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Abstract

Background—The United States (U.S.) Preventive Services Task Force (USPSTF) recommends 

lung cancer screening among individuals aged 55–80 years with a 30 pack-year cigarette smoking 

history and, if stopped smoking, quit within 15 years. Two-thirds of newly-diagnosed lung cancer 

patients do not meet these criteria; 18·8% (1,285 of 6,838 patients) are reported to be either with 

≥15 quit-years (long-term quitters [LTQ]) or aged 50–54·9 years (younger age group [YAG]). We 

assessed survival outcomes of these two subgroups in two prospectively followed cohorts.

Methods—Between January 1, 1997, and December 31, 2017, 8,739 lung cancer patients aged 

50–80 years, with ≥30 pack-years smoked, either current or former smokers with ≤30 quit-years, 

were identified from a hospital (Mayo Clinic) or a community (Olmsted County) cohort in the 

U.S. with a median follow-up 6·5 (IQR 3·8–10·0) years. Patients were divided into those meeting 

USPSTF criteria (USPSTF group) versus LTQ or YAG. The risk of death at five-year post 

diagnosis was analyzed with/without matching age and pack-years smoked for LTQ. The USPSTF 

group was subdivided into a 55–69 and a 70–80 age subgroup for analysis.

Findings—The median survival time was 16·9 months (95% CI, 16·2–17·5); the proportions of 

LTQ, YAG, and USPSTF group who survived at 5 years after diagnosis were 23% (323 of 1,404 

patients), 18.5% (131 of 708 patients), and 19.2% (1,272 of 6,627 patients), respectively. In both 

cohorts, LTQ did not have significantly different risk of death as the USPSTF group (hazard ratio 

[HR]=0·97–1·02, p>0·05); matched analysis showed similar results. The YAG also did not have 

significantly different risk of death as the USPSTF group (HR=1·16, p>0·05); age-group stratified 

analysis yielded similar findings, HR of 0·93–1·29 (all p>0·30).

Interpretation—Lung cancer patients with ≥15 quit-years and those up to 5-years younger than 

the age recommended for screening who otherwise meet the USPSTF criteria, demonstrate a 
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similar risk of death from lung cancer as the USPSTF group. Additionally, screening for YAG may 

confer the advantage of increased smoking cessation. Individuals in these two subgroups may gain 

more benefit from screening owing to lung cancer detected at an earlier stage and the evolving 

treatment paradigm.
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Introduction

Lung cancer continues to be the leading cause of deaths from malignancy worldwide.1,2 

Survival remains poor given that most patients are diagnosed at an incurable stage.3 This has 

prompted the wide-spread effort to develop safe and effective screening methods to detect 

lung cancer at a curable stage. After the National Lung Screening Trial (NLST) 

demonstrated a 20% reduction in lung cancer mortality associated with screening high-risk 

individuals with low-dose computed tomography (LDCT),4 the United States (U.S.) 

Preventive Services Task Force (USPSTF) recommends screening for lung cancer in 

individuals aged 55–80 years, with a smoking history of ≥30 pack-years, and who currently 

smoke or have quit within the past 15 years.5 A comparative modeling study based on the 

USPSTF criteria predicted that an estimated 18,000 lives per year could be saved in the U.S. 

if LDCT can be widely used in the eligible population.6 However, the Surveillance 

Epidemiology and End Results Program (SEER) database as well as data from two other 

independent cohorts demonstrated that only one third of lung cancer patients would have 

met the USPSTF screening criteria,7–9 suggesting that a large number of potentially high-

risk individuals are not eligible for LDCT screening. Among patients outside of the 

USPSTF-defined high-risk population, the three largest subgroups with potentially high risk 

for lung cancer are patients who had quit smoking 15–30 years prior to diagnosis (long-term 

quitters [LTQ]), those aged 50–54·9 years at the time of lung cancer diagnosis (younger age 

group [YAG]), and those who had a smoking history of around 20–30 pack-years,8,9 

providing evidence that the risk for developing lung cancer in these individuals was still 

substantially elevated.10,11 Our previous reports revealed that two-thirds of newly-diagnosed 

lung cancer patients do not meet the USPSTF criteria and 18·8% (1,285 of 6,838 patients) 

are either LTQ or YAG.8,9 In contrast to the USPSTF-defined high-risk population, multiple 

organizations including the International Association for the Study of Lung Cancer 

(IASLC), the American Association of Thoracic Surgery (AATS), the American College of 

Chest Physicians (ACCP), and the National Comprehensive Cancer Network (NCCN) have 

recommended LDCT screening of patients according to NLST smoking history criteria or 

patients aged about 50–54·9 years along with one additional lung cancer risk factor, which 

could include occupational exposure or a history of pulmonary disease.12–14 Recently, the 

NELSON randomized-controlled screening trial has demonstrated a reduced risk of death 

from lung cancer of 26% in individuals aged 50–74 years, with a smoking history of more 

than 10 cigarettes daily for over 30 years or more than 15 cigarettes daily for over 25 years, 

and who currently smoke or have quit within the past 10 years. The NELSON trial thus 

included individuals with younger age and also those with a lesser smoking history than 

NLST.15
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Now screening has been an essential component of an endeavor to decrease the burden from 

lung cancer in the high-risk population.16 The ultimate measure of an effective screening 

tool is mortality reduction, and it remains unclear whether additional expensive randomized 

trials will be performed to prove adjustments in criteria. We explored whether the potentially 

high-risk subgroups that are not eligible for USPSTF screening criteria have similar lung 

cancer mortality as those who are eligible. To our knowledge, no study has directly 

compared risk of death between lung cancer patients meeting USPSTF screening criteria and 

those who were ineligible due to 15 years or longer since quitting smoking (LTQ) or age of 

50–54·9 years at the time of lung cancer diagnosis (YAG). We conducted the current study to 

(1) estimate the risk of death at five years post diagnosis, (2) assess the five-year death risk 

after matching age and pack-years smoked for LTQ, and (3) perform age-group stratified 

analysis for YAG.

Methods

Study Population

A total of 8,739 lung cancer patients aged 50–80 years, with ≥30 pack-years smoked, either 

current or former smokers with ≤30 quit-years, were identified from a hospital or a 

community cohort. 8,031 patients were 55 to 80 years old whom were divided into those 

meeting USPSTF screening criteria (USPSTF group) versus LTQ in both cohorts. Based on 

age at the time of diagnosis, 7,335 enrolled patients with <15 quit-years were divided into 

the 55–80 (USPSTF group) versus the 50–54·9 (YAG) group. The LTQ and YAG group were 

selected based on our previous studies,8,9 where we evaluated top 7 potential high-risk 

subgroups by frequency that missed USPSTF criteria for LDCT screening, and where the 

LTQ and YAG were ranked the highest. All cases were enrolled from two prospectively 

observed cohorts of patients with pathologically diagnosed primary lung cancer. The 

community cohort was composed of patients in the Rochester Epidemiology Project 

database with medical records of all people residing in Olmsted County, whereas the 

hospital cohort diagnosed at the Mayo Clinic in Minnesota between 1997 and 2015 

(excluding Olmsted County residents). The community cohort (N=941) was matched to the 

same 19 years of diagnosis as the hospital cohort (N=7,798).9 The population consists of 

approximately 140,000 persons, 83% of whom are non-Hispanic whites, and it is 

socioeconomically similar to the white population of the U.S. and is representative of the 

population of the Midwestern U.S.8,9,17 The Institutional Review Boards (IRB) of Mayo 

Foundation and Olmsted County Medical Center approved this medical record-based study.

Data Collection

Detailed procedures of patient enrollment, data collection, and routine follow-up have been 

reported in previous studies8,9,17 and the appendix (p2), including the definition of pack-

years, and quit-years.8,9,18 Never-smoker was defined as an individual who had smoked 

fewer than 100 cigarettes during his/her lifetime. Former smoker was defined as an 

individual with ≥1 quit-years before lung cancer diagnosis. Current smokers were defined as 

individuals who were actively smoking, and who had stopped smoking within one year 

before diagnosis.
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Outcomes

The primary outcome was to assess the overall survival, defined as the time from the date of 

diagnosis to death from any cause in the hospital and community cohort; those alive or lost 

to follow-up were defined as censored. The risk of death at five-year post diagnosis was 

analyzed for LTQ, YAG, and USPSTF group.

Statistical Analysis

The patient characteristics are presented as the mean (standard deviation, SD) and median 

(interquartile range, IQR) for continuous variables and frequency (percentage) for 

categorical variables. Demographic and clinical characteristics were assessed using 

Wilcoxon rank-sum test and chi-square test for continuous and categorical variables, 

respectively. Overall survival was evaluated using the Kaplan-Meier method and log-rank 

test. Models were developed from the hospital cohort and validated in the community 

cohort. Univariate Cox proportional hazard (Cox) models were performed for evaluating the 

association of known prognostic factors (i.e., age at diagnosis, sex, cigarette smoking 

history, tumor histology, stage, and treatment modalities) with estimated five-year survival. 

Multivariate Cox models were performed using the significant variables (p<0·10) in the 

univariate analysis, and hazard ratios (HR) with 95% confidence intervals (CI) were 

calculated. Cox model assumption was verified by rejecting non-proportional hazards using 

Kaplan-Meier curves on key variables that show neither crossing nor levelling off or sharply 

dropping to zero and rejecting collinearity or lack of independence after checking pairwise 

correlations among key covariates.

A matching study was used to balance the distributions of age at diagnosis and pack-years 

smoked for LTQ and those meeting USPSTF screening criteria, using pair matching without 

replacement.19 The maximum allowable difference of 3 years in age and 10 pack-years 

smoked was calculated to produce well-balanced matched groups on baseline characteristics 

while including optimal case numbers. The kernel density plots were used for visual 

comparisons of the matching results. Additionally, bootstrapping test was used as an internal 

cross-validation, where 1000 replicate samples were drawn with replacements from the 

original sample, each with the same sample size.

Considering age and competing causes of death, age-group stratified analysis was 

performed, and the five-year risk of death in the subgroups were compared with that in YAG. 

All statistical tests were done as 2-tailed and P levels of <0·05 were considered statistically 

significant. Analyses were performed using SAS, v.9·4 (SAS Institute Inc.) without missing 

data.

Role of the funding source

The study funders had no role in the design of this study, data collection, data analysis, data 

interpretation, or writing of the manuscript. The corresponding author had full access to all 

the data in the study, and the final responsibility for the decision to submit for publication.
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Results

The recruitment of 8,739 lung cancer patients started from January 1, 1997 to date of last 

follow-up until December 31, 2017 or the time of death from any cause with a median 

follow-up 6·5 (IQR 3·8–10·0) years. Of 8,739 patients, 7,846 (89.8%) were U.S. Whites. The 

median survival time was 16·9 months (95% CI, 16·2–17·5); the proportions of LTQ, YAG, 

and USPSTF group who survived at 5 years after diagnosis were 23% (323 of 1,404 

patients), 18.5% (131 of 708 patients), and 19.2% (1,272 of 6,627 patients), respectively. 

Among total patients in the hospital cohort, 30 (2·3%) of the 1,299 LTQ, 104 (1·8%) of 

5,869 in USPSTF group, and 14 (2·2%) of 630 in YAG were unknown for stage. 57 (4·4%) 

of 1,299 LTQ, 246 (4·2%) of 5,869 in USPSTF group, and 19 (3%) of 630 in YAG were 

unknown for treatment. The characteristics and comparisons of 8,031 patients aged 55 to 80 

years with ≤30 quit-years from hospital and community lung cancer cohorts, stratified by 

USPSTF criteria, are shown in Table 1. LTQ were significantly associated with older age, 

male gender, fewer pack-years smoked, and adenocarcinoma histology compared with those 

meeting USPSTF screening criteria.

In univariate Cox models, known prognostic factors including age, sex, race, smoking status, 

pack-years smoked, tumor histology, stage, and treatment modality were significant 

variables, which were then analyzed in multivariate Cox models. In multivariate analyses, 

when compared with those meeting USPSTF criteria, LTQ in the hospital cohort were at the 

same risk of death at 5 years (HR =1·02; 95% CI, 0·94–1·10; p=0·72) after adjustment of the 

significant variables in univariate analysis (Figure 1A). In the community cohort, LTQ were 

also at virtually the same risk of death as those meeting the USPSTF criteria (HR=0·97; 95% 

CI, 0·75–1·26; p=0·82) at 5 years (Figure 1B). A bootstrap validation did not alter the results 

in the fitness of both models (data not shown).

Matching based on age at diagnosis and pack-years smoked yielded 1224 patient pairs in the 

hospital cohort and 315:105 patient sets in the community cohort, between those meeting 

USPSTF criteria and the LTQ (Table 2). Figure 2 illustrates the balanced comparison groups, 

and Table 2 presents well-balanced characteristics except for gender. In multivariate 

analysis, virtually identical risk of death between LTQ and patients meeting USPSTF criteria 

were observed in the hospital cohort (HR =1·05; 95% CI, 0·95–1·17; p=0·35) (Figure 1A) 

and in the community cohort (HR =1·03; 95% CI, 0·79–1·35; p=0·84) (Figure 1B).

The characteristics and comparisons of 7,335 patients aged 50–80 years with <15 quit-years 

from hospital and community lung cancer cohorts, stratified by USPSTF criteria are shown 

in Table 3. 5,869 patients in the hospital cohort and 758 patients in the community cohort 

met the USPSTF screening criteria. In both cohorts with predominantly male gender, there 

were statistically significant differences in the age variable between the USPSTF group and 

YAG, and most of the patients were Caucasian. A significant majority of patients were 

current smokers. Most patients were stage III/IV and the most prevalent histology was 

adenocarcinoma. Comparing to the USPSTF group, the YAG was associated with current 

smoker, female sex, stage III/IV lung cancer, and adenocarcinoma when compared with 

those meeting USPSTF criteria.
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For patients in the hospital cohort, median survival time (MST) in the YAG and USPSTF 

group were 17·4 (95% CI, 15·5–19·7) and 17·2 (95% CI, 16·5–18·2) months, respectively. 

As shown in Figure 3A, the 5-year survival rates in the YAG and USPSTF group were 22% 

(95% CI, 17–27) and 23% (95% CI, 21–25), respectively (p=0·78). In the community 

cohort, MST for the YAG and USPSTF group were 14·7 (95% CI, 10·7–22·4) and 12·8 (95% 

CI, 11·1–14·4) months, respectively. The 5-year survival rates in the YAG and USPSTF 

group were 16% (95% CI, 5–33) and 23% (95% CI, 18–28), respectively (p=0·57) (Figure 

3B). In both cohorts, 5-year survival rate in YAG was no better than in the USPSTF group. 

In univariate Cox models, sex, cigarette smoking status, pack-years smoked, quit-years, 

tumor histology, stage, and treatment modality were significant variables, which were then 

analyzed in multiple Cox models. In multivariate analyses, the YAG in the hospital cohort 

demonstrated the same risk of death as those meeting the USPSTF criteria at 5 years (HR 

=1·16; 95% CI, 0·98–1·38; p=0·08) (Figure 3C). In the community cohort, the YAG showed 

the similar risk of death (HR =1·16; 95% CI, 0·74–1·82; p=0·52) compared with those 

meeting USPSTF criteria (Figure 3D).

With regards to age and competing causes of death, the USPSTF group (patients aged 55–80 

years) was subdivided into five USPSTF subgroups according to consecutive 5-year age 

groups. The data of age-group stratified analysis are described in the appendix (pp3–4). 

Accordingly, the following three USPSTF subgroups, 55–59, 60–64, and 65–69, with similar 

risks were combined into the 55–69 years USPSTF subgroup (designated as the younger 

USPSTF subgroup), and the 70–74 and 75–80 age groups were combined into the 70–80 

years USPSTF subgroup (designated as the older USPSTF subgroup).

In multivariate risk-adjusted analysis, the YAG did not have significantly different risk of 

death as two subgroups including the younger USPSTF subgroup (HR = 1·09; 95% CI, 

0·89–1·33; p=0·39), and the older USPSTF subgroup (HR = 1·29; 95% CI, 0·8–2·08; p=0·3), 

in the hospital cohort (Figure 3C). Similarly, the YAG in the community cohort did not show 

different risk of death as the younger USPSTF subgroup (HR = 1·27; 95% CI, 0·79–2·03; 

p=0·33) (Figure 3D). The YAG demonstrated the same risk of death in comparison with the 

older USPSTF subgroup (HR = 0·93; 95% CI, 0·59–1·49; p=0·77) at 5 years.

Discussion

This study tested the hypothesis that LTQ or YAG had the same risk of death from lung 

cancer as those meeting USPSTF screening criteria in the prospective hospital and 

community cohorts, suggesting that lung cancer in these subgroups have a similar lethality 

when compared to those meeting USPSTF criteria. Most patients (7,846 [89.8%] of 8,739) 

were U.S. Whites; the effect of racial/ethnic background was analyzed but was not 

significant as an independent covariate, which may reflect the small sample size of non-

Whites. Our previous study demonstrated that expanding the USPSTF screening criteria to 

include LTQ may save more lives without significantly increasing the number of cases of 

over-diagnosis.9 The current study indicated that LTQ were at the same risk of death as 

patients meeting USPSTF criteria. Additionally, our results showed that there was more 

early-stage lung cancer among LTQ than the USPSTF group in the hospital and community 

cohorts (Table 1) (p=0·001 and 0·89, respectively). Therefore, in terms of tumor stage, LTQ 
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may gain more survival benefit from screening due to the detection of more early-stage lung 

cancer.

Lung cancer patients aged 50–54·9 years (YAG) who otherwise meet the USPSTF screening 

criteria are one of the three largest subgroups with potentially high risk for lung cancer 

outside of the USPSTF-defined high-risk population.8,9 Our data indicated that YAG had the 

same risk of death as the USPSTF group, suggesting that the risk in YAG might be 

underestimated by the USPSTF criteria. Thus, using 55 years of age as the lower limit in the 

USPSTF criteria may exclude younger patients who might benefit from having their lung 

cancer detected at a potentially curable stage. Furthermore, the incidence and mortality of 

most malignancies, including lung cancer, usually increase with age until about 80 years old.
3,20 However, the older age group in this study did not have higher risk of death compared to 

YAG, consistent with previous reports suggesting that lung cancer occurring in younger 

individuals may represent a biologically distinct subgroup with higher mortality,21 so it is 

essential to identify and screen high-risk younger individuals. A recent study showed that 50 

years of age was considered as a useful cut point regarding the prognosis and genomic 

alterations in non-small cell lung cancer,22 which is supportive by the present study where 

patients aged 50–54·9 years had the same risk of death from lung cancer as the older age 

group. Collectively, lung cancer patients aged 50 years or older represent a subgroup with 

the similar disease entity, and therefore, patients within YAG should also be included in the 

screening criteria.

Previous studies demonstrated that the risk of lung cancer exponentially decreased within 15 

quit-years;10,11 however, our results indicated that lung cancer patients aged 55–80 years, 

with ≥30 pack-years smoked and 15–30 quit-years (LTQ) were at the same risk of death as 

patients with <15 quit-years. Additionally, this study showed that YAG had more current 

smokers in the community (516 [81·9%] of 630 patients) and hospital (61 [78·2%] of 78 

patients) cohorts than the USPSTF group. These findings were compatible with the data in 

the NLST and the Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial.4,23 

Previous research reported that screen-detected abnormalities were significantly associated 

with subsequent smoking behavior and may be utilized as a teachable moment for smoking 

cessation interventions.24 Accordingly, lung cancer screening may discover abnormalities 

and help to increase the smoking cessation rate in YAG relative to the USPSTF group. From 

the viewpoint of smoking cessation, the YAG may benefit more from screening which could 

also impact on other smoking-related diseases, such as stroke, cardiovascular and pulmonary 

disease. Hence, the morbidity and mortality might be substantially reduced, and life 

expectancy extended.

Significant progress in lung cancer screening, diagnosis, and treatment has led to remarkably 

improved survival over the past decades. It has been reported that older patients are more 

likely to be ineligible for novel therapies due to medical conditions;25,26 consequently, 

considering the factor of age, the YAG with the same risk of death as the USPSTF group 

may benefit more than the USPSTF group from continuous advances in lung cancer care.

Cost-effectiveness is especially important for lung cancer screening, and the selection of age 

groups for screening had a tremendous impact on cost-effectiveness.6 A previous 

Luo et al. Page 8

Lancet Oncol. Author manuscript; available in PMC 2020 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



investigation demonstrated that screening individuals aged 50 years or older was the most 

cost-effective, while screening those aged 60 years or older was the least cost-effective.27 

Additionally, screening for LTQ may identify 16% more of screen-detected lung cancers 

with an acceptable cost and minimal harm.9 Collectively, these studies implied that patients 

within the criteria of LTQ and YAG should be included in screening criteria; future studies 

regarding the overall cost-effectiveness of expanding efficacious screening to LTQ and YAG 

are warranted.

Although this study enrolled the next largest subgroups at high risk for lung cancer (i.e. 

LTQ; YAG) outside of the USPSTF-defined high-risk population, there may still be 

potentially high-risk individuals who are ineligible for screening. Hence, there is a need to 

improve the current screening criteria and the conventional smoking-age-based risk 

assessment model. Additional large randomized trials that only focus on differing cut-offs of 

age and smoking history may not be cost-effective; instead, highly promising biological and 

physiological markers should be tested timely. The molecular biomarkers in the biological 

fluid, such as blood, urine, saliva or sputum, have been intensively investigated and 

demonstrated potential ability to enhance the benefit from screening, and to assess the 

likelihood of malignancy in screen-detected lung nodules.28 Combination of LDCT and 

biomarkers with optimal discriminating power in pre- or post-screened high-risk individuals 

has the potential to optimize the screening efficacy.29

A limitation of this study is that all patients were diagnosed with lung cancer, which makes 

it difficult to accurately examine tradeoffs between benefits and potential harms of 

screening. Another concern is that approximately one-hundredth of total patients were 

initially identified via LDCT screening with relatively earlier stage;30 however, the effect of 

staging has been carefully adjusted in our analyses. Additionally, several unmeasured 

confounders may affect the survival outcome, such as other comorbidities, personal cancer 

history, and family history of lung cancer. Furthermore, missing data on stage and treatment 

were not included in our analyses, although the magnitude of missing data (as specified in 

Table 1 and 3) is minimal, and the proportions of missing data were similar between those in 

the USPSTF group and those outside. Despite the limitations, our study has several 

strengths. First, at the study design phase, we carefully chose two independent cohorts, one 

being the hospital cohort that represents the natural setting of an observational patient 

population at a tertiary medical center, the other being the community cohort that represents 

the Midwest region of the U.S. Data were collected from these two prospectively observed 

cohorts with long-term follow-up; therefore, longitudinal and comprehensive data can be 

obtained, which enabled us to adjust for major known prognostic factors. Second, survival 

models were developed in the hospital cohort and validated in the community cohort, and all 

patients were diagnosed or treated in the same medical institution. Our results were 

considered robust only when the data from both cohorts are remarkably consistent. Third, 

smoking history were obtained from medical records and further confirmed with a follow-up 

questionnaire or an interview.

In conclusion, our findings suggested that patients with lung cancer who have quit smoking 

longer than 15-years or of an age up to 5-years younger and who otherwise met the USPSTF 

screening criteria were not only at substantially high risk for developing the disease, but also 
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manifested a similar risk of death as those meeting the criteria. Additionally, screening for 

younger age group may confer the advantage of an increased smoking cessation. Finally, 

individuals in these two subgroups may gain more benefit from screening owing to lung 

cancer detected at an earlier stage and the evolving treatment paradigm.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context

Evidence before this study

To discover previous clinical investigations of low-dose computed tomography (LDCT) 

and lung cancer survival, we searched PubMed for articles published up to October 31, 

2018, using the terms “Lung cancer”, “screening”, “LDCT”, “smoking cessation”, 

“former smoker”, “younger age”, without language restrictions. This search revealed that 

a 20% reduction in lung cancer mortality associated with screening high-risk individuals 

with LDCT in the National Lung Screening Trial (NLST), the United States (U.S.) 

Preventive Services Task Force (USPSTF) recommends screening for lung cancer in 

individuals aged 55–80 years, with a smoking history of 30 or more pack-years, and who 

currently smoke or have quit within the past 15 years. Recently, the NELSON 

randomized-controlled screening trial has demonstrated a reduced risk of death from lung 

cancer of 26% in individuals aged 50–74 years, with a smoking history of more than 10 

cigarettes daily for over 30 years or more than 15 cigarettes daily for over 25 years, and 

who currently smoke or have quit within the past 10 years. However, the Surveillance 

Epidemiology and End Results Program (SEER) database as well as data from two other 

independent cohorts demonstrated that only one third of lung cancer patients would have 

met the USPSTF screening criteria, suggesting that a large number of potentially high-

risk individuals are not eligible for LDCT screening. Among patients outside of the 

USPSTF-defined high-risk population, the three largest subgroups with potentially high 

risk for lung cancer are patients who had quit smoking 15–30 years prior to diagnosis 

(long-term quitters [LTQ]), those aged 50–54·9 years at the time of lung cancer diagnosis 

(younger age group [YAG]), and those who had a smoking history of around 20–30 pack-

years, providing evidence that the risk for developing lung cancer in these individuals 

was still substantially elevated.

Added value of this study

We used two prospectively observed cohorts in the hospital and community to explore 

whether the potentially high-risk subgroups that are not eligible for USPSTF screening 

criteria have a similar risk of death from lung cancer as those who are eligible. To the 

best of our knowledge, no previous study has directly compared risk of death between 

lung cancer patients who met USPSTF screening criteria and those who were ineligible 

due to 15 years or longer since quitting smoking (LTQ) or age of 50–54·9 years at the 

time of lung cancer diagnosis (YAG). Subsequently, we conducted the current study to 

estimate the risk of death at five years post diagnosis and age-group stratified analysis. In 

both cohorts, LTQ were at the same risk of death at 5 years as the USPSTF group; 

matched analysis showed similar results. The YAG group had the same risk of death at 

five years as the USPSTF group; age-group stratified analysis yielded similar findings. 

Our study provides further evidence that the LTQ and YAG group are high-risk 

individuals ineligible for LDCT screening.

Implications of all the available evidence

Our findings suggested that patients with lung cancer who have quit smoking longer than 

15-years or of an age up to 5-years younger and who otherwise met the USPSTF 
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screening criteria were not only at substantially high risk for developing the disease, but 

also manifested a similar risk of death from lung cancer as those who met the criteria. 

Thoughtful consideration of the optimal screening criteria is mandatory to guide the 

decision of screening for individuals with high risk for lung cancer. We highlight the need 

to improve the current screening criteria and the conventional smoking-age-based risk 

assessment model. In future, more sophisticated screening program combining LDCT 

and biomarkers should be developed to identify high-risk individuals that would benefit 

most from screening.
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Figure 1. 
Multivariate Cox proportional hazard models of patients meeting USPSTF screening criteria 

vs. long-term quitter. Results were presented in (A) the hospital cohort and (B) the 

community cohort, including unmatched and matched analyses for age at diagnosis and 

pack-years. Multivariate Cox proportional hazard models were used to adjust for age, sex, 

race, smoking status, pack-years smoked, tumor histology and stage, and treatment 

modalities.
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Figure 2. 
Kernel density plots illustrated the balance improvement for age at diagnosis and pack-years 

between patients meeting USPSTF screening criteria and long-term quitters. Results are 

presented in (A) the hospital cohort and (B) the community cohort, including unmatched and 

matched analyses.
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Figure 3. 
(A) In the hospital cohort, the 5-year survival rates of the younger age group (YAG) and 

USPSTF group were 22% (95% CI, 17–27) vs. 23% (95% CI, 21–25), respectively. The 5-

year survival rate in the YAG was not better than that in the USPSTF group (p=0·78). (B) In 

the community cohort, the 5-year survival rates of the YAG and USPSTF group were 16% 

(95% CI, 5–33) vs. 23% (95% CI, 18–28), respectively. The 5-year survival rate in the YAG 

was not better than that in the USPSTF group (p=0·57). The results of multivariable Cox 

proportional hazard models of patients meeting USPSTF screening criteria vs. YAG were 

presented in (C) the hospital cohort and (D) the community cohort.
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