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Abstract

Background: Multiple Primary Tumor (MPT) development is an important consequence of oral
cancer and one of the leading causes of mortality among these patients. Patients with MPTs are
usually excluded from cancer registries analyses, which can lead to biased comparisons of survival

and clinical characteristics of patients.

Objectives: To identify the risk factors of MPT development in oral cancer patients and to

examine the survival rates of oral cancer patients with MPTs and its associated factors.

Methods: This retrospective cohort study included patients diagnosed with primary oral cancer
between 2005 and 2020 who were 18 years of age or older at diagnosis and lived in Alberta. Data
was obtained from the Alberta Cancer Registry database. The inclusion and exclusion criteria were
applied to filter the records. Patients were divided into two groups: 1) patients with primary oral
cancer (POC) who developed a second primary tumor, and 2) patients with primary oral cancer
who did not develop a second primary tumor. The records of the patients were then thoroughly
screened to identify the demographic and clinical variables for each patient. The outcome measure
was the survival status of oral cancer patients with MPTs. The collected data was analyzed using
SPSS software by using Pearson's Chi-square, Fischer's Exact, Kaplan-Meier curves and univariate

and multivariate regressions.,

Results: Of 3549 patients diagnosed with primary oral cancer during the study period, 513 patients
developed MPTs with an overall incidence of 14.5%. Among them, 82.8% (n= 425) were
diagnosed with one MPT, 15.5% (n=80) with two MPTs, and 1.5% (n=8) with three or more MPTs.
The mean (SD) age at first diagnosis was 61.0 (12.5) years. The majority of MPT tumors were

metachronous (78.0%) and the average time interval of development of MPT was 4.04+3.67 years.



Advanced age and average income between 45,000 — 75,000 were found to be predominant risk
factors to develop MPT in POC patients. However, the proportion of comorbid conditions was
significantly higher in MPT patients (52.0%) as compared to non-MPTs (40.02%).

MPTs were most prevalent in those with oral cavity cancer (OCC) as primary tumors, out of which
tongue (37.6%) was the most common site followed by floor of the mouth (21.9%). The most
common secondary tumor sites were oral region (31.8%) followed by lung/bronchus (19.1%) and
digestive system (12.3%). The mean duration from diagnosis to treatment in MPT patients was

slightly longer than that in non-MPT patients (2.27 vs 2.19 months, p value < 0.001).

The Kaplan-Meier survival analysis revealed a sharp decrease in survival rate of oral cancer
patients after developing MPTs (from 70% to 47%, p = 0.004). In the multivariate Cox-regression
analyses, age (>65-year), number of comorbid conditions, synchronous tumors, and MPT site
(digestive system) were found to be significantly associated with an increased risk of death. The
hazard of death was found more than twice in patients older than 65 with reference to the patients

who were 45 years or younger [HR; 2.9, CI; 1.9,3.7, p <0.001].

Conclusions: This study reported the occurrence of MPTs in patients with primary oral cancer and
their survival rate. Oral cancer patients with an advanced age and associated co-morbid conditions
were more likely to develop MPTs. Patients with MPTs had higher mortality rate than the non-
MPT patients. Age, BMI, number of comorbidities and MPT site including digestive system and
lungs were identified as independent prognostic factors. Long-term follow-ups and close
monitoring are necessary for oral cancer patients to diagnose the occurrence of MPTs in due time

to improve the prognosis of the disease.
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1 Chapter One: Introduction

In this chapter, I will briefly describe the definition, clinical staging, and prognosis of oral cancer.
I will then discuss the incidence of Multiple Primary Tumors (MPTs) in oral cancer patients, its
epidemiological characteristics, and ways of reporting MPTs. Next, I will present the problem

statement, followed by the research objectives.

1.1 Oral cancer

1.1.1 Definition

Squamous cell carcinoma (OSCC) is defined as a malignant tumor that originates in the stratified
squamous epithelium (Chow, 2020). It is the most common malignant tumor of the head and neck
region and accounts for approximately 90% of all malignancies in oral cavity (Chow, 2020). There
are multiple terms used interchangeably for oral cancer including, Oral Cavity Cancer (OCC),
Oropharyngeal Cancer (OPC), Oral Squamous Cell Carcinoma (OSCC), Oral Malignancy and

Oral Malignant Tumors.

Oral cancer (OC) itself is a broad term that includes two subcategories: Oral Cavity Cancer (OCC)
and Oropharyngeal Cancer (OPC). Anatomically, the boundary of oral cavity begins at the border
of the wet and dry mucosa of the upper and lower lips and extends to the anterior tonsillar pillars,
the circumvallate papilla and the junction of the hard and soft palate. The oral cavity comprises of
buccal mucosa, wet mucosal surfaces of the lips, dental alveolar structures, floor of mouth, oral
tongue, and hard palate. The oropharynx is defined by its boundary with the oral cavity anteriorly,

the extension of the soft palate to the posterior pharyngeal wall posteriorly superiorly, and the



plane of the hyoid inferiorly. The oropharynx includes the palatine tonsils, the base of the tongue
and lingual tonsils, and the lateral and posterior pharyngeal walls between the soft palate and hyoid
bone (Madani et al., 2014). In this study, oral cancer is defined according to the International
Classification of Disease for Oncology, third edition, in adherence to the 10th version (ICD-10)
including Topographical Codes-C00-C06, C09-C10 and C14: malignant neoplasm of oral cavity

and oropharynx.
1.1.2 Clinical staging

The American Joint Committee on Cancer (AJCC) based on the tumor, node, metastasis (TNM)
staging system facilitates the oncologists and clinicians to define the disease status and prognosis
of the disease and plan the treatment accordingly. The first edition of TNM classification was
published in 1977 and has been widely used since then with newer editions over the years' (Yarbro

et al., 1999). The three categories in TNM refers to:

T: Size of tumor and extent of spread into surrounding structures
N: Regional lymph node involvement.

M: Presence or absence of distant metastasis.

Based on the extension of the disease, the status of patient is staged as I, 11, III or IV. A recent
modification was made in the AJCC staging system by the AJCC Head and Neck Cancer task force
group, which took effect on January 1, 2018 and was published as the 8™ edition of AJCC staging

system (Lydiatt et al., 2018). The major modifications in the 8" edition include:

1. Incorporation of depth of invasion in the T category for oral cavity cancer.

2. Introduction of new staging system for Human papillomavirus positive (HPV+) OPC.



3. Addition of separate clinical and pathologic staging system for (HPV+) OPC.
4. Inclusion of extra nodal extension (ENE) in N staging for all head and neck cancers

except nasopharynx and high-risk HPV+OPC.
1.1.3 Incidence and prognosis

Oral cancer (OC) is a significant public health concern globally. It is the sixth most common cancer
in the world, with an annual incidence of approximately 300,000 reported cases, two-thirds of
them in the developing countries (Sung et al., 2021). It is expected that by 2035, there will be an
increase in number of OC cases from 300,000 to ~ 500,000 (+65%). It is more alarming that ~
115,000 OC cases currently diagnosed in an elderly population (<65 years) are expected to double
(+104%) in the next 20 years (Sung et al., 2021). Despite the decline in tobacco consumption and
decreasing incidence of other head and neck cancers, the incidence of oral cancer has increased
mainly due to an increase in HPV associated oropharyngeal cancers (Ang & Sturgis, 2012).
Patients with HPV positive OPC have been found to be younger and present clinically with an
advanced nodal stage; however, they respond favorably to the treatment and have better survival
rates than patients with HPV negative OC (Ang et al., 2010). According to the Canadian Cancer
Statistics Society, it is anticipated that in 2022 about 7,500 Canadians will be diagnosed with new
oral cancer cases, out of which 2,100 will die. Furthermore, it is also reported that more cases of
oral cancer are diagnosed every year than ovarian or cervical cancer, with an average 5-year

survival rate of 64% (Canadian Cancer Society, 2022a).

Out of all the provinces of Canada, Alberta is positioned as the fourth for oral cancer incidence
and related death prevalence (Canadian Cancer Society, 2022b). The previous studies conducted
in Alberta, reported 45.2% of OCC and 82.4% of OPC cases with 47.9% mortality rates (Badri et

al., 2021). The reasons for this low survival rate have been suggested to be due to late presentation
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of advanced disease and the risk of multiple primary tumour (MPT) development (Glicksman &

Fulton, 2013).(Cancer Centre, 2018)
1.2 Multiple Primary Tumors (MPT)

1.2.1 Definition

MPTs are defined as the second, third, fourth or even more primary tumors and are not the
residual/recurrent tumors (Zhai et al., 2018). At a molecular level, MPTs are independent tumors
and are not related to recurrences and metastasis of primary or index tumors. There are several
terms used interchangeably in the literature for MPTs including second primary cancer/tumor
(SPT) or secondary cancer, tertiary primary tumor, multiple primaries, or multiple primary cancer.
Different rules are used by registries to differentiate between primary cancer and those that are an
extension of an existing cancer. Over time, the definition of MPT has changed and therefore differs

in the literature.
1.2.2 Reporting

The two commonly used methods for reporting MPTs are 1) Surveillance Epidemiology and End
Results (SEER) program, which is mainly used by North American cancer registries, and 2)
International Association of Cancer Registries and International Agency for Research on Cancer
(IACR/TARC), which is mainly used internationally. To identify multiple primary tumors, SEER
considers histology, site, laterality and time since the diagnosis of the primary tumor (Surveillance
System Branch, 2012). To abstract a tumor as a multiple primary, there are following rules laid
out by SEER Head and Neck tumor board which were updated in September 2021 (National

Cancer Institute, 2021). According to the rules, multiple primaries are abstracted when:



a) There are separate tumors in any two of the following sites:

* Hard palate and/or soft palate and/or uvula

* Maxilla and mandible

* Maxillary sinus and/or ethmoid sinus and/or frontal sinus and/or sphenoid sinus

* Nasal cavity and middle ear

» Upper gum and lower gum

» Upper lip and lower lip

b) Separate tumors present in the sites with ICD-0 site codes that differ at the second CXxx
and/or third CxXx characters.

c) Separate tumors are on both right and left side of a paired site.

d) The patient has a subsequent tumor after being clinically disease free for 5 years from the
initial diagnosis.

e) The patient has separate tumors in oral cavity, oropharynx, nasal cavity, nasopharynx,
salivary glands, maxilla and mandible, ear, larynx and middle ear, pyriform sinus, larynx,

hypopharynx, trachea and parapharyngeal space.

For all the above rules, timing and histology of the tumor is irrelevant. However, IACR/IARC
registers only one tumor for an organ, irrespective of time; unless there are histological differences
("International rules for multiple primary cancers," 2005). Furthermore, the definition of MPTs
has also been documented by different authors and the most used in the literature is the one
proposed by Warren and Gates (Warren S, 1932). The criteria for diagnosis of multiple primary

tumors defined by Warren and Gates are as follows:

I.  Each tumor must be diagnosed as malignant histologically.



II.  Each tumor must be anatomically and histologically distinct and separated by
normal tissue (at least 2cm).
II.  The possibility of a second tumor representing metastasis from index tumor must

be excluded.

There are some controversies regarding the correct reporting of MPT. The Warren and Gates
criteria was later revised by Hong et al (Hong et al., 1990) which has been adopted by most of the
researchers. According to the clinical criteria proposed by Hong et al, when the two neoplastic
lesions show same histologic type, the lesion is defined as MPT if they are located at a distance
more than 2 cm from each other or if the second lesion occurred more than three years after the
index tumor. Controversies exist on the minimum distance between the two tumors. While Hong
et al proposed a 2 cm distance, Scholes et al (Scholes et al., 1998) proposed a 1.5 cm distance, and
Tabor et al (Tabor et al., 2002) a 3 cm distance between the two tumors. Leong et al on the other
hand, considered only temporal criteria (Leong et al., 1998). Although histopathological criteria
are the most reliable method for discriminating the lesions, most squamous cell carcinomas show

similar morphology.
1.2.3 Epidemiology/Incidence

The incidence of MPTs after the treatment of patients’ primary cancers have increased over the
past decades (Liu et al., 2013). There are multiple factors responsible for the increased frequency
of MPTs including improved diagnostic testing and screening of oral cancer patients along with
advanced treatment modalities (Hamadah et al., 2010). Population-based studies have documented
different incidence rates of MPTs in oral cancer patients, which has been reported from 3-21%

(Lubek & Clayman, 2012). The occurrence of a second primary tumor at a particular site is



associated with some risk factors. For example, patients who develop oral cancer due to betel nut
chewing, are more likely to develop a second primary tumor in their oral cavity (Warnakulasuriya
et al., 2003). However, there are patients who continue to develop second primary tumors without
any associated risk factors. The frequency of developing MPT increases as patients live longer and
survival improves. It has been estimated that 1 in 4 patients have a chance of developing a second

primary tumor (SPT) after treatment (Mariotto et al., 2014).

The relative risk for developing MPTs is greater in younger individuals with positive family
history and Caucasian ancestry, those who continue smoking and alcohol consumption after
therapy, and those who were treated with radiotherapy alone or treated after 1990 as compared to
those treated in earlier decades (Ferlay et al., 2013). According to a study conducted in Southern
England, it was estimated that by 20 years from the time of first head and neck cancer,
approximately 20% of female patients and 30% of male patients would develop MPT (Brands et
al., 2018). Long-term survival of patients with MPTs is not consistent and depends on the type of
cancer and the stage at diagnosis. The outcome is significantly influenced by co-morbidities,
genetic, environmental, and lifestyle factors. It has been reported that black patients have a lower
incidence of MPTs as well as a lower relative survival independent of cancer site and stage at

diagnosis (Coyte et al., 2014).

According to IARC 2020, an estimation of 476,125 new cases of oral cancer and 225,900
associated deaths were reported globally (World Health Organization, 2020). With this increasing
number of cases, the incidence of MPTs will also increase significantly. Therefore, follow-up for
oral cancer patients should be life long as the risk of developing a second primary increases as

survivorship from primary cancer increases (Brands et al., 2018).



1.2.4 Etiological factors

The factors associated with an increased risk of development of MPTs may include longer
survivorship from primary cancer, genetic predisposition to cancer, exposure to specific
environmental factors, and type of treatment for initial primary cancer (Coyte et al., 2014).
Different epidemiological studies have concluded that alcohol consumption and heavy smoking
are the most significant risk factors for development of multiple primary tumors with strong
association between cancers of the lung and upper aerodigestive tract (oral cavity, pharynx, larynx
and esophagus) (Blot et al., 1988; Hashibe et al., 2007). Due to this, the World Health Organization
(WHO) has also categorized alcohol and smoking as group 1 carcinogens for oral cavity, pharynx,
larynx and esophagus (Secretan et al., 2009). This is reflective of a phenomenon called ‘field
cancerization’(FC), in which some of the multiple patches of transformed cells in the respiratory

and urinary tract may evolve into second or more cancers (Slaughter et al., 1953).

The concept of field cancerization was first introduced in 1953 by Slaughter et al., reporting that
there are separate microinvasive islands of cancer in the surrounding mucosa of the oral tumors of
1 cm in diameter or less and that the linear extent of the disease is 10 times greater on the surface
epithelium than the depth of the lesion (Slaughter et al., 1953). There are different theories that
explain the concept of FC. One of them is polyclonal theory, which explains that various invasive
fields develop under the influence of carcinogenic agents (Slaughter et al., 1953). Other theories
explain the monoclonal concepts, which states that with the spread of dysplastic cells, new invasive
fields develop giving rise to MPTs (Bedi et al., 1996). FC entails that the tumors develop in a field
of pre-neoplastic cells that have an anaplastic tendency and do not develop as isolated tumors. This
predisposition leads to multifocal development of tumors at various rates within the field (Mohan

& Jagannathan, 2014). The mucosa with genetically altered but histologically normal cells show a



high-risk of malignant transformation and is referred as ‘condemned mucosa’. Due to field
cancerization, although the tumor is completely excised, MPTs still develop due to the presence
of genetically altered condemned mucosa. Clinically, the condemned mucosa shows premalignant
changes including leukoplakia and erythroplakia and may transform into cancer earlier as
compared to lesions in normal mucosa. Because of genetically altered cells present adjacent to the
surgical margins of condemned mucosa, the adjacent mucosa of multiple carcinomas should be

monitored closely to identify the occurrence of subsequent tumors (Mochizuki et al., 2015).

For patients with OSCC, this field cancerization tendency is supposed to extend as far as involving
lungs and esophagus (Heroiu Cataloiu et al., 2013). Because oral cavity, lungs and esophagus are
closely connected to each other, there is a similar pathway of exposure to the mucosa from the
environmental carcinogens. An experimental study investigated the relationship between head and
neck squamous cell carcinomas and secondary esophageal tumors by using 10 polymorphic
microsatellite markers, which showed that the tumors from the two lesions were not clonally
related. This further supports that the tumors from head and neck and esophageal mucosa are two

separate tumors rather than metastases (Califano et al., 1999).

It is evident that there are wide fields of genetic alterations in the mucosal epithelium of cancer
patients. It is not feasible to remove the entire mucosa with genetic alterations, but measures could
be taken to make the mucosa less sensitive to DNA alterations. Chemoprevention has been
proposed to prevent the occurrence of cancer after surgery. Chemical compounds including
retinoids have been widely studied and suggested to be used systemically or topically to retard the
tumor progression (Ha & Califano, 2003). However, the side effects and clinical efficacy of these

compounds are still being studied.



1.2.5 Types of MPTs

MPTs can be categorized as synchronous or metachronous, depending on the timing of diagnosis.
Synchronous lesions are those that are diagnosed simultaneously or within 6 months of the initial
lesion. However, metachronous lesions are those that are diagnosed after 6 months of the primary
lesion (Thomson, 2002). The genetic and molecular characteristics and behaviour of synchronous
tumors are known to be more aggressive as compared to metachronous tumors. It is also known
that synchronous tumors have a lower disease specific survival rate than metachronous tumors
(Mochizuki et al., 2015). Regular screening of oral cancer patients after receiving treatment is very
important because they are often overlooked, and therefore, they usually present with
metachronous lesions, which would require additional surgical treatments. It is important to
differentiate between synchronous and metachronous lesion since the prognosis differs between

each type of lesions.
1.2.6 Diagnosis

A patient treated for primary oral cancer has to go through several follow-up appointments over a
period of time to rule out recurrence. With the availability of new imaging techniques, namely
positron-emission tomography, computed tomography (PET-CT), and whole-body MRI, it is
possible to detect suspicious lesions that might have not been diagnosed with standard CT and/or
bone scintigraphy imaging techniques. According to a report, a series of 1912 patients who were
scanned with PET-CT imaging, 4.1% of patients were reported with suspicious lesions, out of

which, 1.2% were histologically confirmed as malignant (Ishimori et al., 2005).

Histological confirmation should be carried out in case of a suspected second primary. With the

advancement in imaging techniques, it is possible to detect the lesions and reach to an adequate
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diagnosis. It is very important that the tissue from primary cancer to be available in order to carry

out a comparison (Vogt et al., 2017).
1.2.7 Prognosis and survival

An overall poor prognosis and a significant decrease in 5-year survival rates from 69% to 32% has
been documented in patients with MPTs compared to patients without MPTs (Ellison, 2010). A
negative impact on survival in patients who developed MPTs, more specifically with synchronous
tumors, has been illustrated. A surprisingly good 5-year survival rate has been reported for patients
with metachronous tumors compared to synchronous tumors (85% vs. 25%). It is therefore
essential to perform regular screening within the first 6 months after treatment of index tumor to
improve the survival of an individual patient (Bugter et al., 2019). Moreover, the site of the SPT
also plays a significant role in the survival. Previous studies demonstrated that patients who
developed SPT in lungs and esophagus had significantly worse survival rates than patients who

had SPT in the head and neck region (Chen et al., 2010; Dequanter et al., 2011a).

According to a national study conducted in Canada, the impact of MPTs on 5-year relative survival
was found to be greatest for bladder cancer (age-standardized: -2.4%) followed by oral cancer (-

1.9%) (Statistics Canada, 2022).
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1.3 Problem Statement

Considering the significant impact of MPTs on the survival rate of oral cancer patients, it is
important to identify the risk factors for the development of MPTs to carry out required preventive
and diagnostic measures in due time. Therefore, the aim of this research is to address this
knowledge gap by examining a database of oral cancer patients who developed MPTs over a
period. The analysis will help inform the health care professionals about the group of patients who
are more at risk for developing MPTs and to carry out preventive strategies including close
monitoring and follow-up for patients treated for primary oral cancers. The data may help inform
both clinicians and patients about a more individualised approach to follow up based on the

perceived risk over time.

1.4 Objectives

The objectives of this study are:

1. To identify the risk factors of MPT development in oral cancer patients.
2. To examine the survival rates of oral cancer patients with MPTs and its associated

factors.
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2 Chapter Two: Materials and Methods

In this chapter, I will be describing the research method in detail. I will first explain the database
that was used to identify the study cohort. Next, I will outline my inclusion and exclusion criteria
and my approach of data extraction. I will also explain the criteria used for site localisation of
oral cancer and MPTs. At the end, I will describe the methods used to carry out the statistical

analysis.

2.1 Study population and ethics approval

This study was carried out after obtaining ethical approval from the Health Research Ethics
Board of Alberta Cancer Committee (HREBA.CC-17-0370) and the University of Alberta. We
retrospectively reviewed patients who were diagnosed with oral cancer (OCC and OPC) between
2005 and 2020 and the data was retrieved from the Alberta Cancer Registry (ACR) database. The
ACR is a population-based registry that maintains data on all new cancer diagnosis and deaths in
the province of Alberta and is certified by the North American Association of Central Cancer

Registries (NAACCR).
The following inclusion criteria were used to identify the patients charts from the database:

a) Patients with a diagnosis of primary oral cancer
b) Patients over the age of 18 years

c) Patients who were documented as Alberta residents at the time of cancer diagnosis.
Patient records were excluded if:

a) Patients were diagnosed with any other tumors prior to oral cancer,
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b) The tumors were not diagnosed as malignant histologically,

c) There was metastasis.

2.1.1 Data Extraction

Patient records were retrieved from the registry database and after being certified with the School
of Dentistry patient privacy training, access to patient records was granted. After the intensive
search, the patient charts that fulfilled the inclusion criteria were comprehensively studied. The
International Classification of Diseases for Oncology — third edition — ICD-O-3 coding was
utilized for the localization of oral cancer. The selection of these anatomic sites specific to OCC
and OPC was based on updated criteria presented at the 2018 American Society of Clinical

Oncology Annual Meeting (Table 2-1) (Cancer Centre, 2018).
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Table 2-1 International classification of diseases for oncology-third edition-ICD-0-3

Site ICD-0-3 codes
Oral Cavity Cancer (OCC) Subsites

Lip mucosa C00.3-C00.9
Oral tongue C02.0-C02.3, C02.8 and C02.9
Gum C03.0-C03.9
Floor of the mouth C04.0-C04.9
Palate C05.0-C05.9
Other and unspecified parts of the mouth C06.0-C06.9

Oropharyngeal Cancer (OPC) Subsites

Base of tongue CO01.9
Lingual tonsil C02.4
Tonsil C09.0-C09.9
Oropharynx C10.0-C10.9
Pharynx not otherwise specified C14.0
Waldeyer ring Cl4.2

After retrieving the data of patients with primary oral cancer, patients with multiple primary tumors
(MPT) were identified from the cohort. MPT was defined according to Warren and Gates criteria
(Warren S, 1932). Patients who developed second, third, fourth or even more primary tumors were
identified as patients with MPT. The SPT was therefore the first MPT. MPTs were categorized as
synchronous if diagnosed within 6 months from the index tumor and metachronous if diagnosed

after 6 months. The time interval between diagnosis of an index tumor and diagnosis of second
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primary tumor was analyzed in months. A summarized list of key terms used during data extraction

is enlisted in Table 2-2.

Table 2-2 Key terms used during data extraction

Key terms Definition

Oral Cancer (OC) Patients with oral malignancy following ICD-
0-3 topographical codes.

OC was subcategorized as oral cavity cancer
(OCC) and oropharyngeal cancer (OPC).

Primary Oral Cancer (POC) Patients with oral cancer as a primary tumor.
Also referred as index tumor.

Multiple Primary Tumor (MPT) Patients with 2™, 3™, 4™ or more malignant
tumors after primary oral cancer.

Second Primary Tumor (SPT) The tumor after occurrence of primary tumor.
It is also refereed as first (1°') MPT.

Metachronous tumors MPT diagnosed after 6 months of primary
tumor.

Synchronous tumors MPT diagnosed in the first 6 months after

primary tumor.

2.1.2 Measures

2.1.2.1 Sociodemographic Variables

Baseline demographics data were gathered from patients’ records. Sociodemographic measures
included sex (male vs female), age (<45, 45-65, >65), family annual income (<$45,000, 45,000-
75,000, > 75,000) and body mass index (BMI). The income data was based on the neighbourhood

where the patient resided and was obtained from Statistics Canada 2006 Census. Height and
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weight were used to calculate the BMI of the patients and was categorized using the WHO standard

which is reported as:

Underweight=< 18.5; normal weight= 18.5-24.9; overweight= 25-29.9; and obese=> 30

2.1.2.2 Clinical Characteristics

The clinical characteristics included site of POC (following ICD-0-3 topographical coding), site
of MPT (oral and elsewhere in the body), number of MPT (one, two, three, four), duration of
diagnosis from POC to MPT (synchronous or metachronous) co-morbidities (none, 1, 2, >2),
staging and type of treatment received. The assessed co-morbidities were categorized as
cardiovascular disease, cerebrovascular disease, COPD, diabetes, renal failure, and others, which
included paraplegia, dementia, liver failure, connective tissue disease, peptic ulcer and HIV. The
staging was categorized according to ajcc7 and ajcc8 system. The type of treatment received for
primary oral cancer was categorized into surgery, chemotherapy, radiation, immunotherapy,

combinations of these treatment and no treatment.

Patients were then divided into two groups:

1. Patients with primary oral cancer (POC) who developed a second primary tumor, and

2. Patients with primary oral cancer (POC) who did not develop a second primary tumor.

A comparative analysis was carried out to study the demographic and clinicopathological
characteristics of both groups. A regression analysis was carried out to find the association of the

risk factors with the MPT development.
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2.1.3 Outcome Variable

2.1.3.1 Survival

The vitality status of the oral cancer patients was recorded as alive and deceased. The date of
diagnosis of POC until the date of death was used to calculate the survival rate. The survival rate
was calculated using first primary cancer cases only and then after including second primary

cancers. The mortality rate was also calculated for the two groups. Variables recorded from each

patient chart are listed in Table 2-3.

Table 2-3 Patient chart parameters

Sociodemographic Clinical Characteristics Survival
Variables
Age Site of POC (OCC, OPC) Vitality status
Sex Number & site of MPT Survival rate
Income Duration from POC-MPT Mortality rate

Postal code (neighborhood)

Co-morbidities

Height & Weight (BMI)

Ajcc7 and Ajcc8 Staging

Type of Treatment
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2.2 Data Analysis

After retrieving the data, grouping was done to conduct statistical analysis. For objective one,
socio-demographic variables and clinical characteristics of MPT and non-MPT groups were
compared. Patients were divided into two main study groups: POC with MPT and POC without
MPT. Descriptive statistics for demographic and clinical characteristics for each group, as well as
overall, were computed. Categorical variables were summarized in frequency and percentages and
numerical variables were expressed as mean (SD) or median (IQR) for each group based on the
normality of data. The normality of data was examined using Kolmogorov-Smirnov test and P-
value <0.005 was considered significant to reject the hypothesis of normality of data. Comparisons
of demographic, clinical, and epidemiological characteristics were made between the MPT and
non-MPT patients. Chi-square test or Fisher Exact test were employed where appropriate for
categorical variables. For numerical variables, independent sample t-test or mann-whitney u test
were used based on the normality of the data. To determine the significant prognostic factors
associated with the development of MPT, binary logistic regression was used at univariate and
multivariate level. Factors found significant with a p< 0.25 were included in the final adjusted

model. In the final adjusted model, factors with p <0.005 was considered significant.

For objective two, the study endpoints consisted of 5, 10 and 15-year overall survival (OS) rates.
The OS was defined as the time from the diagnosis of POC until the date of death. Kaplan-Meier

Survival curves were plotted to estimate the overall survival of both MPT and non- MPT groups.

Unadjusted and adjusted hazard ratios were computed using cox proportional hazard models.
Univariate regression analyses were used to evaluate the potential risk factors. Factors found with

hazard ratio significant at p < 0.25 level were then included in the final adjusted model. By using
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the multivariate cox proportional hazard models, the hazard ratios of MPTs along with each
possible related factor was estimated by adjusting for possible confounding variables. Hazard
Ratio (HR) and 95% confidence intervals (CI) were used to present the risk of hazard of death.
Confidence Interval indicates that if this experiment was to be done multiple times, in 95% of
occasions the hazard risk values from this experiment would contain the actual value. P-value <
0.05 was considered as statistically significant. All the statistical analyses were performed using

statistical software SPSS version 22.
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3 Chapter Three: Results

In this chapter, I will be presenting my findings and illustrate them in tables and figures. I will
also be including my statistical analysis and reporting whether the results were significant or

insignificant accordingly based on p-values.

3.1 Descriptive Analyses

A total 0f 4,035 oral cancer patients were retrieved from Alberta Cancer Registry database between
2005 and 2020. Of all the patients, 3,549 patients were diagnosed with primary oral cancer. A total
of 513 (14.5%) patients developed MPTs (Figure 3-1). Of the 3,549 primary oral cancer patients,
71.8% were male and 28.2 % were female. The patients age ranged from 18-97 years, with a mean
(SD) age of 61 (12.5). The majority of the POC patients reported an average income of above
75,000 or 45,000-75,000 (46.5% and 44% respectively). The sociodemographic characteristics of

patients are presented in Table 3-1.
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Patients with oral cancer
n= 4,035

Patients with primary oral cancer
n= 3,549
Patients with MPT Patients without MPT
n=513 n=3,036

Figure 3-1 Flowchart of study participants

3.2 Comparative Analyses

3.2.1 Sociodemographic Characteristics

The comparative analyses showed no significant difference in the gender distribution between the
two groups (p = 0.360), with a stronger male predilection; 358(69.8%) and 2179(71.8%) for both
MPT and non MPT groups, respectively. The average age at first diagnosis for both MPT and non-
MPT patients was 61 years (61 £12.5, 61+11.7), with no significant differences between the two
groups (p =0.130). There was no significant difference reported in the BMI of the patients between

the groups (p=0.067). A significant difference in average income was found (p= 0.019) between
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MPT and non-MPT patients, with 47.2% of patients without MPT having a higher income of more
than $75,000, while 48.7% of patients with MPT reported to have an average income of $45,000-
75,000. No statistically significant differences in the number of MPT and non-MPT patients were

found by the geographical location of diagnosis (p = 0.730).

Table 3-1 Comparison of MPT and non-MPT patients by their demographic characteristics

Characteristics Without MPT MPT Total p-value
N=3,036 N=513 N=3,549

Gender 0.360
Male 2,179 (71.8%) 358 (69.8%) | 2,537 (71.5%)

Female 857 (28.2%) 155 (30.2%) [ 1,012 (28.5%)

Age at Diagnosis <0.001
<=45 Years 288 (9.5%) 19 (3.7%) 307 (8.7%)

46-65 Years 1,776 (58.5%) 305 (59.5%) | 2,081 (58.6%)
> 65 Years 972 (32.0%) 189 (36.8%) | 1,161 (32.7%)

Age at Diagnosis (Mean+ SD) 61+12.6 61+11.7 61£12.510 0.130

BMI (Body Mass Index) 0.067
underweight<18.5 124 (4.1%) 21 (4.1%) 145 (4.1%)
normal range <18.5-24.9 859 (28.3%) 172 (33.5%) | 1,031 (29.1%)
overweight 25-29.9 925 (30.5%) 161 (31.4%) | 1,086 (30.6%)

Obsess >=30 685 (22.6%) 131 (25.5%) | 816 (23.0%)
No Anthropometric data available® 443 (14.6%) 28 (5.5%) 471 (13.3%)

Average Income 0.019
<45,000 292 (9.6%) 40 (7.8%) 332 (9.4%)
45,000-75,000 1,310 (43.1%) 250 (48.7%) | 1,560 (44.0%)
>75,000 1,433 (47.2%) 216 (42.1%) [ 1,649 (46.5%)

No data available® 1 (0.0%) 7 (1.4%) 8 (0.2%)

Diagnosis Location 0.730

Southern Alberta 229 (7.5%) 44 (8.6%) 273 (7.7%)
Calgary 1,147 (37.8%) 184 (35.9%) | 1,331 (37.5%)
Central Alberta 384 (12.6%) 69 (13.5%) | 453 (12.8%)
Edmonton 959 (31.6%) 157 (30.6%) | 1,116 (31.4%)
Northern Alberta 317 (10.4%) 54 (10.5%) 371 (10.5%)

No data available® 0 (0.0%) 5 (1.0%) 5 (0.1%)

chi-square test or Fisher Exact test were used whichever was appropriate.

 Category for No Data Available was not considered while applying chi-square or Fisher Exact Test.
BMI: Body Mass Index

MPT: Multiple Primary Tumor
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3.2.2 Clinical Characteristics

3.2.2.1 Occurrence of MPTs

Out of 513 MPT patients, 82.8% (n=425) were diagnosed with one SPT, 15.6% (n=80) with two
MPTs and 1.6% (n=8) with more than two MPTs (Figure 3-2). It was observed that 77.9% of the
MPTs were metachronous and 22.03% were synchronous (Figure 3-3). The average duration until

occurrence of MPT was 4.2+3.8 years after the occurrence of POC.

Number of MPTs

100.0%

82.80%

80.0%
60.0%

40.0%
15.60%

- 1.60%

1SPT 2 MPT >2 MPTs

20.0%

0.0%

B Number of MPTs

Figure 3-2 Number of MPTs
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Duration from POC

77.97%

Metachronous = Synchronous

Figure 3-3 Distribution of metachronous and synchronous tumors

3.2.2.2 Site Distribution

Of 3,549 primary oral cancer patients, 1,712 (48.2%) were classified as OCC, while 1837 (51.8%)
were classified as OPC. The proportion of POC patients with OCC who later developed MPTs
(53.4%) was found to be slightly higher than OPC patients who developed MPTs (46.6%). Of the
primary OCC subsites in the study, tongue tumors (37.6%) showed a higher probability of
developing MPTs followed by floor of mouth (21.9%). Of the primary OPC subsites in the study,
tonsil (48.7%) was the most predominant site to develop MPTs followed by base of tongue

(37.6%).

The most common site for development of MPT was oral region (31.8%) followed by
lung/bronchus (19.1%), digestive system (12.3%) and head & neck sites other than oral region
(11.3%). A similar pattern was observed for 3™, 4" and 5™ primary tumors. Sites and distribution

of tumors are presented in Table 3-2 and Table 3-3.
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Table 3-2 Subsites of primary oral cancer tumors developing MPTs

Type of Oral Cancer Without MPT MPT Total p-value
N=3,036 N=513 N=3,549
ocCcC 1,438 (47.4%) 274 (53.4%) 1,712 (48.2%) | 0.002
Floor of mouth 185 (12.9%) 60 (21.9%) 245 (14.3%)
Gum 132 (9.2%) 31 (11.3%) 163 (9.5%)
Lip 49 (3.4%) 9 (3.3%) 58 (3.4%)
Mouth, other & unspecified 236 (16.4%) 49 (17.8%) 285 (16.7%)
Palate 136 (9.5%) 22 (8.0%) 158 (9.2%)
Tongue, other & unspecified 700 (48.7%) 103(37.6%) 803 (47.0%)
OPC 1,598 (52.6%) 239 (46.6%) 1,837 (51.8%) | 0.011
Base of Tongue 591 (37.0%) 90 (37.6%) 681 (37.0%)
Lip, .Oral Cavity & Pharynx, other & 28 (1.8%) 4 (1.8%) 32 (1.7%)
unspecified
Oropharynx 201 (12.6%) 28 (11.7%) 229 (12.5%)
Tonsil 778 (48.7%) 117 (48.7%) 895 (48.7%)
Table 3-3 Distribution of 2nd, 3rd, 4th and 5th primary tumor or MPTs by site
Second Primary | Third Primary Pﬁ_‘;;‘:?y Fifth Primary
Sites Tumor Tumor Tumor
Tumor
N % N % N % N %
Oral cancer 163 31.8 27 33.8 3 50.0
H&N 58 11.3 8 10.0
Digestive system 63 12.3 8 10.0
Lung/ bronchus 98 19.1 22 27.5 1 16.7 1 50.0
Breast 10 1.9 1 1.25
Female genital 4 0.8
Male genital 42 8.2 3 3.8 1 16.7
Urinary system 20 3.9 1 1.3 1 16.7
Lymphatic/hematopoietic 31 6.0 6 7.5
Skin 7 1.4 1 1.3
Other 10 2.0 1 50.0
Unknown primary 7 1.4 3 3.8
Total 513 100 80 100 6 100 2 100

26




3.2.2.3 History of medical conditions

The proportion of any comorbid condition was found to be higher in MPT patients (51.0%) as
compared to non-MPT patients (40.0%) as illustrated in Figure 3-4. The most prevalent and
statistically significant comorbid conditions in MPT patients were chronic obstructive pulmonary
disease (24.6%, p < 0.001)), diabetes (18.7%, p < 0.001)) and cardiovascular disease (11.5%, p =

0.040) as depicted in Table 3-4.

Comorbid conditions

120.0%

100.0%

80.0% 46.20%
. (]

60.0%

30%
40.0% °

56.30%
20.0% 14.80%
0 24.60% 6.20%
8.90% 6.50%

0.0%
None 1 2 >2

Non-MPT MPT

Figure 3-4 Incidence of co-morbid conditions in MPT and non-MPT patients
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Table 3-4 Co-morbidities in MPT and non-MPT patients

Without MPT MPT Total
Medical Conditions p-value
N=3,036 N=513 N=3,549
Cardiovascular disease 254 (8.4%) 59 (11.5%) 313 (8.8%) 0.040
Diabetes 406 (13.4%) 96 (18.7%) 502 (14.1%) 0.004
Renal failure 119 (3.9%) 22 (4.3%) 141 (4.0%) 0.560
COPD 458 (15.1%) 126 (24.6%) 603 (16.6%) <0.001
Cerebrovascular disease 281 (9.3%) 41 (8.0%) 322 (9.1%) 0.370
Other 167 (5.5%) 26 (5.1%) 193 (5.4%) 0.540

p-value using Chi-square test

3.2.2.4 Treatment Modalities

There was no significant difference between the type of treatment received for primary oral cancer

and development of MPT (p=0.22). Surgery alone (57.0%) was the most common type of treatment

seen in the entire cohort followed by chemotherapy-+radiotherapy for both MPT and non-MPT

patients, accounting for 20.5% and 20.1%, respectively (Figure 3-5). Most patients received their

first treatments within three months after being diagnosed with primary oral cancer (58.1%).

However, the mean duration from diagnosis to treatment was slightly higher for MPT patients as

compared to non-MPT patients (2.27 vs. 2.19 months, p = 0.090)
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Figure 3-5 Treatment modalities for primary oral cancer patients who developed MPTs

3.2.2.5 Staging of Oral Cancer

29

0.7% 0.7%

o
&

o&

According to ajcc7 tumor classification, the majority of POC patients were diagnosed at stage [V

regardless of developing or not developing MPT (51.6% and 61% respectively). According to



ajcc8 tumor classification, no significant difference was found between the two groups (p =

0.535).

Table 3-5 Pathological Staging of Oral Cancer

Cancer Stage Without MPT MPT p-value
N=3,036 N=513
Staging Ajcc7 0.005
I 315 (12.9%) 80 (17.2%)
I 178 (7.3%) 41 (8.8%)
11 212 (8.7%) 48 (10.3%)
v 1,482 (61.0%) 240 (51.6%)
UNK 241 (9.9%) 56 (12.0%)
Staging Ajcc8 0.535
I 177 (29.1%) 14 (29.2%)
11 86 (14.1%) 10 (20.8%)
11 90 (14.8%) 9 (18.7%)
v 130 (21.3%) 7 (14.6%)
UNK 125 (20.5%) 8 (16.7%)

3.3 Regression Analysis

The univariate analysis identified the following factors to be significantly associated with an
increased risk of MPT development: age > 45 years (p < 0.001), average income between 45,000
— 75,000 (p = 0.019), POC with 2 co-morbid conditions (p < 0.001) including cardiovascular
disease (p = 0.022), diabetes (p < 0.001) and COPD (p < 0.001) and increasing duration from
diagnosis to treatment (p < 0.001). However, stage IV POC was found to be inversely associated

with the development of MPT (p = 0.048).

After including the potential significant risk factors from univariate analysis in the multivariate
model, all these variables retained their independent prognostic significance in the multivariate

model (Table 3-6).
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Table 3-6 Risk factors associated with MPT development

Variable Risk Ratio P-value Adjusted Risk P-value
(95% CI) Ratio (95% CI)

Age at Diagnosis

46-65 Years 2.4(1.5-3.7) <0.001 2.3(1.4-3.9) <0.001

> 65 Years 2.6(1.7-4.1) <0.001 2.4(1.4-4) <0.001
Average Income

45,000-75,000 1.2(1-1.4) 0.019 1.2(1-1.4) 0.051
Comorbid
Conditions
1 1.4(1.2-1.7) <0.001
2 1.8(1.4-2.3) <0.001 1.4(0.3-1.8) 0.005
Cardiovascular 0.056
disease 1.3(1-1.7) 0.022 1.4(1-1.9)
Diabetes 1.4(1.1-1.7) <0.001 1.4(1.1-1.9) 0.009
COPD 1.6(1.4-2) <0.001 1.7(1.3-2.1) <0.001
Duration
Diagnosis to
Treatment
3-6 Months 2.4(1.8-3.3) <0.001 3.7(2.1-6.7) <0.001
6-12 Months 2.6(1.8-3.6) <0.001 3.8(2.1-7) <0.001
Cancer Stage
v 0.68(0.6-1) 0.048 0.8(0.6-1) 0.048

3.4 Survival Analysis

Out of 3,549 oral cancer patients, 1,963 (55.3%) patients survived, and 1,586 (44.7%) patients died.
In the entire cohort, 5-year disease specific survival rate (DSS) was 71%. The mean (SD) years of
survival for MPT patients was 5.7 (3.8) years as compared to 3.0 (4.7) years in non-MPT patients.
However, the 5- year DSS rate was found to be approximately similar in both MPT and non-MPT

patients (71% vs. 70%, p < 0.260; Figure 3-6).

31



3.4.1 Kaplan-Meier Analyses

Kaplan-Meier analysis showed that patients whose survival time was longer than 5 years had a
sharp decrease in 5-year DSS if they developed MPT (from 70% to 47%, p = 0.004; Figure 3-6).
Furthermore, patients with MPT located in the oral region had better DSS than MPT located in
digestive system (oral vs. digestive system: 68% vs. 52%, p = 0.001; Figure 3-8). We further
analyzed the prognosis of MPT patients with synchronous and metachronous tumors. Interestingly,
we found out that MPT patients with metachronous tumors had significantly higher survival rate

than synchronous tumors (75% vs. 45%, p < 0.001; Figure 3-9).

Disease Specific Survival Function for Patients With and Without MPT
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Figure 3-6 Survival curves of MPT and non-MPT patients
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Survival Function by the Site oF 1st MPT
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Figure 3-7 Survival analysis by site of MPT
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Survival Function by Duration to 1st MPT
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Figure 3-8 Survival by duration to 1st MPT

3.4.2 Cox regression model

To further investigate the high-risk factors for poor prognosis of MPT patients, the baseline data

served as covariates and were analyzed using Cox regression hazard models.
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3.4.2.1 Univariate Analysis

The univariate analysis showed that patients with demographic characteristics including age above
45 years (p <0.001), BMI < 18.5 (p <0.001), income below 75,000 (p < 0.001) were significantly
associated with high risk of death. The hazard of death was found to be 2-fold higher in patients
older than 65 years with reference to the patients of the age < 45 years [HR; 2.9, CI; 1.9-3.7,p <
0.001]. In addition, the increasing number of comorbid conditions was also found to be
significantly associated with increasing hazard of death. The hazard ratio for each comorbid
condition was separately determined and it showed that comorbidities such as COPD, diabetes,
cardiovascular disease and renal failure were found to be significantly associated with an increased
risk of death at univariate analysis. Furthermore, synchronous tumors (p <0.001), site of primary
oral cancer (p = 0.002) and site of 1% MPT (p < 0.001) were high risk prognostic factors for DSS
of MPT patients. The hazard ratio of MPT cancer stage III and IV were found to be significantly
higher and reported as [HR; 1.9, CI; 1.1-3.3, p = 0.027] & [HR; 2.3, CI; 1.5-3.7, p < 0.001]

respectively, as depicted in Table 3-5.

3.4.2.2 Multivariate analysis

A further multivariate analysis showed that age above 45 years and BMI < 18.5 remained
significant prognostic factors for fatal outcome. Patients who had more than two comorbid
conditions along with MPT had a three-fold increased risk of death compared to those who did not
have any comorbid conditions [HR; 4.3, CI; 0.9-20.8, p = 0.048]. Similarly, patients with
synchronous tumors remained more susceptible to death as compared to patients with

metachronous tumors [HR; 2.6, CI; 1.7-4.1, p <0.001]. None of the POC site remained significant
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in multivariate model for the prediction hazard associated with MPT. However, only digestive

system as MPT site remained significant in multivariate model [HR; 2.1, CI; 1.3-3.5, p = 0.040].

Additionally, Stage IIT and IV of MPT Cancer also remained highly significant as the predictor of

death with hazard ratios [HR; 2.1, CI; 1.09-3.9, p = 0.025] and [HR; 2.6, CI; 1.5-4.3, p < 0.001]

respectively, as demonstrated in 7able 3-7.

Table 3-7 High risk factors for disease specific survival among POC patients who developed

MPTs
Variable Hazard Ratio 95% CI p-value ?91-;1;) CI) p-value
Age at Diagnosis

46-65 Years 1.8 1.3-2.5 <0.001 1.6 (1.2-2.2) <0.001

> 65 Years 3.2 2.4-44 <0.001 2.9(1.9-3.7) <0.001
BMI

underweight<18.5 2.5 1.8-3.6 <0.001 2.2(1.2-2.9) <0.001
normal range <18.5-24.9 1.6 1.2-2.0 0.001
Average Income

<45,000 1.8 1.5-2.3 <0.001

45,000-75,000 1.4 1.2-1.6 <0.001
Number of Comorbid Conditions

1 1.7 1.4-1.9 <0.001

2 2.1 1.7-2.5 <0.001 2.3 (1.6-3.3) 0.021
>2 2.2 2.7-4.1 <0.001 3.2(1.8-5.3) 0.048
COPD 2.0 (1.7-23 <0.001
Duration to MPT
Synchronous vs. Metachronous 3.1 2.3-4.2 <0.001 2.6(1.7-4.1) <0.001
Site of Primary Oral Cancer
Base of Tongue 2.1 1.4-4.7 0.002
Oropharynx 2.7 1.3-23 0.004
Tonsil 1.3 0.6-2.3 0.028
Site of 1st MPT
Digestive system 2.1 1.2-3.5 0.003 2.1(1.3-3.6) 0.048
Lung/bronchus 2.0 1.3-3.1 0.001
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Cancer Stage

11 1.9 1.1-3.3 0.027 2.07(1.09-3.9) | 0.025
v 23 1.5-3.7 <0.001 2.6(1.5-4.3) <0.001
UNK 1.9 1.1-3.2 0.016 2.5(1.3-4.6) 0.003

3.5 Summary of the Results

v A total of 513 patients developed MPTs with an incidence rate of 14.5%. Among them,

82.8% were diagnosed with one MPT, 15.6% with two MPTs and 1.6% with more than
two MPTs with oral region as the most prevalent site.

The average duration until occurrence of 1 MPT was 4.2 years after occurrence of POC.

77.97% of MPTs were metachronous tumors and 22.03% were identified as synchronous.
POC patients with OCC compared to OPC had a higher probability of developing MPT.
The most common site for MPT development was the oral region followed by lungs and
digestive system.

Oral cancer patients with COPD, diabetes and cardiovascular disease were found to
develop more MPTs.

Advanced age, average income, co-morbidities including COPD, diabetes and
cardiovascular disease and increased duration from diagnosis to treatment were found to
be potential risk factors for MPT development in POC patients.

Survival analysis depicted that oral cancer patients who survived more than 5 years showed
a sharp decrease in survival rate if they developed MPTs (from 70% to 47%). DSS was
worse for patients with synchronous tumors, age >45 years, BMI <18.5, >2 co-morbid

conditions and stage III and IV oral cancer.
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4 Chapter Four: Discussion

In this chapter, I will be analyzing, interpreting, and discussing my findings and relating it with
the other studies. I will also explain the significance of the results and citing relevant resources to

place them in the context.

This retrospective population-based study was the first study focusing on MPTs in oral cancer
patients in Alberta and included not only the oral cavity, but other distant sites. The objective of
the present study was to investigate the sociodemographic and clinicopathological characteristics
of oral cancer patients with and without MPTs and their associations with survival rate. Data from
this study showed that oral cancer patients with MPTs had a poor disease specific survival rate and

20% higher mortality rate than non-MPT patients.

4.1 Study Population

The retrospective chart analysis revealed that out of 3,549 OC patients reviewed, 513 (14.5%)
patients developed MPTs. The incidence of MPTs in previous studies has been reported from 11
to as high as 27% retrieved from different population databases, which is comparable to this study
(Ko et al., 2016; Lai et al., 2013; Lubek & Clayman, 2012; Rennemo et al., 2010). We identified
that the majority of the patients in our study developed one SPT (82.8%) with an average duration
of 4.04 years after the occurrence of primary oral cancer. This finding is similar to the previous
studies that reported an average duration of 4.5 and 4.7 years until the development of MPTs (Feng
et al., 2017; Rogers et al., 2019). It is apparent that the patients at risk may develop secondary

tumors long after the presentation of primary tumors, thus supporting the significance of long-term
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follow-up and continuous monitoring even after treatment to improve the prognosis of the disease.

(Mochizuki et al., 2015).

4.2 Socio-demographic Characteristics

A comparative analysis between MPT and non-MPT patients was carried out to study if any
relation existed between development of MPT and the sociodemographic factors. While no
significant association was found between gender and development of MPT, a stronger male
predilection was seen in both groups with a mean age of 61 years. This finding is consistent with
other reports in the literature (Choi & Thomson, 2020). However, there are other studies
documented from USA population database reporting older females to be more affected with
multiple primaries. This could be due to smaller number of patients in the studies (20 and 40

individuals, respectively) (Qaisi et al., 2014; Wiseman et al., 2003).

Among other sociodemographic characteristics that were considered, advanced age and average
income were found to be potential risk factors associated with the development of MPT. Since the
incidence of cancer increases with age, it was not surprising to see a positive association between

increasing age and MPT development.

4.3 Clinico-pathologic features

In this study, among all the different primary subsites of oral cavity, higher number of MPTs were
seen in patients with tongue and tonsil tumors. Moreover, MPTs were found to be predominant in
the oral region involving tongue and floor of the mouth, accounting for the common clinical
presentation followed by lungs and digestive system. These findings may have supported the

concept of ‘field cancerization’ which explains that the susceptibility to cancer in the regional

39



sites, most probably due to environmental carcinogens (Jovanoic et al., 1994). Previous studies
have reported smoking and/or drinking alcohol increases the development of MPT, by 25 times or
higher, indicating that patients exposed to these host factors may be more vulnerable (Schantz et
al., 1990). However, there are studies that have found little or no relation between smoking or
alcohol and MPT development. Mochizuki et al. reported that MPTs were more frequently
observed in non-smokers, suggesting a genetic or other underlying association (Mochizuki et al.,
2015). Due to limited information related to smoking and alcohol habits in patients’ charts in the
registry, the causal relationship could not be established in this study and the question of personal

habits needs to be further clarified in future studies.

The findings showed that the entire cohort belonged to an advanced stage of POC. Stage IV was
found to be the most predominant type of stage at the time of POC diagnosis. The regression
analysis showed stage IV to be inversely associated with MPT development. This could be due to
poor survival of oral cancer patients with an advanced stage of the disease and therefore not leading

to further tumor development.

Furthermore, this study showed a positive correlation between development of MPTs and existing
co-morbid conditions including COPD and diabetes. Different epidemiological and clinical studies
have reported a correlation between increased incidence of oral cancer and diabetes mellitus
(Giovannucci et al., 2010). It has been suggested that long-term exposure to high glucose
concentrations predisposes to upregulation of oncogenic pathways leading to malignancy (Vander
Heiden et al., 2009). The experimental studies on mice also supported that diabetes mellitus
facilitated oral tumorigenesis due to various underlying cellular and molecular mechanisms

(Vairaktaris et al., 2007). It is therefore important that oral cancer patients who also have an
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associated co-morbid condition specifically diabetes mellitus, should be closely monitored to

diagnose development of any secondary tumors in due time.

In our study, no significant association was found between the type of treatment received for
primary oral cancer and development of MPT. Surgery alone was the most common type of
treatment recorded in the entire cohort followed by chemotherapy-+radiotherapy for both non-MPT
and MPT patients. These results are consistent with another study showing that surgery alone was
carried out in 65% of the cases followed by the chemotherapy+radiotherapy regime (Mochizuki et
al., 2015). Kramer et al in his study also reported that more than 50% of all examined patients
were treated by surgery only (Kramer et al., 2004). Although, surgery is the most common type of
treatment for oral cancer patients, the significance of including negative surgical margins is less
important in preventing development of MPTs (Gonzalez-Garcia et al., 2009; Tabor et al., 2001).
This further supports the concept of field cancerization of oral mucosa, in that even after complete
excision of the primary tumor, new multiple primary carcinomas may develop in the condemned
mucosa due to genetically altered epithelial cells distant from the surgical site (van Houten et al.,

2004).

4.4 Clinical Outcome

In this study, the five-year survival rate for MPT patients was 71% as compared to non-MPT
patients (70%). The approximately similar survival rate in MPT and non-MPT patients could be
due to the measurement of survival years from the primary oral cancer. We, therefore, conducted
the survival analysis for MPT patients separately to determine the survival time after developing
second primary tumor. We found a comparatively lower survival rate of 45% in MPT patients. We

also found out that oral cancer patients who had a survival rate longer than 5 years, showed a sharp
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decrease in DSS after developing MPTs. Similarly, a significant decrease has been reported in the
survival rate after developing MPTs in oral cancer patients by other studies. It is well documented
that patients who develop MPTs have increased morbidity and mortality rates (Cianfriglia et al.,
1999; Ellison, 2010; Mochizuki et al., 2015). It has been suggested that the reduced survival of
patients with MPTs could be due to challenges in diagnosing and treating an additional malignancy

due to scar formation from the previous surgical treatment of POC (Kramer et al., 2004).

To study the prognostic factors for poor DSS, we ran a regression analysis. Our results showed
that the patients with an advanced age > 45 years and BMI < 18.5 had an increased hazard ratio of
death. These findings are similar to previous studies reported in the literature (Badri et al., 2021).
However, it is noteworthy to mention that the BMI was recorded at the time of initial treatment of
POC and not at the time of diagnosis of cancer. Furthermore, synchronous tumors had an increase
hazard of death as compared to metachronous tumors. Previous studies have also documented that
synchronous tumors have a relatively poor survival rate as compared to metachronous tumors
(Bugter et al., 2019; Di Martino et al., 2002). This could be due to presentation of synchronous
tumors with more advanced stage (III and IV) as compared to the metachronous tumors or due to
limited treatment options for additional malignancy (Bugter et al., 2019). Panosetti et al. in his
study also documented that the prognosis of synchronous tumors worsens if the treatment plan has

to be modified due to occurrence of second primary tumor (Panosetti et al., 1990).

We also found a 3-fold increased risk of death in MPT patients who had other associated co-morbid
conditions. Previous studies focusing on breast, lung, and colorectal cancer reported similar trends
of decreasing survival rates in cancer patients with comorbidities (Cronin-Fenton et al., 2007;

Iversen et al., 2009; Liichtenborg et al., 2012). Suboptimal treatment employed among cancer
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patients with comorbidities along with chances of development of postoperative complications

may be some of the causes of decreased survival rates in such patients (Segaard et al., 2013).

The site of SPT was also found to play a significant role in survival. Although the incidence of
SPTs was higher in the oral region than the other distant sites, the survival rate was found to be
worse in patients who developed SPTs in lungs and esophagus. Similar results of negative impact
on survival rates of oral cancer patients were reported by Chen et al. (Chen et al., 2010) and
Dequanter et al. (Dequanter et al., 2011b). These findings suggest that regular screening for lung

and esophageal MPTs during the follow up of oral cancer patients might provide a health benefit.

Our results also showed that higher pathological stage of oral cancer was closely associated with
lower DSS. These findings are consistent with previous literature showing that advanced stage of
oral cancer has proven to be the poor prognostic factor and one of the major causes of poor survival
rate (Tsou et al. 2007). Therefore, an early detection of a developing tumor is very important in

order to improve the prognosis of the disease.

4.5 Study Limitations and Future Directions

4.5.1 Limitations

Some of the study limitations are listed as follows:

1. Retrospective study design: As the study was conducted based on the past patient records,
some of the baseline information was missing that would have been informative. There
was lack of information regarding tobacco and alcohol use, which could have help

understand the concept of field cancerization in MPT patients.
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2.

4.5.2

4.5.3

There was incomplete information about TNM staging, which as well could help
understand the differences in the clinical profile and disease outcome of both groups.
Since the data was retrieved from an administrative database, there is a possibility of data

omission and inaccuracy in data entry due to human error.

Future directions:

. Ideally, it would be beneficial to conduct another study by merging multiple databases

which could include the associated risk factors and help understand the development of
MPT with field cancerization.

Future studies are recommended to include the clinical staging of the disease to understand
the differences between the POC and MPT staging and its effect on survival.
Experimental studies should be conducted to understand the genetic profile of POC and

MPTs and find out if there is any association between both the mucosal profiles.

This study was limited to only the Alberta Cancer registry database. A nation-wide study
involving existing provincial databases could be conducted to understand the development

of MPT and oral cancer in the Canadian population.

Policy & practice implications

This study showed an increased incidence and poor survival of primary oral cancer patients who

developed MPTs. This challenge could be addressed through the following strategies:
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Educating dentists, physicians, nurses and patients about development of MPTs in oral
and other distant sites after treatment of primary oral cancer.

Close monitoring and regular follow-up of oral cancer patients’ post-treatment with a
focus on at risk groups, such as older patients, patients with co-morbid conditions, and

users of alcohol or/and tobacco to improve the prognosis of disease.
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S Chapter Five: Conclusions

Our results suggest that about 5 in every 30 patients with primary oral cancer developed MPTs in
Alberta. The comparative analyses also demonstrated that the oral cancer patients with advanced
age, associated co-morbid conditions, and those who survived longer after the treatment of primary
tumors developed more MPTs. This showed a negative impact on disease specific survival rate,
which was more predominant in patients with MPTs. The hazard ratio of death was higher in
patients with synchronous tumors, associated co-morbid conditions and who developed MPTs in
esophagus. To enhance the survival in cancer patients and to reduce the financial, emotional, and
physical burden of further treatment and dysfunction, early detection of a second primary tumor is
of key importance. Patients should be provided with adequate information and awareness of
likelihood of second primary tumors after the treatment of primary oral cancer. Additionally, close

monitoring and follow up should be executed for patients treated for primary cancers.
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