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ANALYSIS OF CLINICAL AND RADIOMIC FACTORS ASSOCIATED WITH 

INTERMEDIATELY-CATEGORIZED PULMONARY NODULE LUNG-RADS 

RISK PROGRESSION  

CAMERON G. HURLBURT 

 

 

ABSTRACT 

 

Lung cancer currently has the greatest mortality rate of cancer patients of all sexes 

in the United States (Torre et al., 2016). Low-dose CT scans are utilized for lung cancer 

screening in patients who fall within the NLST entry criteria (Sanchez-Salcedo et al., 

2015). The original criteria for screening were age over 55 and pack-year over 30, which 

were recently changed to age 50 and pack-year over 20 in 2021. The study population in 

this paper utilized the original criteria. 

A system developed and copyrighted by the American College of Radiology (ACR) 

referred to as the Lung CT Screening Reporting and Data System (Lung-RADS) has 

implemented a standardized method of classifying and interpreting lung cancer chest CT 

screening results. Lung-RADS has a scoring system which is scaled 1 – 4x (Pinsky et al., 

2015) The likelihood of malignancy based on nodule appearance, diameter, and presence 

of growth comprise the components of which score is given (Chung et al., 2017). Lung-

RADS 2 scored nodules are benign nodules and patients follow up for another CT in a year. 

Lung-RADS 3 nodules are probably benign nodules; however, they do have a low-risk of 

malignancy. It is known that a select few of these relatively benign appearing nodules will 
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turn out to be malignant. Lung-RADS 4 nodules have a >5% chance of malignancy and 

can be confirmed through pathology.  

In this project, a retrospective chart review analyzing patient demographics and 

pulmonary health history will be correlated to lung-RADS risk likelihood of malignancy. 

Machine learning will also be utilized to study and analyze radiographic factors associated 

with the sample. The CT scans of patients who previously scored in an intermediate 

category will be compiled and analyzed to determine potential common demographical, 

clinical and radiomic factors which will hopefully allow intermediately categorized nodule 

indicators to be used to detect cancers earlier and to more accurately classify lesions into 

benign or malignant categories. 

In all, the goal of this research is to determine common clinical, demographic and 

radiomic factors of patients who were deemed intermediate risk and then progressed to a 

higher categorization. The importance of expanding current risk factors for discrimination 

of benign from malignant will also be analyzed, along with those specific risk-factors 

within Lung-RADS intermediately categorized nodules. The characteristics and baseline 

co-morbidities of RADS 2 and 3 lung cancer patients by follow-up CT results, progression 

to RADS-4 on follow-up CT and lung cancer diagnosis will be compiled and exemplified. 
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INTRODUCTION 

 

United States Demographics of Lung Cancer 

Lung cancer is the most abundant form of cancer-related mortality of both men and 

women in the United States (Dela Cruz et al., 2011).  Per the United States Centers for 

Disease and Control and Prevention (CDC), from 2014-2018 the top three cancer types by 

evaluation of new cancer cases are female breast, prostate, and lung cancer, respectively 

(CDC 2021). On the other hand, lung cancer is substantially more fatal than both prostate 

and breast cancer, exemplifying a mortality rate in the United States of 38.5 per every 

100,000 people compared to 20.1 and 19.0 per 100,000 for female breast and prostate 

cancer, respectively (CDC 2021). 

Through a demographical race analysis of lung cancer history within the United 

States, it is shown that incidents are nearly identical amongst white and black individuals 

58.2 and 58.1 cases per 100,000 individuals, respectively (CDC, 2021). The other analyzed 

races (American-Indian, Alaska native, Asian, and Pacific Islanders, and Hispanic 

populations) are much lower in the ranking as exemplified in figure 1 (below). Reasons for 

this could include genetic factors and/or smoking customs among different groups. 
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Figure 1: Incident and mortality rate of lung cancer in the U.S. by race from 2014-

2018. The black color shows incident rate and the gray color shows mortality rate. 58.2 in 

100,000 white individuals are diagnosed with lung cancer. 58.1 black individuals in every 

100,000 people will be diagnosed with lung cancer. American Indian and Alaska-native, 

Asian, pacific islander and Hispanic races had a less incident rate from 2014-2018. Black 

individuals have the highest mortality rate followed by white individuals with a noticeably 

relevant decrease for other races. The data used to make this graph comes from the United 

States Center for Disease and Control. U.S. Cancer Statistics Working Group. U.S. Cancer Statistics 

Data Visualizations Tool, based on 2020 submission data (1999-2018): U.S. Department of Health and 

Human Services, Centers for Disease Control and Prevention and National Cancer 

Institute;  www.cdc.gov/cancer/dataviz, released in June 2021. 
 

Shown in figure 2. (below) is an incident and mortality rate chart by sex and race 

from 2014-2018 in the United States. Since Figure 1 indicated that the black and white 

races were the most prevalent races in the United States in terms of lung cancer incident 
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and mortality rate, those were focused in Figure 2 with the addition of gender data.  In 

figure 2 data from the CDC was exported into excel and all possible combinations were 

mixed to examine the statistics. It is shown that black males have the highest incident and 

mortality rate essentially of any sex/race combination in the United States. Following are 

white males, white females, and black females, respectively. 

 

Figure 2: Incident and mortality rate of lung cancer in the U.S. by race and sex from 

2014-2018. The black color shows incident rate and the gray color shows mortality rate. 

Black males have the highest incident and mortality rate compared to all other races in the 

U.S. White males follow black males in both incident and mortality rate. White males have 

the third highest incident and mortality rate while black females have the lowest rates. The 

data used to make this graph comes from the United States Center for Disease and Control. 
U.S. Cancer Statistics Working Group. U.S. Cancer Statistics Data Visualizations Tool, based on 2020 

submission data (1999-2018): U.S. Department of Health and Human Services, Centers for Disease Control 

and Prevention and National Cancer Institute;  www.cdc.gov/cancer/dataviz, released in June 2021. 
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Global Prevalence of Lung Cancer 

Reported by the WHO Global Cancer Observatory (GLOBOCAN) in 2018, the 

most prevalent cancer of men worldwide in terms of incidence are cancers of the lung, 

trachea, and bronchi at 1.369 million, compared to 1.267 million cases of prostate cancer 

(Mattiuzzi and Lippi 2019). This is contrasted with the United States, where prostate cancer 

is more commonly diagnosed in men compared to lung cancer. For women, the most 

abundantly diagnosed cancer worldwide was breast cancer at 2.088 million cases, 

compared to cancers of the lung at 0.725 million cases (Mattiuzzi and Lippi 2019). 

Including all genders, there were a total of 2.094 million cases of cancers of the lung and 

2.088 million cases of breast cancer (excluding cases of breast cancer in men) (Mattiuzzi 

and Lippi 2019).  

Per the World Health Organization (WHO), in 2016 the most abundant source of 

mortality in the Western Pacific, Africa, and America’s were cancer-related diagnoses 

(Mattiuzzi and Lippi 2019). In South-East Asia, Europe, and the Eastern Mediterranean the 

primary cause of mortality was ischemic heart disease (IHD) (Mattiuzzi and Lippi 2019). 

The leading cancer-related mortality worldwide are cancers of the lung, trachea and 

bronchi totaling 1,761 million mortalities in 2018 per GLOBOCAN (Mattiuzzi and Lippi 

2019).  

While the above data ranges from 2000-2018, new data suggests that the burden of 

lung cancer is not decreasing. Throughout the year of 2020, there was an astonishing 

2,206,771 new cases of lung cancer worldwide, only second to breast cancer (2,261,419) 
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(Sung et al., 2021). The number of new deaths caused by lung cancer globally was reported 

an approximate value of 1,796,144 mortalities, second to none (Sung et al., 2021). 

Lung Cancer Etiology  

 Smoking tobacco is the leading cause of lung cancer globally. Throughout the 

1800s to the 1900’s, the use of tobacco has substantially risen, inferentially due to the 

creation of cigarette wrapping machinery and the policy that troops in war were given cost-

free cigarettes as a bonding technique. Over time, there was an increase in production of 

safety matches, electric lighters and more options for cigarette purchasing. All these factors 

positively influenced the smoking of tobacco. In the 1960’s, there were an estimated 4400 

cigarettes smoked per person over the course of a year (Warner et al., 2010). In 1964, a 

keystone report was published by the surgeon general informing the public on the health 

effects of smoking tobacco (U.S. Public Health Service 1972). In this report, it was 

confirmed that there was a strong causal relationship between tobacco smoking and the 

presence of lung cancer. It also confirmed that the chance of getting lung cancer rose with 

the duration of smoking history and the number of cigarettes smoked each day. The average 

mid-1900’s smoker had 10x the likelihood of attaining lung cancer in comparison to a non-

smoker, while heavy smokers were approximately 20x more likely. In conjunction with 

those negative affiliations, cigarette smoking was the primary cause of chronic bronchitis. 

Since 1964 when this publication came to life, yearly consumption of cigarettes has 

decreased (Warner et al., 2010). 

While lung cancer is primarily a result of tobacco smoking - lifestyle 

characteristics, lung infections, lung health history including chronic lung diseases and 
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environmental and occupational hazards also can play a role in the causation of lung 

cancer (Bade and Dela Cruz 2020). The avoidance of tobacco smoking is the number one 

prevention method to lower the chances of getting lung cancer, while other measures 

include healthy diet consumption and living a physically active life. 

LDCT Screening Efficacy 

Since the National Lung Cancer Screening Trial (NLCST) in 2011, low-dose 

computed tomography (LDCT) has become the best method for screening of lung cancer. 

Lung screening is a vital prevention method for lung cancer as offers the opportunity to 

catch cancer at early stages which increases likelihood of survival, which is currently very 

low. Since the 2011 trial, LDCT screening has led to a 20% decrease in lung-cancer 

mortality (NLCST). That being said, LDCT annual screening has proved much more 

efficient at reducing mortality compared to conventional chest radiography. 57% of lung 

cancer diagnosis are made at an advanced stage (DeSantis et al., 2014). The primary cause 

for this is that early-stage cancer is generally asymptomatic. This leads to a problem as the 

survival rates are extremely low once lung cancers have reached an advanced stage. 

DeSantis estimates the 5-year survival rate of those with advanced lung cancers to be just 

4% (DeSantis et al., 2014). Screening scans are then classified based on the Lung-RADS 

scoring system (ACR) which is further explained later in the introduction.  Though there 

have been significant advances in screening for lung cancer, the cancer detection rate 

remains low (1.1% in NLST data), therefor enhancing the necessity of current guideline 

refinement (Teles et al., 2020). Established on the recommendations of the United States 

Preventive Service Task Force, lung cancer screening through LDCT scans is now offered 
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to asymptomatic individuals, aged 50-80 years, who have smoked at least 20 pack-years 

and currently smoke or have quit smoking within 15 years from screening (WV Department 

of Health and History 2018). Using this criterion, only an estimated 50% of those who will 

develop lung cancer will be deemed eligible for lung cancer screening (Wilson and Torres 

2020). There are shown to be many issues in the form of excessive false-positive results, 

follow up studies, radiation exposure and increasing health care costs. 

Lung Nodules 

 Per the Fleischner Society, a lung nodule is defined as a rounded opacity measuring 

under 3cm in diameter (Hansell et al., 2008). Lung nodules are graded on characteristics 

such as solid vs ground glass density, size, border structure, internal texture and the 

presence or absence of calcifications. Clinically, there are usually three categories of 

morphology of observed lung nodules. Category 1 nodules are solid and marked by 

homogenous soft-tissue attenuation (Loverdos et al., 2014). Category 2 nodules are 

ground-glass versus solid and not uniform in appearance (Loverdos et al., 2014). Category 

3 nodules are part-solid and are made up of both solid and ground-glass attenuation parts 

(Loverdos et al., 2014).  

Nodule characteristics that tend to be the most worrisome are size above 8mm in 

diameter with irregular shaped borders and a solid or part-solid (part-solid, part-ground 

glass) internal texture (Loverdos et al., 2014). Nodule size is associated with malignancy 

likelihood as nodules smaller than 6mm in diameter are considered low-risk nodules and 

above 8mm higher-risk (Loverdos et al., 2014). Another hallmark trait of a malignant lung 
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nodule is relative growth in size. To see this growth, there must be an initial scan to 

compare the most recent scan to for comparison.  

 There are currently multiple scientific organizations that have published 

recommendations on the management of lung nodules based on appearance and histology 

(Loverdos et al., 2014). On the other hand, these currently proposed recommendations are 

all rather vague, lack strong proof and are only followed by an estimated 40% of clinicians 

(Loverdos et al., 2014).   

Lung-RADS Scoring System 

 In previous work completed by our team, we developed a clinic-demographic risk 

model for predicting the risk of lung cancer in those undergoing screening. The current 

work exemplified in this paper is an extension of that research. The study population used 

in this paper is different (RADS 2 and 3) as we are analyzing variables which could play a 

role in the risk progression of pulmonary nodules. It is not known whether 12-month 

follow-up and 6-month follow-up for RADS 2 and 3, respectively, is appropriate for all 

patients. It is known that some of these patients will have nodules that progress to RADS 

4. If there were more specific guidelines and characteristics for increasing accuracy of 

classification in these intermediately-categorized nodules, it would be known which 

patients needed to be followed more closely than the 6 or 12 month periods. This is the aim 

of this project. In addition to the clinical factors, a radiomic analysis is included in this 

paper, which was not included in our teams last paper as their sample included patients 

who were already screened, and ours contained patients who were being screened.  
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The Lung CT Screening Reporting and Data System (Lung-RADS) is a 4-point 

classification system used to diagnose lung cancer nodules through the analysis of CT scans 

developed by the American College of Radiology (ACR). This system stratifies patients 

into lung cancer risk groups and provides associated management recommendations. The 

current protocol/guidelines are shown below. 
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Figure 3: Lung RADS Version 1.1 Assessment Categories. This figure shows 

the assessment categories utilized in diagnosing pulmonary nodules. Adapted 

from: https://www.acr.org/-/media/ACR/Files/RADS/Lung-

RADS/LungRADSAssessmentCategoriesv1-1.pdf  

 

https://www.acr.org/-/media/ACR/Files/RADS/Lung-RADS/LungRADSAssessmentCategoriesv1-1.pdf
https://www.acr.org/-/media/ACR/Files/RADS/Lung-RADS/LungRADSAssessmentCategoriesv1-1.pdf
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Lung-RADS 1 and 4 are the opposite ends of the diagnosis spectrum. Lung-RADS 

1 is the category used for nodules that are definitely benign based on specific patterns of 

calcification or when there are no nodules present. In a study completed by Pinksy et al., 

2016, a total of 26,722 participants were screened and noted as baseline screens. In this 

study, the prevalence rate of Lung-RADS 1 was 55.6% and the malignancy rate was less 

than 1% (Pinsky et al., 2015). Lung-RADS 4 is the category used when highly suspicious 

nodules are present. This is further investigated via a chest CT, PET/CT or biopsy. The 

prevalence rate is 6.2% and the likelihood of malignancy for a Lung-RADS 4 score is >5% 

(Pinsky et al., 2015).  

 Lung-RADS 2 and 3 are scores considered to be intermediate in terms of risk of 

malignancy. The nodules are probably benign; however, they still have a low risk of being 

malignant. A nodule with a relatively benign appearance and behavior is scored as Lung-

RADS 2 and calls for a follow-up LDCT in 12 months. Per the Pinksy study, the prevalence 

rate of Lung-RADS 2 is 30.8% and the malignancy rate is 1% (Pinsky et al., 2015). A 

nodule that is thought to have a relatively low-risk of malignancy warranting closer 

observation is scored Lung-RADS 3 and the follow-up protocol consists of LDCT in 6 

months. The prevalence rate is 6.4% and the likelihood of malignancy is 1-2% (Pinsky et 

al., 2015).  

One of the questions we are asking is how we can better tailor our surveillance 

strategy for low to intermediate risk nodules. There is not a clear differentiation in the 

scoring protocol between these two scores currently. We decided to target the rads 2 and 3 

population to better define the up to 2% of cases in these groups who actually have lung 
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cancer, in order to treat them as quickly as possible and in return, significantly improve 

their outcomes. They represent a large percentage (~75%) of our study sample. In this 

project, we are analyzing both clinical and radiologic risk factors associated with follow-

up RADS score behavior, progression to RADS 4, and progression to lung cancer in a low-

intermediate lung cancer risk patient population.  

In the endeavor to further specify the current guidelines, current research studies 

are investigating the inclusion of additional risk factors into validated lung cancer 

screening prediction models. The goal of expanding the screening selection criteria to 

better identify the population at risk yielding prediction models with better sensitivity than 

the NLST findings. In addition, other studies successfully published similar models with 

the goal of predicting lung nodule malignancy risk in previously screened-detected 

pulmonary nodules with the goal of further refining the present clinical guidelines. 
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METHODS 

Clinical Data acquired through Retrospective Chart Review  

 The first goal of this research was to perform a retrospective chart review from 

patients at Boston Medical Center (BMC) to look at demographics and pulmonary health 

history.  

The population was selected by identifying first time screened patients at BMC 

between March 1st, 2015, and December 31st, 2019 (n=2847). The inclusion criteria were 

comprised of patients over the age of 55 with a 20+ pack-year smoking history. From this 

population, the research sample was narrowed down to patients with low-intermediate risk 

(RADS 2-3) (n=2174, 76.7%) scores.  From there, only patients with a follow up LDCT 

screen based on Lung-RADS guidelines were selected (n=908, 38.8 %).                                       

                                    

    BMC patients undergoing 

   lung-cancer screening (n=3055) 

 

                                                               Excluded n=208 that were not both greater than 55 

                                                                        years old and a 20+ pack-year smoker 

    Older than 55 years and 30+ 

     pack-year smoker (n=2847) 

                                                                             

                                                               Excluded n=673 that did not have a baseline screen  

                                                                                  diagnosis of RADS 2 or 3 

   Initial screening diagnosis was  

        RADS 2 or 3 (n=2174)  

                                                                 Excluded n=1,266 that did not have a follow-up 

                                                                  LDCT available for comparison 

        Follow-up LDCT present for 

 comparison (n=908) 

 

 

Figure 4: Consort diagram depicting the sample selection process for the 

retrospective chart review. 
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The personal history portion included age, gender, race, education, body-mass 

index, and pack-years, smoking history while the pulmonary health history included all 

reports of pneumonia, emphysema (if emphysema was present, including severity), COPD 

and the presence/absence of family history of lung cancer. 

The first goal was to determine a significant difference between the compiled 

factors and the following end points through a chi-square analysis: Lung-RADS follow up 

score (improved, worsened, unchanged), progression to Lung-RADS 4 and progression of 

lung cancer. The second goal was to perform a logistic regression analysis to determine the 

strength of the significant associations that we found and to evaluate predictors of 

progression to Lung-RADS 4 and to Lung Cancer (tables 7 and 8). 

Radiomic Analysis 

 The same n=908 population from the clinical chart review was narrowed down to 

132 cases which mirrored the majority of clinical characteristics and variables of the 

general population. Regarding our goal in this research of trying to get the incidence of 

mortality in these groups even lower, the radiomic analysis was a technique utilized to 

search for new features that would better stratify benign from malignant nodules. 

We selected a subset of 132 cases with available 1.25 mm LDCT studies and 

downloaded raw DICOM images from our institution’s Picture Archiving and 

Communication System (PACS). For each scan, trained reviewers under the guidance of 

an attending thoracic surgeon annotated the locations of suspicious nodules as originally 

reported within radiology reports. Only the largest cross-sectional slice of each nodule was 

selected for annotation. We thereafter extracted 86 unique radiomic features from each 
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annotated nodule using the PyRadiomics package in Python 2.7.1 (Van Griethuysen, Joost 

JM, et al. "Computational radiomics system to decode the radiographic phenotype." 

Cancer research 77.21 (2017): e104-e107.).  

  

 

 

 

 

 

 

 

Radiomic variables were then used to train Lasso regression, random forest, and K-nearest 

neighbors (KNN) machine learning algorithms with Synthetic Minority Oversampling 

Technique (SMOTE) to correct for imbalances in observed outcomes. Each algorithm was 

trained in a supervised fashion for three separate outcomes: (i) lung cancer diagnosis (ii) 

overall worsening in Lung-RADS progression and (iii) progression to RADS 4. The 

performance of each algorithm was assessed using the area under receiver operating 

characteristic curve (AUC).  

Statistical Analysis  

For the clinical retrospective chart review, we used SPSS statistics and ran multiple 

variables against worsened, unchanged, and improved population samples. A logistic 

regression analysis was also utilized. Significance was deemed to be p=0.05 or lower for 

  

Figure 5: An annotated image of a pulmonary nodule used in our research. 



16 
 

 
 
 
 
 

all statistics. For the radiomics, the PyRadiomics package was used in Python to analyze 

the nodules under multiple algorithms. Significant values are highlighted in the results 

section. 

RESULTS 

Table 1. (below) is a demographics table exemplifying the characteristics of RADS 

2 and 3 lung cancer patients by follow-up CT results. There were no significant difference 

between groups in this table. 
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Table 2. (above) also shows demographical factors but differs from Table 1. 

because it is specifically comparing those who did not progress to RADS-4 to those who 

did. There was a significantly higher percentage (p=0.04) of females who progressed to 

RADS-4 (6.0%) as compared to males (3.2%). This table also shows the significance 

(p=0.014) of a family history of lung cancer. 8.6% of the cases with a family history of 

lung cancer progressed to RADS-4 and only 3.7% of the cases without that family history 

progressed to RADS-4.   
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Table 3. (below) illustrates the demographical factors in comparison with the 

presence or absence of a lung cancer diagnosis. There were no significant differences 

determined by p-value; however, there were very strong results in the age characteristics 

and might be an interesting factor to explore further in the future with a larger sample.  
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Table 4. (above) is a pulmonary health history table showing the characteristics of 

Lung-RADS 2 and 3 lung cancer patients by follow-up CT results. A patient history of 

pneumonia was significant at p=0.028 as nearly 11% of this sample worsened on their 

follow-up CT scans. It was also discovered that a patient history of emphysema and 

severity of emphysemas play a vastly significant role in RADS 2 and 3 patient outlooks. 

The sample of patients having a history of emphysema were 5.2% more likely to have 

worsened results on their follow-up CT scans compared to those without a history of 

emphysema. Very strong results were also acquired in this graph regarding the severity of 

emphysema noted in the patient records. From no grade to severe emphysema there was a 

22.9% increase in the worsening of follow-up CT scans.  
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 Table 5. (above) illustrates the baseline co-morbidities of RADS 2 and 3 lung 

cancer patients by progression to RADS-4 on follow-up CT. Out of the sample that had 

emphysema, there was a steady increase in percentage from those with no grade (2.5%) to 

those with severe emphysema (14.3%) creating a significance value of p=0.010.  For this 

table, just the presence of emphysema while not significant, still showed promising results.  

 Table 6. (below) had several significant findings when examining the baseline co-

morbidities of RADS 2 and 3 lung cancer patients by lung cancer diagnosis. The presence 

of emphysema was significant at p=0.002 while 1.6% of those with emphysema were 

diagnosed with lung cancer opposed to 0.1% of those without emphysema. Furthermore, 
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the grade of emphysema was shown to be significant yet again with a value of p=0.002. 

Out of the sample that had emphysema, there was an increase in percentage from those 

with no grade (0.1%) to those with severe emphysema (3.9%) creating a significance value 

of p=0.002. The only significant value present in the relationship between COPD and lung 

cancer likelihood outlook came from this table. It was observed that of those with a history 

with COPD, 1.7% progressed to a lung cancer diagnosis compared to 0.5% of those without 

a history of COPD. 
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Tables 7. and 8. (below) demonstrate the results of a logistic regression analysis 

which hoped to determine the strength of the significant associations that were found and 

to evaluate predictors to progression to Lung-RADS 4 and to lung cancer. Both analyses 

included a 95% confidence interval. Table 7. is a multivariate analysis looking at the effect 

of characteristics of RADS 2 and 3 lung cancer patients on progression to RADS-4 on 

follow-up CT. The sample for this analysis was n=908, as that was the number subjects we 

had with a follow-up LDCT screening for comparison. Table 7. illustrated significant 

results of both a family history of lung cancer and severe emphysema, at p=0.050 and 

p=0.024 respectively. Table 8. is a multivariate analysis looking at the effect of 

characteristics of RADS 2 and 3 lung cancer patients on lung cancer diagnosis. The sample 

for this analysis was n=2174, as that was the number subjects we had that had an initial 

diagnosis of RADS 2 or 3. COPD, mild emphysema, moderate emphysema and severe 

emphysema v. none were analyzed in this table. The presence of severe emphysema was 

shown to have an impact on lung cancer diagnosis with a significance of p=0.021.  
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Radiomic Analysis  

Radiomic features were generally poor predictors of future changes in RADS 

classification. While KNN predicted progression of lung nodules to RADS 4 with an AUC 

of 0.69, performance of all models was 0.50 or less in the prediction of overall RADS 

progression. Conversely, radiomics were a relatively improved predictor of an ultimate 

lung cancer diagnosis, with Lasso regression achieving an AUC of 0.70. 
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Figure 6: Radiomic Analysis Graphs (above) and Table 9: Radiomic Analysis 

Quantitative Values (below). In figure 6., the green line indicates lasso regression, the 

red line indicates random forest, and the blue line indicates K-Nearest Neighbors (KNN). 

Consider the X-axis as component 1 and the Y axis as Component 2 for the unsupervised 

clustering methods. The graph to the left compares chance to these three algorithms for 

lung cancer diagnosis. The graph in the middle compares chance to the variables regarding 

progression to Lung-RADS 4. The graph to the right compares chance to the variables 

regarding overall Lung-RADS progression. The quantitative values of the graphs are 

shown below in Table 9.  

 

 

 

Clustering 
Method 

Lung Cancer 
Diagnosis 

Progression to 
RADS 4 

Overall RADS 
Progression 

Lasso 
Regression 0.7 0.47 0.5 
Random Forest 0.62 0.44 0.49 

K-Nearest 
Neighbors 0.59 0.69 0.43 

 

 

Table 9. (above) AUC of Machine Learning Algorithms Trained with Radiomic 

Features 

 

DISCUSSION  

All in all, this research led to significant findings throughout the retrospective chart 

review portion of the project, while the radiomic analysis simply led to good predictive 

value. After calculation of AUC values which calculate area under the ROC curve, it was 

determined that numbers above 0.5 indicate good predictive value for the radiomic 

analysis. 

Referencing table 2, it was expected that males would be slightly more vulnerable 

to the acquisition of lung cancer; however, our data suggests that females are slightly more 

vulnerable to progression of RADS 4 on follow-up LDCT screening. Clinically, it was 
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observed that those with a family history of lung cancer had a significantly higher 

likelihood of progressing to RADS 4 from RADS 2/3 (p=0.014). The presence of 

emphysema in patient history was significant in increasing the likelihood of developing 

lung cancer, while those with a history of severe emphysema were both significantly more 

likely to progress to RADS 4 from RADS 2/3 and therefor develop lung cancer.  

Further exploration should be guided towards enhanced analysis of patients with a 

history of emphysema (specifically moderate to severe emphysema) and analyze whether 

a similar significant value is present throughout a larger study sample. Perhaps females 

should also be targeted as they were found to be significantly more likely to progress to 

RADS 4. Utilizing these pulmonary health history factors would likely help gather the most 

appropriate collection of high-risk patients to get earlier screening. If these high-risk 

patients that meet the criteria analyzed in this project can get LDCT screening done at an 

earlier age, there will likely be an increase at catching lung cancer at an earlier stage thus 

decreasing the mortality rate overall. 

Referencing the current LDCT screening requirements in place (55+y/o, 20+pack-

year smoker), it seems they are too limited. Based on our evidence in this research, LDCT 

screening requirements should be specified to include exceptions to these requirements for 

those with a patient history of emphysema, pneumonia and/or COPD. If a patient is a 20+ 

pack-year smoker, male, has a family history of lung cancer, has a history of pneumonia, 

COPD or emphysema, and is initially diagnosed with RADS 2/3, this is for example, a 

patient who should be classified high-risk for progression from RADS 2/3 to RADS 4 and 
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thus be able to receive LDCT screening earlier than those who do not present with these 

histories. 
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