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Abstract 

 Oropharyngeal squamous cell carcinoma (OPSCC) is the third most common 

cancer of the head and neck. The incidence of all subtypes of head and neck squamous 

cell carcinoma has decreased over the past 30 years in Canada and most of the world 

except for OPSCC. The increasing incidence of OPSCC over the past 10-20 years is 

driven by Human Papilloma Virus (HPV) type 16 infection. The benefit of chemotherapy 

in the post-surgical treatment of advanced stage OPSCC is unclear in the current 

literature especially after the emergence of HPV related OPSCC. This thesis investigated 

the survival benefit of adding chemotherapy in the primary surgical setting followed by 

adjuvant radiation therapy in the management of all patients with advanced stage 

OPSCC. We hypothesized that chemotherapy could have a survival advantage dependent 

on p16 and tobacco smoking history. Comparative survival analyses were performed 

between patients who received surgery + radiation therapy (S+RT) and surgery + 

chemoradiation therapy (S+CRT), stratified according to p16 status and tobacco smoking 

history. After adjustment for all covariates, smoking status and extracapsular extension 

were both independent predictors of survival. In our survival analysis for the whole 

cohort, the addition of chemotherapy was associated with a statistically significant better 

5-year overall survival. After stratifying based on their p16 and smoking status, smokers 

showed a statistically significant better survival benefit from the addition of 

chemotherapy in post-operative setting. However, further prospective trials that include 

p16 and smoking status would be recommended to verify this hypothesis. 
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Chapter 1: Introduction and Literature Review 

 

1.1 Background 

The head and neck is one of the most complex regions of the human body in both 

its anatomy and physiology. Head and neck squamous cell carcinoma (HNSCC) has 

major social and functional impacts on patients, affecting functions that are integral to 

human existence. For example, patients with oral cavity cancer will often have their 

speech, communication, swallowing, socialization and image significantly altered by 

the cancer and its treatment. HNSCC is an insidious disease that can have a severe 

effect on patients’ quality of life.  

Treatment of HNSCC necessitates a working knowledge of all therapeutic options 

for delivering optimal care to patients. For patients and their families, quality of life 

following HNSCC is a pivotal issue, emphasizing that the treatment is more than cure 

and survival. The head and neck oncology team must appreciate and optimize the 

longstanding impacts of treatment on their patients. 

The etiology of HNSCC involves a complex interplay between host and 

environmental factors. Studies have shown that alcohol and tobacco exposure are key 

causative factors for HNSCC in at least 75% of cases.
1-3

 The use of both tobacco and 

alcohol synergistically increase the risk of developing these cancers.
3,4

 Infection with 

human papillomavirus (HPV), especially HPV type 16 (HPV-16), is a risk factor for 

some types of HNSCC, particularly oropharyngeal squamous cell carcinoma 

(OPSCC).
5,6

 In the United States, the incidence of oropharyngeal cancers caused by 

HPV infection is increasing, while the incidence of oropharyngeal cancers related to 

other causes is declining.
5,7

 Based on the 2016 Canadian cancer statistics, a total of 
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3,760 HPV associated cancers were diagnosed in Canada in 2012.
8
 Cervical cancers 

and OPSCC were the most commonly diagnosed accounting for approximately 35% of 

all HPV-associated cancers in Canada. Sine the 1990s the incidence rate of OPSCC 

has increased significantly in both males and females. In males, the rate of increased 

by an average of 3.1% per year from 1997 to 2012.
8
 Whereas, in females, the rates 

increased more slowly at an average annual rate of 1.1%, between 1992 and 2012.
8
 

Surgery has been the mainstay of therapy for neoplasms in the head and neck 

including OPSCC for more than a century during the 1980s. With the introduction of 

ionizing radiation in the latter half of the 20
th

 century, radiotherapy became an 

important modality used either independently or in combination with surgery. 

Although initially chemotherapy was used primarily with palliative intent, it is now 

used as part of curative approaches when combined with radiation, producing effective 

treatment responses in patients with HNSCC. Biological or targeted agents also are 

evolving to become part of standard therapy. Accordingly, understanding and 

implementing multidisciplinary management strategies are cornerstones for achieving 

optimal therapeutic outcomes.  OPSCC has been the one subsite of HNSCC that 

has undergone multiple changes in the management guidelines over the past 30 

years.
9-11

 In patients with advanced stage OPSCC undergoing primary surgery the 

benefit of postoperative chemotherapy in the current literature is not clear.
12

 In 2007, a 

landmark publication highlighted HPV as one of the etiologies of OPSCC with a 

significantly and better prognosis than OPSCC that is related to tobacco smoking.
13

 

Treatment de-escalation has been proposed for those with HPV related advanced stage 

OPSCC based on the better prognosis and treatment associated witht this disease.
14
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One of the de-escalation approaches eliminates chemotherapy due to its severe toxicity 

and due to the lack of survival benefit in HPV-OPSCC cohorts.
14,15

   

 

1.2 Study Objectives (Figure 1.1) 

The primary objectives of this study were to: 

1. Compare patients with advanced stage OPSCC treated with primary surgery 

followed by radiotherapy (RT) or chemoradiotherapy (CRT) to determine 

whether the addition of chemotherapy has a significant survival advantage. 

2. Evaluate the benefit of chemotherapy on survival dependent on P16 status 

(surrogate marker for oncogenic HPV) and tobacco smoking history.   

We hypothesized that chemotherapy could have a survival advantage dependent on 

P16 status and tobacco smoking history.   

1.3 Head and Neck cancer overview 

The majority of head and neck neoplasms arise from the mucosa of the upper 

aerodigestive tract, including the oral cavity, oropharynx, hypopharynx larynx, nasal 

cavity, and sinuses, but neoplasms can also originate from the salivary glands, thyroid 

and parathyroid glands, soft tissue, bone, and skin. The most common malignant 

neoplasms of the head and neck are HNSCCs.
16,17

 Salivary gland malignancies and 

sarcomas of the soft tissue and bone are relatively infrequent and accounts for 5% & 

1% of cancers of the head and neck respectively.
18,19

 HNSCC are responsible for 

>95% of mucosal head and neck cancers, affecting the oral cavity, oropharynx, larynx 

and hypopharynx, nasopharynx, nasal cavity and paranasal sinuses (Figure 1.2). 
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HNSCCs are ranked fifth for incidence and cancer-related deaths worldwide,
20

 

with approximately 500,000 new cases are reported annually.
21

 In Canada they are the 

13
th

 most common cancer with an estimated 3,600 cases diagnosed in 2011, and 

responsible for estimated 1,150 deaths.
22

 In the US it is the 10
th 

most common cancer, 

accounting for approximately 3% of all adult malignant neoplasms.
23

 From 2013 to 

2015,  the estimated annual of HNSCC in the US decreased from 53,000 to 40,000 

cases, with a decrease in  deaths from 11,500 to 7890. 
21,24,25

 Depending on primary 

tumor site and overall stage, HNSCC survival varies with 5-year overall survival rates 

ranging from 89% for early-stage to 27% for advanced-stage disease.
23

 Patients with 

HNSCC are more commonly adult males over 40 years old with almost 50% of 

patients are over 60 years old.
23

 

The majority of HNSCCs are preventable, given the two most important risk 

factors are tobacco smoking and alcohol consumption. Both tobacco and alcohol have 

a dose response relationship with the development of HNSCC.
3,26

 When consuming 

both alcohol and tobacco at the same time there is a 10-20 fold increase in 

carcinogenicity due to the synergistic effect of their interaction.
20

 More recently, HPV 

has been established as an important etiological factor responsible for the increasing 

incidence of a subset of HNSCC, oropharyngeal squamous cell carcinoma (OPSCC).
27

 

Other risk factors include genetic predisposition, immunodeficiency, poor oral hygiene 

and other types of viral infections (Human immunodeficiency virus, Herpes simplex 

virus, Epstein–Barr virus).
28

  

The treatment of HNSCC depends on the site involved and stage according to the 

TNM staging system developed by the American Joint Committee on Cancer 
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(AJCC).
29

 This staging system is based on the assessment of three elements; the 

primary tumor size and extent on invasion (T), spread to regional lymph nodes (N), 

and spread to distant sites (M).  T, N, and M stages are combined and translated into 

an overall stage cancer that can range from stage I – IV (A, B and C). Stages I & II are 

considered early stage, while stage III & IV are considered advanced stage. Treatment 

modalities are divided initially as either curative intent or palliative. Palliative therapy 

is generally used for patients with very advanced stage or distant metastases (IVc or 

M1) with either no cure or very poor treatment outcomes expected. Treatment with 

curative intent can be classified based on the stage of the cancer. Early stage (stage I & 

II) OPSCC patients generally require single modality treatment, which means either a 

surgical resection or RT. Selection of either surgery or RT depends on the site and size 

of the primary tumor, its proximity to bone and its depth of infiltration into the 

underlying soft tissues, availability of treatment options, patient comorbidities and 

patient preferences. When a patient presents with an advanced stage HNSCC (stage III 

& IV) combined modality treatments are usually required for curative intent. 

Combined treatments include: 1) primary surgery followed by adjuvant therapy, which 

could be either RT or CRT, 2) primary RT or CRT followed by surgery or 3) CRT 

with salvage surgery for persistent disease. The treatment plans are generally based on 

a multidisciplinary tumor boards, which include head and neck surgeons, medical 

oncologists, radiation oncologists, radiologists, pathologists, dentists, prosthodontists, 

speech language pathologists, nurses, dietitians, and social workers. A 

multidisciplinary approach provides each patient with a well-organized evaluation and 

treatment plan towards optimal treatment outcomes.  
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The assessment of treatment outcomes is based on two main endpoints, survival 

and quality of life. Survival analyses for HNSCC are generally measured in three 

ways: 1) overall survival (OS): an event is death from any cause, 2) disease specific 

survival (DSS): in this variant, the event is death specifically from the cancer, and 3) 

disease free survival (DFS): an even can be either death or recurrence of the HNSCC. 

The start point of survival analysis varies, can be from the date of the patient’s first 

visit to a head and neck cancer clinic, a biopsy proven HNSCC, start of treatment, or 

from the end of treatment. However, when comparing survival estimates it is 

important to ensure that the starting and ending points are the same. 

1.4 Oropharyngeal squamous cell carcinoma (OPSCC) overview 

 The pharynx is divided into three regions: 1) nasopharynx, 2) oropharynx, and 3) 

hypopharynx. The oropharynx begins at the anterior aspect of the faucial arch and 

extends posteriorly to the posterior pharyngeal wall. It includes four subsites: 1) the 

soft palate 2) palatine tonsils, 3) posterior pharyngeal wall, and 4) the tongue base 

(posterior third of the tongue) (Figure 1.3).  The oropharynx has a major role in 

swallowing and speech. Cancer involving any of the oropharyngeal subsites can put 

the patient at great risk of aspiration and/or severe dysphagia requiring a gastrostomy 

tube as a supplemental or alternative method of feeding. It can also affect the patients’ 

ability to communicate and socialize by altering the voice resonance, pronunciation 

and articulation.  

 The most common cancer of the oropharynx is squamous cell carcinoma (90%), 

followed by Hodgkin lymphoma (8%), and minor salivary gland tumors (2%).
30

 Of the 

four oropharyngeal subsites, squamous cell carcinoma mostly commonly affects the 
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palatine tonsils and base of tongue. This is attributed to the prolonged contact of the 

mucosal surface with saliva which contains the carcinogens from tobacco and alcohol 

compared to the other two subsites (soft palate and posterior pharyngeal wall).
30

 The 

base of tongue used to be the most commonly affected subsite, however with increase 

in HPV-related OPSCC the palatine tonsils being are not the most affected subsite.
20

 

 OPSCC is the third most common cancer of the head and neck after the larynx 

and oral cavity.
30

 Due to the significant decrease in the rates of tobacco smoking the 

incidence of HNSCC has decreased over the past 30 years in Canada and most of the 

world except for OPSCC.
31-33

 According to Surveillance, Epidemiology, and End 

Results (SEER) data, the incidence of OPSCC has significantly increased over the past 

20 years for both males and females (Figure 1.4). The increasing incidence of OPSCC 

over the past 10-20 years is driven by HPV-16 infection.
5,7,34

 In the United States, the 

prevalence rate of HPV related OPSCC is greater than 60% and rates continue to 

increase; the incidence almost doubled (70% in the United States and 80% in Canada 

between 1983 and 2002).
5,35-37

 In more recent statistics the incidence of OPSCC 

among white men and women increased in the United States by almost four-fold 

between 2000 and 2009.
27

 This shift in epidemiologic trends is likely due to increased 

oral sexual activity, but other unknown factors may also contribute to the increase in 

HPV-OPSCC.
38

 This has changed the demographics of patients with OPSCC to be 

mainly young (40-60 years old), nonsmoking white males.
35,36,39-41

 These patients also 

tend to be married and well educated with a higher socioeconomic status compared to 

those who are HPV negative.
42

  

 The etiology of non-HPV related OPSCCs is similar to other HNSCCs with 
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tobacco smoking being one of the most important risk factor. Other risk factors 

include: poor oral hygiene, occupational exposure to organic chemicals, coal and 

wood dust, genetic and immunologic predisposition.
28

  

 

1.5 Smoking and OPSCC 

 Worldwide, there are about 1.2 billion smokers and hundreds of millions of 

smokeless tobacco users.
43,44

 Over 1 million cancer deaths annually worldwide are 

related to tobacco smoking.
44

 In the United States alone, tobacco smoking contributes 

to 33% of all cancer deaths, while in all the developed countries it is around 21%. In 

cases with OPSCC almost 90% of patients have history of tobacco smoking.
30

 In more 

recent reports of OPSCC epidemiology, about 60% of the HPV positive OPSCC are 

either current or former smokers, compared to never smokers.
45

  

Cigarettes are the main type of tobacco product consumed in the world. There are 

a variety of carcinogens in cigarette smoke. The most important carcinogens based on 

their potency are: polycyclic aromatic hydrocarbons, N-nitrosamines, aromatic 

amines, 1,3-butadiene, benzene, and aldehydes.
46,47

 Among drinkers who also smoke, 

alcohol creates the perfect medium for these carcinogens to dissolve and get absorbed 

into the mucosal surface much better than the slightly alkaline saliva.  This biologic 

change is thought to explain the synergistic interaction between alcohol and cigarette 

smoking, resulting multiplicative increase in the risk of developing any of the HNSCC 

cancers in general and OPSCC in particular.
20,30

 Second, alcohol can potentiate the 

metabolic activation of tobacco and the capacity to solubilize and enhance the 

penetration of carcinogens into the oropharyngeal tissues.
3
 Other types of smoked 
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tobacco include pipes and cigars. These products are associated with an increased risk 

of oral (oral cavity and oropharynx) cancer compared to other head and neck subsites, 

attributed to the type of tobacco used in them.
48

 The two major types of tobacco in 

cigarettes are the black and the blond tobacco, with the former containing more 

carcinogens.
49

 Users of the black tobacco cigarettes have a three-fold relative risk of 

oral cavity and pharyngeal cancer when compared to blond tobacco cigarette users.
50

 

For those who stop smoking for one to nine years their risk of developing oral cavity 

or OPSCC drops by 30%, and almost 50% if they stopped for more than 9 years.
51

 

With regards to smoking status and the development of OPSCC, a cutoff point of 10 

pack-years (number of packs per day * number of years of smoking), has been 

identified as one of the strongest predictors of poor survival.
36,52

 However, 10 pack-

years is not a fixed criterion as other research groups such as the Radiation Therapy 

Oncology Group has suggested the use of 20 pack-year as a cutoff point.
53,54

  

 A substantial amount of tobacco is consumed worldwide in the form of smokeless 

tobacco products, including chewing tobacco, betel quid, bidi, chutta, khaini and 

toombak. These tobaccos mainly cause oral cavity cancers, but has been associated 

with some OPSCC cases, mainly the base of tongue subsite.
30

 It also has been shown 

that marijuana increases the risk of HNSCCs including the oropharynx.
55,56

 

 

1.6 Human papillomavirus (HPV) overview 

 Human papillomavirus (HPV) is a small deoxyribonucleic acid (DNA) virus that 

can be transmitted through any kind of sexual contact including vaginal, anal, and oral 

sex.
57

 It has an affinity towards squamous epithelial cells where it proliferates and 
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causes an infection. There are over 140 different HPV serotypes that can be associated 

with specific clinical lesions, however only certain serotypes are associated with 

lesions at high risk of malignant transformation. HPV 6 and 11 are associated with 

benign lesions located in the oral cavity and oropharynx such as the common wart, 

known as squamous papillomas.
58

 HPV 16 and 18 are associated with premalignant 

and malignant lesions of the head and neck with HPV 16 infection being responsible 

for the overwhelming majority of HPV-OPSCCs.
58-60

 Over 90% of HPV related 

OPSCC are caused by HPV type 16.
61

 Additional HPV types associated with HNSCC 

include types  (18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68).
36

 

 Oral HPV infection is one of the most common sexually transmitted infections.
62

 

Positive oral HPV infection can be determined by the presence of viral DNA in oral 

rinses using PCR testing.
63

 The National Health and Nutrition Examination Survey 

provide the most recent estimate of the prevalence of oral HPV infection to date, 

showing that HPV-16 infection is the most common oral infection and is present in 

1% of the U.S. population.
6,59

 However the prevalence of any type of oral HPV 

infection was 7%, that represents 15 million people in the United States in 2009/2010.
6
 

The prevalence of oral HPV infection is three- to five-fold higher in men than in 

women with an adjusted prevalence ratio of 2.3 (95% CI, 1.66 to 3.26).
6
 The age 

distribution of oral HPV infection is bimodal with an initial peak at age 30-34 years 

and a second peak between 55 to 64 years of age.
59

 Oral HPV infection is a sexual 

transmitted disease that can be acquired through oral, vaginal, and anal sex.
6,59,64-66

 

The prevalence of oral HPV infection is higher overall in men, and increases with 

more sexual partners but plateaus for men at 15 partners and women at 5 partners.
27,67
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Several factors may explain the higher prevalence in men compared to women: 1) men 

have more sexual partners than women, 2) higher transmission rates for HPV from 

female to male than vice versa, and 3) due to the how common the genital HPV 

infection, the seroconversion rates are much higher among women compared to men, 

which gives women some immunity against subsequent HPV infection.
67

 

 The natural history of oral HPV is usually self-limiting and benign with most 

infections clearing between 7 – 12 months, however a few cases persist longer.
68,69

 

Several factors influence clearance vs. persistence of oral HPV, including local 

immunity status, tobacco status, the use of systemic immunosuppression, and sexual 

behaviors.
68-70

 

1.6.1 HPV and OPSCC  

 It is only in the early 1980s that HPV was studied for its potential role as an 

etiological risk factor for HNSCC.
71

 From a molecular perspective, several papers 

were published providing evidence supporting the role of HPV in the pathogenesis of 

of HNSCC, particularly in OPSCC.
72-74

 Between 1998 and 2004 multiple case control 

studies investigated the causal association between HPV infection and OPSCC.
13

 

However, none of these studies showed clear association between high risk sexual 

behaviors, and HPV infection and the development of OPCSCC.
75

 In 2007, a 

landmark paper published in the New England Journal of medicine conducted a 

hospital-based case–control study of 100 patients with OPSCC and 200 control 

patients without cancer to evaluate the associations between HPV infection and 

OPSCC.
75

 HPV type 16 infection was significantly associated with OPSCC [odds ratio 

(OR): 14.6, 95% CI: 6.3 to 36.6].
75

 High risk sexual behaviors were as well 
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significantly associated with OPSCC, a total of ≥ 26 vaginal sex partners was 

significantly associated with OPSCC [OR: 3.1, 95% CI: 1.5 to 6.5], and a total of ≥ 6 

oral sex partners was significantly associated with OPSCC [OR: 3.4; 95% CI: 1.3 to 

8.8].
75

  

In 2007, HPV was acknowledged by the international agency for research against 

cancer as a risk factor for HNSCC in addition to smoking and alcohol.
13

 Most HPV-

associated HNSCCs arise in the oropharynx with the palatine tonsils being the most 

commonly affected subsite.
20

 HPVs have also been detected in other head and neck 

sites, however to a lesser degree compared to the oropharynx [(6- 20% in oral cavity), 

(20-30% in larynx, nasopharynx, sinuses)]. Their role is still unclear and controversial 

outside the oropharynx.
76-78

 

 In the United States, the total prevalence of HPV related OPSCC is greater than 

60% of all OPSCCs, and continues to rise.
5,36,37,72,79

 Despite the overall decrease in the 

incidence of HNSCC related to the significant drop in the rates of tobacco smoking, 

the rates of HPV related OPSCC has increased by 70% in the United States and 80% 

in Canada between 1983 and 2002.
5,35,80

 In more recent statistics from the United 

States, the incidence of OPSCC among white men and women increased by almost 

four-fold between 2000 and 2009.
27

 According to SEER data, it has been predicted 

that the incidence of HPV-OPSCC in the United States will soon be greater than 

cervical cancer.
5
 The rise in HPV-OPSCC is not consistent across different geographic 

locations, presumable due to differences in sexual behaviors and tobacco 

consumption.
35

 

 The demographics of patients with HPV-OPSCC are different from those who are 



 13 

HPV negative. HPV-OPSCC patients tend to be male younger, nonsmokers, and 

nondrinker, compared to HPV negative OPSCC.
41,81

 They also tend to have a higher 

socioeconomic status, higher education, be married, and have fewer 

comorbidities.
14,42,82,83

 With regards to race, a significantly greater proportion of HPV 

positive OPSCC are diagnosed in whites than in blacks or other races, accounting for 

92-97% of all HPV positive OPSCC.
36,84,85

 

 The clinical characteristics of HPV positive versus negative OPSCC are also 

different. HPV-OPSCCs tend to present as a small primary tumors (early T-stage) with 

more regional metastases (higher N-stage).
14,42,86,87

 Almost 10% of all HNSCC present 

with neck nodal metastasis and an unknown primary site.
88

 When the primary site is 

identified it is usually in the oropharynx and 90% are HPV positive.
87,89-91

 On 

histopathology, HPV-OPSCCs are often basaloid (variant of squamous cell 

carcinoma), poorly differentiated, and non-keratinized.
92-94

  

 

1.6.2 Diagnosis of HPV associated OPSCC 

 Determining HPV positivity is of critical importance in the diagnosis and 

management of OPSCC, as it has implications for prognosis and treatment.
36,95-97

 

Patients with HPV-OPSCC have significantly better clinical outcomes when compared 

to patients with HPV-negative- OPSCC.
36,72,84

 As previously mentioned, 10% of all 

HNSCC presents with neck nodal metastasis and an unknown primary.  Having the 

ability to detect the HPV status from nodal metastasis strongly points to the 

oropharynx as the primary site, which adds great value in the management of the 

patient either by narrowing the radiation therapy field or to target surgically.
88,98,99
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Knowing the HPV status also helps to determine if a patient is a candidate for clinical 

trials investigating new treatment regimens for HPV positive OPSCC (de-

intensification, new chemotherapy, new radiotherapy regimen and 

immunotherapy).
100,101

  

 HPV genome comprises early and late genes that encode early proteins E1-E7 and 

late proteins L1-L2. The two most important proteins that are responsible for the onset 

and persistence of the malignant process are E6 & E7 oncogenic proteins. Both E6 & 

E7 proteins cause multiple genetic and metabolic effects within the cell, the most 

important of which is their interaction with two intracellular tumor suppressor 

proteins, p53 and retinoblastoma (Rb).
102

 Following the binding of E6 & E7 to p53 & 

Rb proteins, respectively, both tumor suppressor proteins (p53 & Rb) get degraded.
102

 

This results in downstream overexpression of p16 tumor suppressor protein. The gold 

standard for determining HPV status in OPSCC is demonstration of oncogenic HPV 

DNA in fresh tissue using real-time quantitative polymerase chain reaction (RT-

qPCR).
103-105

 It has also shown that antibodies against both HPV E6 & E7 oncogenic 

proteins are strongly associated with the diagnosis of OPSCC. Patients with new 

OPSCC were seropositive for HPV16 E6 for almost 10 years prior to their diagnosis, 

and healthy individuals who were seropositive for HPV 16 E6 were strongly 

associated with future diagnosis of OPSCC (odds ratio [OR], 274; 95% CI, 110 to 

681).
106,107

 PCR for HPV DNA testing is highly sensitive for the presence of HPV, 

however two factors may affects its reliability to detect HPV related OPSCC: 1) can 

not distinguish HPV infections that are truly causative of HPV-SCC (transcriptionally 

active) from those that are clinically insignificant (so-called “passenger” HPV), 2) The 
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very high sensitivity of PCR based techniques may allow for the possibility of cross-

contamination of HPV DNA from another specimen to yield a false–positive 

result.
108,109

 An alternative measurement, PCR testing for E6/E7 messenger RNA is 

more specific in that it indicates the presence of a transcriptionally active 

HPV.
108,110,111

 Other techniques that can help detect HPV status includes DNA and 

RNA in situ hybridization (ISH)
61,112-114

  

 Due to the high cost and specialized equipment required for HPV DNA PCR, 

most centers have adopted p16 immunohistochemistry (IHC) as the preferred method 

of oncogenic HPV detection, which has become the clinical standard.
115-119

 P16 is a 

tumor suppressor gene that is used as a surrogate marker for HPV positive OPSCC. 

Retinoblastoma protein (Rb) is a tumor suppressor protein that down regulates p16 

tumor suppressor protein, however in HPV positive OPSCC, the E7 oncoprotein 

degrades Rb protein which leads to loss of feedback inhibition and overexpression of 

p16 tumor suppressor protein which can be detected by routine IHC.
120-122

 In HPV 

negative OPSCC the p16 expression is not upregulated.
123

 The main advantages using 

p16 IHC are: 1) Inexpensive, 2) easy to perform and interpret, 3) highly sensitive for 

transcriptionally active oncogenic HPV (almost 100%), and 4) very low inter-observer 

variability when the proper criteria are used.
108,120,124

 Despite those advantages, p16 

IHC testing has some criteria\limitations which include: 1) for the test to be positive at 

least 70% of the specimen has to stain positive for P16, if between 50 to 70% of 

specimen tests positive then additional testing might be required to confirm HPV 

positivity (HPV DNA PCR, or DNA ISH),
115

 2) while its sensitivity reaches almost 
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100% its specificity ranges between 85-95%,
108,120,124

  3) lastly, p16 IHC positivity is 

only reliable and validated for OPSCC.
125

 

Overall there is some controversy or lack of uniformity in what is used between 

different centers to be the ideal testing methods used for checking the status of HPV in 

OPSCC with the hope that in the near future there will be clear guidelines for HPV 

testing in OPSCC.
61,108,124,126

 Based on the 2013 NCCN guidelines; the acceptable 

testing methods to detect HPV positive OPSCC are either by the use of IHC for 

analysis of p16 expression or HPV in ISH for detection of oncogenic HPV DNA in 

tumor cell nuclei.
127

 

1.6.3 Prevention of HPV related OPSCC (vaccines and their benefits) 

 To date there are no available screening tests available for early detection of HPV 

related OPSCC. The only preventive intervention available is HPV immunization; 

however the evidence showing benefit is based on populations of patients with 

anogenital papillomas or cervical cancer with little data regarding the effectiveness of 

vaccines for prevention of HPV-OPSCC. However it is thought that HPV vaccination 

might have the same preventive effect on HPV-OPSCC and this could hopefully halt 

the progressive increase in its incidence in the future.
128,129

 

 To be able to get the population immunized against HPV we need to make sure 

that there is awareness among the high risk population for HNSCC and HPV-OPSCC. 

Based on an online survey that was administered in January of 2013 in the United 

States to 2126 randomly selected adults, only 34% reported that they were aware 

about head and neck cancer and 0.8% were aware that HPV played a role in the 

causation of head and neck cancer.
23

 When questions were asked specifically about 
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throat cancer and it association with HPV, 12.8% reported awareness.
23

 Before 

starting an immunization program for HPV to help prevent HPV related OPSCC, we 

need to ensure increased awareness among the general population aiming to increase 

their adherence to the immunization protocol. This can help prevent almost 9000 cases 

annually.
23

  

 Currently there are two FDA approved HPV vaccines, Gardasil
®
, Cervarix

®
, and 

Gradasil
®
9. Gardasil is a quadrivalent HPV vaccine that is effective against HPV type 

6, 11, 16, & 18, while Cervarix is a bivalent vaccine effective against HPV type 16 & 

18. Gradasil
®
9 is the most recent vaccine and was authorized for use in Canada on 

February 2015 and it effective against 9 HPV types (HPV types 6, 11, 16, 18, 31, 33, 

45, 52 and 58). The vaccine was developed in Australia and was approved by the food 

and drug administration (FDA) for preventative use in 2006. In 2007, Australia was 

the first country to introduce a national HPV vaccination program, but it was only 

directed towards young women to protect against HPV infections that can lead mainly 

to cervical cancers.
130

 In 2009, Gardasil
®
 was approved by the FDA to be used in 

males aged 9 to 26 for prevention of HPV related genital warts, anal cancer, and head 

and neck cancer.
131

 

In Canada, Gardasil
®
 is the mainly used vaccine and it is indicated for females 

between the ages of 9 & 45, but those between 9 & 21 are the primary target.
132

 For 

males, it is indicated between the ages of 9 & 26.
133

 The vaccine is administered in 3 

consecutive doses of 0.5 mL suspension via an intramuscular injection at the following 

schedule: 0, 2 months, 6 months. The vaccine is also time sensitive, it is most effective 

if it is administered before the start of sexual activity, which reflects the start of 



 18 

exposure to HPV virus, as it is not recommended for the adults who have already been 

sexually active for a number of years.
132,134

 However, if an adult is already infected 

with HPV, the vaccine will help with protection against new infections with other 

strains included in the vaccine. 

 The prophylactic administration of the vaccine has shown to be significantly 

effective in deceasing the incidence of HPV related cervical cancer and preventing 90-

100% of HPV infection related anogenital precancerous lesions.
135,136

 However, the 

evidence is still unclear with regards to oral HPV infection.
27

 In 2013, a multicenter 

study was published describing a significant decrease in the incidence of oral HPV 

infection 4 years after the administration of the vaccine.
129

 However, based on the 

WHO guidelines this study does not fulfill all the required criteria in order to consider 

the vaccine effective against both incident and persistent cases of oral HPV 

infection.
27

  

1.7 Treatment options & prognosis of OPSCC  

 The management of OPSCC depends primarily on the stage of the cancer. Based 

on the 2013 NCCN guidelines, early stage OPSCC can undergo a single modality 

treatment (surgery or definite RT), while advanced stage cases are recocommended to 

receive combined treatment modality.
127

 In general, treatment paradigms for advanced 

OPSCC are either primary chemoradiotherapy  (CRT) with salvage surgery if there is 

any residual or recurrent disease, or primary surgery with adjunctive therapy (radiation 

therapy (RT) alone, or CRT).
127,137

 With both approaches, treatment addresses both the 

primary tumor site and the neck nodal disease. In the primary CRT arm, the standard 

RT modality used is intensity modulated radiation therapy (IMRT) and the dose to the 
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primary site and involved lymph nodes ranges between 66-72 gray (Gy) delivered 

over 6-7.2 weeks, 5 days per week, Monday-Friday.
127

 The uninvolved levels of neck 

lymph nodes that are at risk of harboring subclinical disease or spread receive between 

54-60 Gy. With regards to chemotherapy, Cetuximab and platin-based chemotherapies 

are the most common systemic treatments for OPSCC, which are given in total of 3-

cycles during the RT.
127

 However, the etiology and patient demographic of OPSCC 

has significantly shifted in recent decades, current treatment paradigms are 

controversial and protocols are continuously evolving.
27,96,103,138-140

  

 In the early 1980s, the main treatment of advanced stage OPSCC included 

primary surgery followed by adjuvant CRT in advanced stage OPSCC.
9
 During that 

period this type of treatment provided the best cure rates compared to RT (58.2% 

versus 26.4%).
9
 The introduction of primary CRT started in the 1990s, due to the 

variable and poor functional results after surgery and early reconstructive methods led 

many centers to experiment with organ preservation protocols using CRT in an 

attempt to validate the concept of functional conservation after organ preservation.
10

 

This concepts refers to treatment using CRT which would allow preserving the organ 

so it can function normally, while in surgical treatment the organ will be either 

partially or completely excised which leads to either partial or complete loss of 

function. This concept was popularization as a result of the Vetrens Affair trial, which 

was actually for laryngeal cancer, but this was extrapolated and assumed to be that 

CRT was also the best for oropharynx.
141

 This type of treatment has evolved to 

intensifying chemotherapeutic approaches to also include neoadjuvant chemotherapy 

followed by CRT.
11,142-145

 However, despite improved disease-related outcome this 
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lead to dramatic increases in the rates of treatment related early (acute) and late 

toxicities in terms of mucositis, xerostomia, pharyngeal strictures, osteoradionecrosis, 

and long-term dysphagia requiring feeding tubes.
11,36,144-152

 The rates of gastrostomy 

tube dependence after primary CRT have ranged from 7% to as high as 31% at 1 year 

after treatment.
153,154

  

 Primary CRT became the standard of care for patients with advanced stage 

OPSCC despite the absence of oropharyngeal-specific trials validating this change in 

management.
155

 On the other hand, there are several population-based,
156

 

retrospective,
157

 and case control studies
158,159

 showing equivalent survival outcomes 

from either primary CRT or primary surgery followed by adjuvant RT/CRT. Also, few 

other population based studies showing superior survival with primary surgical 

approaches.
160,161

 The National Comprehensive Cancer Network (NCCN) guidelines 

suggest that primary surgery with adjunctive therapy or chemoradiotherapy (CRT) 

with salvage surgery are acceptable treatment regimens for advanced OPSCC.
156

 The 

survival rates for OPSCC have significantly changed with the emergence of HPV 

related OPSCC. There is overwhelming evidence that HPV-OPSCC have a 

substantially improved prognosis, and higher overall and disease specific survival 

compared to HPV negative OPSCCs.
36,54,84,162

 This is thought to be due to better 

response to therapy regardless of the treatment regimen used.
163

 In addition to 

increased radiosensitivity and response to therapy, other factors have been proposed to 

play a role in the improved prognosis in HPV positive OPSCC such as absence of 

tobacco exposure with a reduced likelihood of field cancerization (The development of 

premalignant clones of the cells throughout the affected area because of repeated 
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exposure of the tissue to carcinogens, ex: tobacco product) and second primary 

tumors, and an inverse correlation with adverse tumor biomarkers such as epidermal 

growth factor receptor (EGFR) & p53 mutations.
72,109,164-166

 Two recent papers 

published comparing primary surgery to primary RT in the treatment of OPSCC 

showed the in the HPV positive group survival is comparable with no statistical 

significant difference, however in the HPV negative group survival was superior in the 

primary surgery group.
96,167

 

 A landmark paper by Ang et al in 2010 demonstrated the survival differences 

between HPV positive and negative OPSCCs treated by non-surgical approaches.
36

 

They analyzed over 300 patients with OPSCC who participated in the RTOG 

(Radiation Therapy Oncology Group) 0219 trial. HPV-OPSCC comprised 64% of 

patients and was associated with improved 3-year overall survival rates (82%) 

compared with HPV negative OPSCC (57%); after adjusting for patient 

characteristics, stage, tobacco use, and treatment group, HPV-OPSCC patients had a 

58% reduction in the risk of death. The risk of death increased by 1% with each 

additional pack-year of tobacco smoking, regardless of HPV status. This study found 

that HPV status was the greatest determinant of overall survival, followed by tobacco 

use (≤10 pack-years vs. >10 pack-years), primary tumor stage (T2/T3 vs. T4), and 

nodal stage (N0/N2a). In 2007, a meta-analysis comparing the overall risk of death 

and recurrence reduction in all patients with OPSCC based on smoking and HPV 

status demonstrated a 28% reduction in risk of death and a 49% reduction in risk of 

recurrence in HPV positive compared to HPV negative OPSCC patients.
168

 This 

reflects that the current AJCC TNM (7
th

 edition) is unsuitable and we need to establish 
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a new TNM staging system for HPV positive OPSCC that is different than the HPV 

negative staging system.
162,169

 The establishment of a new HPV specific TNM will 

help with future surveillance, treatment planning, counseling, and clinical trials. Two 

recent papers from the University of Toronto and University of Pittsburgh were 

published proposing a new TNM staging system for HPV positive OPSCC.
86,170

 In 

October 2016 the 8
th

 edition AJCC was released which included significant 

modification of the TNM and overall staging of OPSCC, and this to be effective from 

January 2017. 
171,172

 However, these changes provides a much more accurate 

assumption of survival outcome and prognosis but it still doesn’t affect the available 

treatment guidelines which are still based on the 7
th

 edition AJCC.  

 

1.8 Role of primary surgical treatment in OPSCC 

 Similar to CRT, surgery addresses both the primary site and the neck nodal 

disease. The surgical treatment of the neck is in the form of neck dissection. Up until 

the middle of the 20
th

 century, the main neck dissection technique was in the form of a 

radical neck dissection, which carries a significant postoperative morbidity and life-

threatening complications.
173,174

 In the early 1960s, the concept of functional neck and 

selective neck dissections was introduced, which helped to achieve local control rates 

comparable to the radical neck dissection with less postoperative morbidity and better 

functional results.
173,174

 As for the primary site, this was in the form of open surgical 

approach, lip-splitting and/or mandible-splitting techniques, along with free-flap 

reconstruction. During the past 20 years these types of procedures carried a significant 

morbidity in the form of functional disabilities.
175,176

 However, surgical and 
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reconstructive technology has dramatically advanced and improved functional 

outcomes. The reconstruction of oropharyngeal defect follows the standard stepwise 

approach depending on the size of the defect to achieve two main goals: watertight 

closure and functional preservation. Reconstruction can be in the form of primary 

closure, local flaps, and free flaps. With larger defects, free flaps has the ability to be 

designed in a three dimensional fashion which would help preserve the anatomical 

configuration and function of the different structures of the oropharynx (soft palate, 

tongue base, pharyngeal walls).
30

 In recent publications, it has been shown patients 

undergoing primary surgical treatment despite presenting with advanced stage OPSCC 

have comparable and in some occasions better functional outcome than those 

undergoing primary CRT.
11,96,177,178

  

 Over the last decade, the advances in surgical approaches also included the 

introduction of transoral surgery avoiding the lip-splitting and/or mandible-splitting 

techniques. Transoral surgery includes two main techniques, transoral robotic surgery 

(TORS) and transoral laser microsurgery (TLM). It has gained popularity as a means 

of carrying out effective oncologic resection with much less morbidity especially in 

the field of OPSCC.
11,81,156,178-180

 Despite using a minimally invasive approach the 

oncological, survival, and functional outcomes are promising as do the functional 

outcome.
178,180-182

 

1.9 Role of postoperative adjuvant therapy in OPSCC 

 The principles and indications for postoperative radiotherapy and 

chemoradiotherapy in OPSCC are no different from other HNSCCs. Patients with 

OPSCC and positive nodal involvement (N+) and/or T-stage > 2 are treated with 
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postoperative adjuvant RT.
127,183

 The RT dose to the neck and primary site in the 

postoperative setting can range between 60-66 Gy to the primary site and involved 

neck levels, and 54-60 Gy to the uninvolved at risk neck level.
127

 Based on the 2013 

NCCN guidelines, the main indications for the addition of chemotherapy to 

postoperative adjuvant RT are positive lymph node involvement with extracapsular 

extension and/or positive surgical resection margins.
127,184

 There was a trend in favor 

of CRT providing a better overall survival over RT in patients with positive perineural 

invasion, lymphovascular invasion, and/or any stage III/IV, however it did not reach 

statistical significance.
184

  

 Recommendations by the NCCN are largely based on level one evidence showing 

survival benefit with the addition of RT or CRT.
183-185

 However none of these studies 

or trials stratified patients according to their HPV and smoking status.
12

 Despite the 

added risk and higher rates of systemic and locoregional side effects from the addition 

of chemotherapy in the postoperative setting, its benefit is still unclear in the 

literature.
12

 This evidence reemphasis the importance of revising the 7
th

 edition AJCC 

staging system for OPSCC according to their HPV and smoking status which will 

reflect on the change of their management, especially on the indications for adjuvant 

RT or CRT in the primary surgical cohort.
12,86,170

 

1.10 De-escalation treatment strategies for HPV related OPSCC 

 Although arising from the same anatomic location (oropharynx), and same 

histological type of cancer (squamous cell carcinoma), HPV positive and HPV 

negative OPSCC are two different diseases with regards to their pathological 

characteristics, etiology,
72

 clinical behavior,
186

 patient’s demographics,
36,41,42,81,82
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clinical presentation,
14,42,86,87

 treatment response and outcome.
36,54,84,162,163

 Because 

HPV-associated OPSCC has a much better prognosis than HPV-negative OPSCC, de-

escalation of treatment has been suggested for this population to minimize acute 

treatment toxicity and long-term treatment-related morbidity.
14

 De-escalation of 

treatment can be applied to both treatment modalities, primary surgery or primary 

RT/CRT. 

 In the primary RT/CRT arm, a meta-analysis of three RTOG chemoradiation trials 

demonstrated severe late toxicity in 43% of patients, mainly in the form of difficulty 

swallowing.
147

 Because HPV-associated HNSCC patients are often younger, healthier, 

and can be expected to survive longer, they are more likely to experience significant 

long-term treatment-related morbidity and reduced quality of life.
187

 Late and severe 

swallowing complications are adversely affected by increased radiation dose, the 

volume of pharynx radiated, and the use of concurrent chemotherapy.
147,188

 O’Sullivan 

and colleagues reported a retrospective institutional review of 505 patients with 

OPSCC treated with radiation or chemoradiation based on stage.
14

 Their results 

suggested that modifying or eliminating chemotherapy might be an appropriate de-

escalation strategy in HPV-positive patients. There are ongoing clinical trials by 

RTOG and Eastern Cooperative Oncology Group (ECOG) with the aim to achieve 

similar efficacy with less toxicity and improved quality of life.
100

  

 In the primary surgery arm, the use of TORS and TLM coincides with the rise of 

HPV-OPSCC. These approaches reduce the morbidity of primary surgery and renewed 

the interest in primary surgery to allow de-escalation of therapy. The dose and the 

indications for RT and chemotherapy in the HPV positive OPSCC cohort are also 
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under the evaluation to undergo similar de-escalation as in the primary RT/CRT 

treatment arm.
86,189

 The National Cancer Institute Head and Neck Cancer Steering 

Committee proposed two main trials to further investigate transoral surgery for 

OPSCC, both as a method to reduce treatment toxicity in HPV positive OPSCC and as 

a method of treatment intensification in the poor prognosis HPV negative OPSCC.
189

 

The Eastern Cooperative Oncology Group (ECOG) opened the E3311 trial, a phase II 

randomized trial of transoral surgical resection (TORS or TLM) followed by low-dose 

or standard-dose IMRT for HPV positive locally advanced OPSCC.
189

 This study will 

investigate whether transoral surgery allows radiation dose de-escalation; in addition, 

risk stratification based on stage and smoking status.
189

 The Radiation Therapy 

Oncology Group (RTOG) opened the RTOG1221 trial, a phase II randomized trial for 

advanced stage HPV negative OPSCC.
189

 Its primary objective is to determine if 

surgical intensification for patients with HPV negative OPSCC will improve 

progression-free survival. Histologic information will be performed to direct adjuvant 

therapy postoperatively. These trials will provide evidence-based data for the role of 

surgery in treatment de-escalation or intensification based on HPV status. 

1.11 Summary of the literature review 

 There is no clear evidence supporting the benefit of adjuvant chemotherapy in the 

primary surgical setting for OPSCC. The incidence and prevalence of HPV related 

OPSCC is significantly increasing with presumptive rates exceeding HPV related cervical 

cancer by 2020. The demographics, treatment response, and prognosis are significantly 

different the HPV negative OPSCC. The 7
th

 edition TNM staging system and treatment 

protocols for OPSCC are unsuitable for HPV related OPSCC. The newly released 8
th
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edition AJCC staging system reflects a much more accurate prediction of prognosis and 

survival outcome for patient with HPV related OPSCC versus those who are not, 

however, it still doesn’t reflect the change in the treatment protocols.
172

 Current clinical 

trials and de-escalation protocols may help clarify the indications for adjuvant 

chemotherapy in the management of OPSCC.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 28 

Figure 1.1 Study Objectives 

 

 

 

 

 

Figure 1.2 Anatomy of the pharynx 
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Figure 1.3 Anatomy of the oropharynx 
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Figure 1.4 Oropharynx age-adjusted SEER incidence rates from 1975-2013  
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Chapter 2: Methods 

 

This is a retrospective population based cohort study. Ethics approval was 

obtained from the University of Alberta Health Research Ethics Board (No: HREB / 

Pro00016426, 2015-11-30).  

2.1 Patient cohort:  

Patient date were obtained from 1) Alberta Cancer Registry Edmonton site, and 2) 

Medical records (electronic & paper) at two institutions (University of Alberta hospital 

and Cross Cancer Institute) where all of the treatment and follow-up occurred. All the 

required data were collected as part of prior research work on patients with OPSCC. In 

this current study, data were further stratified and analyzed based on our objectives: 1) 

Compare patients with advanced stage OPSCC treated with primary surgery followed 

by RT or CRT to determine whether the addition of chemotherapy has a significant 

survival advantage, 2) Evaluate the benefit of chemotherapy on survival dependent on 

p16 status and tobacco smoking history.   

 A retrospective chart review of patients identified from the Alberta Cancer 

Registry was performed. The Alberta Cancer Registry is a population based disease 

registry with gold certification from the North American Association for Central 

Cancer Registries during the period of consideration. It is  responsible for recording 

and tracking all new diagnoses of cancer, their initial treatments, and vital status, 

through mandatory reporting enforced by legislation in the Province of Alberta. 

Patients diagnosed with OPSCC at the University of Alberta Hospital and/or Cross 

Cancer Institute between January 1
st
 1998, and December 31

st
 2009 were identified 
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and their medical records reviewed. The condition of all patients included in the study 

were assessed for treatment in a consistent manner by the Northern Alberta 

Multidisciplinary Head and Neck Oncology Tumor Board at the University of Alberta 

Hospital, which is the standard of care for treatment planning for any patient with head 

and neck cancer. Eligibility criteria included all patients with advanced stage OPSCC 

(stage III or IV according to American Joint Committee on Cancer seventh edition)
1
 

who received primary surgery followed by either radiation (S+RT) or chemoradiation 

therapy (S+CRT) for curative intent. As chemotherapy is not indicated in early stage 

OPSCC that group of patients, they were excluded.  

2.2 Data collection:  

Medical records were reviewed and data were extracted (electronic and paper 

charts) at the University of Alberta Hospital and/or the Cross Cancer Institute. 

Database accuracy was reviewed and audited by three head and neck oncologic 

surgeons directly involved in the study and any inconsistencies found were resolved 

by consensus. The data obtained from the charts included patient demographics (eg. 

age, sex), Eastern Cooperative Oncology Group (ECOG) quality of life score, 

smoking status, pack-years, tumor characteristics (ex: subsite, side, size, TNM 

staging), treatment details (eg. S+RT, S+CRT), procedure details (extent of the 

primary resection, type of neck dissection, type of reconstruction performed), radiation 

and chemotherapy details (chemotherapy agents, number of cycles, RT dose, RT field) 

pathological description (eg. p16 status, perineural invasion, lymphovascular invasion, 

margin status, and neck node status, number of positive neck nodes, extracapsular 
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extension (ECE)), and outcome data (5-year survival, recurrence, time to recurrence, 

death, time to death, and cause of death).  

 

2.3 Data definitions & treatment groups classifications: 

Cause of death was classified as either disease specific or from other causes as 

determined by the Alberta Cancer Registry and chart review for calculation of overall 

survival (OS; death from any cause), disease specific survival (DSS; accounting only 

for death from OPSCC), and disease free survival (DFS; accounting only for death 

from OPSCC or alive with local recurrence or distant metastasis). 

Patients were categorized into two intent-to-treat subgroups: (1) Surgery + Post-

operative Radiation (S+RT), (2) Surgery + Post-operative chemoradiation (S+CRT). 

Patients were further subdivided based on their smoking status, p16, extracapsular 

extension (ECE), and surgical margin status. Smoking status was based on data 

collected from the patient on their first visit to the cancer clinic at both institutes 

(University of Alberta Hospital and Cross Cancer institute). The questions addressed if 

they smoked tobacco at any time of their life and for how long they smoked to be able 

to calculate the pack-year smoking history. The cutoff-point used to define patients as 

smokers was  > 10 pack-years,
2 

and p16 status was determined by 

immunohistochemistry of formalin-fixed paraffin-embedded (FFPE) tumor tissue 

blocks.  

2.4 Classification/definition of p16 groups: 

Tissue microarrays (TMAs) were constructed with FFPE tumor tissue blocks from 

either pretreatment biopsies or primary surgical specimen, as previously reported and 
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described
3-5

 A head and neck pathologist (L.P.) reviewed the blocks and excluded 

cases with inadequate tissue. Six negative controls were incorporated on the arrays 

using FFPE tissue blocks from placenta, kidney, pancreas, liver, and HPV-negative 

tonsils. HPV-positive control tissue was included for reference intensity staining 

determined by HPV16/18 by in situ hybridization and p16 positivity by 2 pathologists. 

Five TMAs were constructed with duplicate or triplicate cores of FFPE blocks as per 

the TMA protocol previously described.
6,7

 Immunohistochemistry (IHC) for p16 

(clone JC8; Santa Cruz Biotechnology, Dallas, TX) was performed using the 

diaminobenzidine staining method, as previously reported and scored for p16 status 

using previously established standards.
7-9

 

 

2.5 Outcome variables & covariates: 

 Our outcome variables were divided into three different survival categories: 1) 

Overall Survival (OS; death from any cause), 2) Disease Specific Survival (DSS; 

accounting only for death from OPSCC), and Disease Free Survival (DFS; accounting 

only for death from OPSCC or alive with local recurrence or distant metastasis). Our 

covariates were demographic (eg. age, sex), Eastern Cooperative Oncology Group 

(ECOG) quality of life score, smoking status, pack-years, tumor characteristics (ex: 

subsite, side, size, TNM staging), treatment details (eg. S+RT, S+CRT), procedure 

details (extent of the primary resection, type of neck dissection, type of reconstruction 

performed), radiation and chemotherapy details (chemotherapy agents, number of 

cycles, RT dose, RT field) pathological description (eg. p16 status, perineural 
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invasion, lymphovascular invasion, margin status, and neck node status, number of 

positive neck nodes, extracapsular extension (ECE)). 

 

2.6  Statistical analysis:  

Demographic, pathologic, treatment and staging information for all patients 

included in the study were tabulated. Differences between the two treatment groups 

were tested for any statistical significance using Student’s t-test, Pearson’s chi-square, 

and Fisher’s exact test. Statistical significance was defined as p < 0.05. 

Follow-up using electronic medical records and paper charts included up to five 

years from patient diagnosis for each patient. Survival time was calculated in years 

from the date of a biopsy proven OPSCC to the date last known alive by follow-up or 

electronic medical records, or date of death. If the patient was alive at the end of the of 

follow-up, the survival time considered as censored.
10

 A Cox proportional hazards 

model was used to perform multivariate analyses for overall survival, disease specific 

survival and disease free survival with respect prognostic factors and variables.
11

 

 Variables for the proportional hazards model were chosen using purposeful 

selection method. The variables for the survival analysis included age, sex, ECOG 

score, smoking status, treatment, p16 positivity, ECE status, margins status, and TNM 

overall stage. We started by fitting a univariate Cox’s regression model for each of the 

variables then we fit a multivariate Cox’s regression model for the same group of 

variables (as they were all clinically important to keep in the model even if they were 

statistically non-significant).  Confounding was not tested as none of the variables 

were removed from the model after multivariate analysis. Proportional hazard 
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assumption was tested for all the variables retained in the final model and none 

violated the assumption of constant risk across survival time period. All clinically 

plausible interactions were tested, none of which were statistically significant, which 

included: age*sex, p16*smoking, margins*ECE, treatment*age, treatment*sex, 

treatment*ECOG, treatment*smoking, treatment*p16, treatment*ECE, 

treatment*margins, treatment*overall stage.  

Kaplan–Meier curves and log-rank tests were used to estimate and compare 5-

year OS, DSS, and DFS times between patients who received S+RT and S+CRT, 

stratified by p16 status and smoking history. Post-hoc power analysis was carried out 

to estimate the sample size required detecting a difference of ≥ 5%, as well as the 

estimated sample size for 80% power for those with observed power less than 80%.  

Statistical analysis was performed using SPSS version 22.0 (SPSS, Chicago, IL), 

and STATA 13 software (StataCorp. 2013. Stata Statistical Software: Release 13. 

College Station, TX: StataCorp LP).  
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Chapter 3: Results 
 

3.1 Patient cohort:  

 Three hundred and forty consecutive patients with OPSCC were curatively treated 

at the University of Alberta Hospital and the Cross Cancer Institute from January 1, 1998, 

to December 31, 2009. Two hundred seventy-nine patients had stage 3 or 4 disease and 

were included in the study. Patients with single modality treatment and those undergoing 

primary CRT were excluded from the analysis files. Thirty-three patients were missing 

P16 data. The patient categories for inclusion and exclusion in the analysis files are 

summarized in Figure 3.1.  

 The total number of patients with data available for inclusion in our analysis was 

138, with full 5-year survival history available for 126 (91.3%) patients and 80 (58%) 

patients alive for at 5 years post diagnosis (Figure 3.2). Demographics, clinical 

characteristics, and risk factors and characteristics are summarized in Table 3.1. The 

majority of patients were male (81%), stage 4 (86%), p16 positive (59%), smoker of ≥ 10 

pack-years (72%) with a mean age of 54.5 years. Tonsils were the most common tumor 

subsite (59%) followed by base of tongue (28%). Based on the treatment modality 

patients were categorized as patients who received S+CRT (N=71, 51%) or S+RT (N=67, 

49%). Patients were further subdivided based on p16 positivity and smoking status into 

four groups with largest group being those who were p16 positive smokers (42%) 

followed p16 negative and smokers (30%) (Table 3.2). A total of 31 patients (22%) had 

either a recurrence and/or distant metastasis within 5-years after their primary treatment 

(Table 3.3). Extracapsular extension and margin status data was obtained from final 

pathology reports, however 19 patients were missing ECE status. Out of the 119 patients 
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with ECE and margin status data there were 54 patients (45%) who had either ECE or 

positive margins or both (Table 3.4).  

 When comparing demographics of the two treatment groups there was a 

statistically significant difference with regards to their p16 status (32% p16 positive in 

the S+CRT vs. 49% in the S+RT), N-stage (90% ≥ N2a in the S+CRT vs. 60% in the 

S+RT) and overall stage (93% stage 4 in the S+CRT vs. 78% in the S+RT) indicating the 

need of chemotherapy in that group. There was also a statistically significant difference 

in their p16 status and subsite involved. The details of both radiation therapy and 

chemotherapy are summarized in Table 3.5. Patients who received S+RT more 

commonly received conventional RT (43%) compared to S+CRT (7.0%) treatment group. 

Platinum-based chemotherapy was used in all patients treated with S+CRT with the dose 

being either 70 or 100 mg/m
2
.  Surgical resections were performed through transoral or 

open approaches for the primary disease and level I to IV neck dissections were 

performed for any neck disease (N1–3) with selective neck dissections reserved for N0 

neck disease. 

 A total of 45 patients were excluded from the study as they had received a single 

modality treatment (RT or surgery) with different characteristics than the study 

population (Table 3.6). This group of patients tended to be older (mean age of 64.2 years) 

with higher rates of comorbidities. They also had higher percentages of smokers (73%) 

and p16 negative (69%) as compared to the final group included in the study that 

received a multimodality treatment.  

 Thirty-three patients with advanced-stage oropharyngeal SCC did not have p16 

data because of the lack of adequate specimen for TMA construction or an inconclusive 
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result after IHC (Table 3.7). These 33 subjects were compared to the remaining cohort of 

138 patients with complete p16 data, as seen in Table 7. There was no statistically 

significant difference in the demographics or survival outcomes between the 2 groups, 

suggesting the cohort of 138 patients with complete data were representative of the entire 

advanced-stage oropharyngeal SCC cohort. 

3.2 Predictors of survival (Role of chemotherapy and p16 status) 

 (Multivariate Cox’s regression & proportional hazard analysis):  

 A univariate followed by a multivariate Cox’s regression analysis was performed 

for the same group of variables (as they were all clinically important to keep in the model 

even if some were statistically non-significant) for all three-outcome variables (Table 3.8 

& 3.9). Initially we tested the whole cohort regardless to all the other covariates. On 

univariate Cox’s regression analysis patients receiving S+CRT were 0.48 times less 

likely to die from any cause in the analysis of overall survival (OS) [hazard ratio (HR): 

0.48, range: 0.26-0.87] and this was statistically significant for OS with a p-value of  < 

0.05. However, the analysis was non-significant for disease specific survival (DSS) and 

disease free survival (DFS). On multivariate Cox’s regression analysis S+CRT was 

borderline significant with p –value of 0.06 for OS, and not a significant predictor for 

DSS and DFS. 

 Univariate and multivariate Cox’s regression analysis were performed on the 

remaining  variables including p16 and smoking status. Multivariate Cox regression 

analysis showed that both positive smoking history of ≥ 10 pack-years and positive ECE 

were significant determinants of survival for all three survival outcomes (Table 3.9). 

Patients with a positive smoking history of ≥ 10 pack-year were 2.7 times more likely to 
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die from any cause in the analysis of OS time  [HR: 2.7, range: 1.2-6.3], 3.3 time more 

likely to die from their disease in the analysis of disease specific survival times (DSS) 

[HR: 3.3, range: 0.95-11.5], and 3.5 times more likely to either die from their disease or 

alive with recurrence and/or distant metastasis in the analysis of disease free survival 

time (DFS) [HR: 3.5, range: 1.2-10.4] compared to non-smokers. This was statistically 

significant for OS and DFS with a p-value of  < 0.05, and borderline significance for DSS 

with a p-value of 0.06. Patients with positive ECE had a significantly higher risk of death 

with an OS HR of 2.2 (95% confidence interval: 1.1-4.4), DSS HR of 5.0 (95% 

confidence interval: 1.7-15), and DFS HR of 3.9 (95% confidence interval: 1.6-10.0). 

This was all statistically significant with a p-value < 0.05. 

3.3 Kaplan–Meier survival analysis  

 (Based on treatment received, p16 status, and smoking status):  

 Starting with the whole cohort divided by treatment status (S+CRT vs. S+RT) 

(Figure 3.3), the addition of chemotherapy was associated with a statistically significant 

better 5-year OS (77% vs. 58.1%), however it was not statistically significant for DSS  

(85.4% vs. 74.9%) and DFS (84.2% vs. 69.1%) with a post hoc power calculation of 84% 

and 91% respectively (Table 3.10).  

 When stratifying by smoking status (Figure 3.4), the non-smokers group did not 

show any statistically significant differences in all three different 5-years survival 

analyses, with a post hoc power calculation for OS being only 3.8%, and could not be 

calculated for DSS and DFS (Table 3.10), as no events (deaths) occurred for these 

analyses. With regards to the smoking group there was a significantly higher 5-year OS 

(73.8% vs. 48.1%) and DFS (82.1% vs. 59.5%), but not DSS (84.5% vs. 66.8%), with a 
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post hoc power calculation of 95% (Table 3.10). When stratifying by p16 status (Figure 

3.5), neither of the two groups showed any statistical significant 5-year survival 

difference (OS, DSS, & DFS) between S+CRT vs. S+RT, with post hoc power 

calculation ranging between 16-83% (Table 3.10). We then combined both ECE and 

margins status stratifying them into two groups: (1) both negative and (2) either or both 

positive (Table 3.4). Both groups did not show any statistically significant 5-year survival 

differences (OS, DSS, & DFS) between S+CRT vs. S+RT (Figure 3.6), with power 

calculation ranging between 6-93% (Table 3.10). Lastly, we combined both p16 and 

smoking status stratifying them into four groups (Table 3.2). The only group that showed 

statistically significant 5-year better OS (83.9% vs. 57.7%) & DFS (93.4% vs. 67.4%) 

with the addition of chemotherapy, and borderline significance for DSS (93.4% vs. 

75.0%) was the p16 positive & smokers (group 1) (Figure 3.7). For the other 3 groups 

that showed no statistically significant differences, power calculations were either not 

possible to calculate due to the absence of events or ranged between 6-11% (Table 3.10).  
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Table 3.1 Demographics of 138 patients with advanced stage oropharyngeal squamous 

 cell carcinoma with multimodality treatment. (Using two sample t-test, Chi 

 square, Fisher exact) 

 
 

Variable 
S+CRT

*
 

(n=71) 

S+RT
*
 

(n=67) 

Total 

(n=138) 
p-value 

D
em

o
g

ra
p

h
ic

 Age 
Mean 

SD 

 

54.3 

7.3 

 

54.7 

9.16 

 

54.5 

8.2 

0.74 

Gender  
Male 

Female 

 

57 (80%) 

14 (20%) 

 

55 (82%) 

12 (18%) 

 

112 (81%) 

26 (19%) 

0.79 

C
li

n
ic

a
l 

T-Stage 
1 

2 

3 

4a 

 

14 (20%) 

24 (34%) 

22 (31%) 

11 (15%) 

 

16 (24%) 

17 (25%) 

28 (42%) 

6 (9%) 

 

30 (22%) 

41 (30%) 

50 (36%) 

17 (12%) 

0.33 

N-Stage 
0 

1 

2a 

2b 

2c 

3 

 

2 (3%) 

5 (7%) 

12 (17%) 

30 (42%) 

16 (23%) 

6 (8%) 

 

13 (20%) 

15 (22%) 

6 (9%) 

19 (28%) 

10 (15%) 

4 (6%) 

 

15 (11%) 

20 (14%)  

18 (13%) 

49 (36%) 

26 (19%) 

10 (7%) 

0.002 

M-Stage 
0 

1 

 

64 (90%) 

7 (10%) 

 

62 (93%) 

5 (7%) 

 

126 (91%) 

12 (9%) 

0.62 

Overall Stage 
3 

4 

 

5 (7%) 

66 (93%) 

 

15 (22%) 

52 (78%) 

 

20 (14%) 

118 (86%) 
0.01 

Subsite 
Tonsil 

Base of Tongue 

Soft Palate 

Posterior Wall 

 

44 (62%) 

22 (31%) 

3 (4%) 

2 (3%) 

 

38 (57%) 

17 (25%) 

1 (2%) 

11 (16%) 

 

82 (59%) 

39 (28%) 

4 (3%) 

13 (10%) 

0.04 

R
is

k
 F

a
ct

o
rs

 

P16 
Positive 

Negative 

 

48 (68%) 

23 (32%) 

 

34 (51%) 

33 (49%) 

 

82 (59%) 

56 (41%) 
0.04 

Smoking 
Yes 

No 

 

47 (66%) 

24 (34%) 

 

52 (78%) 

15 (22%) 

 

99 (72%) 

39 (28%) 

0.14 

ECOG
*
 

0 & 1 

2 & 3 

 

64 (90%) 

7 (10%) 

 

61 (91%) 

6 (9%) 

 

125 (91%) 

13 (9%) 

0.86 

 

*
S+CRT: Surgery and chemo-radiotherapy, 

*
S+RT: Surgery and radiotherapy, 

*
ECOG: Eastern Cooperative Oncology Group. 
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Table 3.2 Number of patients in each treatment group based on p16 & smoking status 

 

P16 / Smoking Status 
Treatment 

Total 
S + CRT

* 
S + RT

* 

P16 +ve & Smokers 32 (45%) 26 (39%) 58 (42%) 

P16 +ve & Non-Smokers 16 (23%) 8 (12%) 24 (17%) 

P16 -ve & Smokers 15 (21%) 26 (39%) 41 (30%) 

P16 -ve & Non-Smokers 8 (11%) 7 (10%) 15 (11%) 

Total 71 67 138 

 
*
S+CRT: Surgery and chemo-radiotherapy, 

*
S+RT: Surgery and radiotherapy, 

*
ECOG: Eastern Cooperative Oncology Group,  

 

 

 

Table 3.3 Number of patients in each treatment group based on recurrence & distant 

 metastasis status 
 

 

Recurrence / Distant 

Metastasis Status 

Treatment 
Total 

S + CRT S + RT 

Both Negative 59 (83%) 48 (72%) 107 (78%) 

Either or Both Positive 12 (17%) 19 (28%) 31 (22%) 

Total 71 67 138 

 
*
S+CRT: Surgery and chemo-radiotherapy, 

*
S+RT: Surgery and radiotherapy, 

 

 

 

Table 3.4 Number of patients in each treatment group based on ECE
*
 & margin status 

 

ECE
*
 / Margin Status 

Treatment 
Total 

S + CRT S + RT 

Both Negative 34 (55%) 31 (54%) 65 (55%) 

Either or Both Positive 28 (45%) 26 (46%) 54 (45%) 

Total 62 57 119 
  

 *
ECE: Extracapsular extension 

*
S+CRT: Surgery and chemo-radiotherapy, 

*
S+RT: Surgery and radiotherapy, 
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Table 3.5 Radiation and chemotherapy type and dosage for patients with advanced-stage  

   oropharyngeal squamous cell carcinoma treated with multimodality. 

 
 

Variable 
S+CRT

*
 

(n=71) 

S+RT
*
 

(n=67) 

Total 

(n=138) 

Radiation Type (%) 

Conventional 

IMRT
* 

 

5 (7%) 

66 (93%) 

 

29 (43%) 

38 (57%) 

 

34 (25%) 

104 (75%) 

Radiation Dose (mean Gy) 

Primary 

Neck 

 

63.3 

57 

 

60.4 

49.8 

 

63.2 

53.4 

Chemotherapy Type (%) 

Cisplatin 
 

Carboplatin  

 

51 (72%) 

20 (28%) 

 

NA 

 

NA 

Chemotherapy Dose (mg/m
2
)  

Cisplatin 70 mg/m
2 

Cisplatin 100 mg/m
2
 

Carboplatin 70 mg/m
2
 

Carboplatin 100 mg/m
2
 

 

2 (3%) 

49 (69%) 

17 (24%) 

3 (4%) 

 

NA 

 

NA 

 

*
S+CRT: Surgery and chemo-radiotherapy, 

*
S+RT: Surgery and radiotherapy, 

 
*
IMRT: Intensity modulated radiation therapy 
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Table 3.6 Demographics of patients with advanced-stage oropharyngeal squamous cell  

    carcinoma with single-modality treatment. 

 

Variable 
Single-Modality 

(n=45) 

Multimodality 

(n=138) 
p-value 

Age 
Mean 

SD 

 

64.2 

12.2 

 

54.5 

8.2 

< 0.001 

Gender (%) 

Male 

Female 

 

36 (80 %) 

 9 (20 %) 

 

112 (81%) 

26 (19%) 

0.8 

Overall Stage (%) 

3 

4 

 

19 (42 %) 

26 (58 %) 

 

20 (14%) 

118 (86%) 

< 0.001 

Subsite (%) 

Tonsil 

Base of Tongue 

Soft Palate 

Posterior Wall 

 

22 (49 %) 

15 (33 %) 

1 (2 %) 

7 (16 %) 

 

82 (59%) 

39 (28%) 

4 (3%) 

13 (10%) 

0.5 

P16 (%) 

Positive 

Negative 

 

 14 (31 %) 

 31 (69 %) 

 

56 (41%) 

82 (59%) 

0.2 

Smoking (%) 

Yes 

No 

 

33 (73 %) 

12 (27 %) 

 

99 (72%) 

39 (28%) 

1.0 

ECOG
* 
(%) 

0 & 1 

2 & 3 

 

24 (53 %) 

21 (47 %) 

 

125 (91%) 

13 (9%) 

< 0.001 

         *
ECOG: Eastern Cooperative Oncology Group. 
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Table 3.7 Demographics of 33 patients with advanced-stage oropharyngeal squamous  

     cell carcinoma and missing p16 data. 

 

Variable 
Excluded 

(n=33) 

Included 

(n=138) 
p-value 

Age 
Mean 

SD 

 

54.9 

8.7 

 

54.5 

8.2 

0.8 

Gender  
Male 

Female 

 

27 (82%) 

6 (18) 

 

112 (81%) 

26 (19%) 

1.0 

Overall Stage 
3 

4 

 

8 (24 %) 

25 (76 %) 

 

20 (14%) 

118 (86%) 

0.2 

Subsite 
Tonsil 

Base of Tongue 

Soft Palate 

Posterior Wall 

 

11 (68%) 

9 (28%) 

0 (0 %) 

2 (5.0%) 

 

82 (59%) 

39 (28%) 

4 (3%) 

13 (10%) 

0.6 

P16 
Positive 

Negative 

 

- 

         - 

 

56 (41%) 

82 (59%) 

NA 

Smoking 
Yes 

No 

 

25 (76%) 

8 (24%) 

 

99 (72%) 

39 (28%) 

0.8 

ECOG
*
 

0 & 1 

2 & 3 

 

2 (87%) 

6 (18%) 

 

125 (91%) 

13 (9%) 

< 0.001 

 

        *
ECOG: Eastern Cooperative Oncology Group. 
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Table 3.8 Univariate Cox’s Proportional Hazard Model of survival in 138 patients 

 with advanced oropharyngeal squamous cell carcinoma 

 

*
ECOG: Eastern Cooperative Oncology Group, 

*
S+CRT: Surgery + Chemoradiation, 

*
S+RT: Surgery + Radiation, 

*
ECE: Extracapsular extension 

 

 

 

 

 

 

Covariate 

Overall Survival Disease Specific Survival Disease Free Survival 

Hazard Ratio 

(95 % CI) 
p-value 

Hazard Ratio 

(95 % CI) 
p-value 

Hazard Ratio 

(95 % CI) 
p-value 

Age 0 .98 (0.86-3.2) 0.14 1.1  (1.0-1.1) 0.02 1.1 (1.0-1.1) 0.004 

Female Gender 

(vs. Male) 
1.7 (0.86-3.2) 0.14 1.8 (0.74-4.3) 0.2 1.6 (0.72-3.6) 0.25 

ECOG
* 
 2 & 3 

(vs. 0 & 1) 
3.0 (1.5-6.3) 0.003 3.6 (1.4-9.1) 0.006 2.9 (1.2-7.1) 0.02 

Smoking 

(vs. Non-smoker) 
2.6 (1.2-5.8) 0.02 3.3 (1.0-11.2) 0.05 3.1 (1.1-8.9) 0.034 

S + CRT
*
 Treatment  

(vs. S+RT
*
) 

0.48 (0.26-0.87) 0.016 0.6 (0.27-1.3) 0.2 0.57 (0.27-1.2) 0.12 

P16 Negative 

(vs. Positive) 
2.16 (1.21-3.88) 0.009 2.07 (0.94-4.57) 0.07 2.0 (0.99-4.06) 0.06 

ECE
*
 Positive

 

(vs. Negative) 
2.5 (1.4-4.5) 0.003 4.9 (1.9-12.3) 0.001 4.5 (2.0-10.1) <0.001 

Margins Positive 

 (vs. Negative) 
1.6 (0.5-5.2) 0.42 0.99 (0.13-7.3) 0.99 2.5 (0.76-8.3) 0.1 

TNM Stage IV 

(vs. Stage III) 
2.2 (0.78-6.1) 0.13 4.9 (0.7-36.1) 0.12 6.2 (0.84-45.2) 0.07 
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Table 3.9 Multivariate Cox’s Proportional Hazard Model of survival in 138 patients 

 with advanced oropharyngeal squamous cell carcinoma 

 

 
*
ECOG: Eastern Cooperative Oncology Group, 

*
S+CRT: Surgery + Chemoradiation,  

*
S+RT: Surgery + Radiation, 

*
ECE: Extracapsular extension 

 

 

 

 

 

 

 

 

Covariate 

Overall Survival Disease Specific Survival Disease Free Survival 

Hazard Ratio 

(95 % CI) 
p-value 

Hazard Ratio 

(95 % CI) 
p-value 

Hazard Ratio 

(95 % CI) 
p-value 

Age 1.0 (0.97 -1.1) 0.72 0.99  (0.93-1.0) 0.72 1.0 (0.96-1.1) 0.84 

Female Gender 

(vs. Male) 
1.4 (0.69-2.9) 0.34 1.3 (0.46-3.7) 0.63 1.4 (0.56-3.7) 0.45 

ECOG
* 
 2 & 3 

(vs. 0 & 1) 
1.5 (0.68-3.5) 0.30 1.7 (0.59-5.1) 0.32 1.3 (0.48-3.6) 0.59 

Smoking 

(vs. Non-smoker) 
2.7 (1.2-6.3) 0.02 3.3 (0.95-11.5) 0.06 3.5 (1.2-10.4) 0.03 

S + CRT
*
 Treatment  

(vs. S+RT
*
) 

0.53 (0.28-1.0) 0.06 0.69 (0.29-1.6) 0.4 0.66 (0.29-1.4) 0.29 

P16 Negative 

(vs. Positive) 
1.74 (0.92-3.3) 0.09 1.58 (0.64-3.9) 0.31 1.7 (0.78-3.8) 0.18 

ECE
*
 Positive

 

(vs. Negative) 
2.2 (1.1-4.4) 0.02 5.0 (1.7-15.0) 0.004 3.9 (1.6-10.0) 0.003 

Margins Positive 

 (vs. Negative) 
1.9 (0.54-6.4) 0.33 1.1 (0.13-8.6) 0.95 2.8 (0.76-10.2) 0.12 

TNM Stage IV 

(vs. Stage III) 
1.5 (0.48-4.8) 0.47 1.6 (0.18-15.2) 0.66 2.6 (0.29-21.9) 0.39 
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Table 3.10 Post-hoc power calculation using Log-rank test. 
 

Log-rank Test Comparing Two 

Survival Rates Based on Treatment 

Hazard Ratio 

(95 % CI) 
p-value 

Sample 
Size 

Power 
Estimated Sample Size 

for 80% power 

OS*: All Cohort 0 .48 (0.26-.87) 0.014 138 99 % --- 

DSS*: All Cohort 0.6 (0.27-1.3) 0.21 138 84 % --- 

DFS*: All Cohort 0.57 (0.27-1.2) 0.12 138 91 % --- 

OS: Non-Smoker 0.94 (0.2-4.2) 0.94 39 3.8 % 8702 

OS: Smokers 0.45 (0.23-0.88) 0.017 99 97 % --- 

DSS: Non-Smoker -------- 0.16 39 --- % --- 

DSS: Smoker 0.48 (0.2-1.2) 0.097 99 95 % --- 

DFS: Non-Smoker -------- 0.10 39 ---- % --- 

DFS: Smoker 0.42 (0.19-0.97) 0.036 99 99 % --- 

OS: P16 -ve 0 .5 (0.2-1.2) 0.10 56 72 % 68 

OS: P16 +ve 0.56 (0.23-1.4) 0.19 82 73 % 97 

DSS: P16 -ve 0.77 (0.26-2.3) 0.63 56 16 % 475 

DSS: P16 +ve 0.58 (0.18-1.9) 0.36 82 68 %  110 

DFS: P16 -ve 0.74 (0.27-1.9) 0.55 56 18 % 358 

DFS: P16 +ve 0.52 (0.18-1.5) 0.22 82 83 % --- 

OS: ECE* -ve & Margins -ve 1.2 (0.38-4.0) 0.08 65 11 % 946 

OS: ECE +ve &/or Margins +ve 0.39 (0.13-1.2) 0.13 54 93 % --- 

DSS: ECE -ve & Margins -ve 1.1 (0.2-6.0) 0.25 65 6 % 3462 

DSS: ECE +ve &/or Margins +ve 0 .52 (0.14-1.9) 0.63 54 67 % 74 

DFS: ECE -ve & Margins -ve 1.7 (0.33-8.2) 0.07 65 57 % 112 

DFS: ECE +ve &/or Margins +ve 0.52 (0.14-1.9) 0.58 54 67 % 74 

OS: P16 +ve & Smoker 0.33 (0.1-0.9) 0.029 58 98 % --- 

OS: P16 +ve & Non-Smoker --- 0.136 24 --- % --- 

OS: P16 -ve & Smoker 0.79 (0.32-1.9) 0.598 41 11 % 606 

OS: P16 -ve & Non-Smoker --- 0.049 15 --- % --- 

DSS: P16 +ve & Smoker 0.25 (0.05-1.2) 0.066 58 99 % --- 

DSS: P16 +ve & Non-Smoker --- 0.194 24 --- % --- 

DSS: P16 -ve & Smoker 0 .99 (0.3-2.9) 0.997 41 3 % 333353 

DFS: P16 +ve & Smoker 0.19 (0.04-0.89) 0.018 58 100 % 30 

DFS: P16 +ve & Non-Smoker --- 0.14 24 --- % --- 

DFS: P16 -ve & Smoker 0.97 (0.37-2.6) 0.95 41 3 % 36294 
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*OS: Overall Survival, *DSS: Disease Specific Survival,  
*DFS: Disease Free Survival, *ECE: Extracapsular extension 
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Figure 3.1 Summary of all patients with OPSCC. 

 

Figure 3.2 Summary of patients included in the study. 
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Figure 3.3 Survival analysis of all patient with advanced OPSCC  
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Figure 3.4 Survival of advanced OPSCC patients according to smoking status. 
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Figure 3.5 Survival of advanced OPSCC patients according to P16 status. 
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Figure 3.6 Survival of advanced OPSCC patients according to ECE & margins status 
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Figure 3.7 Survival of advanced OPSCC patients according to combined p16 & smoking status. No 
 Kaplan Meier curves generated for p16-ve & nonsmokers because there were no events  
 under DSS (disease specific deaths), or DFS (disease specific deaths, recurrences, or distant 
 metastasis). 
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Chapter 4: Discussion & Conclusions 

 

4.1 Discussion & summary of findings  

 HNSCC is the is the fifth most common human cancer worldwide.
1
 Based on the 

United States 2016 cancer statistics it accounts for approximately 62,000 cases and 

13,000 deaths annually.
2
 Despite the decrease in the incidence of HNSCC over the past 

30 years in Canada and most of the world,
3-5

 OPSCC incidence has increased by 70% in 

the United States and 60% in Canada between 1983 and 2002.
6-9

 The increasing 

incidence of OPSCC is thought to be driven largely by HPV-16 infection.
7,10,11

 It is 

expected that by 2020 the incidence of HPV related OPSCC will exceed the incidence 

HPV related cervical cancer.
7
 This trend is expected to continue despite national HPV 

vaccination campaigns, with epidemiological estimates suggesting the impacts of 

vaccination on HPV-OPSCC incidence may not result in a decline until 2060.
12

  

 Patients with HPV-OPSCCs have favorable survival outcomes compared to
 
non-

HPV-OPSCC.
8,13-15

 The available staging system and treatment guidelines of OPSCC are 

based on a historical cohort of patients mostly comprised of smokers with non-HPV-

OPSCC.
16,17

 These results therefore poses an important and controversial question to be 

addressed regarding the staging and treatment of OPSCC with the current majority of 

patients harboring HPV positive disease, many of which are non-smokers.  With the 

knowledge that HPV positive vs. negative OPSCCs are distinct from molecular, 

pathologic and clinical perspectives, should these cancers be diagnosed and treated 

differently?  In recent years, there has been a substantial amount of clinical research 

focused on addressing this question.  In patients undergoing primary surgery for HPV-
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OPSCC, de-escalation of post-operative treatment can be considered by minimizing the 

use of chemotherapy and reducing radiation doses. There are three ongoing clinical trials 

investigating the use of treatment de-escalating strategies in the management of HPV-

OPSCC in those undergoing primary surgery,
18

 namely the ECOG E3311, 

(NCT01898494), ADEPT (NCT01687413), and the U.K.-based PATHOS 

(NCT02215265). The E3311 and PATHOS trials are investigating the effects reducing 

the total dose of post-operative RT for those with advanced stage HPV-OPSCC, with 

negative margins and ECE, from 60 Gy to 50 Gy. With regards to chemotherapy, the 

current NCCN guidelines state the main indications for post-operative adjuvant 

chemotherapy are either positive margins and/or positive ECE. The ADEPT & PATHOS 

trials are investigating the survival benefit of chemotherapy in patients with advanced 

stage HPV-OPSCC with ECE (ADEPT & PATHOS) and positive (< 1 mm) (PATHOS).  

 This thesis investigated the survival benefit of adding chemotherapy in the 

primary surgical setting followed by adjuvant RT in the management of all patients with 

advanced stage OPSCC. In a recent publication summarizing the NCCN guidelines and 

the current evidence supporting the use of adjuvant chemotherapy in addition to S+RT, 

the only two variables were associated with survival benefit included positive surgical 

margins and positive ECE.
19

    

 This thesis provides additional information by stratifying patients based on p16 

and smoking status separately or combined.  Starting with our multivariable analysis 

(n=138), after adjustment for all covariates, smoking status and ECE were both 

independent predictors of OS and DFS, while ECE was also a predictor of DSS (Table 

3.9). The p16 in our cohort was not a significant independent predictor for survival at p-
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value < 0.05 but was significant at p-value < 0.1 in our multivariate analysis after 

adjusting for all covariates included in the analysis (age, gender, ECOG, smoking, 

treatment, ECE, margins, and overall TNM stage) (Table 3.9), which contradicts much of  

the current literature, whereas in the univariate analysis it was a significant predictor for 

OS and borderline significant at 0.07 & 0.06 for DSS & DFS respectively (Table 3.8). 

The p16 status in OPSCC is an important predictor of survival, however due to two main 

limitations in our cohort it did not reach significance. First, the small number of our 

cohort (138) decreases significance in a multivariate analysis especially in the setting of 

other covariates such as smoking or ECE, which are nearly synonymous with p16 

negativity.  Secondly, the analysis took place from 1998 to 2009, in a cohort where the 

majority of p16 positive OPSCC were also smokers (≥10 pack/year smokers, 71%) (p16 

+ Smokers/p16+ Non-smokers = 58/24).  In such a cohort, the pre-test probability of p16 

positivity predicting oncogenic HPV positivity should be lower than in a cohort of non-

smokers, as has been demonstrated in p16 positive oral cavity cancers.
20,21

 Despite 

survival among HPV positive OPSCC are significantly better than HPV negative, the 

positive history of smoking exposure decreases survival among HPV positive OPSCC by 

approximately 1% per pack-year of smoking exposure.
22,23

 In support of p16 positivity 

still being a significant predictor of survival, a prior publication on the same cohort 

including patients treated with RT/CRT with a total of 200 patients, p16 was a significant 

predictor of survival on multivariate analysis.
24

 Another study published by a group at 

Ohio State University comparing patients undergoing primary surgery versus primary 

RT/CRT in OPSCC demonstrated p16 positivity to be a significant predictor of overall 

survival on univariate analysis, however on multivariate analysis p16 status was not a 
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significant independent predictor of survival.
25

 In their multivariate analysis they 

included HPV status based on in situ hybridization (ISH) testing not p16 testing, as fifty-

three patients were p16- positive/HPV-negative by ISH and three were p16-

negative/HPV-positive. For better illustration, we have summarized both our results and 

the Ohio State university results (Table 4.1, 4.2, and 4.3). On the other hand, another 

study by a group from Mount Sinai Hospital showed almost similar results to ours in their 

multivariate analysis where p16 was not a significant predictor for OS and DSS and their 

total cohort was only 55 patients with 24 patients with p16 positive OPSCC compared to 

30 patients with OPSCC who are smokers.
26

 

 In our survival analysis we compared three different survival outcomes: OS, DSS, 

& DFS for the whole cohort regardless to the other covariates, the addition of 

chemotherapy was associated with a statistically significant better 5-year OS (77% vs. 

58.1%); however, it was not statistically significant for DSS  (85.4% vs. 74.9%) and DFS 

(84.2% vs. 69.1%) with a post hoc power calculation of 84% and 91% respectively 

(Table 3.10).  

 We stratified patients based on their p16 and smoking status separate and 

combined. Based on smoking status, the survival benefit from the addition of 

chemotherapy in post-operative setting was significant in smokers OS & DFS and 

borderline for DSS. In P16 positive patients, the addition of chemotherapy was not 

associated with improved survival outcomes (Table 3.10). When stratifying patients 

based on both P16 and smoking the power of our analysis significantly decreases due to 

the small groups being compared. Despite these small subgroups, p16 positive smokers 

who received chemotherapy had a significantly higher OS & DFS at < 0.05 and DSS at < 
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0.1 (Table 3.10). A group from Ohio State University recently reported similar results 

supporting our findings; demonstrating no survival benefit  (OS) when comparing S+RT 

versus S+CRT in HPV-OPSCC patients.
25

 However, they did not stratify patients based 

on smoking and/or p16 positivity and only reported OS as a survival outcome. Taken 

together, our study is the first to provide evidence with regards to the survival benefit 

when comparing S+CRT versus S+RT stratifying by p16 and smoking status separate and 

combined. Our survival results coincide with the published literature showing no survival 

benefit in the HPV-OPSCC, however we were also able to show that a certain subgroup 

with advanced stage OPSCC might have a survival benefit from the addition of 

chemotherapy (smokers and p16+ve/smokers). 

 Based on the NCCN guidelines the only two indications for adjuvant 

postoperative chemotherapy in patients with OPSCC, regardless of HPV and smoking 

status, are positive margins and/or ECE. In our dataset, when investigating the survival 

benefit of post-operative chemotherapy no significant survival benefit is seen when 

patients are not stratified according to p16 or smoking status. A recent critical appraisal 

of the current NCCN clinical practice guidelines with regards to the indications of post-

operative adjuvant chemotherapy in the management of OPSCC.
27

 The NCCN reports 

their consensus on the indication of post-operative adjuvant chemotherapy for margin 

and/or ECE positivity as a category one, which is based upon high-level evidence and the 

uniform consensus that the intervention is appropriate. Their consensus was based on 2 

main clinical trails [Radiation Therapy Oncology Group (RTOG 9501) trial, and the 

European Organization for Research and Treatment of Cancer (EORTC 22931) trial], and 

a collaborative, comparative analysis of both trials. A review of these trials noted 
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significant limitations in their methodology, most importantly a lack of reporting 

HPV/p16 status. These studies lack adequate validity to be extrapolated to OPSCC 

patients, who must be categorized based on HPV/p16 positivity. This highlights the 

importance of further studies investigating the role of postoperative chemotherapy in the 

management of OPSCC, in the HPV positive cohort in particular.  Our study is therefore 

an important first step in this regard. 

 Regarding chemotherapy toxicity, the National Cancer Institute has published 

standardized definitions for adverse events to describe the severity of organ toxicity for 

patients receiving cancer therapy. They graded toxicity as mild (Grade 1), moderate 

(Grade 2), severe (Grade 3), or life-threatening (Grade 4), with specific parameters 

according to the organ system involved (ex: lung, kidney, heart, gastrointestinal tract, and 

neurological). Death (Grade 5) is used for some of the criteria to denote a fatality. In 

2004, a study was published comparing RT versus CRT in the management of advanced 

stage OPSCC and in their final analysis found significantly higher rates of teeth-related 

problems and numerically higher rates of several other side effects in the CRT group.
28

 

The percentage of patients with no evidence of disease but grade 3/4 late effects was 30% 

with RT alone and 56% with CRT (although this was not statistically significant; P = 

.12).
28

 Other studies have indicated that as more chemotherapy is added, the relative risk 

of toxicity increases.
8,29-33

 With our work and more ongoing research we can establish 

new guidelines with more clear indication for the addition of chemotherapy for the right 

group of patients were the benefit overcomes the toxicity.   
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4.2 Strengths & limitations 

 Our main strengths in this study are that this is the 2
nd

 largest cohort of OPSCC 

undergoing primary surgical modality treatment analyzed in the English literature, and 

the largest in Canada. Despite this represent the 2
nd

 largest cohort after the paper from the 

Ohio State University,
25

 we were the only to further stratify our cohort based smoking 

status and analyze their survival (OS, DSS, & DFS) and still maintain a post-hoc power 

of > 95% for smokers across all three survival periods. This was reflected in a new 

conclusion of showing a significant survival benefit of the addition of chemotherapy in 

the smokers’ cohort. We were also able to stratify patients based on p16 and smoking 

status combined and assess for survival accordingly, however we did not have adequate 

power to test a true association. The survival analysis used in their paper was only from 

an OS perspective only, whereas our analysis investigated DSS & DFS in addition to OS. 

This provided insight into the benefit of chemotherapy with regards to locoregional 

recurrence, distant metastasis, and death from OPSCC.  

 Our main limitations included the retrospective design of the study and the small 

numbers of patients in subgroups especially when stratifying by p16 and smoking status 

combined. Survival history was complete for 126 out of the 138 patients. Covariate data 

was complete for all 138 patients except for ECE/Margin status, which was missing for 

19 patients out of the 138.  The survival analysis with regards to the effect of the 

ECE/Margin status was performed for only 119 patients. Also, our cohort of patients 

were from 1998 to 2009 with more than 70% smokers, which has an impact on those who 

are P16 positive and the accuracy of this test as a surrogate marker for HPV-OPSCC.  
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4.3  Conclusions & future directions  

 In advanced stage OPSCC treated with primary surgery and RT, the addition of 

chemotherapy may improve disease specific survival in select patients, mainly smokers 

and p16+ve smokers. The indications for adjuvant chemotherapy need to be revised for 

the whole cohort of OPSCC in general and for the HPV related OPSCC in particular, due 

to its distinct tumor behavior, clinical aspects, patient demographics, and prognosis. This 

also reflects the need to a new staging and treatment guidelines that consider HPV 

positive and negative OPSCC distinct malignant diseases. Further prospective trials that 

include p16 status would be recommended to address this hypothesis. 
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Table 4.1 Demographics comparison between University of Alberta and Ohio State  

  University data 

Variable 
UoA

*
 

Total (n=138) 

OSU
*
 

Total (n=296) 

D
em

o
g

ra
p

h
ic

 Age 
Mean 

SD 

 

54.5 

8.2 

 

57.8 

9.2 

Gender  
Male 

Female 

 

112 (81%) 

26 (19%) 

 

235 (79.4%) 

61 (20.6%) 

C
li

n
ic

a
l 

T-Stage 
1 

2 

3 

4a 

 

30 (22%) 

41 (30%) 

50 (36%) 

17 (12%) 

 

77 (26%) 

126 (42.6%) 

48 (16.2%) 

45 (15.2%) 

N-Stage 
0 

1 

2 

3 

 

15 (11%) 

20 (14%)  

93 (68%) 

10 (7%) 

 

38 (11%) 

57 (14%)  

186 (63.3%) 

13 (7%) 

Overall Stage 

 1 

 2 

 3 

4 

 

- 

- 

20 (14%) 

118 (86%) 

 

11 (3.7%) 

12 (4.1%) 

62 (21.1%) 

209 (71.1%) 

Subsite 
Tonsil 

Base of Tongue 

Soft Palate 

Posterior Wall 

Other 

 

82 (59%) 

39 (28%) 

4 (3%) 

13 (10%) 

 

 

198 (67.1%) 

74 (25.1%) 

- 

- 

23 (7.8%) 

R
is

k
 F

a
ct

o
rs

 

P16 
Positive 

Negative 

 

82 (59%) 

56 (41%) 

 

222 (77.1%) 

66 (22.9%) 

HPV  
Yes 

No 

 

- 

- 

 

172 (40.5%) 

117 (59.5%) 

Smoking  
Yes 

      No 

 

99 (72%) 

39 (28%) 

 

201 (71%) 

82 (29%) 

 P16 & Smoking 
P16 +ve & Smokers 

P16 +ve & Non-Smokers 

P16 -ve & Smokers 

P16 -ve & Non-Smokers 

 

58 (42%) 

24 (17%) 

41 (30%) 

15 (11%) 

- 

- 

- 

- 

 
*
UOA: University of Alberta, 

*
OSU: Ohio State University  
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Table 4.2 Comparison of Univariate Cox’s Proportional Hazard Model of survival  

  between University of Alberta and Ohio State University data 

 

 

 

 

 

 

 

 

 

 

 
*
UOA: University of Alberta, 

*
OSU: Ohio State University  

 

 

 

Table 4.3 Comparison of Multivariate Cox’s Proportional Hazard Model of survival  

  between University of Alberta and Ohio State University data 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
*
UOA: University of Alberta, 

*
OSU: Ohio State University  

Covariate 

UoA
*
 - Overall Survival OSU

*
- Overall Survival 

Hazard Ratio 

(95 % CI) 
p-value 

Hazard Ratio 

(95 % CI) 
p-value 

Smoking 

(vs. Non-smoker) 
2.6 (1.2-5.8) 0.02 2.0 (1.2-3.3) 0.006 

P16 Negative 

(vs. Positive) 
2.16 (1.21-3.88) 0.009 2.98 (1.99-4.45) < 0.001 

HPV Negative 

(vs. Positive) 
- - 3.39 (2.26-5.1) < 0.001 

ECE
*
 Positive

 

(vs. Negative) 
2.5 (1.4-4.5) 0.003 2.36 (1.58-3.53) < 0.001 

Margins Positive 

 (vs. Negative) 
1.6 (0.5-5.2) 0.42 1.59 (1.0-2.5) 0.047 

Covariate 

UoA
*
 - Overall Survival OSU

*
- Overall Survival 

Hazard Ratio 

(95 % CI) 
p-value 

Hazard Ratio 

(95 % CI) 
p-value 

Smoking 

(vs. Non-smoker) 
2.7 (1.2-6.3) 0.02 1.3 (0.76-2.27) 0.32 

P16 Negative 

(vs. Positive) 
1.74 (0.92-3.3) 0.09 - - 

HPV Negative 

(vs. Positive) 
- - 2.36 (1.49-3.73) 0.0002 

ECE
*
 Positive

 

(vs. Negative) 
2.2 (1.1-4.4) 0.02 1.9 (1.26-2.98) 0.0025 

Margins Positive 

 (vs. Negative) 
1.9 (0.54-6.4) 0.33 1.6 (0.97-2.7) 0.066 
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