
 
 
 
 

Non-smokers, Non-drinkers: Assessing surgical 
outcomes in a clinically distinct cohort of Oral 

Squamous Cell Carcinoma patients 
 
 
 
 
 

Thesis submitted in total fulfilment of the requirements for the  
Degree of Master of Philosophy 

 

Jun 2019 
 
 
 
 
 
 
 
 
 
 

Adrian Francis DeAngelis 
BDSc (Hons), MBBS, PGDipOMS, FRACDS (OMS) 

 
ORCID: 0000-0002-8828-8285 

 
 
 
 
 
 
 
 
 

Research performed in collaboration with  

Melbourne Dental School - The University of Melbourne 
The Royal Melbourne Hospital - Head & Neck Oncology Tumour Stream 

https://orcid.org/0000-0002-8828-8285


  



   

i 

Abstract 
 
Background 
Tobacco and alcohol intake are responsible for approximately 65-70% and 20-35% respectively of 
oral squamous cell carcinomas (SCC). Non-smoking, non-drinking (NSND) patients represent 
approximately 13-35% of the oral SCC population and are more likely to be young (Mean 20-35 
years) or elderly (Over 70 years) females with a predilection for tongue, gingivae and lower lip sites. 
Although approximately 24% of head and neck cancers occur in patients over 70 years old, there are 
few published reports of oral SCC in elderly patients. This group appears to be characterized by a 
higher proportion of NSND females.  
 
Bone invasion by oral SCC necessitates jaw resection. Ideally, pre-operative imaging can be used to 
guide resection. The current rate of non-invaded mandible resections ranges between 20 and 100%. 
Even with free-flap reconstruction, segmental resection still results in cosmetic and functional 
deficits, donor site morbidity and significant physiological strain resulting in increased risk, 
prolonged recovery and need for rehabilitation. Decreased physiological reserve and multiple 
medical co-morbidities make complex surgery undesirable in an elderly population. Marginal 
resection aims to maintain bony continuity to avoid complex reconstruction.  
 
Objectives 
The objectives of this study were: 
 

1. Examine differences in survival and clinical outcomes of elderly patients without traditional 
risk factors presenting with oral squamous cell carcinoma. 

2. Determine the accuracy of computed tomography (CT) and magnetic resonance imaging 
(MRI) at identifying bone invasion in oral SCC. 

 
Materials & Methods 
Retrospective review of 287 consecutive patients divided into 2 treatment period cohorts treated for 
oral SCC between the 1st Jan 2007 and 31st Dec 2012.. Patients were classified as either smoker-
drinkers (SD) or non-smoking, non-drinking (NSND). Only patients with oral sub-site primaries 
according to ICD-10 were included. Carcinomas of the lip, tonsil, base of tongue and oro-pharyngeal 
sub-sites were excluded. A subset of 109 patients who underwent mandibular resection were also 
reviewed for bone invasion. 83 of these patients had pre-operative CT imaging studies of diagnostic 
quality available for review and 72 underwent MRI which were compared to histological resection 
specimens. 
 
Results 
Of the study population (N=287), 24.4% were NSND and 9.75% were NSND elderly (older than 70 
years) females. Disease specific survival at 5 years was significantly reduced when NSND elderly 
females were compared to all other patients (p <0.001) as well as age matched controls (p = 0.006). 
This effect was verified independently in each cohort. Bone invasion was detected in 44 out of 109 
(40.4%) resection specimens. Bone invasion was identified on CT imaging in 31 out of 83 cases 
(37.3%) and by MRI in 35 out of 72 cases (48.6%). The sensitivity and specificity of CT for detecting 
bone invasion was 69.0% and 79.6% respectively. The sensitivity and specificity of MRI for detecting 
bone invasion was 87.1% and 80.5% respectively. 
 
Conclusions 
The results of this study suggest that NSND elderly females are a distinct patient population with 

poorer disease specific survival outcomes and that negative imaging studies should not preclude an 

oncologically safe bony resection if indicated on clinical grounds. 
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1. Introduction 
 
In the past, oral squamous cell carcinoma was considered to be a disease that primarily affected 
males with a long history of heavy smoking and alcohol consumption. While this is true for the 
majority of patients with oral squamous cell carcinoma, with the declining rates of smoking there is a 
growing proportion of patients, primarily young and elderly females, who present with oral 
squamous cell carcinoma despite a lack of a significant smoking history or alcohol consumption. 
 
These patients have only been studied in small numbers and the pathogenesis of their disease still 
remains unclear. A viral aetiology for carcinogenesis has been proposed, specifically the human 
papilloma virus which is a well known cause of cervical carcinoma and responsible for the majority of 
oro-pharyngeal carcinomas. In the oral cavity, the role of the human papilloma virus in the 
pathogenesis of oral squamous cell carcinoma appears to be limited. The Head and Neck Oncology 
Tumour Stream at the Royal Melbourne has previously found poorer survival outcomes in non-
smoking and non-drinking elderly females. [1] 
 
Patients who undergo surgical resection of oral squamous cell carcinoma suffer significant morbidity 
including loss of taste, loss of sensation, altered speech, swallowing and chewing due to the loss of 
specialized anatomical structures. Cosmesis is frequently poor with visible surgical scarring, altered 
facial contour, skin colour mismatch and facial muscle weakness.  
 
Resection of the jaw becomes necessary whenever tumour is in close proximity to the jaw in order 
to obtain a tumour-free margin of normal tissue and in the situation where tumour has directly 
invaded into bone. Resection of a segment of the jaw leads to loss of mandibular continuity, lip 
numbness from inferior alveolar nerve transection, contour deformity, loss of teeth and necessitates 
reconstruction in order to preserve function.  
 
A significant amount of morbidity and complex surgery could be prevented if we could accurately 
determine those patients in which segmental resection can be avoided. This is especially important 
for elderly patients who have decreased physiological reserve and multiple medical co-morbidities 
where it is undesirable for them to undergo complex and prolonged surgical procedures.  
 
 
1.1. Outline 
In this thesis, a number of issues are explored that are of relevance to non-smoking and non-drinking 
elderly females with oral squamous cell carcinoma. 
 
In chapter 2 the existing literature is reviewed including traditionally accepted risk factors for the 
development of oral squamous cell carcinoma as well as other reported risks and associations. The 
evidence linking human papilloma virus infection in patients with oral squamous cell carcinoma 
without traditional risk factors is examined and mechanisms of pathogenesis discussed. In addition, 
the surgical management of oral squamous cell carcinoma is discussed including factors that affect 
the decision to perform bone resection along with the ability of pre-operative imaging studies to 
accurately predict bone invasion in order to reduce the need for segmental surgery and complex 
reconstruction in these patients. 
 
In chapter 3 our research methodology is presented in detail including a discussion of how our 
patient population was categorized, classification systems used, and how survival statistics were 
calculated. 
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In chapter 4 the survival and epidemiological aspects of 287 patients with oral squamous cell 
carcinoma patients treated at the Royal Melbourne Hospital are presented. Previously in this cohort 
a significant trend for reduced survival was found in non-smoking, non-drinking elderly females. We 
also attempt to determine if radiological imaging techniques can be used to guide mandibular 
resection by comparing bone invasion detected on CT and MRI imaging to bone invasion detected 
histologically in a subset of 109 patients with who underwent resection of their mandible. Of these 
patients, 83 of underwent pre-operative CT imaging and 72 underwent pre-operative MRI. The 
sensitivity and specificity of each technique is calculated and the findings discussed. 
 
In chapter 5 an in-depth discussion of the material presented in this thesis is performed and our 
findings are compared to those previously reported in the literature before drawing final 
conclusions. 
 
 
1.2. Hypothesis & Aims 
 
Non-Smoking, Non-Drinking Elderly Females 
Previous poorer disease specific survival outcomes have been reported in non-smoking, non drinking 
elderly females.[1] The aim of this experiment detailed in the manuscript presented in appendix A 
was to perform a direct follow-up study of this cohort and retrospectively review a second cohort to 
further inform our understanding of disease patterns in this patient group. 
 
Our null hypothesis for this study is that there is no statistically significant difference in disease 
specific survival between non-smoking, non drinking elderly females and other patients treated for 
oral squamous cell carcinoma. 
 
Radiological Examination of Bone Invasion 
As discussed previously, there are many studies that report on the ability of imaging to detect bony 
invasion by oral squamous cell carcinoma. The aim of the experiment presented in the manuscript in 
appendix B was to retrospectively examine the accuracy of radiological identification of bone 
invasion compared with histological examination to add to the body of evidence on this subject. 
 
Our null hypothesis for this study is that computed tomography and magnetic resonance imaging are 
unreliable and unable to adequately or accurately pre-operatively diagnose bony invasion by oral 
squamous cell carcinoma in order to guide surgical resection.  
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2. Literature Review 
 
2.1. Epidemiology  
Head and neck cancers remain the 7th most commonly diagnosed cancer in Australia and 8th most 
common cancer worldwide representing approximately 3% of all cancer cases diagnosed and 2% of 
all cancer related deaths. [2-4] Squamous cell carcinoma represents over 90% of head and neck 
cancers [4-6] and oral squamous cell carcinoma represents 52.3% of all head and neck cancers in 
Australia. [7, 8] Approximately 2300 oral squamous cell carcinomas (3% of all cancers) are diagnosed 
in Australia each year with over 500 deaths annually (1.6% of cancer related mortality). [9] 
 
Worldwide, oral squamous cell carcinoma (excluding extra-oral lip and oropharyngeal sites) is the 
15th most commonly diagnosed cancer with over 300,000 new cases diagnosed each year 
representing 2% of the world's cancer burden. Oral squamous cell carcinoma is also the 15th most 
common cause of cancer related mortality with 145,000 deaths annually, representing 2% of all 
cancer deaths, recorded in 2012. [10] Incidence and mortality rates are higher in males than females 
(average >6.9 vs <3.2 per 100,000 population) and particularly high in South East Asia, India, South 
America and Hungary. [4, 10] While the incidence of oral squamous cell carcinoma has been 
declining overall, much of this is attributed to a decline in the rate of cancers of the lip which 
represent 40% of oral cancers due to reduced UV radiation exposure. [9, 11]  
 
The use of tobacco products such as cigarettes and betel quid along with alcohol consumption are 
well established aetiological agents for the development of oral squamous cell carcinoma. [12, 13] 
Despite a decline in overall alcohol and tobacco consumption in recent years, the rates of squamous 
cell carcinoma of the tongue and oropharynx continue to rise, mostly in patients without traditional 
risk factors. These sites are directly responsible for most of the mortality from oral squamous cell 
carcinoma. [9, 11] These findings have led to increased interest in the distinct and growing sub-
group of patients who are non-smokers and non-drinkers and the possible role that viral infection 
may play in this population. [1, 14-17] 
 
 
2.2. Risk factors for the Development of Oral Squamous Cell Carcinoma 
 
2.2.1. Traditional Risk Factors 
 
Gender & Age 
Older males are most likely to be diagnosed with oral squamous cell carcinoma. The incidence of oral 
squamous cell carcinoma increases after 50 years of age and approximately 76% of all patients with 
oral squamous cell carcinoma will be male, [7, 12] presumably related to the higher incidence of 
smoking in males. [2, 4, 5, 12, 18] Most studies have found no association between age, gender and 
survival although an increase in mortality for patients over 70 years has been noted, likely due to the 
greater number of co-morbidities in this population. [1, 5, 12, 19]  
 
Recently there has been an increasing proportion (13-35%) of patients diagnosed with oral and 
oropharyngeal squamous cell carcinomas at a young age (Mean 20-35 years). [14, 15, 20] These 
patients are more likely to be non-smoking and non-drinking females, have a higher predilection for 
tongue, gingivae and lower lip sites and are less likely to have floor of mouth tumours. [1, 14-17, 20-
22] Approximately 24% of head and neck cancers occur in patients over 70 years and this group 
appears to be composed of a higher proportion of non-smoking, non-drinking elderly females with 
worse survival outcomes compared to patients with traditional risk factors. [1, 23, 24] 
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Tobacco 
The smoking of tobacco is a well established risk factor for the development of oral squamous cell 
carcinoma with many large scale epidemiological studies documenting the association between 
smoking and oral cancer. [25, 26] It is estimated that 65-70% of oral squamous cell carcinomas can 
be directly linked to tobacco smoking. [27, 28] 
 
Smoking has a dose-response relationship with oral carcinogenesis. [29, 30] In a recent meta-
analysis, the relative risk of developing oral squamous cell carcinoma was 3.43 for smokers as 
compared to non-smokers. [25] This risk is approximately 35% lower in recent ex-smokers (<4 years) 
and falls to the baseline population risk after 20 years. [31] Tobacco products other than cigarettes 
such as cigars and pipe smoking show similar statistics. [30] 
 
Although the majority of carcinogens found in tobacco smoke are the by-products of burning, the 
processing of smokeless tobacco products produces high concentrations of carcinogens such as 
nitrosamines. [32] Regular user of smokeless tobacco products have up to a 5-7 times increased risk 
of developing oral squamous cell carcinoma. [33, 34] 
 
Alcohol 
As with tobacco smoking, alcohol intake is also a well recognised risk factor for the development of 
oral squamous cell carcinoma and up to 20-35% of oral squamous cell carcinomas can be directly 
linked to alcohol. [35, 36] The majority of heavy drinkers are also heavy users of tobacco. [37] 
Epidemiological studies in non-users of tobacco have confirmed alcohol consumption as an 
independent risk factor for the development of oral squamous cell carcinoma. [38-40] 
 
The risk from alcohol appears to dose dependant, with the risk of developing oral squamous cell 
carcinoma increasing with the number of drinks per day and the number of years of drinking. [40, 
41] The risk is up to 35% higher compared to baseline in those who regularly consume 1.2-1.5 
standard drinks (12-15g) of alcohol per day and over 3 times baseline for heavy drinkers who 
regularly consume more than 4-5 standard drinks (40-50g) per day. [40, 42] The overall risk for 
regular drinkers is 2-2.5 times higher than that for occasional and non-drinkers. [40, 43] 
 
In combination with tobacco use, alcohol has been shown to multiplicatively increase the risk of 
developing oral squamous cell carcinoma by up to 8 to 15-fold. [29, 31, 37, 44-46] Alcohol increases 
the penetration of tobacco carcinogens across the oral mucosa by eliminating the protective lipid 
barrier within the mucosa. This affect appears to be more pronounced in the gingiva and floor of 
mouth which are considered to be traditional high-risk sites. [47, 48] Extrahepatic metabolism of 
alcohol in the oral cavity into acetylaldehyde by oral bacteria may also be related to carcinogenesis 
and may explain the link between poor oral hygiene and increased risk of developing oral squamous 
cell carcinoma. [49] 
 
Betel Quid 
In south-east Asia the chewing of Areca nut and betel leaf, often with slaked lime (CaOH) and 
tobacco, is a common practice in up to 30-40% of the population and a well known risk for 
developing oral submucous fibrosis and squamous cell carcinoma. [33, 50-52] Betel quid contains 
numerous carcinogenic compounds including polycyclic aromatic hydrocarbons, nitrosamine and 
polonium 210. [50, 53] 
 
When chewed without tobacco, betel quid alone is responsible for an approximately 25-50-fold 
increase in the development of oral pre-malignancy and a 3.5-7.9-fold increase in the risk of 
developing oral squamous cell carcinoma. [50-53] In contrast, in a recent meta-analysis, chewing 
betel quid with tobacco leaf in non-smoking and non-drinking patients increased the risk 
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approximately 7-fold for developing oral squamous cell carcinoma. [51] This risk was increased to 
16-fold when chewed in conjunction with regular smoking and 10-fold when chewed in addition to 
regular alcohol intake. The combination of both smoking and drinking in addition to betel quid 
chewing increased the risk of developing oral squamous cell carcinoma by as much as 40-fold. [51] 
 
Oral Lichen Planus 
Oral lichen planus is an idiopathic chronic mucocutaneous T-cell mediated inflammatory condition 
that affects 1-2% of the population. [54, 55] Lifetime malignant transformation has been reported 
between 0.4% to over 5%, with an annual rate between 0.2-0.5%. [56-59] Despite these findings, 
some authors feel that lichen planus has no malignant potential and that the observed 
transformation rates are the result of a misdiagnosis of dysplasia with lichenoid features or lichenoid 
reactions to developing squamous cell carcinoma. [55, 60]  
 
One of the major difficulties has been differentiating between oral lichen planus (OLP) and oral 
lichenoid lesions (OLL). Criteria based upon the World Health Organization (WHO) definition have 
been developed for OLP, classifying all other lesions which do not fit this criteria as OLL. [61]  
 
In a recent meta-analysis which re-classified lesions from over 20000 patients using the WHO 
criteria, the overall annual rate of malignant transformation was found to be 1.1% with 
transformation occurring in 0.9% of OLP lesions and 2.5% of OLL lesions. Erosive and atrophic lesions 
transformed at a rate of 1.7% and 1.3% respectively while the rate of transformation for reticular 
lesions was only 0.1%. Smoking, alcohol consumption and hepatitis C infection were associated with 
2-fold, 3.5-fold and 5-fold increased risk respectively of transformation. [62] 
 
Immunosuppression 
The ability to mount an  effective anti-tumour response by effector cells from both the innate and 
adaptive arms of the immune system is important for elimination and suppression of transformed 
cells to enable clearance of early tumours. [63] Compared to the general population, the risk of 
development or oral squamous cell carcinoma is up to 2-5 times higher in immunosuppressed 
patients. [64-67] Proposed theories include decreased immune surveillance, loss of immunologic 
control of oncogenic viruses and bacteria as well as possible tumour promoting effects of 
immunosuppressant drugs. [64, 66]  
 
Due to the similarity of cancer patterns in transplant recipients and HIV/AIDS, the increase in risk 
appears to be related solely to immunosuppression rather than an effect of the underlying disease 
processes. [65] In the case of mucosal carcinomas, the role of persistent human papilloma virus 
infection appears to be a significant factor with increasing risk associated with increased duration of 
immunosuppression. [65, 68]  
 
 
2.2.2. Unproven Risks & Associations 
 
Diet 
There appears to be an association between the consumption of fruits and vegetables and the risk of 
development of oral squamous cell carcinoma along with other cancers. This is possibly related to 
intake of β-carotine, folate and vitamins A, C and E due to their anti-oxidant properties. [12, 69] The 
current available evidence suggests that the risk of cancer development is 2-3 times lower in those 
patients with a high intake of fruits and yellow-orange and leafy green vegetables compared to 
those with low intake. [12, 69-71] Overall it suggested that dietary deficiencies may account for 
approximately 15%  of oral and pharyngeal cancers however it is not clear whether this is related to 
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specific micronutrient deficiencies or whether deficiencies simply reflect general poorer nutritional 
status. [12] 
   
Dental Disease 
Although probably not an independent risk factor, tooth loss appears to increase the risk of 
development of oral squamous cell carcinoma. In one study, the risk was associated with the 
number of teeth lost with the loss of less than 6 teeth increasing the risk of development by 29% as 
compared to 58% for more than 6 teeth and up to 89% for the loss of more than 20 teeth. [72] Tooth 
loss is also associated with a number of strong risk factors for oral squamous cell carcinoma 
including tobacco use, alcohol intake and poor oral hygiene. In addition, tooth loss may also 
influence dietary intake and overall nutrition. [72-74] 
 
Chronic periodontal disease has also been associated with up to a 2.6 times increased risk of 
development of oral squamous cell carcinoma compared to the general population. [75] It is 
associated with the same risk factors for oral squamous cell carcinoma as tooth loss including 
smoking, general poor health and neglect. [73, 74] The mechanism of how periodontal disease 
would cause carcinogenesis is unclear although proposed theories include chronic inflammation and 
human papilloma virus infection. [75, 76] In one study, a higher rate of human papilloma virus 
positive tumours was found in patients with periodontal disease theorizing that chronic 
inflammation may enhance viral entry and infection. [76]  
 
It has also been proposed that chronic mechanical irritation of the oral mucosa from ill-fitting 
dentures may contribute to the development of oral squamous cell carcinoma. In one meta-analysis, 
denture wearers appeared to have up to a 42% increased risk overall of development of oral 
squamous cell carcinoma and patients with ill fitting dentures up to a 3.9 times increased risk over 
the general population. [77] The studies examined in this meta-analysis corrected for confounding 
factors that may lead to tooth loss such as age, smoking status, alcohol consumption and 
socioeconomic status. 
 
Mouthwash Use 
Alcohol consumption is well known for being a dose dependent risk factor for the development of 
oral squamous cell carcinoma. Although a large number of commercially available mouthwashes 
contain in excess of 20% (w/v) ethanol [78] there remains significant debate about whether or not 
regular use of an alcohol containing mouthwash increases the risk of oral squamous cell carcinoma 
development. [78-80]  
 
In a recent meta-analysis there was no statistical association with mouthwash containing alcohol and 
risk of oral squamous cell carcinoma. [79] In contrast, another study containing of 3210 cancer 
patients and 2752 controls found that independent of other risk factors, daily use of alcohol 
containing mouthwash increased the risk of oral squamous cell carcinoma development by 3.5 times 
while for twice daily usage increased the risk by 5 times. Concurrent alcohol consumption also 
increased the risk by 5 times and up to 9 times for concurrent smokers. [80] 
 
 
2.2.3. Human Papilloma Virus 
 
Role in Carcinogenesis 
The human papilloma virus is a large group of double-stranded DNA viruses with over 100 different 
viral subtypes. [6, 81-84] The virus was first implicated in human carcinogenesis in the 1970's due to 
the association identified between cervical cancer and condyloma acuminata. [83, 85, 86] Since 
then, human papilloma virus subtypes 16 and 18 have been identified as the major aetiological 
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agents for cervical cancer and classified as high-risk subtypes by the International Agency for 
Research on Cancer. [81, 86-88] 
  
The human papilloma virus genome codes for at least six early and two late proteins. High risk 
subtypes have been shown to code for at least three early proteins (E5, E6 and E7) with transforming 
and growth stimulation properties. [6, 82, 84, 88, 89] While most human papilloma virus infections 
clear spontaneously, integration of viral DNA into basal epithelial layer keratinocytes can lead to a 
persistent subclinical infection in 10-20% due to viral alteration of intracellular immune surveillance 
mechanisms. [83, 84, 90] 
 
Viral E5 protein binds to the epidermal growth factor receptor and enhances its activation after 
ligand binding thus stimulating growth and protecting the cell from apoptotic signals. [82, 89] Viral 
E6 binds to cellular p53, a well known tumour suppressor protein, enhancing its degradation and 
down-regulating its tumour suppressor activity. [6, 69, 82, 84, 86, 90] Viral E7 binds to cellular 
retinoblastoma (pRb) protein preventing it from complexing with cellular transcription factor E2F 
leading to expression of p16INK4a promoting the infected keratinocyte's progression through the cell 
cycle and cell proliferation. [6, 82, 84, 86, 90] It is thought that the loss of p53 and pRb tumour 
suppressor function in association with genomic instability and up-regulation of cellular proliferation 
is responsible for the eventual malignant transformation. [6, 69, 82, 86, 90, 91] 
 
Oro-Pharyngeal Cancers 
Due to the epitheliotropic nature of human papilloma virus and reports of malignant transformation 
of laryngeal squamous papilloma, a role has been suggested for viral carcinogenesis in oral and oro-
pharyngeal squamous cell carcinomas. [69, 85, 92, 93] As with cervical cancers, viral subtype 16 is 
the dominant subtype responsible for oro-pharyngeal carcinogenesis followed by subtype 18. [6, 85, 
90, 92, 94, 95] Human papilloma virus DNA has been identified in approximately 20-90% of oro-
pharyngeal carcinomas. [69, 93-96] This highly variable detection rate is thought to be due to the 
number of different sampling techniques and detection methods used. [90, 92, 94] Concerns about 
false positives from laboratory contamination or amplification of human DNA have also been cited. 
[81, 94] 
 
A recent study demonstrated similar patterns of p16 expression as cervical cancers in 23% of oro-
pharyngeal tumour specimens. [97] In addition, only 45% of human papilloma viral DNA positive 
cases showed active viral replication and viral E6 mRNA expression. [94, 98] Conservative estimates 
have suggested that approximately 25-30% of oro-pharyngeal tumours are expected to be the result 
of human papillomavirus infection. [85] Based on these factors and the results of a recent meta-
analysis of over 5000 cases this number may be as low as 14%. [93, 95]  
 
Compared to human papilloma virus negative oro-pharyngeal squamous cell carcinomas, a better 
prognosis (as high as 60-80% reduction in death) has been reported for viral DNA positive tumours. 
[86, 90, 94, 96, 99] Also of particular interest are reports of a steadily increasing proportion of 
human papilloma virus positive tumours [90, 100, 101] and link to sexual transmission. [85, 90, 102] 
Patients who are sexually active at a younger age, partake in oral sex and with more sexual partners 
show an increased risk for oropharyngeal, tonsil and tongue base cancers. [21, 102] This seems to 
suggest a possible role for prevention with the human papilloma virus vaccine. [90, 100] 
 
Oral Cancers 
As with oro-pharyngeal squamous cell carcinomas, reports of malignant transformation of oral 
squamous papilloma and the detection of human papilloma virus within pre-malignant lesions first 
suggest that the virus may have a role in oral squamous cell carcinogenesis. [6, 103, 104] Like oro-
pharyngeal and cervical carcinomas, the same viral subtypes have also been detected in oral 
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squamous cell carcinomas. [6, 69, 81, 93, 104] There is currently no strong evidence for viruses other 
than human papilloma virus being significantly involved in oral squamous cell carcinogenesis. [6, 21, 
93] 
 
Compared to oro-pharyngeal sites, a lower number of oral squamous cell carcinomas, approximately 
25-40%, have been demonstrated to contain human papilloma virus DNA. [6, 81, 92-95, 105] Similar 
to oro-pharyngeal carcinomas however, only 45% of these show any evidence of viral activity [94, 
98] and the number of tumours expected to result from human papilloma virus infection is 
calculated to be no more than 8%. [93] Interestingly, high risk viral subtype detection rates are 
reported to be increased with increasing frequency between normal, dysplastic and malignant oral 
epithelium in some studies [81, 104, 105] while in others detection rates in oral dysplastic lesions are 
higher than those for both normal oral mucosa and oral squamous cell carcinoma suggesting a role 
in early carcinogenesis. [106-108]  
 
As with oro-pharyngeal squamous cell carcinomas there is a link between sexual activity and the 
development of oral squamous cell carcinoma, which is thought to be related to sexual transmission 
of human papilloma virus. [21, 22, 69, 85, 102] Unlike oro-pharyngeal tumours however, the 
proportion of oral tumours that are positive for viral DNA hasn't changed over time and is likely 
declining. [22, 90, 101] Regardless, the presence of human papilloma virus DNA in oral squamous cell 
carcinoma does not appear to result in any improved survival outcome and may even confer a worse 
prognosis in tumours of the oral tongue. [99, 109] 
 
 
2.3. Treatment of Oral Squamous Cell Carcinoma 
 
Diagnosis and Staging 
Although the diagnosis of oral squamous cell carcinoma may be suspected on clinical grounds, a 
formal diagnosis can only be made with histopathology. [110, 111] Once the diagnosis has been 
confirmed, the patient will undergo staging investigations including orthopantomography (OPG), 
computed tomography (CT), magnetic resonance imaging (MRI), ultrasonography (USS) and 
occasionally positron emission tomography (PET). The aim of staging investigations is to determine 
the extent of local, regional and distant tumour spread in order to determine the intent of treatment 
(curative or palliative) and guide the choice of available therapies. [19, 111] 
 
The accepted standard at the time of data collection, the TNM classification (Tumour, Nodes, 
Metastases) system, as detailed in the American Joint Committee on Cancer (AJCC) 7th edition 
staging manual, provides a reproducible and objective method for staging based upon clinical and 
radiological examination. [112, 113] The TNM stage categorizes the amount of local tumour invasion 
(T), the degree and pattern of spread to regional lymph nodes (N) and the presence of distant 
metastatic disease (M). These individual factors are combined together to create an overall disease 
stage which has been shown to be correlated with survival outcomes. [4, 113, 114]  
 
In general, patients with early disease (Stage I and II) can expect to have a good to excellent 
prognosis with 5 year survival rates of approximately 80-90% and 65-80% respectively. Patients who 
present with advanced disease (Stage III and stage IV) however tend to have a poor prognosis with 5 
year survival rates for stage III disease between 40-65% and stage IV disease survival rates as low as 
9-35%. [4, 114-119] Tumour involvement of bone with penetration of the cortical plate immediately 
classifies the tumour as T4 and as stage IV disease. [120] 
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Principles of treatment 
The current therapies available for oral squamous cell carcinoma include ablative surgery, irradiation 
with high energy X-ray photons (radiotherapy) and systemic administration of anti-neoplastic 
chemical or biological agents (chemotherapy). [4, 19, 111, 117] Currently most cancer therapies are 
highly toxic and cause significant insult to local healthy tissues and severe physiological stresses. The 
exact treatment regime chosen in any situation is determined by tumour biology, extent and 
location of tumour as well as patient fitness and ability to tolerate treatment. [19, 111, 120, 121] 
 
Generally only single modality therapy (either surgery or radiotherapy) is required for stage I and 
stage II disease. [19, 121] Treatment of advanced stage III or stage IV disease is complex and usually 
requires multimodality treatment with surgery in combination with radiotherapy or 
chemoradiotherapy. [19, 117, 121] Despite improvements in treatment, overall survival has only 
modestly improved from 61.8% in 1982-1987 to 68.2% in 2006-2010. [7, 8, 118] Advanced tumours 
on presentation, high rates of loco-regional recurrence, distant metastases (10-30%) as well as a 
high incidence of second primaries (2-3% per year) are responsible for this. [18, 19, 118, 121-124] 
 
Although maximizing survival outcomes and reducing mortality is the goal of cancer therapy, most 
treatment modalities cause significant long term morbidity. [19, 111, 121] Especially in younger 
cancer populations such as non-smoking and non-drinking patients with oral squamous cell 
carcinoma, cancer survivorship and minimizing the impact of cancer treatment on post-treatment 
quality of life becomes important. [4, 125, 126]  
 
Surgical Resection 
The goal of cancer surgery with curative intent is to remove the tumour with clear margins. [127-
129] This may not always be possible due to widely infiltrating tumours, proximity to vital structures 
and complex regional anatomy. [128, 130] Although clinical examination and imaging is generally 
able to accurately detect gross tissue invasion and advanced bone involvement, the detection of 
early invasion to guide surgical resection margins remains a difficult challenge. [131-137] 
 
Multiple studies have shown that surgical resection with clear margins offers the best chance for 
survival and that a margin of at least 5mm of normal tissue is required for maximal benefit. [120, 
127-129] As there is significant tissue shrinkage after histological preparation, this equates to a cuff 
of 10-15mm of normal tissue during the surgical resection. [120, 127, 128, 138] By contrast, involved 
(positive) or close margins (<5mm) represent one of the highest risk factors oral squamous cell 
carcinoma recurrence and eventual mortality from disease even with re-excision or provision of 
adjuvant therapy. [18, 118, 123, 127-129, 139] In recent years however the necessity of obtaining a 
5mm margin has come under question with some studies showing good results with closer margins 
[140, 141] and others showing that prognosis is more related to adverse features than surgical 
margin. [142] 
 
In order to obtain clear margins, resection of a part of either jaw may be required. Prior to the 
introduction of vascularised free bone flaps, loss of mandibular continuity resulted in significant 
cosmetic deformity and loss of function. [135, 137, 143-147] Even with modern free-flap 
reconstructive techniques, surgery still results in cosmetic and functional deficits, donor site 
morbidity, increased operative risk, prolonged recovery and the need for post-operative 
rehabilitation. [148, 149] Often there are also significant long-term psychological issues associated 
with this type of surgery. [149] By accurately predicting the need for jaw resection we can limit the 
need for complex reconstruction and improve overall treatment outcomes. [143, 144, 150-152] 
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2.4. Bone Invasion by Oral Squamous Cell Carcinoma 
 
2.4.1. Histology & Management of Bone Invasion 
 
Routes of Bone Invasion 
Historically, aggressive resection of the mandible was recommended for all oral squamous cell 
carcinomas with suspected bony invasion or where the tumour was in close proximity to the bone. 
[146, 153-156] In-continuity resections of the mandible in conjunction with neck dissection were 
recommended due to the belief that tumour spread into the neck occurred via lymphatic channels 
within the lingual periosteum which were thought to provide a route for lymphatic drainage from 
the tongue and floor of mouth into the neck. [19, 146, 153, 155-157] 
 
Early studies on mandibular bone invasion examined heavily irradiated mandibles resected as part of 
salvage surgery after radiotherapy for extensive tumours. [151, 153, 156-158] Marchetta's work in 
1971 disproved the theory of mandibular periosteal lymphatic channels by showing that 60% of their 
patients without periosteal involvement had cervical lymph node metastases as opposed to only 
27% of their patients with periosteal involvement. [153] In 1980, Carter and colleagues showed that 
mandibular bone invasion occurred as a process of periosteal penetration, osteoblast and osteoclast 
stimulation followed by subperiosteal spread and infiltration through perineural spaces. They also 
showed that extension via periosteal lymphatics was rare. [157] 
 
In 1989 Slootweg and Mueller reported that the route of entry of tumour into bone was entirely 
dependent upon its position in relation to the mandible. [136, 159] In contrast, Macgregor and 
MacDonald reported that in edentulous regions of the mandible, tumours tended to invade through 
small defects along the crest of the residual alveolar ridge. [147] Their finding of no tumour invasion 
within dentate portions of the jaw led to the assumption that tumour invasion within a dentate 
portion of the mandible occurs via the periodontal ligament. [147, 160] This was proposed to be the 
result of chronic periodontal disease weakening the periodontal membrane to tumour invasion. 
[161] 
 
Brown and Browne in 1995 showed that tumour invasion did not occur preferentially through the 
periodontal membrane or through surface defects in the alveolar ridge but proposed that bone 
invasion preferentially occurred through the attached mucosa in both dentate and edentulous 
mandibles. [150] In 2002, Brown and colleagues confirmed the original findings of Slootweg and 
Mueller that the site of tumour entry into mandibular bone depends upon its location in relation to 
the jaw with the majority of spread occurring via direct infiltration through the alveolus or cortical 
plate and perineural spread only occurring in advanced tumours. [136, 154, 159, 160] 
 
Patterns of Bone Invasion 
As with early studies describing the route of mandibular bone invasion, the first studies examining 
patterns of mandibular bone invasion were also performed on pre-operatively irradiated resection 
specimens. [156-159] Carter and colleagues were the first to examine the process of bone invasion. 
They described three phases; periosteal penetration and sub-periosteal spread followed by tumour 
stimulation of osteoclasts leading to bone resorption on a broad front and finally direct bone 
invasion and penetration. [157] They noted that most of the bone destruction was caused by host 
cells separated from the tumour by a cuff of fibrosis and granulation tissue until direct invasion had 
occurred and hypothesized that the processed described represented a continuum. [150, 157] 
 
Slootweg & Mueller were the first to describe the two distinct patterns bone involvement by 
tumour. [159] The first pattern they described as erosive, was characterized by a broad, sharp 
tumour-bone interface with resorption of bone by osteoclasts stimulated by an advancing tumour 
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front. [150, 159, 160] The neurovascular bundle, when exposed, would be compressed by fibrous 
tissue surrounding the tumour and perineural spread did not occur. [159] In general the depth of 
bone invasion in this pattern is usually shallower than 5mm but may be much deeper. [136, 150, 
160] 
 
The second pattern, described as infiltrative, is characterized by diffuse infiltration of the bone by 
tumour with extensive destruction of bony architecture, infiltration into Haversian canals, diffuse 
spread within marrow spaces and perineural invasion. [150, 159, 160] The depth of invasion varies 
greatly although it is usually deeper than 5mm and occurs earlier in the molar region and edentulous 
areas. [136, 150, 160] Invasion of the inferior alveolar neurovascular bundle has been shown to be 
strongly correlated to the depth of invasion. [136, 143, 160] The infiltrative pattern is more likely to 
be associated with poorly differentiated tumours. [119, 150, 157] 
  
A number of studies have shown a correlation between tumour size and the pattern of invasion with 
smaller tumours in general featuring the erosive pattern of bone involvement as compared to 
generally larger tumours showing an infiltrative pattern of bone involvement. [119, 135, 145, 156, 
160, 162] The differences however are small and cannot be used to reliably guide the presence or 
absence of bone invasion. [160, 162] These findings are true only for non-irradiated mandibles as the 
pattern of bone invasion tends towards multiple sites of invasive foci in irradiated mandibles 
regardless of tumour size. [121, 143, 147, 158]  
 
Some studies report a significantly worse prognosis with the infiltrative pattern of mandibular bone 
invasion although most agree that achieving clear surgical margins is a more important factor. [119, 
120, 134, 152] Tumours with an infiltrative pattern of bone invasion are more likely to be associated 
with loco-regional nodal metastases and extracapsular spread as well as positive margins, tumour 
recurrence and a lower rate of disease free survival. [119, 134, 160] It remains unclear whether this 
represents selection bias due to generally larger and more advanced tumours showing bony 
infiltration or a fundamental change in tumour biology leading to the development of an infiltrative 
tumour phenotype. [143, 145, 149, 156] 
 
Influence on Resection 
One of the most important decisions to be made when planning ablative surgery for oral squamous 
cell carcinoma is the degree of mandible resection required. [19, 143, 144, 154] Although 
mandibular preservation was initially not recommended due to concerns regarding oncological 
safety, the deformities that arose from unreconstructed segmental mandibulectomy defects prior to 
the development of free flap reconstructive techniques led to the consideration of more 
conservative surgical techniques that did not lead to the loss of mandibular continuity. [134, 143, 
144, 146, 155] Although techniques that preserve mandibular continuity significantly reduce 
treatment complexity and morbidity, there remains concerns about adequacy of local disease 
control and the risk of occult invasion. [134, 143, 145, 149, 156, 157] 
 
Although Greer et al [163] were the first to describe marginal (rim) resections of the mandibular 
alveolus in 1953, these did not become an acceptable alternative until Marchetta's work in 1971 
which disproved the theory of mandibular periosteal lymphatic channels as a route for tumour 
spread from the floor of mouth into the neck. [134, 136, 146, 147, 155] In a marginal resection, a rim 
of bone is removed from directly underneath the tumour and mandibular continuity remains intact. 
[143, 144, 147, 155, 164] Initially McGregor & McDonald suggested to include the inferior alveolar 
nerve in these conservative resections of the mandible because of concerns that it was a preferred 
route of tumour extension. [147] More recent studies dispute this concept and have shown that 
resection of the inferior alveolar nerve is unnecessary and that marginal mandibulectomy is an 
oncologically safe procedure when performed for early tumours in non-irradiated mandibles. [134, 
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143, 144, 152, 155] Due to the lack of reaction to tumour and earlier invasion believed to occur in 
irradiated bone, segmental mandibular resection is recommended over marginal resection in post-
radiotherapy salvage cases. [143, 158] 
 
The decision to perform a marginal or segmental mandibulectomy is primarily determined by pre-
operative prediction of the depth of suspected mandibular bone invasion and the remaining height 
of bone that would remain after resection. [19, 136, 144, 149, 160] Marginal mandibulectomy is not 
possible when the residual mandible height would be less than 10mm due to inadequate strength to 
resist fracture during normal function. [136, 149, 164] Currently the rate of non-invaded resections 
of the mandible ranges between 20 and 100%. [134, 137, 144, 151, 154] Ideally pre-operative 
imaging would be able to provide accurate information regarding the pattern and depth of bone 
invasion to avoid unnecessary resection. [134, 136, 137, 143, 151, 165] Despite improvements in 
imaging techniques, this is still not possible and the degree of bony resection still relies upon the 
judgement of the clinician during surgery. [143, 144, 146, 154] 
 
 
2.4.2. Imaging Techniques for Identification of Bone Invasion 
 
Panoramic Radiography 
The orthopantomagram (OPG) is one of the most widely used imaging methods in dentistry and 
maxillofacial surgery as it provides an excellent general survey of the entire mandible with a minimal 
radiation dose (0.006-0.021mSv). [151, 166-168] An OPG is performed by revolving an X-ray beam 
around the patient's head which is aimed at a detector moving in the opposite direction. [169] As a 
result, the OPG suffers from a number of drawbacks including distortion, superimposition of 
anatomical structures as well as ghost images and shadows. [151, 169-171] 
 
The principle use of the OPG in oral squamous cell carcinoma is to determine the state of the 
dentition prior to radiotherapy. [121] OPG is also helpful to determine the vertical height of 
mandibular bone to aid planning for a marginal mandibulectomy. [170] Approximately 30-50% of 
bone mineral must be lost before any degree of bony erosion becomes visible on OPG making it a 
poor choice for detecting early invasion. [151, 165, 170, 172, 173] Due to the 2-dimensional nature 
of the OPG, it is best used for identifying tumours that directly invade the body of the mandible and 
anterior ramus rather than those abutting the medial cortex. [165]   
 
The sensitivity of OPG in detecting bony invasion is similar to clinical examination and is reported to 
be between 60-85% with OPG failing to detect bone invasion in approximately 8-35% of cases. [136, 
165, 170, 173] OPG has a low specificity with a high false positive rate, between 6-15%, especially 
when used to differentiate between bone invasion by tumour and other bony changes such as 
periodontal disease. [165, 170, 173] These figures highlight the need to use more advanced imaging 
techniques in order to detect bone invasion in oral squamous cell carcinoma. 
 
Computed Tomography 
Computed tomography (CT) is a method for acquiring cross-sectional images using a fine collimated 
X-ray beam and a multi-detector ring that rotates around the patient as they are moved through the 
scanning unit. [169] Compared to plain films CT allows visualization of images in the axial plane and 
has excellent differentiation between hard and soft tissues which can be improved by the 
administration of  intravenous iodinated contrast media. [169, 174] 
 
Despite its advantages over panoramic radiography, because of the fine X-ray beam employed, CT 
suffers from significant problems with scatter artefact from metallic dental restorations as well as 
beam hardening artefact adjacent to dense cortical bone. [175-178] CT imaging also has a much 
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higher radiation dose compared to plain and panoramic radiography ranging from 0.21-0.93 mSv 
depending on the region of interest to be scanned. [166-168] 
 
CT imaging is superior to panoramic radiography for the detection of bone invasion although still has 
difficulty differentiating between pathologic and non-pathologic causes of bony defects such as an 
irregular edentulous ridge, healing dental extraction sockets and bony defects from periodontal 
disease. [150, 170, 173, 175, 176] The reported sensitivity of CT for the detection of bone invasion 
ranges between 65-95% with a specificity between 88-94%. [131, 170, 173, 175, 179-181] As with 
OPG, CT has a high false negative rate for the detection of early marrow invasion and tends to 
underestimate bone involvement. [138, 173, 180] 
 
Cone-beam CT (CBCT) is an emerging technology that is currently not used in the routine staging of 
oral squamous cell carcinoma. [166, 182, 183] Compared to conventional multi-detector CT it uses a 
cone-shaped beam which allows it to acquire the image in a single sweep leading to a reduced 
radiation dose (0.01-0.05 mSv) and reduction of artefact from scatter by dental restorations. The 
major disadvantage of CBCT is its comparatively poor soft tissue contrast. [166, 168, 183] Only one 
article has reported on CBCT for the detection of bone invasion in the literature. The reported 
sensitivity was 91% and specificity 100% in this paper. [182]  
 
Magnetic Resonance Imaging 
Magnetic resonance imaging (MRI) uses radiofrequency pulses to perturb hydrogen protons within 
tissues whose spin has been aligned to a powerful external magnetic field. The radiofrequency pulse 
causes the protons' spin to precess and the resultant magnetic flux induces a current in the receiving 
coil of the imaging unit. [169, 184] The resolution of MRI can be enhanced through the 
administration of an intravenous gadolinium (Ga) based contrast medium which is highly 
nephrotoxic. [150, 169] 
 
Compared to other imaging modalities, MRI does not subject the patient to ionizing radiation but 
does suffer from long acquisition times, motion artefact and is contraindicated in patients with 
cardiac pacemakers, metallic foreign bodies and certain implanted surgical prostheses and devices. 
[169, 185] MRI has excellent soft tissue resolution and tumour differentiation but is limited in its 
ability to directly image bone. [169, 175, 177, 186, 187] Bone itself produces no MRI signal however 
the bone marrow signal can be useful to determine intramedullary spread. [169, 178, 188]  
 
Cortical bone invasion is identified as an interruption in the hypointense bony margin while 
medullary involvement appears as replacement of the normally hyperintense fat signal by an area of 
low signal intensity. [133, 177, 178, 187] Whilst CT appears to be better at identifying cortical bone 
invasion, MRI is better at identifying perineural invasion and bone marrow spread. [175, 185, 188, 
189] This must be interpreted with caution as the altered signal has been shown to overestimate the 
degree of bone invasion because of peri-tumoural and other causes of inflammation and its accuracy 
in this regard remains in debate. [138, 173, 176, 186-190] The sensitivity and specificity of MRI for 
the detection of bone invasion ranges between 75-90% and 75-88% respectively. [133, 173, 177, 
179, 185, 186] 
  
Radioisotope Imaging 
Also known as metabolic imaging, these techniques rely upon the accumulation of a radioactive 
tracer within tissues and subsequent detection of the emission products of their radioactive decay. 
[169] The most common techniques employed for oral squamous cell carcinoma include single 
photon emission computed tomography (SPECT) which uses Technetium (99Tc) as its radiotracer and 
positron emission tomography (PET) which commonly uses 18-flurodeoxyglucose (18FDG). [169, 191] 
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Compared to conventional radiology, these techniques have poorer spatial resolution and 
anatomical localization which can be improved by the acquisition of a concurrent low-dose CT scan 
to correlate the anatomical region from which the emissions have been detected from. [169, 176, 
191, 192] As radioactive tracers are used in these techniques, the total radiation dose is quite high 
with region-of-interest SPECT-CT averaging between 2.0-6.8 mSv and total body staging PET-CT 
radiation dosing as high as 13-32 mSv. [191, 192] 
 
As metabolic imaging techniques detect differences in their radiotracer uptake due to increased 
local metabolism arising from inflammatory, infective, physiologic and neoplastic causes, they are 
not specific for any particular disease process. [151, 176] Due to their ability to detect metabolic 
changes associated with bone involvement, both SPECT-CT and PET-CT are highly sensitive 95-98% 
and 85%-98% respectively) to the detection of early bone invasion. [132, 138, 151, 165, 176, 178, 
186, 188, 190, 193] Both of these techniques however have poor specificity (50-75% and 65-90% 
respectively) with high rates of false positives and are of limited use in determining the degree of 
bone involvement to influence the decision for marginal over segmental mandibular resection in oral 
squamous cell carcinoma. [132, 176, 178, 186, 188, 190, 193] As the false negative rate is very low 
with these imaging methods, a negative SPECT-CT or PET/CT is helpful to rule out early bone 
invasion. [179, 190] 
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3. Materials & Methods 
 
3.1. Ethics Approval 
Ethics approval was obtained from the Royal Melbourne Hospital Human Research & Ethics 
Committee (Reference: QA2015101) and registered with the University of Melbourne. 
  
3.2. Subject Recruitment 
In order to maintain reproducibility and comparability of results between studies, the methods and 
definitions used in this study closely followed those by the previously published article by Koo and 
co-authors. [1]  
 
A total of 287 consecutive patients who presented to the Royal Melbourne Hospital Head and Neck 
Tumour Stream with oral SCC between the 1st Jan 2007 and 31st Dec 2012 were selected for inclusion 
into this study. Patients were identified using the BioGrid Australian Comprehensive Cancer 
Outcomes and Research Database. (ACCORD) Only patients with oral sub-site primaries as classified 
by the tenth edition of the International Classification of Diseases (ICD-10) were included. (Table 3-1) 
Carcinomas of the lip, tonsil, base of tongue and oro-pharyngeal sub-sites were excluded. 
 

Table 3-1: ICD 10 codes for oral cavity sub-sites included in this study 

Code Sub-Site 

C02.0 Malignant neoplasm of oral tongue 
C03.0 Malignant neoplasm of maxillary gingiva 
C03.1 Malignant neoplasm of mandibular gingiva 
C04.0 Malignant neoplasm of floor of Mouth 
C05.0 Malignant neoplasm of palate 
C06.0 Malignant neoplasm of buccal mucosa 
C06.1 Malignant neoplasm of oral vestibule 
C06.2 Malignant neoplasm of retromolar trigone 

 
This study examined two cohorts of patients: 
 

I. The original previously published cohort of 169 patients treated between 1st Jan 2007 and 
31st Jul 2010 with a minimum follow-up period of 60 months.  
 

II. A second new cohort of 118 patients treated between 1st Aug 2010 and 31st Dec 2012 with a 
minimum follow-up period of 30 months.  

 
Bone Invasion 
A subset of 133 patients who underwent mandibulectomy (marginal or segmental) were selected 
from the combined cohort of 287 consecutive patients. Of these, a total of 109 patients had 
diagnostic quality histopathology slides available for review and of these, 83 CT and 72 MRI studies 
of diagnostic quality were available for analysis. A total of 58 (53%) patients had both CT and MRI 
studies. Patients with external CT or MRI images were excluded from the analysis to ensure 
consistent image quality. 
 
 
3.3. Data Collection 
The majority of data was obtained from the ACCORD database and archived multidisciplinary 
meeting (MDM) reports, both of which were prospectively collected. Additional clinical information 
was obtained from the medical record, histopathology and radiology reports. Mortality data was 
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sourced from hospital patient attendance records, the ACCORD database and Victorian Cancer 
Registry (VCR) that records death certificate data in cancer patients notified to the registry. 
 
 
3.4. Treatment Protocol 
All patients were treated with curative surgical intent unless deemed inoperable or medically unfit.  
Neck dissection was performed for early stage (T1 and T2) tumours with a depth of invasion >3mm 
and all locally advanced stage (T3 and T4) tumours. The standard protocol for adjuvant radiotherapy 
was 60Gy in 30 fractions delivered in 5 fractions per week for patients with locally advanced 
tumours and positive nodal disease. [194, 195]   
 
Adjuvant radiotherapy was considered in patients with early stage tumours with adverse histologic 
features including perineural or lymphovascular invasion, depth of invasion >7mm, bone invasion 
and recurrent disease. [194, 196] 
 
For patients with positive margins, extra-capsular nodal extension and selected cases of locally 
advanced disease with adverse features, the standard protocol was adjuvant radiotherapy (66Gy in 
33 fractions, 5 fractions per week) with concurrent chemotherapy consisting of weekly cisplatin 
40mg/m2 or carboplatin AUC2 when cisplatin was contraindicated. [194, 196] 
 
 
3.4.1. Imaging Protocol 
All patients underwent a contrast enhanced multi-detector CT scan on a Siemen’s 128 row Somatom 
CT Scanner with 50ml of 350 mg/ml Iohexol contrast medium (Omnipaque) injected with a delay of 
45 seconds prior to the scan. Scanning was performed at 120 kVP and 210 mAs and images were 
reconstructed in 3 planes using an overlapping technique and 1mm slices. Acquired images were 
then viewed in a bone window (400-1400 HU) and a soft tissue window (50-350 HU). 
 
Selected patients underwent a contrast enhanced MRI scan on a GE Medical Systems Signa 1.5 Tesla 
MRI scanner with 15ml of 7.035g/15ml dimeglunine gadopentate contrast medium (Magnevist) 
injected with a delay of 45 seconds prior to the scan. Images were acquired in 0.4mm slides using T1, 
T2, STIR, DWI and fat saturation sequences then reconstructed in 3 planes using an overlapping 
technique prior to viewing.  
 
All images were interpreted by a specialist head and neck radiologist who had access to clinical 
tumour information but was otherwise blinded to the results of the resection and histopathology. 
Combined CT and MRI results were considered to be positive if either study was positive for bone 
invasion. A result was considered to be negative only if both studies were negative. 
 
 
3.4.2. Histopathology Protocol 
After orientation and inking of margins, tumour resection specimens were fixed in 10% neutral 
buffered formalin, decalcified then embedded in paraffin. Representative haematoxylin and eosin 
stained sections of the tumour/bone interface were examined by a specialist pathologist who had 
access to clinical tumour information and resection but was otherwise blinded to the results of the 
radiological findings. Resection margins and bone invasion were assessed by circumferential 
sectioning of the specimen margins followed by serial sectioning of the remaining specimen. Any 
identification of tumour invasion into bone was recorded as a positive result. 
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3.5. Classification 
 
Staging 
All patients were staged and classified using the American Joint Committee on Cancer (AJCC) 7th 
edition TNM staging system (Table 3-2 and Table 3-3). [112] Although as of January 1st 2018 this 
classification was superseded by the AJCC 8th edition TNM staging system, this classification was not 
in effect at the time of data collection. In addition, the original study by Koo et al used the AJCC 7th 
edition classification. [1] In order to maintain comparability of results we retained the use of the 
older system. 
 
Pre-operative clinical staging was based upon intraoral inspection and examination and palpation of 
the neck and supported radiological assessment using CT, MRI and occasionally PET imaging. For 
those patients who underwent surgical resection, pre-operative clinical staging was updated to 
reflect pathological staging based upon tumour size measurement, bone and tongue muscle invasion 
and involvement of lymph nodes with in neck dissection specimens. Wherever possible, pathologic 
staging was used in the final data analysis. 
 
 
Table 3-2: AJCC 7th Edition TNM Staging System for Oral Squamous Cell Carcinoma 

Tumour Nodes Metastases 

Tx Cannot be assessed Nx Cannot be assessed Mx Cannot be assessed 
T0 No primary tumour N0 No-regional lymph node 

metastases 
M0 No distant metastases 

Tis Carcinoma in situ N1 Single node < 3cm M1 Distant metastases 
T1 Primary < 20mm N2a Single ipsilateral node  

3-6cm 
  

T2 Primary 20-40mm N2b Multiple ipsilateral nodes  
< 6cm 

  

T3 Primary > 40mm N2c Bilateral or contralateral 
nodes < 6cm 

  

T4a Invades cortical bone, 
extrinsic tongue muscles, 
maxillary sinus or facial 
skin 

N3 Lymph node(s) > 6cm   

T4b Unresectable tumour     

 
 
Table 3-3: AJCC 7th Edition TNM Stage groupings for Oral Squamous Cell Carcinoma 

Group Clinical 

Stage 0 Tis N0 M0 
Stage I T1 N0 M0 
Stage II T2 N0 M0 
Stage III T3 or N1 M0 
Stage IVa T4a or N2 M0 
Stage IVb T4b or N3 M0 
Stage IVc Any T, Any N, M1 
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Non-Smoking, Non-Drinking, Elderly 
Patients were classified as either as smokers and/or drinkers (SD) or non-smokers and non-drinkers 
(NSND). Non-smoking status was defined as less than 5 cigarettes/week with no previous or regular 
history of tobacco use. The relative risk of patients who smoke between 0-20 cigarettes per day for 
developing oral squamous cell carcinoma has been reported to be 1.30 [46] while the odds ratio for 
these patients ranges from 1.2-1.88. [30, 37, 45] 
 
Non-drinking status was defined as less than 3 standard drinks/week with no previous or regular 
history of alcohol consumption. The relative risk of patients who consume 5g of alcohol (0.5 
standard drinks) per day for developing oral squamous cell carcinoma is on average less than 1 [46] 
with an odds ratio of 0.88. [45] For those who consume 12g per day (1.2 standard drinks) the relative 
risk is 1.22-1.35. [40, 42] 
 
In accordance with the definition used in the study by Koo and co-authors, we defined elderly status 
as being aged 70 years or over. [1] 
 
Histopathology 
Only oral squamous cell carcinomas were included in this study, all other oral cavity cancers were 
excluded. Tumour size was measured in millimetres and recorded as the maximal dimension. The 
depth of tumour invasion into the tissues was measured from the basement membrane at the 
epithelial-connective tissue interface and also recorded in millimetres at the maximum depth of 
invasion.  
 
Surgical resection margins were measured in millimetres and the closest resection margin recorded. 
Margins were defined as positive if tumour was detected within 1mm of a resection margin or close 
if the tumour was less than 5mm of a resection margin. A margin of greater than 5mm was 
considered to be a clear surgical margin. [127] 
 
Perineural and lymphovascular invasion were recorded as present or absent only. Lymph node 
involvement was recorded either as negative, if there was no nodal involvement by tumour, positive, 
if at least one node was involved by tumour or as extra-capsular extension if tumour within an 
involved lymph node was detected to have invaded through the lymph node capsule and into the 
surrounding tissues. 
  
Bone Invasion 
The degree of bone invasion was recorded separately for each imaging modality (CT and MRI). 
Where the tumour did not extend into bone, the deepest anatomical layer was recorded as none. If 
the tumour abutted, but did not extend into the bone, the deepest layer was considered to be the 
periosteum. Both of these results were considered to be negative for bone invasion. The result was 
considered to be positive if the tumour extended into either the cortex or the marrow cavity.  
 
A similar method was used to record the degree of bone invasion seen on histopathology while the 
depth of bone invasion was measured in millimetres from the outer cortex to the point of maximal 
invasion. In addition, the pattern of bone invasion was classified into erosive and infiltrative patterns 
as defined by Slootweg and Müller. [159] The pattern was considered to be erosive only if there was 
a sharp tumour/bone interface with a broad resorptive front and no direct tumour invasion 
otherwise the pattern was recorded as infiltrative.  
 
Recurrent & Persistent Disease 
Patients with no clinical, radiological or metabolic evidence of disease were classified as disease free. 
Patients who underwent multiple resections for oral squamous cell carcinoma but were currently 
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disease free were classified as having recurrent disease. Any patient with clinical, radiological or 
metabolic evidence of residual disease was classified as having persistent disease unless there was 
evidence of distant disease outside of the head and neck region in which case they were classified as 
having metastatic disease. 
 
Survival & Outcome 
The census date for length of follow-up and survival used in this study was the 31st Dec 2015. 
Survival time was calculated in months from the date of treatment commencement. The census date 
was used to calculate the total survival time for those patients with records lodged within Victorian 
Cancer Registry who did not have a death certificate or date of death prior to the census date. For 
those patients who were not lodged in the registry and no death data was available, the date of their 
last review in the medical record was used to determine follow-up and survival time. 
 
In the survival analysis, only deaths directly related to oral squamous cell carcinoma were recorded 
as events. (Disease specific survival) These patients were classified as having died due to their 
disease (DDD). Patients lost to follow-up and those who died from other causes (overall survival) 
during the study period, including peri-operative causes, were censored from the analysis from that 
point onwards. [197] 
 
 
3.6. Statistics 
Statistical analysis was carried out using the SPSS statistical package (Version 19.0, IBM, Somers, NY, 
USA) and GraphPad Prism (Version 6.01, GraphPad Software. San Diego, CA, USA).  
 
Pearson's chi-squared tests were used to evaluate categorical data while unpaired Student's T-tests 
and Wilcoxon rank sum tests were employed to evaluate mean differences between parametric and 
non-parametric data respectively. Analysis of variance (ANOVA) was employed when the data did 
not quite fit the requirements for either of these tests.  
 
Kaplan-Meier estimates were used to construct survival curves to assess univariate factors and 
disease-specific survival. These were analysed for statistical significance using log rank (Mantel-Cox) 
tests while the Cox-proportional hazards model was used to calculate hazards ratio. Similarly 
multivariate survival analysis was performed using Cox logistic regression.  
 
A P value of less than 0.05 was taken to be significant. 
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4. Results 
 
4.1. Demographics 
 
Gender Distribution 
In the overall analysis, (Table 4-1) a total of 70 patients (24.4%) were identified as NSND and 53 
(18.5%) were NSND females. Overall, the male to female ratio was 1.35:1 (M:F) across the entire 
patient population. The differences in gender distribution between individual groups however were 
significant (p <0.001, Chi Sq) with a male to female ratio of 2.14:1 (M:F) in the SD group compared to 
1:3.12 (M:F) in the NSND group. The proportions of SD and NSND patients as well as males and 
females within each group were nearly identical in both the first cohort (p <0.001, Chi Sq) and the 
second cohort (p <0.001, Chi Sq) and there was no statistically significant difference between 
cohorts. (p = 0.996, Chi Sq). 
 
 
Table 4-1: Proportion of Smoker-Drinkers and Non-Smoking, Non-Drinking patients 

All Patients N SD NSND NSND Fem 

Total 287 (100.0%) 217 (75.6%) 70 (24.4%) 53 (18.5%) 

Female 122 (42.5%) 69 (24.0%) 53 (18.5%) 53 (18.5%) 

Male 165 (57.5%) 148 (51.6%) 17 (5.9%) 0 (0.0%) 

M:F 1.35:1 2.14:1 1:3.12 - 

Cohort 1 N SD NSND NSND Fem 

Total 169 (100.0%) 128 (75.7%) 41 (24.3%) 31 (18.4%) 

Female 72 (42.6%) 41 (24.2%) 31 (18.4%) 31 (18.4%) 

Male 97 (57.4%) 87 (51.5%) 10 (5.9%) 0 (0.0%) 

M:F 1.35:1 2.12:1 1:3.10 - 

Cohort 2 N SD NSND NSND Fem 

Total 118 (100.0%) 89 (75.4%) 29 (24.6%) 22 (18.7%) 

Female 50 (42.4%) 28 (23.7%) 22 (18.7%) 22 (18.7%) 

Male 68 (57.6%) 61 (51.7%) 7 (5.9%) 0 (0.0%) 

M:F 1.36:1 2.18:1 1:3.14 - 

 
 
Age Distribution 
Again in the pooled overall analysis, elderly patients over the age of 70 years made up over half of 
the population of NSND (55.7%) and NSND Females (52.8%) while they accounted for 31.8% of 
patients in the SD group. (Table 4-2) While these differences in age distribution were highly 
significant when the cohorts were combined (p <0.001, Chi Sq), these differences were less 
significant when each cohort was examined individually.  
 
In the first cohort, elderly patients made up 36.7% of patients in the SD group and 61.0% and 61.3% 
of the NSND and NSND female patients respectively. (p = 0.004, Chi Sq) In the second cohort, elderly 
patients comprised 24.7% of the SD group and 48.3% and 40.9% of the NSND and NSND female 
groups respectively (p = 0.039, Chi Sq).   
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Table 4-2: Proportion of SD, NSND and NSND Female Elderly patients in each cohort 

All Patients N SD NSND NSND Fem 

Age <70 179 (62.4%) 148 (68.2%) 31 (44.3%) 25 (47.2%) 

Age 70+ 108 (37.6%) 69 (31.8%) 39 (55.7%) 28 (52.8%) 

Cohort 1 N SD NSND NSND Fem 

Age <70 97 (57.4%) 81 (63.3%) 16 (39.0%) 12 (38.7%) 

Age 70+ 72 (42.6%) 47 (36.7%) 25 (61.0%) 19 (61.3%) 

Cohort 2 N SD NSND NSND Fem 

Age <70 82 (69.5%) 67 (75.3%) 15 (51.7%) 13 (59.1%) 

Age 70+ 36 (30.5%) 22 (24.7%) 14 (48.3%) 9 (40.9%) 

 
 
In addition, the first cohort contained 5 NSND females over 90 years (16.1%) while there were no 
NSND females in the second cohort over the age of 87. Despite this, the differences in proportions of 
NSND elderly females was not significant (p = 0.301, Chi Sq). 
 
Overall, the age distribution of SD patients was normally distributed while NSND patients showed a 
bimodal distribution with peaks 50-59 years and a larger peak at 70-79 years. (Fig 4-1) This 
distribution was statistically significant (p = 0.002, ANOVA) and similar to the distribution seen in the 
first cohort (Fig 4-2, p = 0.002, ANOVA). In the second cohort while the bimodal age distribution was 
preserved in the NSND patients, the age distribution for the SD patients also showed a similar peak 
at 80-89 years. As a result, in this cohort the differences in age distribution were not statistically 
significant. (Fig 4-2, p = 0.277, ANOVA). 
 
 
Fig 4-1: Overall age distribution of Smoker-Drinkers and Non-Smoking, Non-Drinking patients 
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Fig 4-2: Age distribution of Smoker-Drinkers and Non-Smokers, Non-Drinkers in cohort 1 

 
 

Fig 4-3: Age distribution of Smoker-Drinkers and Non-Smokers, Non-Drinkers in cohort 2 

 
 
 
4.2. Disease Characteristics 
 
Inoperable Disease 
Of the 287 patients with oral SCC identified in the study, a total of 15 patients did not undergo 
surgery due to inoperable disease or because they were medically unfit. All of these patients were 
part of the first cohort, were disproportionally part of the SD group (80.0%) and over the age of 60 
(73.3%). Only 3 of these patients belonged to the NSND group, all of whom were female and only 1 
was aged over 70 years. Overall disease specific survival in the non-surgically treated group at 5 
years was 33.3% as compared to 80.5% in those patients treated with surgery. 
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Fig 4-4: Differences in disease specific survival between the first and second cohorts 

 
Although there was little difference all survival analyses when the non-surgically treated patients 
were included, in order to ensure equivalence between the two treatment cohorts, only the patients 
who underwent surgery (N=272) were included in the survival analysis resulting in a total of 154 and 
118 patients from the first and second cohorts respectively. Disease specific survival was reduced in 
the first cohort compared to the second cohort (80.5% vs 87.3%) although this was not statistically 
significant (p = 0.171, Log-Rank). 
 
Tumour Site 
Across all groups, the oral tongue was the most common primary tumour sub-site (Fig 4-5) 
accounting for 42.2% of all cases. Overall, in SD patients, the tongue was involved in 38.7% of cases 
compared to NSND patients in which tongue tumours comprised 52.9% of the study population. 
Although the rates of tumours at other sites were similar, SD patients showed a higher proportion of 
tumours in the floor of mouth and retromolar region than did NSND patients. These differences 
were overall statistically significant (p = 0.022, Chi Sq) but did not reach significance for either the 
first (p = 0.108, Chi Sq) or second cohort (p = 0.204, Chi Sq) when analysed alone. There were no 
statistically significant differences between cohorts (p = 0.102, Chi Sq).  
 
Fig 4-5: Distribution comparison of primary tumour sub-sites between SD and NSND patients 

 
 

There was no difference in disease specific survival from tongue primaries compared to other sites 
(p = 0.982, Log-Rank) or the rates of recurrent and persistent disease (p = 0.703, Chi Sq).     
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Staging 
Although there was no statistically significant difference in TNM staging between the two treatment 
cohorts (p = 0.905, Chi Sq), the NSND group in the first cohort had a higher rate of advanced stage 
disease (TNM III/IV) compared to the second (43.9% vs 31.0%, p = 0.276, Chi Sq). This was even more 
pronounced in the NSND female group (51.6% vs 27.3%, p = 0.076, Chi Sq). These differences staging 
between NSND and SD groups however were statistically insignificant overall (p = 0.217, Chi Sq) as 
well as within each cohort (p = 0.874, Chi Sq) and (p = 0.084, Chi Sq) respectively. 
 
Table 4-3: Proportion of early (TNM I/II) vs advanced stage (TNM (III/IV) disease in each cohort 

All Patients N SD NSND NSND Fem 

TNM I/II 158 (55.1%) 115 (53.0%) 43 (61.4%) 31 (58.5%) 

TNM III/IV 129 (44.9%) 102 (47.0%) 27 (38.6%) 22 (41.5%) 

Cohort 1 N SD NSND NSND Fem 

TNM I/II 93 (55.0%) 70 (54.7%) 23 (56.1%) 15 (48.4%) 

TNM III/IV 76 (45.0%) 58 (45.3%) 18 (43.9%) 16 (51.6%) 

Cohort 2 N SD NSND NSND Fem 

TNM I/II 65 (55.1%) 45 (50.6%) 20 (69.0%) 16 (72.7%) 

TNM III/IV 53 (44.9%) 44 (49.4%) 9 (31.0%) 6 (27.3%) 

 
 
For all patients, disease specific survival was significantly reduced (91.8% vs 71.5%, Fig 4-6a) when 
patients with early stage disease (TNM I/II) were compared to those with advanced stage disease (p 
<0.001, Log-Rank). When each individual cohort was examined, this effect was reproduced across 
both cohorts with the first cohort (Fig 4-6b, 89.1% vs 68.3%, p <0.001, Log-Rank) and the second 
cohort (Fig 4-6c, 95.7% vs 75.5%, p <0.001, Log-Rank) showing similar statistically significant 
reductions in disease specific survival. Advanced stage disease was associated with a greater rate of 
recurrent and persistent disease (37.1% vs 21.8%, p = 0.006, Chi Sq) with a relative risk of 1.72 (95% 
CI: 1.16-2.49; p = 0.006). 
 
Fig 4-6: Effect of TNM staging on Disease Specific Survival for all patients and within each cohort 

 
 
When NSND and SD patients were analysed separately, NSND patients showed an overall reduced 
survival compared to SD patients, especially in cases of advanced disease (Fig 4-7a, p <0.001, Log-
Rank). In the first cohort, the disease specific survival rate for NSND patients with early disease 
approached that of SD patients with advanced disease (Fig 4-7b, 78.6% vs 75.7%, p = 0.009, Log-
Rank) while there was no difference in disease specific survival between NSND and SD patients with 
early disease in the second cohort (Fig 4-7c, 95.1% vs 95.7%, p <0.001, Log-Rank). Overall survival for 
NSND patients compared to SD patients was worse in all cohorts (50.0% vs 74.6%, Fig 4-7a). 
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Fig 4-7: Comparison of Disease Specific Survival for SD and NSND patients based on TNM stage 

 
 
Recurrence 
Overall in our study population, 197 patients (68.6%) remained disease free with a total of 38 
patients (13.2%) developing recurrent disease. During the study period a total of 49 patients (17.1%) 
continued to have persistent disease after treatment while 3 patients (1.0%) developed distant 
metastases. All disease specific mortality occurred in patients with recurrent and persistent disease. 
(0% vs 61.1%, p <0.001, Log-Rank). Overall, NSND patients and NSND females showed a statistically 
significantly higher rate of recurrent and persistent disease (42.9% and 47.2%, p = 0.005, Chi Sq) 
compared to patients in the SD group (27.6%).  
 
Although there was an overall trend towards increased rates of recurrent and persistent disease in 
the NSND and NSND female patients compared to SD patients (Fig 4-8), this effect was confined to 
the first cohort only. In the first cohort, the rates of recurrent and persistent disease were 46.3% and 
51.6% in NSND and NSND females respectively compared to the SD group (24.2%, p = 0.002, Chi Sq). 
By contrast the rates of recurrent and persistent disease in the second cohort were similar across 
groups (SD = 32.6%, NSND = 37.9%, NSND Fem = 40.9%) and the differences were not statistically 
significant (p = 0.713, Chi Sq).  
 
Fig 4-8: Proportion of SD, NSND and NSND Female patients with recurrent and persistent disease 

 
 
Effect of Margins 
Clear surgical margins (5mm or greater) were obtained in 64.3% of cases. Close margins, where at 
least one resection margin was less than 5mm occurred in 23.5% while close margins less than 2mm 
were found in 12.1% of cases. In the overall survival analysis, resection margins less than 5mm were 
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associated with reduced disease specific survival (Fig 4-9a) compared to margins with greater than 
5mm clearance (87.9% vs 74.7%, p = 0.009, Log-Rank). Although there was no significant difference 
in margin status between groups in either cohort or the overall analysis (p = 0.887, Chi Sq) there 
were differences in survival between cohorts. While there was a difference in disease specific 
survival between clear and close margins in the first cohort, (83.5% vs 75.4%, Fig 4-9b) this was not 
statistically significant (p = 0.256, Log-Rank). In comparison, the second cohort showed a much 
greater difference in survival (92.7% vs 75.0%, Fig 4-9c) which was significant (p = 0.004, Log-Rank).  
 
Fig 4-9: Effect of Surgical Margins on Disease Specific Survival for all patients and within each cohort 

 
 
In all groups, close margins less than 5mm were associated with a disease specific survival of 
approximately 75% and a relative risk of 2.06 for disease specific mortality (95% CI: 1.21-3.51; p = 
0.008). Close margins were associated with a higher rate of recurrent and persistent disease 
compared to clear margins (37.1% vs 23.4%, p = 0.016, Chi Sq) with a relative risk of 1.56 (95% CI: 
1.07-2.27; p = 0.021). Although the rate of close margins was higher overall in the NSND patient 
group compared to the SD group (40.3% vs 34.1%) this difference was not statistically significant (p = 
0.361, Chi Sq).   
 
 
Effect of Tumour Stage 
As would be expected, disease specific survival was strongly correlated with increasing tumour size 
and invasion into adjacent structures. Overall survival was 90.1% for T1 tumours, 90.7% for T2 
tumours compared with survival rates of 53.3% for T3 and 70.4% for T4 tumours respectively (Fig 
4-10a, p <0.001, Log-Rank). A similar overall pattern was seen in the first cohort (Fig 4-10b, p = 
0.002, Log-Rank) while the differences in survival between early tumours (T1 and T2) and advanced 
tumours (T3 and T4) were much greater (Fig 4-10c, p <0.001, Log-Rank).  
 
Fig 4-10: Effect of T-Stage on Disease Specific Survival for all patients and within each cohort 

 
 
The discrepancy between disease specific survival for T3 and T4 tumours can be partially explained 
by the very low numbers of T3 tumours, as well as the larger size of T3 compared to T4 tumours 
(43.7mm ±8.1mm vs 32.6mm ±13.1mm, p = 0.051, ANOVA). Despite this, there was overall no 
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significant difference between the rates of early and advanced stage tumours found between groups 
in either cohort or the overall analysis (p = 0.608, Chi Sq). Compared to patients with early stage 
tumours, patients with advanced stage tumours had a 1.62 relative risk of developing recurrent and 
persistent disease. (95% CI: 1.12-2.35, p = 0.011). 
 
Effect of Nodal Stage 
Again, as would be expected, node positive disease was associated with reduced survival, especially 
in the setting of extra-capsular extension of tumour. (Fig 4-11a, p <0.001, Log-Rank). Compared to 
the first cohort, where the differences in disease specific survival between node positive and node 
negative disease are reduced (Fig 4-11b, 82.4% vs 72.4%, p = 0.004, Log-Rank), the second cohort 
showed a much greater difference in survival (Fig 4-11c, 93.6% vs 65.5%, p <0.001, Log-Rank). Extra-
capsular extension was associated with a greater than 50% reduction in disease specific survival 
across both cohorts.      
 
Fig 4-11: Effect of Neck Disease on Disease Specific Survival for all patients and within each cohort 

 
Overall, there was no significant difference in the rates of node positive disease between groups in 
either cohort or the overall analysis (p = 0.359, Chi Sq) and node positive disease was associated 
with a relative risk of 1.72 for the development of recurrent and persistent disease. (95% CI: 1.23-
2.43; p = 0.002). 
 
 
Effect of Perineural & Lymphovascular Invasion 
The presence of perineural or lymphovascular invasion resulted in an overall reduction in disease 
specific survival of 10% and 16% respectively. For those patients with both perineural and 
lymphovascular invasion, survival was reduced to 36.4% (Fig 4-12a, p <0.001, Log-Rank). Although 
there were differences in the effect on survival between cohorts for isolated perineural or 
lymphovascular invasion, the combination of both forms of invasion still resulted in significantly 
reduced survival in down to 33.3% in the first cohort (Fig 4-12b, p = 0.003, Log-Rank) and 40.0% in 
the second cohort (Fig 4-12c, p <0.001, Log-Rank). 
 
Fig 4-12: Effect of Perineural and Lymphovascular Invasion on Disease Specific Survival  

 
There was no statistically significant difference in the rates of either or combination of both types of 
invasion between groups in either cohort or the overall analysis (p = 0.697, Chi Sq). The presence of 
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either type of invasion was associated with a relative risk of 2.02 for the development of recurrent 
and persistent disease. (95% CI: 1.46-2.81; p <0.001). 
 
 
4.3. Non-Smoking Non-Drinking Elderly Females 
 
Smoking 
Tobacco smoking prior to surgical treatment was not associated with a statistically significant 
difference in survival (Fig 4-13) although non-smokers did show an overall 5% reduced survival 
compared to smokers. This study did not record smoking status following cancer treatment and so 
was not able to assess the effects of ongoing tobacco consumption.  
 
Fig 4-13: Effect of Smoking on Disease Specific Survival for all patients and within each cohort 

 

Non-smokers had a marginally significant increase in the rates of recurrent and persistent disease 
(34.9% vs 24.1%, p = 0.053, Chi Sq) with a relative risk of 1.45 (95% CI: 1.00 - 2.11; p = 0.052). 
 
 
Alcohol 
In the overall analysis, alcohol intake prior to surgical treatment was not associated with a 
statistically significant difference in survival (Fig 4-14a, p = 0.740, Log-Rank) however this was not 
the same across both cohorts. Non-drinkers in the first cohort had a 9% decrease in survival 
compared to drinkers but this was not statistically significant (Fig 4-14b, p = 0.161, Log-Rank) while 
non-drinking status was associated with an 11% increase in survival in the second cohort which was 
also not significant. (Fig 4-14c, p = 0.240, Log-Rank). 
 
 
Fig 4-14: Effect of Alcohol Intake on Disease Specific Survival for all patients and within each cohort 

 

As with smokers, the effects of ongoing alcohol consumption following treatment were not assessed 
and although non-drinkers showed a higher rate of recurrent and persistent disease (32.4% vs 
25.7%), this was not statistically significant (p = 0.237, Chi Sq).  
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Gender 
Female gender was associated with an overall decrease in disease specific survival (77.8% vs 87.2%) 
although this did not reach statistical significance (Fig 4-15a, p = 0.055, Log-Rank). The differences in 
survival of females was much greater in the first cohort (72.7% vs 86.4%) and was statistically 
significant (Fig 4-15b, p = 0.038, Log-Rank) as compared to the second cohort in which a minimal 
survival difference was found (Fig 4-15c, 84.7% vs 88.2%, p = 0.706, Log-Rank). 
 
Fig 4-15: Effect of Gender on Disease Specific Survival for all patients and within each cohort 

 

Overall female gender was associated with a statistically significant higher rate of recurrent and 
persistent disease (36.2% vs 22.4%, p = 0.013, Chi Sq) with a relative risk of 1.61 (95% CI: 1.10 - 2.36; 
p = 0.013). 
 
 
Elderly Patients 
Similarly, overall disease specific survival for elderly patients over the age of 70 years was associated 
with a statistically significant decrease in survival (Fig 4-16a, 76.7% vs 86.9%, p = 0.028, Log-Rank) 
though this effect was confined to the first cohort. The survival of elderly patients in the first cohort 
was 71.9% vs 86.7% and was significant (Fig 4-16b, p = 0.022, Log-Rank) while there was no 
difference in survival for elderly patients in the second cohort (Fig 4-16c, p = 0.781, Log-Rank). 
 
Fig 4-16: Effect of Age 70+ years on Disease Specific Survival for all patients and within each cohort 

 

Fig 4-17: Disease Specific Survival for elderly females compared to all other patients for each cohort 
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When the results for female patients over 70 years were examined, there was an overall further 
reduction in disease specific survival (70.9% vs 85.9%) which was statistically significant (Fig 4-17a, p 
= 0.009, Log-Rank). As with elderly patients however, this result was only significant for elderly 
female patients in the first cohort (Fig 4-17b, p = 0.012, Log-Rank) with elderly females within the 
second cohort showing no similar decrease in disease specific survival (Fig 4-17c, p = 0.474, Log-
Rank).  
 
An examination of all patients aged over 60 years and females over 60 years revealed no differences 
in survival (p = 0.531 and p = 0.093, Log-Rank). The rates of recurrent and persistent disease were 
not increased for elderly patients (p = 0.847, Chi Sq) and although there was a higher rate in elderly 
females (32.7% vs 27.4%) this was not statistically significant (p = 0.456, Chi Sq). 
 
 
Non-Smokers, Non-Drinkers 
Overall NSND patients showed reduced disease specific survival compared to all other patients 
(77.1% vs 85.2%) however this difference was not statistically significant (Fig 4-18a, p = 0.111, Log-
Rank). Although the difference in survival was greater in the first cohort (71.0% vs 83.6%) this also 
did not reach statistical significance (Fig 4-18b, p = 0.080, Log-Rank). There was no differences in 
survival seen for NSND patients in the second cohort (Fig 4-18c, p = 0.772, Log-Rank).      
 
Fig 4-18: Disease Specific Survival for NSND patients compared to SD patients for each cohort 

 
 
 
When NSND females were examined, there was an overall reduced disease specific survival 
compared to all other patients (73.4% vs 85.4%) which was statistically significant (Fig 4-19a, p = 
0.035, Log-Rank) interestingly, this was not the case for the individual cohorts. The first cohort 
showed reduced survival for NSND females (67.8% vs 83.3%) but did not reach statistical significance 
(Fig 4-19b, p = 0.056, Log-Rank). There were limited differences in survival for NSND females in the 
second cohort (81.8% vs 87.8%) which was also not significant (Fig 4-19c, p = 0.344, Log-Rank). 
 
Fig 4-19: Disease Specific Survival for NSND females compared to all other patients for each cohort 
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A significant decrease in disease specific survival (58.1% vs 85.9%) was seen when we compared 
NSND females aged over 70 years compared to all other patients (Fig 4-20a, p <0.001, Log-Rank). A 
similar but lesser decrease in survival was seen for NSND females aged over 60 years (63.8% vs 
86.2%, p = 0.004, Log-Rank). Unlike in previous comparisons, this effect was statistically significant in 
both the first cohort (Fig 4-20b, p = 0.002, Log-Rank) and the second cohort (Fig 4-20c, p = 0.031, 
Log-Rank). A statistically significant difference in the rates of recurrent and persistent disease was 
seen in NSND elderly females (44.4% vs 27.6%, p = 0.050, Chi Sq) with a relative risk of 1.68 (95% CI: 
1.05 - 2.68; p = 0.031). 
 
Fig 4-20: Disease Specific Survival for NSND elderly females compared to all others for each cohort 

 
 
Fig 4-21: Disease Specific Survival for NSND elderly females compared to age-matched controls 

 
 
Finally, when NSND females aged over 70 were compared to age matched controls to remove the 
effects of increased mortality from co-morbidities seen in this age group, an overall similar disease 
specific survival difference was found (58.1% vs 83.6%) which was statistically significant (Fig 4-21a, 
p = 0.006, Log-Rank). This effect approached significance in the first cohort (Fig 4-21b, p = 0.052, Log-
Rank) and was significant in the second cohort (Fig 4-21c, p = 0.043, Log-Rank). Although the rates of 
advanced staged disease (TNM III/IV) were higher in the NSND elderly females compared to all other 
elderly patients (32.5% vs 23.3%), these differences in disease staging were not statistically 
significant (p = 0.312, Chi Sq).  
 
 
Multivariate Analysis 
The multivariate analysis (Table 4-4) confirmed that advanced tumour stage, extra-capsular nodal 
extension and lymphovascular invasion were independent predictors of survival with elderly status 
approaching significance. While NSND status itself was not significant, compared to smokers and/or 
drinkers and NSND males, NSND females had an overall poorer prognosis (Table 4-4b, p =0.045, HR 
1.95, CI 0.20-3.43). When compared to elderly smokers and/or drinkers, NSND elderly females 
showed significantly poorer survival. (Table 4-4c, p =0.001, HR 3.79, CI 1.67-8.61)   
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Despite being significant in the univariate analysis, the effect of surgical marginal clearance was not 
found to be a significant predictor of survival when it was compared to other adverse features of 
disease. (Table 4-4d).  
 
Table 4-4: Summary of multivariate survival analysis for patient demographics, TNM stage, 
histopathological disease characteristics and treatment 
 
A. Females, elderly & NSND vs male smoker/drinkers under 70 years 

 
 
 
 
 

B. NSND males & females vs smoker/drinkers 
 

 

 
 
C. NSND elderly males & females vs elderly smoker/drinkers 

 

 

 

 
D. Advanced stage disease with adverse histopathological features vs early stage disease with no 
adverse features and closest margin 5mm or more. 

 

 

 

 

 

 
E. Node positive and extracapsular extension vs node negative disease 

 

 

 

 

F. Radiotherapy and chemoradiotherapy vs no adjuvant treatment in advanced stage disease  
 

 

 

 

RR = Relative Risk, 95% CI = 95% confidence interval, SD = smokers and/or drinkers, NSND (M/F) = 

non-smokers and non-drinkers (Male / Female), 70+ = Elderly 70+ years, N+ = neck metastases, ECE = 

extracapsular nodal extension, PNI = perineural invasion, LVI = lymphovascular invasion 

  
* = p < 0.05, ** = p < 0.01 
 
 

Variable RR 95% CI p-value 

  Female gender 1.50 (0.77 - 2.92) 0.231  
  NSND 1.20 (0.58 - 2.51) 0.620  
  Elderly (70+ Years) 1.86 (1.02 - 3.74 0.064  

Variable RR 95% CI p-value 

 NSND M  0.82 (0.60 - 7.37) 0.785  
 NSND F  1.95 (0.20 - 3.43) 0.045 * 

Variable RR 95% CI p-value 

 NSND M70+  1.48 (0.33 - 6.63) 0.606  
 NSND F70+  3.79 (1.67- 8.61) 0.001 ** 

Variable RR 95% CI p-value 

  pT3/T4 3.48 (1.77 - 6.85) <0.001 ** 
  pN+ 1.27 (0.60- 2.69) 0.539  
  PNI 1.65 (0.80 - 3.40) 0.172  
  LVI 2.47 (1.07 - 5.72) 0.034 * 
  Margins <5mm 1.12 (0.57 - 2.20) 0.741  

Variable RR 95% CI p-value 

  pN+ 0.92 (0.32- 2.69) 0.886  
  ECE 3.51 (1.19 - 10.33) 0.002 ** 

Variable RR 95% CI p-value 

  Radiotherapy 0.91 (0.39 - 2.09) 0.815  
  Chemoradiotherapy 0.68 (0.24 - 1.89) 0.457  
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4.4. Bone Invasion 
 
Histopathology 
Of the 109 patients who underwent mandibular resection for oral squamous cell carcinoma, invasion 
into underlying bone was detected histologically in a total of 44 patients (40.4%) and 49.5% of the 
study sample was comprised of clinically T4 tumours with the rest being clinically T1 and T2 tumours 
and no clinically T3 tumours in the sample to be evaluated. (Table 4-5) Bone invasion was identified 
in 6.7% of clinically T1 tumours, 20.0% of clinically T2 tumours and 68.5% of clinically T4 tumours 
(Table 4-5, p <0.001, Chi Sq). There were increased rates of neck metastases in tumours with bone 
invasion (36.4% vs 20.0%) compared to those without (Table 4-5, p <0.001, Chi Sq) with a relative 
risk of 1.82 (95% CI: 0.97 - 3.39; p = 0.060) for the development of nodal disease. In addition, 
tumours with bone invasion had higher rates of advanced stage (N2+) neck disease (Table 4-5, 34.1% 
vs 7.7%, p = 0.005, Chi Sq) with a relative risk of 4.43 (95% CI: 1.74 - 11.31; p = 0.002).   
 
 

Table 4-5: Summary of findings associated with histological identification of bone invasion 

All Patients N Path (-) Path (+) 

Patients 109 (100.0%) 65 (59.6%) 44 (40.4%) 

Clinical T-Stage N Path (-) Path (+) 

cT1 30 (27.5%) 28 (93.3%) 2 (6.7%) 

cT2 25 (22.9%) 20 (80.0%) 5 (20.0%) 

cT4 54 (49.5%) 17 (31.5%) 37 (68.5%) 

Clinical N-Stage N Path (-) Path (+) 

pN0 80 (73.4%) 52 (80.0%) 28 (63.6%) 

pN1 9 (8.3%) 8 (12.3%) 1 (2.3%) 

pN2+ 20 (18.3%) 5 (7.7 %) 15 (34.1%) 

Tumour  Overall Path (-) Path (+) 

Tumour Size 22.5mm ±12.5 18.0mm ±10.5 29.2mm ±5.1 

Tumour Depth 9.3mm ±7.4 7.3mm ±5.3 12.1mm ±9.0 

Resection Type N Path (-) Path (+) 

Marginal 34 (31.2%) 31 (91.2%) 3 (8.8%) 

Segmental 75 (68.8%) 34 (45.3%) 41 (54.7%) 

Margins  N Path (-) Path (+) 

Clear (5mm+) 67 (61.5%) 43 (66.2%) 24 (54.5%) 

Close (2-5mm) 31 (28.4%) 16 (24.6%) 15 (34.1%) 

Close (<2mm) 11 (10.1%) 6 (9.2%) 5 (11.4%) 

Outcome  N Path (-) Path (+) 

Recurrent/Persist 31 (28.4%) 14 (21.5%) 17 (38.6%) 

Died Due Disease 19 (17.4%) 4 (6.2%) 15 (34.1%) 

 
The average measured tumour size was statistically significantly larger (p <0.001, ANOVA) in the 

bone invasion group (29.2mm  5.1mm) compared to the non-invasion group (18.0mm  10.5mm). 
Likewise the average measured tumour depth was statistically significantly larger (p = 0.003, ANOVA) 

in the bone invasion group (12.1mm  9.0mm) compared to the non-invasion group (7.3mm  
5.3mm). Despite this, there was still significant overlap in both tumour size and depth between each 
group. (Table 4-5) 
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There was no significant difference in margin status after resection in patients with histologically 
detected bone invasion and no cases of tumour extending closer than 1mm to the resection margin 
in bone invaded specimens. (Table 4-5, Table 4-5p = 0.467, Chi Sq) In addition, patients with bone 
invasion had a higher rate of recurrent and persistent disease (38.6% vs 21.5%) which approached 
statistical significance (Table 4-5, p = 0.052, Chi Sq). Comparison of disease specific mortality over 
the length of this study showed that the survival of patients with bone invasion at the time of 
surgery was worse (87.0% vs 65.9%, p = 0.002, Log-Rank) compared with patients in whom bone 
invasion was not present as detected by histopathology. (Fig 4-22) 
 
Fig 4-22: Effect of Histopathological detection of Bone Invasion on Disease Specific Survival 

 
Fig 4-23: Effect of Histopathological Bone Invasion Pattern on Disease Specific Survival 

 
The results regarding the histopathological pattern of bone invasion need to be interpreted with 
caution as it was it was not always possible to confidently exclude infiltration from the available 
slides or to accurately measure the depth of bone invasion. This will be discussed in detail later in 
this thesis. Of the 44 patients with histological detection of bone invasion, a total of 11 patients 
(25.0%) showed an erosive pattern of invasion while the remaining 33 patients (75%) were assumed 
to have an infiltrative pattern. (Table 4-6) 
 
Although the average measured tumour size was larger in tumours with infiltrative pattern of bone 
invasion (30.9mm ±12.5mm) compared to tumours with an erosive pattern (24.1mm ±10.8mm), 
these differences were not statistically significant (Table 4-6, p = 0.115, ANOVA). In comparison, the 
average depth of the infiltrative tumours (13.9mm ±9.6mm) was statistically significantly larger 



Chapter 4: Results 

36 

(Table 4-6, p = 0.047, ANOVA) than the erosive tumours (7.3mm ±5.26mm). Despite this and despite 
a greater average depth of bone invasion in the infiltrative tumours (7.2mm ±4.6mm) compared to 
the erosive tumours (4.2mm ±2.8mm), there was significant overlap in bone invasion depth between 
each group and the results were not statistically significant (Table 4-6, p = 0.205, ANOVA).    
 
Table 4-6: Summary of findings associated with the histological pattern of bone invasion 

Invasion Pattern N Erosive Infiltrative 

Patients 44 (100.0%) 11 (25.0%) 33 (75.0%) 

Tumour  Overall Erosive Infiltrative 

Tumour Size 29.2mm ±5.1 24.1mm ±10.8 30.9mm ±12.5 

Tumour Depth 12.1mm ±9.0 7.3mm ±5.2 13.9mm ±9.6 

Bone Invasion 6.4mm ±4.4 4.2mm ±2.8 7.2mm ±4.6 

Margins  N Erosive Infiltrative 

Clear (5mm+) 24 (54.5%) 7 (63.6%) 17 (51.5%) 

Close (2-5mm) 15 (34.1%) 4 (36.4%) 11 (33.3%) 

Close (<2mm) 5 (11.4%) 0 (0.0%) 5 (15.2%) 

Outcome  N Erosive Infiltrative 

Recurrent/Persist 17 (38.6%) 4 (36.4%) 13 (39.4%) 

Died Due Disease 15 (34.1%) 3 (27.3%) 12 (36.4%) 

 
There was no significant difference in margin status after resection in patients with infiltrative 
tumours compared to those with erosive tumours (Table 4-6, Table 4-5p = 0.385, Chi Sq) or the rates 
of recurrent and persistent disease (Table 4-6, Table 4-5p = 0.858, Chi Sq). Likewise, although disease 
specific survival was decreased in patients with infiltrative tumours compared to erosive tumours 
(63.6% vs 72.7%), this was not statistically significant (Fig 4-23, p = 0.696, Log-Rank). 
 
 
CT Imaging 
As was reported in the published manuscript, of the 83 patients with diagnostic quality CT imaging 
studies available, bone invasion was detected in 31 patients (37.3%) with false positives seen in 11 
patients (13.3%) and false negatives in 9 (10.8%). (Table 4-7) These patients showed no statistically 
significant difference in margin status (p = 0.603, Chi Sq) and despite reduced disease specific 
survival (88.5% vs 80.6%) this was not statistically significant. (Fig 4-24, p = 0.240, Log-Rank) 
 
When we compared CT imaging to histological identification of bone invasion, the sensitivity and 
specificity was found to be 69.0% and 79.6% respectively. The positive predictive value was 64.5% 
and the negative predictive value was 82.7%, with an overall diagnostic odds ratio of 8.69 (Table 4-7, 
95% CI: 3.11-24.29; p <0.001). 
 
In patients with available CT imaging who underwent marginal resection, bone invasion was 
detected radiologically in 5 (15.6%) out of the 32 patients with 3 of these being false positives (9.3%) 
and 1 false negative (3.1%) for a sensitivity and specificity of 66.7% and 89.7% respectively. The 
positive predictive and negative predictive values were 40.0% and 96.3% for an overall odds ratio of 
17.33 (95% CI: 1.19-253.19; p =0.037). (Table 4-7) 
 
Likewise, in the 51 patients who underwent segmental resection, CT detected bone invasion in 26 
patients (51.0%) with 8 false positives (15.7%) and 8 false negatives (15.7%) for a sensitivity and 
specificity of 69.2% and 68.0%. The positive predictive and negative predictive values were 69.2% 
and 68.0% for an overall odds ratio of 4.78 (95% CI: 1.46-15.6; p =0.010). (Table 4-7) 
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Fig 4-24: Effect of CT Imaging detection of Bone Invasion on Disease Specific Survival 

 
Table 4-7: Summary of results of CT detection of bone invasion compared to histopathology 
 

 Path (+) Path (-) Path Total Statistics 

CT (+) 20 (24.1%) 11 (13.3%) 31 (37.4%) PPV 64.5% 
CT (-) 9 (10.8%) 43 (51.8%) 52 (62.6%) NPV 82.7% 
CT Total 29 (34.9%) 54 (65.1%) 83 (100%)   
 Sens 69.0% Spec 79.6%   OR 8.69 
         
CT (+) Marginal 2 (6.3%) 3 (9.3%) 5 (15.6%) PPV 40.0% 
CT (-) Marginal 1 (3.1%) 26 (81.3%) 27 (84.4%) NPV 96.3% 
CT Marginal Total 3 (9.4%) 29 (90.6%) 32 (100%)   
 Sens 66.7% Spec 89.7%   OR 17.33 
         
CT (+) Segmental 18 (35.3%) 8 (15.7%) 26 (51.0%) PPV 69.2% 
CT (-) Segmental 8 (15.7%) 17 (33.3%) 25 (49.0%) NPV 68.0% 
CT Segmental Total 26 (51.0%) 25 (49.0%) 51 (100%)   

 
Path (+) = bone invasion detected by histopathology, Path (-) = no bone invasion detected by 
histopathology, CT (+) = bone invasion detected with CT, CT (-) = no bone invasion detected with CT,  
Sens = Sensitivity, Spec = Specificity, PPV = positive predictive value, NPV = negative predictive value, 
OR = diagnostic odds ratio. 
 

MRI Imaging 
Again, of the 72 patients with diagnostic quality MRI imaging studies available, bone invasion was 
found in 35 patients (48.6%) with false positives in 8 patients (11.1%) and false negatives in 4 (5.6%). 
Although there was a higher rate of close margins margins (60.0% vs 35.1%) when bone invasion was 
detected on MRI, this did not reach statistical significance (Table 4-8, p = 0.057, Chi Sq). In contrast 
to CT detection of bone invasion, MRI detection was associated with statistically significantly 
reduced disease specific survival (Fig 6-25, 91.9% vs 71.4%, p = 0.027, Log-Rank) despite there being 
no difference in tumour size between modalities overall (p = 0.338, ANOVA) or in those where bone 
invasion detected by either modality (p = 0.459, ANOVA).  
 
When MRI was compared to histological identification of bone invasion, the sensitivity and 
specificity was found to be 87.1% and 80.5% respectively. The positive predictive value was 77.1% 
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and the negative predictive value was 89.2% for an overall diagnostic odds ratio of 27.84 (Table 4-8, 
95% CI: 7.56-102.53; p <0.001). 
 
In the 22 patients with available MRI imaging who underwent marginal resection, bone invasion was 
detected radiologically in 3 (13.6%) patients with 2 of these being false positives (9.1%) and 1 only 
false negative (4.5%) for a sensitivity and specificity of 50.0% and 90.0%. The positive predictive and 
negative predictive values were 33.3% and 94.7% respectively for an overall odds ratio of 9.00 (95% 
CI: 0.39-206.54; p =0.169). (Table 4-8) 
 
Of the 50 patients who underwent segmental resection, MRI revealed bone invasion in 32 (64.0%) 
with 6 false positives (12.0%) and 3 false negatives (6.0%) for a sensitivity and specificity of 89.7% 
and 71.4%. The positive predictive and negative predictive values were 81.3% and 83.3%, for an 
overall odds ratio of 21.67 (95% CI: 4.72-99.53; p <0.001). (Table 4-8) 
 
Fig 4-25: Effect of MRI Imaging detection of Bone Invasion on Disease Specific Survival 

 
Table 4-8: Summary of results of MRI detection of bone invasion compared to histopathology 
 

 Path (+) Path (-) Path Total Statistics 

MRI (+) 27 (37.5%) 8 (11.1%) 35 (48.6%) PPV 77.1% 
MRI (-) 4 (5.6%) 33 (45.8%) 37 (51.4%) NPV 89.2% 
MRI Total 31 (43.1%) 41 (56.9%) 72 (100%)   
 Sens 87.1% Spec 80.5%   OR 27.84 
         
MRI (+) Marginal 1 (4.5%) 2 (9.1%) 3 (13.6%) PPV 33.3% 
MRI (-) Marginal 1 (4.5%) 18 (81.8%) 19 (86.4%) NPV 94.7% 
MRI Marginal Total 2 (9.1%) 20 (90.1%) 22 (100%)   
 Sens 50.0% Spec 90.0%   OR 9.00 
         
MRI (+) Segmental 26 (52.0%) 6 (12.0%) 32 (64.0%) PPV 81.3% 
MRI (-) Segmental 3 (6.0%) 15 (30.0%) 18 (36.0%) NPV 83.3% 
MRI Segmental Total 29 (58.0%) 21 (42.0%) 51 (100%)   

 
Path (+) = bone invasion detected by histopathology, Path (-) = no bone invasion detected by 
histopathology, MRI (+) = bone invasion detected with MRI, MRI (-) = no bone invasion detected with 
MRI, Sens = Sensitivity, Spec = Specificity, PPV = positive predictive value, NPV = negative predictive 
value, OR = diagnostic odds ratio. 
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Combined CT & MRI Imaging 
Of the 58 patients with both diagnostic quality CT and MRI imaging studies available, invasion into 
bone was detected in at least one study in a total of 27 patients (46.6%) and both studies were 
negative in 31 patients (53.4%). False positives were detected in 9 patients (15.5%) and false 
negatives in 4 (6.9%). (Table 4-9) In this reduced sample group, the sensitivity for CT and MRI was 
72.7% and 81.8% and the specificity 75.0% and 86.1% respectively.  
 
When compared to histological identification of bone invasion, the combined sensitivity and 
specificity of CT and MRI imaging for the detection of bone invasion in this study was 81.8% and 
75.0%. Choosing to accept a positive result only when both studies were positive improved the 
specificity to 84.4% with only a small decrease in the sensitivity to 80.0%. Likewise choosing to 
accept a negative result if either study was negative reduced the sensitivity and specificity to 75.0% 
and 77.5% respectively. The positive predictive value was 66.7% and the negative predictive value 
was 87.1% for an overall diagnostic odds ratio of 13.5 (Table 4-9, 95% CI: 3.61-50.55; p <0.001).   
 
 
Table 4-9: Summary of results of combined CT and MRI Detection of Bone Invasion compared to 

histopathology 

 Path (+) Path (-) Path Total Statistics 

CT (+) or MRI (+) 18 (31.0%) 9 (15.5%) 27 (46.6%) PPV 66.7% 

CT (-) and MRI (-) 4 (6.9%) 27 (46.6%) 31 (53.4%) NPV 87.1% 

CT+MRI Total 22 (37.9%) 36 (62.1%) 58 (100%)   

 Sens 81.8% Spec 75.0%   OR 13.50 

 
Path (+) = bone invasion detected by histopathology, Path (-) = no bone invasion detected by 
histopathology, CT (+) = bone invasion detected with CT, CT (-) = no bone invasion detected with CT, 
MRI (+) = bone invasion detected with MRI, MRI (-) = no bone invasion detected with MRI, Sens = 
Sensitivity, Spec = Specificity, PPV = positive predictive value, NPV = negative predictive value, OR = 
diagnostic odds ratio. 
 
 
Marginal vs Segmental Mandibulectomy 
Overall disease specific survival was reduced (78.7% vs 91.1%) in patients who underwent segmental 
mandibulectomy (N = 75, 68.8%) compared to those who underwent marginal mandibulectomy (N = 
34, 31.2%) however this was not statistically significant (Fig 4-26, p = 0.105, Log-Rank). When the 
individual cases of mortality were investigated, it was found that 2 out of 3 deaths (66.7%) in the 
marginal resection group and 13 out of 16 deaths (81.3%) in the segmental resection group occurred 
in patients with histologically detected bone invasion despite this also not being statistically 
significant. (p = 0.570, Chi Sq)  
 
However, when only patients with histopathologically detected bone invasion were examined, (Fig 
4-a) patients who underwent marginal mandibulectomy fared worse (33.3% vs 70.5%) than those 
who received segmental resections despite not reaching statistical significance p = 0. 277, Log-Rank). 
Similarly, patients with bone invasion detected by CT who were treated with marginal resection 
showed an equivalent drop in survival Fig 4-b) compared to those treated with segmental resection 
(60.0% vs 84.6%, p = 0.254, Log-Rank) although this too was not statistically significant. There was no 
difference in survival seen in those with MRI detected bone invasion (Fig 4-c) regardless of the 
resection type. (66.7% vs 71.9%, p = 0.990, Log-Rank) 
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Fig 4-26: Comparison of Disease Specific Survival after Marginal and Segmental Mandibulectomy 

 
 
Fig 4-27: Comparison of Disease Specific Survival after Marginal and Segmental Mandibulectomy 
with bone invasion detected by A. histopathology, B. computed tomography and C. magnetic 
resonance imaging. 
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5. Discussion 
 
5.1. The Changing Demographic of Oral Cancer Patients 
The last decade has seen a change in patterns and demographics of patients presenting to head and 
neck cancer units across the world. Although older males with a significant history of tobacco 
smoking, alcoholism and associated neglect still make up the majority of head and neck cancer 
cases, the disease is no longer confined to this group of patients. [14, 15]  
 
There has been an enormous decline in the level of cigarette smoking in Australia over the last 30 
years with an associated change in the rates of oral cavity cancer. During the period from 1982 to 
2011, oral cavity cancer in Australia represented approximately 52.3% of all head and neck cancers. 
[7, 8] Over this time, the age-standardized incidence rate for oral cavity cancer increased from 9.9 
per 100000 population to 12.1 per 100000 in 1992 before falling to 8.8 per 100000 in 2009 while all 
other sites remained relatively constant. [7, 11] The majority of these changes are thought to be 
related to differences in lifestyle related factors such as an overall reduction in smoking rates across 
Australia from 40.3% in 1983 to 16.4% in 2010. [7]  
 
This trend has continued and in 2015, Australia was ranked the 38th lowest out of 148 countries in 
the age-standardised prevalence estimates for tobacco smoking among all persons aged 15 years 
and over, with a rate of only 15.2% of the population. [198] Similar trends have occurred for alcohol 
consumption with approximately 10% of Australians reporting daily alcohol intake in 1991 compared 
to 5.9% in 2016. [199] 
 
Despite this overall decline in head and neck cancer attributable to the above reported reductions in 
smoking and alcohol consumption, there has been a relative increase in the numbers and 
proportions of patients presenting with head and neck squamous cell carcinoma without known risk 
factors.[14, 16, 17, 20] Whether this is a new phenomenon or not is debatable as it is likely that 
these patients always existed but were overshadowed by the overwhelmingly large numbers of 
disease related to smoking and drinking. While previously reported as less than 5% of the head and 
neck squamous cell carcinoma population, approximately 15-35% of patients are now non-smokers 
and non-drinkers. [1, 14-17, 20, 24] 
 
 
5.2. Non-Smokers, Non-Drinkers 
There appears to be three general populations of non-smoking, non-drinking patients who present 
with head and neck cancers. [14] The first population consists of young patients (less than 40 years) 
who are primarily female and present with tumours of the oral tongue. [14, 16, 20] These patients 
generally fall into two groups, those with known disorders that predispose to cancer such as 
xeroderma pigmentosum, fanconi's anaemia or immunosuppression and those who are otherwise 
healthy. [20] Over half of the otherwise well patients in this group were positive for serological 
markers of human papilloma virus infection however as this is ubiquitous in the population, the role 
of this virus in oral squamous cell carcinoma still remains unclear. [6, 14, 21]  
 
The second population consists of middle aged patients, the majority of whom are males, with 
oropharyngeal squamous cell carcinomas. [14] It is now well established that disease in these 
patients is the result of human papilloma virus infection in an overwhelming number of cases (70-
85%) which has also been shown to confer a survival benefit. [90, 91, 101] 
 
The final population, which is the subject of this thesis, consists of primarily elderly patients (more 
than 70 years) who are primarily female with oral tongue and gingivobuccal tumours. [1, 14, 17, 23, 
24] Although the number of studies examining this population are few, our results are consistent 
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with the observations that have been made. Overall our study population consisted of 70 NSND 
patients of which 75.7% were female while a total of 28 patients (9.76%) were NSND elderly 
females. There was a statistically significant difference in tumour site distribution between SD and 
NSND patients with oral tongue tumours accounting for 52.9% of cases in NSND patients with 
smaller numbers of alveolar and floor of mouth tumours. This is in direct contrast to SD patients 
where the traditional horseshoe pattern of site distribution (ventral tongue, floor of mouth, 
retromolar region) was found. [15] 
 
Elderly Status 
Although sexual transmission of human papilloma virus and virally induced oncogenesis has been 
postulated as a mechanism behind young patients presenting with oral squamous cell carcinoma, no 
such mechanism has been postulated for elderly patients. [16, 21, 22] One possible hypothesis for 
the older age at presentation for oral squamous cell carcinoma in NSND patients compared to 
smokers and drinkers may be related to the duration of low-level exposure to carcinogens. It is well 
known that overall exposure to carcinogens and accumulation of mutations is increased in older 
individuals. [200] This is especially relevant in an increasingly aged population due to improvements 
in life-expectancy. [24]  
 
In addition, there is no universal definition after what age that a patient is considered to be 
"elderly". [24] In this study a definition of elderly was chosen to be 70 years for a variety of reasons. 
Firstly it was the age after which previous studies reported their median age of elderly non-smokers 
and non-drinkers. [14, 17, 24] Secondly, it was age defined as elderly used in the previous study by 
Koo and colleagues and thirdly, it was the age that coincided with the peak incidence of NSND 
patients seen in that study and our study. [1]    
 
Non-Smoking Status 
The definition of non-smoking status is variably reported in the literature ranging from no prior or 
current smoking, no daily consumption up to patients who have never smoked. [15-17, 91, 201] In 
one study, never smoked status was defined as having smoked less than 100 cigarettes over the 
patient's lifetime but did not exclude patients who smoked products other than tobacco. [14] In the 
previous study by Koo and colleagues, non-smoking status was defined as a negligible history of 
tobacco use.[1]  
 
In the current study, a negligible history was defined as less than 5 cigarettes/week with no previous 
or regular history of tobacco use. This amounts to no more than 4 cigarettes a week and 
approximately 1 cigarette every 2 days. When looking at the literature, the relative risk of patients 
who smoke between 0-10 and 0-20 cigarettes per day for developing oral squamous cell carcinoma 
in large epidemiological studies is reported to be 1.30 compared to those who have never smoked. 
[46] The odds ratio for these same patients in similar studies ranges from 1.2-1.88. [30, 37, 45] It is 
likely that patients with the current definition will be much closer to the rates reported for those 
who have never smoked.  
 
It is possible however that even the small amount of tobacco smoking in so-called "social" smoking, 
ie. patients who do not regularly smoke during the week but may smoke a few cigarettes on a 
weekend with friends who are smokers, may be high enough to increase the risk of developing oral 
squamous cell carcinoma. In addition, few studies have reported on the effects of passive smoking 
on oral carcinogenesis. Overall cancer risk appears to be higher in patients passively exposed to 
smoking within their environment however this is not specific to oral cavity cancer. [202] In the 
study by Dahlstrom and colleagues approximately 45% of NSND women and 39% of NSND men 
reported a high rate of environmental exposure to tobacco smoke. [14] This is not unsurprising due 
to the high rates of tobacco smoking in recorded in previous years.  
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Unfortunately retrospective studies are heavily reliant on the information recorded in medical 
records. We were unable to assess the effects of passive environmental smoking and, more 
importantly, the effects of continued smoking after cancer treatment. Wherever there was 
ambiguity about smoking status we chose to consider the patient to be a smoker.  
 
Non-Drinking Status 
In a similar manner, non-drinking status is also variably reported in the literature ranging from no 
daily consumption, less than one drink per day up to patients who have never consumed alcohol. 
[15-17, 91, 201] Again one study defined never drinking status as having never consumed alcohol 
weekly for a year. [14] In the previous study by Koo and colleagues, non-drinking status was defined 
as nil regular consumption of alcohol with no previous history of heavy alcohol intake or abuse.[1] 
 
In the current study, it was chosen to define regular alcohol consumption as less than 3 standard 
drinks/week with a standard drink comprising 10g of ethanol. [203] This amounts to no more than 2 
drinks a week and approximately 1 drink every 3 days. As with smoking, large epidemiological 
studies in the literature show that the relative risk of those who consume 12g per day (1.2 standard 
drinks) for developing oral squamous cell is approximately 1.35 compared to those who never 
consume alcohol. [40] Interestingly the relative risk of patients who consumed 5g of alcohol (0.5 
standard drinks) per day was on average less than 1 [46] with an odds ratio of 0.88. [45] 
 
Again it is possible that even a small but infrequent amount of alcohol intake may still increase the 
risk of developing oral squamous cell carcinoma above the baseline risk seen in never drinkers. One 
mechanism may be the result of extrahepatic metabolism of alcohol within the oral cavity by oral 
streptococci and yeasts. [49, 204] This, in addition, may also help to explain the link between poor 
oral hygiene and the observed increased risk of developing oral squamous cell carcinoma. [49] 
 
It is known that certain individual patients can metabolize alcohol within their oral cavity very rapidly 
into acetylaldehyde. [49, 204] Acetylaldehyde is a known carcinogen with the ability to interfere with 
DNA repair mechanisms and produce large quantities of the free radical superoxide which itself 
causes direct DNA damage via double-stranded breaks. [205, 206] The carcinogenic effect of 

acetylaldehyde may occur in concentrations as low as 40-200 mol/l, levels which can often be 
found after even small amounts of alcohol intake. [49] With this in mind, it is possible that even 
what would be considered low levels of exposure to alcohol, such as the use of alcohol containing 
mouthwashes, may increase the risk of oral carcinogenesis if performed over extended periods of 
time. [78] This is especially relevant in the context of elderly patients who do not otherwise engage 
in regular alcohol consumption. 
 
As with smoking, the retrospective nature of this study makes it difficult to accurately assess the 
quantity of alcohol consumed by the patients in our study as well as to determine the effects of 
continued alcohol consumption following cancer treatment. Wherever there was any ambiguity 
about drinking status we chose to consider the patient to be a drinker.  
 
 
5.3. Cancer Biology 
Tumorigenesis occurs as a result of the stepwise accumulation of genetic mutations eventually 
leading to self sufficiency and autocrine growth signalling, a lack of sensitivity to anti-growth signals 
from tumour suppressors and contact inhibition, evasion of apoptotic signals, immortality due to 
altered telomerase, p53 and pRb function, sustained angiogenesis and the development of the 
ability of cells to invade and metastasize. [207-209] While these traits are common to all neoplastic 
diseases, the only characteristic unique to malignant disease is tissue invasion and metastasis. 
 



Chapter 5: Discussion 

44 

In addition to the above features, it has now been shown that cancer cells have altered and dys-
regulated metabolic pathways, the ability to evade normal anti-tumour immune mechanisms, 
paradoxical enhanced tumorigenesis in the setting of inflammation and genomic instability due to 
failure of detection and DNA repair mechanisms. [208] 
 
In any given individual, the level of genetic damage that occurs is determined by the balance 
between the exposure of cells to carcinogens and the ability of cellular DNA repair mechanisms to 
cope with the genetic damage that has been sustained. [20] Under these circumstances, the genetic 
sensitivity of the individual to genomic injury may be as important as the duration and degree of 
exposure to carcinogenic substances. [210] While this is certainly the case for a proportion of young 
patients presenting with oral squamous cell carcinoma without risk factors, it is possible that altered 
genetic susceptibility might provide the mechanism for which long-term low level exposure to 
carcinogens at sub-threshold levels may lead to the development of oral squamous cell carcinoma in 
NSND elderly. [17, 20] 
 
One study of head and neck squamous cell carcinoma patients with risk factors has shown a 
significantly higher incidence of head and neck squamous cell carcinoma in first degree relatives. 
[211] To date, no similar study has been performed in NSND patients without risk factors. Consistent 
with other studies, an increase in the rate of recurrent and persistent disease in NSND elderly 
females (44.4%) was found compared to SD patients (27.6%). [1, 15, 17, 24, 201] In smokers and 
drinkers, the concept of field cancerization has long been used to explain recurrent disease. In this 
theory, long-term exposure of oral mucosa to carcinogens from smoking and alcohol leads to large 
portions of altered and dysplastic tissue within which individual carcinomas arise. [212] 
 
In the case of NSND patients, this concept is unable to explain the observed rates of recurrent and 
persistent disease which are similar to, and higher in many cases, than those observed in smokers 
and drinkers. [1, 15, 17, 24, 201] An alternate theory suggests that recurrent disease develops from 
lateral spread of neoplastic tumour clones independent of carcinogen exposure. [213] regardless of 
the true cause, these findings suggests that the biology of oral squamous cell carcinoma in NSND 
patients behaves differently than in smokers and drinkers. Whether this is related to reduced control 
by the immune system or a biologically more aggressive tumour phenotype remains unclear.  
 
 
5.4. Survival from Oral Cavity Cancer 
The overall 5 year survival rates of 68.2% for head and neck cancer reported in Australia for 2006-
2010 remains similar to those (61.8%) reported in 1982-1987. For oral cavity cancer during the study 
time period, the 5 year survival rate was 75%. [7] The overall survival of this patient population was 
80.8% which compares favourably to the survival rates reported in Australia over a similar time 
period and those reported in the UK and around the world. [7, 197] 
 
It is important to distinguish the difference between overall survival, disease-free survival and 
disease specific survival as these are very different outcome measures. Overall survival is the time 
period from diagnosis and treatment until the time of death. Although relatively easy to determine, 
one of the major problems with overall survival as an outcome measure is that many patients with 
head and neck cancer are elderly, often have multiple medical co-morbidities as a result of alcohol 
and tobacco exposure and may die from causes unrelated to their cancer. [1, 24, 197]   
 
Disease free survival, which is the time from diagnosis and treatment to cancer recurrence, although 
specific to the patient's disease, has the disadvantage of not taking into account those patients who 
may have multiple primary tumours over many years but have otherwise lived for decades after 
their initial treatment. In contrast, disease specific survival is defined as the time period from 
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diagnosis and treatment until death directly related to the disease in question. Disease specific 
survival is more difficult to record due to the fact that it requires accurate certification of the cause 
of death and its relationship to the patient's oral cancer. [197] We were fortunate to have access to 
the Victorian Cancer Registry which greatly simplifies this process by providing us with oncological 
death data allowing us to use disease specific survival as our primary outcome measure. 
 
Alcohol and Tobacco 
Although tobacco and alcohol consumption are well known aetiological agents for oral squamous 
cell carcinoma, no statistically significant differences were found in disease specific survival between 
smokers and non-smokers and drinkers and non-drinkers. These results are consistent with what has 
been reported in other studies. [18, 197, 201] Although worse disease specific survival (73.4% vs 
85.4%) was found in NSND patients, Farshadpour and colleagues found the opposite effect. [201] As 
these results were not statistically significant in both this study and Farshadpour and colleagues' 
study, it is likely that NSND status does not confer a survival advantage. 
 
Stage of Tumour 
By far the most important prognostic factor for oral squamous cell carcinoma is the combination of 
the size of the primary tumour, degree of loco-regional extension and presence of distant 
metastases at the time of presentation. The 5 year survival is approximately 80-90% for stage I 
disease, 65-80% for stage II, 40-65% for stage III and as low as 9-35% for stage IV disease. [4, 114-
119] Advanced tumours (AJCC stage III and IV) represented 44.9% of the study population 
highlighting the need for improved education and opportunistic oral cavity screening.  
 
In general a larger tumour size at presentation is associated with increased recurrent and persistent 
disease, loco-regional spread to cervical nodes and overall worse survival. [120] Although larger 
studies clearly show an inverse relationship to survival with increasing T-stage [114, 197] this is not 
always the case in smaller studies. [18, 115] One of the major problems lies in the fact that under 
the AJCC 7th edition staging rules, tumours are graded from T1 to T3 based upon increasing radial 
tumour diameter. Regardless of tumour size, all tumours invading into bone, extrinsic tongue 
muscles or adjacent anatomical structures are immediately upstaged to T4. [112] As the oral cavity is 
a confined space, it is rare for large tumours not to invade into adjacent structures. As a result, there 
were a limited number of T3 tumours in our study cohort (N = 16) which is consistent with other 
series showing a lower number of T3 tumours compared to all other T-stages. [17, 18, 116, 197]   
 
This may explain the poorer disease specific survival results for T3 tumours seen in this study 
compared to T4 tumours as T3 tumours were on average larger than T4 lesions (43.7mm ±8.1mm vs 
32.6mm ±13.1mm). The new AJCC 8th edition staging rules, which came into effect as of January 
2018, may help to alleviate this problem as depth of invasion greater than 10mm or radial size 
greater than 40mm now classifies a tumour as stage T3. [116, 214] Increasing depth of invasion is 
known to predict the development of loco-regional cervical nodal metastases and reduce survival in 
oral squamous cell carcinoma. [195, 215] 
 
Loco-Regional Nodal Spread 
Cervical lymph node metastases are one of the main factors that influences survival in oral 
squamous cell carcinoma. [216] As seen in other studies, we also found that histologically positive 
nodal disease was associated with reduced disease specific survival (87.0% vs 69.0%) compared to 
patients without loco-regional nodal metastases. [18, 114, 197, 216] This result is unsurprising, as is 
the association with higher rates of recurrent and persistent disease, as loco-regional nodal spread 
implies diffuse micrometastatic disease throughout the cervical lymphatic system. In this study N-
stage survival was not analysed separately as the overall number of patients with histologically 
positive nodal disease was low (N = 58) across all N-stage categories. 
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As with depth of invasion, extra-capsular extension of tumour is a well recognised risk factor for 
poor outcome and is now included in the AJCC 8th edition staging protocol. [214] The findings of this 
study were consistent with other studies with less than 50% disease specific survival when extra-
capsular extension is present. [197, 216] As the loco-regional control of cervical metastases with 
extra-capsular extension is poor, most studies and guidelines recommend the addition of 
chemotherapy in addition to radiotherapy as part of treatment protocols. [194, 196] 
 
Surgical Resection 
Unlike the other important factors for survival, excision margins are the one-modifiable factor that is 
under the control of the surgeon. [123, 129] The adequacy of initial surgical resection has been 
shown in multiple studies to negatively impact upon survival regardless of further excision and 
provision of adjuvant therapy. [18, 118, 120, 123, 127-129, 197] This was the case in the current 
study population with a 13.2% decrease in survival (87.9% vs 74.7%) in those patients with at least 
one close resection margin less than 5mm from the tumour. Likewise recurrent and persistent 
disease was more common (37.1% vs 23.4%) in patients with at least one close margin.  
 
Surprisingly there was no statistically significant difference in disease specific survival between clear 
and close margins in the first cohort despite the first cohort having a greater rate of margins within 
2mm of tumour. Although the exact reasons for this finding are unclear, it is likely related to a 
combination of other factors including tumour staging, the presence of neck disease and the overall 
biology of the tumour. Indeed some authors feel that because of the poor correlation between 
surgical margins and other clinical disease factors, the presence of close surgical margins should be 
considered to be a marker of aggressive disease rather than surgical treatment failure. [128, 142] 
 
Perineural & Lymphovascular Invasion 
Consistent with other studies, our study showed poorer survival in those patients with perineural 
invasion and lymphovascular invasion. [4, 5, 18, 120, 197, 217, 218] Alone, either type of invasion 
showed at least a 10% drop in survival however the combination of the two resulted in a drop in 
survival to below 40%. In this study, the presence of either type of invasion was associated with an 
increased risk of developing recurrent and persistent disease. This is similar to what has been 
reported in some studies with an increased association with cervical node metastases [120, 218] 
however, another study showed that lymphovascular invasion was highly associated with other 
known markers for poor prognosis (tumour stage, nodal disease, depth of invasion and extra-
capsular extension) and concluded that it was not an independent prognostic factor. [217]  It is likely 
that both perineural and lymphovascular invasion can be seen as markers for biologically aggressive 
disease which in turn leads to the association with larger tumours, cervical node metastases and 
recurrent disease. 
 
 
5.5. Survival in Non-Smoking, Non-Drinking Elderly Females 
 
Equivalence of Cohorts 
Before turning our attention to non-smoking, non-drinking elderly females, it is important to 
determine whether or not the two cohorts can be considered to be equivalent. Despite the fact that 
the first cohort has had a longer follow-up period (minimum 60 months) compared to the second 
cohort (minimum 30 months), all other organisational and systematic factors remain the same 
including referring institutions, treatment protocols, treating clinicians and methods of data 
collection for this study. 
 
Importantly, there were no significant differences between cohorts in terms of disease specific 
survival (p = 0.171, Log-Rank), age of patients (p = 0.136, ANOVA), site of tumour (p = 0.102, Chi Sq), 
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TNM staging (p = 0.905, Chi Sq), T-stage (p = 0.608, Chi Sq), nodal disease (p = 0.359, Chi Sq), 
perineural and lymphovascular invasion (p = 0.697, Chi Sq), resection margins (p = 0.887, Chi Sq) or 
recurrent and persistent disease (p = 0.438, Chi Sq). In addition, the proportions of SD and NSND 
patients as well as males and females within each group were nearly identical in both the first cohort 
and the second cohort and there was no statistically significant difference between cohorts. (p = 
0.996, Chi Sq). 
 
Based on these findings is seems safe to assume that both cohorts can be considered to be 
statistically equivalent, allowing for the pooling of data and that any differences between cohorts 
are most likely to be the result of individual variation when small subgroups are analysed. When the 
proportion of elderly patients between cohorts is examined, the reason for the differences become 
clear, for example, survival in elderly patients is worse in the first cohort which is consistent with the 
fact that this cohort had 9 patients over 90 years and overall higher proportion of elderly (42.6% vs 
30.5%) while there were only 2 patients over 90 years in the second cohort. As worse disease 
specific survival was found in NSND elderly females and elderly make up over 60% of the NSND 
female population in the first cohort and 40% in the second cohort, it is not surprising that there are 
greater differences in disease specific survival in the first cohort for smoking, alcohol, gender and 
elderly status.    
 
Advanced Disease 
While there was no difference in the proportions of advanced stage (TNM III/IV) and early stage 
(TNM I/II) disease between individual cohorts (p = 0.905, Chi Sq), there was a significant difference 
between the proportion of NSND females with advanced stage disease between cohorts (51.6% vs 
27.3%, p = 0.076, Chi Sq). This also helps to explain the differences in survival seen between cohorts 
for smoking, alcohol, gender and elderly status. What is interesting however is that when the NSND 
patients are separated out from smokers and/or drinkers, there are very significant survival 
differences between NSND patients and SD patients with advanced disease (50.0% vs 74.6%, p < 
0.001). This finding is unexplained by adequacy of treatment as there were no differences in the 
rates of close margins <5mm (p = 0.513, Chi Sq) or <2mm (p = 0.470, Chi Sq). This leads us to 
consider patient characteristics unrelated to disease staging including age, gender, site of tumour 
and presence of recurrent and persistent disease. 
 
Tongue Cancer 
A few studies have suggested a poorer prognosis for tumours of the oral tongue. [219-221] One 
study in particular examined 6971 oral cavity tumours, of which 40% were oral tongue tumours and 
found a statistically significant decrease in survival for tongue tumours compared to all other sites 
(88.3% vs 70.8%). [219] Similarly in another study, cervical nodal metastases were present in 
approximately 60% of tongue and retromolar tumours compared to less than 20% of buccal and 
gingival tumours with approximately 40% mortality in tongue and retromolar sites compared with 
10-15% in other sites. [221] 
 
This is relevant because oral tongue tumours made up 42.2% of the study population and 52.9% of 
tumours in NSND patients compared to 38.7% of smokers and drinkers. In this study, no difference 
was found between disease specific survival for oral tongue sub-sites compared to all other sub-sites 
(p = 0.982, Log-Rank) and no difference in the rates of recurrent and persistent disease (p = 0.703, 
Chi Sq) suggesting that sub-site differences were not a factor responsible for the poorer disease 
specific survival seen in NSND elderly females. 
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Female Gender 
In a number of other studies, female gender is associated with a small (5-10%) but statistically 
insignificant reduction in survival. [18, 114, 197, 219] Similar results were seen in this study with an 
approximate 10% decrease in disease specific survival that did not reach statistical significance. It 
may be possible that there are differences in disease biology experienced by female patients given 
that 43.1% of females were NSND while 89.7% of males were smokers and/or drinkers in this study. 
The differences between cohorts seem to be explained by the differences in the proportion of 
elderly patients as although females younger than 70 years still fared worse than males, the 
differences in survival dropped to less than 5% (p = 0.272, Log-Rank).  
 
Elderly Patients 
Worse survival has been reported in elderly patients (70 years and over) with head and neck cancer. 
[24, 114, 197, 222, 223] The most common reason cited for this is due to the increased rates of 
medical co-morbidities, particularly cardiovascular, respiratory and renal disease found in this age 
group. [24, 223] Despite the increased number of co-morbidities, studies examining elderly patients 
undergoing treatment for head and neck cancer showed no increase in peri-operative and post-
operative complications [222, 223] and one study showed similar overall survival to the actuarial 
survival of elderly patients within the general population. [223]  
 
Regardless, worse disease specific survival was seen in all of these studies when elderly patients 
were compared to younger controls. [197, 222, 223] Cited reasons for this include poorer local 
control as a result of more limited surgical treatment and less toxic adjuvant therapy [223] and more 
advanced disease at presentation. [222] In this study's population an overall similar reduction in 
survival for patients over 70 years was shown however this effect was only seen within the first 
cohort. No correlation was found between advanced disease (p = 0.501, Chi Sq) or margin status (p = 
0.663, Chi Sq) in elderly patients in this study compared to controls. 
 
Interestingly, when NSND elderly female patients were examined a statistically significant decrease 
in survival was found compared to all other patients (58.1% vs 85.9%, p <0.001, Log-Rank). This 
decrease in survival, originally reported by Koo and colleagues, was seen independently in both 
cohorts and was highly statistically significant. [1] When NSND elderly females were compared to 
age matched controls in order to remove the effects of co-morbidities, similar reductions in survival 
were still seen compared to smoking and drinking elderly patients (58.1% vs 83.6%, p = 0.006, Log-
Rank). Assuming that this is not just a statistical anomaly or single institution effect, this finding is 
strongly in favour of different disease biology for NSND elderly female patients and may perhaps 
explain the poorer overall survival seen in both elderly and female patients.   
 
Recurrent & Persistent Disease 
As presented earlier, an increase in the rate of recurrent and persistent disease was found in the 
NSND elderly females in this study (44.4%) compared to smoking and drinking patients (27.6%). In 
the literature, recurrent disease is associated with advanced stage (TNM III/IV) disease, positive 
nodal disease, positive resection margins and peri-neural invasion. In this study similar associations 
were found, especially in NSND females which was consistent with other studies. [1, 15, 17, 24, 201] 
Although a higher rate of recurrent and persistent disease in female patients was seen, this is due to 
the fact that a large percentage of those patients were NSND. No such similar increased rate of 
recurrent or persistent disease was found in elderly patients. Again these findings, which are 
supported by the literature, strongly suggest for a different biology of oral squamous cell carcinoma 
in NSND patients as we did not find any statistically significant differences in TNM stage (p = 0.217, 
Chi Sq), nodal disease (p = 0.359, Chi Sq), resection margins (p = 0.361, Chi Sq) or peri-neural 
invasion (p = 0.697, Chi Sq) between smokers and drinkers and NSND patients. 
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5.6. Bone Invasion 
 
Radiological Identification of Bone Invasion 
The accuracy of imaging studies of bone invasion in the literature is extremely variable. Although the 
average sensitivity and specificity of CT ranges from 65-95% and 88-94% respectively and the 
average sensitivity and specificity of MRI ranges from 75-90% and 75-88%, there is wide variation in 
these figures. In some cases figures as low as 30-35% for CT and 55-65% for MRI have been reported 
for sensitivity and specificity with some studies reporting up to 100%. [131, 133, 173] With such 
heterogeneity in the literature, it is more important to consider the meaning of these results rather 
than the concordance with previous studies. 
 
The current study once again showed that CT imaging had a high false rate of false positives (13.3%) 
and false negatives (10.8%) resulting in a sensitivity and specificity of 69.0% and 79.6% respectively 
for the detection of bone invasion compared to histology. This overall low sensitivity is consistent 
with reports from previous studies that report that CT tends to underestimate the degree of bone 
involvement. [138, 173] In contrast, MRI showed a similar rate of false positives (11.1%) but a 
reduced rate of false negatives (5.6%) for an overall sensitivity and specificity of 87.1% and 80.5% 
respectively. Again these results are consistent with previous studies that report that MRI may 
overestimate the degree of bone invasion due to peri-tumoural inflammation. [138, 173, 176, 186-
190] 
 
Although it would be expected that combining both modalities would improve the overall test 
sensitivity at the expense of specificity, our results failed to reach the theoretically calculated values 
of 95% and 64% for our study population. For this analysis we chose to consider a result positive 
when either CT or MRI was positive and considered a result negative when both CT and MRI were 
negative. With these parameters we found false positives in 15.5% and false negatives in 6.9% for an 
overall sensitivity and specificity of 81.8% and 75.0%. It is likely that this is due to the overall low 
number of patients who underwent both studies and low pre-test probability of 39.7% as only a 10% 
change in the numbers of patients in each group was necessary to obtain the calculated result. 
 
As expected, choosing to accept a positive result only when both studies were positive improved the 
specificity to 84.4% however this still resulted 18.1% of bone invasion going undetected and allowed 
for the situation where the patient would receive a negative result if one study was negative and the 
other was positive. Such a result is clinically counter-intuitive and would be considered dangerous 
practice.      
 
Histological Identification of Bone Invasion 
This study also attempted to classify the histological pattern of bone invasion into erosive and 
infiltrative types as well as to measure the degree of cortical and marrow invasion. Due to the 
retrospective nature of this study, a number of difficulties were experienced with this. Firstly there 
was a risk of sampling error as pathologists do not routinely cut the number of slides that are 
necessary for absolute accuracy and it is possible that microscopic bone invasion may have been 
missed in some cases. Also it was difficult to determine the overall depth of tumour invasion when 
bone was severely invaded, especially when there were no adjacent bony sections to help determine 
mandibular and cortical bone height. Likewise, confidently excluding an infiltrative pattern of bone 
invasion was not always possible when there were limited slides available. This problem was made 
worse in atrophic and edentulous mandibles where cortical surface defects close to tumour gave the 
appearance of early bone invasion.   
 
Despite these difficulties, it was found that the average tumour size was greater in tumours which 
showed an infiltrative pattern of bone invasion however these results were not statistically 
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significant and there was significant overlap between erosive and infiltrative tumours. [160] In 
contrast, the average depth of tumours with an infiltrative pattern was statistically significantly 
larger which is consistent with the study by Brown and colleagues. [160] Despite an average larger 
depth of bone invasion with infiltrative tumours, again there was significant overlap and the results 
were not statistically significant. 
 
As with other studies, a reduction in disease specific survival was found in tumours with an 
infiltrative pattern of bone invasion compared to those with an erosive pattern however, unlike 
other studies, this did not reach statistical significance. [119, 120, 134, 224] Although the infiltrative 
pattern is associated with a higher rate of cervical nodal metastases, positive margins and 
recurrence in the literature [119, 134, 160] this study found no association between the histological 
pattern of invasion and margin status or the rates of recurrent and persistent disease. Whether the 
different patterns of bone invasion are the result of a fundamental change in tumour biology leading 
to the expression of a more aggressive phenotype or simply represent the same tumour behaviour 
at different time points in the disease's evolution remains unclear. [119, 150, 159]  
 
Bone Invasion and Survival 
The presence of mandibular bone invasion and its effect on prognosis in oral squamous cell 
carcinoma has been examined in a number of studies. Overall the literature is divided with some 
studies reporting no difference in survival [134, 149, 152] while others show a poorer prognosis 
when present. [135, 224, 225] Among those that report a poor prognosis, it appears that only 
medullary bone invasion affects disease specific survival with no differences seen with only cortical 
bone invasion. [225] Regardless of this, soft tissue factors including tumour size, cervical nodal 
disease, extra-capsular extension, perineural invasion and resection margins are stronger predictors 
of survival than the presence or absence of bone invasion. [134, 152, 224]   
 
In the current study, a statistically significant decrease in disease specific survival was found in 
patients with histologically detected bone invasion (87.0% vs 65.9%, p = 0.002, Log-Rank). This result 
is consistent with the reported literature as 63.6% of patients with bone invasion showed invasion 
well into the medullary cavity. Also consistent with the literature, it was found that tumours with 
bone invasion were on average larger with a greater depth of invasion but there was significant 
overlap in size and depth of invasion with tumours that did not invade into bone. [135, 225] Similarly 
an increased association with cervical nodal metastases as well as recurrent and persistent disease 
was found in patients with bone invasion. [224] It is likely that this is simply the result of these 
tumours being larger and more advanced. Like many other studies, no association was found 
between bone invasion and resection margin status. [152, 156, 224, 225]    
 
To our knowledge, survival and treatment outcomes have not been reported in conjunction with 
radiological detection rates of bone invasion. There was no difference in margin status when bone 
invasion was detected by CT however the rate of close margins was increased when bone invasion 
was detected on MRI (60.0% vs 35.1%) although it did not reach statistical significance (p = 0.057, 
Chi Sq). Detection of bone invasion by CT imaging was associated with a small but statistically 
insignificant drop in survival (88.5% vs 80.6%) however MRI showed a significant reduction in disease 
specific survival (91.9% vs 71.4%, p = 0.027, Log-Rank) when bone invasion was detected. These 
results likely reflect our overall results that show reduced disease specific survival in the setting of 
bone invasion and that the observed differences between CT and MRI are simply due to the poorer 
sensitivity of CT seen in this study. 
 
Marginal vs Segmental Mandibulectomy 
The management of mandibular bone invasion by oral squmous cell carcinoma remains controversial 
with some head and neck surgeons still advocating for segmental resection in the setting of any 
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degree of bone invasion. [135, 146] Many authors now suggest that more conservative marginal 
resections may be suitable in the setting of limited cortical invasion with segmental resection being 
reserved for cases with deep marrow invasion. [134, 143, 146, 225] With this philosophy, only bone 
that is necessary for an adequate surgical margin needs to be removed however a lack of adequate 
residual bone height may still necessitate segmental resection. [134, 144] 
 
In the study population, marginal resections were performed in 31.2% of mandibulectomy cases of 
which approximately 85% were performed in clinically early disease in order to obtain an 
appropriate oncologic margin. As would be expected, the patients that ended up receiving a 
segmental resection showed an overall reduced disease specific survival (78.7% vs 91.2%) which, 
although not statistically significant, can be explained by these patients having more advanced 
tumours. Similar to previous reports, our data confirms that marginal mandibulectomy is an 
oncologically safe procedure when performed in cases without evidence of bone invasion. [146, 149, 
152, 155] In the setting of non-smoking, non-drinking elderly females, we would advocate for 
conservative bony resection wherever possible in order to avoid the morbidity associated with 
segmental mandibular resection and reconstruction.  
 
Can imaging guide the need for mandibular resection? 
The results of this study show that when a marginal resection was performed for oncologic margin in 
patients without clinical or radiological evidence of bone invasion then both CT and MRI were 
extremely accurate at excluding early bone invasion with negative predictive values of 96.3% and 
94.7% respectively compared to 70% in those patients where segmental resection was performed 
either due to clinically advanced disease or lack of residual mandibular height. Although the 
numbers were extremely low, it is not surprising that both modalities struggled to detect early bone 
invasion with sensitivities of 66.7% and 50.0% respectively. 
 
Given this difference in imaging accuracy between patients who were selected clinically as being low 
risk for bone invasion as opposed to those who were considered to be high risk on clinical grounds, 
what criteria can we use to make this selection? Clearly the results of our study suggest that the 
experienced clinicians of the Head and Neck Oncology Tumour Stream at the Royal Melbourne 
Hospital were able to correctly make this judgement in most cases as only 9% of marginal resection 
specimens were bone invaded. One direction for future research into this area would be the 
development of a set of criteria that could be used to stratify patents into low and high risk 
categories based upon objective clinical measurements. 
 
Despite not reaching statistical significance in this study due to the extremely low numbers of  
patients with bone invasion who underwent marginal resection, our results suggest a concerning 
trend that performing a marginal resection in the presence of bone invasion results in reduced 
survival. This is evidenced by the fact that despite larger and more advanced tumours undergoing 
segmental resection, survival was worse in the patients who received marginal resection when bone 
invasion was identified histologically post-operatively (33.3% vs 70.5%) and radiologically pre-
operatively by CT (60.0% vs 84.6%) with the MRI data being too insignificant for comment.  
 
This finding is consistent with the surgical literature which suggests that segmental resection should 
be carried out where there is radiographic evidence of bone invasion or it is suspected on clinical 
grounds.[149, 152, 154] 
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6. Conclusion 
 
The principle two questions that were examined in this dissertation are: firstly, do non-smoking, 
non-drinking elderly females have worse outcomes than other patients treated for oral squamous 
cell carcinoma; and secondly, are CT and MRI imaging techniques accurate enough to confidently 
detect or exclude bone invasion by oral squamous cell carcinoma in order to determine which 
patients must undergo segmental mandible resection and those who may undergo marginal 
mandibulectomy when a bony resection margin is needed.   
 
In regards to non-smoking, non-drinking elderly females this retrospective study examined two 
separate cohorts with 60 months and 30 months minimum follow-up respectively. This confirmed 
the results of the original study by Koo et al that non-smoking and non-drinking elderly females do 
indeed have worse disease specific survival outcomes than other patients with oral squamous cell 
carcinoma and verify this effect independently within each cohort as well as the overall study 
population. In addition, when compared to age-matched controls in order to eliminate the effects of 
medical co-morbidities, non-smoking, non-drinking elderly females still showed worse disease 
specific survival across both cohorts. 
 
Clinical and histopathological features were examined in-depth to determine whether or not these 
results simply reflected individual differences in clinical disease profiles. While there were some 
differences between cohorts, no differences were found in overall staging, primary tumour sub-site 
and extension, cervical node metastases, perineural and lymphovascular invasion or adequacy of 
resection margins to explain the observed differences in disease specific survival. Consistent with 
other studies reporting on non-smoking, non-drinking patients, a significantly increased rate of 
recurrent and persistent disease was found that was almost double the rate seen in smokers and 
drinkers. 
 
These results were interpreted as being indicative of a different and more aggressive tumour biology 
for oral squamous cell carcinoma in non-smoking, non-drinking elderly females. Whether this is the 
result of differences in host immunity and genetic susceptibility, virally mediated oncogenesis or the 
result of long-term low-grade exposure to carcinogens at levels previously thought to be sub-
threshold remains to be seen.  
 
Although this study is inadequate to answer these questions future studies may be able to look at 
the effect of passive smoking, low dose alcohol and acetylaldehyde production as well as to 
investigate the role of viruses in the non-smoking, non-drinking elderly population. In addition DNA 
microarray technology may be helpful to determine if there are genetic differences in non-smoking 
and non-drinking elderly patients that make them susceptible to oral carcinogenesis as well as 
differences in tumour genetics compared to smokers and drinkers. Finally larger and longer 
multicentre follow-up studies are required to ensure that the results observed in this study are not 
just the effect of small numbers of patients treated in a single institution and are generalizable to 
other oral cancer populations. 
 
In order to examine the accuracy of radiological examination in the detection of bone invasion, a 
subset of 109 patients were examined who underwent mandible resection and compared the results 
of CT and MRI imaging to histopathology and examined survival outcomes. It was found that 
tumours which invaded bone were on average larger with a greater overall depth of invasion 
however there was significant overlap with those tumours which did not. Although no difference in 
margin status after resection was found, patients with bone invasion had significantly increased 
rates of advanced stage neck disease and disease specific mortality.  
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Comparison of the results of CT to histopathology showed a high rate of false positives and false 
negatives with CT which resulted in an overall sensitivity and specificity of 69.0% and 79.6% 
respectively. Comparatively, MRI showed a lower rate of false positives and a similar rate of false 
negatives for an overall sensitivity and specificity of 87.1% and 80.5% respectively. These results are 
similar to published literature and suggest the CT tends to underestimate bone invasion while MRI is 
more likely to overestimate it. Although it would be expected that combining both CT and MRI 
should improve the overall sensitivity and specificity, we failed to see any improvement in the 
accuracy of the detection of bone invasion over a single modality alone. 
 
The presence of bone invasion histologically was associated with poorer disease specific survival as 
was its detection by MRI. No similar survival difference was seen with CT detection of bone invasion. 
Although our results were not statistically significant, the finding of reduced disease specific survival 
in those patients who underwent marginal mandibulectomy with bone invasion confirmed by  
histology suggests that segmental resection should be performed where possible for patients with 
pre-operative evidence of bone invasion clinically and on imaging. Marginal resection should be 
reserved for those patients with clinically early disease and negative imaging studies or those unfit 
for complex reconstruction. Unfortunately neither imaging modality was accurate enough to be able 
to confidently exclude bone invasion in clinically advanced disease, with approximately 20% of 
histologically detected invasion going undetected. As such, while imaging studies remain an 
important part of the workup process for oral squamous cell carcinoma, negative imaging studies 
should not prevent the surgeon from performing an oncologically safe bony resection if it is 
indicated based upon clinical grounds. 
 
Future research should focus on the role of alternative imaging studies such as SPECT and PET/CT as 
well as improving the accuracy of CT and MRI techniques. The use of SPECT as a highly sensitive rule-
in test followed by MRI as a highly specific rule-out test will likely improve the accurate identification 
of bone invasion over CT and MRI alone. As the current literature is composed of mostly small, 
retrospective studies, larger, prospective studies with serial sectioning of tumour specimens are 
needed to ensure the accuracy and consistent quality of the histopathology gold standard.  
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