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Abstract

 Introduction—Management of locally advanced non-small cell lung cancer is among the most 

highly contested areas in thoracic oncology. In this population, a history of prior cancer frequently 

results in exclusion from clinical trials and may influence therapeutic decisions. We therefore 

determined prevalence and prognostic impact of prior cancer among these patients.
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 Materials and Methods—We identified patients >65 years of age diagnosed 1992–2009 with 

locally advanced lung cancer in the Surveillance, Epidemiology, and End Results-Medicare linked 

dataset. We characterized prior cancer by prevalence, type, stage, and timing. We compared all-

cause and lung cancer-specific survival between patients with and without prior cancer using 

propensity score-adjusted Cox regression.

 Results—51,542 locally advanced lung cancer patients were included; 15.8% had a history of 

prior cancer. Prostate (25%), gastrointestinal (17%), breast (16%), and other genitourinary (15%) 

were the most common types of prior cancer, and 76% percent of prior cancers were localized or 

in situ stage. Approximately half (54%) of prior cancers were diagnosed within 5 years of the 

index lung cancer date. Patients with prior cancer had similar (propensity-score adjusted hazard 

ratio [HR] 0.96; 95% CI, 0.94–0.99; P=0.005) and improved lung cancer-specific (HR 0.84; 95% 

CI, 0.81–0.86; P<0.001) survival compared to patients with no prior cancer.

 Conclusions—For patients with locally advanced lung cancer, prior cancer does not adversely 

impact clinical outcomes. Patients with locally advanced lung cancer and a history of prior cancer 

should not be excluded from clinical trials, and should be offered aggressive, potentially curative 

therapies if otherwise appropriate.
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 1. INTRODUCTION

Locally advanced lung cancer represents a critical unmet need in thoracic oncology research. 

Characterized by an unresectable primary tumor or regional lymph node involvement, it 

accounts for more than 30 percent of all U.S. lung cancer cases [1, 2]. Despite numerous 

large clinical trials examining the role of multi-modality therapy, high-dose radiation, and 

consolidation and maintenance medical therapy [3–8], outcomes remain poor, with five-year 

survival rates under 20 percent.

Clinical trials are essential to improving outcomes for these patients. Yet well under five 

percent of U.S. adult cancer patients are enrolled in cancer clinical trials [9, 10]. 

Increasingly numerous and stringent eligibility criteria represent a major barrier to clinical 

trial accrual [11, 12]. For instance, over 80 percent of lung cancer clinical trials sponsored or 

endorsed by the National Cancer Institute (NCI)-affiliated Eastern Cooperative Oncology 

Group (ECOG) exclude patients with prior cancer, resulting in exclusion of up to 18% of 

potential participants for this reason alone [13]. Until recently, limited research has 

examined whether this common exclusion criterion was evidence-based; that is, whether 

lung cancer patients with a history of prior cancer did worse than those without a prior 

cancer. Likewise, little was known about the characteristics of lung cancer patients with a 

history of prior cancer such as the type, stage, and timing of the prior cancers. Of the few 

existing studies, most were single-center, relatively small, and limited to early-stage 

surgically resected disease [14–18]. We recently employed nationally representative data to 

examine prevalence and characteristics of prior cancer history among patients with 

metastatic lung cancer. We found that the majority of prior cancers were early-stage and 
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were diagnosed within five years of the index lung cancer diagnosis [19]. We also found that 

mortality among metastatic patients with a prior cancer history was equivalent—if not 

slightly better than—patients without a prior cancer history.

However, findings in metastatic lung cancer cannot be extrapolated to locally advanced 

disease, a setting in which complex multimodality therapy is employed and 15–20% of 

patients achieve long-term survival. Therefore, we examined the prevalence, type, stage, 

timing, and prognostic impact of prior cancer diagnoses among patients with locally 

advanced lung cancer using a representative national dataset.

 2. MATERIALS AND METHODS

 2.1 Data Acquisition

This study was approved by the Institutional Review Board of the University of Texas 

Southwestern Medical Center (IRB# STU 082012-040). Data were obtained from linked 

1992–2009 National Cancer Institute Surveillance, Epidemiology, and End Results (SEER) 

program data and 1991–2011 Medicare claims data. SEER is a nationally representative 

collection of population-based cancer registries. Linked SEER-Medicare data provides 

additional clinical information on SEER patients with Medicare. Ninety-four percent of 

cancer patients reported to SEER aged 65 years or older have been successfully linked with 

Medicare data [20]. Data for this study were available from 17 registries broadly 

representing approximately 26% of the U.S. population [21].

 2.2 Study Population

This study included patients >65 years of age diagnosed with locally advanced primary lung 

cancer between 1992–2009. We defined locally advanced disease as American Joint 

Committee on Cancer (AJCC) Stage III, ascertained from SEER data per the AJCC Cancer 

Staging Manual, Third and Sixth Editions [22]. We used 1992 as the initial year for our 

study because Medicare claims were first available in 1991, providing a one-year lead-in 

time to capture any pre-existing comorbidies. The last year of the study period, 2009, was 

the most recent year of data available at the time of the data request. We included individuals 

age >65 years to allow for one-year of complete Medicare claims data pre-diagnosis to 

capture pre-existing comorbidies. All patients had full coverage of Medicare Parts A and B 

from one year before and one year after their lung cancer diagnosis. To ensure complete 

claims data, we excluded HMO members and patients with only autopsy or death certificate 

records. We included only patients with non-small cell lung cancer (NSCLC) or small cell 

lung cancer (SCLC) histology. We excluded patients with incomplete diagnosis or death 

dates or discrepancies in SEER and Medicare birth dates of a year or more.

 2.3 Measures

Primary outcomes were all-cause and lung cancer-specific mortality. Survival was measured 

as the interval in months between diagnosis date (defined as the 15th of the month because 

SEER provides only month and year of diagnosis) and death date per SEER. Patients were 

followed until date of death or censored at the end of 2009 (last date of death in 2011 SEER 

submission).
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A history of prior cancer was determined as described in our previous studies.[13, 19] In 

brief, prior cancers were identified using the SEER variable tumor site recode; patients 

whose first primary cancer was a lung cancer (siterkm1=39) were defined as not having a 

prior cancer; whereas those whose second or subsequent primary cancer was a lung cancer 

(siterkm2–10=39) were defined as having a prior cancer. We measured features of prior 

cancers including cancer type, stage, and timing in relation to the index lung cancer. For 

patients with more than one primary lung cancer, the first primary lung cancer was 

considered the index lung cancer. We did not consider these patients to have a prior cancer 

history because (1) it is challenging to accurately identify same-site second primary cancers 

using registry data [23]; (2) in clinical practice it is difficult to distinguish between a second 

primary lung cancer versus recurrent disease; and (3) a history of resected early-stage lung 

cancer is typically allowed in clinical trials of locally advanced disease [23, 24].

We examined multiple covariates previously shown to be associated with lung cancer 

prognosis [19, 25]. Surgery within 120 days of diagnosis, chemotherapy within 120 days of 

diagnosis, and radiotherapy within one year of diagnosis were identified using Medicare 

inpatient, outpatient, and physician claims (coded yes/no) [26]. ICD-9 and CPT codes used 

to identify these measures were previously described [19, 26]. We measured comorbidity by 

searching inpatient, outpatient, or carrier claims for multiple chronic conditions (e.g., 

myocardial infarction, diabetes, dementia, or AIDS) within 12 months pre-diagnosis using 

the Charlson comorbidity index-Klabunde adaptation [27, 28]. Patients with Medicaid were 

identified using the state buy-in variable [29].

 2.4 Statistical Analysis

Using descriptive statistics, we reported the prevalence and correlates of prior cancer history. 

We quantified the type and stage of prior cancer in addition to time elapsed between the 

prior cancer diagnosis and index lung cancer diagnosis. We used unadjusted Kaplan-Meier 

(K-M) analysis to compare survival functions for patients with and without a prior cancer 

history for both outcomes. K-M curves were also constructed according to characteristics of 

the most recent prior cancer, including: 1) timing of diagnosis (within ≤1 year; ≤3 years; ≤5 

years of the index lung cancer); 2) cancer stage; and 3) cancer type.

We used three Cox proportional hazard models for each outcome: propensity score-adjusted 

models, univariable, and multivariable models. Propensity scores were constructed to adjust 

for observable differences (i.e. potential confounders) between patients with and without a 

prior cancer diagnosis. Our propensity score logistic regression model included all measured 

covariates (see Table 1). We examined propensity score overlap and balance across 

covariates using multiple regression, chi-square analysis, and histograms. We fitted Cox 

models adjusting for propensity scores as a continuous variable. We compared these models 

to multivariable covariate-adjusted models including all measured covariates.

Finally, we conducted a subset analysis to better represent a clinical trial eligible population. 

In this analysis, we included only patients who were age <75 years, had no comorbidities, 

and had received surgery and/or radiotherapy as treatment of the index locally advanced lung 

cancer. Analyses were performed using SAS 9.3 (SAS Institute Inc. Cary, NC, 2013) and 

Stata 13.1 (StataCorp. LP., College Station, TX, 2013).
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 3. RESULTS

In total, 51,542 patients with locally advanced lung cancer diagnosed 1992–2009 were 

identified, of whom 15.8% (n=8,127) had a history of prior cancer. Baseline characteristics 

are listed in Table 1. A history of prior cancer was associated with increasing age, male sex, 

white race, adenocarinoma histology, and absence of Medicaid enrollment. Three-quarters of 

these patients received at least one lung cancer therapy. Characteristics did not differ 

between groups after adjustment for propensity scores.

Figure 1 depicts the type (a), stage (b), and timing (c) of the most recent prior cancer. 

Prostate, gastrointestinal, breast, and other genitourinary cancers were the most common 

prior cancer types. Over two-thirds of prior cancers were localized or in situ stage and only 

6% were distant stage. Approximately half of prior cancers were diagnosed within five years 

of the index lung cancer. The median time between the prior cancer and the index lung 

cancer was 4.5 years (SD=6.2). Two prior cancers occurred in 2% of patients; three prior 

cancers occurred in 0.3%. These second most recent prior cancer occurred a median of 8.6 

years (SD=7.1) prior to index lung cancer diagnosis. The type and stage of the second most 

recent prior cancer are shown in e-Figure 1.

In unadjusted K-M curves, patients with prior cancer demonstrated similar all-cause and 

improved lung cancer-specific survival compared to patients with no prior cancer (Figure 2). 

Figure 3 shows all-cause survival curves stratified by the timing, stage, and type of the most 

recent prior cancer. In propensity-score-adjusted Cox proportional hazard models, patients 

with a prior cancer history had slightly better all-cause (hazard ratio [HR]=0.96; 95% CI 

0.94–0.99, p=0.005) and lung cancer-specific (HR=0.84; 95% CI 0.81–0.86, p<0.001) 

mortality when compared to patients without a prior cancer history. Results from the 

unadjusted models (data not shown) and multivariable covariate-adjusted models (Table 2) 

were similar in effect size, direction, and significance.

We also determined the prevalence and prognostic impact in a subset of patients likely to be 

eligible for clinical trials (defined as age <75 years, no recorded comorbidities, and 

receiving surgery and/or radiation for the locally advanced lung cancer diagnosis) 

(N=2,211). In this population, 14.8% had a history of prior cancer. A prior cancer diagnosis 

was associated with similar all-cause (HR 1.01; 95% CI, 0.89–1.15; P=0.886) and superior 

lung cancer-specific (HR 0.85; 95% CI, 0.73–0.99; P=0.035) survival in the propensity 

score-adjusted model.

 4. DISCUSSION

Understanding the clinical significance of prior cancer diagnoses is central to clinical 

practice and to clinical trial design. Assumptions about the prognostic effect of prior cancer 

diagnoses can impact clinical decisions to administer or withhold potentially curative 

therapy. Furthermore, there is a longstanding and widespread practice of excluding patients 

with a history of prior cancer from lung cancer clinical trials [13]. Prior research has 

suggested that only approximately one-quarter of stage 3 lung cancer patients are eligible for 

clinical trials, with medical comorbidities—including prior cancer diagnoses—serving as the 
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primary reason for exclusion [30]. Given persistently low rates of clinical trial participation 

among cancer patients and persistently poor outcomes among those with locally advanced 

lung cancer, the possibility of expanding the pool of eligible patients for clinical trials could 

benefit researchers, physicians, and patients alike by reducing study duration, increasing trial 

completion rates, enhancing generalizability, and ultimately delivering new treatments to 

more patients sooner.

Our findings suggest that prior cancer-related eligibility criteria may substantially limit 

accrual to clinical trials for locally advanced lung cancer. Almost 16% of the patients in our 

sample had a history of prior cancer. This proportion exceeds the 13% described among all 

cancer types [31]. perhaps reflecting the influence of smoking or the advanced average age 

at diagnosis. Importantly, the majority of prior cancer diagnoses occurred within five years 

before the index cancer and would therefore result exclusion from clinical trials that employ 

the common 5-year cancer-free window for eligibility. When restricting by age, comorbidity 

burden, and receipt of lung cancer treatment to examine prior cancer in a clinical trial-type 

population, the prevalence of prior cancer diagnosis was similar. An earlier study 

demonstrated that, among patients with stage 1–3 lung cancer, prior cancer is considerably 

more common than other medical comorbidities that may exclude patients from clinical 

trials, such as renal disease (three times more common), liver disease (seven times more 

common), and HIV (14 times more common) [25]. Given the near four-fold increase in U.S. 

cancer survivors over the past 30 years [32], this proportion will only increase in the future.

In this study, the most common type of prior cancer was prostate, which usually has such an 

indolent clinical course that the United States Preventive Services Task Force no longer 

recommends routine screening for it [33]. More than two-thirds of prior cancers in our study 

cohort were localized or in situ stage. Thus it seems unlikely that these earlier cancer 

diagnoses would have a detrimental impact on the outcomes of patients facing locally 

advanced lung cancer.

Our observation that patients with a history of prior cancer may have better lung cancer-

specific survival than those without a prior cancer diagnosis is perhaps counterintuitive but 

mirrors our findings among patients with metastatic lung cancer [19]. There are few other 

data to which our observations can be compared. A subset analysis of 30 patients with 

locally advanced lung cancer and a history of prior cancer found that they had equivocal 

survival to locally advanced cases without prior cancer diagnoses [18]. Potential 

explanations include an advantageous cancer survivor phenotype, reflecting favorable cancer 

biology and improved response to therapy [13, 34]. Alternatively, prior cancer may result in 

lead- and length-time biases, with clinical and radiographic surveillance of the earlier cancer 

resulting in detection and treatment of a clinically silent locally advanced lung cancer earlier 

than might otherwise occur.

In addition to potential concerns about survival impact, there are other reasons why a prior 

cancer diagnosis might warrant exclusion from a trial. For instance, patients with a prior 

cancer may have been previously exposed to radiation therapy or chemotherapy that could 

hypothetically result in either (1) lower tolerance for or (2) decreased efficacy of treatment 

for the current locally advanced lung cancer. However, excluding prior cancer diagnoses 
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generally for these reasons is an inefficient and overly broad approach to these issues. In the 

current analysis, over two-thirds of prior cancers were in situ or localized stage, for which 

radiation therapy and chemotherapy may not have been administered. An alternative strategy 

would be to exclude prior cancer treatment (which has been done in approximately 40% of 

Eastern Cooperative Oncology Group [ECOG] lung cancer trials[13]) and/or restrict 

enrollment according to organ function.

Certain limitations apply to our work. First, our results are not generalizable to other cancer 

types. Patients with locally advanced lung cancer may be older, have greater smoking 

histories (and therefore at greater risk for multiple cancer types [30, 35]), and have worse 

outcomes than patients with other cancers. SEER-Medicare data, although arguably 

representative of the general U.S. lung cancer population, does not resemble a clinical trial 

population. However, our clinical trial-like subset, similar to the overall population, 

demonstrated no survival detriment associated with prior cancer. Due to delays in case 

ascertainment by contributing local registries and the fact that SEER-Medicare is updated 

every two years, the time period of our analysis is not current (most recent year 2009). 

However, in contrast to advanced (stage 4 lung cancer), the diagnosis, staging, and treatment 

of locally advanced (stage 3) lung cancer have not meaningfully changed over the past seven 

years. Thus, it is unlikely that the inclusion of more recent data would alter our conclusions. 

Any recent therapeutic advances for other cancers during this time period would presumably 

improve the outcomes of the prior cancer cohort in this analysis, thus supporting our current 

conclusions. Importantly, we were unable to address other factors relevant to clinical trial 

conduct and outcomes such as tolerability of therapy. However, we did observe that the 

percent of patients receiving cancer-directed therapy was similar among patients with and 

without a prior cancer history (68.8% vs 67.1%) suggesting that intensive therapy is feasible 

in this population.

In conclusion, locally advanced lung cancer represents a major area of unmet need in 

thoracic oncology. Despite the emergence of new radiation techniques, molecularly targeted 

therapies, cytotoxic agents, and vaccine approaches, overall outcomes have not changed in 

recent years. Key to future improvements will be informative design and efficient conduct of 

clinical trials. The results of our present study demonstrate that clinical investigators, 

sponsors, and physicians should no longer conclude that a prior cancer diagnosis in patients 

with locally advanced lung cancer is a poor prognostic factor or a limitation to treatment. 

These patients should no longer be excluded from clinical trials, and unless other factors 

preclude it, they should be offered potentially curative therapy.
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Highlights

• Stringent eligibility criteria represent a major barrier to clinical trial accrual.

• The majority of lung cancer clinical trials exclude patients with prior 

cancer.

• 15.8% of locally advanced lung cancer patients have a history of prior 

cancer.

• Prior cancer does not adversely impact survival in locally advanced lung 

cancer.

• These patients should be considered for clinical trials and for aggressive 

therapy.
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Figure 1. 
Type (a), stage (b) and timing (c) of the most recent prior cancers. (Note: Cell sizes less than 

11 are suppressed per the SEER-Medicare data use agreement; Denominators are not equal 

due to missing data.)
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Figure 2. 
All-cause and lung cancer-specific survival for patients with and without any prior 

malignancy
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Figure 3. 
All-cause survival according to type (a), stage (b), and timing (c) of prior cancer diagnosis 

(“Other” denotes patients with no prior malignancy or a history of prior malignancy 

diagnosed outside the referenced time frame) Table 1. Baseline patient characteristics of the 

locally advanced lung cancer SEER-Medicare cohort (N=51,542)
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Table 1

Baseline patient characteristics of the locally advanced lung cancer SEER-Medicare cohort (N=51,542)

Patient Characteristics Total Patients N Prior Cancer N (%) P-Value Adjusted P-Value*

Age <.001 0.919

 Age<75 23,416 3,127 (13.4)

 75<=Age<85 22,434 3,923 (17.5)

 Age>=85 5,692 1,068 (18.8)

Sex <.001 0.956

 Female 23,358 3,251 (13.5)

 Male 28,184 4,967 (17.7)

Race/Ethnicity <.001 0.958

 White 43,933 7,129 (16.2)

 Black 4,642 664 (14.3)

 Other 556 52 (9.4)

 Hispanic 2,411 282 (11.7)

Marriage Status <.001 0.984

 Married 26,104 4,479 (17.2)

 Sep/Div/Wid † 20,170 2,909 (14.4)

 Single 3,596 496 (13.8)

 Unknown 1,672 243 (14.5)

Histology <.001 0.855

 Adenocarcinoma 16,264 2,842 (17.5)

 Squamous 12,853 1,978 (15.4)

 Small cell 7,277 975 (13.4)

 NSCLC‡ 15,148 2,332 (15.4)

Charlson Comorbidity <.001 0.945

 0 20,444 3,332 (16.3)

 1 14,954 2,373 (15.9)

 2+ 13,160 2,154 (16.4)

 Not available 2,984 268 (9.0)

Medicaid <.001 0. 498

 Yes 9,265 1,052 (11.4)

 No 42,277 7,075 (16.7)

Treatment <.001 0. 719

 Surgery only 2,794 503 (18.0)

 Chemotherapy only 5,145 905 (17.6)

 Radiation only 8,894 1,438 (16.2)

 ≥ 2 treatments 17,738 2,750 (15.5)

 No Surg/Chemo/Rad§ 16,971 2,531 (14.9)
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Patient Characteristics Total Patients N Prior Cancer N (%) P-Value Adjusted P-Value*

Cause of death|| <.001

 Alive 5,857 1,027 (17.5)

 Lung cancer specific 37,150 5,122 (13.8)

 All other causes 8,535 1,978 (23.2)

Total

51,542 8,127

*
Propensity Score Adjusted P-value: non-significance denotes groups are well balanced for covariates of interest

†
Separated/Divorced/Widowed

‡
Non-small cell lung carcinoma

§
No surgery/chemotherapy/radiation

||
Dependent variable, no adjusted P-value necessary
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Table 2

Multivariable covariate-adjusted hazard ratios for all cause and lung cancer specific mortality

Patient Characteristics
All Cause HR* (95% 

CI†) All Cause P-value
Lung Cancer-specific 

HR* (95% CI†) Lung Cancer-specific P-value

Prior cancer diagnosis (vs. None)

 Yes (any) 0.95 (0.92–0.97) <0.001 0.82 (0.80–0.85) <0.001

Age (years; vs. 66–74)

 75 – 85 1.16 (1.14–1.19) <0.001 1.15 (1.13–1.18) <0.001

 > 85 1.33 (1.29–1.37) <0.001 1.28 (1.23–1.32) <0.001

Sex (vs. female)

 Male 1.14 (1.12–1.17) <0.001 1.14 (1.12–1.17) <0.001

Race/ethnicity (vs. white)

 Black 0.96 (0.93–0.99) 0.009 0.94 (0.91–0.98) 0.001

 Hispanic 0.91 (0.83–1.00) 0.039 0.91 (0.83–1.01) 0.078

 Other 0.85 (0.81–0.89) <0.001 0.86 (0.81–0.90) <0.001

Marital Status (vs. married)

 Sep/Div/Wid‡ 1.05 (1.03–1.07) <0.001 1.03 (1.01–1.06) 0.005

 Single 1.09 (1.05–1.13) <0.001 1.08 (1.03–1.13) <0.001

 Unknown 1.07 (1.01–1.12) 0.016 1.05 (0.99–1.12) 0.091

Histology (vs. other non-small cell lung cancer [NSCLC])

 Small Cell 1.20 (1.17–1.24) <0.001 1.29 (1.25–1.33) <0.001

 Adenocarcinoma 0. 88 (0.86–0.90) <0.001 0.92 (0.90–0.94) <0.001

 Squamous 0.94 (0.92–0.97) <0.001 0.97 (0.95–1.00) 0.071

Comorbidity (vs. none)

 One 1.11 (1.08–1.13) <0.001 1.06 (1.04–1.09) <0.001

 Two or more 1.24 (1.21–1.27) <0.001 1.12 (1.09–1.15) <0.001

 Rule out 0.93 (0.90–0.97) 0.001 0.93 (0.88–0.97) <0.001

Payer Status (vs. no)

 Medicaid 1.04 (1.01–1.06) 0.006 1.02 (0.99–1.05) 0.247

Treatment Status (vs. no Treatment)

 Surgery only 0.3 (0.29–0.31) <0.001 0.27 (0.26–0.29) <0.001

 Chemotherapy only 0.52 (0.50–0.53) <0.001 0.55 (0.53–0.57) <0.001

 Radiation only 0.62 (0.60–0.64) <0.001 0.66 (0.64–0.68) <0.001

 Two or more 0.36 (0.35–0.37) <0.001 0.38 (0.37–0.39) <0.001

*
HR denotes hazard ratio of all cause and lung cancer specific death for the above covariates

†
CI denotes confidence interval

‡
Separated/Divorced/Widowed
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