The Association between Serum Cancer Antigen 125 (CA 125)
and Risk of Lung Cancer in Females: Assessing the Possibilities for Early Detection
By

Joanna (Asia) Przepiórkowski, B.PH (Honours)

In partial fulfillment of the requirements for the degree of
Master of Science in Applied Health Sciences
(Health Sciences)

Faculty of Applied Health Sciences
Brock University, St. Catharines, Ontario, Canada

2021©

ABSTRACT
Background: Few studies have closely examined the relationship between CA 125 and lung cancer. This
study is expected to provide more understanding about CA 125 and its role as a potential predictor for
lung cancer risk.
Objectives: To evaluate: i) the association between CA 125 and lung cancer; ii) if the associations differ
by potential effect modifier (smoking status); and iii) if the association between CA 125 and lung cancer
differs by lung cancer stage (early vs. advanced).
Methods: The present research was conducted using secondary data from the Prostate, Lung,
Colorectal, and Ovarian Cancer Screening Trial (PLCO) randomized controlled trial (RCT). The
associations between explanatory variables and lung cancer were evaluated using multivariable logistic
regression. Each multivariable logistic regression model was adjusted for age, education, current body
mass index (BMI), family history of lung cancer, personal history of cancer, chronic obstructive
pulmonary disease (COPD), average number of cigarettes smoked per day and number of years
smoked.
Results: The study demonstrated that CA 125 is significantly and independently associated with lung
cancer and that CA 125 is associated with early-stage lung cancer. It was found that an elevated CA 125
level was associated with a higher risk of lung cancer in individuals who smoked. Although the study
demonstrated promising results, CA 125 did not have a large effect on the study’s lung cancer risk
prediction models.
Conclusion: CA 125 is not a strong enough predictor to be used as an indicator in lung cancer screening
alone, however it may be useful in a panel of complimentary biomarkers. Future research is needed to
explore whether a panel of complimentary biomarkers including CA 125 can improve lung cancer risk
prediction.
KEY WORDS: Lung cancer, CA 125, public health, lung cancer risk prediction
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CHAPTER I - INTRODUCTION
The burden of cancer incidence and mortality is growing quickly worldwide.1 Lung cancer
specifically, is the second most commonly diagnosed cancer in the world, with approximately 2.2
million cases, globally. Lung cancer is also the leading cause of cancer death with an estimated 1.8
million deaths worldwide, annually.1 Comparable trends can be seen in the United States and Canada.
Cancer is the second most commonly diagnosed disease in the United States and the second leading
cause of death due to high rates of obesity and cardiovascular disease.2,3 In Canada, it was estimated
that 225,800 new cancers cases and 83,300 cancer deaths were expected in 2020.4 Among Canadians,
lung cancer is the most commonly diagnosed cancer and the leading cause of cancer death.5 In
Canada, the incidence rate and morality rate of lung cancer is 20% and 31% higher in males than
females, respectively.5
Although the survival rate of lung cancer has been increasing, most lung cancer cases are
diagnosed at an advanced stage, making it difficult to successfully treat and cure the disease. In
Canada, 70% of lung cancers are diagnosed at a late stage (stage III or IV) annually.5 Therefore, it is
imperative to continue to produce research that may detect lung cancer early and reduce lung cancer
morbidity and mortality.
1.2 Lung Cancer Mechanisms
One of the most well-known cause-and-effect oncological relationships is tobacco use and
lung cancer. Approximately 15% of the Canadian population continues to smoke on a daily basis.6
Research has shown that approximately 85% of lung cancer cases are attributed to cigarette
smoking.7 Despite decreased use of tobacco over the past few decades, efforts to control tobacco use
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are still needed to further reduce the burden of lung cancer.8 The effect of tobacco use also has not
been comprehensively evaluated in association to biomarkers found within the body. However, it has
been found that differences in tumour mutational patterns indicate that the carcinogenetic pathways
leading to lung cancer differ between individuals who smoked and individuals who never smoked.9 In
Couraud and colleagues’ review on current clinical and molecular aspects of lung cancer in individuals
who never smoked, it was suggested that polymorphisms have an effect on one’s lung cancer risk.9
The Kirsten rat sarcoma viral oncogene (KRAS), tumor protein p53 and epidermal growth factor
receptor (EGFR) mutations in particular, have been suggested to have differentiating oncogenic
mechanisms in lung cancer.10 KRAS and p53 mutations have been linked to tobacco carcinogens while
EGFR mutations are found particularly in individuals who never smoked (although the relationship is
unclear).11
Many cancer tumours produce by-products, which are released into the bloodstream.12
Biomarkers are a measurable substance that may occur with the body due to an infection or a
disease, such as cancer tumours and its byproduct.13 A commonly measured biomarker found among
ovarian cancer patients is cancer antigen 125, CA 125. CA 125 is a glycoprotein found in the epithelial
surface of the reproductive tract (i.e. ovaries), digestive tract, respiratory tract and the eyes.12 Most
research conducted in relation to CA 125 has been centered on its use in ovarian cancer risk
prediction.14-17 However, there have been some studies that have shown CA 125 to be beneficial in
assessing the risk of ovarian cancer when it is used in conjunction with risk prediction algorithms and
other diagnostic tests (i.e. transvaginal ultrasound).14,16 Although CA 125 has been found in the
respiratory tract, few studies have closely examined the relationship between CA 125 and lung
cancer. The main purpose of this study was to determine whether CA 125 is associated with lung
2

cancer. If an association exists, the next step is to identify whether smoking status is an effect
modifier for this association, and to examine the association of CA 125 and lung cancer stratified by
lung cancer stage. This study is expected to provide more understanding about CA 125 and its role as
a potential predictor of lung cancer risk.
1.3 Literature Gaps
Previous studies suggest a possible relationship between CA 125 and lung cancer. However,
currently there are no studies exploring the association between CA 125 and lung cancer in particular.
The focus of prior literature was mainly on: the relationship between CA 125 and lung cancer in
regards to survival prediction18-20; the evaluation of CA 125 against other cancer biomarkers for lung
cancer21-24; or investigating the mechanistic role of CA 125 in relation to lung cancer.25,26 Most studies
had a low sample of ~100-600 participants.18,19,24,26 These studies also had samples that were
overrepresented by males, and underrepresented by females.18,19,24-26 The varying topics on CA 125
and lung cancer warrant the need for further exploration of the relationship between CA 125 and lung
cancer.18,19,24-26
1.4 Response to Gaps in Current Knowledge
The current study addresses the gaps in the literature by analyzing secondary data from the
Prostate, Lung, Colorectal and Ovarian (PLCO) cancer screening trial.27,28 The PLCO cancer screening
trial was a large American population-based randomized controlled trial that was sponsored by the
U.S. National Cancer Institute (NCI) starting in 1993. This multi-center trial focused on determining the
effects of various screening modalities on cancer-specific mortalities as well as secondary endpoints in
males and females 55-74 years of age.27,28 Further description of the trial can be found in Chapter 3.
The PLCO cancer screening trial data had concurrently looked at the association between CA 125 and
3

ovarian cancer. To date, no studies have explored the relationship between CA 125 and lung cancer
using the PLCO cancer screening trial data. Elevated levels of CA 125 might provide insights into
carcinogenic mechanisms associated with lung cancer. This study provides the opportunity to describe
this relationship, which in turn will further expand direction for future research.
1.5 Study Aims, Objectives, Hypotheses
Study Aim: To evaluate the association between cancer antigen 125 (CA 125) and lung cancer.

Study Questions:
(1) Is there an association between CA 125 and lung cancer?
a. Is there an association between CA 125 (dichotomous or continuous) and lung
cancer?
(2) Does the association between CA 125 and lung cancer differ by potential effect modifier,
smoking status?
a. Does the association between CA 125 (dichotomous or continuous) and lung cancer
differ by smoking status?
(3) Does the association between CA 125 and lung cancer differ by lung cancer stage?
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a. Does the association between CA 125 (dichotomous or continuous) and lung cancer
differ by lung cancer stage?

Study Objectives:
(1) Evaluate the association between CA 125 and lung cancer.
(2) Evaluate if the associations differ by potential effect modifier (smoking status).
(3) Evaluate if the association between CA 125 and lung cancer differs by lung cancer stage,
early vs. advanced.
Hypotheses:
H0: CA 125 is not associated with lung cancer as estimated by odds ratio approaching the null
value.
H1: CA 125 is associated with lung cancer as estimated by odds ratio away from the null value.

H0: The expected positive association between CA 125 and lung cancer will not be observed in
individuals who smoked and not in individuals who never smoked.
H1: The expected positive association between CA 125 and lung cancer will be observed in
individuals who smoked and in individuals who never smoked.

H0: The expected positive association between CA 125 and lung cancer will not be observed in
early stage and not in advanced stage lung cancer.
H1: The expected positive association between CA 125 and lung cancer will be observed in
early stage and in advanced stage lung cancer.
5

The independent variable of this study is CA 125 (dichotomous and continuous), and
the dependent variable is lung cancer (yes/no). Logistic regression analyses will be used to
examine the associations. Analyses will adjust for other appropriate covariates (risk factors for
lung cancer).
1.6 Conclusion
Lung cancer is a disease that is often diagnosed at a later stage, when treatment is not curative,
and prognosis is poor. In Canada, the most common cause of cancer death is lung cancer.5 It was
estimated that the pooled five-year survival rate for lung cancer patients, for all stages, was only
19%.5 In 2020, lung cancer is expected to be the most common cause of cancer death among
Canadians, accounting for 25% and 26% of all cancer deaths in males and females, respectively.4 It is
crucial to continue to produce research that could help further the understanding of this disease, and
the relationships it has with various factors. Therefore, this study aims to contribute to the existing
body of knowledge by evaluating the associations between CA 125, smoking status and lung cancer.
The associations found in this study may expand understanding of the relationships between the CA
125 marker and lung cancer and determine if an association differs by smoking status and lung cancer
stage. By developing an understanding of CA 125 and lung cancer, we may improve knowledge of lung
carcinogenesis and provide insight into how early detection of lung cancer may be expanded
integrating the use of biomarkers, such as CA 125.
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CHAPTER II - LITERATURE REVIEW
2.1 Introduction
The current chapter will provide a basis and rationale for the present study. This chapter
includes an overview of lung cancer biology, etiology, pathogenesis, and histology of lung cancer
along with modifiable and non-modifiable risk factors for lung cancer. It will conclude with a review of
the current literature and evidence pertaining to the relationship between CA 125 and lung cancer.
2.2 Lung Cancer Statistics
2.2.1 Worldwide Statistics
Lung cancer is the most common cancer and cause of cancer death worldwide.29 In 2018, the
International Agency for Research on Cancer (IARC) stated that worldwide, the crude age
standardized incidence rate (ASIR) and mortality rate for lung cancer were 22.5 and 18.6 per 100,000,
respectively.30 Globally, lung cancer caused 2.09 million new cases and 1.76 million deaths.29 The
highest lung cancer incidences have been reported in South Korea, China, Turkey, Singapore and the
Philippines.31Lung cancer mortality was reported to be highest in Eastern Europe, Western Asia,
Northern Africa and Eastern and South Eastern Asia. 31Worldwide, males (31.5 per 100,000) have a
higher age standardized incidence rate (ASIR) compared to females (14.6 per 100,000) mostly due to
varying tobacco usage over the past decades.30 Lung cancer is a highly fatal disease as it has an overall
mortality to incidence ratio of 0.87.30
2.2.2 Canadian Statistics
Lung cancer is the most common cancer in Canada.3,5 The projected new cancer cases for lung
cancer in 2020 among Canadians was 29,800 with about 21,200 deaths.3 In Canada, the ASIR is higher
7

among males (64.8 per 100,000) compared to females (59.3 per 100,000).29 The sex difference in rates
could be reflective of smoking patterns, as males reached a peak in smoking use trend in the 1960s,
while females smoking use peaked in the 1980s.5 The lung cancer mortality rate in males began to
level off in the late 1980s and has continued to decline.5 The mortality rate for females increased until
approximately 2006 and is now declining.5 Despite this contrast, men continue to have a higher lung
cancer mortality rate compared to females.5 It was estimated that among Canadians, 98% of lung
cancer cases occur in adults aged 50+.5 Lung cancer mortality remains highest among those aged 7080 years.5 The most recent estimated 5-year net survival rate for lung cancer among Canadians was
19% overall, with 15% for males and 22% for females.5
2.2.3 US Statistics
Lung cancer is the second most common cancer and the leading cause of cancer death in both
males and females in the US.32 It was estimated that approximately 228,000 people will be newly
diagnosed with lung cancer and about 135,000 lung cancer deaths will occur in the US in 2020.32 It is
estimated that a male’s chance of being diagnosed with lung cancer in his lifetime is approximately 1
in 15, while for females it is 1 in 17.32 Within the past few decades, the incidence rate of lung cancer
among American males has decreased almost twice the decline of incidence of lung cancer in females.
This may be explained by the differences in smoking uptake and cessation in the US, as seen in
Canadian trends.3 Similar to Canadian trends, Americans are most commonly diagnosed with lung
cancer around the age of 65 years or older with an average age of lung cancer diagnosis at 70 years
old.32
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2.3 Lung Cancer Biology
2.3.1 Etiology & Pathogenesis
Lung cancer can be described as the proliferation of neoplastic cells within the respiratory
epithelium.33 Molecularly, cancer forms as a result of cell mutations that inhibit the function and
control of healthy cells.34 These mutations cause uncontrolled rapid cell division leading to the
potential spread to neighboring tissue.33 Three different types of genes can affect the formation of
neoplastic, cancerous cells. These genes are proto-oncogenes, tumour-suppressor genes, and DNA
repair genes.35 Proto-oncogenes usually are involved with the control of cell growth and the division
of cells. If altered, these genes become hyperactive and become cancer-causing oncogenes.35
Similarly, tumour-suppressor genes are involved with cell proliferation, helping with the suppression
of cellular replication.35 When mutated, tumour-suppressor genes lose their inhibiting controls, which
lead to uncontrolled cell division.35 Lastly, DNA repair cells support the process of repairing DNA cells.
When DNA repair cells become mutated, they lose their function, causing an accumulation of
unrepaired and mutated cells, leading them to develop activation mutations in proto-oncogenes and
deactivating mutations in tumour-suppressor genes, which in turn lead to cancer progression.35 Due
to the molecular complexity of genetic mutations, there is no one underlying cause or factor that
leads to all cancer formation. Some of the most common mutated genes in lung cancer include EGFR,
KRAS, TP53, MET proto-oncogene (MET), liver kinase B1 (LKB1), v-raf murine sarcoma viral oncogene
homolog B (BRAF), catalytic subunit alpha gene (PIK3CA), anaplastic lymphoma kinase (ALK), receptor
tyrosine kinase (ROS1), and rearranged during transfection (RET).33,36
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2.3.2 Histology
Lung cancer is categorized into two main histological types, small cell lung cancer (SCLC) and
non-small cell lung cancer (NSCLC). Through light microscopy and histochemical analysis, lung cancer
is differentiated into four main classes: SCLC, and subtypes of NSCLC, which are adenocarcinomas,
squamous cell carcinomas (ScC), and large-cell carcinomas.37 The following section will go into detail
on the four main histological classes of lung cancer.
2.3.2.1 Small-Cell Lung Cancers
Small-cell lung cancer represents approximately 13% of all new lung cancer cases or ~180,000
cases worldwide per year.38 Over the past 30 years, incidence rates of SCLC have decreased due to the
changes in smoking trends, predominately in industrialized countries such as Canada and the US.38
The opposite has been found in Eastern Europe and Asia, where the incidence of SCLC has increased
due to continued high prevalence of smoking.38 Van Meerbeeck and colleagues describe SCLC as “a
malignant epithelial tumour consisting of small cells with scant cytoplasm, ill-defined cell borders,
finely granular nuclear chromatin, and absent or inconspicuous nucleoli”.35 In 90% of cases, only small
cells are involved, while the remainder of cases contain large cell components.39 SCLC stages most
commonly are described as either limited or extensive.32,38 Limited stage disease involves a tumour
that is localized within the lung but has not yet spread as far as diagnostic evaluation can determine.38
The extensive-stage disease has spread to the contra-lateral lung, distant lymph nodes and/or other
organs in the body.32,37 The main characteristics of SCLC are: they are aggressive tumours that
metastasize early, have a high likelihood of spreading and multiplying, and have a high initial response
towards chemotherapy.38
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2.3.2.2 Non-Small Cell Lung Cancers
2.3.2.2.1 Adenocarcinomas
Adenocarcinomas account for approximately 40% of all lung NSCLC .40 Adenocarcinomas are
the most common type of NSCLC found in individuals who never smoked.40 These tumours are
predominantly diagnosed in females compared to males.32 Adenocarcinomas form from glandular
cells, which would have been secretory cells if they did not undergo mutation.32 They are often
peripheral masses found within the lungs that tend to grow slower than other lung tumours but
metastasize faster than squamous-cell carcinomas.32,37

2.3.2.2.2 Squamous-Cell Carcinomas
Squamous-Cell Carcinomas (ScC) account for approximately 25-30% of all NSCLC cases.32
Squamous cell tumours are small flat cells that are formed from reserve cells and replace those cells
that have been damaged within the lung airways.4 These cells develop and are usually found in the
major lung airways and branches or within the bronchus.32 ScC is a slow-growing cancer where the
cells metastasize late, and symptoms develop slowly.40 Almost all cases of ScC are caused by tobacco
exposure.41

2.3.2.2.3 Large-Cell Carcinomas
Large-cell undifferentiated carcinomas represent approximately 10-15% of all NSCLC.4 Among
all subtypes, large-cell carcinomas represent the smallest proportion of cases compared to
adenocarcinomas and ScC.32 Large-cell undifferentiated carcinomas are aggressive and can spread
quickly.34 Although large-cell carcinomas can be found anywhere in the lung, it is predominately a
peripherally located mass.32 Due to the tumour’s location, the process of diagnosis is easier than
11

central masses as it is not masked by the heart, esophagus and mediastinum, which are central and
can obscure nodules.32
2.4 Tumor Staging
2.4.1 Tumour-Node-Metastasis Cancer Staging System
Accurate tumor classification and staging is an essential step in determining treatment options
and prognosis. The Tumour-Node-Metastasis (TNM) tumour staging system, created by the American
Joint Committee on Cancer (AJCC) and the Union for International Cancer Control (UICC), is typically
used in identifying and characterizing non-small cell lung carcinoma (NSCLC).42 This system describes
NSCLC using three classifications, T- the size of the primary tumour in long axis, or the direct extent of
the tumour into neighboring structures; N- the degree of spread to regional lymph nodes; M – the
presence of metastases beyond regional lymph nodes.43 Further information on the TNM system is
found in Table 1.
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Table 1. Tumour-Node-Metastasis (TNM) cancer staging system, 7th edition (American
Joint Commission on Cancer, 2010)
Primary Tumour (T)
TX
Primary tumour cannot be assessed, or tumour proven by the presence of
malignant cells in sputum or bronchial washings but not visualized by imaging
or bronchoscopy
T0
No evidence of primary tumour
Tis
Carcinoma in situ
T1
Tumour 3 cm or less in greatest dimension, surrounded by lung or visceral
pleura, without bronchoscopic evidence of invasion more proximal than the
lobar bronchus (i.e., not in the main bronchus)
T1a Tumour 2 cm or less in greatest dimension
T1b Tumour more than 2 cm but 3 cm or less in greatest dimension
T2
Tumour more than 3 cm but 3cm or less or tumour with any of the following
features (T2 tumours with these features are classified T2a if 5cm or less);
Involves main bronchus, 2cm or more distal to the carina; Invades visceral
pleura (PL1 or PL2); Associated with atelectasis or obstructive pneumonitis
that extends to the hilar region but does not involve the entire lung
T2a Tumour more than 3 cm but 5 cm or less in greatest dimension
T2b Tumour more than 5 cm but 7cm or less in greatest dimension
T3
Tumour more than 7cm or one that directly invades any of the following:
parietal pleural (PL3) chest wall (including superior sulcus tumours),
diaphragm, phrenic nerve, mediastinal pleura, parietal pericardium; or tumour
in the main bronchus (less than 2 cm distal to the carina; or associated
atelectasis or obstructive pneumonitis of the entire lung or separate tumour
nodule(s) in the same lobe
T4
Tumour of any size that invades any of the following: mediastinum, heart,
great vessels, trachea, recurrent laryngeal nerve, esophagus, vertebral body,
carina, separate tumour nodule(s) in a different ipsilateral lobe
Regional Lymph Nodes (N)
NX
Regional lymph nodes cannot be assessed
N0
No regional lymph node metastases
N1
Metastasis in ipsilateral peribronchial and/or ipsilateral hilar lymph nodes and
intrapulmonary nodes, including involvement by direct extension
N2
Metastasis in ipsilateral mediastinal and/or subcarinal lymph node(s)
N3
Metastasis in contralateral mediastinal, contralateral hilar, ipsilateral or
contralateral scalene, or supraclavicular lymph node(s)
Distant Metastasis (M)
M0
No distant metastasis
M1
Distant metastasis
M1a
Separate tumour nodule(s) in a contralateral lobe tumour with pleural nodules
or malignant pleural (or pericardial) effusion
M1b
Distant metastasis
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2.4.2 Stage Grouping
Once an NSCLC is confirmed, the TNM staging system is used. Tumours that have similar
characteristics (such as the same prognosis and treatment options) are grouped and classified into
one of the following stages: 0, I, II, III or IV, with lower stage numbers indicating a better prognosis.42
Stages are often subdivided into an A or B to distinguish specific characteristics.42 Further information
on stage grouping is found in Table 2.
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Table 2. Stage grouping for lung cancer (American Joint Commission on Cancer, 2010)
Stage
Tumour status
Nodal status
Metastases
Occult carcinoma
TX
N0
M0
Stage 0
Tis
N0
M0
Stage IA
T1a
N0
M0
T1b
N0
M0
Stage IB
T2a
N0
M0
Stage IIA
T2b
N0
M0
T1a
N1
M0
T1b
N1
M0
T2a
N1
M0
Stage IIB
T2b
N1
M0
T3
N0
M0
Stage IIIA
T1a
N2
M0
T1b
N2
M0
T2a
N2
M0
T2b
N2
M0
T3
N1
M0
T3
N2
M0
T4
N0
M0
T4
N1
M0
Stage IIIB
T1a
N3
M0
T1b
N3
M0
T2a
N3
M0
T2b
N3
M0
T3
N3
M0
T4
N2
M0
T4
N3
M0
Stage IV
Any T
Any N
M1a
Any T
Any N
M1b
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2.4.3 Tumour Grade
Samples of the tumour taken during a biopsy can be further analyzed to determine the degree
of abnormality, which can show how quickly a tumour might grow and/or spread.42 This procedure is
called tumour grading and is assessed using microscopy.42 If most cells and tissues of the tumour
resemble healthy cells and tissues, the tumour is classified as "well-differentiated".42 Welldifferentiated tumours spread slowly, which indicate a better prognosis.42 Tumours that have a high
number of abnormal-looking cells and tissues are classified as "undifferentiated" or "poorly
differentiated".42 The grades are classified as the following: GX, G1, G2, G3, and G4.42 Lower-grade
numbers correspond to a better prognosis. A complete description of the tumour grading system can
be found below in Table 3.

Table 3. Tumour grading system. (American Joint Commission on Cancer, 2010)
Grade
Description
GX
Grade cannot be assessed
G1
Well-differentiated (low grade)
G2
Moderately differentiated
G3
Poorly differentiated
G4
Undifferentiated (high grade)
2.5 Clinical Features
2.5.1 Signs and Symptoms
The symptom onset for most lung cancers is slowly progressing, often appearing when the
cancer has already reached a later stage. Approximately 70% of patients already have locally
advanced or metastasized lung cancer at time of diagnosis.21 Only about 10% of cases of lung cancer
are diagnosed in asymptomatic patients.37 Those diagnosed with lung cancer often experience non-
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specific systemic symptoms such as weight loss, fatigue, and anorexia.34 Approximately 40% of
patients present with systemic symptoms directly related to the first spread of the tumour, such as
chest wall invasion, esophageal symptoms, phrenic nerve paralysis, pleural effusion, recurrent
laryngeal nerve paralysis or superior vena cava obstruction.37 One-third of lung cancer patients
present with extra thoracic signs such as bone pain, confusion, headache, personality change, nausea,
vomiting, seizures, or weakness.37 A total of 10% of patients also experience paraneoplastic
syndromes due to the biochemical secretion, such as hypercalcemia and antidiuretic hormone, which
are produced and released by the tumour itself.37 Due to the broad nature of these symptoms, some
cases of lung cancer may be initially misdiagnosed as pneumonia or collapsed lung.40
2.6 Diagnosis
Despite clinical indications and symptoms, lung cancer cases need a histopathological
diagnosis to be conclusive.37 Patients who are suspected of having early-stage NSCLC are
recommended to have tissue samples taken using surgical resection, thoracoscopy or needle biopsy.37
For those patients with suspected SCLC or metastasized NSCLC, thoracentesis of a pleural effusion,
excisional biopsy of an accessible node, bronchoscopy, or transthoracic needle aspiration can be used
for pathology tissue sampling.37 The accuracy of these various tests can vary depending on the
location and size of the tumour.37
2.7 Treatment and Prognosis
Lung cancer treatment differs depending on the histologic type of tumour and cancer stage.
SCLC has two kinds of stages, limited-stage SCLC and extensive-stage SCLC.35 Approximately 30% of
SCLC are limited stage.35 The primary treatment option for this type of lung cancer is chemotherapy,
although response rates vary depending on stage at diagnosis.37 The five-year survival rate is 15-25%
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and less than 5% for limited-stage and extensive-stage lung cancer, respectively.37,38 For NSCLC,
treatment options vary depending on stage. For patients with stage I-IIIA lung cancer, surgery can be
performed in combination with pre- or post-operative chemotherapy, with the possibility of
radiotherapy.37 For stages IIB and IIIA lung cancer, where surgery is not possible, chemotherapy with
or without radiotherapy is the first option.37 For advanced stages of IIIB and IV lung cancer, the
primary treatment is chemotherapy with or without radiotherapy. With stages IIIB and IV disease,
lung cancer has often spread to the brain.34 In this occurrence, some surgical resection may be
possible to remove the brain tumour.37 For NSCLC, the 5-year survival rates are as follows: 60-70% in
stage I, 40-50% in stage II, 15-30% in stage III, 10-20% in stage IIIA/IIIB.37 For stage IIIB/IV, there is only
a 2-year survival of 10-15%.37
2.8 Lung Cancer Risk Factors
To gain a better understanding of the present research study, it is essential to understand the
relationship between various risk factors and lung cancer. This section will describe two main types of
risk factors that affect the incidence of lung cancer: modifiable and non-modifiable risk factors.
Modifiable risk factors are lifestyle risk factors that can be changed. Non-modifiable risk factors are
factors that cannot be changed.
2.8.1 Modifiable Risk Factors
2.8.1.1 Smoking
Since its peak in the mid-20th century, cigarette smoking (whether first-hand or second-hand)
continues to be one of the main direct causes of lung cancer.44 Approximately 80-90% of lung cancer
cases worldwide are caused by smoking with a 10 to 20- fold increased odds of lung cancer in those
who smoke compared to individuals who never smoked.33,45,46 Although cigars and pipe smoking have
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been found to have a causal relationship with lung cancer as well, the relationship is less prominent
due to the difference in frequency and inhalation of this type of smoke.45 In 2017, cigarette smoking
prevalence (those presently smoking every day or occasionally) in Canada was 15% or 4.6 million
individuals.6 This was an increase from 13% (3.9 million individuals who smoked) in 2015.6 Males
continue to have a higher prevalence of smoking with 17% (2.5 million) of the Canadian population
being individuals who smoked compared to 13% (2.1 million) of females of the Canadian population
being individuals who smoked.6 In the US, 34.2 million adults were reported to currently smoke
cigarettes in 2018.47 In recent data, the current smoking rate in the US has declined from 20.9% in
2005 to 13.7% in 2018.47 Similarly, to Canada, the US has more males who currently smoke compared
to females who currently smoke.47 Approximately 15.6% of the US male population currently smoke
while 12% of the female population currently smoke.2 Several studies have also found that females
were found to be less successful in smoking cessation attempts compared to male counterparts.48,49 It
is estimated that approximately 20% of worldwide cancer deaths would be eliminated if smoking
cessation attempts were successful.33
2.8.1.1.1 Individuals who never smoked
Lung cancer is often found to be associated with individuals who smoked, yet there is a large
amount of literature identifying a relationship between individuals who never smoked and
adenocarcinomas, predominately among females.9,50,51 An individual who never smoked is defined as
smoking less than 100 cigarettes in their lifetime.29 It has been estimated that 10-25% of lung cancers
worldwide occur in individuals who never smoked.9 Females, who never smoked or used tobacco, are
approximately 2.5 times more likely to be diagnosed with lung cancer compared to males who never
smoked or used tobacco.50,52 It has also been predicted that lung cancer in non-smoking females may
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have a hormonal element that may possibly have an interaction with factors such as indoor air
pollution, unhealthy cooking practices, indoor heating fumes, exposure to ionizing radiation,
hereditary risks and a history of respiratory infections.9,52,53 Individuals who never smoked are often
not considered at risk for lung cancer causing diagnoses to be delayed and more likely to be found at
later stages of the disease.52
2.8.1.1.2 Cigarette Smoke
Cigarette smoke contains thousands of chemicals with 62 carcinogens identified by the IARC.30
One of the most potent carcinogens included in cigarettes is polycyclic aromatic hydrocarbons (PAHs)
such as benzo[a]pyrene (BAP) and nicotine-derive nitrosoaminoketone (NNK).11,33 Additionally, there
are organic and inorganic compounds included in the makeup of cigarette smoke such as benzene,
vinyl chloride, arsenic, chromium, and radioactive matter such as radon, and polonium.33 These
carcinogens can become carcinogenic metabolites that disrupt normal cell production, causing severe
mutations resulting in genomic instability, genetic changes, and dysfunctional DNA repair.11,33
2.8.1.1.3 Smoking Measures
Smoking measures such as smoking duration and smoking intensity are found to have varying
impacts on the relationship between smoking and lung cancer. To account for these differences, Doll
and Peto created a model that quantified how changes in duration and intensity affect lung cancer
risk.45,54 Through this model, a linear relationship was found between cigarettes smoked per day
(smoking intensity) and lung cancer risk; that is, double the number of cigarettes smoked per day,
double the risk of lung cancer.55 Of note, one's susceptibility to lung cancer is not only affected by
smoking duration and intensity but also by one's genetic predisposition and exposure to
environmental factors.33
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2.8.1.1.4 Second-Hand Smoking
Second-hand smoking (SHS) has been continuously linked to an increased risk of lung cancer. It
has been found that individuals who never smoked have a 25-29% increased risk of lung cancer when
married to an individual who smoked.45 A similar trend has been found among the workplace, where
secondhand smoke exposure causes approximately a 17% increased lung cancer risk.45 Further
evidence found that SHS had a dose-response relationship between smoking and lung cancer. Even at
low dosages of second-hand smoke, an increased risk of lung cancer was consistently found,
demonstrating no threshold effect.21
2.8.1.4 Physical Activity
Physically active individuals have been shown to have a lower risk of lung cancer compared to
those who are physically inactive.21,45 Many studies have shown an inverse association between
physical activity and lung cancer risk.21,45 Despite not knowing the exact mechanism that causes this
decrease in lung cancer risk through physical activity, a 13-30% reduction in lung cancer risk has been
found among those who were moderate or highly engaged in physical activity.21,45
2.8.2 Non-Modifiable Risk Factors
2.8.2.1 Sex
Since the 1980s, lung cancer has become the leading cause of cancer mortality, surpassing
breast cancer death among females.56 Twice as many females die from lung cancer compared to
breast cancer.56 As mentioned previously in this chapter, there is a gender gap regarding lung cancer
and mortality due to the 20-year gap between peak prevalence of smoking among males (who peaked
in the 1960s) and females (who peaked in the 1980s).33 There is also controversy linked to whether
females are more susceptible to the carcinogens within cigarette smoke compared to males.33 A study
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by Ryberg and colleagues noted that despite lower intensity cigarette smoke exposure, female
participants were still more susceptible to carcinogens and in turn, more likely to develop lung cancer
compared to males.57 Moreover, female hormones have been seen to have a mechanistic effect on
lung cancer. Literature has identified that females using hormonal therapies such as estrogen and
progestin had a higher likelihood of developing lung cancer.58 For females, using hormone
replacement therapy for 10 years or longer, resulted in a 50% increased risk of lung cancer.58 Notably,
females experiencing early menopause (40 years or younger) showed an inverse effect and had a
decreased risk of lung cancer.58
2.8.2.2 Age
Due to the era of the baby boomers, the average age of most populations in developed
countries is increasing, causing large numbers of older adults to be at risk for cancer, as generally
cancer incidence increases with age.33 Older age has been associated with cancer development due to
biological factors such as DNA damage over time and the shortening of telomeres.3 It has been
reported that about 10% of lung cancer cases occur in patients less than 55 years of age; whereas,
53% of lung cancer cases occur in individuals 55 to 74 years of age whilst 37% occur in those over the
age of 75 years.3 Along with biological factors, many older adults have underlying co-morbidities,
which are thought to play an additional role in older adults’ susceptibility to cancer compared to
younger populations.3
2.8.2.3 Race/Ethnicity
Racial and ethnic disparities continue to be seen within lung cancer incidence rates, especially
among the US population.33 In 2015, Siegel and colleagues reviewed cancer statistics within the US,
and compared and contrasted variations between race/ethnicity and lung cancer among the
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American population.56 It was found that Non-Hispanic Black males had the highest lung cancer
incidence of 87.9 per 100,000 while Asian/Pacific Islander and Hispanic males had the lowest
incidence with a rate of 45.2 and 40.6 per 100,000, respectively.59 Non-Hispanic White males and
American Indian/Alaskan Native males were found to have moderate incidence rates with 75.9 and
71.9 per 100,000, respectively. In contrast, Non-Hispanic White, American Indian/Alaskan Native and
Non-Hispanic Black females were reported to have the highest lung cancer incidence rates of 57.6,
55.9 and 50.1 per 100,000, respectively.59 These rates are almost twice that of Asian/Pacific Islander
and Hispanic females where the lung cancer incidence rates are 27.9 and 25.2 per 100,000
respectively. It is unclear why these discrepancies exist, therefore, there is a large need to further
explore lung cancer and race/ethnic disparities through research.
2.8.2.4 Socioeconomic Status
Research has shown that lung cancer incidence is highly impacted by factors surrounding
socioeconomic status. Individuals in a higher income bracket have been found to have greater access
to resources such as health information and healthcare, in turn leading to less disparities in mortality
and improved survival.59 Individuals in a lower income bracket have a greater prevalence of cigarette
smoking uptake and a lower likelihood to participate in smoking cessation practices compared to
those in a higher income bracket.59 It has also been found that approximately 27.9% of individuals
below the poverty threshold in the US smoke cigarettes.60 In Siegel et al.’s article looking at US cancer
statistics, the authors found that 32.1% of individuals with less than a high school education smoked
cigarettes while only 9.1% of college graduates smoked cigarettes.56 Torre and colleagues also
examined US cancer statistics and found that individuals with less than a high school education had a
lung cancer incidence rate of 166.6 per 100,000 while college graduates had a lung cancer incidence
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rate of 57.6 per 100,000.60 In de Groot and colleagues article reviewing the epidemiology of lung
cancer, the authors found that some studies suggested an association between low socioeconomic
status and lung cancer regardless of cigarette smoking status and exposure.3 It was suggested that
regardless of cigarette smoking, individuals with low socioeconomic status were more likely to be
exposed to environmental risk factors such as dangerous housing (due to mold or poor plumbing),
housing near industrial properties (i.e. pollution) and occupational exposures that in turn impact their
risk of lung cancer.61
2.8.2.5 Familial Aggregation
Through various family linkage analysis and genomic studies, it has been consistently shown
that individuals with relatives who have lung cancer have a higher risk of the disease themselves.62
Although genetic heritability has often been seen as a cause of familial aggregation, it also is
represented as the accumulation of shared exposures and habits (such as smoking) among a family.63
In a study by Lissowska and colleagues71, family history and lung cancer risk were explored. The study
found that those who were associated with having a first-degree relative with lung cancer had a
significant risk (OR=1.72, 95% CI 1.56-1.88) compared to those with no family history.64 Similarly, a
study conducted by Brenner and colleagues found that the ratio of observed incident cases of lung
cancer among first-degree relatives had a 1.9 risk (95% CI 1.6-2.4) compared to the expected
frequency of lung cancer.65 Overall, if a family history of lung cancer is present, an individual's risk of
lung cancer increases, especially with multiple affected relatives.63
2.8.2.6 Previous History of Lung Disease
Numerous lung diseases are potential triggers in the formation of lung cancer. Acquired lung
diseases such as chronic obstructive pulmonary disease (COPD), adult pneumonia, and tuberculosis
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have all been suggested to influence lung carcinogenesis due to their inflammatory processes on
tissues.65 In a meta-analysis conducted by Brenner and colleagues72, previous lung diseases were
explored as potential risk factors for the development of lung cancer. In the study, individuals with
prior history of COPD (chronic bronchitis and emphysema) had RRs of 2.22 (95% CI: 1.66-2.97), 1.52
(95% CI: 1.25-1.84), and 2.04 (95% CI: 1.72-2.41), respectively (after adjusting for smoking).65 For
those individuals who had a previous history of pneumonia or a prior history of tuberculosis, the RR
was 1.43 (95% CI 1.22-1.68) and 1.76 (95% CI 1.49-2.08), respectively.65 Although each of these lung
diseases have diverse pathologies, each lead to a common outcome, inflammation. Therefore, it is
essential to consider each when exploring potential risk factors for lung cancer.
2.9 CA 125
CA 125 is “a high-molecular-weight glycoprotein recognized by a monoclonal antibody, which
was raised using an ovarian cancer cell line as an immunogen”.66 It was first discovered in 1981 by Dr.
Robert C. Bast, when testing for different proteins on ovaries in pursuit of creating an antibody for
females with ovarian cancer.66 Dr. Bast was successful in his pursuit during his 125th attempt where he
discovered an antigen that could be used as a tumour marker for ovarian cancer, which was named
CA 125.66 Unfortunately, regardless of this discovery, the use of CA 125 as a biomarker came with
limitations.66 In 1989, Dr. Bast and colleagues performed a meta-analysis examining studies that used
CA 125 as a biomarker.66 It was found that for a patient with stage I ovarian cancer, only ~50% of
patients would be identified.16 For patients with stage II-IV, the identification proportion increased to
around 85-94%, causing CA 125 to be a useful marker primarily in detecting late stages of ovarian
cancer, which diminished the purpose of the biomarker.16 Similarly, while examining ovarian cancer
by histological types, there were discrepancies in the identification of elevated CA 125 levels among
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the various types.16 For patients with serous ovarian cancer, approximately 80% of patients would
have elevated levels of CA 125, compared to patients with mucinous ovarian cancer, which only 70%
of patients would have elevated levels of CA 125.16 Furthermore, elevated levels of CA 125 have been
found among patients with benign gynecological and non-gynecological conditions such as pregnancy,
endometriosis, COPD, congestive heart failure, colitis, appendicitis and more.67-69 Therefore, it is
difficult to distinguish whether CA 125 accurately measures the risk of ovarian cancer, when its levels
can be affected by various causes. With these limitations, it has been suggested that for ovarian
cancer screening, CA 125 should be incorporated as an additional screening marker along with more
robust and sophisticated evidence-based cancer screening practices.
2.9.1 CA 125 and Ovarian Cancer Screening
Following the discovery of CA 125, two screening trials investigating CA 125 for early detection
of ovarian cancer were initiated in the 1990s.16 The first trial was conducted in the United Kingdom
(UK) and assessed the performance of using CA 125 for ovarian cancer screening. This trial followed
22,000 post-menopausal females ages >45 who were followed up every 3 months. The second trial
occurred in Sweden, which had two annual screens, and followed 5,550 females ages >40.70 The trials
had a combination of the CA 125 blood test, followed by an imaging test for females with a positive
blood test.70,71 This screening procedure provided a combined false positive rate of 0.1-0.2% with a
specificity of 99.8%.70,71 The number of false positive surgeries per true positive surgeries were found
to be less than five in the UK trial and two in the Swedish trial.70,71The two trials provided promising
proportions of specificity and positive predictive value (PPV), however, a concern remained over the
presumed low sensitivity for early-stage ovarian cancer.
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One of the first major studies that looked at the relationship between CA 125 screening and
ovarian cancer was the PLCO cancer screening trial. The PLCO cancer screening trial looked at postmenopausal females at average risk with no personal history of ovarian cancer and examined whether
screening would detect their risk of ovarian cancer.72 A total of 78,237 females took part in the trial,
and of these females, ~39,000 received no screening.72 In the intervention arm, 28,803 received initial
CA 125 screening, 28,519 received initial transvaginal ultrasound, 28,816 received at least one test
and 28,506 received both tests.72 Results demonstrated that 1.4% of the entire female population had
a positive CA 125 test and 4.7% had an abnormal ultrasound result.72 Of the females with abnormal
tests, 541 received surgical intervention to detect 29 cases of cancer. Therefore, to identify 1 cancer,
19 females had to undergo surgery who otherwise would not have had surgery and were at risk for
unnecessary complications.72 The study concluded that the effect of screening on ovarian cancer
mortality in the PLCO cancer screening trial cohort required longer follow-up and that changes were
needed if this biomarker was to be used in the future for this purpose.72
In order to maximize the value of this insight on the differential longitudinal behaviour of CA
125, formal statistical algorithms have been applied in conjunction with CA 125 and ultrasound
testing. Lu and colleagues82created a more sophisticated screening trial, implementing an ovarian
cancer risk algorithm (ROCA) in conjunction with the CA 125 test and transvaginal ultrasound. The
study placed females into various risk categories (normal risk, intermediate risk and high risk) based
on their CA 125 result and calculated an individual’s risk overtime using the ROCA algorithm.14 If the
ROCA screen came back normal, the individual would be screened in one year, if an individual had a
result of intermediate risk, they would be screened in 3 months, and if an individual had a result of
high risk, the individual would be sent for an immediate ultrasound and examined by a gynecological
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oncologist.14 It was found that only 6% of individuals received an intermediate risk, and less than 1%
received a high-risk result and were triaged to immediate ultrasound, causing screening to be
beneficial and not overly burdensome.14 Of the 10 individuals who received a high-risk result and
received surgery, 4 had invasive ovarian cancer, 2 had low malignant/borderline ovarian cancer and 1
had endometrial cancer.14 Therefore, only 3 out of the 10 individuals had benign disease, showing a
more successful outcome from screening compared to the PLCO cancer screening trial.14 Of the 10
individuals with a high-risk result, no individual had physical symptoms based on screening and many
had undergone screening for several years. It was found that only after the 3rd, 6th or 8th test, a slight
change in CA 125 levels was found, many of the test results could have been deemed as “normal”
levels of CA 125, when the algorithm was triggered and signified that these individuals should be
closely screened. It was noted that it is not the exact level of CA 125 that was important but a change
in the level of CA 125 over time.14
A more recent ambitious trial in the United Kingdom called the UKCTOCS (UK Collaborative
Trial of Ovarian Cancer Screening) used the ROCA screening algorithm and tried to determine whether
this method could increase survival rates of ovarian cancer.15 Approximately 200,000 postmenopausal
females ages>50 were randomized into a no screening arm (n=100,000) and a screening arm
(n=100,000).15 Among the screening arm, ~50,000 received annual ultrasound screening and ~50,000
received a multimodal screening.15 This multimodal screening used the annual CA 125 test results and
interpreted the pattern over time while using the ROCA algorithm, similarly to Lu and colleagues83
ovarian cancer screening trial. Although there was an improvement in mortality, statistically there
was no difference between the screening group and non-screening group.15
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The benefits and harms of the UKCTOCS and PLCO trials have been thoroughly reviewed by the
US Preventive Services Task Force (USPSTF) and the Canadian Task Force on Preventive Health Care
(CTFPHC), which both have recommended against ovarian cancer screening in asymptomatic females,
due to the lack of efficacy and statistically significance found within these trials.73,74 Therefore,
through the review of these large independent trials, it can be concluded that the use of CA 125 as a
sole biomarker for ovarian cancer screening is not effective.
2.9.1 CA 125 and Lung Cancer
The relationship between ovarian cancer and elevated levels of CA 125 have been widely
researched, but it has not been comprehensively evaluated in association with lung cancer. Previous
studies have explored the relationship between CA 125 and lung cancer but to a varying extent. Some
explored the relationship between CA 125 and lung cancer in regards to survival prediction18-20 while
others evaluated CA 125 against other cancer biomarkers such as carcinoembryonic antigen (CEA) and
carbohydrate antigen 19-9 (CA 19-9) 21-24 or investigated the mechanistic role of CA 125 in lung
cancer. For the purpose of the current study, this section will focus mainly on the general association
and mechanistic role of CA 125 with lung cancer.
2.9.1.1 MUC16 and Lung Cancer
In 2001, molecular cloning of CA 125 lead to the discovery of MUC16.75 The MUC16 gene
product belongs to a group of mucins that protect and lubricate epithelial surfaces that line the
internal organs within the body.26 Although their function is to protect epithelial surfaces, this mucin
has been found to be involved in the development of cancer.76 MUC16 often splits and sheds into the
bloodstream making it easy to be found and measured through a blood test.77 MUC16 was initially
believed to be specifically an ovarian cancer biomarker, but over time and through various research, it
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has become evident that this marker could also be detected in patients with cancers such as gastric,
colorectal, lung and pancreatic.12,78 This agreed with Kim and colleagues’ study90, which reported
MUC16 to be highly mutated among cancers including lung cancer.
Ma and colleagues91 explored the prognostic values of CA 125 (MUC16) and other biomarkers
in 164 patients (101 males, 63 females) with stage I NSCLC who underwent surgery. The authors
found a 5.7% positive result for CA 125(MUC16) in 131 adenocarcinoma patients and a 3.1% positive
result for CA 125 in 43 non-adenocarcinoma patients.79 Although CA 125 (MUC16) levels were
elevated, the authors concluded that more research needs to be conducted in order to confirm the
use of CA 125 as a biomarker in lung cancer.79
In contrast to the previous study, Kanwal and colleagues24examined and obtained MUC16
mRNA levels in NSCLC tissues and their adjacent non-malignant tissues in 84 patients (51 males and
33 females) residing in air-polluted regions in China. When compared with matched adjacent
noncancerous tissues, the MUC16 mRNA levels were significantly increased in 48.8% (41/84) of the
NSCLC tissues.26 However, it was noted that MUC16 mRNA expression did not correlate with gender
(p=0.74), age (p=0.27) or histologic type (p=0.53).26 Although this study had a small sample size, it
provided promising results and demonstrated that MUC16 up-regulation induced by gene mutation
may be involved in the development and progression of lung cancer.26
Although MUC16 has been shown to be involved in the growth and metastasis of several
cancers, its role in lung carcinoma remains unclear and needs to be further studied in larger, more
robust studies to test the reproducibility of the results in the studies mentioned previously in this
section.
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CHAPTER III - METHODS

3.1 Introduction
This chapter includes the study design and methods of the present study. Details on the
source data, recruitment and data collection methods are described within. Moreover, this chapter
concludes with the analytic and evaluative strategies used to address the study objectives described
in Chapter 1.
3.2 Source Data – PLCO Trial
The present research was conducted using secondary randomized controlled trial (RCT) data
from the PLCO trial sponsored by the U.S. National Cancer Institute (NCI).28 The PLCO cancer
screening trial was a multi-centre trial that assessed whether cancer screening examinations could
reduce mortality due to prostate, lung, colorectal and ovarian cancers.28
3.2.1 Study Sample Data
Each of the ten screening centers were responsible for identifying and establishing its
procedures for recruiting and identifying participants for the trial based on the guidelines developed
by the NCI.28,80 Between November 1993 and April 2001, screening centers contacted potential
participants through direct mail, rosters of names and addresses from profit and not-for-profit
(including government) organizations, community outreach, and use of mass media.27,28 The target
goal for enrollment was roughly 75,000 males and 75,000 females between the ages of 55-74
years.27,28 Once the screening centers identified potential participants, information about the
participants was collected to determine their eligibility for the trial.27,28 Informed consent was
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obtained from all participants at all sites. In total, 154,938 participants (78,234 females and 76,704
males) were enrolled in the study.27,28
3.2.2 Inclusion & Exclusion Criteria
An individual was eligible to participate in the PLCO cancer screening trial if they did not have any of
the exclusion criteria. This exclusion criteria included:81
-

Having an age of less than 55 or greater than 74 years at time of randomization

-

A history of prostate, lung, colorectal or ovarian cancer, or current treatment for any cancer
except basal or squamous cell skin cancer

-

Individuals who were participating in another cancer screening or cancer primary prevention
trial

-

Females with previous surgical removal of ovaries before October 1996 (criteria was changed
after this date as it was identified that this could affect design power for detecting mortality
reduction in ovarian cancer)

-

Individuals with prior surgical removal of the entire colon, or one lung

-

Individuals who have participated in previous cancer screening trials

-

Females who had taken the medication Tamoxifen or Evista/Raloxifene within the previous 6
months before randomization

-

Individuals who had a colonoscopy, sigmoidoscopy, or barium enema within 3 years before
randomization

-

Individuals who did not or were not willing to sign the consent form.
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3.2.3 Randomization and Screening Process
Random assignment was implemented using compiled software and encrypted files on
microcomputers.81 Block randomization was used to approximately distribute participants equally
into the intervention arm, which included screening, or the control arm, which included standard
medical care.28 The block randomization scheme includes various lengths of random block
permutations, which were stratified by screening center, age, and gender.28 A total of 39,105 females
and 38,340 males were randomized into the intervention arm. All repeat screening interventions were
completed within six years. The intervention arm was then followed up for at least an additional
seven years.27,28 38,111 females and 38,345 males were randomized into the control arm.27,28
Participants in the control arm were followed up for 13 years after enrollment but were not given any
screening examinations.27,28 Females who were randomized into the screening arm received chest xrays, flexible sigmoidoscopy, CA 125 blood tests, and transvaginal ultrasound.81 For individuals with
negative screen results, a follow up call was implemented to keep track of regular screening
attendance.28 A similar procedure was performed for those individuals with suspicious or positive
results by screening, but for whom it did not reveal a prostate, lung, colorectal or ovarian cancer.82
Baseline information on sociodemographic characteristics, risk factors for cancers being studied, and
screening history were collected from all participants. It was also required for all participants to
complete a dietary questionnaire and annual information on their health status.80
3.2.3.1 Lung Cancer Screening
For lung cancer screening, a posteroanterior chest X-ray was taken by a qualified technologist
and later interpreted by a radiologist.82 The X-ray exam was classified as positive (suspicious) for lung
cancer if the evaluation exposed any of the following pulmonary abnormalities: nodule, mass, major
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atelectasis/lobar collapse, hilar or mediastinal lymph node enlargement
infiltrate/consolidation/alveolar opacity, or pleural mass.82 The X-ray exam was classified as negative
for lung cancer if the evaluation showed midline structure, the heart to be of normal size (not
displaced or enlarged), and the pulmonary parenchyma revealed no abnormality suspicious for
cancer.82 In December 1998, a few changes were implemented for lung cancer screening. The
remaining third annual chest X-ray exams were offered only to individuals who smoked and follow up
was extended to 3 years for all participants to be followed up for at least 13 years from the time of
randomization.82
3.2.3.2 CA 125 Assay
The original CA 125 assay used in the trial was Centocor CA-125 radioimmunoassay (RIA)
assay.72 It was later replaced in October 1995 by an improved assay, which was the Centocor CA-125II
RIA assay.72 All samples tested with the original CA 125 assay were retested using the CA-125II RIA
assay.72 Among the 5371 participants that were in the initial screening of the PLCO trial, the original
CA-125 RIA assay had a positivity rate of 0.6% while the CA-125II assay had a positivity rate of 2.4%.72
In both assays, an abnormal (positive) case was defined as a result of ≥35 U/mL.28 Up to 45mL of
blood was drawn for the CA 125 assay.28 The CA 125 assay was performed at the initial visit at the
entry into the PLCO trial and then annually for five years. The collected blood was centrifuged, then
the serum was separated from the clot and frozen within 2-4 hours of blood collection.28 Samples
were run in duplicate. The assay precision was represented by its coefficient of variation (CV).72 The
CVs and its 95% confidence intervals were 4.07% (3.92-4.22) at the lower concentration of 52.7U/mL
and 3.78% (3.64-3.92) at the higher concentration of 106.5U/mL. Therefore, these results were in
good agreement to those that were reported by the manufacturers in the product inserts.81 A result of
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≥35U/mL was classified as abnormal (positive).72 Any sample with an abnormal result was re-analyzed
to verify the value.72 Samples that showed discrepant results between duplicate results (CV over 10%)
were re-analyzed.72 Samples were stored at -70°C or colder and were shipped weekly overnight on
dry ice to the central laboratory at UCLA.28 Blood that was not used for the CA 125 test was stored at
-70°C in a central repository where it could be used for research in the future, (not limited to just the
use by UCLA).28 The results of the CA 125 test were transmitted electronically by the UCLA laboratory
to NCI microcomputers.28
3.2.4 Diagnostic and Therapeutic Follow-Up
Participants who received abnormal results on the screening tests were notified within three
weeks following the test. These participants were then referred to a qualified medical professional of
their choice to receive a definitive clinical investigation and diagnosis and, if needed, treatment. The
PLCO cancer screening trial had no direct control over the treatments or interventions given once
diagnosis was made.28
3.3 - Modeling and Analysis
The following section describes the approach taken to address the study objectives of the
current study. Topics among this section will include statistical methodology, data preparation, data
cleaning, variable selection, model building, and model evaluation.
3.3.1 Statistical Approach
Data preparation, model building, model evaluation and analysis were performed using Stata 15
statistical software.83
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3.3.2 Data Preparation
Data cleaning was conducted to prepare data for analysis. Data cleaning involves the process
of identifying and managing outliers (values which are unrealistic and not proportional) to prevent
biased results. Outliers can be detected visually using scatter plots and box plots using the Stata
command scatter and command graph box. Candidate predictors were assessed for possible outliers,
missing data, and implausible values.
3.3.2.1 Candidate Variables
Candidate explanatory variables were selected based on previous literature identifying lung
cancer risk factors as well as previous studies from the PLCO cancer screening trial. Candidate
variables and potential confounders can be found in Table 4. For all objectives, the primary exposure
of interest was CA 125, and the primary outcome of interest was lung cancer. CA 125 was composed
of two variables, CA 125 results and CA 125 levels. CA 125 results is a dichotomous variable divided
into levels of abnormal (positive) ≥35U/mL and normal (negative) <35 U/mL. CA 125 levels is a
continuous variable measuring levels of CA 125. Both variables were tested in separate models. Lung
cancer was dichotomized into levels of yes or no. CA 125 levels are presented in the results and were
used to draw conclusions for the present study as the continuous variable provides more robust
information about the biomarker compared to a dichotomous yes/no variable. Dichotomous
associations are also presented because past clinical decision-making has been based on such
dichotomous categorizations. The following sociodemographic characteristics were included: age at
study entry, race/ethnicity, education and current body mass index (BMI). Potential confounders in
this study are categorized under smoking exposures, medical history and co-morbidities. Variables
under each category are further described in Table 4.
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3.3.3 Descriptive Statistics, Univariate Analysis and Exploratory Analysis
For categorical variables such as race/ethnicity, education, and cigarette smoking status,
frequency, percentage and proportion were assessed. For continuous variables such as age, smoking
duration and BMI, distributions, measures of central tendency and variability were assessed. For
normally distributed quantitative variables, means and standard deviations were calculated. Student’s
independent sample t-tests were conducted to compare the differences in means between two
groups in these variables. For quantitative variables with skewed distribution, medians and
interquartile ranges were calculated. If an independent sample t-test, cannot be used with variables
that have skewed distribution, a Wilcoxon rank-sum test was used. This non-parametric test identifies
if the two populations, where the two samples are selected from, have the same distribution.84 Once
these study covariates were summarized, additional analyses were done stratifying by lung cancer. To
evaluate differences in distribution between two categorical variables, chi-square tests of
independence were conducted. Univariate associations between each covariate and the outcome of
lung cancer were tested to see if any relationships exist. Predictors with a p-value of <0.25 were
included into the main logistic regression model for further evaluation.
Exploratory analysis was conducted to determine if any covariates had a relationship with CA
125 levels. Univariate associations between each covariate and CA 125 levels were tested to see if any
relationships exist. Predictors with a p-value of <0.10 were included into the main linear regression
model. Backward stepwise regression was used to build the final linear regression model, using a pvalue of <0.05.
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Table 4. Candidate variables and potential confounders for evaluating associations with lung cancer
Variable Categories
Variable Names
Additional Descriptions
Sociodemographic (n=3) Age
In years
Race/Ethnicity
White, Non-Hispanic
Black, Non-Hispanic
Hispanic
Asian
American Indian or Alaskan Native
Native Hawaiian or Pacific Islander
Education
Less than high school
High school graduate
Post high school training other than college
Some college
College graduate
Post graduate degree
Current Body Mass Index (BMI)
kg/m2
Smoking exposure(n=5)
Cigarette smoking status
Never
Former
Current
Smoking intensity
# of cigarettes smoked per day
Smoking duration
In years
Quit time
# of years since person quit smoking
Pack-years
# of packs of cigarettes smoked per day by #
of years smoked
Medical history(n=11)
Family history of cancer
Family history of lung cancer?
No
Yes
Personal history of any cancer
Personal history of any cancer at baseline?
No
Yes
Chronic Bronchitis
Ever diagnosed with chronic bronchitis?
No
Yes
Chronic obstructive pulmonary disease
Ever diagnosed with COPD?
(COPD)
No
Yes
Emphysema
Ever diagnosed with emphysema?
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Female Hormone Status
Female Hormones
Age at menopause
Benign or Fibrocystic Breast Disease
Gallbladder stones/inflammation
Colorectal polyps

No
Yes
Never
Former
Current
Ever used female hormones?
No
Yes
<40
41+
No
Yes
Ever had gallbladder stones or inflammation?
No
Yes
Ever had colorectal polyps?
No
Yes
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3.3.4 Model Building Strategy
3.3.4.1 Handling Quantitative Variables
Multivariable logistic regression models were used to address the research objectives
due to the dependent variable being dichotomous (lung cancer, yes/no). A manual backwards
stepwise regression was used to build final models. If the variables were found to have a pvalue of <0.05, they were considered statistically significant and were used in the final model.
However, COPD which was found to be significant in a priori literature, was also included in the
model regardless of statistical significance. The association between CA 125 and lung cancer
was tested in the final multivariable model.
The linearity of continuous predictor variables in the model was assessed by using
multivariate fractional polynomials (MFP) using the Stata command mfp. This method is
considered more flexible in identifying non-linear effects compared to other methods.85 The
following default set of fractional polynomial powers (FP) was used: -2, -1, -0.5, 0 (log), 0.5, 1, 2
and 3. Multi-level ordinal variables used in a model were assessed for the possibility of pseudocontinuity by evaluating the trends in effect sizes when treated as an indicator variable and, if
possible, when treated as continuous to reduce the degrees of freedom in models.
3.3.4.2 Assessing Potential Collinearity
The model was tested for correlations to address potential collinearity. Next, variance
inflation factors (VIF) and tolerance values (1/VIF) was used to evaluate the degree of
multicollinearity amongst all continuous candidate predictor variables. VIFs work by indicating
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the factor by which the variance of a certain predictor is inflated due to the lack of
independence among all other predictors.
3.3.4.3 Confounders & Interactions
Once the final model was built for each objective, the interaction of interest (smoking
status) and confounding of the CA 125 association with lung cancer was tested in the model. A
confounding variable was defined as a variable that results in a 15% change in the coefficient of
the exposure variable once removed.86 Variables that were found to be confounders were
controlled analytically and kept in final models.
3.4 - Model Evaluation
3.4.1 Fit Diagnostics
The Hosmer-Lemeshow Goodness-of-Fit (GOF) test, McFadden's Pseudo-R2, Akaike’s
Information Criteria (AIC) and Bayes Information Criteria (BIC) were used to evaluate the overall
model fit. GOF test takes a logistic regression model's fitted probabilities and creates ten
groups.87Once this process is complete, observed and expected frequencies are analyzed across
subgroups.87A non-significant GOF test indicates that there is an acceptable agreement
between the observed and expected frequencies, concluding that the model correctly fits with
the hypothesis being tested.87 McFadden’s Pseudo-R2, which has also been known as the
“likelihood ratio index," compares the proposed model without any predictors to a model with
all predictors to determine the fit of the model.88 AIC provides an estimate of in-sample errors
of the proposed model.89 Schwarz's Bayesian Information Criterion (BIC) produces a similar
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outcome to the AIC. The difference between the two model selection tools is that the BIC
prefers simpler models when estimating the model performance compared to the AIC.90
3.4.2 Influential Observations
Influential observations were investigated in the analysis to determine the effect they
have on the model, as well as to possibly identify data entry errors, which could potentially
influence the effect estimates. Two methods that were used to investigate observation
influence are Pearson standardized residuals and deviance residuals. Pearson standardized
residuals produce the differences between observed and expected frequencies, while deviance
residuals measure the disagreement between the observed and fitted log-likelihood
functions.91 After the fit is assessed, potential outlying and influential covariates were identified
and evaluated using standardized Pearson residuals.
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CHAPTER IV - RESULTS
This chapter describes the study participants and summarizes the results found studying
the associations between CA 125 and lung cancer along with predictor variables. The chapter
explores how these associations between CA 125 and lung cancer are affected when stratified
by smoking status (never/ever) and lung cancer stage (early/advanced). Moreover, exploratory
analysis will be presented to show the relationship between important factors and CA 125.
Model assumptions were evaluated, and goodness of model fits were determined.
4.1 Data Preparation
There was less than 10% missingness in the predictor variables, therefore, multiple
imputations for missing data were not performed. There were no extreme values or outliers
detected in explanatory variables. CA 125 levels were natural log transformed according to the
results in Stata’s ladder of power command, as CA 125 levels was not normally distributed and
natural log transformation provided the best normalization. After transforming, CA 125 levels
were normally distributed, therefore, bootstrapping was not needed to determine confidence
intervals.
4.2 Sample Characteristics
There were 23,938 participants with no lung cancer and 578 participants with lung
cancer diagnosed during the follow-up period. The start of follow up for the earliest
participants began around October 1993 and was continued until April 2001. The characteristics
of study participants with and without lung cancer are presented in Table 5. Univariate logistic
regressions were carried out for all explanatory variables. Univariate odds ratios, 95%
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confidence interval estimates and p-values for unadjusted effects are shown in Table 5. The
results of univariate analyses informed which predictors were to be considered in multivariable
analysis.
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Table 5. Characteristics of overall participants by lung cancer and univariate logistic associations with lung cancer
Explanatory Variables

Age, year, mean (SD)
Race/ethnicity, number (%)

Non-Hispanic White
Non-Hispanic Black
Hispanic
Asian
Pacific Islander
American Indian/Alaskan Native
Education, number (%)
Less than high school
High school graduate
Post High school training
Some college
College graduate
Postgraduate degree

Current Body Mass Index (BMI), mean (SD)
Family history of Lung cancer, self-reported (%)
No
Yes

Personal history of cancer, self-reported (%)
No
Yes

COPD, self-reported, number (%)
No
Yes

Chronic Bronchitis, self-reported, number (%)
No
Yes

No lung cancer
(n=29,938)
62.38 (5.36)

Lung cancer
(n=576)
64.07 (5.21)

Univariate odds ratio
(95% CI, P-value)
1.06 (1.04-1.07, P<0.001)

26,574 (98.06)
1,622 (98.18)
488 (98.68)
1,063 (98.98)
135 (97.83)
86 (100.00)

526 (1.94)
30 (1.82)
6 (1.32)
11 (1.02)
3 (2.17)
0 (0.00)

1,746 (96.20)
8,036 (98.04)
3,865 (98.12)
6,898 (98.14)
4,786 (98.56)
4,566 (98.51)

69 (3.80)
161 (1.96)
74 (1.88)
131 (1.86)
70 (1.44)
69 (1.49)

Reference group
0.68 (0.30-1.52, P=0.345)
0.52 (0.29-0.95, P=0.034)
1.12 (0.36-3.54, P=0.843)
n/a
n/a
0.87 (0.83-0.92, P<0.001)
Reference group
0.51 (0.38-0.68, P<0.001)
0.48 (0.35-0.68, P<0.001)
0.48 (0.36-0.65, P<0.001)
0.37 (0.26-0.52, P<0.001)
0.38 (0.27-0.54, P<0.001)

27.08 (5.47)

26.02 (4.66)

0.96 (0.94-0.98, P<0.001)

25,727 (98.36)
3,401 (96.73)

428 (1.64)
115 (3.27)

Reference group
2.13 (1.75-2.58, P<0.001)

28,011 (98.21)
1,924 (96.73)

511 (1.79)
65 (3.27)

Reference group
1.85 (1.42-2.40, P<0.001)

27,832 (98.33)
1,980 (95.33)

472 (1.62)
97 (4.67)

Reference group
2.89 (2.31-3.61, P<0.001)

28,162 (98.27)
1,651 (95.82)

497 (1.73)
72 (4.18)

Reference group
2.47 (1.92-3.18, P<0.001)

45

Table 5, continued. Characteristics of overall participants by lung cancer and univariate logistic associations with lung cancer
Explanatory Variables

Emphysema, self-reported, number (%)
No
Yes

Smoking status, number (%)
Never
Former
Current

Cigarettes smoked per day, mean (SD)
Smoking duration, year, mean (SD)
Smoking Quit-time, year, mean (SD)
Pack-years, mean (SD)
Female hormone status*, number (%)
Never
Former
Current

No lung cancer
(n=29,938)

Lung cancer
(n=576)

Univariate odds ratio
(95% CI, P-value)

29,321 (98.26)
518 (90.88)

518 (1.74)
52 (9.12)

16,927 (99.55)
10,339 (97.34)
2,660 (92.46)
20.35 (12.13)
26.47 (13.76)
19.89 (12.07)
28.76 (24.34)

76 (0.45)
283 (2.66)
217 (7.54)
24.83 (12.03)
38.19 (10.44)
12.57 (9.90)
47.59 (26.51)

10,516 (97.80)
5,138 (98.02)
14,284 (98.38)

237 (2.20)
104 (1.98)
235 (1.62)

Reference group
5.68 (4.22-7.66, P<0.001)
3.95 (3.52-4.43, P<0.001)
Reference group
6.09 (4.73-7.86, P<0.001)
28.26 (13.95-23.67, P<0.001)
1.02 (1.01-1.03, P<0.001)
1.08 (1.07-1.09, P<0.001)
0.94 (0.93-0.95, P<0.001)
1.02 (1.01-1.02, P<0.001)
0.85 (0.78-0.94, P<0.001)
Reference group
0.90 (0.71-1.13,P=0.366)
0.73 (0.61-0.88, P<0.001)

10,516 (97.80)
19,422 (98.28)

237 (2.20)
339 (1.72)

Reference group
0.77 (0.65-0.92, P=0.003)

25,673 (98.18)
4,015 (97.69)

475 (1.82)
95 (2.31)

Reference group
1.28 (1.02-1.59, P=0.030)

21,101 (98.00)
8,367 (98.41)

431 (2.00)
135 (1.59)

Reference group
0.79 (0.65-0.96, P=0.018)

Female hormones†, number (%)
No
Yes

Age at menopause (<40 vs 40+)
<40
40+

Benign or fibrocystic breast disease, number (%)
No
Yes

46

Table 5, continued. Characteristics of overall participants by lung cancer and univariate logistic associations with lung cancer
Explanatory Variables

Gallbladder Inflammation, number (%)
No
Yes

Colorectal polyps, number (%)
No
Yes

No lung cancer
(n=29,938)

Lung cancer
(n=576)

Univariate odds ratio
(95% CI; P-value)

25,219 (98.07)
4,581 (98.47)

497 (1.93)
71 (1.53)

Reference group
0.79 (0.61-1.01, P=0.060)

28,123 (98.21)
1,671 (96.70)

512 (1.79)
57 (3.30)

Reference group
1.87 (1.42-2.47, P<0.001)

*Female Hormone Status: “Have you ever used female hormones (tablets, pills or creams) for menopause?”
† Female Hormone: “Are you currently using female hormones?”
Abbreviations: COPD: Chronic Obstructive Pulmonary Disease
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4.3 Predictor Associations with Lung Cancer
4.3.1 Sociodemographic
Participants’ ages at study entry ranged from 52 to 78 years (mean=62.4; SD=5.4). Age
was related to a higher odds of lung cancer. The majority of participants (88.8%) were NonHispanic White. Being Hispanic was found to have a significant protective effect against lung
cancer (OR: 0.52; 95% CI: 0.29-0.95, P=0.034). Overall, education had a protective effect against
lung cancer (0.87; 95% CI: 0.83-0.92, P<0.001).
4.3.2 Medical History
The current BMI in participants with no lung cancer was 1.06 kg/m2 higher than for
participants with lung cancer, indicating an inverse association with lung cancer (OR: 0.96; 95%
CI: 0.94-0.98, P<0.001). Family history of lung cancer, personal history of cancer, COPD, chronic
bronchitis, emphysema and colorectal polyps were all related to a higher odds of lung cancer
(P<0.001, See Table 5).
4.3.3 Exposures
Current female hormone use and ever use of female hormones demonstrated a
protective effect against lung cancer. On average, participants with no lung cancer smoked 20.4
cigarettes per day and for approximately 26.5 years. Participants with lung cancer smoked 24.8
cigarettes per day on average and for approximately 38.2 years. Therefore, participants with
lung cancer, on average, smoked 4.48 cigarettes/day more (OR: 1.02; 95% CI: 1.01-1.03,
P<0.001) and 11.7 years longer than participants with no lung cancer (OR: 1.08; 95% CI 1.071.09, P<0.001). In individuals who previously smoked, the average number of years since
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smoking cessation in participants with no lung cancer was 19.9 years and 12.6 years in
participants with lung cancer. Therefore, participants with no lung cancer had a smoking
cessation period that was 7.3 years longer than in participants with lung cancer (OR: 0.94; 95%
CI: 0.93-0.95, P<0.001).
Stata’s ladder of power command showed natural log transformation was the most
appropriate for CA 125 levels. Table 5 results of univariate analyses served as a guide for
variable selection in multivariable analysis. A summary of univariate logistic regression for lung
cancer and dichotomous CA 125 results (positive vs. negative) by screening rounds are provided
in Table 6. Table 7 summarizes univariate logistic regression for lung cancer and log
transformed continuous CA 125 levels by screening rounds.
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Table 6. Univariate logistic regression for lung cancer (yes vs no) and dichotomous CA 125 results* by screening rounds (T0-T5)
Variables
CA 125 Result T0
Negative
Positive
CA 125 Result T1
Negative
Positive
CA 125 Result T2
Negative
Positive
CA 125 Result T3
Negative
Positive
CA 125 Result T4
Negative
Positive
CA 125 Result T5
Negative
Positive

No lung cancer
(n=29,938) (%)

Lung cancer
(n=576) (%)

Odds ratio
(95% CI, P-value)

27,786 (98.14)
385 (96.25)

527 (1.86)
15 (3.75)

Reference group
2.05 (1.21-3.46, P=0.007)

26,444 (98.27)
412 (95.81)

466 (1.73)
18 (4.19)

Reference group
2.47 (1.53-4.01, P<0.001)

25,460 (98.35)
459 (97.04)

428 (1.65)
14 (2.96)

Reference group
1.81 (1.05-3.11, P=0.031)

24,381 (98.47)
408 (95.77)

380 (1.53)
18 (4.23)

Reference group
2.83 (1.74-4.58, P<0.001)

19,380 (98.71)
313 (95.72)

254 (1.29)
14 (4.28)

Reference group
3.41 (1.96-5.91, P<0.001)

21,348 (98.61)
350 (96.15)

302 (1.39)
14 (3.85)

Reference group
2.83 (1.63-4.88, P<0.001)

*CA 125 results are divided into levels of abnormal (positive) ≥35 U/mL and normal (negative) <35 U/mL
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Table 7. Univariate logistic regression for lung cancer (yes vs no) and LN CA 125 levels by screening rounds (T0-T5)
No lung cancer
Lung cancer
Combined
Odds ratio
LN CA 125
LN CA 125
Variables
N total
Mean (SD)
(95% CI, P-value)
Mean (SD)
Mean (SD)
CA 125 Level T0

28,712

12.27 (21.46)

12.89 (10.82)

12.28 (21.31)

1.16 (0.99-1.37, P=0.066)

CA 125 Level T1

27,340

12.17 (31.19)

14.46 (18.89)

12.21 (31.02)

1.34 (1.13-1.59, P<0.001)

CA 125 Level T2

26,361

12.31 (25.05)

13.38 (11.99)

12.33 (24.89)

1.26 (1.05-1.53, P=0.010)

CA 125 Level T3

25,187

12.29 (32.94)

15.19 (19.53)

12.33 (32.77)

1.48 (1.23-1.78, P<0.001)

CA 125 Level T4

19,961

12.14 (11.69)

14.56 (13.28)

12.17 (11.72)

1.58 (1.25-1.97, P<0.001)

CA 125 Level T5

22,014

12.13 (10.59)

14.37 (11.49)

12.16 (10.61)

1.61 (1.31-1.99, P<0.001)

Abbreviation: LN: Natural log-transformed
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4.4 Key Study Findings
4.4.1 Summary of Tables
The associations between explanatory variables and lung cancer were evaluated using
multivariable logistic regressions. To give an example of the performance of the models, results
from screening round year 3 for dichotomous CA 125 results (yes/no) and log transformed (LN)
continuous CA 125 levels are presented in detail in this chapter (See Tables 8 and 9).
Supplementary tables for each model for dichotomous CA 125 results (yes/no) and log
transformed (LN) continuous CA 125 levels by study year are in the Appendix (S1-S12).
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Table 8. Multivariable logistic regression for lung cancer and CA 125 dichotomous results* in screening round T3
Explanatory Variables
Odds Ratio (95% Confidence Interval; P-value)
CA 125 Results, positive vs negative

2.20 (1.30-3.72; 0.003)

Age (years)

1.05 (1.03-1.07; <0.001)

Education, self-reported level of,

0.93 (0.87-1.00; 0.047)
2

Current Body Mass Index (BMI) (kg/m )

0.97 (0.95-0.99; 0.011)

Family history of lung cancer, self-reported, yes vs no

1.10 (1.04-1.16; 0.001)

Personal history of cancer, self-reported, yes vs no

1.60 (1.15-2.21; 0.005)

COPD, self-reported, yes vs no

1.05 (0.76-1.44; 0.781)

Cigarettes smoked per day

1.02 (1.01-1.02; <0.001)

Number of years smoking

1.06 (1.05-1.06; <0.001)

n total; AIC, BIC
P of overall model, GOF P-value

24,471; 3341.213, 3422.265
<0.001, 0.0029

Pseudo R2

0.1544

Area under ROC curve

0.8233

*CA 125 results are divided into levels of abnormal (positive) ≥35 U/mL and normal (negative) <35 U/mL
Abbreviation: AIC: Akaike information criterion; BIC: Bayesian information criterion; COPD: Chronic Obstructive
Pulmonary Disease; GOF: Goodness-of-Fit test, LN: Natural log-transformed

53

Table 9. Multivariable logistic regression for lung cancer and LN CA 125 levels in screening round T3
Explanatory Variables

Odds Ratio (95% Confidence Interval; P-value)

LN CA 125 Levels

1.37 (1.13-1.67; <0.001)

Age (years)

1.05 (1.03-1.07; <0.001)

Education, self-reported level of,

0.93 (0.87-0.99; 0.042)
2

Current Body Mass Index (BMI) (kg/m )

0.97 (0.95-1.00; 0.012)

Lung cancer, self-reported family history of, yes vs no

1.10 (1.04-1.16; <0.001)

Any type of cancer, self-reported personal, yes vs no

1.58 (1.14-2.19; 0.006)

COPD, self-reported history of, yes vs no

1.03 (0.75-1.43; 0.836)

How many cigarettes smoked per day

1.02 (1.01-1.02; <0.001)

Number of years smoking

1.06 (1.05-1.07; <0.001)

n total; AIC, BIC
P of overall model, GOF P-value

24,471; 3338.684, 3419.736
<0.001, 0.2249

Pseudo R2

0.1551

Area under ROC curve

0.8234

Abbreviation: AIC: Akaike information criterion; BIC: Bayesian information criterion; COPD: Chronic Obstructive Pulmonary
Disease; GOF: Goodness-of-Fit test, LN: Natural log-transformed
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4.4.2 Summary of Predictor Variable Findings for Lung Cancer~CA 125
Race/ethnicity, chronic bronchitis, emphysema, female hormone status (current/former), ever
use of female hormones, age at menopause, benign or fibrocystic breast disease, gallbladder disease,
colorectal polyps, smoking status, smoking quit time in individuals who previously smoked were
removed from the lung cancer~CA125 model as they did not approach statistical significance. Each
multivariable logistic regression model for lung cancer~CA 125 was adjusted for education, age, current
body mass index (BMI), family history of lung cancer, personal history of cancer, chronic obstructive
pulmonary disease (COPD), average number of cigarettes smoked per day and number of years
smoked. Despite being statistically insignificant in some models, COPD was added into the
multivariable logistic regression models to make the models comparable (See Appendix). Education,
and current BMI had a protective effect against lung cancer across all 6 screening round models for
dichotomous CA 125 results (positive vs. negative) and continuous LN CA 125 levels (T0-T5). Age, family
history of lung cancer, personal history of cancer, average number of cigarettes smoked per days,
number of years smoked were all associated with a high odds of lung cancer in dichotomous CA 125
results (positive vs. negative) and continuous LN CA 125 levels for all screening rounds (T0-T5). Each
screening round model by dichotomous CA 125 results (positive vs. negative) or continuous LN CA 125
levels was overall statistically significant (P<0.001). Lung cancer~ CA 125 dichotomous results were
statistically significant for screening rounds T1, T3, and T4 (Figure 2). Lung cancer~LN continuous CA
125 levels results were statistically significant for screening rounds T1, T3, T4 and T5 (Figure 3).
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Figure 2. Odds ratio for lung cancer by dichotomous CA 125 results (positive/negative) by screening
rounds T0-T5

Figure 3. Odds ratio for lung cancer by LN CA 125 levels by screening rounds T0-T5
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4.4.3 Smoking Status – Individuals who smoked vs. individuals who never smoked among total study
sample
Table 10 summarizes the odds ratio results of multivariable logistic regression by predictors CA
125 dichotomous results (positive/negative) and continuous log-transformed (LN) CA 125 levels by
smoking status (Individuals who never smoked/Individuals who smoked/Combined) for screening
round T3. When smoking status was combined (Individuals who never smoked/Individuals who
smoked), there were statistically significant associations between lung cancer and dichotomous CA 125
results (positive vs. negative) among screening rounds T0, T1, T3 and T4 (See Table 10). Similarly, there
were statistically significant associations between lung cancer and continuous LN CA 125 levels for
combined smoking status in screening rounds T1-T5 (See Table 10). For lung cancer and dichotomous
CA 125 results (positive vs. negative) among individuals who smoked, statistical significance
associations were found among screening rounds T1, T3, and T4. (See Table 10). Among individuals
who smoked, there was a statistically significant higher risk of lung cancer associated with continuous
LN CA 125 levels in screening rounds T1, T3, T4, and T5 (See Table 10). Among individuals who never
smoked, there was no statistically significant association between lung cancer and dichotomous CA 125
results. There was statistically significant association between lung cancer and continuous LN CA 125
levels only in screening round T3 (See Figure 4 and 5). Despite non-significance, the direction of effect,
magnitude of effect and consistency among the results suggest that there could be an association.
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Table 10. Multivariable* logistic regression odds ratios for lung cancer and predictors CA 125 dichotomous† results and log transformed continuous CA 125
levels, by smoking status
Individuals who never smoked
Screening

Individuals who smoked

Combined

CA 125 Results

LN CA 125 Levels

CA 125 Results

LN CA 125 Levels

CA 125 Results

LN CA 125 Levels

OR (95% CI; P-value)

OR (95% CI; P-value)

OR (95% CI; P-value)

OR (95% CI; P-value)

OR (95% CI; P-value)

OR (95% CI; P-value)

T0

2.24 (0.54-9.25; 0.264)

1.20 (0.76-1.89; 0.442)

1.72 (0.95-3.11; 0.075)

1.15 (0.96-1.37; 0.140)

1.75 (1.01-3.02; 0.047)

1.14 (0.97-1.35; 0.113)

T1

2.06 (0.50-8.52; 0.318)

1.32 (0.82-2.14; 0.249)

2.32 (1.32-4.07; 0.003)

1.25 (1.04-1.51; 0.020)

2.23 (1.32-3.75; 0.003)

1.25 (1.05-1.50; 0.012)

T2

0.96 (0.13-6.97; 0.965)

1.38 (0.85-2.25; 0.192)

1.50 (0.81-2.77; 0.193)

1.17 (0.96-1.44; 0.128)

1.42 (0.09-2.54; 0.240)

1.19 (0.99-1.44; 0.068)

T3

2.06 (0.50-8.60; 0.320)

1.61 (1.03-2.51; 0.036)

2.25 (1.28-3.98; 0.005)

1.33 (1.08-1.65; 0.008)

2.20 (1.30-3.72; 0.003)

1.37 (1.13-1.66; 0.001)

T4

N/A

1.46 (0.79-2.71; 0.228)

3.00 (1.63-5.51; <0.001)

1.39 (1.08-1.80; 0.011)

2.56 (1.42-4.61; 0.002)

1.40 (1.11-1.77; 0.005)

T5

N/A

1.29 (0.74-2.25; 0.375)

1.76 (0.92-3.38; 0.089)

1.43 (1.13-1.82; 0.003)

1.56 (0.82-2.96; 0.171)

1.40 (1.13-1.75; 0.003)

Rounds

Abbreviations: CI: Confidence Intervals, LN: Natural log-transformed; OR: Odds Ratio.
*Models adjusted for: age, education, current body mass index (BMI), family history of lung cancer, personal history of cancer, chronic obstructive pulmonary
disease (COPD), number of cigarettes smoked per day, number of years smoked
† CA 125 results are divided into levels of abnormal (positive) ≥35 U/mL and normal (negative) <35 U/mL
N/A: CA 125 results did not resolve in the model due to 0 being in the denominator
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Figure 4. Odds ratio for lung cancer by dichotomous CA 125 results (positive/negative) by screening
rounds T0-T5 among individuals who never smoked

Figure 5. Odds ratio for lung cancer by LN CA 125 levels by screening rounds T0-T5 among individuals
who never smoked
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The interactions between smoking status and dichotomous CA 125 results (positive vs. negative)
and smoking status and continuous log transformed (LN) CA 125 levels for lung cancer were not
statistically significant (Table 11). Therefore, it can be concluded that smoking status does not affect
the association between lung cancer and CA 125.

Table 11. CA 125 (dichotomous and log transformed continuous) interaction with smoking status (individuals
who smoked vs individuals who never smoked) in multivariable* logistic regression for lung cancer
Screening

Smoking status by CA 125 results

Smoking status by LN CA 125 levels

Rounds

interaction term

interaction term

OR (95% CI; P-value)

OR (95% CI; P-value)

T0

0.86 (0.19-3.98; 0.845)

0.98 (0.60-1.59; 0.930)

T1

1.24 (0.27-5.66; 0.786)

0.96 (0.58-1.60; 0.890)

T2

1.65 (0.21-13.13; 0.636)

0.87 (0.51-1.47; 0.601)

T3

1.22 (0.26-5.61; 0.800)

0.86 (0.52-1.41; 0.548)

T4

N/A

1.02 (0.53-1.98; 0.944)

T5

N/A

1.17 (0.64-2.14; 0.605)

Abbreviations: CI: Confidence Intervals, LN: Natural log-transformed, OR: Odds Ratio.
*Models adjusted for: age, education, current body mass index (BMI), family history of lung cancer,
personal history of cancer, chronic obstructive pulmonary disease (COPD), number of cigarettes
smoked per day, number of years smoked
N/A: CA 125 results did not resolve in the model due to 0 being in the denominator
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4.4.4 Early Stage vs. Advanced Stage Lung Cancer among Total Study Sample
For dichotomous CA 125 results (positive vs. negative) and early-stage lung cancer, statistical
significance was found in screening rounds T0, T1, T3 and T4 (See Figure 6). For continuous log
transformed (LN) CA 125 levels and early-stage lung cancer, statistical significance was found in all
screening rounds (See Figure 7). For advanced stage lung cancer and dichotomous CA 125 results
(positive vs. negative), statistical significance was found among screening rounds T3 and T4 (See Table
12). Among continuous LN CA 125 levels and advanced stage lung cancer, statistical significance was
found among T3, T4 and T5 (See Table 13). Therefore, an important finding was that the biomarker CA
125 may be useful for early detection of lung cancer.

Figure 6. Odds ratio for lung cancer by dichotomous CA 125 results (positive/negative) by screening
rounds T0-T5 by early-stage lung cancer
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Figure 7. Odds ratio for lung cancer by LN CA 125 levels by screening rounds T0-T5 by early-stage lung
cancer

Table 12. Multivariable* logistic regression odds ratios for lung cancer and predictors CA 125
dichotomous† results by lung cancer stage, early vs advanced
Screening

Early stage‡ lung cancer

Advanced stage‡ lung cancer

Rounds
OR (95% CI; P-value)

n

LC

total

total

OR (95% CI; P-value)

n

LC

total

total

T0

1.96 (1.01-3.80; 0.047)

28,360

189

1.47 (0.59-3.64; 0.408)

28,446

275

T1

2.26 (1.16-4.40; 0.016)

27,033

177

2.13 (0.98-4.64; 0.057)

27,092

236

T2

1.74 (0.87-3.50; 0.118)

26,086

167

1.00 (0.36-2.73; 0.995)

26,134

215

T3

2.03 (1.00-4.10; 0.049)

24,937

148

2.40 (1.14-5.00; 0.021)

24,983

194

T4

2.52 (1.18-5.38; 0.017)

19,791

98

2.58 (1.09-6.10; 0.031)

19,821

128

T5

1.78 (0.80-3.89; 0.159)

21,822

124

1.26 (0.45-3.41; 0.654)

21,845

147

Abbreviations: CI: Confidence Intervals, LC: Lung Cancer, OR: Odds Ratio
*Models adjusted for age, education, current body mass index (BMI), family history of lung cancer, personal history of cancer, chronic
obstructive pulmonary disease (COPD), number of cigarettes smoked per day, number of years smoked
† CA 125 results are divided into levels of abnormal (positive) ≥35 U/mL and normal (negative) <35 U/mL
‡ Early-stage lung cancer includes stages 1, 1A, 1B, 2A, and 2B; Advanced stage lung cancer includes stages 3A, 3B and 4.
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Table 13. Multivariable* logistic regression odds ratios for lung cancer and predictors log
transformed continuous CA 125 levels by lung cancer stage, early vs advanced
Screening

Early stage† lung cancer

Advanced stage† lung cancer

Rounds
OR (95% CI; P-value)

n

LC

total

total

OR (95% CI; P-value)

n

LC

total

total

T0

1.31 (1.07-1.61; 0.010)

28,360

189

0.93 (0.71-1.21; 0.578)

28,446

275

T1

1.30 (1.04-1.63; 0.020)

27,033

177

1.19 (0.91-1.55; 0.202)

27,092

236

T2

1.29 (1.01-1.65; 0.042)

26,086

167

1.08 (0.81-1.43; 0.595)

26,134

215

T3

1.37 (1.05-1.77; 0.019)

24,937

148

1.40 (1.06-1.86; 0.019)

24,983

194

T4

1.38 (1.02-1.90; 0.040)

19,791

98

1.44 (0.02-2.04; 0.040)

19,821

128

T5

1.36 (1.01-1.82; 0.042)

21,822

124

1.46 (1.06-2.01; 0.019)

21,845

147

Abbreviations: CI: Confidence Intervals, LC: Lung cancer, OR: Odds Ratio
*Models adjusted for age, education, current body mass index (BMI), family history of lung cancer, personal history of
cancer, chronic obstructive pulmonary disease (COPD), number of cigarettes smoked per day, number of years smoked
†
Early-stage lung cancer includes stages 1, 1A, 1B, 2A, and 2B; Advanced stage lung cancer includes stages 3A, 3B and 4.
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4.4.5 Prediction Models
Year T3 was used to examine the sensitivity, specificity and ROC curves of CA 125 levels (See
Table 14). In the univariate logistic regression results for lung cancer~LN continuous CA 125 levels,
when the probability for positivity was set to P≥0.0135, the sensitivity was 78.39% (95% CI: 0.74-0.82),
specificity was 23.87% (95% CI: 0.23-0.24), the positive predictive value was 1.63%, and the negative
predictive value was 98.57%. The probability for positivity threshold was set to P≥0.0135 in order for
the study’s results to be comparable with another biomarker which will be mentioned later in the
Discussion chapter. The area under the curve (AUC) of the lung cancer prediction models with and
without CA 125 levels added was 0.8234 and 0.8225 respectively.
Table 14. Comparison of ROC curve of prediction models with and without CA 125
N total

ROC Curve Std. Error

95% CI

Model with CA 125 levels

24,471

0.8234

0.0115

0.80-0.85

Model without CA 125 levels

24,471

0.8225

0.0116

0.80-0.85

P-value

0.64

4.4.3 Exploratory Analysis
Table 15 summarizes the exploratory analysis of continuous log transformed (LN) CA 125 levels
and potential covariates using multivariable linear regression for screening round T3. In this study’s
exploratory analysis, the overall multivariable linear regression model between continuous LN CA 125
levels and covariates was statistically significant (P<0.001) (Table 15). Age, current BMI, family history
of lung cancer, personal history of cancer, COPD, number of years smoked, and smoking status were all
associated with continuous LN CA 125 (P<0.001) (Table 15).
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Table 15. Multivariable linear regression for LN CA 125 levels and potential covariates in screening round T3
Explanatory Variables
Age (years)
Current Body Mass Index (BMI) (kg/m2)
Number of cigarettes smoked per day
COPD, self-reported history of, yes vs no
Any type of cancer, self-reported personal, yes vs no

Beta Coefficient (95% Confidence Interval; P-value)
0.004 (0.003-0.006; <0.001)
-0.006 (-0.007- -0.005;<0.001)
0.0005 (0.00007- -0.001; 0.025)
0.097 (0.072-0.123; <0.001)
0.041(0.016-0.067; 0.001)

n total

24,824

P of overall model

<0.001

Adjusted R2

0.0093

Abbreviation: COPD: Chronic Obstructive Pulmonary Disease; GOF: Goodness-of-Fit test, LN: Natural log-transformed
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4.5 Assumption Checking
4.5.1 Independence of Errors
Observations were independent of one another in all models, participants were not entered more than
once.
4.5.2 Assessment of Non-Linear Associations
For all logistic regressions, possible non-linear associations were considered by conducting
multivariate fractional polynomial (MFP) analysis. Generally, there were no strong non-linear
associations found among the variables.
4.5.3 Assessment of Collinearity
Collinearity was evaluated with variance inflation factors (VIFs) and tolerance values (Table 16).
There was a mean VIF of 1.30. Tolerances were substantially greater than 0.1. The smallest tolerance
was 0.466. Since the VIFs for all explanatory variables were near 1.0 and were not above 10 (VIF cutoff), collinearity was not a major concern for the models.
4.5.4 Lack of Influential Outliers
As shown in Figure 8 and 9, influential outliers were inspected by plotting Pearson standardized
residual for the models. Influential outliers were not a cause of concern in the model.
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Table 16. Collinearity evaluation for model
Explanatory Variables
Age (years)
Education, self-reported level of
Current Body Mass Index (BMI) (kg/m2)
Lung cancer, self-reported family history of, yes vs no
Any type of cancer, self-reported personal, yes vs no
COPD, self-reported history of, yes vs no
How many cigarettes smoked per day
Number of years smoking
Mean VIF

Variance Inflation
Factors (VIF)
1.03
1.04
1.03
1.01
1.00
1.03
2.15
2.15
1.30

Tolerance
0.968
0.963
0.973
0.994
0.997
0.968
0.466
0.466

Figure 8. Inspection of influential observations with Pearson standardized residual in T3
dichotomous CA125 results model
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Figure 9. Inspection of influential observations with Pearson standardized residual in T3 log
transformed CA125 Levels model

4.6 Fit Diagnostics
The Hosmer-Lemshow Goodness-of Fit (GOF) test, Akaike information criterion (AIC), Bayesian
information criterion (BIC) and R2 or pseudo-R2 of intermediate analysis were evaluated to find optimal
models. AIC/BIC results for each model can be found in the supplementary tables (See Appendix). GOF
test results were statistically significant in dichotomous CA 125 results T0-T5 and continuous CA 125
levels T0 and T1. However, for T2-T5 for continuous CA 125 levels, GOF tests were not statistically
significant. Since this study has a large sample size, small trivial differences can be significant which can
make a model appear to lack goodness of fit. It is also possible that due to the inclusion of the
explanatory variable, COPD, the GOF test became statistically significant, in turn causing some of the
models to lack goodness of fit as well.
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CHAPTER 5 - DISCUSSION
This chapter will explore how this study builds upon previous literature on CA 125 and lung
cancer as well as the impact the study findings have on the potential uses of this biomarker in the early
detection of lung cancer, and in turn public health.
5.1 Main Findings
This study examined the relationship between CA 125 and lung cancer and the impact of
smoking status and lung cancer stage on this association. The main findings of this study include: i) CA
125 was significantly and independently associated with lung cancer; ii) CA 125 was found to be
associated with early-stage lung cancer; iii) there might be a relationship between CA 125 and lung
cancer in individuals who never smoked; and iv) there was an association between CA 125 and lung
cancer in individuals who smoked.
Age, family history of lung cancer, personal history of cancer, and smoking history all were
found to have an association with lung cancer, which aligns with research studies that include these
variables into lung cancer risk prediction models.92 Despite COPD not being statistically significant, it
was included in the model a priori, as it is a known risk factor for lung cancer and was statistically
significant in univariate analyses. In this study, when CA 125 was removed from the multivariable
logistic regression model predicting the outcome of lung cancer, COPD became statistically significant.
Once CA 125 was added back into the model, COPD became statistically non-significant. The study
results conclude that CA 125 has a stronger relationship to lung cancer than COPD.
Although the study objectives of previous literature are different compared to this study, the
general findings are consistent. Molina and colleagues demonstrated that high CA 125 levels were
found in adenocarcinomas and large cell lung cancer and could potentially be considered for lung
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cancer risk prediction.93 Wu and researchers also concluded that CA 125 had an association with lung
cancer. Wang and colleagues demonstrated that CA 125 was more useful in the diagnosis of NSCLC
compared to the biomarker, carcinoembryonic antigen (CEA).94 Moreover, Ying and colleagues
reported that when comparing CA 125 and CEA, only CA 125 was found to be an independent
predictive marker for prognosis in patients with NSCLC.95 96 This study adds further evidence for an
association between CA 125 and lung cancer.
5.1.1 Smoking Status, CA 125 and Lung Cancer
The relationship between smoking and lung cancer has been extensively investigated in
previous research.33 This study evaluated whether the association between CA 125 and lung cancer
differed between individuals who never smoked and individuals who smoked (currently or former). The
study found that an elevated CA 125 level was associated with a higher risk of lung cancer in individuals
who smoked. Currently, there is no literature for us to compare these findings to.
The association between CA 125 and lung cancer in individuals who never smoked was not
statistically significant in this study. Despite this association not being statistically significant, the
direction of effect, magnitude of effect and consistency among the results suggest that there could be
an association. Due to the current study not having enough statistical power to test this association,
future research should test the association between CA 125 and lung cancer in individuals who never
smoked using a larger study sample of individuals who never smoked and are diagnosed with lung
cancer. Currently, there is no literature for us to compare to this study’s findings.
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5.1.2 Early-stage Lung Cancer and CA 125
An important study finding was that CA 125 may be useful for early detection of lung cancer.
Although the study shows promising results, CA 125 did not have a large effect on this study’s lung
cancer prediction models. The AUC for the model including CA 125 was only 0.009 higher than when
CA 125 was excluded from the model. Which indicated that CA 125 is not a strong enough predictor to
be used solely in lung cancer screening. In the univariate lung cancer prediction model with CA 125,
when the probability for positivity was set to P≥0.0135, the sensitivity was 78.39% (95% CI: 0.74-0.82)
and the specificity was 23.87% (95% CI: 0.23-0.24). These findings were compared to another
promising lung cancer biomarker, pro-surfactant protein B.97 When it was solely examined in a
univariate model, pro-surfactant protein B, which when probability for positivity was set to P≥0.032,
had a sensitivity of 80.4%, and specificity of 40.1%.97 Similarly, to the findings of CA 125 and its
association with early stage lung cancer, pro surfactant protein B was found to be associated with early
stage lung cancer. 97 Since CA 125 is not a strong enough biomarker to be used alone to predict lung
cancer risk, future research should explore the combination of CA 125 and pro-surfactant protein B or
other high performing biomarkers in regards to early stage lung cancer prediction.
5.1.3 Sex Differences among CA 125
This study’s sample only included females, as the original use of CA 125 was for evaluating its
use for ovarian cancer screening. When we tested for the association between lung cancer~CA 125,
there were no sex-specific variables (such as ever used female hormones, history of breast disease or
age at menopause) that were statistically significant. Therefore, this study’s results suggest that female
sex-specific factors do not have an influence on the relationship between lung cancer~CA 125. For
studies that looked at lung cancer~CA 125 that included males and females, there were no results
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suggesting any differences in the association of lung cancer~CA 125 between male and female
participants.79,93,97,98
5.1.4 Exploratory Analysis
This study reported exploratory results between CA 125 and potential covariates. The results
suggested that age, smoking intensity, COPD and any personal history of cancer increase CA 125 levels.
In contrast, this study’s results found that BMI was found to decrease levels of CA 125. Currently, there
are only studies exploring the association between CA 125 and COPD. Bulut and colleagues suggested
that elevated levels of biomarkers such as CA 125 in participants with COPD may be related to the
severity of COPD.99 In Li et al.’s study on the correlation of CA 125 with pleural effusions and COPDrelated complications, the authors suggested that CA 125 levels were correlated with pulmonary heart
disease, acute exacerbations and pulmonary hypertension.100 Moreover, in a study by Fortun and
colleagues on the use of CA 125 to distinguish pulmonary tuberculosis from other pulmonary
infections, the study determined that CA 125 levels increased in patients with pulmonary tuberculosis
and declined to normal values during treatment.101 Therefore, this study’s findings add to previous
literature exploring the relationship between CA 125 and COPD. In part, it appears that CA 125 lies in
the causal pathway between COPD and lung cancer as the removal of CA 125 from our study model led
to a stronger association for COPD with lung cancer.
5.2 Impact on Public Health
Since we concluded that CA 125 is not a strong enough predictor to be used alone in lung
cancer screening, the next step would be exploring the potential of combining CA 125 with a panel of
other promising biomarkers that have demonstrated an association to lung cancer. In previous
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literature, CA 125 has most often been examined in combination with other promising biomarkers such
as carcinoembryonic antigen (CEA), cytokeratin 19 fragment (CYFRA21-1) and neuron-specific enolase
(NSE).95,96,102 In Wu et al.’s meta-analysis on the combined detection of CEA and CA 125 for the
diagnosis of lung cancer, researchers found that under ideal study circumstances, the combination of
CEA and CA 125 had a higher diagnostic efficiency for the detection of lung cancer than CEA detection
alone. In future research, it would be beneficial to reproduce this study on a larger scale to further
examine the impact of using various combinations of biomarkers (such as a study with CEA and CA 125
as mentioned earlier) dependent on age, sex and/or underlying lung conditions when screening for
lung cancer. If a panel of biomarkers was found to be favorable in lung cancer risk prediction, external
validations in various populations with a longitudinal study design would need to be conducted. If the
usage of CA 125 in a biomarker panel for lung cancer risk prediction was externally validated, it might
be useful to integrate this panel into a comprehensive lung cancer risk prediction model and test it in
large samples. The inclusion of the panel of biomarkers in the model must demonstrate better risk
prediction, than the original model for it to be considered for implementation for lung cancer
screening.
5.3 Limitations
There were several limitations to this study. First, males were not measured for CA 125 levels,
therefore the study findings are not applicable to the male population, see 5.1.3 for further discussion.
Second, the questionnaire responses were self-reported by the participants, which may have caused
misreporting bias. This type of bias could have happened at random and could have caused an
underestimation of the study results.
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The PLCO cancer screening trial sample used in this study was not representative of the general
population in the US. The participants of the PLCO cancer screening trial were found to be a part of a
higher socioeconomic status than the general population in the US and Canada.103 This sample had
better health outcomes and lower general mortality than the general population of similar
demographics.103 However, this study primarily focused on the biological aspects of CA 125 and its
association with lung cancer which is expected to be present in all socioeconomic status levels.
Therefore, sampling may not have been an important issue in the present study.
This study’s statistical analysis was not optimal as more sophisticated methods are available,
see “5.4 Future Directions” for further discussion. We did not assess the association between CA 125
and lung cancer by lung cancer histological type as the dataset had a large number of
adenocarcinomas, but a small sample of squamous cell carcinomas. Small sample sizes of different
tumours would have produced large confidence intervals causing us to be unable to draw a conclusion.
5.4 Strengths
This study has several strengths. The sample size and number of outcome events were
adequate to find statistically significant results regarding the relationship between CA 125 and lung
cancer. It also provided effect estimates with precise confidence intervals. Moreover, the prospective
longitudinal study design allowed for the clarity of temporal sequence, avoided selection bias at
enrollment through participant randomization and collected detailed information on multiple potential
confounders.
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5.5 Future Direction for CA 125 Research
Future research should explore time to diagnosis analysis to see whether CA 125 allows for
detection of lung cancer in a time-window when the cancer is at an early stage and treatment
probability of cure is high. Multi-level analysis or Cox proportional-hazards modelling is recommended
for future research. These types of analyses provide a look into the biological nature of change of CA
125 and could provide a better trajectory as to how often a CA 125 test needs to be done when
monitoring for lung cancer risk. Diagnosis of lung cancer as early as possible is vital as it improves the
chance of early intervention and treatment. If identified early, NSCLC has the possibility of surgical
resection and 5-year survival rates of 70-90%.104-106 Unfortunately, lung cancer symptoms usually occur
in patients when the lung cancer has advanced, and treatments are less effective against lung cancers
that have spread. Approximately 75% of unscreened patients have advanced stage lung cancer at the
time of symptomatic diagnosis.107 Therefore, it is imperative for the continuous development and
improvement of accurate biomarkers in lung cancer risk prediction for the detection of early stage lung
cancer, along with screening individuals who never smoked who would not originally qualify for
screening according to current eligibility criteria.
5.5 Conclusion
In conclusion, this study demonstrates that CA 125 is significantly and independently associated
with lung cancer and that CA 125 is associated with early-stage lung cancer. CA 125 is not a strong
enough independent predictor of lung cancer; however, it may be useful in a panel of complimentary
biomarkers. Future research is needed to explore whether a panel of complimentary biomarkers
including CA 125 may be a valuable addition to existing lung cancer risk prediction models and be
useful in guiding selection of individuals into lung cancer screening programs.
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Table 1S. Multivariable logistic regression for lung cancer and CA 125 results by screening round T0
Explanatory Variables

Odds Ratio (95% Confidence Interval; P-value)

CA 125 Results, positive vs negative

1.75 (1.01-3.02; 0.047)

Age (years)

1.05 (1.03-1.06; <0.001)

Education, self-reported level of,

0.94 (0.89-1.00; 0.051)
2

Current Body Mass Index (BMI) (kg/m )

0.96 (0.95-0.98; <0.001)

Lung cancer, self-reported family history of, yes vs no

1.09 (1.04- 1.15; <0.001)

Any type of cancer, self-reported personal, yes vs no

1.46 (1.09- 1.95; 0.011)

COPD, self-reported history of, yes vs no

1.22 (0.95-1.58; 0.120)

How many cigarettes smoked per day

1.02 (1.01-1.02; <0.001)

Number of years smoking

1.06 (1.05-1.07; <0.001)

n total

27,893

P of overall model

<0.001

Pseudo R2

0.1654

Abbreviation: COPD: Chronic Obstructive Pulmonary Disease

Table 2S. Multivariable logistic regression for lung cancer and CA 125 results by screening round T1
Explanatory Variables

Odds Ratio (95% Confidence Interval; P-value)

CA 125 Results, positive vs negative

2.23 (1.32-3.75; 0.003)

Age (years)

1.05 (1.03-1.06; <0.001)

Education, self-reported level of,

0.94 (0.89-1.01; 0.081)

Current Body Mass Index (BMI) (kg/m2)

0.97 (0.95-0.99; 0.001)

Lung cancer, self-reported family history of, yes vs no

1.09 (1.03-1.14; 0.001)

Any type of cancer, self-reported personal, yes vs no

1.53 (1.13-2.07; 0.006)

COPD, self-reported history of, yes vs no

1.17 (0.89-1.55; 0.264)

How many cigarettes smoked per day

1.02 (1.01-1.02; <0.001)

Number of years smoking

1.06 (1.05-1.07; <0.001)

n total

26,554

P of overall model
2

Pseudo R

<0.001
0.1614

Abbreviation: COPD: Chronic Obstructive Pulmonary Disease
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Table 3S. Multivariable Logistic Regression for lung cancer and CA 125 results by Screening Round T2
Explanatory Variables

Odds Ratio (95% Confidence Interval; P-value)

CA 125 Results, positive vs negative

1.42 (0.79-2.54; 0.240)

Age (years)

1.05 (1.03-1.07; <0.001)

Education, self-reported level of,

0.94 (0.88-1.00; 0.057)

Current Body Mass Index (BMI) (kg/m2)

0.98 (0.96-1.00; 0.033)

Lung cancer, self-reported family history of, yes vs no

1.10 (1.04-1.15; <0.001)

Any type of cancer, self-reported personal, yes vs no

1.54 (1.12-2.12; 0.008)

COPD, self-reported history of, yes vs no

1.25 (0.94-1.66; 0.127)

How many cigarettes smoked per day

1.02 (1.01-1.02; <0.001)

Number of years smoking

1.06 (1.05-1.07; <0.001)

n total

25,608

P of overall model

<0.001

Pseudo R2

0.1628

Abbreviation: COPD: Chronic Obstructive Pulmonary Disease

Table 4S. Multivariable logistic regression for lung cancer and CA 125 results by screening round T3
Explanatory Variables

Odds Ratio (95% Confidence Interval; P-value)

CA 125 Results, positive vs negative

2.20 (1.30-3.72; 0.003)

Age (years)

1.05 (1.03-1.07; <0.001)

Education, self-reported level of,

0.93 (0.87-1.00; 0.047)
2

Current Body Mass Index (BMI) (kg/m )

0.97 (0.95-0.99; 0.011)

Lung cancer, self-reported family history of, yes vs no

1.10 (1.04-1.16; 0.001)

Any type of cancer, self-reported personal, yes vs no

1.60 (1.15-2.21; 0.005)

COPD, self-reported history of, yes vs no

1.05 (0.76-1.44; 0.781)

How many cigarettes smoked per day

1.02 (1.01-1.02; <0.001)

Number of years smoking

1.06 (1.05-1.06; <0.001)

n total

24,471

P of overall model

<0.001

Pseudo R2

0.1544

Abbreviation: COPD: Chronic Obstructive Pulmonary Disease
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Table 5S. Multivariable logistic regression for lung cancer and CA 125 results by screening round T4
Explanatory Variables

Odds Ratio (95% Confidence Interval; P-value)

CA 125 Results, positive vs negative

2.56 (1.42-4.61; 0.002)

Age (years)

1.04 (1.02-1.07; <0.001)

Education, self-reported level of,

0.91 (0.84-1.00; 0.040)

Current Body Mass Index (BMI) (kg/m2)

0.97 (0.95-1.00; 0.023)

Lung cancer, self-reported family history of, yes vs no

1.07 (1.00-1.15; 0.065)

Any type of cancer, self-reported personal, yes vs no

1.65 (1.12-2.45; 0.012)

COPD, self-reported history of, yes vs no

1.24 (0.85-1.80; 0.263)

How many cigarettes smoked per day

1.02 (1.01-1.03; <0.001)

Number of years smoking

1.06 (1.05-1.07; <0.001)

n total

19,445

P of overall model

<0.001

Pseudo R2

0.1556

Abbreviation: COPD: Chronic Obstructive Pulmonary Disease

Table 6S. Multivariable logistic regression for lung cancer and CA 125 results by screening round T5
Explanatory Variables

Odds Ratio (95% Confidence Interval; P-value)

CA 125 Results, positive vs negative

1.56 (0.82-2.96; 0.171)

Age (years)

1.05 (1.02-1.07; <0.001)

Education, self-reported level of,

0.93 (0.86-1.00; 0.059)

Current Body Mass Index (BMI) (kg/m2)

0.97 (0.95-1.00; 0.026)

Lung cancer, self-reported family history of, yes vs no

1.09 (1.02-1.16; 0.007)

Any type of cancer, self-reported personal, yes vs no

1.06 (1.11-2.32; 0.012)

COPD, self-reported history of, yes vs no

1.18 (0.83-1.69; 0.355)

How many cigarettes smoked per day

1.02 (1.01-1.03; <0.001)

Number of years smoking

1.06 (1.05-1.06; <0.001)

n total

21,406

P of overall model

<0.001

Pseudo R2

0.4444

Abbreviation: COPD: Chronic Obstructive Pulmonary Disease
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Table 7S. Multivariable logistic regression for lung cancer and log transformed CA 125 levels by screening round T0

Explanatory Variables

Odds Ratio (95% Confidence Interval; P-value)

LN CA 125 Levels

1.14 (0.97-1.35; 0.113)

Age (years)

1.05 (1.03-1.06; <0.001)

Education, self-reported level of,

0.94 (0.89-1.00; 0.051)

Current Body Mass Index (BMI) (kg/m2)

0.96 (0.95-0.98; <0.001)

Lung cancer, self-reported family history of, yes vs no

1.09 (1.04-1.15; <0.001)

Any type of cancer, self-reported personal, yes vs no

1.45 (1.09-1.94; 0.012)

COPD, self-reported history of, yes vs no

1.22 (0.94-1.57; 0.132)

How many cigarettes smoked per day

1.02 (1.01-1.02; <0.001)

Number of years smoking

1.06 (1.05-1.07; <0.001)

n total

27,892

P of overall model

<0.001

Pseudo R2

0.1652

Abbreviation: COPD: Chronic Obstructive Pulmonary Disease

Table 8S. Multivariable logistic regression for lung cancer and log transformed CA 125 levels by screening round T1

Explanatory Variables

Odds Ratio (95% Confidence Interval; P-value)

LN CA 125 Levels

1.25 (1.05-1.49; 0.012)

Age (years)

1.04 (1.03-1.06; <0.001)

Education, self-reported level of,

0.94 (0.89-1.01; 0.075)
2

Current Body Mass Index (BMI) (kg/m )

0.97 (0.95-0.99; 0.001)

Lung cancer, self-reported family history of, yes vs no

1.09 (1.03-1.14; 0.001)

Any type of cancer, self-reported personal, yes vs no

1.54 (1.14-2.08; 0.005)

COPD, self-reported history of, yes vs no

1.16 (0.88-1.53; 0.298)

How many cigarettes smoked per day

1.01 (1.01-1.02; <0.001)

Number of years smoking

1.06 (1.05-1.07; <0.001)

n total

26,554

P of overall model

<0.001

Pseudo R2

0.1610

Abbreviation: COPD: Chronic Obstructive Pulmonary Disease
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Table 9S. Multivariable logistic regression for lung cancer and log transformed CA 125 levels by screening round T2

Explanatory Variables

Odds Ratio (95% Confidence Interval; P-value)

LN CA 125 Levels

1.19 (0.99-1.44; 0.068)

Age (years)

1.04 (1.03-1.06; <0.001)

Education, self-reported level of,

0.94 (0.88-1.00; 0.055)

Current Body Mass Index (BMI) (kg/m2)

0.98 (0.96-1.00; 0.037)

Lung cancer, self-reported family history of, yes vs no

1.09 (1.04-1.15; <0.001)

Any type of cancer, self-reported personal, yes vs no

1.54 (1.12-2.12; 0.008)

COPD, self-reported history of, yes vs no

1.23 (0.93-1.64; 0.150)

How many cigarettes smoked per day

1.02 (1.01-1.02; <0.001)

Number of years smoking

1.06 (1.05-1.07; <0.001)

n total

25,608

P of overall model

<0.001

Pseudo R2

0.1633

Abbreviation: COPD: Chronic Obstructive Pulmonary Disease

Table 10S. Multivariable logistic regression for lung cancer and log transformed CA 125 levels by screening round T3

Explanatory Variables

Odds Ratio (95% Confidence Interval; P-value)

LN CA 125 Levels

1.37 (1.13-1.67; <0.001)

Age (years)

1.05 (1.03-1.07; <0.001)

Education, self-reported level of,

0.93 (0.87-0.99; 0.042)

Current Body Mass Index (BMI) (kg/m2)

0.97 (0.95-1.00; 0.012)

Lung cancer, self-reported family history of, yes vs no

1.10 (1.04-1.16; <0.001)

Any type of cancer, self-reported personal, yes vs no

1.58 (1.14-2.19; 0.006)

COPD, self-reported history of, yes vs no

1.03 (0.75-1.43; 0.836)

How many cigarettes smoked per day

1.02 (1.01-1.02; <0.001)

Number of years smoking

1.06 (1.05-1.07; <0.001)

n total

24,471

P of overall model
2

Pseudo R

<0.001
0.1551

Abbreviation: COPD: Chronic Obstructive Pulmonary Disease
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Table 11S. Multivariable logistic regression for lung cancer and log transformed CA 125 levels by screening round T4

Explanatory Variables

Odds Ratio (95% Confidence Interval; P-value)

LN CA 125 Levels

1.40 (1.11-1.77; 0.005)

Age (years)

1.04 (1.02-1.07; 0.001)

Education, self-reported level of,

0.92 (0.84-1.00; 0.046)

Current Body Mass Index (BMI) (kg/m2)

0.97 (0.95-1.00; 0.029)

Lung cancer, self-reported family history of, yes vs no

1.07 (1.00-1.15; 0.051)

Any type of cancer, self-reported personal, yes vs no

1.65 (1.11-2.44; 0.013)

COPD, self-reported history of, yes vs no

1.23 (0.84-1.78; 0.287)

How many cigarettes smoked per day

1.02 (1.01-1.03; <0.001)

Number of years smoking

1.06 (1.05-1.07; <0.001)

n total

19,445

P of overall model

<0.001

Pseudo R2

0.1554

Abbreviation: COPD: Chronic Obstructive Pulmonary Disease

Table 12S. Multivariable logistic regression for lung cancer and log transformed CA 125 levels by screening round T5

Explanatory Variables

Odds Ratio (95% Confidence Interval; P-value)

LN CA 125 Levels

1.40 (1.13-1.75; 0.003)

Age (years)

1.04 (1.02-1.07; <0.001)

Education, self-reported level of,

0.93 (0.86-1.00; 0.06)
2

Current Body Mass Index (BMI) (kg/m )

0.97 (0.95-1.00; 0.04)

Lung cancer, self-reported family history of, yes vs no

1.09 (1.03-1.16; 0.006)

Any type of cancer, self-reported personal, yes vs no

1.60 (1.11-2.31; 0.012)

COPD, self-reported history of, yes vs no

1.16 (0.82-1.66; 0.402)

How many cigarettes smoked per day

1.02 (1.01-1.03; <0.001)

Number of years smoking

1.06 (1.05-1.06; <0.001)

n total

21,406

P of overall model

<0.001

Pseudo R2

0.1467

Abbreviation: COPD: Chronic Obstructive Pulmonary Disease
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