·0 (100·0 to 100·0) 341 

 (0·11) 3-year 9 (100·0) 1696 (74·8) 0·53 100·0 (100·0 to 100·0) 25·2 (23·4 to 27·0) 0·5 (0·2 to 0·9) 100·0 (100·0 to 100·0) 189 

 (0·14) 5-year 17 (100·0) 1670 (74·7) 1·01 100·0 (100·0 to 100·0) 25·4 (23·5 to 27·2) 1·0 (0·5 to 1·5) 100·0 (100·0 to 100·0) 99 

0·5 (-0·239)(0·09) 1-year 2 (100·0) 1141 (50·0) 0·17 100·0 (100·0 to 100·0) 50·1 (48·0 to 52·1) 0·2 (-0·1 to 0·4) 100·0 (100·0 to 100·0) 571 

 (0·18) 2-year 5 (100·0) 1134 (49·8) 0·44 100·0 (100·0 to 100·0) 50·2 (48·1 to 52·3) 0·4 (0·0 to 0·8) 100·0 (100·0 to 100·0) 227 

 (0·27) 3-year 9 (100·0) 1127 (49·7) 0·79 100·0 (100·0 to 100·0) 50·4 (48·3 to 52·4) 0·8 (0·3 to 1·3) 100·0 (100·0 to 100·0) 126 

 (0·40) 5-year 17 (100·0) 1102 (49·3) 1·52 100·0 (100·0 to 100·0) 50·8 (48·7 to 52·9) 1·5 (0·8 to 2·2) 100·0 (100·0 to 100·0) 65 

0·75 (0·367)(0·18) 1-year 2 (100·0) 569 (24·9) 0·35 100·0 (100·0 to 100·0) 75·1 (73·3 to 76·9) 0·4 (-0·1 to 0·8) 100·0 (100·0 to 100·0) 285 

 (0·36) 2-year 4 (80·0) 564 (24·8) 0·70 80·0 (44·9 to 115·1) 75·2 (73·4 to 77·0) 0·7 (0·0 to 1·4) 99·9 (99·8 to 100·1) 142 

 (0·56) 3-year 7 (77·8) 559 (24·6) 1·24 77·8 (50·6 to 104·9) 75·4 (73·6 to 77·1) 1·2 (0·3 to 2·1) 99·9 (99·7 to 100·0) 80 

 (0·88) 5-year 13 (76·5) 538 (24·1) 2·36 76·5 (56·3 to 96·6) 76·0 (74·2 to 77·7) 2·3 (1·1 to 3·6) 99·8 (99·5 to 100·0) 42 
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0·9 (0·908)(0·33) 1-year 1 (50·0) 227 (9·9) 0·44 39·1 (19·2 to 59·1) 90·1 (89·7 to 90·5) 0·4 (0·1 to 0·6) 99·9 (99·9 to 100·0) 228 

 (0·67) 2-year 2 (40·0) 225 (9·9) 0·88 32·8 (21·8 to 43·8) 90·2 (89·8 to 90·6) 1·0 (0·6 to 1·4) 99·8 (99·7 to 99·8) 113 

 (1·02) 3-year 5 (55·6) 222 (9·8) 2·20 30·3 (22·4 to 38·1) 90·4 (90·0 to 90·8) 1·8 (1·3 to 2·4) 99·6 (99·5 to 99·6) 45 

 (1·63) 5-year 9 (52·9) 214 (9·6) 4·04 33·6 (27·9 to 39·4) 90·9 (90·5 to 91·3) 4·1 (3·3 to 5·0) 99·2 (99·0 to 99·3) 24 

Lung cancer mortality, CT        

0 (-4·040)(0·00) 1-year 2 (100·0) 2284 (100·0) 0·09 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·1 (0·0 to 0·2) 100·0 (100·0 to 100·0) 1143 

 (0·00) 2-year 5 (100·0) 2275 (100·0) 0·22 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·2 (0·0 to 0·4) 100·0 (100·0 to 100·0) 456 

 (0·00) 3-year 9 (100·0) 2268 (100·0) 0·40 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·4 (0·1 to 0·6) 100·0 (100·0 to 100·0) 253 

 (0·00) 5-year 17 (100·0) 2237 (100·0) 0·75 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·8 (0·4 to 1·1) 100·0 (100·0 to 100·0) 132 

0·1 (-2·196)(0·02) 1-year 2 (100·0) 2055 (90·0) 0·10 100·0 (100·0 to 100·0) 10·0 (8·8 to 11·3) 0·1 (0·0 to 0·2) 100·0 (100·0 to 100·0) 1028 

 (0·05) 2-year 5 (100·0) 2046 (89·9) 0·24 100·0 (100·0 to 100·0) 10·1 (8·8 to 11·3) 0·2 (0·0 to 0·5) 100·0 (100·0 to 100·0) 410 

 (0·07) 3-year 9 (100·0) 2039 (89·9) 0·44 100·0 (100·0 to 100·0) 10·1 (8·9 to 11·3) 0·4 (0·1 to 0·7) 100·0 (100·0 to 100·0) 227 

 (0·13) 5-year 17 (100·0) 2009 (89·8) 0·84 100·0 (100·0 to 100·0) 10·2 (8·9 to 11·4) 0·8 (0·4 to 1·2) 100·0 (100·0 to 100·0) 119 
0·25 
(-1·718)(0·04) 1-year 2 (100·0) 1712 (100·0) 0·12 100·0 (100·0 to 100·0) 25·0 (23·3 to 26·8) 0·1 (0·0 to 0·3) 100·0 (100·0 to 100·0) 857 

 (0·08) 2-year 5 (100·0) 1703 (100·0) 0·29 100·0 (100·0 to 100·0) 25·1 (23·4 to 26·9) 0·3 (0·0 to 0·5) 100·0 (100·0 to 100·0) 341 

 (0·12) 3-year 9 (100·0) 1696 (100·0) 0·53 100·0 (100·0 to 100·0) 25·2 (23·4 to 27·0) 0·5 (0·2 to 0·9) 100·0 (100·0 to 100·0) 189 

 (0·22) 5-year 17 (100·0) 1667 (100·0) 1·01 100·0 (100·0 to 100·0) 25·5 (23·7 to 27·3) 1·0 (0·5 to 1·5) 100·0 (100·0 to 100·0) 99 

0·5 (-1·156)(0·07) 1-year 2 (100·0) 1141 (66·6) 0·17 100·0 (100·0 to 100·0) 50·1 (48·0 to 52·1) 0·2 (-0·1 to 0·4) 100·0 (100·0 to 100·0) 571 

 (0·15) 2-year 5 (100·0) 1132 (66·5) 0·44 100·0 (100·0 to 100·0) 50·3 (48·2 to 52·3) 0·4 (0·0 to 0·8) 100·0 (100·0 to 100·0) 227 

 (0·22) 3-year 9 (100·0) 1125 (66·3) 0·79 100·0 (100·0 to 100·0) 50·4 (48·4 to 52·5) 0·8 (0·3 to 1·3) 100·0 (100·0 to 100·0) 126 

 (0·39) 5-year 16 (94·1) 1101 (66·0) 1·43 94·1 (82·9 to 105·3) 50·9 (48·8 to 53·0) 1·4 (0·7 to 2·1) 99·9 (99·7 to 100·1) 69 
0·75 
(-0·472)(0·14) 1-year 2 (100·0) 569 (33·2) 0·35 100·0 (100·0 to 100·0) 75·1 (73·3 to 76·9) 0·4 (-0·1 to 0·8) 100·0 (100·0 to 100·0) 285 

 (0·30) 2-year 4 (80·0) 561 (32·9) 0·71 80·0 (44·9 to 115·1) 75·3 (73·5 to 77·0) 0·7 (0·0 to 1·4) 99·9 (99·8 to 100·1) 141 

 (0·46) 3-year 7 (77·8) 556 (32·8) 1·24 77·8 (50·6 to 104·9) 75·4 (73·6 to 77·1) 1·2 (0·3 to 2·1) 99·9 (99·7 to 100·0) 80 

 (0·80) 5-year 13 (76·5) 537 (32·2) 2·36 76·5 (56·3 to 96·6) 75·9 (74·1 to 77·6) 2·3 (1·1 to 3·6) 99·8 (99·5 to 100·0) 42 

0·9 (0·242)(0·30) 1-year 2 (100·0) 227 (13·3) 0·87 100·0 (100·0 to 100·0) 90·1 (88·8 to 91·3) 0·9 (-0·3 to 2·1) 100·0 (100·0 to 100·0) 114 

 (0·61) 2-year 4 (80·0) 224 (13·2) 1·75 80·0 (44·9 to 115·1) 90·2 (89·0 to 91·4) 1·8 (0·1 to 3·5) 100·0 (99·9 to 100·0) 57 

 (0·94 3-year 6 (66·7) 222 (13·1) 2·63 66·6 (35·8 to 97·5) 90·3 (89·0 to 91·5) 2·6 (0·6 to 4·7) 99·9 (99·7 to 100·0) 38 

 (1·65) 5-year 10 (58·8) 213 (12·8) 4·48 58·8 (35·4 to 82·2) 90·5 (89·3 to 91·7) 4·4 (1·8 to 7·1) 99·7 (99·4 to 99·9) 22 
Lung cancer mortality, Final        

0 (-4·396)(0·01) 1-year 2 (100·0) 2284 (100·0) 0·09 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·1 (0·0 to 0·2) 100·0 (100·0 to 100·0) 1143 

 (0·02) 2-year 5 (100·0) 2275 (100·0) 0·22 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·2 (0·0 to 0·4) 100·0 (100·0 to 100·0) 456 
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 (0·03) 3-year 9 (100·0) 2268 (100·0) 0·40 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·4 (0·1 to 0·6) 100·0 (100·0 to 100·0) 253 

 (0·46) 5-year 17 (100·0) 2237 (100·0) 0·75 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·8 (0·4 to 1·1) 100·0 (100·0 to 100·0) 132 

0·1 (-2·433)(0·02) 1-year 2 (100·0) 2055 (90·0) 0·10 100·0 (100·0 to 100·0) 10·0 (8·8 to 11·3) 0·1 (0·0 to 0·2) 100·0 (100·0 to 100·0) 1028 

 (0·05) 2-year 5 (100·0) 2046 (89·9) 0·24 100·0 (100·0 to 100·0) 10·1 (8·8 to 11·3) 0·2 (0·0 to 0·5) 100·0 (100·0 to 100·0) 410 

 (0·07) 3-year 9 (100·0) 2039 (89·9) 0·44 100·0 (100·0 to 100·0) 10·1 (8·9 to 11·3) 0·4 (0·1 to 0·7) 100·0 (100·0 to 100·0) 227 

 (0·12) 5-year 17 (100·0) 2009 (89·8) 0·84 100·0 (100·0 to 100·0) 10·2 (8·9 to 11·4) 0·8 (0·4 to 1·2) 100·0 (100·0 to 100·0) 119 
0·25 
(-1·817)(0·04) 1-year 2 (100·0) 1712 (100·0) 0·12 100·0 (100·0 to 100·0) 25·0 (23·3 to 26·8) 0·1 (0·0 to 0·3) 100·0 (100·0 to 100·0) 857 

 (0·07) 2-year 5 (100·0) 1703 (100·0) 0·29 100·0 (100·0 to 100·0) 25·1 (23·4 to 26·9) 0·3 (0·0 to 0·5) 100·0 (100·0 to 100·0) 341 

 (0·11) 3-year 9 (100·0) 1696 (100·0) 0·53 100·0 (100·0 to 100·0) 25·2 (23·4 to 27·0) 0·5 (0·2 to 0·9) 100·0 (100·0 to 100·0) 189 

 (0·20) 5-year 17 (100·0) 1667 (100·0) 1·01 100·0 (100·0 to 100·0) 25·5 (23·7 to 27·3) 1·0 (0·5 to 1·5) 100·0 (100·0 to 100·0) 99 

0·5 (-1·086)(0·07) 1-year 2 (100·0) 1141 (66·6) 0·17 100·0 (100·0 to 100·0) 50·1 (48·0 to 52·1) 0·2 (-0·1 to 0·4) 100·0 (100·0 to 100·0) 571 

 (0·14) 2-year 5 (100·0) 1132 (66·5) 0·44 100·0 (100·0 to 100·0) 50·3 (48·2 to 52·3) 0·4 (0·0 to 0·8) 100·0 (100·0 to 100·0) 227 

 (0·21) 3-year 9 (100·0) 1125 (66·3) 0·79 100·0 (100·0 to 100·0) 50·4 (48·4 to 52·5) 0·8 (0·3 to 1·3) 100·0 (100·0 to 100·0) 126 

 (0·37) 5-year 17 (100·0) 1099 (65·9) 1·52 100·0 (100·0 to 100·0) 50·9 (48·8 to 53·0) 1·5 (0·8 to 2·2) 100·0 (100·0 to 100·0) 65 
0·75 
(-0·307)(0·14) 1-year 2 (100·0) 569 (33·2) 0·35 100·0 (100·0 to 100·0) 75·1 (73·3 to 76·9) 0·4 (-0·1 to 0·8) 100·0 (100·0 to 100·0) 285 

 (0·28) 2-year 5 (100·0) 562 (33·0) 0·88 100·0 (100·0 to 100·0) 75·3 (73·5 to 77·1) 0·9 (0·1 to 1·6) 100·0 (100·0 to 100·0) 113 

 (0·44) 3-year 8 (88·9) 557 (32·8) 1·42 88·9 (68·3 to 109·4) 75·4 (73·7 to 77·2) 1·4 (0·4 to 2·4) 99·9 (99·8 to 100·1) 70 

 (0·77) 5-year 14 (82·4) 540 (32·4) 2·53 82·3 (64·2 to 100·5) 75·9 (74·1 to 77·6) 2·5 (1·2 to 3·8) 99·8 (99·6 to 100·0) 39 

0·9 (0·529)(0·31) 1-year 2 (100·0) 226 (13·2) 0·88 100·0 (100·0 to 100·0) 90·1 (88·8 to 91·3) 0·9 (-0·3 to 2·1) 100·0 (100·0 to 100·0) 114 

 (0·64) 2-year 4 (80·0) 223 (13·1) 1·76 80·0 (44·9 to 115·1) 90·2 (89·0 to 91·4) 1·8 (0·1 to 3·5) 100·0 (99·9 to 100·0) 56 

 (0·98) 3-year 6 (66·7) 221 (13·0) 2·64 66·6 (35·8 to 97·5) 90·3 (89·0 to 91·5) 2·6 (0·6 to 4·7) 99·9 (99·7 to 100·0) 37 

 (1·73) 5-year 11 (64·7) 213 (12·8) 4·91 64·7 (41·9 to 87·4) 90·5 (89·3 to 91·7) 4·9 (2·1 to 7·7) 99·7 (99·5 to 99·9) 20 
Lung cancer mortality, Nodule        

0 (-3·313)(-0·02) 1-year 2 (100·0) 2284 (100·0) 0·09 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·1 (0·0 to 0·2) 100·0 (100·0 to 100·0) 1143 

 (-0·05) 2-year 5 (100·0) 2275 (100·0) 0·22 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·2 (0·0 to 0·4) 100·0 (100·0 to 100·0) 456 

 (-0·08) 3-year 9 (100·0) 2268 (100·0) 0·40 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·4 (0·1 to 0·6) 100·0 (100·0 to 100·0) 253 

 (-0·16) 5-year 17 (100·0) 2237 (100·0) 0·75 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·8 (0·4 to 1·1) 100·0 (100·0 to 100·0) 132 

0·1 (-1·583)(0·00) 1-year 2 (100·0) 2055 (90·0) 0·10 100·0 (100·0 to 100·0) 10·0 (8·8 to 11·3) 0·1 (0·0 to 0·2) 100·0 (100·0 to 100·0) 1028 

 (0·00) 2-year 5 (100·0) 2046 (89·9) 0·24 100·0 (100·0 to 100·0) 10·1 (8·8 to 11·3) 0·2 (0·0 to 0·5) 100·0 (100·0 to 100·0) 410 

 (0·00) 3-year 9 (100·0) 2039 (89·9) 0·44 100·0 (100·0 to 100·0) 10·1 (8·9 to 11·3) 0·4 (0·1 to 0·7) 100·0 (100·0 to 100·0) 227 

 (-0·02) 5-year 17 (100·0) 2009 (89·8) 0·84 100·0 (100·0 to 100·0) 10·2 (8·9 to 11·4) 0·8 (0·4 to 1·2) 100·0 (100·0 to 100·0) 119 

0·25 1-year 2 (100·0) 1712 (75·0) 0·12 100·0 (100·0 to 100·0) 25·0 (23·3 to 26·8) 0·1 (0·0 to 0·3) 100·0 (100·0 to 100·0) 857 
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(-0·991)(0·02) 

 (0·05) 2-year 5 (100·0) 1704 (74·9) 0·29 100·0 (100·0 to 100·0) 25·1 (23·3 to 26·9) 0·3 (0·0 to 0·5) 100·0 (100·0 to 100·0) 341 

 (0·07) 3-year 9 (100·0) 1697 (74·8) 0·53 100·0 (100·0 to 100·0) 25·2 (23·4 to 27·0) 0·5 (0·2 to 0·9) 100·0 (100·0 to 100·0) 189 

 (0·11) 5-year 17 (100·0) 1670 (74·7) 1·01 100·0 (100·0 to 100·0) 25·4 (23·5 to 27·2) 1·0 (0·5 to 1·5) 100·0 (100·0 to 100·0) 99 

0·5 (-0·350)(0·07) 1-year 2 (100·0) 1141 (50·0) 0·17 100·0 (100·0 to 100·0) 50·1 (48·0 to 52·1) 0·2 (-0·1 to 0·4) 100·0 (100·0 to 100·0) 571 

 (0·14) 2-year 5 (100·0) 1133 (49·8) 0·44 100·0 (100·0 to 100·0) 50·2 (48·1 to 52·3) 0·4 (0·0 to 0·8) 100·0 (100·0 to 100·0) 227 

 (0·22) 3-year 8 (88·9) 1128 (49·7) 0·70 88·9 (68·3 to 109·4) 50·3 (48·2 to 52·3) 0·7 (0·2 to 1·2) 99·9 (99·7 to 100·1) 142 

 (0·38) 5-year 15 (88·2) 1105 (49·4) 1·34 88·2 (72·9 to 103·6) 50·5 (48·4 to 52·6) 1·3 (0·7 to 2·0) 99·8 (99·6 to 100·1) 74 

0·75 (0·320)(0·16) 1-year 2 (100·0) 569 (24·9) 0·35 100·0 (100·0 to 100·0) 75·1 (73·3 to 76·9) 0·4 (-0·1 to 0·8) 100·0 (100·0 to 100·0) 285 

 (0·33) 2-year 5 (100·0) 563 (24·7) 0·88 100·0 (100·0 to 100·0) 75·3 (73·5 to 77·0) 0·9 (0·1 to 1·6) 100·0 (100·0 to 100·0) 113 

 (0·52) 3-year 8 (88·9) 558 (24·6) 1·41 88·9 (68·3 to 109·4) 75·4 (73·6 to 77·2) 1·4 (0·4 to 2·4) 99·9 (99·8 to 100·1) 70 

 (0·92) 5-year 15 (88·2) 537 (24·0) 2·72 88·2 (72·9 to 103·6) 76·0 (74·2 to 77·7) 2·7 (1·4 to 4·0) 99·9 (99·7 to 100·0) 36 

0·9 (0·898)(0·31) 1-year 1 (50·0) 228 (10·0) 0·44 50·0 (-19·3 to 119·3) 90·0 (88·8 to 91·3) 0·4 (-0·4 to 1·3) 100·0 (99·9 to 100·0) 229 

 (0·64) 2-year 3 (60·0) 224 (9·8) 1·32 60·0 (17·1 to 103·0) 90·2 (88·9 to 91·4) 1·3 (-0·2 to 2·8) 99·9 (99·8 to 100·0) 75 

 (0·99) 3-year 5 (55·6) 222 (9·8) 2·20 55·6 (23·1 to 88·0) 90·2 (89·0 to 91·4) 2·2 (0·3 to 4·1) 99·8 (99·6 to 100·0) 45 

 (1·77) 5-year 10 (58·8) 212 (9·5) 4·50 58·8 (35·4 to 82·2) 90·5 (89·3 to 91·7) 4·5 (1·8 to 7·2) 99·7 (99·4 to 99·9) 22 

CVD mortality, Survey         
0 (-2·073)(0·00) 2-year 2 (100·0) 2275 (100·0) 0·09 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·1 (0·0 to 0·2) 100·0 (100·0 to 100·0) 1138 

 (0·00) 3-year 5 (100·0) 2268 (100·0) 0·22 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·2 (0·0 to 0·4) 100·0 (100·0 to 100·0) 454 

 (-0·03) 5-year 18 (100·0) 2237 (100·0) 0·80 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·8 (0·4 to 1·2) 100·0 (100·0 to 100·0) 125 

0·1 (-1·154)(0·02) 2-year 2 (100·0) 2046 (89·9) 0·10 100·0 (100·0 to 100·0) 10·1 (8·8 to 11·3) 0·1 (0·0 to 0·2) 100·0 (100·0 to 100·0) 1024 

 (0·04) 3-year 5 (100·0) 2039 (89·9) 0·24 100·0 (100·0 to 100·0) 10·1 (8·9 to 11·3) 0·2 (0·0 to 0·5) 100·0 (100·0 to 100·0) 408 

 (0·12) 5-year 17 (94·4) 2009 (89·8) 0·84 94·5 (83·9 to 105·0) 10·2 (8·9 to 11·4) 0·8 (0·4 to 1·2) 99·6 (98·7 to 100·4) 119 

0·25 
(-0·745)(0·04) 

2-year 2 (100·0) 1703 (74·9) 0·12 100·0 (100·0 to 100·0) 25·1 (23·4 to 26·9) 0·1 (0·0 to 0·3) 100·0 (100·0 to 100·0) 852 

 (0·08) 3-year 5 (100·0) 1696 (74·8) 0·29 100·0 (100·0 to 100·0) 25·2 (23·4 to 27·0) 0·3 (0·0 to 0·5) 100·0 (100·0 to 100·0) 340 

 (0·25) 5-year 16 (88·9) 1668 (74·6) 0·95 88·9 (74·4 to 103·4) 25·4 (23·6 to 27·2) 0·9 (0·5 to 1·4) 99·7 (99·2 to 100·1) 105 

0·5 (-0·282)(0·07) 2-year 2 (100·0) 1132 (49·8) 0·18 100·0 (100·0 to 100·0) 50·3 (48·2 to 52·3) 0·2 (-0·1 to 0·4) 100·0 (100·0 to 100·0) 567 

 (0·14) 3-year 5 (100·0) 1125 (49·6) 0·44 100·0 (100·0 to 100·0) 50·4 (48·4 to 52·5) 0·4 (0·0 to 0·8) 100·0 (100·0 to 100·0) 226 

 (0·48) 5-year 16 (88·9) 1101 (49·2) 1·43 88·9 (74·4 to 103·4) 50·8 (48·8 to 52·9) 1·4 (0·7 to 2·1) 99·8 (99·6 to 100·1) 69 

0·75 (0·269)(0·12) 2-year 1 (50·0) 564 (24·8) 0·18 50·0 (-19·3 to 119·3) 75·2 (73·4 to 77·0) 0·2 (-0·2 to 0·5) 99·9 (99·8 to 100·1) 565 

 (0·27) 3-year 2 (40·0) 559 (24·6) 0·36 40·0 (-3·0 to 82·9) 75·4 (73·6 to 77·1) 0·4 (-0·1 to 0·9) 99·8 (99·6 to 100·0) 280 

 (0·92) 5-year 11 (61·1) 538 (24·1) 2·00 61·1 (38·6 to 83·7) 75·9 (74·1 to 77·7) 2·0 (0·8 to 3·1) 99·6 (99·3 to 99·9) 49 

0·9 (0·831)(0·23) 2-year 1 (50·0) 224 (9·8) 0·44 50·0 (-19·3 to 119·3) 90·2 (88·9 to 91·4) 0·4 (-0·4 to 1·3) 100·0 (99·9 to 100·0) 225 
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 (0·50) 3-year 2 (40·0) 222 (9·8) 0·89 40·0 (-3·0 to 82·9) 90·2 (89·0 to 91·4) 0·9 (-0·3 to 2·1) 99·9 (99·7 to 100·0) 112 

 (1·71) 5-year 8 (44·4) 211 (9·4) 3·65 44·5 (21·5 to 67·4) 90·6 (89·4 to 91·8) 3·6 (1·2 to 6·1) 99·5 (99·2 to 99·8) 27 

CVD mortality, CT         

0 (-4·706)(0·03) 2-year 2 (100·0) 2275 (100·0) 0·09 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·1 (0·0 to 0·2) 100·0 (100·0 to 100·0) 1138 

 (0·07) 3-year 5 (100·0) 2268 (100·0) 0·22 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·2 (0·0 to 0·4) 100·0 (100·0 to 100·0) 454 

 (0·23) 5-year 18 (100·0) 2237 (100·0) 0·80 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·8 (0·4 to 1·2) 100·0 (100·0 to 100·0) 125 

0·1 (-2·120)(0·04) 2-year 2 (100·0) 2046 (89·9) 0·10 100·0 (100·0 to 100·0) 10·1 (8·8 to 11·3) 0·1 (0·0 to 0·2) 100·0 (100·0 to 100·0) 1024 

 (0·10) 3-year 5 (100·0) 2039 (89·9) 0·24 100·0 (100·0 to 100·0) 10·1 (8·9 to 11·3) 0·2 (0·0 to 0·5) 100·0 (100·0 to 100·0) 408 

 (0·32) 5-year 18 (100·0) 2009 (89·8) 0·89 100·0 (100·0 to 100·0) 10·2 (8·9 to 11·4) 0·9 (0·5 to 1·3) 100·0 (100·0 to 100·0) 112 

0·25 
(-1·571)(0·05) 

2-year 2 (100·0) 1703 (74·9) 0·12 100·0 (100·0 to 100·0) 25·1 (23·4 to 26·9) 0·1 (0·0 to 0·3) 100·0 (100·0 to 100·0) 852 

 (0·12) 3-year 5 (100·0) 1696 (74·8) 0·29 100·0 (100·0 to 100·0) 25·2 (23·4 to 27·0) 0·3 (0·0 to 0·5) 100·0 (100·0 to 100·0) 340 

 (0·39) 5-year 17 (94·4) 1667 (74·5) 1·01 94·4 (83·8 to 105·1) 25·5 (23·7 to 27·3) 1·0 (0·5 to 1·5) 99·8 (99·5 to 100·2) 99 

0·5 (-0·888)(0·08) 2-year 2 (100·0) 1132 (49·8) 0·18 100·0 (100·0 to 100·0) 50·3 (48·2 to 52·3) 0·2 (-0·1 to 0·4) 100·0 (100·0 to 100·0) 567 

 (0·17) 3-year 5 (100·0) 1125 (49·6) 0·44 100·0 (100·0 to 100·0) 50·4 (48·4 to 52·5) 0·4 (0·0 to 0·8) 100·0 (100·0 to 100·0) 226 

 (0·56) 5-year 15 (83·3) 1100 (49·2) 1·35 83·3 (66·1 to 100·5) 50·9 (48·8 to 52·9) 1·3 (0·7 to 2·0) 99·7 (99·4 to 100·0) 74 

0·75 
(-0·186)(0·12) 

2-year 2 (100·0) 563 (24·7) 0·35 100·0 (100·0 to 100·0) 75·3 (73·5 to 77·0) 0·4 (-0·1 to 0·8) 100·0 (100·0 to 100·0) 282 

 (0·27) 3-year 4 (80·0) 558 (24·6) 0·71 80·0 (44·9 to 115·1) 75·4 (73·6 to 77·2) 0·7 (0·0 to 1·4) 99·9 (99·8 to 100·1) 140 

 (0·89) 5-year 10 (55·6) 542 (24·2) 1·81 55·5 (32·5 to 78·5) 75·8 (74·0 to 77·6) 1·8 (0·7 to 2·9) 99·5 (99·2 to 99·8) 55 

0·9 (0·478)(0·20) 2-year 1 (50·0) 224 (9·8) 0·44 50·0 (-19·3 to 119·3) 90·2 (88·9 to 91·4) 0·4 (-0·4 to 1·3) 100·0 (99·9 to 100·0) 225 

 (0·45) 3-year 3 (60·0) 219 (9·7) 1·35 60·0 (17·0 to 103·0) 90·3 (89·1 to 91·6) 1·4 (-0·2 to 2·9) 99·9 (99·8 to 100·0) 74 

 (1·51) 5-year 7 (38·9) 208 (9·3) 3·26 38·9 (16·3 to 61·4) 90·7 (89·5 to 91·9) 3·2 (0·9 to 5·6) 99·5 (99·1 to 99·8) 30 

CVD mortality, Final         

0 (-4·076)(0·02) 2-year 2 (100·0) 2275 (100·0) 0·09 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·1 (0·0 to 0·2) 100·0 (100·0 to 100·0) 1138 

 (0·05) 3-year 5 (100·0) 2268 (100·0) 0·22 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·2 (0·0 to 0·4) 100·0 (100·0 to 100·0) 454 

 (0·15) 5-year 18 (100·0) 2237 (100·0) 0·80 100·0 (100·0 to 100·0) 0·0 (0·0 to 0·1) 0·8 (0·4 to 1·2) 100·0 (100·0 to 100·0) 125 

0·1 (-1·945)(0·03) 2-year 2 (100·0) 2046 (89·9) 0·10 100·0 (100·0 to 100·0) 10·1 (8·8 to 11·3) 0·1 (0·0 to 0·2) 100·0 (100·0 to 100·0) 1024 

 (0·08) 3-year 5 (100·0) 2039 (89·9) 0·24 100·0 (100·0 to 100·0) 10·1 (8·9 to 11·3) 0·2 (0·0 to 0·5) 100·0 (100·0 to 100·0) 408 

 (0·25) 5-year 18 (100·0) 2009 (89·8) 0·89 100·0 (100·0 to 100·0) 10·2 (8·9 to 11·4) 0·9 (0·5 to 1·3) 100·0 (100·0 to 100·0) 112 

0·25 
(-1·386)(0·05) 

2-year 2 (100·0) 1703 (74·9) 0·12 100·0 (100·0 to 100·0) 25·1 (23·4 to 26·9) 0·1 (0·0 to 0·3) 100·0 (100·0 to 100·0) 852 

 (0·10) 3-year 5 (100·0) 1696 (74·8) 0·29 100·0 (100·0 to 100·0) 25·2 (23·4 to 27·0) 0·3 (0·0 to 0·5) 100·0 (100·0 to 100·0) 340 

 (0·33) 5-year 17 (94·4) 1666 (74·5) 1·01 94·4 (83·8 to 105·1) 25·5 (23·7 to 27·3) 1·0 (0·5 to 1·5) 99·8 (99·5 to 100·2) 99 
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0·5 (-0·746)(0·07) 2-year 2 (100·0) 1132 (49·8) 0·18 100·0 (100·0 to 100·0) 50·3 (48·2 to 52·3) 0·2 (-0·1 to 0·4) 100·0 (100·0 to 100·0) 567 

 (0·15) 3-year 4 (80·0) 1126 (49·6) 0·35 80·0 (44·9 to 115·1) 50·4 (48·3 to 52·5) 0·4 (0·0 to 0·7) 99·9 (99·7 to 100·1) 282 

 (0·50) 5-year 14 (77·8) 1102 (49·3) 1·25 77·8 (58·6 to 97·0) 50·8 (48·7 to 52·9) 1·3 (0·6 to 1·9) 99·7 (99·3 to 100·0) 79 

0·75 
(-0·002)(0·12) 

2-year 1 (50·0) 564 (24·8) 0·18 50·0 (-19·3 to 119·3) 75·2 (73·4 to 77·0) 0·2 (-0·2 to 0·5) 99·9 (99·8 to 100·1) 565 

 (0·27) 3-year 3 (60·0) 559 (24·6) 0·53 60·0 (17·0 to 103·0) 75·4 (73·6 to 77·1) 0·5 (-0·1 to 1·1) 99·9 (99·7 to 100·0) 187 

 (0·91) 5-year 10 (55·6) 540 (24·1) 1·82 55·6 (32·6 to 78·5) 75·9 (74·1 to 77·6) 1·8 (0·7 to 2·9) 99·5 (99·2 to 99·8) 55 

0·9 (0·643)(0·22) 2-year 1 (50·0) 224 (9·8) 0·44 50·0 (-19·3 to 119·3) 90·2 (88·9 to 91·4) 0·4 (-0·4 to 1·3) 100·0 (99·9 to 100·0) 225 

 (0·47) 3-year 3 (60·0) 220 (9·7) 1·35 60·0 (17·0 to 103·0) 90·3 (89·1 to 91·5) 1·3 (-0·2 to 2·8) 99·9 (99·8 to 100·0) 74 

 (1·60) 5-year 7 (38·9) 210 (9·4) 3·23 38·9 (16·3 to 61·4) 90·6 (89·4 to 91·8) 3·2 (0·9 to 5·5) 99·5 (99·1 to 99·8) 31 

Each row represents the expected frequency of events if only participants with a prognostic index (risk score) above the given threshold were to be included in the 

screening program. The estimated risk probability is the calibrated estimated percentage of events occurring within the quantile within the given time period. 95% CI, 95% 

confidence interval; MILD, Multicentric Italian Lung Detection; NNS, number needed to screen to encounter one event. 

  



63 
 

Table S3: Lung cancer mortality models’ accuracy 
Model  AUC, % (95% confidence interval)  

 1-year P value 3-year P value 5-year P value 

NLST cohort (derivation)    

LCmsurvey 77·0 (66·6-87·3) <·001 73·0 (68·8-77·2) <·001 73·4 (70·4-76·4) <·001 

LCmCT 91·0 (84·5-97·5) ·513 82·2 (78·6-85·8) ·085 81·1 (78·5-83·7) ·004 

LCmfinal 92·3 (86·9-97·8) Ref. 83·8 (80·3-87·3) Ref. 83·4 (81·0-85·7) Ref. 

LCmnodule 89·1 (80·7-97·5) .061 81·6 (77·8-85·4) .050 80·4 (77·6-83·2) <·001 

MILD cohort (validation)    

LCmsurvey 91·9 (87·4-96·4) ·351 87·3 (78·7-96·0) ·706 85·3 (78·0-92·5) ·244 

LCmCT 93·6 (90·2-97·0) ·040 87·5 (77·8-97·1) ·176 86·3 (78·6-94·1) ·153 

LCmfinal 95·2 (93·0-97·3) Ref. 88·9 (80·1-97·7) Ref. 87·7 (80·7-94·8) Ref. 

LCmnodule 93·5 (85·3-

101·7) 

.743 88·0 (77·0-99·0) .746 86·3 (77·7-94·9) ·558 

AUC, receiver operating characteristic area under the curve; LCmCT, LC mortality CT model; LCmfinal, 

final LC mortality model; LCmsurvey, LC mortality survey model; MILD, Multicentric Italian Lung 

Detection; NA, not applicable; NLST, National Lung Screening Trial; Ref., reference value.
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Table S4: Internal validation of the COPD mortality risk models 
Model Original sample AUC, % (95% 

confidence interval) 

Bootstrap sample AUC, % (95% 

confidence interval) 

Optimism 

 1-year 5-year 1-year 5-year 1-year 5-year 

COPD mortality, 

Survey 

86·5 

(86·4 to 86·6) 

86·6 

(86·6 to 86·6) 

86·6 

(86·1 to 87·1) 

87·2 

(87·1 to 87·3) 

0·001 0·006 

COPD mortality, 

CT 

83·5 

(83·4 to 83·5) 

87·4 

(87·4 to 87·4) 

83·3 

(83·0 to 83·7) 

87·5 

(87·4 to 87·6) 

-0·002 0·001 

COPD mortality, 

Final 

89·4 

(89·3 to 89·4) 

91·5 

(91·5 to 91·5) 

89·5 

(89·2 to 89·8) 

92·0 

(91·9 to 92·1) 

0·001 0·005 

One thousand bootstrap replications were performed for each model and time point. The optimism is the difference between the average bootstrap 

sample AUC and original sample AUC; a greater value indicates more overfitting. 

AUC, receiver operating characteristic area under the curve; COPD, chronic obstructive pulmonary disease. 
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Table S5: External calibration of predicted probabilities  
Model Mean absolute error 0·9 quantile of absolute errors 

Lung cancer incidence, Survey 0·004 0·007 

Lung cancer incidence, CT 0·004 0·008 

Lung cancer incidence, Final 0·003 0·007 

Lung cancer incidence, Nodule 0·003 0·004 

Lung cancer mortality, Survey 0·008 0·009 

Lung cancer mortality, CT 0·009 0·014 

Lung cancer mortality, Final 0·010 0·016 

Lung cancer mortality, Nodule 0·004 0·008 

CVD mortality, Survey 0·004 0·009 

CVD mortality, CT 0·001 0·002 

CVD mortality, Final 0·008 0·014 

NLST-calibrated models’ errors in estimation in the MILD cohort after five years’ follow-up. Note that 

the models were subsequently recalibrated to fit the MILD cohort. COPD, chronic obstructive 

pulmonary disease; CVD, cardiovascular disease; MILD, Multicentric Italian Lung Detection; NLST, 

National Lung Screening Trial 
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Table S6: Correlation between risk models’ linear predictors 
 Lung cancer 

incidence, 
Survey 

Lung cancer 
mortality, 
Survey 

CVD 
mortality, 
Survey 

COPD 
mortality, 
Survey 

Lung cancer 
incidence, 
CT 

Lung cancer 
mortality, 
CT 

CVD 
mortality, 
CT 

COPD 
mortality
, CT 

Lung cancer 
incidence, 
Final 

Lung cancer 
mortality, 
Final 

CVD 
mortality
, Final 

COPD 
mortality
, Final 

Lung cancer 
incidence, 
Survey 1 ·95 (·95-·95) 

·64 (·63-
·65) 

·79 (·79-
·80) ·41 (·39-·42) ·46 (·45-·48) 

·41 (·39-
·42) 

·45 (·44-
·47) ·70 (·69-·71) ·74 (·73-·75) 

·52 (·50-
·53) 

·68 (·67-
·70) 

Lung cancer 
mortality, 
Survey ·93 (·92-·94) 1 

·73 (·72-
·74) 

·83 (·83-
·84) ·41 (·39-·42) ·48 (·46-·49) 

·45 (·44-
·46) 

·45 (·44-
·47) ·66 (·65-·68) ·77 (·76-·77) 

·59 (·57-
·60) 

·74 (·73-
·75) 

CVD 
mortality, 
Survey ·63 (·59-·67) ·79 (·76-·82) 1 

·66 (·65-
·68) ·38 (·37-·39) ·48 (·46-·49) 

·57 (·56-
·59) 

·40 (·39-
·42) ·47 (·45-·48) ·55 (·54-·57) 

·79 (·58-
·80) 

·62 (·61-
·63) 

COPD 
mortality, 
Survey ·62 (·58-·66) ·78 (·75-·81) 

·75 (·72-
·78) 1 ·39 (·38-·40) ·44 (·43-·46) 

·39 (·37-
·40) 

·46 (·44-
·47) ·55 (·53-·56) ·64 (·63-·65) 

·53 (·51-
·54) 

·84 (·83-
·85) 

Lung cancer 
incidence, CT ·33 (·28-·37) ·38 (·34-·43) 

·37 (·33-
·41) 

·32 (·29-
·36) 1 ·91 (·90-·91) 

·59 (·58-
·61) 

·66 (·65-
·67) ·89 (·88-·89) ·80 (·79-·80) 

·55 (·53-
·56) 

·55 (·53-
·56) 

Lung cancer 
mortality, CT ·42 (·38-·47) ·51 (·46-·55) 

·53 (·48-
·57) 

·46 (·41-
·50) ·89 (·87-·90) 1 

·70 (·69-
·71) 

·82 (·81-
·83) ·80 (·80-·81) ·87 (·86-·87) 

·65 (·63-
·66) 

·65 (·64-
·66) 

CVD 
mortality, CT ·43 (·39-·48) ·54 (·49-·58) 

·63 (·59-
·67) 

·46 (·41-
·51) ·52 (·47-·56) ·67 (·63-·70) 1 

·65 (·64-
·66) ·53 (·51-·54) ·58 (·57-·60) 

·91 (·91-
·91) 

·61 (·59-
·62) 

COPD 
mortality, CT ·45 (·40-·49) ·53 (·49-·58) 

·53 (·48-
·58) 

·51 (·46-
·56) ·55 (·50-·59) ·80 (·77-·82) 

·68 (·64-
·71) 1 ·60 (·58-·61) ·71 (·70-·72) 

·59 (·58-
·61) 

·79 (·78-
·80) 

Lung cancer 
incidence, 
Final ·68 (·64-·71) ·63 (·59-·67) 

·43 (·39-
·48) 

·38 (·34-
·43) ·87 (·85-·88) ·77 (·74-·80) 

·48 (·43-
·52) 

·48 (·43-
·53) 1 ·90 (·90-·91) 

·56 (·55-
·58) 

·63 (·62-
·65) 

Lung cancer 
mortality, 
Final ·68 (·64-·71) ·73 (·69-·76) 

·58 (·53-
·62) 

·56 (·52-
·61) ·82 (·79-·84) ·91 (·90-·92) 

·58 (·54-
·63) 

·72 (·69-
·75) ·88 (·86-·89) 1 

·63 (·62-
·64) 

·74 (·73-
·75) 

CVD 
mortality, 
Final ·51 (·47-·56) ·64 (·60-·68) 

·78 (·75-
·80) 

·59 (·55-
·63) ·50 (·45-·54) ·64 (·60-·68) 

·94 (·94-
·95) 

·64 (·60-
·68) ·51 (·46-·55) ·62 (·58-·66) 1 

·69 (·68-
·70) 

COPD 
mortality, 
Final ·57 (·53-·62) ·72 (·68-·75) 

·72 (·69-
·75) 

·86 (·84-
·88) ·46 (·41-·50) ·63 (·59-·67) 

·65 (·61-
·69) 

·80 (·78-
·83) ·47 (·43-·52) ·67 (·63-·70) 

·72 (·69-
·75) 1 

Data are adjusted coefficients of determination (r2) between risk models’ linear predictor values with 95% confidence intervals in parentheses. The values above the 

diagonal are from the NLST cohort; the values below the diagonal are from the MILD cohort. COPD, chronic obstructive pulmonary disease; CVD, cardiovascular 

disease; MILD, Multicentric Italian Lung Detection; NLST, National Lung Screening Trial. 
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Prognostic indices and survival probability calculation 
The Cox proportional hazards regression model is expressed by the hazard function (Equation 1): 

 ( )    ( )      (                ) 

Where  ( ) is the hazard function,   ( ) is the baseline hazard function at time t (the hazard function when all 

variables have value zero) and   ,   ,…   are the beta coefficient of the corresponding independent variables   , 

  ,…  , respectively. The sum of the products of each pair of beta coefficient and variable provides the linear predictor, 

sometimes also referred to as the prognostic index. Note that the hazard ratio equals the exponential of the beta 

coefficient; either can be used to calculate the linear predictor. For calibration purposes, each model’s linear predictor is 

centered by the mean of the linear predictors in the NLST cohort (values provided below).  

The cumulative survival probability ( ( )) up to time   is calculated using the following equation: 

 ( )     (    (                         )    ( )) 

The baseline hazard function estimate for each outcome is listed below: 
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Each model’s calibration coefficients for estimating cumulative survival are given below in the following format: 

                   ( )                                             

To get the cumulative event probability ( ( )), simply subtract the cumulative survival probability estimate from 1: 

 ( )     ( ) 
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Risk model equations 

Table S7: Variables included in each model 
Model List of variables 

LCisurvey age, body mass index, smoking intensity, smoking duration, smoking quit time, lung cancer in family, 
educational level, COPD diagnosis, heart disease diagnosis 

LCiCT sex, age, emphysema score, mean lung density, bronchial wall thickness, lung volume, aorta calcium 
volume, aorta calcium mean density, nodule longest diameter, nodule perpendicular diameter, nodule 
in upper lobe, spiculated nodule 

LCifinal sex, body mass index, smoking intensity, smoking duration, smoking quit time, lung cancer in family, 
emphysema score,  mean lung density, bronchial wall thickness, aorta calcium volume, aorta calcium 
mean density, nodule longest diameter, nodule perpendicular diameter, nodule in upper lobe, 
spiculated nodule 

LCinodule sex, body mass index, smoking intensity, smoking duration, smoking quit time, lung cancer in family, 
educational level, heard disease diagnosis, nodule longest diameter, nodule perpendicular diameter, 
nodule in upper lobe, spiculated nodule 

LCmsurvey sex, age, educational level, lung cancer in family, smoking intensity, smoking quit time, COPD diagnosis, 
heart disease diagnosis, body mass index, diabetes diagnosis 

LCmCT age, emphysema score, mean lung density, lung volume, bronchial wall thickness, coronary calcium 
volume, aorta calcium volume, aorta calcium mean density, nodule longest diameter, part-solid nodule, 
nodule perpendicular diameter, non-solid nodule, spiculated nodule 

LCmfinal age, educational level, lung cancer in family, smoking intensity, smoking quit time, COPD diagnosis, body 
mass index, emphysema score, mean lung density, bronchial wall thickness, coronary calcium volume, 
aorta calcium volume, aorta calcium mean density, nodule longest diameter 

LCmnodule sex, age, educational level, lung cancer in family, smoking intensity, smoking quit time, COPD diagnosis, 
heart disease diagnosis, body mass index, nodule longest diameter, non-solid nodule, part-solid nodule, 
nodule perpendicular diameter, spiculated nodule 

CVDmsurvey sex, age, race, lung cancer in family, current smoker, smoking intensity, smoking duration, work 
asbestos, asthma diagnosis, COPD diagnosis, diabetes diagnosis, heart disease diagnosis, hypertension 
diagnosis, stroke diagnosis 

CVDmCT age, sex, emphysema score, mean lung density, bronchial wall thickness, coronary calcium volume, 
aorta calcium volume, mitral valve calcium volume, coronary calcium mean density, mitral valve calcium 
mean density, aortic valve calcium mean density, aorta calcium mean density 

CVDmfinal sex, age, race, lung cancer in family, current smoker, smoking duration, work asbestos, asthma 
diagnosis, COPD diagnosis, diabetes diagnosis, heart disease diagnosis, stroke diagnosis, emphysema 
score,  mean lung density, bronchial wall thickness, coronary calcium volume, aorta calcium volume, 
mitral valve calcium volume, coronary calcium mean density, mitral valve calcium mean density, aorta 
calcium mean density 

COPDmsurvey sex, age, body mass index, asthma diagnosis, educational level, smoking duration, smoking intensity, 
smoking quit time, COPD diagnosis, diabetes diagnosis, hypertension diagnosis, stroke diagnosis 

COPDmCT age, emphysema score, mean lung density, bronchial wall thickness, aorta calcium volume 

COPDmfinal age, sex, body mass index, asthma diagnosis, educational level, smoking duration, smoking quit time, 
COPD diagnosis, diabetes diagnosis, hypertension diagnosis, stroke diagnosis, emphysema score, mean 
lung density, bronchial wall thickness, aorta calcium volume 
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Table S8: Lung cancer incidence Survey model (LCisurvey) 
Variables Beta coefficient Standard error Hazard ratio  95% confidence 

intervals 
P-value 

(age/10) 0·48275 0·094 1·62052 1·347 to 1·949 <0·001 

(BMI/10) -0·43841 0·075 0·64506 0·557 to 0·747 <0·001 

((smoking intensity/100)^-2) -0·13261 0·016 0·87581 0·849 to 0·904 <0·001 

(smoking duration/10) 0·28011 0·082 1·32327 1·128 to 1·553 0·001 

(smoking quit time/10) -0·38577 0·109 0·67992 0·550 to 0·841 <0·001 

lung cancer in family 0·25794 0·058 1·29426 1·154 to 1·451 <0·001 

educational level -0·03381 0·022 0·96675 0·927 to 1·008 0·117 

COPD diagnosis 0·24310 0·076 1·27520 1·098 to 1·480 0·001 

heart disease diagnosis 0·13301 0·092 1·14226 0·954 to 1·367 0·147 

 

AIC = 17943·3 

Linear predictor = (age/10) + (BMI/10) + ((smoking intensity/100)^-2) + (smoking duration/10) + (smoking quit time/10) 
+ lung cancer in family + educational level + COPD diagnosis + heart disease diagnosis 

NLST mean linear predictor = 2·13670 

NLST baseline hazard function estimate = 0·0018772 + 0·021448 × (((t+1)/1000)^1) + (-0·0059062) × (((t+1)/1000)^1 × 
ln(((t+1)/1000))) 

(where t is the follow-up time in days) 

1-year NLST calibration curve = S(t) × 0·70065 + 0·29940 
2-year NLST calibration curve = S(t) × 0·76314 + 0·23697 
3-year NLST calibration curve = S(t) × 0·78370 + 0·21648 
5-year NLST calibration curve = S(t) × 0·78153 + 0·21884 

1-year MILD calibration curve = S(t) × 0·75674 + 0·24400 
2-year MILD calibration curve = S(t) × 0·75848 + 0·24267 
3-year MILD calibration curve = S(t) × 0·79207 + 0·20945 
5-year MILD calibration curve = S(t) × 0·87947 + 0·12302 

(where S(t) is the estimated survival probability at t days follow-up) 
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Table S9: Lung cancer incidence CT model (LCiCT) 
Variables Beta 

coefficient 
Standard 
error 

Hazard 
ratio 

 95% confidence 
intervals 

P-
value 

female 0·23762 0·089 1·26822 1·065 to 1·510 0·008 

(age/10) 0·28323 0·071 1·32741 1·155 to 1·525 <0·001 

ln((emphysema score + 0·1)) 0·22455 0·030 1·25176 1·179 to 1·329 <0·001 

((centered mean lung 
density/100)^-1) 

-1·64553 0·342 0·19291 0·099 to 0·377 <0·001 

Pi10 0·16000 0·045 1·17351 1·074 to 1·283 <0·001 

lung volume 0·14315 0·035 1·15391 1·076 to 1·237 <0·001 

ln((aorta calcium volume + 
0·1)/100) 

0·18994 0·026 1·20918 1·149 to 1·273 <0·001 

(((aorta calcium mean density + 
0·1)/100)^0·5) 

-0·54394 0·141 0·58046 0·440 to 0·765 <0·001 

(((nodule longest diameter + 
1)/10)^-2) 

-0·41065 0·111 0·66322 0·533 to 0·825 <0·001 

(((nodule longest diameter + 
1)/10)^-2 × ln(((nodule longest 
diameter + 1)/10))) 

-0·18370 0·047 0·83218 0·759 to 0·912 <0·001 

ln(nodule perpendicular diameter + 
1) 

1·25294 0·133 3·50061 2·696 to 4·545 <0·001 

nodule in upper lobe 0·24946 0·090 1·28334 1·076 to 1·530 0·005 

nodule spiculation 0·72913 0·098 2·07328 1·712 to 2·511 <0·001 

 

AIC = 17055·4 

Linear predictor = female + (age/10) + ln((emphysema score + 0·1)) + ((centered mean lung density/100)^-1) + Pi10 + 
lung volume + ln((aorta calcium volume + 0·1)/100) + (((aorta calcium mean density + 0·1)/100)^0·5) + (((nodule longest 
diameter + 1)/10)^-2) + (((nodule longest diameter + 1)/10)^-2 × ln(((nodule longest diameter + 1)/10))) + ln(nodule 
perpendicular diameter + 1) + nodule in upper lobe + spiculated nodule 

NLST mean linear predictor = 2·54815 

NLST baseline hazard function estimate = 0·0018772 + 0·021448 × (((t+1)/1000)^1) + (-0·0059062) × (((t+1)/1000)^1 × 
ln(((t+1)/1000))) 

(where t is the follow-up time in days) 

1-year NLST calibration curve = S(t) × 0·90195 + 0·10541 
2-year NLST calibration curve = S(t) × 0·71409 + 0·29168 
3-year NLST calibration curve = S(t) × 0·65247 + 0·35159 
5-year NLST calibration curve = S(t) × 0·62577 + 0·37510 

1-year MILD calibration curve = S(t) × 1·28341 + (-0·27858) 
2-year MILD calibration curve = S(t) × 1·00266 + 0·00042137 
3-year MILD calibration curve = S(t) × 0·91482 + 0·086550 
5-year MILD calibration curve = S(t) × 0·87278 + 0·12527 

(where S(t) is the estimated survival probability at t days follow-up) 
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Table S10: Final lung cancer incidence model (LCifinal) 
Variables Beta 

coefficient 
Standard 
error 

Hazard 
ratio 

95% confidence 
intervals 

P-
value 

female 0·12611 0·071 1·13441 0·986 to 1·305 0·077 

(BMI/10) -0·19128 0·078 0·82590 0·710 to 0·961 0·014 

((smoking intensity/100)^-2) -0·10613 0·016 0·89931 0·871 to 0·928 <0·001 

(smoking duration/10) 0·25895 0·059 1·29557 1·153 to 1·456 <0·001 

(smoking quit time/10) -0·30764 0·093 0·73518 0·612 to 0·882 0·001 

lung cancer in family 0·18273 0·059 1·20049 1·069 to 1·348 0·002 

ln((emphysema score + 0·1)) 0·18683 0·030 1·20542 1·136 to 1·279 <0·001 

((centered mean lung 
density/100)^-1) 

-0·74125 0·317 0·47652 0·256 to 0·887 0·019 

Pi10 0·09703 0·046 1·10189 1·006 to 1·207 0·036 

ln((aorta calcium volume + 
0·1)/100) 

0·17668 0·026 1·19325 1·134 to 1·255 <0·001 

(((aorta calcium mean density + 
0·1)/100)^0·5) 

-0·57768 0·142 0·56120 0·425 to 0·741 <0·001 

(((nodule longest diameter + 
1)/10)^-2) 

-0·44997 0·111 0·63764 0·513 to 0·792 <0·001 

(((nodule longest diameter + 
1)/10)^-2 × ln(((nodule longest 
diameter + 1)/10))) 

-0·20010 0·047 0·81865 0·747 to 0·897 <0·001 

ln(nodule perpendicular diameter + 
1) 

1·20812 0·131 3·34719 2·588 to 4·329 <0·001 

nodule in upper lobe 0·22769 0·090 1·25569 1·052 to 1·499 0·012 

nodule spiculation 0·64707 0·099 1·90994 1·573 to 2·320 <0·001 

 

AIC = 16925·8 

Linear predictor = female + (BMI/10) + ((smoking intensity/100)^-2) + (smoking duration/10) + (smoking quit time/10) + 
lung cancer in family + ln((emphysema score + 0·1)) + ((centered mean lung density/100)^-1) + Pi10 + ln((aorta calcium 
volume + 0·1)/100) + (((aorta calcium mean density + 0·1)/100)^0·5) + (((nodule longest diameter + 1)/10)^-2) + 
(((nodule longest diameter + 1)/10)^-2 × ln(((nodule longest diameter + 1)/10))) + ln(nodule perpendicular diameter + 1) 
+ nodule in upper lobe + spiculated nodule 

NLST mean linear predictor = 0·10129 

NLST baseline hazard function estimate = 0·0018772 + 0·021448 × (((t+1)/1000)^1) + (-0·0059062) × (((t+1)/1000)^1 × 
ln(((t+1)/1000))) 

(where t is the follow-up time in days) 

1-year NLST calibration curve = S(t) × 0·80398 + 0·20268 
2-year NLST calibration curve = S(t) × 0·65021 + 0·35504 
3-year NLST calibration curve = S(t) × 0·60926 + 0·39476 
5-year NLST calibration curve = S(t) × 0·60343 + 0·39822 

1-year MILD calibration curve = S(t) × 1·23972 + (-0·23485) 
2-year MILD calibration curve = S(t) × 0·97243 + 0·030672 
3-year MILD calibration curve = S(t) × 0·89043 + 0·11097 
5-year MILD calibration curve = S(t) × 0·85413 + 0·14396 
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(where S(t) is the estimated survival probability at t days follow-up) 
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Table S11: Lung cancer incidence Nodule model (LCinodule) 
Variables Beta 

coefficient 
Standard 
error 

Hazard 
ratio 

95% confidence 
intervals 

P-
value 

(age/10) 0·35528 0·095 1·42659 1·183 to 1·7198 <0·001 

(BMI/10) -0·24564 0·074 0·78220 0·676 to 0·905 0·001 

((smoking intensity/100)^-2) -0·12837 0·016 0·87953 0·8522 to 0·908 <0·001 

(smoking duration/10) 0·23504 0·082 1·26496 1·078 to 1·484 0·004 

(smoking quit time/10) -0·40255 0·108 0·66861 0·541 to 0·826 <0·001 

lung cancer in family 0·19800 0·059 1·21896 1·0857 to 1·369 0·001 

educational level -0·03580 0·021 0·96483 0·926 to 1·005 0·089 

heart disease diagnosis 0·13726 0·092 1·14713 0·958 to 1·373 0·134 

(((nodule longest diameter + 
1)/10)^-2) 

-0·51561 0·110 0·59714 0·482 to 0·741 <0·001 

(((nodule longest diameter + 
1)/10)^-2 × ln(((nodule longest 
diameter + 1)/10))) 

-0·22773 0·046 0·79634 0·727 to 0·872 <0·001 

ln(nodule perpendicular diameter + 
1) 

1·16911 0·130 3·21912 2·495 to 4·153 <0·001 

nodule in upper lobe 0·27080 0·090 1·31102 1·099 to 1·564 0·003 

nodule spiculation 0·66287 0·099 1·94036 1·599 to 2·355 <0·001 

 

AIC = 17026·7 

Linear predictor = female + (BMI/10) + ((smoking intensity/100)^-2) + (smoking duration/10) + (smoking quit time/10) + 
lung cancer in family + educational level + heard disease diagnosis + (((nodule longest diameter + 1)/10)^-2) + (((nodule 
longest diameter + 1)/10)^-2 × ln(((nodule longest diameter + 1)/10))) + ln(nodule perpendicular diameter + 1) + nodule 
in upper lobe + spiculated nodule 

NLST mean linear predictor = 2·73394 

NLST baseline hazard function estimate = 0·0018772 + 0·021448 × (((t+1)/1000)^1) + (-0·0059062) × (((t+1)/1000)^1 × 
ln(((t+1)/1000))) 

(where t is the follow-up time in days) 

1-year NLST calibration curve = S(t) × 0·87919 + 0·12818 
2-year NLST calibration curve = S(t) × 0·70006 + 0·30579 
3-year NLST calibration curve = S(t) × 0·64127 + 0·36291 
5-year NLST calibration curve = S(t) × 0·62105 + 0·38023 

1-year MILD calibration curve = S(t) × 0·82099 + 0·18363 
2-year MILD calibration curve = S(t) × 0·63751 + 0·36502 
3-year MILD calibration curve = S(t) × 0·58166 + 0·41888 
5-year MILD calibration curve = S(t) × 0·55939 + 0·43741 

(where S(t) is the estimated survival probability at t days follow-up) 
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Table S12: Lung cancer mortality Survey model (LCmsurvey) 
Variables Beta coefficient Standard error Hazard ratio  95% confidence 

intervals 
P-value 

female -0·26378 0·112 0·76814 0·617 to 0·956 0·018 

(age/10) 0·82699 0·096 2·28643 1·893 to 2·762 <0·001 

educational level -0·09032 0·033 0·91363 0·856 to 0·975 0·006 

lung cancer in family 0·24881 0·089 1·28250 1·077 to 1·527 0·005 

((smoking intensity/100)^-1) -0·50406 0·086 0·60407 0·510 to 0·715 <0·001 

((smoking quit time + 1)/10) -0·96835 0·137 0·37971 0·290 to 0·497 <0·001 

COPD diagnosis 0·41810 0·114 1·51908 1·216 to 1·898 <0·001 

heart disease diagnosis 0·24899 0·135 1·28274 0·985 to 1·671 0·065 

(BMI/10) -0·39282 0·118 0·67515 0·536 to 0·851 0·001 

diabetes diagnosis 0·22753 0·164 1·25550 0·910 to 1·732 0·166 

 

AIC = 7531·7 

Linear predictor = female + (age/10) + educational level + lung cancer in family + ((smoking intensity/100)^-1) + 
((smoking quit time + 1)/10) + COPD diagnosis + heart disease diagnosis + (BMI/10) + diabetes diagnosis 

NLST mean linear predictor = 2·33134 

NLST baseline hazard function estimate = 0·00058478 + 0·0052058 × (((t+1)/1000)^2) + (-0·00096428) × (((t+1)/1000)^3) 

(where t is the follow-up time in days) 

1-year NLST calibration curve = S(t) × 0·88483 + 0·11517 
2-year NLST calibration curve = S(t) × 0·80229 + 0·19771 
3-year NLST calibration curve = S(t) × 0·71283 + 0·28720 
5-year NLST calibration curve = S(t) × 0·67301 + 0·32709 

1-year MILD calibration curve = S(t) × 1·15985 + (-0·15958) 
2-year MILD calibration curve = S(t) × 0·98226 + 0·018301 
3-year MILD calibration curve = S(t) × 0·81312 + 0·18774 
5-year MILD calibration curve = S(t) × 0·61696 + 0·38487 

(where S(t) is the estimated survival probability at t days follow-up) 
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Table S13: Lung cancer mortality CT model (LCmCT) 
Variables Beta 

coefficient 
Standard 
error 

Hazard 
ratio 

 95% confidence 
intervals 

P-value 

(age/10) 0·37814 0·108 1·45957 1·181 to 1·804 <0·001 

((emphysema score + 0·1)^-
0·5) 

-0·59576 0·077 0·55115 0·474 to 0·641 <0·001 

(centered mean lung 
density/100) 

0·93944 0·155 2·55856 1·887 to 3·470 <0·001 

lung volume 0·09549 0·042 1·10020 1·014 to 1·194 0·022 

Pi10 0·25098 0·067 1·28528 1·128 to 1·465 <0·001 

((coronary calcium volume + 
0·1)/1000) 

0·22772 0·063 1·25574 1·109 to 1·422 <0·001 

ln((aorta calcium volume + 
0·1)/1000) 

0·12672 0·035 1·13509 1·060 to 1·215 <0·001 

(aorta calcium mean 
density/1000) 

-0·88996 0·588 0·41067 0·130 to 1·301 0·130 

(((nodule longest diameter + 
1)/10)^-2) 

0·08670 0·025 1·09056 1·038 to 1·145 0·001 

(((nodule longest diameter + 
1)/10)^-1) 

-0·97867 0·284 0·37581 0·215 to 0·656 0·001 

partsolid -0·49657 0·316 0·60862 0·328 to 1·131 0·116 

nodule perpendicular 
diameter 

0·06888 0·011 1·07131 1·049 to 1·094 <0·001 

nonsolid -0·35842 0·234 0·69878 0·441 to 1·106 0·126 

nodule spiculation 0·30495 0·176 1·35656 0·960 to 1·917 0·084 

 

AIC = 7303·9 

Linear predictor = (age/10) + ((emphysema score + 0·1)^-0·5) + (centered mean lung density/100) + lung volume + Pi10 + 
((coronary calcium volume + 0·1)/1000) + ln((aorta calcium volume + 0·1)/1000) + (aorta calcium mean density/1000) + 
(((nodule longest diameter + 1)/10)^-2) + (((nodule longest diameter + 1)/10)^-1) + nodPSNT0 + nodule perpendicular 
diameter + nodNSNT0 + spiculated nodule 

NLST mean linear predictor = 2·68746 

NLST baseline hazard function estimate = 0·00058478 + 0·0052058 × (((t+1)/1000)^2) + (-0·00096428) × (((t+1)/1000)^3) 

(where t is the follow-up time in days) 

1-year NLST calibration curve = S(t) × 1·14215 + (-0·14135) 
2-year NLST calibration curve = S(t) × 0·92482 + 0·076381 
3-year NLST calibration curve = S(t) × 0·77693 + 0·22463 
5-year NLST calibration curve = S(t) × 0·64899 + 0·35234 

1-year MILD calibration curve = S(t) × 1·92592 + (-0·92588) 
2-year MILD calibration curve = S(t) × 1·6252039 + (-0·62513) 
3-year MILD calibration curve = S(t) × 1·34457 + (-0·34446) 
5-year MILD calibration curve = S(t) × 1·09596 + (-0·09575) 

(where S(t) is the estimated survival probability at t days follow-up) 
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Table S14: Final lung cancer mortality model (LCmfinal) 
Variables Beta 

coefficient 
Standard 
error 

Hazard 
ratio 

 95% confidence 
intervals 

P-value 

(age/10) 0·43480 0·109 1·54465 1·247 to 1·913 <0·001 

educational level -0·05716 0·033 0·94445 0·885 to 1·008 0·087 

lung cancer in family 0·14361 0·089 1·15443 0·971 to 1·373 0·105 

((smoking intensity/100)^-1) -0·35816 0·086 0·69896 0·590 to 0·827 <0·001 

((smoking quit time + 1)/10) -0·80372 0·140 0·44766 0·340 to 0·589 <0·001 

COPD diagnosis 0·14941 0·117 1·16115 0·923 to 1·461 0·202 

(BMI/10) -0·21454 0·120 0·80691 0·638 to 1·021 0·074 

((emphysema score + 0·1)^-1) -0·16101 0·024 0·85128 0·812 to 0·893 <0·001 

(centered mean lung 
density/100) 

0·62436 0·162 1·86705 1·359 to 2·566 <0·001 

Pi10 0·20058 0·070 1·22211 1·066 to 1·401 0·004 

((coronary calcium volume + 
0·1)/1000) 

0·25298 0·061 1·28785 1·143 to 1·451 <0·001 

ln((aorta calcium volume + 
0·1)/1000) 

0·09638 0·035 1·10117 1·027 to 1·180 0·006 

(aorta calcium mean 
density/1000) 

-0·90612 0·624 0·40409 0·119 to 1·374 0·147 

(((nodule longest diameter + 
1)/10)^-2) 

0·08638 0·024 1·09022 1·039 to 1·144 <0·001 

(((nodule longest diameter + 
1)/10)^-1) 

-0·96621 0·277 0·38052 0·221 to 0·654 <0·001 

nodule perpendicular 
diameter 

0·06371 0·011 1·06578 1·044 to 1·088 <0·001 

nodule spiculation 0·30325 0·172 1·35425 0·967 to 1·897 0·078 

 

AIC = 7238·4 

Linear predictor = Linear predictor = (age/10) + educational level + lung cancer in family + ((smoking intensity/100)^-1) + 
((smoking quit time + 1)/10) + COPD diagnosis + (BMI/10) + ((emphysema score + 0·1)^-1) + (centered mean lung 
density/100) + Pi10 + ((coronary calcium volume + 0·1)/1000) + ln((aorta calcium volume + 0·1)/1000) + (aorta calcium 
mean density/1000) + (((nodule longest diameter + 1)/10)^-2) + (((nodule longest diameter + 1)/10)^-1) 

NLST mean linear predictor = 0·58296 

NLST baseline hazard function estimate = 0·00058478 + 0·0052058 × (((t+1)/1000)^2) + (-0·00096428) × (((t+1)/1000)^3) 

(where t is the follow-up time in days) 

1-year NLST calibration curve = S(t) × 0·93048 + 0·070109 
2-year NLST calibration curve = S(t) × 0·78852 + 0·21246 
3-year NLST calibration curve = S(t) × 0·68023 + 0·32115 
5-year NLST calibration curve = S(t) × 0·58874 + 0·41263 

1-year MILD calibration curve = S(t) × 1·45102 + (-0. 45109) 
2-year MILD calibration curve = S(t) × 1·22395 + (-0·22410) 
3-year MILD calibration curve = S(t) × 1·01647 + (-0·016691) 
5-year MILD calibration curve = S(t) × 0·83601 + 0·16365 

(where S(t) is the estimated survival probability at t days follow-up)  
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Table S15: Lung cancer mortality Nodule model (LCmnodule) 
Variables Beta 

coefficient 
Standard 
error 

Hazard 
ratio 

 95% confidence 
intervals 

P-value 

female -0·22161 0·112 0·80123 0·643 to 0·998 0·048 

(age/10) 0·71234 0·098 2·03876 1·681 to 2·473 <0·001 

educational level -0·08715 0·033 0·91654 0·859 to 0·977 0·008 

lung cancer in family 0·17367 0·089 1·18966 0·999 to 1·416 0·051 

((smoking intensity/100)^-1) -0·44383 0·087 0·64158 0·541 to 0·761 <0·001 

((smoking quit time + 1)/10) -0·93777 0·137 0·39150 0·299 to 0·512 <0·001 

COPD diagnosis 0·29470 0·115 1·34272 1·071 to 1·683 0·012 

Heart disease diagnosis 0·30679 0·134 1·35906 1·045 to 1·768 0·022 

(BMI/10) -0·21984 0·116 0·80265 0·640 to 1·007 0·058 

(((nodule longest diameter + 
1)/10)^-2) 

0·10334 0·025 1·10887 1·057 to 1·164 <0·001 

(((nodule longest diameter + 
1)/10)^-1) 

-1·17540 0·280 0·30870 0·178 to 0·535 <0·001 

nonsolid -0·30145 0·236 0·73975 0·466 to 1·174 0·201 

partsolid -0·43558 0·318 0·64689 0·347 to 1·207 0·171 

nodule perpendicular 
diameter 

0·06013 0·010 1·06197 1·040 to 1·084 <0·001 

nodule spiculation 0·25471 0·178 1·29009 0·910 to 1·829 0·153 

 

AIC = 7318·7 

Linear predictor = female + (age/10) + educational level + lung cancer in family + ((smoking intensity/100)^-1) + 
((smoking quit time + 1)/10) + COPD diagnosis + heart disease diagnosis + (BMI/10) + (((nodule longest diameter + 
1)/10)^-2) + (((nodule longest diameter + 1)/10)^-1) + nodNSNT0 + nodPSNT0 + nodule perpendicular diameter + 
spiculated nodule 

NLST mean linear predictor = 0·91319 

NLST baseline hazard function estimate = 0·00058478 + 0·0052058 × (((t+1)/1000)^2) + (-0·00096428) × (((t+1)/1000)^3) 

(where t is the follow-up time in days) 

1-year NLST calibration curve = S(t) × 1·14404 + (-0·14330) 
2-year NLST calibration curve = S(t) × 0·92781 + 0·073291 
3-year NLST calibration curve = S(t) × 0·78287 + 0·21858 
5-year NLST calibration curve = S(t) × 0·66072 + 0·34058 

1-year MILD calibration curve = S(t) × 1·13070 + (-0·13040) 
2-year MILD calibration curve = S(t) × 0·95889 + 0·041709 
3-year MILD calibration curve = S(t) × 0·80255 + 0·19842 
5-year MILD calibration curve = S(t) × 0·67076 + 0·33112 

(where S(t) is the estimated survival probability at t days follow-up) 
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Table S16: CVD mortality Survey model (CVDmsurvey) 
Variables Beta 

coefficient 
Standard 
error 

Hazard 
ratio 

 95% confidence 
intervals 

P-value 

female -0·52775 0·094 0·58993 0·490 to 0·710 <0·001 

(age/10) 0·60648 0·100 1·83397 1·506 to 2·233 <0·001 

black race 0·29124 0·159 1·33809 0·980 to 1·826 0·066 

asian race -1·12851 0·411 0·32352 0·144 to 0·725 0·006 

hispanic race -1·04976 0·579 0·35002 0·112 to 1·089 0·070 

mixed or other race 0·21929 0·247 1·24519 0·767 to 2·020 0·374 

lung cancer in family 0·09811 0·076 1·10308 0·951 to 1·279 0·194 

current smoker 0·52126 0·098 1·68414 1·390 to 2·041 <0·001 

(smoking intensity/100) 0·34746 0·148 1·41547 1·060 to 1·890 0·019 

(smoking duration/100) 2·32139 0·797 10·18984 2·137 to 48·598 0·004 

work asbestos 0·23221 0·147 1·26138 0·945 to 1·683 0·115 

asthma diagnosis 0·23199 0·128 1·26111 0·981 to 1·621 0·070 

COPD diagnosis 0·24621 0·097 1·27917 1·058 to 1·546 0·011 

diabetes diagnosis 0·70627 0·101 2·02642 1·664 to 2·468 <0·001 

heart disease diagnosis 0·56702 0·094 1·76301 1·467 to 2·119 <0·001 

hypertension diagnosis 0·29033 0·084 1·33687 1·135 to 1·575 0·001 

stroke diagnosis 0·72873 0·146 2·07244 1·558 to 2·757 <0·001 

 

AIC = 12153·8 

Linear predictor = female + (age/10) + race + lung cancer in family + current smoker + (smoking intensity/100) + 
(smoking duration/100) + work asbestos + asthma diagnosis + COPD diagnosis + diabetes diagnosis + heart disease 
diagnosis + hypertension diagnosis + stroke diagnosis 

NLST mean linear predictor = 5·21112 

NLST baseline hazard function estimate = 0·0015794 + 0·0082881 × (((t+1)/1000)^2) + (-0·0015370) × (((t+1)/1000)^3) 

(where t is the follow-up time in days) 

1-year NLST calibration curve = S(t) × 0·63661 + 0·36302 
2-year NLST calibration curve = S(t) × 0·67718 + 0·32208 
3-year NLST calibration curve = S(t) × 0·64188 + 0·35705 
5-year NLST calibration curve = S(t) × 0·63968 + 0·35883 

2-year MILD calibration curve = S(t) × 0·19417 + 0·80597 
3-year MILD calibration curve = S(t) × 0·24527 + 0·75504 
5-year MILD calibration curve = S(t) × 0·41240 + 0·58895 

(where S(t) is the estimated survival probability at t days follow-up) 
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Table S17: CVD mortality CT model (CVDmCT) 
Variables Beta 

coefficient 
Standard 
error 

Hazard ratio  95% confidence 
intervals 

P-value 

(age/10) 0·20744 0·085 1·23053 1·042 to 1·453 0·015 

female -0·36935 0·098 0·69118 0·570 to 0·838 <0·001 

((emphysema score + 
0·1)^0·5) 

0·29791 0·052 1·34703 1·218 to 1·490 <0·001 

((centered mean lung 
density/100)^-1) 

-2·51752 0·402 0·08066 0·037 to 0·177 <0·001 

Pi10 0·21226 0·052 1·23647 1·116 to 1·370 <0·001 

ln((coronary calcium 
volume + 0·1)/100) 

0·16186 0·030 1·17569 1·109 to 1·246 <0·001 

ln((aorta calcium volume + 
0·1)/100) 

0·26162 0·037 1·29903 1·208 to 1·397 <0·001 

(((mitral valve calcium 
volume + 0·1)/100)^0·5) 

0·19439 0·046 1·21457 1·111 to 1·328 <0·001 

((coronary calcium mean 
density + 0·1)/100) 

-0·22127 0·087 0·80150 0·676 to 0·950 0·011 

((mitral valve calcium 
mean density + 0·1)/1000) 

0·53899 0·338 1·71428 0·884 to 3·326 0·111 

((aortic valve calcium 
mean density + 0·1)/1000) 

0·85045 0·379 2·34071 1·113 to 4·923 0·025 

(((aorta calcium mean 
density + 0·1)/100)^0·5) 

-0·66620 0·198 0·51366 0·348 to 0·757 0·001 

 

AIC = 12022·6 

Linear predictor = (age/10) + female + ((emphysema score + 0·1)^0·5) + ((centered mean lung density/100)^-1) + Pi10 + 
ln((coronary calcium volume + 0·1)/100) + ln((aorta calcium volume + 0·1)/100) + (((mitral valve calcium volume + 
0·1)/100)^0·5) + ((coronary calcium mean density + 0·1)/100) + ((mitral valve calcium mean density + 0·1)/1000) + 
((aortic valve calcium mean density + 0·1)/1000) + (((aorta calcium mean density + 0·1)/100)^0·5) 

NLST mean linear predictor = -1·05831 

NLST baseline hazard function estimate = 0·0015794 + 0·0082881 × (((t+1)/1000)^2) + (-0·0015370) × (((t+1)/1000)^3) 

(where t is the follow-up time in days) 

1-year NLST calibration curve = S(t) × 0·63316 + 0·36685 
2-year NLST calibration curve = S(t) × 0·66957 + 0·33047 
3-year NLST calibration curve = S(t) × 0·62965 + 0·37050 
5-year NLST calibration curve = S(t) × 0·61699 + 0·38361 

2-year MILD calibration curve = S(t) × 0·19819 + 0·80149 
3-year MILD calibration curve = S(t) × 0·24970 + 0·74961 
5-year MILD calibration curve = S(t) × 0·406167 + 0·59158 

(where S(t) is the estimated survival probability at t days follow-up) 
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Table S18: Final CVD mortality model (CVDmfinal) 
Variables Beta 

coefficient 
Standard 
error 

Hazard ratio  95% confidence 
intervals 

P-value 

female -0·38110 0·099 0·68311 0·562 to 0·830 <0·001 

(((age/10))^3) 0·00157 0·001 1·00157 1·000 to 1·003 0·064 

black race 0·53883 0·161 1·71400 1·250 to 2·351 0·001 

asian race -0·99049 0·414 0·37140 0·165 to 0·835 0·017 

hispanic race -0·98317 0·579 0·37412 0·120 to 1·165 0·090 

mixed or other race 0·22632 0·248 1·25397 0·771 to 2·039 0·361 

lung cancer in family 0·10502 0·075 1·11073 0·959 to 1·286 0·160 

current smoker 0·44080 0·098 1·55395 1·284 to 1·881 <0·001 

(smoking duration/10) 0·17161 0·077 1·18721 1·021 to 1·381 0·026 

work asbestos 0·24316 0·147 1·27527 0·956 to 1·701 0·098 

asthma diagnosis 0·23267 0·130 1·26197 0·979 to 1·627 0·073 

COPD diagnosis 0·16522 0·099 1·17966 0·972 to 1·432 0·094 

diabetes diagnosis 0·51808 0·102 1·67880 1·376 to 2·049 <0·001 

heart disease diagnosis 0·23078 0·097 1·25958 1·041 to 1·524 0·018 

stroke diagnosis 0·62230 0·146 1·86320 1·400 to 2·479 <0·001 

(emphysema score/10) 0·37681 0·086 1·45762 1·232 to 1·725 <0·001 

(centered mean lung 
density/100) 

0·48595 0·115 1·62571 1·297 to 2·038 <0·001 

Pi10 0·15239 0·053 1·16461 1·049 to 1·293 0·004 

ln((coronary calcium 
volume + 0·1)/100) 

0·15037 0·030 1·16227 1·095 to 1·233 <0·001 

ln((aorta calcium volume + 
0·1)/100) 

0·24697 0·036 1·28014 1·192 to 1·375 <0·001 

(((mitral valve calcium 
volume + 0·1)/100)^0·5) 

0·21037 0·046 1·23413 1·127 to 1·352 <0·001 

((coronary calcium mean 
density + 0·1)/100) 

-0·22234 0·086 0·80064 0·676 to 0·948 0·010 

((mitral valve calcium 
mean density + 0·1)/1000) 

0·49957 0·341 1·64801 0·845 to 3·212 0·142 

(((aorta calcium mean 
density + 0·1)/100)^0·5) 

-0·69127 0·194 0·50094 0·342 to 0·733 <0·001 

 

AIC = 11909·8 

Linear predictor = female + (((age/10))^3) + race + lung cancer in family + current smoker + (smoking duration/10) + 
work asbestos + asthma diagnosis + COPD diagnosis + diabetes diagnosis + heart disease diagnosis + stroke diagnosis + 
(emphysema score/10) + (centered mean lung density/100) + Pi10 + ln((coronary calcium volume + 0·1)/100) + ln((aorta 
calcium volume + 0·1)/100) + (((mitral valve calcium volume + 0·1)/100)^0·5) + ((coronary calcium mean density + 
0·1)/100) + ((mitral valve calcium mean density + 0·1)/1000) + (((aorta calcium mean density + 0·1)/100)^0·5) 

NLST mean linear predictor = 1·03357 

NLST baseline hazard function estimate = 0·0015794 + 0·0082881 × (((t+1)/1000)^2) + (-0·0015370) × (((t+1)/1000)^3) 

(where t is the follow-up time in days) 

1-year NLST calibration curve = S(t) × 0·58749 + 0·41256 
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2-year NLST calibration curve = S(t) × 0·62819 + 0·37197 
3-year NLST calibration curve = S(t) × 0·59923 + 0·40119 
5-year NLST calibration curve = S(t) × 0·59871 + 0·40258 

2-year MILD calibration curve = S(t) × 0·18948 + 0·81032 
3-year MILD calibration curve = S(t) × 0·23930 + 0·76027 
5-year MILD calibration curve = S(t) × 0·39368 + 0·60499 

(where S(t) is the estimated survival probability at t days follow-up) 
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Table S19: COPD mortality Survey model (COPDmsurvey) 
Variables Beta 

coefficient 
Standard 
error 

Hazard 
ratio 

 95% confidence 
intervals 

P-value 

female -0·49510 0·170 0·60951 0·437 to 0·851 0·004 

(age/10) 0·60153 0·218 1·82490 1·191 to 2·797 0·006 

ln(BMI/10) -2·69454 0·484 0·06757 0·026 to 0·174 <0·001 

asthma diagnosis 0·53347 0·196 1·70484 1·162 to 2·501 0·006 

educational level -0·19119 0·051 0·82597 0·748 to 0·913 <0·001 

(smoking 
duration/10) 

0·50317 0·186 1·65395 1·148 to 2·383 0·007 

smoking intensity 0·00440 0·003 1·00441 0·999 to 1·009 0·081 

smoking quit time -0·04210 0·027 0·95878 0·910 to 1·010 0·114 

COPD diagnosis 1·80998 0·167 6·11034 4·405 to 8·476 <0·001 

diabetes diagnosis 0·34505 0·243 1·41205 0·878 to 2·271 0·155 

hypertension 
diagnosis 

0·35718 0·157 1·42929 1·051 to 1·943 0·023 

stroke diagnosis 0·46566 0·293 1·59307 0·897 to 2·829 0·112 

 

AIC = 3154·6 

Linear predictor = female + (age/10) + ln(BMI/10) + asthma diagnosis + educational level + (smoking duration/10) + 
smoking intensity + smoking quit time + COPD diagnosis + diabetes diagnosis + hypertension diagnosis + stroke diagnosis 

NLST mean linear predictor = 2·89415 

NLST baseline hazard function estimate = 3·3165×10^-5 + 1·3716 × 10^-3×(((t+1)/1000)^3) + (-9·2561×10^-4) × 
(((t+1)/1000)^3 × ln(((t+1)/1000))) 

(where t is the follow-up time in days) 

1-year NLST calibration curve = S(t) × 0·94575 + 0·054274 
2-year NLST calibration curve = S(t) × 0·48780 + 0·51221 
3-year NLST calibration curve = S(t) × 0·37272 + 0·62733 
5-year NLST calibration curve = S(t) × 0·37845 + 0·62185 

(where S(t) is the estimated survival probability at t days follow-up) 
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Table S20: COPD mortality CT model (COPDmCT) 
Variables Beta 

coefficient 
Standard 
error 

Hazard 
ratio 

 95% confidence 
intervals 

P-value 

(age/10) 0·54186 0·158 1·71920 1·261 to 2·345 0·001 

ln((emphysema score + 0·1)) 0·80970 0·065 2·24723 1·977 to 2·555 <0·001 

(centered mean lung 
density/100) 

1·10489 0·230 3·01890 1·923 to 4·739 <0·001 

(Pi10^-0·5) -7·80827 1·210 0·00041 0·000 to 0·004 <0·001 

ln(((aorta calcium volume + 
0·1)/1000)) 

0·20911 0·051 1·23258 1·115 to 1·362 <0·001 

 

AIC = 3141·4 

Linear predictor = (age/10) + ln((emphysema score + 0·1)) + (centered mean lung density/100) + (Pi10^-0·5) + ln(((aorta 
calcium volume + 0·1)/1000)) 

NLST mean linear predictor = -0·42007 

NLST baseline hazard function estimate = 3·3165×10^-5 + 1·3716×10^-3 × (((t+1)/1000)^3) + (-9·2561×10^-4) × 
(((t+1)/1000)^3 × ln(((t+1)/1000))) 

(where t is the follow-up time in days) 

1-year NLST calibration curve = S(t) × 0·65272 + 0·34723 
2-year NLST calibration curve = S(t) × 0·41543 + 0·58458 
3-year NLST calibration curve = S(t) × 0·31593 + 0·68411 
5-year NLST calibration curve = S(t) × 0·31678 + 0·68343 

(where S(t) is the estimated survival probability at t days follow-up) 
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Table S21: Final COPD mortality model (COPDmfinal) 
Variables Beta 

coefficient 
Standard 
error 

Hazard 
ratio 

 95% confidence 
intervals 

P-value 

(age/10) 0·41027 0·231 1·50722 0·958 to 2·371 0·076 

female -0·41612 0·173 0·65960 0·470 to 0·925 0·016 

ln(BMI) -2·15345 0·512 0·11608 0·043 to 0·316 <0·001 

asthma diagnosis 0·51150 0·197 1·66779 1·133 to 2·455 0·010 

educational level -0·14227 0·052 0·86738 0·783 to 0·961 0·007 

(smoking duration/10) 0·33636 0·183 1·39984 0·978 to 2·003 0·066 

(smoking quit time/10) -0·63578 0·280 0·52952 0·306 to 0·917 0·023 

COPD diagnosis 1·30522 0·170 3·68850 2·641 to 5·151 <0·001 

diabetes diagnosis 0·44296 0·246 1·55731 0·961 to 2·524 0·072 

hypertension diagnosis 0·37242 0·160 1·45125 1·060 to 1·987 0·020 

stroke diagnosis 0·47803 0·297 1·61289 0·901 to 2·887 0·108 

((emphysema score + 0·1)^0·5) 0·66883 0·062 1·95196 1·729 to 2·204 <0·001 

(centered mean lung density/100) 1·00189 0·215 2·72343 1·788 to 4·149 <0·001 

(Pi10^-0·5) -6·04432 1·286 0·00237 0·000 to 0·029 <0·001 

ln(((aorta calcium volume + 
0·1)/1000)) 

0·14468 0·049 1·15567 1·051 to 1·271 0·003 

 

AIC = 3010·9 

Linear predictor = (age/10) + female + ln(BMI) + asthma diagnosis + educational level + (smoking duration/10) + 
(smoking quit time/10) + COPD diagnosis + diabetes diagnosis + hypertension diagnosis + stroke diagnosis + 
((emphysema score + 0·1)^0·5) + (centered mean lung density/100) + (Pi10^-0·5) + ln(((aorta calcium volume + 
0·1)/1000)) 

NLST mean linear predictor = -5·16457 

NLST baseline hazard function estimate = 3·3165×10^-5 + 1·3716×10^-3 × (((t+1)/1000)^3) + (-9·2561×10^-4) × 
(((t+1)/1000)^3 × ln(((t+1)/1000))) 

(where t is the follow-up time in days) 

1-year NLST calibration curve = S(t) × 0·51387 + 0·48606 
2-year NLST calibration curve = S(t) × 0·29933 + 0·70070 
3-year NLST calibration curve = S(t) × 0·25188 + 0·74823 
5-year NLST calibration curve = S(t) × 0·30470 + 0·69606 

(where S(t) is the estimated survival probability at t days follow-up)
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Figure S1: Cohort formation flowchart 
For the derivation cohort, permission to use National Lung Screening Trial data was limited to up to 15000 participants. For this reason, all eligible participants who died or 

were diagnosed with lung cancer in the trial were included (n=2106) along with a random sample of eligible non-deceased participants without lung cancer (n=12894). To 

simulate the original CT cohort, the latter group was resampled without replacement to a total of 20990 non-deceased participants without lung cancer. In total, the 

derivation cohort consisted of 23096 participants. For the validation cohort, all eligible participants were included. 
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Figure S2: Individual tests of Schoenfeld residuals against time 
Graph correlating the scaled Schoenfeld residuals with follow-up time until lung cancer incidence (in days), given with a smoothed line of best fit (solid line) and ± 2 

standard error bands around (dashed lines). A p value of less than 0.05 indicates that there is some pattern in the correlation. The following nodule feature variables are 

displayed, all of which violated the assumption of proportional hazards according to the Schoenfeld individual test: (A & B) two transformations of longest nodule diameter, 

(C) nodule location in the upper lobe, (D) nodule spiculation, (E) transformation of nodule perpendicular diameter, and (F) part-solid nodule type.

A B 

C D 

E F 
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Figure S3: Lung cancer death survival Kaplan Meier curves in the derivation cohort (NLST) 
Graph and risk table showing the performance of the lung cancer mortality models in the derivation cohort. The risk 

from each model is stratified into three risk quantiles divided at the 50th and 90th percentiles. 

LCmCT, lung cancer mortality CT model; LCmfinal, final lung cancer mortality model; LCmsurvey, lung cancer 

mortality survey model; NLST, National Lung Screening Trial.  
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Figure S4: Lung cancer disease-free survival Kaplan Meier curves in the validation cohort 

(MILD) 
Graph and risk table showing the performance of the lung cancer incidence models in the validation cohort. The risk 

from each model is stratified into three risk quantiles divided at the 50th and 90th percentiles. 

LCiCT, lung cancer incidence CT model; LCifinal, final lung cancer incidence model; LCisurvey, lung cancer incidence 

survey model; MILD, Multicentric Italian Lung Detection.  
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Figure S5: CVD death survival Kaplan Meier curves in the validation cohort (MILD) 
Graph and risk table showing the performance of the CVD mortality models in the validation cohort. The risk from 

each model is stratified into three risk quantiles divided at the 50th and 90th percentiles. 

CVD, cardiovascular disease; CVDmCT, CVD mortality CT model; CVDmfinal, final CVD mortality model; CVDmsurvey, 

CVD mortality survey model; MILD, Multicentric Italian Lung Detection. 
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Figure S6: Lung cancer death survival Kaplan Meier curves in the validation cohort (MILD) 
Graph and risk table showing the performance of the lung cancer mortality models in the validation cohort. The risk 

from each model is stratified into three risk quantiles divided at the 50th and 90th percentiles. 

LCmCT, lung cancer mortality CT model; LCmfinal, final lung cancer mortality model; LCmsurvey, lung cancer 

mortality survey model; MILD, Multicentric Italian Lung Detection.  
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Figure S7: Survival time decision curve analysis in the derivation cohort (NLST) 
Graphs showing the performance of the lung cancer incidence (upper left), lung cancer mortality (upper right), CVD 

mortality (lower left), and COPD mortality models (lower right) in the NLST cohort. 

COPD, chronic obstructive pulmonary disease; COPDmCT, COPD mortality CT model; COPDmfinal, final COPD 

mortality model; COPDmsurvey, COPD mortality survey model; CVD, cardiovascular disease; CVDmCT, CVD mortality 

CT model; CVDmfinal, final CVD mortality model; CVDmsurvey, CVD mortality survey model; LCiCT, lung cancer 

incidence CT model; LCifinal, final lung cancer incidence model; LCisurvey, lung cancer incidence survey model; 

LCmCT, lung cancer mortality CT model; LCmfinal, final lung cancer mortality model; LCmsurvey, lung cancer 

mortality survey model; MILD, Multicentric Italian Lung Detection; NLST, National Lung Screening Trial. 
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Figure S8: Survival time decision curve analysis in the validation cohort (MILD) 
Graphs showing the performance of the lung cancer incidence (upper left), lung cancer mortality (upper right), and 

CVD mortality (lower left) models in the MILD cohort. 

CVD, cardiovascular disease; CVDmCT, CVD mortality CT model; CVDmfinal, final CVD mortality model; CVDmsurvey, 

CVD mortality survey model; LCiCT, lung cancer incidence CT model; LCifinal, final lung cancer incidence model; 

LCisurvey, lung cancer incidence survey model; LCmCT, lung cancer mortality CT model; LCmfinal, final lung cancer 

mortality model; LCmsurvey, lung cancer mortality survey model; MILD, Multicentric Italian Lung Detection; MILD, 

Multicentric Italian Lung Detection. 
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Figure S9: Calibration plots of the NLST-calibrated final models at five years’ follow-up 
Top left: Final lung cancer incidence model. Top right: Final Lung cancer mortality model. Bottom left: Final 

cardiovascular disease mortality model. Bottom right: Final chronic obstructive pulmonary disease model. The 

dotted line represents the straight diagonal line between the bottom left corner and the top right corner. The 

smoothed black solid line extending past the points is the line of best fit. Calibration coefficients are provided in the 

section “Risk model equations.” 

NLST, National Lung Screening Trial 
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Figure S10: Calibration plots of the MILD-calibrated final models at five years’ follow-up 
Top left: Final lung cancer incidence model. Top right: Final Lung cancer mortality model. Bottom left: Final 

cardiovascular disease mortality model. The dotted line represents the straight diagonal line between the bottom 

left corner and the top right corner. The smoothed black solid line extending past the points is the line of best fit. 

Calibration coefficients are provided in the section “Risk model equations.” 

MILD, Multicentric Italian Lung Detection. 
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Combining disease-specific risk probabilities: an assessment of Figures S11 and S12 
In practice, all disease-specific risk probabilities (LCifinal, CVDmfinal, and COPDmfinal) would be assessed in relation 

to each other. Figures S11 visualizes the relationship between each participant’s combination of disease-specific risk 

probabilities with the likelihood of a lung cancer (LC) diagnosis or LC death, LC-free survival, or LC-free death within 

five years’ follow-up in the derivation cohort. Though there is a large spread, the trendlines indicate that LC 

incidence or death is more likely among participants with higher LCifinal and lower CVDmfinal probabilities, and vice-

versa for encountering a LC-free death. A lower risk probability for any disease-specific outcome is associated with a 

greater likelihood of LC-free survival. Compared to the other risk models, the contribution of COPDmfinal appears to 

be relatively limited. 

The same analysis was performed in the validation cohort (Figure S12). The trendlines display a similar pattern to 

that in the derivation cohort. However, the average risk for CVD and COPD mortality is lower overall. Due to the 

lower probability of non-LC related events (only 0.4% [10/2287] of the participants had a risk of LC-free death 

greater than 10%), the trendlines for this outcome are not considered to be reliable. Also note that COPDmfinal was 

not calibrated to the MILD cohort and may not reflect the true risk of a COPD death. 

These plots were created to give guidance to future research. Our disease-specific risk models can assess whether a 

screening participant should be subjected to preventative interventions for those individual diseases. By considering 

a composite risk based on all risk models, the participant’s likelihood of benefiting from screening can be estimated. 

Screening participants who are unlikely to benefit from screening may be identified as those with a relatively low LC 

risk and a relatively high risk of death. The presence of comorbidities means that preventing a death by LC does not 

necessarily lead to the extension of lifespan. When costs outweigh the benefits, it may be beneficial for certain 

participants to cease their LC screening participation for a period of time. This may reduce the number of 

unnecessary CT scans without significantly reducing the number of screen-detected LCs, hereby contributing to the 

personalization of health care.
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Figure S11: Scatter plot of disease-specific risk against mutually exclusive outcome risk in the 

derivation cohort (NLST) 
Scatter plot of the 5-year disease-specific event probabilities (lung cancer incidence, CVD mortality, and COPD 

mortality) against the risk probability of encountering one of three mutually exclusive outcomes (lung cancer 

incidence or death, lung cancer-free survival, or lung cancer-free death) in the validation cohort (MILD). Each point 

has an alpha (transparency) value of 0·1. Non-linear trend lines of best fit for each disease-specific event probability 

are included. 
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COPD, chronic obstructive pulmonary disease; COPDmfinal, final COPD mortality model; CVD, cardiovascular disease; 

CVDmfinal, final CVD mortality model; LCifinal, final lung cancer incidence model; NLST, National Lung Screening 

Trial.  
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Figure S12: Scatter plot of disease-specific risk against mutually exclusive outcome risk in the 

validation cohort (MILD) 
Scatter plot of the 5-year disease-specific event probabilities (lung cancer incidence, CVD mortality, and COPD 

mortality) against the risk probability of encountering one of three mutually exclusive outcomes (lung cancer 

incidence or death, lung cancer-free survival, or lung cancer-free death) in the validation cohort (MILD). Each point 

has an alpha (transparency) value of 0·3. Non-linear trend lines of best fit for each disease-specific event probability 

are included. 
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COPD, chronic obstructive pulmonary disease; COPDmfinal, final COPD mortality model; CVD, cardiovascular disease; 

CVDmfinal, final CVD mortality model; LCifinal, final lung cancer incidence model; MILD, Multicentric Italian Lung 

Detection.  
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Figure S13: Benefits and harms of stratifying lung cancer screening participants into equally 

sized annual and biennial screening groups 
The left figure represents 2000 lung cancer screening participants who had a baseline scan and who all returned for 
a follow-up scan after one year. The right figure represents the same participants but where half of whom with the 
lowest risk scores (Final lung cancer incidence model) were allocated to biennial screening. Black figurines represent 
participants with a one-year screening interval and who were not diagnosed with lung cancer within two years after 
the baseline scan; blue figurines were diagnosed with lung cancer within one year of the baseline scan (before the 
first annual follow-up screening round); orange figurines were diagnosed with lung cancer between one and two 
years after the baseline scan; green figurines were allocated to the biennial screening group and were not diagnosed 
with lung cancer within two years after the baseline scan (before the second annual follow-up screening round); red 
figurines were allocated to the biennial screening group and were diagnosed with lung cancer between one and two 
years after the baseline scan. Proportions are based on the National Lung Screening Trial CT cohort.
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