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Abstract 
 
Association between Clinic Characteristics and Positive Low-dose CT outcome among 

current and Former Smokers 
By Mengdi Wu 

 
 

Background: Lung cancer is one of the leading cause of death now in the United States. 
According to Cancer statistics reported by Greenlee et al. in 2000, 28% of death were due 
to lung cancer among deaths due to cancer in United States. Lung Imaging Reporting and 
Data System (Lung-RADS) is a scoring system developed by American College of 
Radiology to help better interpret CT screening and manage lung cancer diagnosis based 
on the screening characteristics.  
Objective: The aim of the study is to identify clinic factors that associated with change of 
screening classification during screening trials and further modify current screening 
procedures. 
Method: Univariate and Multivariate analysis were applied to identify potential risk factors 
that would be associated with suspicious lung screening outcomes. Model selection were 
based on deviance analysis. 
Results: The results indicated that heavy smokers with current or past smoking 
behaviors, increasing age would lead to potential risk of detection of malignant nodules at 
the time of screening. Male smokers would be more likely to develop suspicious 
screening results compared to female smokers. At the same time, patients with affected 
siblings are more likely to be later detected for suspicious nodules on low-dose CT 
screening. For patients with certain clinic characteristics, we would suggest for more 
frequent CT screening in order to detect for malignant disease at earlier stage. 
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Chapter 1: Introduction 

1.1 Lung Cancer as a Public Health concern 

Lung cancer is one of the leading cause of death now in the United States. 

According to Cancer statistics reported by Greenlee et al. in 2000, 28% of death were due 

to lung cancer among deaths due to cancer in United States (Greenlee et al., 2000). 

According to reports from American Cancer Society, there will be 221,200 new lung 

cancer diagnosis in United States (American Cancer Society, 2015). Researchers 

estimated 158,040 deaths due to lung cancer in 2015. Since 1950, there is strong evidence 

to prove that smoking was primary cause for lung cancer. Study conducted by Wynder 

and Graham in 1950 had indicated that cigarettes smoking lead to carcinoma of the lung 

(Wynder and Graham, 1950). Evidence shown that risk of lung cancer would increase 

with quantity of cigarettes smoking as well as duration of smoking.  

1.2 Screening among high risk individual 

Researchers provided evidence to show that screening with chest x ray was not 

effective in order to reduce mortality rate for lung cancer (Flehinger et al., 1984). 

Henschke et al. conducted Early Lung Cancer Action Project to evaluate effect of low-

dosed CT for people at high risk (Henschke et al., 1999). Their research reported that 

23% non-calcified nodules were detected by low-dose CT at baseline and have better 

performance in detecting malignant disease comparing to performance of chest 

radiography. Several studies also indicate low-dose spiral CT help detect lung cancer at 

an early stage and make the disease more curable since it can detect smaller non-calcified 

nodules comparing to traditional chest x ray. However, health care provider would like to 
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screen patients based on their risk for lung cancer. High risk population would require 

more frequent screening schedule while patients with relatively low risk would receive 

screening in a longer period in order to reduce the cost and harm from low-dose CT. 

1.3 Current Scoring System for Screening Interpretation 

Lung Imaging Reporting and Data System (Lung-RADS) is a scoring system 

developed by American College of Radiology to help better interpret CT screening and 

manage lung cancer diagnosis based on the screening. Lung-RADS scores can change 

over the course of multiple screens, and have a classic temporal phenotyping pattern 

— the current score is a function of nodule size in the following screening, as well as the 

Lung-RADS scores at baseline. At the same time, Lung-RADS also categorize patients 

for different screening schedule. Patients ranked higher in Lung RADS category would 

receive a more frequent low-dose CT screening. Lung-RADS criteria primary categorize 

patients based on size of nodule as well as nodule attenuation. Study proved that 

application of Lung RADS would largely increase the precision of predictive value for 

lung cancer incidence in population receiving low-dosed CT lung screening (Mckee et 

al., 2014). Lung RADS depends solely on screening characteristics, but clinic 

characteristics were not included. According to Lung RADS, category 1 is defined as 

low-dose CT with no nodules or with benign nodules. Patients with nodules that would 

be unlikely to develop to clinically active cancer would be classified as category 2. Lung 

RADS defined patients categorized in categorize 3 and 4 as positive screening results. 

However, many patients initially categorized as Category 1 or 2 at the beginning of 

screening trial later shown positive screening results at the end of study due to potential 

risk of lung cancer. Such change of status draw attention of researchers since it might be 
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associated with active clinical lung cancer. We would like to include potential clinic risk 

factors for lung cancer into Lung RADS in order to better predict such change status in a 

shorter period of time instead of after three year screening. 

1.4 Study Aim 

The aim of the study is to identify clinic factors that associated with change of 

screening classification during screening trials and further modify current screening 

procedures. Risk factors including clinic characteristics at baseline of screening identified 

in the study can help healthcare practitioner to predict patient’s chance of developing 

appropriate protocols for screening programs as well as help researchers start programs 

for lung cancer prevention.  

Chapter 2: Literature Review: Risk Factors for Lung Cancer: 

 A-priori knowledge of what characteristics would be important to impact patients’ 

risk for lung cancer would need to be obtained. Researchers would be interested in 

demographic characteristics, patient’s medical history, smoking history as well as 

working exposure history.  

2.1 Demographic Characteristics 

2.1.1 Gender 

 There is a debate that whether lung cancer incidence rate was higher among men 

or women. Previous research indicated that incidence rate of lung cancer was lower in 

female population compared to male population (Doll and Peto, 1981) due to lower 

exposure to tobacco smoking. Recently, there are studies in the United States suggesting 
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that risk of female for lung cancer associated with smoking is higher than male (Risch et 

al., 1993) since exposure of use of tobacco among female in the United States is almost 

the same as among male population (Ries et al., 1994).  At the same time, study indicated 

that female are more vulnerable since genetic polymorphisms in gene CYP1A1, the gene 

associated with lung cancer metabolism, lead to increasing risk for lung cancer 

comparing to male without considering smoking history (Dresler et al., 2000).  

2.1.2 Race 

 Since smoking prevalence among African American population is higher than 

among white population, researchers conducted studies to examine the association of 

lung cancer and race. Results indicated that African American were at higher risk for 

developing lung cancer compared to white with evidence that relative risk for lung cancer 

for African American is 1.8 comparing to white population (Harris et al., 1993). 

2.1.3 Socioeconomic Status 

 Scientists also examined whether socioeconomic status would impact risk for lung 

cancer. In neighboring country Canada, study confirmed that there is an increase in risk 

for lung cancer among low income population with adjusted OR of 1.7 (95% CI: 1.3-2.2) 

(Mao et al., 2000). The study also conclude that people with less than 8 years of 

education as well as those with greater than 14 years education were less likely to 

develop lung cancer. Therefore, we believe that education level would be another risk 

factors for lung cancer.  

2.2 Medical History 

2.2.1 Body Mass Index 
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 Body mass index (BMI) is usually calculated to estimate level of obesity.  

Usually, researchers believed that increasing BMI is positively associated with cancer 

incidence (Renehan et al., 2008). In other word, fatter people are more likely to develop 

cancer. However, for lung cancer incidence, researchers noticed that there is an 

increasing trend for risk of lung cancer among current and former smokers with 

decreasing BMI (Kabat and Wynder, 1992). 

2.2.2 Family History of Lung Cancer 

 From the systematic review of relationship between family history and lung 

cancer conducted by Matakidou et al. in 2005 (Matakidou et al., 2005), researchers 

confirmed that based on 31 case-control studies and 17 cohort studies, individual risk of 

lung cancer would be increased if he or she has an relative that was diagnosed with lung 

cancer. Study provided statistics that individual with five or more affected first degree 

relatives for lung cancer would have odds ratio 2.7 higher comparing with general 

population (Brownson et al., 1997). At the same time, with two or more siblings 

diagnosed as lung cancer would be 1.4 times more likely to develop lung cancer. It is 

believed that familial history of lung cancer can lead to increasing individual risk for lung 

cancer due to genetic factors as well as exposure to similar environment (Mayenm 

Buenconsejo and Janerich, 1999). However, most studies identifying association between 

lung cancer and family history of lung cancer is conducted among non-smokers due to 

confounding effect of smoking history.  

2.2.3 Previous diagnosis of Lung Disease 



	 6	 	 	
	

 Researchers were looking for diagnosis of lung disease and their association with 

lung cancer. Studies based on patients from Johns Hopkins Lung Project and Intermittent 

Positive Pressure Breathing Trial proved that population suffered from chronic 

obstructive pulmonary disease (COPD) would experience increase risk for developing 

lung cancer (Tockman et al., 1987). Statistical analysis shown that increase in degree of 

airways obstruction would direct to increase of risk developing lung cancer among 

smokers. Such impact would be even higher comparing to the effect of level of smoking. 

At the same time, researchers were also interested in identifying fibrosis of lung as risk 

factors for lung cancer. Relative risk for lung cancer among patients diagnosed with 

pulmonary fibrosis is 7 to 14 comparing to the general population (Turner-Warwick et 

al., 1980).  

2.3 Smoking History 

 Smoking is confirmed as the leading cause of lung cancer. 85%-90% lung cancer 

incidences in United States were estimated to be associated with smoking behavior. 

According to cohort study by Darby et al. in 2005, people smoke 15-24 cigarettes have 

26 higher risk to develop lung cancer comparing with non-smokers (Darby et al., 2005).  

Another study conducted by Pope et al. shows that for people smoke more than 24 

cigarettes would have at least 24 times higher risk to develop lung cancer (Pope et al., 

2011). There is sufficient evidence to prove that increasing amount of cigarettes intake 

would lead to increasing risk of lung cancer. In the study, we decided to use pack-years, 

duration of smoking and age start smoking to measure patients’ smoking pattern for both 

former and current smokers. At the same time, for former smokers, age that they quit 

smoking is regarded as an important factors impacting lung cancer risk. We also 
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considered the smoking history of cigar and pipes in the study since there is evidence that 

there is higher incidence of small-cell as well as squamous cell carcinomas among people 

smoking pipes and cigars.   

Chapter 3: Method 

3.1 Data Source: National Lung Screening Trial (NLST) 

 NLST is a randomized screening trial with patients enrolled in either chest X-Ray 

and low-dose computed tomography (CT) (National Lung Screening Trial Team, 2011). 

53454 patients with relative high risk for lung cancer were enrolled in 33 medical center 

in the United States. Eligible patients were aged between 55 and 74 years old at the 

beginning of randomization. All patients have smoking history of at least 30 pack-years. 

The study includes formers smokers that quit within 15 years. The screening trial 

excluded patients who have previously diagnosed with lung cancer as well as those who 

received chest X-ray within 18 months at the beginning of study. Each patient was 

randomly assigned for either chest X-Ray or low-dosed CT. From August 2002 to April 

2004, patients received three annual screening based on their assigned screening group. 

26722 patients received low-dose CT and 26732 patients received single-view poster-

anterior chest radiography. According to NLST Team, 90% patients were adherent to the 

screening program. After randomization, patients participated in the screening trial filled 

in questionnaires asking for demographic, medical history, and smoking history. Our 

study would focus on low-dose CT since there is evidence shown that low-dose CT 

decrease mortality rate for lung cancer by 20% and has better performance in identifying 

smaller size of nodule (National Lung Screening Trial Team, 2011). At the same time, we 
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only focused on characteristics information collected at baseline to avoid potential 

correlation across serial screening observations for each individual. 

3.2 Lung RADS and NLST 

 We applied Lung RADS to NLST population both at the beginning and at the end 

of screening trial. We matched patients for receiving low-dose CT screening at the two 

time points and compare their Lung RADS score. The study would focus on increase of 

Lung RADS ranking to positive screening results since such change represents potential 

risk for lung cancer that need more frequent screening schedule. We would like to 

identify risk factors for lung cancer and their association with such change in order to 

further modify the current scoring system. 

3.3 Statistical Methods  

The study is interested in learning about univariate and multivariate effect of 

potential risk factors for lung cancer discussed in the previous literature review section 

and their association with change of screening status. In order to identify association 

between potential risk factors and change of Lung RADS score, we performed Chi-

Square test of independence to evaluate the univariate association. Continuous variable 

such as BMI, age were categorized into different levels. BMI were categorized into levels 

as underweight, normal, overweight and obese. Age were catergorized according to the 

quartile. We assessed normal assumption for Chi Square test by looking at histograms of 

the data. With relatively large sample size we assume that due to central limit theorem, 

the normality assumption for Chi Square test was satisfied. At the same time, 

contingency tables were created for Chi Square test with predictors and outcome 
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variables. With cell count greater than 5 in all contingency table, we believe that it would 

not be necessary to perform fisher’s exact test to deal with sparse data. Crude odds ratio 

would be calculated for each risk factors, including 95% confidence interval. Such 

measurement shows association between risk factors and the outcome variables.  

For covariates that were tested as significant in univariate analysis, we would 

want to include those variables into logistic regression model to learn about multivariate 

effect. Statisticians didn’t recommend only include predictors that were considered as 

statistically significant with p-value less than 0.05 due to the possibility of residual 

confounding (Vittinghoff et al., 2005). Maldonado and Greenland suggested that 

potential confounders should be only eliminated with p-value greater than 0.2 

(Maldonado and Greenland, 1993). Logistic regression model allows to estimate odds of 

whether a patient would be diagnosed with lung cancer or not. Final logistic regression 

model was selected based on method of deviance. First, researchers found variables that 

can reduce deviance significantly on its own, and fit a saturated model with those 

variables. Secondly, remove each individual variable from saturated model to see if any 

variable would become insignificant with the existence of other variables and drop such 

variable. Add back the omitted variables to the model and compared to the previous 

model to check if there is a significant increase in deviance to conclude the final model. 

After identify the final model, goodness of fit test was conducted to assess overall 

performance of the model. Pearson chi-squared goodness of fit test was tested to identify 

whether the final model has issue with lack-of-fit. Odds ratio were calculated to represent 

the association between predictors and outcome of lung cancer diagnosis since logistic 

regression were performed. Statistical analyses were performed in open-sourced 
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statistical programming software R and SAS software (version 9.4; SAS Institute Inc., 

Cary, NC).  

Chapter3: Results 

3.1 Change in Lung RADS Classification 

26449 patients enrolled in low-dose CT group in NLST study received initial 

screening at time of base line, while 25090 were screened at the end of screening trial. 

25088 patients were matched for both baseline and end-of-study screening. At the 

beginning of trial, 18587 patients were classified as Category 1, which indicates patients 

without nodules or with benign nodules. 3004 patients were classified as Category 2. 

After calculation of Lung RADS score for at baseline and at end of NLST trial, 16141 

patients were classified as Category 1 and 1643 patient were classified as Category 2 for 

both time points. According to Lung RADS categorization, both category were defined as 

negative screening results. At baseline, all patients were classified as Category 1, 2 or 

pending. At the end of study, we have observed shifts to Category 3, which is defined as 

positive screening results. Results of Lung RADS classification among NLST population 

enrolled in low-dose CT group were summarized in Table 2. 1051 patients shifted from 

Category 1 to Category 3 at the end of study while 492 patients shifted from Category 2 

to Category 3. Such change would require a more frequent screening schedule changed 

from 12-month interval to 6-month interval. 

3.2 Univariate Analysis  

 Characteristics of demographic, medical history, smoking history and working 

exposure history were demonstrated in Table 1 for patients changed from Category 1 to 
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category 3 and Table 2 for patients changed from category 2 to category 3. For patients 

shifted status to Catefory 3 from Category 1, gender was statistically significantly 

associated with such change. Results of Chi-square test indicated that odds of such 

change would be 1.11 times (95% CI: 0.98-1.25, p-value =0.09) higher among male 

patients compared to female patients. Race was not considered as important factors for 

patients’ shift of Lung RADS classification from Category 1 to Category 3 since there is 

no sufficient statistical evidence. Although test result shows that education has weak 

association with suspicious screening outcome at the end of study, we won’t exclude the 

effect of education from multivariate analysis. With p-value less than 0.001, we believe 

that age is another important factors for explaining the change of screening classification 

at the end of study. Comparing with patients age from 54 to 57, with increasing age, we 

can observe increasing odds of suspicious screening outcome at the end of study. Odds of 

change of classification from Category 1 to Category 3 at the end of study is 1.09 (95% 

CI: 0.88-1.34) times higher for patients from 57 to 60 years comparing with patients aged 

from 54-57. Odds would be 1.30 (95% CI: 1.08-1.58) times higher for patients aged from 

60 to 65. For patients greater than 65 years old, the risk for suspicious screening outcome 

would be 1.78 (95% CI: 1.47-2.15) times higher comparing with patients from 54-57 

years old. Medical history of patients seem not significantly associated with suspicious 

screening outcome at the end of study. However, there is significant association between 

suspicious screening outcome and sibling’s history of lung cancer. Results of statistical 

test indicated that patients with affected siblings would be more likely to experience 

suspicious screening outcome. At the same time, current smokers are more likely to be 

categorized for higher Lung RADS score compared with former smokers. The odds for 
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higher Lung RADS score at the end of study would be 1.11 (95% CI: 0.98-1.25) times 

higher among current smokers compared with the odds among former smokers. With one 

unit increase of age starting smoking, the odds for shift to category 3 would be 0.96 (95% 

CI: 0.93-0.00) times lower. The amount of cigarettes smoked as well as the duration of 

smoking is not significantly associated with suspicious screening outcome. Also, for 

current and former smokers, living or working with smokers won’t affect the change of 

developing positive screening outcome. Occupational exposure to asbestos won’t impact 

chance of developing to positive screening outcome among current and former smokers. 

 Among patients initially detected with benign nodules (Category 2) changed to 

positive screening outcome (Category 3), we identified different factors that would 

impact such change. Education were no longer identified as important factors that lead to 

suspicious screening outcomes for current and former smokers initially screened with 

benign nodules. Gender is again statistically significant associated with the change to 

positive screening results from patients initially detected with benign nodules. The odds 

of such change is 1.26 time higher among male smokers comparing to female smokers. 

At the same time, both affected parents and siblings, smoking behaviors, occupational 

exposure as well as previous history of benign lung disease were not statistically 

significant factors for suspicious screening outcomes for current and former smokers 

initially screened with benign nodules. Patients were less likely to obtain suspicious 

screening results with initial screening with benign nodules if they have habit smoking 

with pipe (OR: 0.81, 95% CI: 0.64-1.01).  

 For high risk populations with benign nodules (Category 2) at baseline screening, 

age is still an important factors that raise chance for malignant finding for later screening. 
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With increasing age, the odds of being categorized in 3rd category would be increasing. 

Odds of change of classification from Category 2 to Category 3 at the end of study is 1.34 

(95% CI: 0.97-1.87) times higher for patients from 57 to 60 years comparing with 

patients aged from 54-57. Odds would be 1.42 (95% CI: 1.05-1.95) times higher for 

patients aged from 60 to 65. For patients greater than 65 years old, the risk for suspicious 

screening outcome would be 1.66 (95% CI: 1.22-2.27) times higher comparing with 

patients from 54-57 years old. We would observed similar effect of age among patients 

classified as Category 1 and Category 2 at the beginning of study.   

 With strong statistical evidence (p-value = 0.0211), occupational exposure to 

asbestos has impact on chance of developing suspicious screening outcome. For patients 

who were exposed to asbestos in working environment, the chance of developing 

malignant lung disease that would be detected in final screening would be 1.65 (95% CI: 

1.06 -2.51) times higher compared to people with normal BMI.  

3.3 Multivariate Analysis 

          Based on analysis of deviance and model selection, we finally concluded two final 

logistic regression model to model the change from category 1 to category 3 and change 

from category 2 to category 3 during NLST screening process. Multivariate effect of risk 

factors associated with certain change were summarized in Table 4 and Table 5. 

According to results of lack-of-fit test, with p-value extremely close to 1, we don’t have 

concerns of lack-of-fit for those two models. In other words, there is almost no difference 

between change of screening classification between observed data and fitted value. 
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 The final model that identify effect of clinic factors on change from Category 1 to 

Category 3 includes effect of gender, age as well as history of lung cancer of individual’s 

siblings. Adjusting for other characteristics, with affected siblings would increase chance 

for suspicious screening outcomes. Among high risk populations, the risk of developing 

positive screening outcome among would be 1.23 (95% CI: 1.03-1.60) higher compared 

to patients without affected siblings. As similar results in univariate analysis, in the final 

fitted model, increasing age leads to increasing risk of developing positive screening 

results. The final fitted model excludes effect of habits related to smoking history and 

medical history. 

 Different clinic characteristics is associated with change from Category 2 to 

Category 3 among NLST population. Similar to the previous model, increasing age is 

strongly associated with increasing risk of developing suspicious screening outcome 

adjusting other clinic characteristics. Male smokers were more likely to develop positive 

screening outcomes at the end of study. At the same time, comparing with white 

population, Asian is less likely to develop positive lung screening (OR: 0.086, 95% CI: 

0.005-0.43). Smoking pipe is likely to reduce chance of increase of Lung RADS score 

(OR: 0.77, 95% CI: 0.61-0.97). Smokers that were exposed to asbestos in working 

environment have higher chance to be detected with suspicious nodules in low-dose CT 

screening (OR: 1.83, 95% CI: 1.15-2.83). 

Chapter 4: Discussion 

 Although smoking habit is known as an important risk factor for lung cancer, it is 

not significantly associated with developing positive screening result during the process 

of low-dose CT screening for current and former smokers. Such controversial finding 
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may be related to continuous smoking behavior. For heavy smokers included in NLST 

population, their smoking habits won’t be changed during the three-year screening 

projects. Therefore, smoking habits including amount of cigarettes smoked per day as 

well as smoking duration would not be considered to differentiate patients for risk of 

developing positive screening results.  

 According to the two final fitted model in the study, we should differentiate 

patient’s risk of developing suspicious lung screening results according to their age and 

gender. With increase in age, patients would be more likely to be detected with nodules 

that are associated with clinically active lung cancer, especially for patients aged greater 

than 65 years old. Current NLST screening procedure provides same screening schedule 

for all patients without considering their risk for lung cancer as well as their medical 

needs. Although Lung RADS successfully developed protocols to provide different 

screening frequency according to characteristics of screening image, our study indicated 

that it is necessary to add clinical characteristics such as gender, race as well as age in 

order to further modify the system and better detect suspicious nodule with reduced time.  

 According results of analysis, our study indicated that for heavy smokers with 

current or past smoking behaviors, increasing age would lead to potential risk of 

detection of malignant nodules at the time of screening. Male smokers would be more 

likely to develop suspicious screening results compared to female smokers. At the same 

time, patients with affected siblings are more likely to be later detected for suspicious 

nodules on low-dose CT screening. For patients with certain clinic characteristics, we 

would suggest for more frequent CT screening in order to detect for malignant disease at 

earlier stage. 
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