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Abstract 

Head and neck squamous cell carcinoma (HNSCC) is a significant public health problem 

worldwide due to its high mortality and morbidity. A notable proportion of HNSCC, 

particularly oral squamous cell carcinoma (OSCC), is preceded by several long-standing 

chronic oral mucosal diseases including oral lichen planus (OLP). However, it remains 

largely unknown regarding the impact of a pre-existing OLP upon the prognosis and 

behaviour of OSCC and its precursor, oral epithelial dysplasia (OED). 

Therefore, this PhD thesis has sought to determine the influence of OLP on the long-

term behaviour and prognosis of oral epithelial dysplasia (OED) and oral squamous cell 

carcinoma (OSCC) using data from a single UK tertiary care centre. Additionally, this 

thesis has made the first steps towards providing understanding of the epidemiology of 

HNSCC in a representative sample with common chronic oral mucosal conditions 

including oral lichen planus, oral submucous fibrosis, leukoplakia and periodontal 

diseases of the UK population.  

 A retrospective cohort study of 299 patients with OED revealed that individuals with 

OED arising on a background of OLP appeared to be at higher risk of developing new 

primary OEDs up to 3 years (in the early years) after the first diagnosis of OED compared 

to those without OLP. However, the risk of malignant progression was similar between 

the two groups.  

This thesis built on these findings by investigating the impact of OLP in determining the 

long-term behaviour and prognosis of OSCC using a retrospective cohort study of 285 

patients with OSCC. The results indicated that patients with OSCC-associated OLP were 

more likely to develop multiple and multifocal new primary dysplastic and OSCC events 

following their first oral malignancy. Despite this, there seems to be no significant 

association between OLP and mortality.  
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In order to reveal more about the relationship between long-standing oral mucosal 

conditions and HNSCC using national-scale data, this thesis went beyond single data 

sources. This project provides a detailed method for appropriate data handling and 

curation of a linked national database of a UK population (the CALIBER platform). This 

allowed the development and validation of a reliable phenotype algorithm to identify 

patients with HNSCC from this data platform.  

Taken together, these findings advance understanding of the impact of OLP on the 

behaviour and prognosis of OED and OSCC. In addition, the HSNCC phenotype 

algorithm developed here represents an important step towards understanding the 

association between common chronic oral mucosal conditions and HNSCC in the UK. 
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Impact Statement 

Although it is well documented that some chronic oral mucosal diseases (i.e., oral lichen 

planus (OLP) and oral submucous fibrosis (OSF)) significantly increase the risk of 

developing HNSCC especially oral squamous cell carcinoma (OSCC), the evidence 

delineating the relationship between OLP, one of the most common oral potentially 

malignant disorders, and its impact on the prognosis of OSCC and oral epithelial 

dysplasia (OED) remains limited. The findings of this thesis provide novel insights into 

the role of OLP in determining the prognosis of oral epithelial dysplasia (OED) and oral 

squamous cell carcinoma (OSCC) in a UK tertiary care centre. It was found that 

individuals with OLP are at a higher risk of developing multiple new primary OED 

following their first OED diagnosis in the first three years of follow-up compared to those 

without OLP. Additionally, patients diagnosed with OSCC on a background of OLP were 

more likely to experience multiple and multifocal new primary OEDs and OSCC tumours 

than patients with conventional OSCC.  

This thesis then went beyond a single data source and used national linked electronic 

health records (EHR) to retrieve information to characterise the link between common 

chronic oral mucosal diseases and HNSCC in a representative sample of the UK 

population. This thesis provides a detailed approach for data curation, planning and 

preparing data from a linked national database (the CALIBER platform) for future 

research use. Moreover, this thesis has made one of the essential steps in this type of 

study by developing and validating a HNSCC phenotype using linked Electronic Health 

Records EHRs) across primary and secondary care as well as the national cancer 

registry. This valid HNSCC phenotype algorithm can be used as a tool to reliably identify 

HNSCC patients in studies assessing the incidence and prevalence of HNSCC among 

those with common long-standing oral mucosal conditions such as oral lichen planus, 

oral submucous fibrosis and leukoplakia in the future as well as future EHR studies. 
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In summary, this thesis has provided new evidence which will inform clinical practice and 

clinical decision making with regards to the prognosis of OED and OSCC among patients 

with a background of OLP. In addition, this thesis has made the first step towards 

establishing the association between chronic oral conditions and the development of 

head and neck cancer. This will benefit the clinical management and risk assessment of 

heterogeneous oral pathologies and allow clinicians to more effectively stratify patients 

based on risks of going on to develop cancer of the head and neck region. 
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Chapter 1 Introduction and literature review 

 

1.1. Head and Neck Cancer (HNC) 

1.1.1. Definition and Epidemiology 

Head and Neck Cancer (HNC) is a group of cancers arising in the head and neck region 

including the upper aerodigestive tract, paranasal sinuses, and salivary glands (Figure 

1-1) (Mehanna et al., 2010a). HNC is the seventh most common cancer and the eighth 

leading cause of cancer death worldwide with approximately 887,659 new cases and 

431,131 deaths reported in 2018 alone (Bray et al., 2018). The incidence and mortality 

rates of HNC are higher in males than in females (Bray et al., 2018). HNC typically 

manifests in middle-aged patients with 98% of patients aged over 40 years and 50% 

aged over 60 years (Mehanna et al., 2010a). Approximately 90% of HNC are squamous 

cell carcinoma (SSC) arising on the mucosa lining of the oral cavity and lips (354,864 

cases per year, 2% of all HNC), larynx (177,422 cases per year, 1.0%), and oropharynx 

(92,887 cases per year, 0.5%) (Vigneswaran and Williams, 2014, Bray et al., 2018). 

Squamous cell carcinoma is by far the most common histological type of HNC. 

Therefore, HNC is usually referred to as head and neck squamous cell carcinoma 

(HNSCC). 
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Figure 1-1 Head and Neck Regions (National Cancer Institute) 

Literature has shown that there is significant variation in the epidemiology of HNSCC 

between different geographical locations. It is thought that this is largely attributable to 

demographic differentials in exposure to traditional risk factors for HNSCC such as 

tobacco use and alcohol consumption (Warnakulasuriya, 2009a).   

 

1.1.2. Risk factors 

The development of HNSCC is associated with several factors such as lifestyle choices, 

viral infection, genetic disease, low body mass index (BMI) and socioeconomic status. 

Among these factors, exposure to tobacco, alcohol consumption as well as infection with 

Human papillomavirus (HPV) are well-documented as major risk factors for HNSCC 

(Kreimer et al., 2005, Toporcov et al., 2015).  

Tobacco and alcohol 

The vast majority of HNSCC cases (75%) have been attributed to tobacco use and 

excessive alcohol intake (Radoi and Luce, 2013). With regards to tobacco use, cigarettes 

and smokeless tobacco have been strongly correlated with the development of HNSCC 

(Marur and Forastiere, 2008). This association was illustrated in a pooled analysis of 15 

case-control studies including 10,244 HNSCC subjects and 15,227 controls without 
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history of alcohol consumption. It was found that the risk of developing HNC was 

significantly higher in smokers (Odds ratio (OR) = 2.13, 95% CI 1.52-2.98) as compared 

to those who never smoked (Hashibe et al., 2007). Moreover, it has been reported that 

HNSCC risk is related to the frequency, duration and cumulative consumption of tobacco 

products per day (Hashibe et al., 2007).  

Focusing on alcohol use, the relationship between alcohol consumption and HNSCC has 

also been confirmed by a number of large pooled analyses and meta-analysis (Hashibe 

et al., 2007, Hashibe et al., 2009, Lubin et al., 2010, Turati et al., 2010). Tramacere et 

al. (2010) reported in a meta-analysis that the impact of alcohol consumption on the risk 

of HNSCC was stronger for oropharyngeal and hypopharyngeal cancers than oral cavity 

and laryngeal cancers (for ≤ 1 drink/day: RR = 1.21, 95% CI 1.10-1.33 and ≥ 4 drinks/day: 

RR = 5.24, 95% CI 4.36-6.30) (Tramacere et al., 2010). Similarly, a pooled analysis in 

the International Head and Neck Cancer Epidemiology Consortium (INHANCE) 

conducted by Hashibe et al. (2007) found concurring results but among non-smokers 

(OR = 2.04, 95% CI = 1.29-3.21) and there was a clear dose-response relationship for 

drinking frequency. Interestingly, another analysis evaluating the effect of alcohol and 

tobacco use on the risk of HNC using the INHANCE dataset by Lubin et al. (2009) 

suggested that a lower alcohol consumption per day over a long period was less harmful 

than higher alcohol consumption over a short period of time. 

Epidemiological studies have examined the combined effect of smoking and alcohol 

consumption on the risk of HNC development. When smoking is combined with heavy 

alcohol consumption the risk of HNC has been found to be significantly higher (Salaspuro 

and Salaspuro, 2004, Hashibe et al., 2009, Prabhu et al., 2014). However, it remains 

unclear how these two factors correlate to each other in determining the risk of HNC 

development.  
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Viral infection  

Persistent infection with oncogenic viruses can lead to the development of malignancies 

in the head and neck region (Luo and Ou, 2015). These viruses include human papilloma 

virus (HPV) (Sabatini and Chiocca, 2020), Epstein-Barr virus (EBV) (Prabhu and Wilson, 

2016) and cytomegalovirus (CMV) (Ahmed et al., 2018). Of these, HPV has been the 

most extensively investigated and it is recognised as a significant causative factor of 

HNSCC, particularly those arising in the oropharynx. 

Human papilloma virus (HPV) is an independent causative factor for HNSCC, especially 

oropharyngeal cancer (tonsil and base of tongue). The presence of HPV was first 

detected in oropharyngeal squamous cell carcinoma by Syrjanen et al. (1983) and the 

prevalence of HPV in HNSCC has been growing ever since. However, detection rates of 

HPV vary widely among studies possibly due to differentials in study population, 

geographical sites, detection methods and sampling techniques (Gillison and Shah, 

2001, Kreimer et al., 2005). A systematic review by Kreimer et al. (2005) including 60 

studies on HPV prevalence (5,046 HNSCC cases) reported that HPV DNA was detected 

in 35.6% of oropharyngeal SCC, 23.5% of oral SCC and 24 % laryngeal SCC. Regarding 

HPV types, “high risk HPV types” or “oncogenic type” (particularly type 16 and 18) have 

been strongly associated with HNSCC (Mork et al., 2001, Kreimer et al., 2005, 

Anantharaman et al., 2013); HPV 16 accounts for approximately 90% of HPV-positive 

oropharyngeal SCC (Mork et al., 2001, Kreimer et al., 2005, Anantharaman et al., 2013). 

It has been shown that a higher number of sexual partners is predictive of a higher risk 

of HPV exposure. It is thought that may lead to an increased risk of HNSCC. This 

hypothesis was supported by a pooled analysis in INHANCE in which the risk of 

developing HPV-associated HNSCC is positively associated with a high number of 

lifetime sexual partners (OR=1.25, 95% CI 1.01-1.54), early sexual activity (OR=2.36, 

95% CI 1.37-5.05) and homosexual relations (OR=8.89, 95% CI 2.14-36.8) (Heck et al., 

2010).  
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Other possible risk factors  

Other factors including rare genetic diseases, body mass index (BMI), dietary patterns, 

socioeconomic status, syphilis, sunlight, family history and occupational exposures have 

been postulated to play a potential role in the development of HNSCC.  

A number of genetic disorders including dyskeratosis congenita, Bloom syndrome, 

Fanconi anemia, Xeroderma Pigmentosum, ataxia telangiectasia and Li-Fraumeni 

syndrome have been reported to be possibly associated with an increased risk of cancer 

in the head and neck area, especially the oral cavity (Brennan et al., 2019).  

The relationship between BMI and the HNSCC risk remains controversial; some authors 

have reported that people with BMI<18.50 kg/m2 are at higher risk of developing HNSCC, 

particularly cancer of the oral cavity (Gaudet et al., 2010, Lubin et al., 2010). Additionally, 

some studies have revealed that being overweight at diagnosis of HNSCC is associated 

with a decreased risk of HNSCC compared to those with normal BMI (Gaudet et al., 

2010, Petrick et al., 2014, Chen et al., 2019). In contrast, a retrospective study by Gaudet 

et al. (2012) revealed that there was no association between BMI and the risk of HNSCC. 

It is important to note that these findings could be confounded due to possible weight 

loss secondary to malignancy, race, HPV-related HNSCC sites or traditional risk factor 

(i.e., tobacco use and alcohol consumption). Therefore, robust evidence characterising 

the relationship between the risk of HNSCC and BMI is still needed. 

It has been speculated that dietary patterns may be associated with head and cancer 

risk. Previous studies have suggested the protective role of fruits and vegetables 

consumption on HNSCC risk (OR=0.53, 95%CI 0.39-0.71) which may be partially 

attributed to the presence carotenoids (Bradshaw et al., 2012, Radoi and Luce, 2013). 

Conversely, consuming fried foods, processed meats and high sugar foods was 

associated with an increased risk of laryngeal SCC (Edefonti et al., 2010, Bradshaw et 

al., 2012). Nevertheless, it is possible that these associations observed might be 

influenced by potential confounding factors particularly tobacco and alcohol use which 
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needs to be considered in future research delineating the true link between HNSCC risk 

and diet. 

Socioeconomic status has been reported to be associated with the risk of HNSCC. Most 

studies have suggested that individuals of low socioeconomic status are at higher risk of 

HNSCC compared to those with a higher level of socioeconomic status (Conway et al., 

2008, Ho et al., 2009, Azimi et al., 2018). In contrast, some retrospective studies have 

reported that no significant association between socioeconomic status and the risk of 

HNSCC after controlling other covariates, especially smoking and alcohol consumption 

(Al-Dakkak, 2010, Conway et al., 2010). This might be due to the fact that the impact of 

socioeconomic status (household income, education attainment, unemployment) could 

be modified by other risk factors including smoking history, alcohol consumption and 

race/ethnicity. A large-scale comprehensive study should integrate tobacco and alcohol 

use and other potential risk factor such as race/ethnicity in evaluation of the joint effect 

of socioeconomic status and other potential risk factors on the risk of HNSCC. 

There are several other factors such as occupational exposures, syphilis, mouthwash 

and family history that have been proposed to increase the risk of HNSCC (Radoï et al., 

2013, Wilson and Conway, 2016, Khetan et al., 2019, Grønhøj et al., 2020). However, 

there remains a lack of robust evidence to support their roles in the development of 

HNSCC. 

 

1.1.3. Clinical features of HNSCC 

Patients with HNSCC can experience a variety of symptoms depending on the site of 

origin, for example hoarseness in patients with laryngeal cancer, difficulty in swallowing 

(dysphagia) and/or ear pain (Sanderson and Ironside, 2002). Many patients with HNSCC 

present with painless cervical lymph nodes enlargement as the first clinical presentation, 

particularly at sites where it is difficult to detect HNSCC such as at the base of the tongue, 
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nasopharynx or supraglottis. If patients present with the suspicious symptoms and signs 

(Table 1-1) for more than 3 weeks urgent referral to a specialist head and neck surgeon 

is warranted (Sanderson and Ironside, 2002, Mehanna et al., 2010a). 

Table 1-1 Symptoms and signs of head and neck cancer – “Red flag”. 

Any of the following lasting for more than three weeks indicates referral to a specialist head and 
neck surgeon (Mehanna et al., 2010a) 

Symptoms Signs 
Sore throat Red or white patch in the mouth 
Hoarseness Oral ulceration, swelling, or loose teeth 
Stridor Lateral neck mass 
Difficulty in swallowing Rapidly growing thyroid mass 
Lump in neck Cranial nerve palsy 
Unilateral ear pain Orbital mass 
 Unilateral ear effusion 

 

 

1.1.4. Management for HNSCC 

The three main treatment modalities for HNSCC include surgery, radiotherapy (RT) and 

chemotherapy (CT). Treatment decisions are complex involving a team of healthcare 

professionals, known as a multidisciplinary team (MDT). This may be constituted of head 

and neck surgeons, pathologists, medical oncologists, clinical oncologist, plastic 

surgeons, dentists and chemotherapy nurses (NICE guideline healthcare services for 

head and neck cancers) (Argiris et al., 2008). The choice of treatment modality is typically 

determined based on the primary tumour site, tumour stage and patients’ comorbidities 

(Colevas et al., 2018).  

Patients with early-stage disease (stage I and II) HNSCC account for approximately one 

third of patients. Surgical resection or radiotherapy is typically the treatment of choice 

depending on several factors such as the primary tumour site, patients’ comorbidities 

and the stage of tumour (Marur and Forastiere, 2016, Argiris et al., 2008). Surgical 

excision is often preferred in order to circumvent long-term side effects associated with 

radiotherapy (Bhalavat et al., 2003). Patients with early stage may be treated with 

radiotherapy alone especially when the tumour occurs in an area where function is 
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essential (Mehanna et al., 2010b). Wide local excision with or without neck dissection is 

generally recommended for early stage HNSCC treatment; cure rates of 90% in patients 

with HNSCC stage I and 70% of stage II patients have been reported (Marks, 1999, 

Argiris et al., 2008). However, there are challenges with the surgical management in 

HNSCC patients such as organ preservation, minimising cosmetic deformity, functional 

impairment and surgical reconstruction (Homer and Fardy, 2016). Treatment decision 

making should therefore incorporate patients’ clinical status, best available clinical 

evidence as well as patient preferences (Vahdat et al., 2014). The aim of surgery for 

HNC treatment is to completely excise the tumour with microscopic clearance of the 

tumour cells (Homer and Fardy, 2016). Moreover, the histological examination of excised 

surgical specimens provides pathological staging of the tumour and regional lymph 

nodes (from neck dissection). This informs clinical management and prognosis of the 

HNSCC patient populous (Argiris et al., 2008).  

Locally advanced HNSCC (stage III and IV) accounts for more than half of the cases and 

typically require the deployment of multi-modality treatment (Colevas et al., 2018). 

Surgical intervention followed by administration of postoperative adjuvant RT or 

simultaneous administration of CT and RT can be offered to these patients as indicated 

by pathological features (Argiris et al., 2008). A number of studies have demonstrated 

that sequential administration of CT followed by RT or concurrent of CT with RT improve 

locoregional control and survival outcomes (Adelstein et al., 2003, Bernier et al., 2004, 

Denis et al., 2004, Argiris et al., 2008). Furthermore, there has been a paradigm shift in 

surgical intervention from radical surgical procedures towards minimally invasive surgery 

such as transoral robotic surgery (TORS) and non-surgical treatments. This is in an effort 

to minimise side effects and improve the quality of life of patients (Hartl et al., 2013). 

Beyond these conventional treatments, novel molecularly targeted drugs and 

immunotherapy have shown promising results to improve outcomes of advanced stage 

HNSCC (Gauduchon et al., 2019, Yokota et al., 2020). 
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1.1.5. Prognosis of HNSCC 

Over the past decades, the prognosis of patients with HNSCC has significantly improved 

as a result of earlier detection of HNSCC, multimodality approach and novel treatment 

options (targeted therapies and immunotherapy). Nevertheless, survival outcomes in 

HNSCC patients can vary largely depending on sites of HNSCC, tumour stage, 

comorbidities, tobacco smoking, alcohol consumption and HPV status (Mehanna et al., 

2010b, Giraldi et al., 2017, McCarter et al., 2018). With regards to stages of HNSCC, the 

5-year overall survival rate for all stage HNSCC is around 50-60% (Ries et al., 2007). 

Early stage HNSCC and late stage HNSCC have dramatically different cure rates, with 

5-year survival rates of 75% and 30% for early stage and locally advance stage 

respectively (Bradshaw et al., 2012, Siegel et al., 2014). Patients with hypopharyngeal 

squamous cell carcinoma have the worst prognosis among all HNSCC sites, with the 5-

year survival rates of 30% (Walden and Aygun, 2013). This could be due to the fact that 

most of hypopharyngeal cancers are diagnosed at advanced stages with other 

comorbidities contributing to lower chances of survival (Gatta et al., 2015). Other affected 

anatomical sites of HNSCC such as the oral cavity, oropharyngeal cancers and 

nasopharyngeal cancers have a more favourable prognosis and survival compared to 

hypopharyngeal cancers (Pulte and Brenner, 2010, Gatta et al., 2015). Moreover, 

previous studies suggest that continued smoking and alcohol consumption after 

diagnosis are negatively associated with treatment outcomes in HNSCC, survival, and 

risk of second primary tumours and recurrence (Browman et al., 1993, Duffy et al., 2006, 

Mayne et al., 2009, McCarter et al., 2018). Of note, multiple studies have shown that 

individuals with HPV-positive HNSCCs respond better to chemotherapy and 

radiotherapy and have more favourable survival rates compared with those with HPV-

negative HNSCCs (Dalianis, 2014, Sivars et al., 2016). 

Regarding recurrent and metastatic tumours, more than half of patients with locally 

advanced HNSCC develop locoregional recurrence or distant metastasis within 2 years 

after the primary tumour is detected (Argiris et al., 2008). Approximately 17%-30% of 
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HNSCC patients have locoregional recurrences and 10% experience distant metastases 

(Forastiere et al., 2001, Colevas, 2006, van der Schroeff et al., 2012). Patients with 

recurrent or metastatic HNSCC generally have poor prognosis, with median survival 

ranging between 7-12 months (Argiris et al., 2004, Wiegand et al., 2015). The overall 

management for these patients is challenging due to limited treatment options and 

complicated comorbidities. Therefore, palliative care is frequently offered in patients with 

recurrent HNSCC and distant metastasis (Mehanna et al., 2016). 

Additionally, patients with HNSCC are at elevated risk of developing additional new 

primary malignancies, particularly of the head and neck sites (35%-73%), lung (15%-

32%) and esophagus (9%) (Vaamonde et al., 2003, Adjei Boakye et al., 2018). The 

incidence of the second primary malignancies (SPM) in patients with HNSCC varies 

across studies. The SPM incidence is about 5%-15% per year, with a 20-year cumulative 

risk of SPM after first HNSCC of 36% (Chuang et al., 2008). Patients who develop SPM 

seem to have a notably worse prognosis. In HNSCC patients, the 5-year overall survival 

after SPM diagnosis was about 29% (Vaamonde et al., 2003). Interestingly, previous 

studies also showed that patients who developed synchronous SPM seem to have worse 

survival than those with metachronous SPM, with survival rates of 10-45% for 

synchronous tumours and 26-70% for metachronous tumours (Panosetti et al., 1989, Di 

Martino et al., 2002, Priante et al., 2011). 

 

1.2. Oral Squamous cell carcinoma (OSCC) 

1.2.1. Epidemiology 

Oral cancer is one of the most significant and growing health problems. Oral squamous 

cell carcinoma (OSCC) is the most commonly diagnosed cancer in the oral cavity, 

accounting for 90% of oral malignancies ranking as the 11th most common cancer 

across the world (Johnson et al., 2011, Lambert et al., 2011, Bray et al., 2018). Despite 
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notable improvement in oral cancer screening programme, diagnostic tools and 

treatment modalities, the incidence and mortality rates of OSCC are increasing across 

the world (Torre et al., 2015, Bray et al., 2018). As per the most recent GLOBOCAN 

estimates in 2018, cancers of lips and oral cavity was globally estimated to be more than 

350,000 new cases diagnosed and 177,000 deaths each year (Bray et al., 2018). 

Incidence and death rates are more than 2-fold higher among males than females with 

the average incidence of 5.8 and 2.3 per 100,000 for males and females respectively 

(Bray et al., 2018). The average mortality is 2.8 and 1.2 per 100,000 for males and 

females respectively (Bray et al., 2018). Squamous cell carcinoma of the oral cavity 

generally manifests in the sixth to seventh decade of life while only 6% of OSCC occurs 

in patients aged less than 45 years (Llewellyn et al., 2004a). Although the occurrence of 

OSCC is not commonly seen in people of younger age (<45 years), several recent 

reports have revealed an alarming rise in the incidence of OSCC in the younger age 

group particularly those with an absence or minimal history of well-established traditional 

risk factors (Coletta et al., 2020). As a result, OSCC in young adults warrants future 

research regarding etiopathogenetic mechanism, other potential risk factors such as 

water pipe tobacco smoking (Shisha smoking) which is more popular among adolescents 

as well as prognosis of OSCC in these young population.  

With regards to geographical areas, the incidence of OSCC also varies across different 

geographical areas. Cancers of the lips and oral cavity have been frequently diagnosed 

cancer in Southern Asia (i.e., India and Sri Lanka) and the Pacific Islands in males as 

shown in Figure 1-2. Papua New Guinea had the highest incidence rates in both males 

and females, followed by South Central Asia and Australia/New Zealand (Figure 1-3) 

(Bray et al., 2018). According to the HDI (Human Development Index), the GLOBOCAN 

2018 estimates showed that the incidence and mortality rates of cancers of lip and oral 

cavity among males are more than two times higher in low/medium HDI countries 

compared to high/very high HDI in men. The disease ranks third in incidence and seven 

in mortality in low/medium HDI countries (Figure 1-4) (Bray et al., 2018). 



 35 

 

Figure 1-2 Global Maps demonstrating the most common type of cancer incidence 

in 2018 in each country by gender (Bray et al., 2018). 

 

Figure 1-3 Bar chart of region specific age-standardized incidence rates by gender 

for cancers of the lip and oral cavity in 2018 (Bray et al., 2018). 
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Figure 1-4 Bar charts show incidence and mortality rates in high/very-high Human 

Development Index (HDI) areas versus low/medium HDI among males and females 

in 2018 (Bray et al., 2018). 
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1.2.2. Risk factors 

A number of lifestyle and environmental risk factors including tobacco use, betel quid, 

alcohol consumption, human papillomavirus (HPV), the presence of epithelial dysplasia 

on histopathological examination, candida, oral hygiene, radiation, nutrition and oral 

potentially malignant lesions are documented risk factors for OSCC (Ram et al., 2011, 

Kumar et al., 2016). Among these factors, tobacco smoking, alcohol use and human 

papilloma virus are considered as stronger risk factors for cancer of the oral cavity 

(D'Souza and Dempsey, 2011, Montero and Patel, 2015). These well-established major 

risk factors are comparable to HNC as discussed earlier. 

Tobacco use 

Tobacco use is strongly associated with an increased risk for OSCC and has an 

exposure-response relationship irrespective of the delivery mechanism (i.e., inhalation 

while smoking or direct exposure while consuming betel quid), (Lambert et al., 2011, 

Radoi and Luce, 2013). Meta-analysis studies reveal that the risk of developing OSCC 

in individuals who smoke is 3-4 times higher than those who do not smoke (Sadri and 

Mahjub, 2007, Gandini et al., 2008). A recent systematic review characterized the 

association between smokeless tobacco products and the risk of oral cancer, with 

chewing tobacco having higher risk of developing oral cancer compared to other types 

of smokeless tobacco (Asthana et al., 2018). Although previous studies have shown that 

the risk of developing OSCC among patients who attend tobacco cessation is markedly 

decreased, the risk does not decline to the same levels as those who have no history of 

tobacco use (La Vecchia et al., 1999, Marron et al., 2010). 

Alcohol 

A number of studies including several systematic reviews and meta-analysis confirm the 

association between the use of alcohol and an increased risk of HNC (Freedman et al., 

2007, Hashibe et al., 2007, Tramacere et al., 2010). A population-based prospective 
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cohort study by Freedman et al. (2007) demonstrated that alcohol intake, particularly >3 

alcoholic beverages per day, is significantly related to a higher risk of developing oral 

cancer. Additionally, Tramacere et al. (2010) highlighted that the impact of alcohol 

consumption on cancer development was higher in cancers of the oral cavity followed 

by oropharynx and hypopharynx. This may be due to the exposure of the upper 

aerodigestive tract mucosa including oral mucosa to a carcinogen, acetaldehyde, which 

is the first metabolite of ethanol (Harris, 1997). Moreover, several studies evaluated the 

synergistic interaction between smoking tobacco and alcohol use on the risk of cancers 

of the oral cavity. A pooled analysis conducted by Hashibe et al. (2009) indicated that 

oral cancer risk appeared to be higher in individuals who consume tobacco products and 

alcohol. However, the exact mechanism for synergism between tobacco use and alcohol 

is still unclear. 

Areca nut/betel quid 

Regarding areca nut/betel quid chewing, a number of studies have indicated that betel 

nut/betel quid is strongly associated with an increased risk factor for the development of 

oral cancer (OSCC) (Sharan et al., 2012, Lee et al., 2019b, Shirzaiy and Neshat, 2020). 

It has been estimated that betel quid is consumed by approximately 10-20% of the 

world’s population (~600 million people are betel quid users globally) (Warnakulasuriya, 

2002). Habitual of betel quid chewing is widespread in certain geographical area, 

particularly South East Asia including India, Taiwan, China and Thailand 

(Warnakulasuriya, 2002, Auluck et al., 2009). This habit is also commonly practiced 

among South Asian immigrants in Western countries (i.e., the United States and the 

United Kingdom) (Auluck et al., 2009). The betel quid can be used alone or in a 

combination with tobacco depending on the region where the betel nut chewing is 

practiced (Lee et al., 2019b). Importantly, the risk of developing oral cancer greatly 

increases when the tobacco is included in betel quid (Anand et al., 2014). In the UK, the 

consumption of betel quid among adult South Asian immigrants is highly prevalent. 

However, previous studies have revealed that there is no significant difference of betel 



 39 

quid use in different generations of adult migrants living in the UK (Núñez-de la Mora et 

al., 2007). Young generations continue the habit of chewing betel quid because they are 

being encouraged by older family members or friends who are not aware of the harmful 

effect of betel quid use (Núñez-de la Mora et al., 2007).   

Human papillomavirus (HPV) 

In addition to a strong association of cervical and oropharyngeal cancer with HPV 

infection (Psyrri and DiMaio, 2008), there evidence of the presence of HPV and its 

specific role in the development of HPV-associated OSCC has been accumulating over 

recent decades (Miller and Johnstone, 2001, Nair and Pillai, 2005). The prevalence of 

HPV detected in OSCC tissues substantially varies between 18% and 100% (Matzow et 

al., 1998, Smith et al., 1998, Machado et al., 2010). A multicenter case-control study by 

the International Agency for Research on Cancer (IARC) that included nine countries 

have shown that HPV potentially plays an aetiologic role in oral cancer, with HPV 16 

being the most common oncogenic type (Herrero et al., 2003). More recently, a 

systematic review and meta-analysis by Syrjanen et al. (2011) indicated a significant 

association between HPV and OSCC. Together, these findings seem to support the 

causal association between HPV and the development of OSCC. 

Potentially premalignant oral epithelial lesions (PPOELs) 

A notable proportion of OSCC are preceded by long-standing oral mucosal 

lesions/conditions such as leukoplakia, erythroplakia, oral lichen planus (OLP), oral 

submucous fibrosis (OSF), actinic cheilitis, palatal lesions in reverse smokers, discoid 

lupus erythematosus (DLE) and other hereditary disorders with an increased risk of 

OSCC such as dyskeratosis congenita, epidermolysis bullosa as listed in Table 1-2 

(Warnakulasuriya et al., 2007, Farah et al., 2014, Porter et al., 2018). These 

lesions/conditions have been classified by the World Health Organisations (WHO) as 

“oral potentially malignant disorders (OPMDs)” as they significantly increase the risk of 

progression to OSCC (Warnakulasuriya et al., 2007). Recently, the new term “potentially 
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premalignant oral epithelial lesion (PPOELs)” was proposed (Mello et al., 2018). 

Estimates of OPMD prevalence remain highly variable ranging from 0.1% to 29.6% 

depending on the type of lesions/conditions under investigation, study population, 

geographical area and dentists’ capacity to be able to recognise the lesions (Mortazavi 

et al., 2014). More recently, systematic review and meta-analysis by Mello et al. (2018) 

reported that the overall prevalence of OPMDs across the world (leukoplakia, 

erythroplakia, oral submucous fibrosis, and actinic cheilitis) is 4.47%. Rates of malignant 

transformation of OPMDs have been studied in various populations. Therefore, data on 

rates of malignant transformation of OPMDs vary with estimated annual rates of 0.13%-

7% (Ho et al., 2009). It is difficult to compare the malignant transformation rates across 

studies due to different methodologies used to calculate malignant transformation rates 

or the OPMD lesions included in the analysis. Regarding factors that increase the risk of 

progression to oral cancer, many features have been described as illustrated in Table 

1-3.  

Table 1-2 Oral potentially malignant disorders (OPMDs) (Speight, 2007, Mello et al., 
2018, Porter et al., 2018). 

Oral potentially malignant disorders (OPMDs) 
• Leukoplakia 
• Erythroplakia 
• Palatal lesions associated with reverse smoking 
• Actinic cheilitis/keratosis 
• Oral submucous fibrosis (OSF) 
• Oral lichen planus/Oral lichenoid lesions (OLP) 
• Discoid lupus erythematosus (DLE) 
• Graft-versus-host disease (GvHD) 

Hereditary disorders with increased risk of OSCC 
• Dyskeratosis congenita (DC) 
• Epidermolysis bullosa 
• Fanconi’s aneamia 
• Xeroderma pigmentosum 
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Table 1-3 Clinical factors predictive of an increased risk of malignant 

transformation of OPMDs (mainly leukoplakia) (Speight et al., 2018). 

Factor Parameters Association 
Size of lesion >200 mm2 Strong 
Texture Non-homogeneous Strong 
Colour Red (or speckled) Strong 
Site Tongue and floor of mouth Strong 
Gender  Female Medium 
Age >50 years Medium 
Habits Nonsmoker Weak 

 

Oral epithelial dysplasia (OED) 

Oral epithelial dysplasia (OED) is a histopathologic diagnosis that describes dysplastic 

changes in the superficial layer of oral epithelium which is believed to be associated with 

the progression to oral cancer (Lumerman et al., 1995). The reported rates of malignant 

transformation of OED range from 6.6-36.4% (Lumerman et al., 1995, Ho et al., 2009, 

Shariff and Zavras, 2015). These histopathologic changes of OED are characterised by 

combination of architectural changes and cytological changes according to the WHO 

Classification 2005 (Table 1-4) (Barnes et al., 2005).  

Table 1-4 The architecture and cytology criteria used in the WHO classification 

2005 (Barnes et al., 2005). 

Architecture criteria Cytology Criteria 
1. Irregular epithelial stratification 
2. Loss of polarity of basal cells 
3. Drop-shaped rete ridges 
4. Increased number of mitotic figures 
5. Abnormally superficial mitoses 
6. Premature keratinization in single cells 
7. Keratin pearls within rete ridges 

1. Abnormal variation in nuclear size 
2. Abnormal variation in nuclear shape 
3. Abnormal variation in cell size 
4. Abnormal variation in cell shape 
5. Increased nuclear-cytoplasmic ratio 
6. Increased nuclear size 
7. Atypical mitotic figures 
8. Increased number and size of nucleoli 
9. Hyperchromatism 

 

Clinically, OED typically manifests as leukoplakia (a white lesion of oral mucosa that 

cannot be wiped off and cannot be identified as any specific definable lesions) followed 

by erythroplakia (a leukoplakia analogue but with red surface), erythroleukoplakia (a 

combination of red and white features) or other OPMD lesions (Lumerman et al., 1995, 
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Jaber et al., 2003). Given that OED has the potential to transform to cancer, several 

histopathological grading systems have been developed to determine the likelihood of 

progression to malignancy and to guide clinicians whether an OED requires surgical or 

non-surgical management in daily routine practice (Brennan et al., 2007). The most 

widely used classification developed by the WHO in 2005 categorises OED into 

hyperplasia (no dysplasia), mild, moderate, severe and carcinoma in situ based on levels 

of involvement of the architectural and cytological changes as described in Table 1-5. 

However, several studies have shown substantial variability in inter and intra-observer 

agreement on this grading system (Abbey et al., 1995, Lumerman et al., 1995, Brothwell 

et al., 2003, Fischer et al., 2004, Tilakaratne et al., 2011). This could be due to 

subjectivity in the assessment of histopathology specimens, lack of calibration of the 

used criteria as well as histopathologists’ experience which lead to the lack of intra- and 

interobserver agreement, low levels of reproducibility and poor predictive value (Kujan 

et al., 2007, Tilakaratne et al., 2019). 

In an attempt to improve the reliability of OED grading, a number of simpler systems 

have been proposed. In 2006, Kujan et al. (2006) developed a binary system based on 

architectural and cytological features (as described in the 2005 WHO classification) to 

divide OED lesions into high-risk and low-risk groups. Similarly, the Working Group at a 

workshop coordinated by the WHO Collaborating Centre for Oral Cancer and Precancer 

coined a new Two-class classification system (Warnakulasuriya et al., 2008). The criteria 

for these systems are demonstrated in Table 1-6. 
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Table 1-5 Criteria for grading of oral epithelial dysplasia (OED) (Barnes et al., 2005). 

Grade  Levels involved Cytological changes Architectural changes 
Mild epithelial 

dysplasia 
Lower third Cell and nuclear pleomorphism 

Nuclear hyperchromatism 
Basal cell hyperplasia 

Moderate epithelial 
dysplasia 

Up to middle third Cell and nuclear pleomorphism  
Anisocytosis and anisonucleosis 
Nuclear hyperchromatism 
Increased and abnormal mitotic figures 

Loss of polarity 
Disordered maturation from basal to squamous 
cells  
Increased cellular density 
Basal cell hyperplasia 
Bulbous drop shaped rete pegs 

Severe epithelial 
dysplasia 

Up to upper third Cell and nuclear pleomorphism  
Anisocytosis and anisonucleosis 
Nuclear hyperchromatism 
Increased and abnormal mitotic figures 
Enlarged nuclei and cells 
Hyperchromatic nuclei 
Increase number and size of nucleoli 
Apoptotic bodies 

Disordered maturation from basal to squamous 
cells  
Increased cellular density 
Basal cell hyperplasia 
Dyskeratosis (premature keratinization and keratin 
pearls deep in epithelium) 
Bulbous drop shaped rete pegs 
Secondary extensions (nodules) on rete tips 
Acantholysis 

Carcinoma-in situ Full thickness All changes may be present Top-to-bottom change 
Loss of stratification 
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Table 1-6 shows the binary system classification criteria proposed by (Kujan et al., 
2006) and two-classification (Warnakulasuriya et al., 2008). 

Grade of OED Binary system 
(Kujan et al., 2006) 

Two-lass classification 
(Warnakulasuriya et al., 2008) 

Low-risk - Less than 4 architecture changes 
- Less than 5 cytological changes No/questionable/mild dysplasia 

High-risk - At least 4 architecture changes 
- At least 5 cytological changes Moderate/severe dysplasia 

 

A few studies using the new binary grading system have shown an improvement in the 

grading of OED in order to differentiate individuals who are at high risk of malignant 

transformation and may require further treatment such as surgical excision from those 

who are at low risk and need no treatment (Kujan et al., 2006, Kujan et al., 2007). It is 

believed that the risk of malignant transformation of OED increases with the degree of 

dysplasia; patients with lesions assigned as high-grade of dysplasia are more likely to 

progress to malignancy (Kujan et al., 2007, Liu et al., 2011). Previous studies reported 

that the malignant transformation rates for severe, moderate and mild dysplasia were 

approximately 50%, 30% and 5% respectively (Warnakulasuriya et al., 2011, Sperandio 

et al., 2013, Speight et al., 2018). Although histopathological assessment is considered 

as the gold standard for the diagnosis of OED and grading of OED, there remains 

insufficient evidence to determine evidence-based management guidelines of oral 

dysplastic lesions in order to reduce or prevent the development of oral cancer. 

Other factors 

Several factors including family history, socioeconomic status, oral hygiene, nutrition, 

candida infection and haematinic deficiency have been described to be associated with 

OSCC. Genetic influences and/or a family history of HNC has been suggested to play a 

role in the development of OSCC. Some studies report a significant relationship between 

an increased risk of OSCC and family history of HNC (OR=1.5, 95% CI 1.1-2.1) (Negri 

et al., 2009, Radoi and Luce, 2013). However, this genetic susceptibility has not been 

fully elucidated yet. 
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Low socioeconomic status seems to be associated with elevated risk of oral cancer. This 

is supported by previous two meta-analysis reporting that individuals with low education, 

low income or living in deprived areas were more likely to develop oral cancer (Conway 

et al., 2008, Warnakulasuriya, 2009b, Lambert et al., 2011).  

Additionally, poor oral hygiene has been proposed to be one of the risk factors for oral 

malignancies. Previous studies have found that poor oral and dental health is negatively 

associated with the development of oral cancer after adjusting for other potential 

confounding factors (Radoi and Luce, 2013). Nevertheless, it should be noted that this 

poor dental health could be also related to low socioeconomic status and the use of 

alcohol and/or tobacco. 

Regarding a link between nutritional status and an increased risk of OSCC, two large- 

pooled analyses and one case-control study have shown that subjects with low BMI have 

two times higher risk of developing cancer of the oral cavity (Gaudet et al., 2010, Lubin 

et al., 2010). Moreover, long term consumption of fresh fruits and vegetables in the diet 

appears to be protective for both males and females (Llewellyn et al., 2004b).  

In addition, previous evidence has suggested that haematinic and micronutrient 

deficiency (i.e., iron and folate) may influence the risk of oral cancer. Iron deficiency is 

thought to be involved in the development of oral cancer by changing cell kinetics and 

inducing oxidative stress leading to direct DNA damage (Halliwell, 1994, Richie et al., 

2008). In contrast, many studies have reported an increase in folate intake is associated 

with a decreased risk of oral cancer (Weinstein et al., 2002, Pelucchi et al., 2003, Aune 

et al., 2011). However, there remains a lack of robust evidence in clinical settings to 

confirm the above associations. This is due to the fact that these conclusions have been 

based on epidemiological and laboratory data which may be confounded by other 

contributing factors such as smoking and alcohol consumption.  

Several potential mechanisms have been postulated to explain a role of Candida in the 

development of OSCC. Previous studies have shown that oral mucosal lesions infected 
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by Candida seem to have a higher rate of dysplasia and malignant transformation (Scully 

et al., 1994, Mohd Bakri et al., 2010). Some authors suggest that some strains of Candida 

might induce OSCC by producing N-nitrosobenzylmethylamine (NBMA), which is a 

potent carcinogen (Hooper et al., 2009, Mohd Bakri et al., 2010). Recent evidence 

proposes that Candida interacts with epithelial cells, leading to an increased production 

of cytokines and matrix metalloproteinases (MMPs), which might induce carcinogenesis 

and tumour invasion (Westermarck and Kahari, 1999, Chai et al., 2015, Kang et al., 

2016). Nevertheless, the link between fungal infection in particular Candida, and oral 

cancer is still largely unknown. 

 

1.2.3. Symptoms and clinical features 

Symptoms and clinical features of OSCC can vary depending on stage of OSCC and 

affected sites. Pain is a relatively common symptom reported among OSCC patients, 

accounting for 30-40% of their major complaints (Cuffari et al., 2006). Early stage OSCC 

lesions may be unnoticed as the lesions are small and asymptomatic. On the contrary, 

pain and/or swelling can present when patients have developed advanced/ulcerated 

lesions. Symptoms reported in OSCC patients can therefore range from mild discomfort 

to severe pain (Scully and Bagan, 2009). The clinical features of early stage OSCC 

lesions usually appear as erythroleukoplakia (red and white areas), erythroplakia or 

leukoplakia lesion (Rhodus et al., 2014). During advanced stages, the classical clinical 

presentation includes a long-standing non-healing ulcerative area with irregular 

indurated border and lump in the oral cavity or neck (Bagan et al., 2010, Sloan, 2011). 

Tumour size varies greatly ranging from millimetres to several centimetres especially in 

later stages (Mashberg et al., 1989). Additionally, patients may experience other 

symptoms such as bleeding gum, tooth mobility, difficulty in swallowing, weight loss, 

paraesthesia, trismus, changing in the fit of dentures and ear pain (Bagan et al., 2010). 
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The three most common sites for OSCC are tongue followed by the floor of mouth and 

buccal mucosa (Moore and Catlin, 1967). 

 

1.2.4. Management for OSCC 

The management of OSCC typically requires a multidisciplinary approach to provide best 

treatment options with a favourable outcome. The goals of OSCC treatment include 

eradication of the tumour, protecting against recurrent diseases and preservation of 

normal functional anatomy across affected areas (Feller and Lemmer, 2012). There are 

a variety of treatment modalities for OSCC such as surgical excision, radiotherapy 

(external beam radiotherapy and/or brachytherapy), chemotherapy, dental extractions 

and surgical reconstruction. The selection of specific treatment modalities is based on 

the stage of OSCC, location of the tumour, the degree of structure involvement and 

general health status of patients (Montero and Patel, 2015).  

Surgery 

Primary surgical resection remains the mainstay of treatment for both early stage and 

locally advanced stage of OSCC. The aim of this treatment modality is to completely 

remove the tumour cells with minimal damage to surrounding structures (Montero and 

Patel, 2015). Surgical resection allows pathological assessment of the tumour specimen 

providing accurate tumour stage and histopathologic parameters which can be used to 

stratify prognosis and inform treatment plan (Marks, 1999). Although surgical treatment 

is the preferred treatment of choice, resection of locally advanced stage disease can give 

rise to larger and more complex surgical defects which usually require reconstructive 

surgery to restore oral function (Omura, 2014). Several reconstructive methods are 

available which include skin graft, pedicled pectoris major myocutaneous flap and a 

microvascular free tissue transfer depending on the size and location of the surgical 

defects (Scarpa, 2009). 
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With regards to neck management, radical neck dissection has been widely employed 

to detect clinically noticeable positive lymph node (Patel et al., 2008). However, it 

remains controversial whether selective neck dissection (SND) should be carried out in 

patients with a clinically negative neck. Some authors favour a minimally invasive or “wait 

and see” approach for patients with clinically N0 neck. Others recommend selective neck 

dissection (SND) for OSCC with clinically N0 neck as it is reported that the risk of occult 

nodal metastasis is approximately 20-30% in this group of patients (Sparano et al., 2004, 

Ding et al., 2019). A recent meta-analysis by Ding et al. (2019) also showed that SND 

significantly lowered the risk of regional recurrences and the mortality rates in patients 

with clinically negative neck. Moreover, it is recommended that patients with OSCC of 

the tongue and floor of mouth should be offered SND when the tumour thickness is 

greater than 4 mm even though clinical N stage is negative for early-stage tumours or 

late stage tumours (Huang et al., 2009, Wu et al., 2019). Recent systematic reviews have 

indicated that SND benefits the prognosis of early-stage OSCC with clinically negative 

neck as it reduces the rate of regional recurrence and survival rates (Ding et al., 2019, 

Hutchison et al., 2019). Nevertheless, more than 70% of patients with early-stage OSCC 

with clinically negative neck are found to undergo neck dissection unnecessarily resulting 

in considerable morbidity such as functional impairment of shoulder, haemorrhage and 

decreased quality of life (van den Brekel et al., 1996, Kuntz and Weymuller Jr, 1999, 

Nibu et al., 2010). Consequently, there is a growing body of evidence over the past few 

decades supporting the routine use of sentinel lymph node biopsy (SNLB) in clinical 

practice as a reliable staging tool for cancer of the oral cavity in order to reduce 

comorbidity and avoid overtreatment (Schilling et al., 2017, Kim et al., 2021). 

Radiotherapy 

Radiotherapy can be deployed in the treatment of OSCC as a monotherapy for early-

stage tumour or combined with other treatment modalities such as surgery and/or 

chemotherapy for late stage tumour. There are three main radiotherapy methods for 

patients with OSCC; brachytherapy (BT), external beam radiotherapy (EBRT) and 
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intensity-modulated radiation therapy (IMRT) (Yeh, 2010, Huang and O'Sullivan, 2013, 

Moreno et al., 2019). BT is a form of radiotherapy with implanted sources. By extension, 

BT has been successfully administered in patients with early-stage OSCC with minimal 

irradiation damage to the surrounding healthy tissues (Lee et al., 2014). In contrast, 

EBRT is usually used as an adjuvant postoperative therapy with or without chemotherapy 

especially in patients who are at high risk of disease progression and locoregional 

recurrence (Montero and Patel, 2015). During the recent years, IMRT has been widely 

deployed as a standard technique in clinical practice (Daly-Schveitzer et al., 2011). IMRT 

is an advanced technique that delivers a high radiation dose targeting precisely at the 

tumour site whilst minimizing radiation exposure to surrounding normal tissues, 

particularly salivary glands (Brennan et al., 2017). Previous studies have shown that 

OSCC patients treated with postoperative IMRT have lower rates of locoregional 

recurrence and improved overall survival (Studer et al., 2007, Hsieh et al., 2016).  

Chemotherapy 

Chemotherapy (CT) plays a pertinent role in the treatment of OSCC. Specifically, CT 

benefits patients with a poor prognosis late stage OSCC or unresectable tumour. The 

drugs used in chemotherapy are cytotoxic drugs which disrupt the life cycle of cancer 

cells by interfering with cancer cell division (Bagnyukova et al., 2010). It is thought that 

these agents achieve this by damaging the  deoxyribonucleic acid (DNA) of cancer cells 

(Furness et al., 2011). Cisplatin, carboplatin, 5-fluorouracil, paclitaxel and docetaxel are 

chemotherapeutic agents that have been successfully deployed as a single modality or 

in combination with radiotherapy, where chemotherapy is used as a radiation sensitizer 

(Ord and Blanchaert, 2001). Nevertheless, a meta-analyses by Pignon et al. (2009) 

which included 2567 patients with OSCC reported that there was no evidence of 

increased survival outcomes after administrating chemotherapy alone for oral cancer. 

Consequently, CT is usually combined with radiation therapy although the timing of 

therapeutic administration varies. CT may be given as “induction chemotherapy” to 

shrink a tumour prior to other treatment modalities, concurrent chemoradiotherapy (when 



 

 50 

both CT and RT being given synchronously), or “adjuvant therapy” following surgery or 

radiotherapy (Hartner, 2018). Multiple studies evaluating the benefit of adjuvant 

combined chemotherapy and radiotherapy have demonstrated that overall survival rates 

in these patients with OSCC improved by 8-22% (Furness et al., 2011, Hartner, 2018). 

Furthermore, targeted drug therapy, the use of medicines that highly target specific 

molecules involved in cancer cell growth, is considered as a promising therapeutic 

strategy for cancer treatment and an improved treatment outcome in patients with 

advanced disease (Liu et al., 2019). Currently, several molecular targeted drugs such as 

epidermal growth factor receptor targeted therapies (EGFR), monoclonal antibody 

(MABs) and small molecule tyrosine kinase inhibitors are being investigated in many 

clinical trials in patients with OSCC aiming to identify novel therapies with minimal side 

effects for OSCC (Nandini et al., 2020).  

 

1.2.5. Prognosis of OSCC 

Despite notable progress in therapeutic modalities for cancer of the oral cavity, the 

prognosis of OSCC remains poor. The 5-year overall survival rate in OSCC has not 

significantly increased over recent decades and vary between studies, ranging from 50% 

to 60% (Bradshaw et al., 2012, Seo et al., 2016). There are several prognostic factors 

which are being used for treatment planning as well as determining the prognosis of 

OSCC. These factors have been categorised into three main clusters in the literature 

which are discussed below. 
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1.2.5.1. Patient-related factors 

Age and gender 

The influences of age and gender on the prognostic outcomes of OSCC is still 

controversial. Although women with OSCC appear to have lower survival rates in some 

studies (Franco et al., 1993, Leite and Koifman, 1998), multiple studies examining the 

correlation between gender and the prognosis of OSCC have shown that there are no 

differences in survival between men and women (Adelstein et al., 2003, Massano et al., 

2006). Regarding age at diagnosis and its effect on OSCC prognosis, data produced 

from previous studies are still conflicting. Some authors reported that older patients have 

higher survival rates than younger patients (Amsterdam and Strawitz, 1982, Sasaki et 

al., 2005), whilst others indicate that younger patients with OSCC seem to have a better 

outcome than older individuals (Lacy et al., 2000, Hafkamp et al., 2004). However, some 

studies have concluded that survival outcomes are not significantly different between 

different age groups (Vargas et al., 2000, Gilroy et al., 2005). Additionally, Ko et al. (2016) 

found that there was also no correlation between age and sex and the development of 

second primary tumour (SPT). 

Tobacco and alcohol consumption 

Similarly, it remains largely unknown whether tobacco smoking and/or alcohol 

consumption have any effect on survival outcomes. It has been reported in a number of 

studies that there is no association between tobacco use or alcohol consumption and 

survival (Varela-Centelles et al., 2002, Adelstein et al., 2003). On the other hand, some 

authors reported lower survival rates in smokers and drinkers (Ribeiro et al., 2000, Fang 

et al., 2014). 

Socioeconomic status 

Socioeconomic status (SES) is thought to have an impact on the prognosis of OSCC. 

Previous studies investigating the relationship between SES and survival have found 
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that patients with oral cancer residing in the deprived areas have poorer survival rates. 

These findings have been at least partially attributed to restricted access to healthcare 

services resulting in poorer oral and dental health (Leite and Koifman, 1998, Massano et 

al., 2006, Auluck et al., 2016). 

 

1.2.5.2. Tumour-related factors 

Anatomical subsites 

The prognostic outcomes in patients with OSCC varies remarkably between different 

primary anatomical subsites (Majumdar et al., 2017). Oliveira et al. (2008) found mortality 

and recurrence rates of OSCC patients were higher when tumours occur on the tongue 

and floor of mouth respectively. Similarly, several published studies showed that patients 

with tongue SCC had significantly poorer actuarial survival than those who developed 

SCC at other oral cavity SCC (Leite and Koifman, 1998, Rusthoven et al., 2008). One 

possible explanation for these differences is wide variation in vascular and lymphatic 

networks among different anatomical sites (Tiwari, 2000). In addition, it has been 

suggested that oral tongue SCC lesions may represent different biological components 

from other oral cavity SCCs (Sathyan et al., 2006). 

Disease staging 

The Classification of Malignant Tumours (TNM) staging system, describing the extent of 

the primary tumour (T), regional lymph nodes involvement (N), and metastasis (M), has 

been used clinically and pathologically to classify the anatomical extent of tumours 

(Sobin, 2001). TNM staging is a useful tool that informs treatment planning and the likely 

prognosis of OSCC (Majumdar et al., 2017, Zanoni et al., 2019). Kreppel et al. (2016) 

performed a cohort study which evaluated the ability of clinical TNM staging (cTNM) and 

pathological TNM staging (pTNM) to predict prognosis in 392 patients with OSCC. It was 

found that the pTNM was more predictive of the prognosis of OSCC than the cTNM. In 
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addition, several studies have also shown that TNM staging is significantly associated 

with long-term prognosis of OSCC and its survival (Massano et al., 2006). The 5-year 

overall survival is thought to be 65.60%-82% for early stage OSCC tumours and 30-49% 

for advanced-stage tumours (Massano et al., 2006).  

Cervical node metastases 

Cervical node involvement is the most important prognostic factor in OSCC (Massano et 

al., 2006). Almost half of patients with OSCC (43.2%) are found to have lymph node 

metastases (Lee et al., 2019a). Patients with cervical lymph node involvement detected 

upon histopathological examination demonstrate significantly higher mortality than those 

without the presence of cervical node metastasis; the 5-year survival rate is 

approximately 40% and 65% respectively (Shingaki et al., 1999). Moreover, few studies 

have described the association between nodal level distribution and survival in OSCC 

patients. A population-based study conducted by Marchiano et al. (2016) revealed that 

patients with level IV and V nodal involvement had a worse prognosis compared to those 

with only level I, II and II involvements, with 5-year disease-specific survival (DSS) of 

30% and 42% respectively. Regarding recurrence and metastases of cancer of the oral 

cavity, some authors have shown that cervical lymph node metastases are strongly 

associated with higher rates of locoregional recurrence, distant metastasis and mortality 

(Shingaki et al., 2003, Dissanayaka et al., 2012). Of note, the prognosis of OSCC 

worsens with the presence of extracapsular spread (ECS) (Myers et al., 2001, Greenberg 

et al., 2003). 

Over the last decade, lymph node ratio (LNR), defined as the ratio of the positive lymph 

nodes to the total number of removed lymph nodes, has been considered as one of the 

independent prognostic factors for OSCC (Patel et al., 2013). A recent systematic and 

meta-analysis with a total of 14,254 patients by Huang et al. (2019) showed that an 

increased LNR was associated with worse OS, DSS and disease-free survival (DFS). 
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Histopathological parameters 

Several histological prognostic factors, including pattern of invasion, degree of 

differentiation, perineural invasion, vascular invasion, depth of invasion and margin 

status, are used to predict the prognosis of OSCC. Associations between histological 

parameters of the primary tumour and survival outcomes are demonstrated in Table 1-7. 

However, the associations reported in literature should be interpreted cautiously as some 

authors draw these associations based on bivariate analysis without controlling for 

potential confounding factors, small sample size and limited study design.  

Table 1-7 Summarises the relationships between these histologic factors and 

prognosis and survival outcomes. 

Histopathological 
parameters 

Associated survival outcomes 

Pattern of invasion • Decreased overall survival (OS) and disease-specific survival (DSS) 
(Binmadi and Basile, 2011, Heerema et al., 2016) 

• Lymph node metastasis (LNM) (Khwaja et al., 2018) 
• Worse locoregional recurrence-free survival (LRFS) (Binmadi and 

Basile, 2011, Heerema et al., 2016) 
Degree of differentiation  
 

• Lower 5-year survival rates (lower differentiated OSCC) (Massano 
et al., 2006) 

• Lymph node metastasis and distant metastasis (Fang et al., 2009) 
Perineural invasion • Decreased overall survival (OS) and disease-specific survival (DSS) 

(Cracchiolo et al., 2018, Nair et al., 2018) 
• Lymph node metastasis (Rodolico et al., 2004) 
• Regional and distant metastasis (Rahima et al., 2004, Cracchiolo et 

al., 2018) 
Lymphovascular invasion • Decreased overall survival and disease-specific survival (Woolgar et 

al., 1999, Jardim et al., 2015) 
• Higher risk of local recurrence (Woolgar, 2006) 
• Lymph node metastasis (Woolgar et al., 1999) 

Depth of invasion  • Decreased overall survival (OS) and disease-specific survival (DSS) 
(Tam et al., 2019) 

• Increased risk of locoregional recurrence rates (Almangush et al., 
2015, Liu et al., 2017b)  

• Occult nodal metastasis (Tam et al., 2019) 
Margin status • Decreased survival rates in patients with positive or close margin 

(Mitchell et al., 2018) 
• Increased risk of local recurrence (positive/close margin) 

(Buchakjian et al., 2016, Tasche et al., 2017) 
Extracapsular spread • Lower disease-specific survival (DSS) (Wreesmann et al., 2016) 

• Higher locoregional recurrence rates (Mermod et al., 2016) 
• Distant metastasis (Mermod et al., 2016) 
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Human papilloma virus (HPV)  

The impact of HPV on survival of OSCC has received increased attention over recent 

decades. Although the role of HPV in the development and progression of OSCC has 

been well documented (Miller and Johnstone, 2001, Warnakulasuriya, 2003, Jiang and 

Dong, 2017), the differential in prognosis and survival between HPV and non-HPV 

infected OSCC remains unclear. Previous studies have shown that HPV-infected OSCC 

patients have significantly decreased mortality (Schwartz et al., 2001, Tahtali et al., 2013) 

whilst other studies have shown the inverse relationship (Kozomara et al., 2005). 

Recently, a systematic review and meta-analysis by Sahovaler et al. (2020) revealed 

that overall survival was not significantly associated with the presence of HPV in 

individuals with cancer of the oral cavity.  

 

1.2.5.3. Treatment-related factors 

The relationship between survival outcomes in OSCC and a number of treatment 

modalities have been characterised. These prognostic factors include standard 

treatment modalities, cervical node dissection and resection margin. 

Surgery, radiation and chemotherapy regimens 

Early-stage OSCC (stage I and stage II) is primarily managed with surgery (with or 

without neck dissection) and/or definitive radiotherapy. Sowder et al. (2017) showed that 

the 5-year OS and DSS (85.5% and 71%) for patients undergoing surgically based 

treatment modalities were superior to those who received radiotherapy alone (53.3% and 

34.3%). On the other hand, patients with advanced stage disease (stage III and IV), 

multimodality therapies using surgery combined with adjuvant therapies (postoperative 

radiotherapy or radiochemotherapy) or concurrent chemoradiotherapy (preoperative or 

postoperative) are recommended in order to improve survival outcomes and patients’ 

quality of life (Wolff et al., 2012).  
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Cervical node dissection 

Comprehensive neck dissection (including radical and modified radical dissection) has 

been widely deployed for clinically noticeable positive lymph node resection (Patel et al., 

2008). Postoperatively, these procedures may result in new or worsening of pre-existing 

morbidities (Massano et al., 2006). Aiming to decrease the postoperative morbidity, 

selective neck dissection (SND) has been used more frequently as it is a less aggressive 

surgical intervention compared to radical neck dissection with similar regional control 

and survival outcomes as those who undergo extensive neck dissection (Park et al., 

2013). Additionally, sentinel lymph node biopsy (SLNB) has received significant attention 

in the past few decades as a possible alternative to SND for early stage OSCC with 

clinically negative neck metastasis (Govers et al., 2013a, Liu et al., 2017a). Previous 

studies have shown that SLNB is cost-effective with fewer morbidities secondary to the 

procedure with patient’s reporting an overall improvement in quality of life (Govers et al., 

2013b, Hernando et al., 2014, Govers et al., 2016). However, high quality, prospective, 

multi-centre study is still warranted to support the introduction of SNLB as a standard 

care for early stage OSCC with clinically negative neck. 

 

1.3. Characterising the association of oral squamous cell carcinoma (OSCC) 

with common oral potentially malignant disorders and its prognosis 

As mentioned previously, many cases of OSCC are preceded by oral potentially 

premalignant disorders (OPMDs) such as oral lichen planus (OLP), oral submucous 

fibrosis (OSF) as well as leukoplakia (LK) (Warnakulasuriya et al., 2007, Porter et al., 

2018). Although there have been a number of studies focusing on the rates and timing 

of malignant transformation in the various oral potentially malignant disorders (Napier 

and Speight, 2008, Farah et al., 2014, Mello et al., 2018, Speight et al., 2018), the exact 

proportion of OSCC among patients with OPMDs remains varied. This section is 
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dedicated to characterising the associations between OSCC and long-standing oral 

mucosal lesions including OLP, OSF and leukoplakia.  

 

1.3.1. The association between OLP and OSCC 

1.3.1.1. Oral lichen planus (OLP) 

Lichen planus (LP), first described by Wilson in 1869, is a relatively common chronic 

immune-mediated inflammatory condition of unknown cause affecting the skin and 

mucous membranes (Wilson, 1869). The oral mucosa, skin and genitalia mucosa are 

more commonly involved sites while other sites, such as the scalp, nails, oesophagus 

and conjunctival mucosa are less frequently affected (Al-Hashimi et al., 2007). Oral 

lichen planus (OLP) is considered to be one of the most common disorders of the oral 

mucosa (Mignogna et al., 2006). The prevalence of OLP has been reported from 0.1% - 

4% in adult population (Axell, 1987, Jaber et al., 1998, Eisen et al., 2005, Al-Hashimi et 

al., 2007). OLP typically presents in the fourth to seventh decade of life and occurs in 

females twice as frequently as in males (F:M = 2:1.2) (Eisen, 2002, McCartan and Healy, 

2008).  

Pathogenesis 

Although the pathogenesis of OLP has not been entirely elucidated, current evidence 

suggests that OLP reflects a dysregulation of T cell-mediated immune mechanisms that 

ultimately lead to degeneration of basal keratinocytes (Sugerman et al., 2002, 

Roopashree et al., 2010). The antigen that initiates this cell-mediated immune response 

is not known. There are controversies as to whether one or two putative antigens are 

involved in the pathogenesis of OLP.  

It is known that CD4 and CD8 T-cells areactivated in OLP lesions. CD4 T-cells may be 

stimulated by binding of antigen to major histocompatibility complex (MHC) class II 

mediated by Langerhans cells (LCs) or by local keratinocytes. The CD4
+ 
T-cells secrete 
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Th1 cytokines interleukin-2 (IL-2) and interferon-gamma (IFN-g). On the other hand, 

CD8
+ 

cytotoxic T-cells may be activated by the combination of antigen associated with 

MHC class I on basal cell keratinocytes and/or secretion of IL-2 and IFN-g by CD4
+
 T-

cells. Therefore, it is possible that two putative antigens may be involved in activating 

different pathways or a single antigen may activate both CD4
+
 and CD8

+
 lymphocytes 

through different pathways  (Sugerman et al., 2002, Roopashree et al., 2010).  

Clinical presentations 

The clinical manifestations of OLP vary widely, from asymptomatic keratotic striation to 

painful ulcerative disease; the disease tends to persist for many years with variable 

periods of spontaneous exacerbation and remission (Mustafa et al., 2015). OLP lesions 

have been described by Andreasen into 6 clinical variants; reticular, papular, plaque-like, 

atrophic (erythematous), ulcerative and bullous (Andreasen, 1968). Clinically, one form 

of lesions is often accompanied by another form of lesions. The most common clinical 

type of OLP is a reticular pattern, characterised by lace-like or intertwined white striae, 

called “Wickham’s striae”, followed by erosive (atrophic) type and plaque-like type 

(Ingafou et al., 2006). OLP lesions usually but not always present bilaterally on the oral 

mucosa and/or gingivae (Dissanayaka et al., 2012). Regarding the symptoms associated 

with OLP, reticular, papular and plaque types are usually asymptomatic whereas atrophic 

and ulcerative lesions can cause pain, discomfort and negatively impact upon a patients’ 

quality of life (Crincoli et al., 2011, Ni Riordain et al., 2016) 

Diagnosis 

The diagnosis of OLP is based on both clinical and histopathological examination 

(Crincoli et al., 2011). Some authors suggest that the typical clinical features alone, 

classic reticular lesions in bilateral and symmetrical distribution, may be sufficient to 

make the diagnosis if other extraoral lesions such as typical skin lesions are present 

(Eisen et al., 2005). On the other hand, others suggest that histopathological examination 

of lesional tissues should be performed to confirm the diagnosis when the disease does 
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not present with classic features and also to exclude epithelial dysplasia and malignancy 

(Ismail et al., 2007, Scully and Carrozzo, 2008). Clinically, the differential diagnosis can 

include frictional keratosis, oral lichenoid lesions, lupus erythematosus, pemphigus 

vulgaris and mucous membrane pemphigoid (Mollaoglu, 2000). There have been two 

widely accepted diagnostic criteria for OLP in the literature. The original WHO diagnostic 

criteria was first proposed by Kramer et al. (1978) and in 2003, Van der Meij and van der 

Waal proposed modified WHO diagnostic criteria of oral lichen planus (OLP) and oral 

lichenoid lesions (OLL) based on the WHO diagnostic criteria of 1978 as described in 

Table 1-8 and Table 1-9 respectively (Kramer et al., 1978, van der Meij and van der 

Waal, 2003). A recent systematic review of Fitzpatrick et al. (2014a) found 

inconsistencies as different diagnostic criteria were used between studies. The exclusion 

and inclusion criteria of OLL was not consistent among previous studies, hence leading 

to the difficulty in comparing data together for meta-analysis. With regard to direct 

immunofluorescence studies, the pattern found in OLP is not specific, as these pattern 

can be seen in other conditions such as lupus erythematosus (Bricker, 1994, Mollaoglu, 

2000, Anuradha et al., 2011).  

Table 1-8 The WHO diagnostic criteria for OLP (Kramer et al., 1978). 

Clinical criteria 

• Presence of white plaue, reticular, annula, plaque-type lesions, grey-white lines radiating from 
the papules 

• Presence of lacelike network of slightly raised grey-white lines (reticular pattern) 

• Presence of atrophic lesions with or without erosion, and possibly also bullae 
Histopathological criteria 

• Presence of thickened ortho- or parakeratinizedlayer in sites that are normally keratinized and if 
site is normally nonkeratinized, this layer may be thin 

• Presence of Civatte bodies in basal layer, epithelium, and superficial part of connective tissue 
• Presence of a well-defined band-like zone of cellular infiltration that is confined to the superficial 

part of the connective tissue, consisting mainly of lymphocytes 
• Signs of liquefaction degeneration in the basal cell layer 
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Table 1-9 The modified WHO diagnostic criteria of oral lichen planus (OLP) and 

oral lichenoid lesions (van der Meij and van der Waal, 2003). 

Clinical criteria 
• Presence of bilateral, more or less symmetrical lesions 
• Presence of a lace-like network of slightly raised grey-white lines (reticular pattern) 
• Erosive, atrophic, bullous and plaque-type lesions are only accepted as a subtype in the 

presence of reticular lesions elsewhere in the oral mucosa 

• In all other lesions that resemble OLP but do not complete the aforementioned criteria, the term 
“clinically compatible with” should be used 

Histopathological criteria 
• Presence of a well-defined band-like zone of cellular infiltration that is confined to the superficial 

part of connective tissue, consisting mainly of lymphocytes 
• Sign of “liquefaction degeneration” in the basal cell layer 
• Absence of epithelial dysplasia 
• When the histopathologic features are less obvious, the term “histopathologically compatible 

with” should be used 
Final diagnosis OLP and OLL 
To achieve a final diagnosis clinical as well as histopathologic criteria should be included  
OLP 

• A diagnosis of OLP requires fulfillment of both clinical and histopathologic criteria 
OLL The term OLL will be used under the following conditions: 

• Clinically typical of OLP but histopathologically only ‘compatible with’ OLP 
• Histopathologically typical of OLP but clinically only ‘compatible with’ OLP 
• Clinically ‘compatible with’ OLP and histopathologically ‘compatible with’ OLP 

 

Management of OLP 

Regarding management of OLP, there is no definitive cure for OLP as the pathogenesis 

remains largely unknown. The goals for clinical management of OLP are focused on 

alleviating pain, eliminating erosive and ulcerative lesions, reduce the adverse impact on 

the patients’ life as well as to decrease the risk of malignant transformation (Eisen et al., 

2005, Schlosser, 2010, Thongprasom et al., 2011). Thongprasom et al. (2011) indicated 

that topical corticosteroids remain the first line therapeutic agent for symptomatic OLP. 

However, a recent systematic review published by (Cheng et al., 2012) evaluating the 

effectiveness of interventions for erosive lichen planus involving oral, anogenital and 

esophageal mucosal sites also concluded that there is a lack of robust evidence to 

support the effectiveness of any treatment for erosive lichen planus. Although a number 

of studies have demonstrated benefit from some agents, the results should be 

interpreted cautiously due to the small sample sizes, the possibility of publication bias 

and lack of standardized and accuracy outcome measures (Zakrzewska et al., 2005). 
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Some of the therapeutic agents employed for the management of OLP are listed in Table 

1-10 (Lavanya et al., 2011, Radulescu, 2016, Oberti et al., 2019, Gholizadeh et al., 

2020). 

Table 1-10 Treatment modalities used in the management of OLP  

Type of treatment Therapeutic agents used 
Topical corticosteroids Clobetasol 
 Fluticasone 
 Triamcinolone 
 Betamethasone 
 Hydrocortisone 
Intralesional injection Triamcinolone acetonide 
Systemic corticosteroids Prednisolone 
Topical immunosuppressants Cyclosporin 
 Tacrolimus 
 Pimecrolimus 
Systemic immunosuppressants Azathioprine 
 Mycophenolate mofetil 
Other systemic agents Griseofulvin 
 Dapsone 
 Levamisole 
 Thalidomide 
Other non-pharmacological treatments Phototherapy 

 Surgery 
 Low-level laser therapy 

 

1.3.1.2. Malignant transformation of oral lichen planus 

Malignant transformation of OLP has been a controversial topic over the last century. 

OLP is considered one of the potentially malignant disorders due to previous reports of 

malignant transformation (Warnakulasuriya et al., 2007). The first case of OSCC arising 

on the background of OLP reported in the literature was described by (Hallopeau, 1910). 

Subsequently several authors have reported on the increased risk of oral cancer 

development of OLP. This has been also supported by the WHO in their 2005 

classification of head and neck tumours (Gale, 2005). In 1999, van der Meij et al. (1999) 

reviewed the literature from 1977 to 1999 applying the same criteria proposed by 

Krutchkoff et al. (1978) and found that 34% of the reports had adequate documentary 

evidence of malignant transformation of OLP. A number of large retrospective studies 

have also documented a significant risk for OLP patients to develop OSCC (Holmstrup 

et al., 1988, Gandolfo et al., 2004, Rödström et al., 2004). Interestingly, a prospective 
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study published by van der Meij et al. (2007) has reported an increased risk of developing 

OSCC among patients with OLL. In 2014, a systematic review by Fitzpatrick et al. 

(2014a) reported the average rate of malignant transformation to be 1.09% for OLP and 

for patients with OLL to be 3.2%. Additionally, the systematic review and meta-analysis 

conducted by Aghbari et al. (2017) showed that the rates of malignant transformation 

among OLP and OLL patients were 1.1% and 2.5% respectively. Most recently, Giuliani 

et al. (2019) systematically evaluated 21 studies and attempted to determine the 

malignant transformation rate of OLP and OLL. The overall transformation rate in the 

systematic review was found to be 1.40% (1.37% for OLP and 2.43% for OLL). The mean 

follow-up time was 83.3 months. According to these three recently published systematic 

reviews, the incidence of malignant transformation seems to be higher among patients 

with OLL compared with OLP. However, there remains unknown whether OLP and OLL 

carry a different risk of malignant transformation (Fitzpatrick et al., 2014a).  

The reported malignant transformation rates vary widely among studies, possibly as a 

consequence of the variability in study design, the quality of data reported, diagnostic 

criteria for OLP, and different time of follow-up (Landini et al., 2014). Moreover, it should 

be noted that a major problem in studying malignant transformation of OLP relates to the 

absence of universally adopted criteria for the diagnosis of OLP and the selection criteria 

for patients to be included in studies of malignant transformation of OLP (van der Meij et 

al., 1999, van der Meij and van der Waal, 2003). Therefore, both OLP and OLL should 

be considered potentially malignant disorders until distinct diagnostic criteria that can 

precisely differentiate between lesions at high or low risk of malignant transformation are 

available (Gale, 2005).  
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1.3.1.3. The relationship between oral lichen planus (OLP), oral lichenoid 

lesions (OLL) and oral epithelial dysplasia (OED) 

The relationship between OLP, OLL and oral epithelial dysplasia (OED) remains 

controversial. Many studies have reported the presence of dysplastic changes with 

lichenoid features (Sousa et al., 2009, Fitzpatrick et al., 2014a, Czerninski et al., 2015, 

Patil et al., 2015). However, this has long been debated whether the presence of 

epithelial dysplasia with lichenoid features should be considered as a separated 

condition or it is genuinely part of OLP. In 1985, the term “lichenoid dysplasia” was first 

defined by Krutchkoff and Eisenberg (1985) to describe epithelial dysplasia showing 

lichenoid characteristics (OLP-like feature). They suggested that lichenoid dysplasia may 

have distinct histopathologic features and it may represent a precancerous lesion that 

shares some common histopathologic features with oral lichen planus or lichenoid 

features (Eversole, 1992, Gonzalez-Moles et al., 2008). This is in accordance with some 

previous studies indicating that cases of malignant transformation may be in fact not “true 

OLP”, but rather a condition termed “lichenoid dysplasia” (Krutchkoff et al., 1978, 

Eisenberg, 2000). It is suggested that more prominent lichenoid features observed in 

dysplastic lesions could possibly be due to a lichenoid tissue reaction in response to the 

presence of epithelial atypia (Speight et al., 2018). Recently, Fitzpatrick et al. (2014b) 

assessed the frequency of lichenoid features in OED and OSCC lesions. They reported 

that dysplasia lesions with lichenoid features should be examined carefully as it may be 

distracted by lichenoid features especially low-grade dysplasia which may therefore lead 

to the misdiagnosis of OLP.  

On the other hand, other authors postulated that lichenoid dysplasia should be 

considered as part of OLP spectrum as the inflammatory process can give rise to 

histologic features that may mimic dysplasia and this may reflect the process of 

transformation during the course of OLP (Lodi et al., 2005, Gonzalez-Moles et al., 2008). 

According to Lodi et al. (2005), the presence of lichenoid dysplasia may correspond to 

two groups of conditions. The first group includes lesions with clinical presentations of 
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OLP with epithelial dysplasia, which could reflect an early stage of malignant 

transformation of OLP, whereas the second group comprises lesions with lichenoid 

histomorphology, particularly band-like lymphocytic infiltration, but without typical clinical 

features of OLP, which could represent one of the conditions with lichenoid 

histopathology such as lichenoid reactions, lupus erythematosus, leukoplakia, 

erythroleukoplakia and proliferative verrucous leukoplakia (PVL). In similar view, 

Czerninski et al. (2015) attempted to compare the characteristics of lichenoid dysplasia 

to OED, OLP and OLL lesions. They have indicated that clinically lichenoid dysplasia 

seems to behave more similar to the OLP and OLL lesions than to epithelia dysplasia 

alone. This supports the concept that lichenoid dysplasia should be considered as part 

of the OLP and managed as potentially malignant condition. 

However, it is worth noting that there have been different suggestions in the literature 

concerning lichenoid dysplasia whether lichenoid dysplasia is a distinct entity, or it is a 

part of OLP spectrum. This could be due to inconsistencies in the diagnostic criteria of 

OLP applied, the background of the pathologist, the lack of interrater reliability to identify 

lichenoid characteristics in dysplastic lesions. Having more clinical information such as 

clinical images or molecular biomarkers may be helpful to differentiate between the two 

(Woo, 2019). Although there remains no evidence that cases with evidence of dysplasia 

concomitant with lichenoid features should be excluded from studies on malignant 

transformation of OLP, the exclusion of such features may lead to true malignant 

transformation of OLP.  

 

1.3.1.4. Long-term behaviour of oral epithelial dysplasia (OED) associated 

with oral lichen planus (OLP).  

Although there remain ongoing controversies regarding the association between OED 

and OLP as discussed in the previous section, little is known with regards to the long-

term behaviour of OED arising in patients affected by OLP. Most of previous studies 
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have focused on either the long-term behaviour of OLP or OED separately (Arduino et 

al., 2009, Fitzpatrick et al., 2014a). However, it is not known whether OED patients in 

connection with OLP may have a worse prognosis in terms of developing higher number 

of OED after the initial OED diagnosis as well as rates of malignant transformation. To 

date, only one study has evaluated the long-term prognosis of OED in relation to OLP. 

A retrospective study by Rock et al. (2018) examined the rate of progression to higher-

grade dysplasia and oral cancer of low-grade OED lesions in association with lichenoid 

mucositis (LM), which referred to both lichen planus and lichenoid lesions. A total of 446 

patients who had been diagnosed with mild or moderate epithelial dysplasia were 

included in the analysis. Of these 446 patients, 373 had low-grade OED patients without 

LM whilst 73 patients were identified as having low-grade dysplasia with LM. The authors 

reported that 55 out of these 446 lesions (12%) progressed to severe dysplasia (26 

lesions), carcinoma in situ (4 lesions) and OSCC (25 lesions) after the index biopsy. It 

was found that non-smoking status, high-risk sites (tongue and floor of mouth) as well 

as moderate dysplasia were associated with an increased risk of progression to OSCC 

or higher grade of OED. Nevertheless, comparing between low-grade OED patients with 

LM and without LM, there were no statistically significant differences in the risk of 

progression. Regarding the number of subsequent OED lesions after the index OED, 

there was no further information available in previous studies. 

 

1.3.1.5. Long-term behaviour of oral squamous cell carcinoma associated 

with oral lichen planus 

There remains little knowledge regarding the prognosis and the long-term behaviour of 

OSCC arising on the background of OLP. The majority of studies were focused on both 

the rates of malignant transformation and the clinical characteristics of OLP related to its 

transformation. We have identified 6 retrospective and 1 prospective study reporting on 

the clinical long-term behaviour of OSCC associated with OLP as shown in Table 1-11. 
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In 1998, the first case series providing information on the behaviour of OSCC in OLP 

patients was reported by Lo Muzio et al. (1998). Eight of 14 patients who underwent 

malignant transformation to OSCC developed multiple OSCCs including 3 patients who 

developed multiple simultaneous OSCC and 5 individuals who developed a number of 

metachronous OSCCs over the years. Of note, most OSCCs from this study developed 

on the background of plaque/reticular subtypes of OLP (Lo Muzio et al., 1998). In 1999, 

Hietanen et al. reported that out of 8 OLP patients with concurrent or subsequent 

development of OSCC, 5 died within an average interval of 13 months from their OSCC 

diagnosis (Hietanen et al., 1999).  

In 2001 and 2002, Mignogna et al. published a retrospective analysis of 21 OLP patients 

with malignant transformation observed over a 6-year period. They reported that more 

than half of these patients presented a clear tendency to develop multiple and multifocal 

metachronous (second primary) OSCCs or unexpected lymph node metastases, 

whereas 10 patients developed only one malignancy. In summary, 4 patients developed 

one other OSCC, 2 patients developed multiple metachronous OSCCs, and the 

remaining 5 patients had lymph nodal metastases (although the mean tumour thickness 

of these five patients was 1.75 mm). This study suggested that patients with OSCC-

associated OLP might have a poor prognosis as they were more likely to develop second 

primary tumours and nodal metastases (Mignogna et al., 2001b, Mignogna et al., 2002).  

In 2006 and 2007, Mignogna et al. conducted a further study of a group of 45 patients 

who had had OLP transformed into OSCC. The patients were followed up from 3 to 12 

years. A total of 20 out of 45 patients had a single neoplastic event, while 25 patients 

had multiple events with 97 neoplastic events to be recorded. Three of these events were 

diagnosed as stage IV OSCC, three were stage III OSCC and the remaining 91 events 

were either stage 0 or stage I. Nevertheless, the survival rate of patients from this study 

was relatively higher; 93.8% after 5 years. Though, 3 out of 6 patients with advanced 

stage OSCCs died as a consequence of their malignancies. This cohort study showed 

favourable survival outcomes of OSCC associated with OLP, although this may be due 
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to a low tumour stage at diagnosis and the application of strict surveillance programme 

(Mignogna et al., 2006, Mignogna et al., 2007). 

In 2007, Muñoz et al. reviewed 10 patients with OSCC associated with OLP over a 3-

year period. All patients were female. The majority of patients were diagnosed with T1 

or T2 OSCC stage with only three had lymph node involvement. Of these 10 patients, 3 

patients developed a further single event of OSCC, of which one was at the primary site 

and two were at different primary sites. Multiple episodes of OSCC were observed in 2 

out of 10 patients. With regard to survival outcomes, only one patient died as a 

consequence of OSCC. The mean survival was 119 months for patients with OLP-

associated OSCC versus 42 months in those with OSCC alone. Nevertheless, there was 

no statistically significant difference between OLP/OSCC and OSCC groups (Muñoz et 

al., 2007). 

In 2011, Bombeccari et al. (2011) reported on 327 cases of OLP. Of these patients, 8 

developed OSCC, and among them 3 developed further multiple neoplastic events in 

areas unrelated to the primary malignancy site within 2 years (11-22 months). None of 

these patients had lymph nodal metastasis and all 8 patients were still alive until the end 

of study (Bombeccari et al., 2011). 

A recent retrospective study by Best et al. (2020) compared survival outcomes including 

overall survival (OS), disease-specific survival (DSS) and disease-free survival (DFS) 

between 87 patients with OLP-associated OSCC and the general population in 

Surveillance, Epidemiology, and End Results (SEER) database who were diagnosed 

with OSCC (n=55,165) was carried out The results revealed that patients with OLP-

associated OSCC seemed to have more favourable OS and DSS compared to those 

with conventional OSCC. In addition, patients with OSCC arising on a background of 

OSCC were more likely to develop at least one locoregional recurrence or second 

primary tumour following the initial diagnosis of OSCC.  
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Together, the findings of these studies suggest that patients with OLP seem to be at 

higher risk of developing multiple OSCC tumours. However, they present with favourable 

prognostic parameters such as early stage tumour (stage I and II) (Bombeccari et al., 

2011), small tumour thickness (Mignogna et al., 2001b) and lower degree of 

differentiation (well-differentiated) (González-Moles et al., 2020). With regards to the 

prognosis of OSCC upon OLP, most studies have reported relatively high survival rates 

except the study conducted by Hietanen et al. (1999). This suggests better survival 

outcomes in patients with OLP-associated OSCC though a more aggressive behaviour 

in comparison to those with conventional OSCC suggested by a higher tendency of 

developing more episodes of OSCC and nodal metastasis.
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Table 1-11 Studies assessing the long-term behaviour of OSCC upon OLP. 

Authors, 
year 

Study  Study 
period  
(years) 

Sex Mean 
 age 

Number of 
OSCC 

patients 

TNM stage of the 
primary OSCC 

Degree of differentiation Number of OSCC 
events during the 
follow-up period 

Survival 
outcomes 

(5-year 
survival 
rates) 

Lo Muzio et 
al. (1998) 

Retrospective 
(Case series) 

10 M=9 
F=5 

55.5 
 

14/263 Stage I (35.7%) 
Stage II (42.58%) 
Stage III (21.42%) 

Well differentiated (50%) 
Moderately differentiated (7.14%) 

Poorly differentiated (14.28%) 

• Single event (42.8%)  
- Single site (n=3) 
- Multiple sites (n=3) 

• Multiple events (57.2%) 

NR 

Hietanen et 
al. (1999) 

Retrospective 14 M=2 
F=6 

63.8 
 

8 (Study) 
8 (Control) 

NR Well differentiated (25%) 
Moderately differentiated (75%) 

NR 37.5% 

Mignogna et 
al. (2001b), 
Mignogna et 

al. (2002) 

Retrospective 6 M=4 
F=17 

34.5 21/578 CIS (28.57%) 
Microinvasive (38.10%) 

Stage I (28.57%) 
Stage II (4.76%) 

Well differentiated (90%) 
Moderately differentiated (10%) 

 

• Single event (47%) 
• Multiple events (29%) 
• Nodal metastases (24%) 

NR 

Mignogna et 
al. (2006),  

Mignogna et 
al. (2007) 

Retrospective 12 M=15 
F=30 

NR 45 Stage 0 and I (94.9%) 
Stage III (2.56%) 

Stage (2.56%) 

NR • Single event (44%) 
• Multiple events (56%) 

- Stage 0 and I (94%) 
- Stage III (3%) 
- Stage IV (3%) 

93.8% 

Muñoz et al. 
(2007) 

Retrospective 
(Case-control) 

12 F=10 73 10 Stage I (30%) 
Stage II (40%) 
Stage IV (30%) 

NR • Single event (30%) 
primary site – 1 patient 
different sites – 2 patients 

• Multiple events (20%) 

NR 
(1/10 died 
of OSCC) 

Bombeccari 
et al. (2011) 

Prospective 7 M=3 
F=5 

68.6 8/327 Stage I (75%) 
Stage II (25%) 

Well differentiated (75%) 
Moderately differentiated (25%) 

• Multiple events (37.5%) 
- Different sites 
- Stage I (100%) 

97.3% 

Best et al. 
(2020) 

Retrospective 11 M=38 
F=49 

66.9 
(OLP) 
64.5  

(non-OLP) 

87  
(OLP) 

55,165 (non-
OLP) 

Stage I (46%) 
Stage II (13.8%) 
Stage III (6.9%) 

Stage IV (32.2%) 
Unknown (1.1%) 

NR OLP patients: 
• Single events (47.1%) 
• Multiple events (52.9%) 

Non-OLP patients: NR 

79% 

*NR = Not reported; NA = Not applicable.
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1.3.2. The association between oral submucous fibrosis (OSF) and oral 

squamous cell carcinoma (OSCC) 

1.3.2.1. Oral submucous fibrosis (OSF) 

Oral submucous fibrosis is a chronic oral mucosal disease characterised by the 

development of progressive sub-mucosal fibrous of the lining mucosa of the upper part 

of the aerodigestive tract as a consequence of chronic exposure to areca nut/betel quid 

chewing (Pindborg and Sirsat, 1966, Tilakaratne et al., 2016, Arakeri et al., 2017a). This 

condition carries a significant increased risk of OSCC development (Ekanayaka and 

Tilakaratne, 2016). The prevalence of OSF ranges from 0.03% to 17.6% depending on 

the geographical distribution (Yang et al., 2001). It is predominantly diagnosed in people 

of South, South-East Asia, particularly Indians and Taiwanese and occasionally in 

Europe (Tilakaratne et al., 2016). OSF commonly occurs in adults aged between 20 and 

40 years and it is rare in paediatric patients (Pindborg and Sirsat, 1966, Jain and Taneja, 

2019). Both males and females are equally affected (Pindborg et al., 1964).  

Aetiology  

Initially, the aetiology of OSF was described to be multifactorial as various environmental 

factors including capsaicin in chillies, nutritional deficiency and autoantibodies had been 

reported to be potential aetiological factors (Pillai et al., 1992, Tilakaratne et al., 2016). 

However, more recent epidemiological studies, large cross-sectional studies and 

intervention studies have substantiated that the use of areca-nut and its mixtures (pan 

and mawa) is the primary aetiological factor for the development of OSF (Yang et al., 

2001, World Health Organization: International Agency for Research on Cancer, 2004, 

Tilakaratne et al., 2006). Several studies have shown that there is a clear dose-

dependent relationship between the use of betel nut and the risk of developing OSF 

(Sinor et al., 1990, Maher et al., 1994, Tilakaratne et al., 2006). Furthermore, it has been 

documented that the onset and severity of OSF are proportionally associated with 

frequency of use, duration of areca-nut chewing, the preparation of areca-nut which have 
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a higher concentration (Maher et al., 1994, Ranganathan et al., 2004). A case-control 

study conducted in South India found that individuals below 21 years were at two times 

higher risk of developing OSF compared to those in the older age group (21-40 years); 

OSF was observed in the younger age group within 3.5 years from the onset of the habit 

whilst this duration was longer than 6.5 years for older patients (Ranganathan et al., 

2004). Moreover, it remains unclear whether the use of areca nut along with smoking 

and/or alcohol consumption could have some potential synergistic effects. Some authors 

suggested the risk of OSF appears to be higher in those who consume areca-nut along 

with tobacco and alcohol (Khadim, 1977, Angadi and Rao, 2011). However, others 

reported that tobacco smoking had no significant role in the development of OSF (Shah 

and Sharma, 1998).  

Pathogenesis 

Although it is well known that OSF is considered a disease of collagen metabolism and 

strongly associated with the use of areca-nut, the exact pathogenesis is not fully 

elucidated. The pathogenesis of OSF is thought to be multifactorial. Several mechanisms 

including 1) extracellular matrix (ECM) remodelling, 2) upregulation of inflammatory 

cytokines (i.e. cyclooxygenase-2, transforming growth factor beta (TGF- β)), 3) genetic 

predisposition, 4) autoimmune factors, 5) deficiencies in micronutrients and vitamins 

have been proposed to be involved in the pathogenesis of this condition (Angadi and 

Rao, 2011, Tilakaratne et al., 2016, Arakeri et al., 2017a). However, a range of research 

studies has mainly focused on changes in the ECM (Maher et al., 1994, Tilakaratne et 

al., 2006). Increased collagen synthesis or reduced collagen degradation have been 

proposed as possible mechanisms in the development of OSF depending on stages of 

the disease (Tilakaratne et al., 2006).  

Areca-nut contains alkaloids, flavonoids and copper components (Angadi and Rao, 

2011). Four alkaloids in areca nut consist of arecoline, arecaidine, guvacine and 

guvacoline, of which arecoline is considered as the primary causative factor in OSF 



 

 72 

(Tilakaratne et al., 2006). In vitro studies examining the effects of arecoline on human 

fibroblasts showed an elevated rate of fibroblast proliferation and increased collagen 

formation (Harvey et al., 1986, Reichart et al., 1994). In addition to alkaloids, flavonoids, 

tannins and catechins, may also have a synergistic effect by hampering the collagenase 

activity and increased collagen fibrils reconstitution resulting in reduced degradation of 

collagen (Angadi and Rao, 2011). Therefore, these findings support that increased 

fibrosis in OSF is likely to be a combined effect of the two main agents, arecoline 

alkaloids and flavonoids, by disturbing the equilibrium between collagen synthesis and 

degradation of collagen in the ECM (Meghji et al., 1982). Additionally, the association 

between copper concentrations in areca nut and OSF has been discussed in the 

literature (Angadi and Rao, 2011, Tilakaratne et al., 2016). Areca nuts contain high 

copper concentrations especially in commercial areca nut products (Alexander et al., 

2019). The link between copper and OSF has been based on the evidence that elevated 

level of copper is identified in tissues of other fibrosis diseases such as Wilson’s disease, 

primary biliary cirrhosis and pulmonary fibrosis (Trivedy et al., 2000). Increased copper 

has been found to stimulate the activity of lysyl oxidase, which is a copper-dependent 

enzyme, resulting in increased cross-linking of collagen fibres (Kagan and Trackman, 

1991). Similarly, previous studies reported that high copper concentrations and 

upregulation of the enzyme lysyl oxidase were detected in OSF specimens (Trivedy et 

al., 1997, Trivedy et al., 1999, Trivedy et al., 2000). Therefore, it seems likely that high 

copper detected in OSF may be implicated to fibrogenesis by enhancing lysyl oxidase 

activity. 

Clinical presentations 

Clinical presentation of the OSF depends upon the severity of the disease and affected 

anatomical sites. The hallmark of the disease is progressive limitation of mouth opening 

which significantly impacts quality of life (Tadakamadla et al., 2018). Initially, patients 

may present with a burning sensation in the oral mucosa with a complaint of intolerance 

to spicy foods (Arakeri and Brennan, 2013). As the disease advances, patients may 
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develop vesicles, ulceration, blanching of mucosa, opaque mucosa with fibrotic bands, 

rigidity of the tongue and stiffening of oral mucosa resulting in limited mouth opening 

which impedes the ability to speak and swallowing (normal function) (Mello et al., 2018). 

Moreover, some patients with advanced disease may report pain/discomfort on palpation 

at the affected sites where fibrous bands are presenting or experience referred pain to 

ear, dysphagia and trismus when the fibrosis affects oesophagus or nasopharynx 

(Rajendran, 2003, Arakeri et al., 2017a).  

Diagnosis 

The definitive diagnosis of OSF is mostly based on the combined findings from patient 

history, clinical and histopathological features. Although clinical diagnosis may be 

achieved based on classic clinical presentations and a history of betel nut chewing, it is 

suggested that histopathological investigation should be performed not only to confirm 

the diagnosis but also to exclude lesions with dysplastic or malignant changes (Arakeri 

et al., 2017b). Histologically, OSF is characterised by oral epithelial atrophy with juxta-

epithelial inflammatory infiltration followed by fibrosis of submucosa and deeper muscles 

(Ali et al., 2014). It should be noted that histopathological features of OSF may manifest 

differently as the disease progresses as described in Table 1-12. 

Table 1-12 Histopathological features of early and advanced stage of OSF (Ali et 
al., 2014) 

Initial stage OSF 
- Juxta-epithelial inflammatory infiltration 
- Mixed inflammation with edema 
- Large fibroblasts 
- Finely fibrillar collagen fibers 
- Early hyalinization 
- Dilated congested blood vessels 

Advanced stage OSF 
- Thick bands of collagen 
- Hyalinization extending into the submucosal tissues  
- Decreased vascularity 
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Management 

Despite over 30 years of research, there is still no standard treatment modality for OSF 

as the pathogenesis of the disease is not well-established. The management of OSF is 

generally based on severity of disease and aims to reverse or alleviate signs and 

symptoms, inhibiting the progression of fibrosis as well as preventing malignant 

transformation (Arakeri et al., 2017b). It is suggested that a betel quit cessation will 

frequently resolve the condition if OSF is diagnosed prior to the development of fibrotic 

tissue (Kerr et al., 2011). A number of treatment modalities have been recommended in 

the literature (Arakeri et al., 2017b) although two recent systematic reviews indicate that 

there remains no robust evidence to confirm the effectiveness of any specific 

management strategies for OSF (Fedorowicz et al., 2008, Kerr et al., 2011). Current 

approaches to the management of OSF can be broadly categorised into 2 groups: 

conservative treatment and surgical therapy. It is recommended that conservative 

therapy including medical treatment and physiotherapy should be offered to patients with 

mild to moderate stages who have maximal mouth opening greater than 25 mm, while 

surgical treatment is opted for patients with severe trismus/limitation of mouth opening 

(Khanna and Andrade, 1995, Arakeri et al., 2017b).  

 

1.3.2.2. Malignant transformation of OSF 

Oral submucous fibrosis (OSF) is a well-recognised oral potentially malignant disorder 

(Warnakulasuriya et al., 2007). The slow progression to OSCC among patients with OSF 

was first described by Paymaster in 1956 (Paymaster, 1956) and since then, malignant 

transformation of OSF has received much attention. A number of studies have attempted 

to determine the rates of malignant transformation of OSF. However, variability in rates 

of malignant transformation have been observed across different regions. Studies in 

India reported the malignant transformation rate ranging from 2.3% to 7.6% (Gupta et 

al., 1980, Murti et al., 1985, Hazarey et al., 2007). More recently, many larger studies 
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examining the rates of malignant progression of OSF have been conducted in Taiwan. 

Hsue et al. (2007) identified 402 patients with OSF and reported a malignant 

transformation rate of 1.9% with an average time for transformation of 42.64 months. 

Interestingly, they also found that the transformation rate of OSF with epithelial dysplasia 

(5.4%) was higher than the rate of OSF alone. In a similar study, Lian Ie et al. (2013) 

reported a transformation rate for OSF to be 8.63%. Additionally, a hospital-based 

observational study in southern Taiwan by Wang et al. (2014) reported that 37 (3.72%) 

of the 994 patients with OSF and 9 (4.84%) of the 186 patients with OSF and epithelial 

dysplasia underwent malignant transformation to OSCC. Recently, in a population-based 

longitudinal study, Yang et al. (2017a) identified 778 patients with OSF using the records 

of the National Health Insurance program of Taiwan. Of these 778 patients, 71 patients 

(9.13%) underwent malignant transformation with the mean duration of malignant 

progression of 30 months. Of note, they found that patients with OSF and leukoplakia 

were at higher risk of developing oral cancer compared to individuals with OSF alone 

(adjusted HR=1.85, 95% CI 1.15-2.96). Another case-control study evaluating the 

progression to OSCC of OSF in China, Li et al. (2015) demonstrated that out of 921 

patients with OSF, 91 patients (9.88%) progressed to OSCC. Moreover, these studies 

have provided some evidence that the risk of malignant transformation of OSF is even 

higher when epithelial dysplasia is present, or patients have leukoplakia with OSF. In 

brief, the estimated malignant progression rates of OSF in the literature range from 1.9% 

to 9.88% (Gupta et al., 1980, Murti et al., 1985, Hazarey et al., 2007, Hsue et al., 2007, 

Lian Ie et al., 2013, Wang et al., 2014, Chourasia et al., 2015, Li et al., 2015, Yang et al., 

2017a).  

Regarding factors associated with the malignant transformation, previous studies have 

identified several factors that could contribute to the malignant progression of OSF. 

These factors include gender, age at the first diagnosis, location, frequency and duration 

of betel quid exposure, cigarette use, alcohol consumption, the presence of epithelial 

dysplasia and a diagnosis leukoplakia in concomitant with OSF (Yang et al., 2005, 
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Hazarey et al., 2007, Ho et al., 2007, Lian Ie et al., 2013, Wang et al., 2014, Liu et al., 

2015, Yang et al., 2017a).  

 

1.3.3. The association between oral leukoplakia and OSCC 

1.3.3.1. Oral leukoplakia 

To date, oral leukoplakia (OL) is a term used to describe “a white plaque of questionable 

risk having excluded other known diseases or disorders that carry no increased risk for 

cancer” as defined by the WHO (Warnakulasuriya et al., 2007). The global pooled 

prevalence of oral leukoplakia ranges from 2.6% to 4.11% (Petti, 2003, Mello et al., 

2018). It is more prevalent in males than females; however, there is no difference in 

prevalence between age groups (Petti, 2003). Oral leukoplakia is the most common 

entity among oral potentially malignant disorders with a wide range of malignant 

transformation rate from 0.13% to 36.4% (Arduino et al., 2013). Most oral leukoplakia 

lesions are mainly linked to tobacco use (smoking and/or chewing) and alcohol 

consumption, which is similar to oral cancer (Napier and Speight, 2008). Moreover, oral 

leukoplakia is a clinical term that histologically may demonstrate atrophy or hyperplasia 

or dysplastic features (Warnakulasuriya et al., 2007). 

Aetiology 

The vast majority of oral leukoplakias have been reported to be positively associated 

with tobacco use (smokes/smokeless), alcohol consumption and betel nut chewing 

(Napier and Speight, 2008, Arduino et al., 2013). Although many systematic reviews and 

meta-analyses have confirmed the association between traditional risk factors and an 

increased risk of OSCC (Gandini et al., 2008, Lubin et al., 2009), the relationship 

between traditional risk factors such as tobacco use as well as alcohol consumption has 

not been thoroughly evaluated. This could be due to the fact that the definitions of oral 

leukoplakia have been modified over the last decades and new terms has been 
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introduced leading to heterogeneity of studies, difficulty in comparing results from 

previous studies or potential misdiagnosis. Many observational studies have reported 

that the use of tobacco and alcohol intake are associated with the risk for developing oral 

leukoplakia (Axell, 1987, Lim et al., 2003, Dietrich et al., 2004, Granero Fernandez and 

Lopez-Jornet, 2017). A large Taiwanese case-control study demonstrated that 

individuals with tobacco smoking and betel nut chewing were at 4.26 and 17.7 times 

higher risk of developing oral leukoplakia respectively (Shiu and Chen, 2004). A cross-

sectional study of 168 patients by Fisher et al. (2005) showed that betel nut chewing was 

significantly associated with oral leukoplakia. It has also been reported that the type of 

tobacco usage and the actual number of cigarettes smoked per day could influence the 

risk of oral leukoplakia (Napier and Speight, 2008). Moreover, some evidence have 

suggested that smoking cessation may decrease the prevalence of oral leukoplakia (Shiu 

et al., 2000). Although a number of studies from both developing and developed 

countries have pointed out a relationship between the use of tobacco and oral 

leukoplakia, there remains a lack of evidence to determine the cause-effect association 

between tobacco and risk of developing oral leukoplakia. However, 10-30% of patients 

with leukoplakia had no clear aetiological factors (Napier and Speight, 2008). 

In addition, other potential risk factors for oral leukoplakia including older age group, UV 

light exposure, increased glucose level and blood lipid have been proposed to be 

associated with oral leukoplakia (Petti and Scully, 2006, Arduino et al., 2013, Granero 

Fernandez and Lopez-Jornet, 2017). Nevertheless, more robust evidence to support 

their associations with oral leukoplakia remain scarce. 

Clinical presentation 

Clinically, oral leukoplakia presents as a white patch that cannot be wiped or scraped off 

and most patients are asymptomatic. It may develop anywhere in the oral cavity 

(Warnakulasuriya et al., 2007). Traditionally, oral leukoplakia can be subdivided into 2 

main clinical types: homogeneous leukoplakia which is typically characterised by a thin, 
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uniform and flat white plaque with well-demarcated margins and non-homogeneous 

leukoplakia which includes speckled areas (mixed white and red lesions - 

leukoerythroplakia) with unclear margins, nodular/ulcerated areas and verrucous 

leukoplakia (Farah et al., 2014, van der Waal, 2015). Proliferative verrucous leukoplakia 

(PVL) is considered as a rare but aggressive from of verrucous leukoplakia that carries 

a significantly high risk of oral cancer development (van der Waal, 2015, Villa and Woo, 

2017).  

Diagnosis  

Both clinical and histopathological examination remain the gold standard for diagnosis 

of oral leukoplakia. A clinical diagnosis of oral leukoplakia is based on the patient history, 

clinical examination and exclusion of other white diseases or disorders of the oral 

mucosa that may have leukoplakia-like appearance (Table 1-13) (Villa and Woo, 2017, 

Carrard and van der Waal, 2018). A biopsy for histopathologic examination is mandatory 

to exclude other disorders/diseases and to establish the definitive diagnosis of oral 

leukoplakia (van der Waal, 2009). Additionally, the histopathological examination will 

help to determine the presence of epithelial dysplasia or even oral cancer (Napier and 

Speight, 2008). Multiple biopsies at different areas should be considered for a large or 

widespread leukoplakia lesion as different grades of dysplasia or OSCC may present in 

one lesion (Villa and Woo, 2017). 
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Table 1-13 Other oral disorders or diseases that should be excluded from a clinical 
diagnosis of oral leukoplakia (Warnakulasuriya et al., 2007, Suzuki et al., 2012). 

Disorders or diseases 
• White sponge nevus 
• Frictional keratosis  
• Morsicatio buccarum  
• Chemical injury 
• Acute pseudomembranous candidiasis 
• Leukoedema 
• Lichen planus (plaque type) 
• Lichenoid reaction 
• Discoid lupus erythematosus 
• Skin graft 
• Hairy leukoplakia 
• Leukokeratosis nicotina palate 
• Carcinoma cuniculatum 

 

Management  

The main goal of oral leukoplakia management is to prevent or reduce a risk of malignant 

transformation. A wide range of treatment modalities are available such as regular 

observation, medical treatments, surgical treatment, laser therapy, cryosurgery and 

photodynamic therapy (van der Waal, 2009, Vohra et al., 2015). However, two recent 

systematic reviews have indicated that there is currently limited evidence to support the 

effectiveness of treatments in preventing future malignant transformation (Lodi et al., 

2006, Lodi et al., 2016). Therefore, the management of oral leukoplakia is usually made 

based upon clinical manifestations, histological findings especially the degree of 

dysplasia and patient preferences. Histopathological examination is the gold standard 

for decision making in order to manage oral leukoplakia as the presence of epithelial 

dysplasia remains the most important prognostic factor of malignant transformation 

(Kumar et al., 2013). With regards to potential risk factors, smoking cessation and alcohol 

abstinence should be recommended to all patients regardless of the presence of 

epithelial dysplasia (Poate and Warnakulasuriya, 2006).  

Lesions with hyperkeratosis without dysplasia can be managed conventionally by 

observation or surgically depending on other risk factors such as location and size of the 
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lesion (Villa and Woo, 2017). In patients with leukoplakia and a histological diagnosis of 

epithelial dysplasia or carcinoma in situ, complete surgical excision is highly 

recommended (Brouns et al., 2013). Moreover, medical and alternative therapies 

including vitamin A, retinoids, carotenoids, retinoids, Non-steroidal anti-inflammatory 

drugs (NSAIDS), Bleomycin, curcumin, lycopene and green tea have also been 

discussed in the literature. Lodi et al. (2016) systematically reviewed 14 randomised 

controlled trials (RCTs) evaluating the effectiveness of medical treatments. The results 

showed that vitamin A and beta carotene seems to be effective in promoting clinical 

resolution whilst none of medical therapies was effective in reducing risk of malignant 

transformation. Alternatively, non-surgical treatments may be more beneficial for patients 

with multiple comorbidities or for those with widespread oral leukoplakia. Previous long-

term follow-up studies have reported that approximately 1%-40.7% of patients with oral 

leukoplakia experience recurrence and 3%-9% transform to OSCC after surgical removal 

(Vedtofte et al., 1987, Chiesa et al., 1993, Ishii et al., 2003, Lodi and Porter, 2008, 

Mogedas-Vegara et al., 2016). Consequently, individuals with oral leukoplakia require 

follow-up visits on a regular basis and a biopsy should be considered for any suspicious 

lesions (Lodi and Porter, 2008).  

 

1.3.3.2. Malignant transformation of oral leukoplakia 

There has been substantial variation in the malignant transformation rate of oral 

leukoplakia depending on the definition used, types of oral leukoplakia, age, gender, 

location, size of the lesion and study population. Recently, Warnakulasuriya and 

Ariyawardana (2016) in a systematic review of 24 observational studies on the malignant 

transformation rates of oral leukoplakia have arrived at the conclusion that the rate of 

malignant transformation ranges between 0.13% to 34% with the estimated overall 

transformation rate of 3.8% for study population. Proliferative verrucous leukoplakia 

(PVL) is an aggressive and possibly unique form of oral leukoplakia with a very high rate 

of malignant progression ranging from 40% to 70% (Pentenero et al., 2014). With regards 
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to associated risk factors, numerous studies have identified the following clinical and 

histopathological risk factors that could influence the risk of malignant transformation: 

clinical appearance, age, gender, location, size as well as the presence of epithelial 

dysplasia (Napier and Speight, 2008, Warnakulasuriya and Ariyawardana, 2016). It is 

widely accepted that non-homogeneous oral leukoplakia (20-25%) carries a greater risk 

of progression to oral cancer compared with localised/homogeneous oral leukoplakia 

(0.6-5%) (van der Waal and Axell, 2002, Reibel, 2003, Napier and Speight, 2008). 

Likewise, some authors have noted that non-homogeneous leukoplakia lesions are 4 to 

7 times more likely to undergo malignant transformation than those with homogeneous 

leukoplakia lesions (Reibel, 2003, Holmstrup et al., 2006). Although some of the OSCC 

lesions are preceded by dysplastic leukoplakia, it is also reported that approximately 

11%-30% of patients with “benign hyperkeratosis” or non-dysplastic leukoplakia 

transform to OSCC during follow-up periods (Holmstrup et al., 2006). A study performed 

by Silverman et al. (1984) demonstrated that 37 out of 235 patients (15.7%) with 

hyperkeratosis developed invasive OSCC. Similarly, Schepman et al. (1998) showed 

that 30% of patients who had been diagnosed with benign hyperkeratosis progressed to 

OSCC. In a more recent study by Hsue et al. (2007) found that 3.6% (15/423) of patients 

with hyperkeratosis subsequently developed oral cancer. Furthermore, evidence 

suggests that malignant transformation rates in older patients are higher than younger 

individuals with oral leukoplakia (Chiesa et al., 1993, Napier and Speight, 2008). This 

could be possibly explained by the fact that older people are exposed to behavioural risk 

factors for longer periods of time. Regarding the effect of gender on malignant 

transformation, it appears women are more predisposed for progression to malignancy 

(Silverman et al., 1984). 

In addition, the risk of malignant transformation seems to be influenced by certain 

anatomical subsites as well as size of oral leukoplakia (Napier and Speight, 2008, 

Warnakulasuriya and Ariyawardana, 2016). Although 70% of oral leukoplakia usually 

involve buccal mucosa and gingiva, the ventrolateral of the tongue and the floor of mouth 
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have been considered as high-risk sites of developing dysplasia or invasive carcinoma 

(van der Waal, 2009, Farah et al., 2014). Previous reports have documented that 44% 

and 24% of the leukoplakia lesions affecting tongue and the floor of mouth ultimately 

transform malignant respectively (Kramer et al., 1978, Reibel, 2003, Napier and Speight, 

2008). Apart from anatomical subsites, lesion size also appears to be associated with an 

increased risk of malignant transformation. Patients with leukoplakia lesion greater than 

200 mm2 are 5.4 times more likely to progress to invasive OSCC (Holmstrup et al., 2006). 

More importantly, the presence of epithelial dysplasia (OED) is generally regarded as 

the most significant factor of malignant potential of OL (Mogedas-Vegara et al., 2016, 

Farah and Fox, 2019). Although some of the OED lesions may stay unchanged or even 

completely disappear, many studies have found strong associations between the 

severity of OED particularly moderate and severe dysplasia and greater tendency to 

malignant transformation (Silverman et al., 1984, Schepman et al., 1998, 

Warnakulasuriya et al., 2011). In other words, lesions with high grade epithelial dysplasia 

demonstrated an increased rate of malignant transformation compared with those with 

low grade epithelial dysplasia (Poh et al., 2008, Mehanna et al., 2009). Nevertheless, as 

previously mentioned, oral leukoplakia without evidence of epithelial dysplasia can also 

progress to malignancy (Hsue et al., 2007, Brouns et al., 2013). These findings suggest 

that there may be additional prognostic biomarkers involved in the evolution from oral 

leukoplakia to OSCC. The molecular pathways driving the progression to OSCC have 

not been fully understood. At present, there have been only few molecular studies 

investigating predictive biomarkers associated with malignant progression such as loss 

of heterozygosity, DNA aneuploidy and telomerase dysfunction (Donadini et al., 2010, 

Villa and Sonis, 2018). A more recent cohort study of by Farah and Fox (2019) examined 

the underlying molecular mechanisms among 25 leukoplakia specimens with and without 

OED using novel RNA sequencing. They found that there were molecular differences 

between dysplastic leukoplakia and those leukoplakia with the absence of dysplasia. 

Nonetheless, a systematic review performed during the seventh World Workshop in Oral 
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Medicine indicates that the evidence to identify proven prognostic biomarkers for oral 

leukoplakia is limited as a result of relatively small sample size, did not control for 

potential confounding factors, different follow-up period as well as heterogeneity 

between studies (Villa et al., 2019). A large longitudinal prospective study is still 

warranted to identify risk-predicting molecular biomarkers related to malignant 

transformation of oral leukoplakia. 

 

1.4. Other conditions potentially associated with oral squamous cell carcinoma 

(OSCC) 

1.4.1. Associations between periodontal diseases and OSCC 

A substantial number of studies have shown associations between periodontal disease 

and systemic conditions such as cardiovascular diseases (Tonetti et al., 2013), diabetes 

mellitus (Chapple et al., 2013) and adverse pregnancy outcomes (Sanz et al., 2013). 

Periodontal disease is a chronic inflammatory disease of gingiva, bone and periodontal 

ligaments caused by a specific group of certain microorganisms in the dental plaque 

(Kinane et al., 2017). Periodontal disease begins with gingivitis, a reversible plaque-

induced inflammation of the gingiva and can progress to periodontitis which is 

characterised by an irreversible destruction of alveolar bone and supporting tissues 

leading ultimately to tooth loss  (Pihlstrom et al., 2005).  

Chronic periodontitis is generally caused by a complex interaction between bacterial 

infection and host inflammation. Pathogenic microorganisms and activated inflammatory 

cells persistently release endotoxins and inflammatory cytokines leading to an 

annihilation of periodontal connective tissues (Moergel et al., 2013). These 

products/substances can travel from local affected tissues via saliva and blood to other 

sites and deteriorate patients’ general health (Kumar, 2013, Pendyala et al., 2013). 

Mounting evidence have postulated that there is a relationship between periodontal 

diseases and cancer development at different sites such as oesophagus, upper 
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gastrointestinal, gastric, pancreas as well as the oral cavity (Abnet et al., 2001, Multhoff 

et al., 2012, Michaud et al., 2017). However, the exact mechanism behind this 

relationship has not been entirely elucidated. Chronic inflammation has also been 

proposed to be one of the possible underlying molecular mechanisms explaining this link 

as it is a critical component of both periodontitis and carcinogenesis (Abnet et al., 2005, 

Michaud et al., 2017).  

The possible link between periodontal disease and head and neck cancers has received 

much attention by researchers during the past few decades (Fitzpatrick and Katz, 2010, 

Javed and Warnakulasuriya, 2016). Several studies have reported a positive association 

between tooth loss, periodontal disease and risk of HNSCC (Meyer et al., 2008, 

Fitzpatrick and Katz, 2010). Moreover, other objective measurements such as clinical 

attachment loss as well as alveolar bone loss were deployed by some authors to 

establish periodontal disease (Tezal et al., 2005, Tezal et al., 2009). In a population-

based study of 13,798 subjects who participated the Third National Health and Nutrition 

Examination Survey (NHANES III), Tezal et al. (2005) reported that the presence of 

clinical attachment loss greater than 1.5 mm. was significantly associated with an 

increased risk of developing oral tumours (non-specific) and precancerous lesions when 

other risk factors including smoking and alcohol consumption were controlled. Another 

study by Tezal et al. (2009) evaluating the effect of periodontal disease on the 

development of HNSCC revealed a 4.52 times greater risk of oral cancer with each 

millimetre of alveolar bone loss after adjusting for associated risk factors.  

However, the evidence surrounding the direction of this link remains unclear; some 

studies suggest a positive association between chronic periodontal disease and the risk 

of oral cancer development (Zeng et al., 2013, Yao et al., 2014, Javed and 

Warnakulasuriya, 2016, Ye et al., 2016) whilst others contradict this finding (Guha et al., 

2007, Divaris et al., 2010, Michaud et al., 2017). One of the main factors resulting in the 

substantial heterogeneity among studies is a variety of periodontal disease outcome 

measures such as number of missing teeth (self-reported/oral examination), 
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radiographic assessment, alveolar bone loss or clinical attachment loss. Additionally, 

many factors including different geographical population, study design, anatomical sites 

of HNC, adjustment for potential confounding factors and relatively small sample size 

may contribute to the heterogeneity of studies. A large well-designed longitudinal 

prospective study is warranted to investigate and confirm this association between 

periodontal diseases and OSCC. In addition, as periodontal disease is very common it 

might be expected that gingival SCC would be the most common worldwide HNC and 

perhaps that individuals with an increased risk of aggressive periodontitis would have an 

increased risk of OSCC – which has never been documented. 

 

1.5. Chronic inflammation as cause of malignant progression 

The association between chronic inflammation and cancer development at different body 

sites such as oesophagus, stomach, colorectal, liver, pancreas as well as the oral cavity 

has been long documented (Coussens and Werb, 2002, Mantovani et al., 2008, Murata, 

2018). The strongest relationship between long-standing inflammation and cancer risk is 

observed in colorectal cancer arising in patients with inflammatory bowel diseases such 

as Crohn’s disease and ulcerative colitis (Ekbom et al., 1990, Axelrad et al., 2016). 

Moreover, it has been reported that individuals with Barrett’s oesophagus, which is a 

chronic inflammatory condition of the upper gastrointestinal tract, are at increased risk of 

oesophageal adenocarcinoma (Barret et al., 2011). In addition, previous studies have 

suggested that chronic inflammation resulting from persistent infection is associated with 

an increased risk of cancer. For example, infection with Helicobacter pylorus is linked to 

gastric cancer (Lax and Thomas, 2002, Vento and Tanko, 2009). 
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The most likely mechanisms by which chronic inflammation enhances tumorigenesis are 

related to the persistent release of inflammatory mediators and their effects upon the cell 

cycle and DNA (van Kempen et al., 2006, Mantovani et al., 2008, Colotta et al., 2009, 

Grivennikov et al., 2010, Feller et al., 2013). Chronic inflammation induced by persistent 

infections, immune-medicated diseases or repetitive trauma/irritation results in 

prolonged activation of inflammatory cells including macrophages, mast cells, dendritic 

cells, fibroblasts and lymphocytes which leads to the accumulation of inflammatory 

cytokines (such as tumour necrosis factor (TNF-α), interleukin-1 (IL-1), interleukin-6 (IL-

6), interleukin-8 (IL-8), transforming growth factor (TGF-β), prostaglandins and 

chemokines in the host inflammatory microenvironment (Coussens and Werb, 2002, 

Feller et al., 2013). These inflammatory cytokines and chemokines are believed to cause 

DNA damage, dysregulate mechanisms of apoptosis and induce tumour initiation and 

progression as well as angiogenesis (Mignogna et al., 2004, Greten and Grivennikov, 

2019). Additionally, it has been suggested that reactive oxidative species (ROS) secreted 

by activated leukocytes at the site of inflammation can lead to oxidative DNA damage 

and DNA repair dysregulation (Federico et al., 2007, Grivennikov et al., 2010). 

Interestingly, some of the above mediators have been associated with periodontal 

diseases (Javed and Warnakulasuriya, 2016, Hoare et al., 2019), OLP (Georgakopoulou 

et al., 2012) and possibly in OSF (Pillai et al., 1992, Xu et al., 2012). In periodontal 

diseases, previous studies have postulated that microbial toxins produced by pathogenic 

microorganisms such as Fusobacterium nucleatum and Porphyromonas gingivalis 

trigger inflammatory responses by producing different inflammatory mediators such as 

IL-1, IL-6, IL-8 and TNF-α, which in turn may promote cell proliferation, migration, 

survival and genetic alterations (Hoare et al., 2019, Irani et al., 2020, Nwizu et al., 

2020). With regard to OLP, Georgakopolou et al. (2013) suggested that OLP represents 

a preneoplastic inflammation model, as the microenvironment is changed through the 

release of cytokines and chemokines including TNF-α, TGF-β, IL-6, cyclooxygenase-2 

(COX-2) and metrixmetalloproteinase-7 (MMP-7) which can result in epithelial cell 
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derangement and DNA damage contributing to neoplastic changes (Mignogna et al., 

2004, Liu et al., 2010, Li and Cui, 2013). Regarding the plausible link between chronic 

inflammation and oral cancer development in OSF, it has been suggested that the 

release of inflammatory cytokines such as IL-6, TNF-α and TGF-β in response to 

chemical agents of areca nut/betel quid may contribute to the malignant 

transformation of OSF by causing DNA damage and cell cycle alteration (Feller et al., 

2013, Ekanayaka and Tilakaratne, 2016, Shih et al., 2019). There is growing 

evidence to support the role of prolonged inflammation in the initiation and 

progression of cancer through different pathways (Grivennikov et al., 2010, Moore et 

al., 2010, Feller et al., 2013, Korniluk et al., 2017). Better understanding about the 

mechanisms behind the relationship between persistent inflammation and cancer 

development may help to identify or develop novel treatments or preventive 

approaches for patients with chronic inflammatory conditions that are at an increased 

risk of cancer sometime in their life. 

 

1.6. Electronic health records (EHR) in healthcare research 

1.6.1. General background of EHRs 

Electronic Health Records (EHRs) are digital longitudinal collections of individual patient 

health information (U.S Department of Health and Human Services). EHRs contain a 

wide range of data including patient demographics, diagnoses, patients’ medical history, 

prescribed medications, procedures/interventions, laboratory results, radiograph, 

allergies, immunizations, radiographs, treatment plans and level of information (i.e., 

primary care or secondary care services). EHRs are primarily used for routine medical 

care, administration or assessing quality of patient care purposes (Odekunle Florence, 

2016). However, these data can be used effectively as sources of secondary data for 

research in healthcare settings (Padmanabhan et al., 2019). 
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EHRs emerged from within Healthcare Information Technology (HIT) and played 

significant roles in the healthcare system. Initially, these systems were developed for 

financial purposes (billing systems) and not to help improve healthcare services (Cowie 

et al., 2017). At present, traditional paper-based patient records are being replaced by 

EHR systems. The use of EHRs has been dramatically increased in most medical 

environment including healthcare quality improvement, administrative patient data as 

well as clinical research (Odekunle Florence, 2016, S. Evans, 2016).  

 

1.6.2. Strengths of EHRs for healthcare research 

This increasing use of EHRs has offered unprecedented opportunities not only to 

improve quality of patient care and safety but also to facilitate medical research including 

clinical and epidemiological research from individual-level to population-level (Casey et 

al., 2016, Cowie et al., 2017, Raman et al., 2018). In clinical research, EHRs may assist 

in identifying potential participants for clinical trials, assessing study feasibility, 

streamlining data collection (Nordo et al., 2019). Additionally, EHRs have been employed 

in epidemiological studies ranging from cross-sectional to longitudinal studies (Cowie et 

al., 2017). EHRs potentially contain large amount of longitudinal data or “cradle to grave”, 

using data from EHRs would therefore allow researchers to conduct studies on cohorts 

that may be representative of general population. This is much more cost-effective and 

less time-consuming compared to traditional large-scale longitudinal research studies 

that require substantial amount of time and money to conduct.  

In some countries, EHRs can be connected between different data sources such as 

between general practice and hospital systems (Thompson et al., 2015). Data linkage 

not only enhances the use of EHRs as different data sources complement each other 

when one contains incomplete data but also provides a more complete picture of 

longitudinal journey of patient (Denaxas and Morley, 2015, Margulis et al., 2018). For 

example, data of cancer patients would not be available in primary care data sources as 
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cancers are typically managed by oncologists or other specialists in hospitals. Therefore, 

using a single data source would lead to an underestimate of the outcomes of interest. 

Furthermore, linkage between multiple EHRs may also add functionality to these EHRs 

(Denaxas and Morley, 2015). 

 

1.6.3. Using linked EHRs in healthcare research 

Over the past two decades, the rise in the global utilization and adoption of EHRs has 

led to an exponential growth in the secondary use of EHR data for medical and 

population health research (Casey et al., 2016). Data linkage is a valuable tool of 

connecting information using unique personal identification number to join records 

across disparate databases (Karmel and Rosman, 2008). Importantly, the use of data 

linkage in clinical and epidemiological research has rapidly increased as linked data 

would enable researchers to gather more information from multiple EHR systems and to 

better understand patient journeys (Thompson et al., 2015).  

In the United Kingdom, a wide range of research areas including epidemiology, clinical 

research (cardiovascular diseases, cancer) and health economics outcomes have been 

carried out using linked EHRs (Hemingway et al., 2018, Mostafid et al., 2018, Badrick et 

al., 2019). The UK is a world leader in the use of electronic health records in primary 

care settings (Schoen et al., 2006). A review by Jha et al. (2008) have revealed that 

approximately 90% of general practices used EHR for recording clinical consultations 

and obtaining electronic laboratory reports. In the UK, primary care databases such as 

the Clinical Practice Research Database (CPRD), The Health Improvement Network 

(THIN) and QResearch are routinely collaborated and assembled to other health-related 

data sources such as hospital data (secondary care data), mortality data or national 

cancer registry data (Casey et al., 2016, Padmanabhan et al., 2019).  
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The Clinical Practice Research Datalink (CPRD) is a UK research service that provides 

record linkages between primary care data and external healthcare datasets in England 

to facilitate healthcare research. CPRD is collaboratively supported by the Medicines 

and Health Regulatory Agency (MRHA) and the National Institute for Health Research 

(NIHR) (Herrett et al., 2015). CPRD collates anonymized EHRs (de-identified patient 

data) from general practices that have agree to provide data on a regular basis and 

generates a primary care database - one of the largest primary care databases in the 

world (Padmanabhan et al., 2019). This primary care database can be used as a single 

database or merged with other stand-alone databases. A data linkage scheme has been 

created by CPRD to link anonymized primary care data from general practices that have 

consented to participate in this scheme to external datasets (Table 1-14).  

Table 1-14 CPRD linked datasets. 

CPRD linked datasets include: 
• Hospital Episode Statistics (HES):  

- Hospital Episode Statistics Admitted Patient Care (HES APC) 
- Hospital Episode Outpatient (HES OP) 
- Hospital Episode Statistics Accident and Emergency (HES A&E) 
- Hospital Episode Statistics Diagnostic Imaging Dataset (HES DID) 

• Office for National Statistics (ONS) 
• National Cancer Registration and Analysis Service (NCRAS) data from Public Health England 
• Mental Health Dataset (MHDS) data 
• Measures of relative deprivation and rural urban classification at Lower Layer Super Output 

Area (LSOA) level for practices and patients 

 

Linkage of patient-level health data from CPRD to external data sources is undertaken 

by the Trusted Third Party, National Health Service (NHS) digital (the Health and Social 

Care Information Centre) using NHS number, gender, date of birth and postcode 

(Padmanabhan et al., 2019). The data linking process is demonstrated in Figure 1-5. 



 

 91 

 

Figure 1-5 Primary care and linked data flow (Padmanabhan et al., 2019). 

In accordance with the appropriate data governance and ethical approvals, CPRD can 

provide primary data and linked data to researchers in the UK and internationally. The 

process on how to access CPRD data will be discussed in the Chapter 5. 

 

CALIBER: a linked EHRs platform 

The CALIBER (ClinicAl disease research using LInked Bespoke studies and Electronic 

health Records) is a distinct research platform that provides linked data in a research-

ready format based on linkage of longitudinal primary care data and other secondary 

care data including Hospital Episode Statistics (inpatient, outpatient, accident and 

emergency and diagnostic imaging data), the Office for National Statistics (ONS), 

Myocardial Ischaemia National Audit Project (MINAP), national registry social 

deprivation and national cancer registry (Denaxas and Morley, 2015, Hemingway et al., 

2018). At present, the CALIBER dataset curates linked data of approximately 10 million 

patients from 411 general practices in England (Clinical Practice Research Datalink 
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(CPRD)). The CALIBER platform has been deployed to conduct a wide range of research 

including epidemiological, prognostic modelling and health economics (Asaria et al., 

2016, Hemingway et al., 2018). In particular, CALIBER has been commonly used in 

cardiovascular research. For example, studies using CALIBER have determined the 

association between cardiovascular diseases and other potential risk factors such as 

socio-economic status, depression, blood pressure, alcohol consumption, diabetes (type 

2) and rheumatoid arthritis (Pujades-Rodriguez et al., 2014, Rapsomaniki et al., 2014, 

George et al., 2015, Pujades-Rodriguez et al., 2016, Bell et al., 2017). Furthermore, the 

CALIBER platform has provided linkage data to support research in other areas such as 

dementia, liver disease, Down Syndrome, epilepsy and cancers (UCL Institute of Health 

Informatics). Findings from large-scale longitudinal studies using CALIBER may be 

implemented to improve the quality care, clinical management and disease monitoring. 

Moreover, this data could be harnessed to establish a framework for high-quality 

prognostic research and to improve prognostic research (Hemingway et al., 2018). 

Regarding head and neck cancer research, numerous population-based studies using 

UK and international EHR databases [i.e. the Thames Cancer Registry (TCR), Office for 

National Statistics (ONS), Surveillance, Epidemiology and End Results (SEER) 

database in the United States, the National Cancer Data Base (NCDB) in the United 

States, National Cancer Registry in Taiwan] have been published over the past few 

decades (Cooper et al., 2009, Warnakulasuriya et al., 2011, Mourad et al., 2017). 

However, large studies on head and neck cancers using nationwide linked EHRs are 

awaited. Studies employing this approach would benefit the identification and 

stratification of risk factors for head and neck cancer and potentially malignant disorders 

across a patient’s medical journey. 
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1.7. Knowledge gap and research need 

Although a number of systematic reviews have now provided robust evidence of the 

association between oral lichen planus and an increased risk of oral cancer 

development, there are aspects of this association that remain unclear and require 

further research: 

• Are OLP patients who develop OSCC more at risk of subsequent/metachronous 

multiple OEDs/OSCCs (field cancerization) than individuals with OSCC but no 

history of OLP? Is survival different between these two groups? Should there be 

notable differences, would OLP patients require different monitoring/surveillance 

strategies accordingly? 

• Little is known regarding the prognosis of OLP patients who develop OED. Do 

they have a different risk of progression to malignancy as compared to individuals 

with OED but no pre-existing OLP? And would they need different management 

strategies accordingly? 

Previous studies assessing the prognosis of OLP-related OSCC were characterized by 

small sample size (n<100) and the lack of a control group (non-OLP individuals). Most 

importantly, the analyses performed did not take TNM stage, histopathology and other 

well-established prognostic factors into account. 

The present research is aimed at investigating the association between OLP, OED and 

OSCC using robust methodology and overcoming the weaknesses and inconsistencies 

of previous studies. The cohort we studied represents one of the largest cohort of 

patients reported in papers studying the association between OLP and OED/OSCC (299 

with OED and 285 with OSCC). The present research is also aimed at expanding our 

single-site analysis, so to explore, for the first time, available data from primary care and 

secondary care national databases, interlinked with the UK cancer registry. To address 

these issues, this PhD thesis developed a number of aims and objectives outlined in 

Chapter 2. 
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Chapter 2 Aims and objectives 

 

2.1. Aims: 

The aims of this PhD thesis were: 

1) To investigate the impact of oral lichen planus (OLP) in determining the prognosis 

and long-term behaviour of oral epithelial dysplasia (OED), in terms of the risk 

and cumulative number of new dysplastic lesions, the risk and cumulative number 

of OSCC episodes after the first diagnosis of OED and survival outcomes. 

2) To examine the association between OLP and the prognosis of OED before and 

after taking into account traditional risk factors and potential confounding factors 

including conventional clinical and pathological factors. 

3) To investigate the role of OLP in determining the prognosis and long-term 

behaviour of oral squamous cell carcinoma (OSCC) with regards to the risk and 

cumulative number of additional new primary high-risk OED (moderate and 

severe OED), the risk and cumulative number of subsequent OSCCs after the 

first detection of OSCC and survival outcomes. 

4) To examine the association between OLP and the prognosis of OSCC before 

and after taking into consideration traditional risk factors and histopathological 

potential confounding factors. 

5) To develop a valid phenotype algorithm to identify patients with HNSCC using a 

platform of national linked electronic health records (CALIBER© resource). 

This thesis aimed to provide a better understanding of the role of pre-existing OLP in 

determining the prognosis of OED and OSCC. Although previous studies have shown 

that the progression of OED to oral cancer might not be influenced by pre-existing OLP, 

other important aspects such as multiple subsequent episodes of OED/OSCC and 

survival remain largely unknown. A retrospective cohort study using single-site data 

reported in Chapter 3 aimed to investigate the impact of oral lichen planus (OLP) in 
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determining the prognosis and long-term behaviour of oral epithelial dysplasia (OED) 

with taking risk factors and other potential confounding factors into consideration (Aim 1 

and 2). With regards to the prognosis of OSCC, a retrospective cohort study of patients 

with OSCC was conducted in Chapter 4 to examine the impact of pre-

existing/concomitant OLP in determining the prognosis and clinical behavior of OSCC 

(Aim 3 and 4).  

In addition, this thesis is also aimed to expand a single-site analysis to use available data 

from national linked electronic health records (EHRs). Although there are a number of 

large studies on head and neck cancers using national database in different countries 

(Cooper et al., 2009, Warnakulasuriya et al., 2011, Mourad et al., 2017), there remains 

a lack of consistent methodology used to curate data and reliably identify patients with a 

disease of interest using EHRs. Therefore, this thesis is aimed to used national linked 

electronic health records (EHRs) to pioneer the methodology (Chapter 5) and complete 

the groundwork needed (Chapter 6) to reliably identify patients with HNSCC using 

national linked EHRs by developing a HNSCC phenotype algorithm (Aim 5), which could 

be used for future research to characterise the association between OLP, other oral 

mucosal diseases and the development of HNSCC using national linked EHRs 

(CALIBER© resource) as well as the prognosis of HNSCC in association with chronic 

oral mucosal diseases. 
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Chapter 3 Prognosis of oral epithelial dysplasia in individuals 

with and without oral lichen planus 

 

3.1. Chapter overview 

Oral lichen planus (OLP) is a T-cell mediated chronic inflammatory disease affecting 

approximately 1% of the population  (Gonzalez-Moles et al., 2008, Alsubhi et al., 2020). 

The clinical manifestations of OLP include multiple and multifocal asymptomatic keratotic 

striation and painful erosive/ulcerative lesions of the oral mucosa, which are long-

standing and tend to fluctuate in severity over time (Carrozzo et al., 2019). Oral lichen 

planus is classified among the potentially malignant disorders of the oral mucosa as it is 

associated with an increased risk of oral cancer development with respect to the general 

population (Holmstrup et al., 1988, El-Naggar et al., 2017). Four recent systematic 

reviews/meta-analyses have indicated that up to 1-2% of individuals with long-standing 

OLP can develop oral squamous cell carcinoma (OSCC), with minor variations in 

prevalence related to oral lichenoid disease sub-classification (e.g., oral lichen planus vs 

oral lichenoid lesions, where available) (Fitzpatrick et al., 2014a, Aghbari et al., 2017, 

Giuliani et al., 2019, González-Moles et al., 2019). It has also been suggested that OSCC 

associated with OLP may have a worse prognosis than OSCC arising in individuals with 

no underlying OLP. A number of small preliminary studies have suggested that 

individuals with OLP-associated OSCC seem to show a notable higher tendency to 

develop multiple metachronous new primary OSCCs and new oral mucosal dysplastic 

lesions, as well as lymph node metastases, as compared to individuals with OSCC and 

no underlying OLP (Lo Muzio et al., 1998, Hietanen et al., 1999, Mignogna et al., 2001b, 

Mignogna et al., 2002, Mignogna et al., 2006, Mignogna et al., 2007, Muñoz et al., 2007). 

It has been suggested that the chronic stromal inflammation of OLP might provide a 

cytokine-based microenvironment that can influence cell survival, growth, proliferation, 

differentiation and movement, hence contributing to cancer initiation, progression, 
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invasion, metastasis (Mignogna et al., 2004) and explaining the observed worse 

prognosis of OSCC associated with OLP (Mignogna et al., 2007). 

Little is known, however, regarding the prognosis of patients with OLP-associated oral 

epithelial dysplasia (OED), namely those individuals who develop histologically-proven 

OED on the background of OLP but had no previous OSCC, and whether it may differ 

from the prognosis of OED with no underlying OLP. This is a notably relevant clinical 

issue as 10% to 25% of individuals with OLP or lichenoid disorders are suggested to 

develop OED at some point during the course of the disease (De Jong et al., 1984, 

Urbizo-Vélez et al., 1990, Patil et al., 2015, Irani et al., 2016). Therefore, a better 

understanding of their risk of progression to malignancy and overall prognosis is crucial 

in order to provide adequate information to patients and plan appropriate management. 

Current data suggest that, overall, approximately 10% of individuals with OED eventually 

progress to OSCC (Mehanna et al., 2009, Shariff and Zavras, 2015). Interestingly, Rock 

et al. (2018) reported no notable difference in the malignant progression rate of OED 

between individuals with and without OLP. Furthermore, Zhang et al. (2000) reported no 

differences in loss of heterozygosity associated with OED in individuals without and 

without oral lichen planus/lichenoid disorders. Although these studies seem to suggest 

that the progression of OED to malignancy and the underlying molecular abnormalities 

might not be notably affected by pre-existing OLP, little is known about other important 

prognostic endpoints such as the risk of field cancerization with multiple subsequent 

episodes of OED/OSCC and survival. A better understanding of the role of pre-existing 

OLP in determining the prognosis of OED remains therefore an important unmet need, 

with notable impact upon the care of this patients’ group. In the attempt to answer this 

question, we assessed the risk and the cumulative number of multiple metachronous 

new dysplastic lesions, the risk and the cumulative number of OSCC, and mortality rates 

a group of patients with OED managed in a single UK site as per local standard of care.  



 

 98 

3.2. Material and Methods 

3.2.1. Study design and setting 

The present retrospective cohort study used anonymised data collected as part of a 

service evaluation assessing the outcomes of care provided to patients with OSCC and 

OED with and without associated oral lichen planus. The individuals of interest were 

identified from the Head and Neck Cancer Multidisciplinary Team (MDT) meeting 

database and the Oral Medicine clinic database of University College London Hospital 

(UCLH) relevant to the period between November 2007 and February 2019. Data were 

collected retrospectively from outpatient hospital notes. The Health Research Authority 

(HRA) decision tool (Health Research Authority., 2014) was employed. The R&D office 

of University College London Hospital confirmed that this analysis met the criteria for 

service evaluation and did not require HRA or research ethics review. Data collection 

commenced in November 2017 and ended in February 2019. This observational study 

was reported accordingly to the Strengthening the Reporting of Observation Studies in 

Epidemiology (STROBE) guidelines (von Elm et al., 2007). 

 

3.2.2. Study population, data collection and definitions 

Individuals diagnosed with OED were ascertained through the above databases and 

reviewed against the study inclusion and exclusion criteria (Table 3-1). In brief, identified 

individuals who aged 18 years and over with at least one episode of OED between 

November 2007 and February 2019 and no previous history of OSCC were identified. 

Oral epithelial dysplasia was defined and graded as per WHO criteria (El-Naggar et al., 

2017). The first episode of OED (dysplastic event) was defined as the index OED lesion 

and patients were stratified into two groups on the basis of their index OED lesion: low-

risk (mild dysplasia) and high-risk (moderate/severe dysplasia)  (Warnakulasuriya et al., 

2008).  
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Subsequently, we identified within the group of OED individuals who also had a diagnosis 

of OLP. Individuals who were diagnosed with OLP after the index OED lesion were 

excluded. The diagnosis of OLP was clinically and histologically confirmed based upon 

the modified WHO diagnostic criteria (van der Meij and van der Waal, 2003). We also 

excluded individuals with evidence of HPV infection (p16 positive immunohistochemistry) 

in any of the OED or OSCC samples, and those with a history of systemic disorders 

associated with increased the risk of oral cancer (Table 3-1). Individuals with a diagnosis 

of OSCC within 6 months after the index OED lesion were also excluded, due to the 

likelihood of their malignant disease to be synchronous to the OED (Lumerman et al., 

1995, Warnakulasuriya et al., 2011). Figure 3-1 presents a flow chart of the process of 

database patient identification and selection.  

The following information were retrieved from hospital records: gender and age at 

diagnosis of the index OED lesion, tobacco and alcohol usage, the site and severity of 

index OED lesion, the time from the index OED to subsequent new primary OEDs, site 

and grade of further new primary episodes of OED (new dysplastic events), the time to 

OSCC development, site of OSCC after the OED index lesion, TNM staging of OSCC 

according to the 7th edition of the American Joint Committee on Cancer (AJCC) TNM 

staging system (Edge and Compton, 2010), mortality (alive/death), time from diagnosis 

of the index OED to death and cause of death. 

A new primary episode of OED was defined as a new dysplastic event occurring 

subsequent to the previous episode of OED and (i) at the different intra-oral anatomical 

site or (ii) at the same anatomical site as the previous OED but ≥ 6 months after complete 

surgical excision with histologically-confirmed disease-free margins.  
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Table 3-1 Inclusion and exclusion criteria. 

Inclusion criteria 
• ≥ 18 years of age 
• Histologically diagnosis of OED as per WHO criteria (El-Naggar et al., 2017) 
• Clinically and histologically diagnosis of OLP as per the modified WHO diagnostic criteria (van 

der Meij and van der Waal, 2003) (relevant to individuals being diagnosed with both OED and 
OLP) 

Exclusion criteria 
• Diagnosis of OED prior to the diagnosis of OLP (relevant to individuals being diagnosed with 

both OED and OLP) 
• Diagnosis of synchronous OSCC, defined as OSCC being diagnosed ≤6 months from the 

diagnosis of the index OED (relevant to individuals with OED progressing to OSCC) 
• Evidence of HPV infection (p16 positive immunohistochemistry) in OED or OSCC samples at 

any time point.  
• History of one of the following systemic disorders increasing the risk of oral cancer: 

Ataxia Telangectasia (Prime et al., 2001) 
Bloom’s syndrome (Berkower and Biller, 1988) 
Chronic mucocutaneous candidiasis (Rosa et al., 2008) 
Dyskeratosis congenita (Atkinson et al., 2008) 
Fanconi Anaemia (Rosenberg et al., 2008) 
Graft-versus host disease (GVHD) (Ortega et al., 2005), 
HIV-infected patients (D'Souza et al., 2014) 
Li Fraumeni syndrome (Prime et al., 2001) 
Plummer-Vinson Syndrome (Samad et al., 2015) 
Systemic sclerosis (Kuo et al., 2012) 

• Evidence of oral submucous fibrosis  
• Evidence of chronic hyperplastic candidiasis (CHC) 

 

 

Figure 3-1 Flowchart of patient selection. OLP/OED: OED arising on the 
background of OLP; non-OLP/OED: OED without OLP. 
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3.2.3. Study follow-up period 

Patients’ data were collected from the date of first diagnosis of primary OED (the index 

OED) until the date of death of all causes, the last follow-up date or the end of the study 

period (28th February 2019) whichever occurred first.  

 

3.2.4. Outcomes 

The main objective of this retrospective cohort study was to assess a number of 

outcomes relevant to the prognosis of OED in the affected population. The outcomes of 

interest included (i) the development of subsequent new primary OEDs and related time 

to onset (ii) the total number of new primary episodes of OED after the index OED, their 

site and degree (iii) the progression of OSCC, (vi) the total number of OSCCs following 

the index OED (v) mortality related to OSCC and other causes.    

 

3.2.5. Exposure of interest 

The exposure of interest was the presence of OLP. The study population was divided 

into two groups on the basis of the exposure of interest (exposed and non-exposed to 

pre-exiting OLP). 

 

3.2.6. Covariates 

Study covariates obtained at the baseline (a diagnosis of index OED) including age at 

diagnosis of OED, gender, smoking (no/yes) and alcohol consumption (no/yes), the site 

and severity of index OED lesion were considered in the analyses as potential 

confounding factors. Sites of dysplastic lesion as a variable were grouped into cancer-

prone (floor of mouth and tongue) and non-cancer-prone sites (buccal mucosa, gingivae, 
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alveolar mucosa, labial mucosa and palate). The severity of OED was categorised into 

low-risk (mild dysplasia) and high-risk (moderate and severe dysplasia) 

(Warnakulasuriya et al., 2008). 

 

3.2.7. Statistical analysis 

Statistical analyses were performed using STATA 15.1 (Stata Corporation, College 

Station, Texas, USA) and R software version 3.6.2 (Institute for Statistics and 

Mathematics).  Demographics and clinicopathological data were described using mean 

and standard deviation or median and interquartile range (IQR) when data was not 

normally distributed. Baseline characteristics of OED patients with and without OLP were 

compared using chi-squared tests (for categorical variables), Student’s t-test (for 

continuous variables) and Wilcoxon rank-sum test (for non-normally distributed 

continuous variables) as appropriate.  

To investigate the risk of developing new primary OEDs and the risk of progression to 

OSCC after the index OED among OED patients with OLP compared to those without 

OLP, Kaplan-Meier curves by pre-existing OLP were estimated, and statistical 

significance was tested using log-rank tests. Univariate and multivariate Cox proportional 

hazard regression models were constructed. Hazards ratio (HR) and 95%CI for the risk 

of having additional new primary OEDs and the risk of OSCC progression after the index 

OED were calculated. The proportional hazards assumption was verified by using 

Schoenfeld residuals (Schoenfeld, 1982). If the proportional hazard assumption is 

violated for an exposure of interest (OLP) or any of the covariates of the models, this 

indicates that the hazard ratio associated with that variable is not constant over time. 

Therefore, we planned to stratify data into periods in which the hazard ratio remains 

constant (where the proportional hazard assumption holds) and fit separate Cox models 

for the stratified periods (Bellera et al., 2010, Koletsi and Pandis, 2017). 
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The number of new primary high-risk OEDs and new primary OSCCs after the index 

OSCC were count variables. To select the most appropriate model for count data, 

predicted probabilities were generated using ‘prcounts’ command in Stata (Long and 

Freese, 2001). Supplementary Figure S 3-1 shows the differences between the predicted 

and observed probabilities for each count for both outcomes. Univariate and multivariate 

Negative binomial and Poisson regression models were conducted to investigate the 

relationship between OLP and the total number of additional new primary OEDs and the 

number of new primary OSCCs, respectively. To account for differences in observation 

periods for each individual, the models were adjusted using the “exposure” option within 

STATA (Long and Freese, 2014). Incidence rate ratios and 95%CI were calculated.  

To evaluate the effect of OLP on cause-specific mortality, competing risk analyses were 

carried out to appropriately account for a competing risk (death due to other causes) as 

recommended by Läärä et al. (2017). Patients who died during the follow-up period were 

grouped according to causes of death – OSCC and all other causes (competing risks). 

Since Kaplan-Meier curves are not valid when the competing risks present, cumulative 

incidence function curves were therefore estimated for each cause of death. Univariate 

Cox proportional hazards regression on the cause-specific hazards of death from OSCC 

and from all other causes were fitted and cause-specific hazard ratios and 95%CI were 

calculated.  

All multivariate models were adjusted using a stepwise approach with a view to control 

for the following potential confounding factors: age at diagnosis, gender, smoking and 

alcohol consumption, sites and degree of index OED. Multiple imputation was planned 

to use to handle missing values for smoking and alcohol consumption and 40 imputed 

data sets were generated (m=40) for variables with missing values. All statistical tests 

were two tailed and P-value ≤ 0.05 was considered as statistically significant.  

 

 



 

 104 

Sensitivity analyses  

Sensitivity analyses were further performed to examine whether the associations were 

influenced by the oral epithelial dysplasia (OED) classification systems (2 categories VS 

3 categories). The three-tier grading system (mild, moderate and severe) (El-Naggar et 

al., 2017) was deployed to stratify the grades of dysplasia in all sensitivity analyses. The 

results of sensitivity analysis were then compared to the results of the primary analysis 

(main analysis) using the binary system of grading OED (low-risk and high-risk).  

 

3.3. Results 

3.3.1. Patient characteristics 

This study cohort included a total of 299 patients, of which 144 (48.16%) were patients 

with OED arising on a background of OLP (OLP/OED) and 155 (51.84%) had OED 

without underlying OLP (non-OLP/OED). There was significant difference in gender 

distribution between OLP/OED and non-OLP/OED patients (p<0.001), with percentage 

of females in OLP/OED and non-OLP/OED groups were 65.97% and 45.16%, 

respectively. Patients in the OLP/OED group were significantly older than those in the 

non-OLP/OED group (mean age 63.49 vs 59.72, p=0.02). Moreover, smoking and 

alcohol consumption was significantly less predominant among OLP/OED individuals 

compared to those with OED alone (18.75% vs 45.81%, p<0.001 and 34.72% vs 47.74%, 

p=0.04 respectively). For sites of index OED, OED of non-cancer-prone oral mucosal 

sites were significantly more common among patients with OLP/OED (63.19% vs 

50.32%, p=0.03). With regards to the grade of epithelial dysplasia, no statistically 

significant difference (p=0.46) was found between OLP/OED and non-OLP/OED groups. 

Baseline demographic and clinicopathological characteristics are demonstrated in Table 

3-2. The median length of follow-up for all the patients was 3.93 years (range, 1.84-6.62). 

Regarding the time from the index OED to subsequent new primary OED, no significant 



 

 105 

difference was observed between OLP/OED and non-OLP/OED groups (1.46 vs 2.96 

years respectively, p=0.84). Similarly, the time of progression to OSCC from the index 

OED was not significantly different between the two groups (3.21 years in the OLP/OED 

groups vs 2.23 years in the non-OLP/OED group, p=0.044) (Table 3-2).  

 

Table 3-2 Baseline characteristics of OLP/OED and Non-OLP/OED patients (n=299 
patients). 

Characteristics OLP/OED group 
(n=144) 

Non-OLP/OED group 
(n=155) P-value 

Gender (%)    
Male 49 (34.03%) 85 (54.84%) <0.001*** 
Female 95 (65.97%) 70 (45.16%)  

Age    
Mean (±SD) 63.49 (13.59) 59.72 (13.53) 0.02* 
Range 32.35-98.66 26.93-90.15  

Smoking status     
Non-smoker 96 (66.67%) 66 (42.58%) <0.001*** 
Smoker 27 (18.75%) 71 (45.81%)  
Missing 21 (14.58%) 18 (11.61%)  

Alcohol consumption    
Non-drinker 69 (47.92%) 53 (34.19%) 0.04* 
Drinker 50 (34.72%) 74 (47.74%)  
Missing 25 (17.36%) 28 (18.06%)  

Sites of index OED     
Non-cancer prone sites 91 (63.19%) 78 (50.32%) 0.03* 

Buccal mucosa 48 (33.33%) 31 (20.00%)  
Gingiva/alveolar mucosa 32 (22.22%) 24 (15.48%)  
Othersa 11 (7.64%) 23 (14.84%)  

Cancer prone sites 53 (36.81%) 77 (49.68%)  
Tongue 48 (33.33%) 56 (36.13%)  
Floor of mouth  5 (3.47%) 21 (13.55%)  

Degree of index OED    
Low-risk OED    

Mild dysplasia 89 (61.81%) 91 (58.71%) 0.46 
High-risk OED    

Moderate dysplasia 34 (23.61%) 33 (21.29%)  
Severe dysplasia 21 (14.58%) 31 (20.00%)  

Length of total follow-up    
Median years of follow-up (IQR) 4.54 (1.97-6.87) 3.77 (1.61-5.95) 0.08 
Time to subsequent new primary OED (n=62) 
Median (range) 1.46 (0.51-2.40) 2.96 (0.79-4.74) 0.84 
Time to progression of OSCC (n=42) 
Median (range) 3.21 (1.20-5.81) 2.23 (0.71-5.04) 0.44 

a = Labial mucosa and palate, P-value: ***p<0.001; **p<0.01, *p<0.05 
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3.3.2. The risk of developing further new primary OED episodes following the 

index OED 

A total of 62 out of 299 patients (20.74%) experienced at least one additional new primary 

OED event after the index OED; 27 (27/155, 17.42%) in the non-OLP/OED group and 

35 patients (35/144, 24.31%) in the OLP/OED group (Figure 3-2). However, the 

distribution of patients who developed subsequent new primary OED and those who did 

not experience further new primary OEDs was not statistically significantly associated 

with the presence of OLP (p=0.14).  

The results from bivariate analysis investigating the relationship between patient 

baseline characteristics (n=299 patients) and the development of new primary OED 

lesions subsequent to the initial diagnosis of OED are shown in Table 3-3. OLP status, 

gender, age at diagnosis and traditional risk factors were not associated with the 

development of further episodes of dysplastic lesions following the first detection of the 

index OED. However, anatomical sites and severity of the index OED were statistically 

significantly associated with the development of subsequent new primary dysplasia 

events (p=0.04 and p<0.001 respectively). Patients with the first OED affecting cancer-

prone areas (34/62 patients, 26.15%) were more likely to develop further new primary 

OED event after the first diagnosis of OED compared to those index OED lesions of non-

cancer-prone sites (28/62 patients, 16.57%). Severe dysplasia was statistically 

significantly associated with the development of subsequent new primary OED after the 

index OED (p<0.001). 

 



 

 107 

 

Figure 3-2 The distribution of patients who developed and did not develop 
subsequent new primary OED following the index OED in each group. 

 

Table 3-3 Associations between baseline characteristics and the development of 
subsequent new primary OED episodes (n=299 patients). 

Characteristics Developed  
new primary OED 

(n=62 patients) 

Did not develop  
new primary OED  
(n=237 patients) 

P-value  
 

OLP status     
OLP 35 (24.31%) 109 (75.69%) 0.14 
Non-OLP 27 (17.42%) 128 (82.58%)  

Gender    
Male 38 (23.03%) 127 (76.97%) 0.28 
Female 24 (17.91%) 110 (82.09%)  

Age at diagnosis, mean (SD) 62.12 (16.10) 61.38 (12.99) 0.70 
Smoking status     

Non-smoker 36 (22.22%) 126 (77.78%) 0.38 
Smoker 16 (16.33%) 82 (83.67%)  
Unknown  10 (25.64%) 29 (74.36%)  

Alcohol consumption    
Non-drinker 26 (21.31%) 96 (78.69%) 0.42 
Drinker 22 (17.74%) 102 (82.26%)  
Unknown 14 (26.42%) 39 (73.58%)  

Sites of index OED  
Non cancer-prone site  28 (16.57%) 141 (83.43%) 0.04 
Cancer-prone sites  34 (26.15%) 96 (73.85%)  

Degree of index OED  
Mild dysplasia 19 (10.56%) 161 (89.44%) <0.001*** 
Moderate dysplasia 18 (26.87%) 49 (73.13%)  
Severe dysplasia 25 (48.08%) 27 (51.92%)  

Abbreviations: OLP, Oral lichen planus; OED, Oral epithelial dysplasia. 
*P-value: ***p<0.001; **p<0.01, *p<0.05 
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3.3.2.1. The association between OLP and risk of developing multiple new 

primary OED episodes following the index OED 

The effect of OLP on the occurrence of new primary OED after the index OED during the 

observation period was then investigated using Kaplan-Meier method and Cox 

proportional hazards models. The incidence rates of developing new primary OED 

episodes after the index OED were 5.75 and 4.38 per 100 person-years for OED 

associated with OLP and OED individuals, respectively. Kaplan Meier curves showed no 

significant difference in the probability of developing additional primary OEDs after the 

index OED between OED patients with and without a background of OLP (p=0.22) 

(Figure 3-3).  

 

Figure 3-3 Kaplan-Meier curves estimating the probability of developing 
subsequent primary OED after the index OED. 
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With respect to the Cox regression models, the proportional hazard assumption was 

checked and it was not satisfied for OLP indicating that the effect of OLP on the 

occurrence of subsequent new primary OED was not constant over time. The Kaplan-

Meier curves above show a visual separation up to approximately 3 years and begin to 

converge afterwards. Therefore, we carried out separate univariate and multivariate Cox 

regression analyses for the period before and after 3 years after the index OED where 

the proportional hazard assumption was satisfied for the period before and after 3 years. 

Additionally, the 3-year cut-off point was further confirmed by fitting the Cox regression 

model with time-varying covariate to visualise how the HR associated with OLP changed 

over the study period (Supplementary material Table S 3-2).  

In univariate analysis, OLP was found to be significantly associated with a higher risk of 

developing additional new primary OEDs within 3 years following the diagnosis of the 

index OED (HR=2.20, 95%CI 1.16-4.18, p=0.02). However, no significant association 

between OLP and the development of subsequent new primary OED was observed after 

3-year follow-up period (HR=0.52, 95%CI 0.21-1.32, p=0.17). 

After controlling for age, gender, smoking and alcohol usage, site and grade of the index 

OED in multivariate analysis, the presence of OLP remained significantly associated with 

a 2.02-fold increased risk of developing subsequent primary OED events (HR=2.02, 

95%CI 1.02-3.98, p=0.04) during the first 3 years from the index OED diagnosis. 

Nonetheless the association became non-significant afterwards (HR=0.45, 95%CI 0.16-

1.23, p=0.12) (Table 3-4).  

Of note, the degree of the index OED (high-risk vs low-risk OED) was found to be a 

significant predictor of the development of additional new primary OED events after 

adjusting for other potential confounding factors in both univariate (HR=4.04, 95%CI 

2.07-7.98, p<0.001 in the first 3 years; HR=3.11, 95%CI 1.24-7.81, p=0.02 afterwards) 

and multivariate analysis (HR=4.05, 95%CI 1.98-8.25, p<0.001 within the first 3 years; 

HR=3.77, 95%CI 1.44-9.88, p=0.007 afterwards).
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Table 3-4 Univariate and multivariable analyses of risk factors for the development of multiple OED lesions by Cox 
proportional hazard regression model (n=299 patients). 

Parameters 

Length of follow-up after the index OED 
Up to 3 years (n=299) After 3 years (n=152) 

Univariate analysis Multivariable analysis* Univariate analysis Multivariable analysis* 
Unadjusted HR 

(95% CI) 
p value Adjusted HR 

(95% CI) 
p value unadjusted HR 

(95% CI) 
p value Adjusted HR 

(95% CI) 
p value 

OLP status 
Non-OLP 
OLP 

 
1 

2.20 (1.16-4.18) 

 
 

0.02 

 
1 

2.02 (1.02-3.98) 

 
 

0.043 

 
1 

0.52 (0.21-1.32) 

 
 

0.17 

 
1 

0.45 (0.16-1.23) 

 
 

0.12 
Age, mean (SD) 1.03 (1.00-1.05) 0.05 1.01 (0.99-1.04) 0.27 0.98 (0.94-1.01) 0.24 2.31 (0.86-6.21) 0.09 
Gender 

Male 
Female 

 
1 

1.38 (0.74-2.57) 

 
 

0.32 

 
1 

1.24 (0.65-2.38) 

 
 

0.52 

 
1 

1.47 (0.60-3.61) 

 
 

0.40 

 
1 

0.98 (0.94-1.01) 

 
 

0.16 
Smoking status 

No 
Yes 
Unknown 

 
1 

0.52 (0.24-1.13) 

 
 

0.10 

 
1 

0.77 (0.34-1.75) 

 
 

0.53 

 
1 

1.40 (0.55-3.53) 

 
 

0.48 

 
1 

1.34 (0.48-3.71) 

 
 

0.58 

Alcohol intake 
No 
Yes 
Unknown 

 
1 

0.88 (0.45-1.71) 

 
 

0.71 

 
1 

1.02 (0.51-2.03) 

 
 

0.96 

 
1 

0.87 (0.31-2.41) 

 
 

0.79 

 
1 

0.92 (0.31-2.68) 

 
 

0.88 

Site of index OED a 
Non cancer-prone 
Cancer-prone 

 
1 

1.38 (0.75-2.53) 

 
 

0.30 

 
1 

0.95 (0.50-1.81) 

 
 

0.87 

 
1 

1.46 (0.59-3.61) 

 
 

0.41 

 
1 

0.90 (0.33-2.42) 

 
 

0.83 
Degree of index OED 

Low-risk OED 
High-risk OED 

 
1 

4.04 (2.07-7.89) 

 
 

<0.001 

 
1 

4.05 (1.98-8.25) 

 
 

<0.001 

 
1 

3.11 (1.24-7.81) 

 
 

0.02 

 
1 

3.77 (1.44-9.88) 

 
 

0.007 
Abbreviations: OED, oral epithelial dysplasia; OLP, oral lichen planus. 
*Adjusted for age, smoking and alcohol consumption, site and degree of primary OED 
*P-value: ***p<0.001; **p<0.01, *p<0.05 
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3.3.3. The number of subsequent episodes of OED following the index OED 

3.3.3.1. Number of subsequent new primary OEDs following the index OED 

Study patients developed a total of 117 subsequent new primary OED episodes. Forty-

seven new primary OED episodes were noted in 27 non-OLP/OED patients and seventy 

new primary OED episodes were identified among 35 OLP/OED individuals. Of the 27 

non-OLP/OED patients, 15 (9.68%), 5 (3.23%), 6 (3.87%) and 1 (0.65%) patients 

developed 1, 2, 3 and 4 new primary OED events after the index OED lesion, 

respectively. In the group of 35 OLP/OED individuals, 19 (13.19%), 4 (2.78%), 9 (6.25%), 

1 (0.69%), 1 (0.69%) and 1 (0.69%) patients had 1, 2, 3, 4, 5 and 7 subsequent primary 

OED events after the index OED, respectively. The distribution of patients who 

developed at least one subsequent new primary OED following the index OED in both 

non-OLP/OED and OLP/OED groups is demonstrated in Figure 3-4. 

 

Figure 3-4 The distribution of patients who developed additional new primary OED 
episodes following the index OED in each group. 
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3.3.3.2. Characteristic of additional new primary OED episodes after the 

index OED 

Degree of subsequent new primary OED episodes  

More than 60% of additional new primary OED lesions following the index OED in both 

groups were moderate and severe dysplasia (36/47 lesions in non-OLP/OED and 48/70 

lesions in OLP/OED). Of the 47 subsequent new primary OED lesions observed among 

27 patients with OED but no underlying OLP, 11 (23.40%), 18 (38.30%) and 18 (38.30%) 

was mild, moderate and severe epithelial dysplasia respectively. There was an 

approximately equal distribution (~30%) of mild, moderate and severe epithelial 

dysplasia in the OLP/OED group. However, Chi-square test revealed no significant 

differences in the distribution of severity of subsequent OED between OED patients with 

and without a background of OLP (p=0.34) (Figure 3-5). 

 

Figure 3-5 Severity of subsequent new primary OED episodes after the index OED 
in each group. 
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Anatomical sites of subsequent new primary OED episodes  

Considering the anatomical sites of subsequent new primary OED lesions, non-cancer-

prone sites were more frequently affected in the OLP/OED group (43/70, 61.43%) than 

in those without OLP (14/47, 29.79%). Chi-square test revealed that OLP was associated 

with sites of additional new primary OED episodes (p<0.001). The distribution of 

anatomical sites of subsequent new primary OED episodes is illustrated in Figure 3-6.  

 

Figure 3-6 The distribution of anatomical sites of additional new primary OED 
episodes after the index OED. 
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3.3.3.3. The effect of OLP on the number of further new primary OEDs after 

the index OED 

The relationship between OLP and the number of new primary OED episodes after the 

initial diagnosis of OED was evaluated using negative binomial regression models and 

the results are shown in Table 3-5. In univariate analysis, the presence of OLP was 

associated with no significant difference in the number of subsequent primary OED 

events following the index OED lesion (IRR=1.38, 95%CI 0.95-1.97, p=0.09). The 

association remained not significant after adjusting for age, sex, smoking and alcohol 

consumption, sites and the degree of OED in the multivariate model (IRR=1.48, 95%CI 

0.83-2.66, p=0.19) (Table 3-5). 

Of note, the degree of the index OED (high-risk vs low-risk OED) was a statistically 

significant independent predictor for having a high number of subsequent multiple OED 

lesions in both univariate (IRR=2.76, 95%CI 1.85-4.09, p<0.001) and multivariate 

analysis (IRR=3.14, 95%CI 1.73.5.70, p<0.001). Age was significantly associated with a 

higher number of new primary OED events (IRR=1.02, 95%CI 1.00-1.04, p=0.001) in the 

univariate analysis, but became not significant in the multivariate model (IRR=1.01, 

95%CI 0.99-1.03, p=0.24).   
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Table 3-5 Univariate and multivariate analyses of OLP and other factors affecting 
the number of subsequent primary OED episodes after the index OED (n=299 
patients). 

Parameters 
Univariate analysis Multivariate analysis* 

Unadjusted IRR  
(95% CI) 

p value Adjusted IRR 
(95% CI) 

p value 

OLP status 
Non-OLP 
OLP 

 
1 

1.38 (0.95-1.97) 

 
 

0.09 

 
1 

1.48 (0.83-2.66) 

 
 

0.19 
Age, mean (SD) 1.02 (1.01-1.04) 0.001*** 1.01 (0.99-1.03) 0.24 
Gender 

Male 
Female 

 
1 

1.26 (0.88-1.82) 

 
 

0.21 

 
1 

1.33 (0.76-2.34) 

 
 

0.32 
Smoking status 

No 
Yes 

 
1 

0.70 (0.43-1.13) 

 
 

0.14 

 
1 

1.04 (0.51-2.12) 

 
 

0.92 
Alcohol consumption 

No 
Yes 

 
1 

0.87 (0.55-1.38) 

 
 

0.56 

 
1 

0.92 (0.50-1.68) 

 
 

0.78 
Site of index OED  

Non-cancer-prone sites 
Cancer-prone sites 

 
1 

1.12 (0.77-1.61) 

 
 

0.54 

 
1 

1.15 (0.63-2.09) 

 
 

0.66 
Degree of index OED 

Low-risk OED 
High-risk OED 

 
1 

2.76 (1.85-4.09) 

 
 

<0.001*** 

 
1 

3.14 (1.73-5.70) 

 
 

<0.001*** 
Abbreviations: OED, oral epithelial dysplasia; OLP, oral lichen planus. 
*Adjusted for age, smoking and alcohol consumption, site and degree of primary OED 
P-value: ***p<0.001; **p<0.01, *p<0.05 
 
 

 

 

 

 

 

 

 

 

 



 

 116 

3.3.4. The risk of progression to oral squamous cell carcinoma (OSCC) after the 

index OED 

A total of 42 out of 299 patients (14.05%) progressed to OSCC after the primary 

diagnosis of OED, of whom 19 (13.19%) and 23 (14.84%) were OLP/OED and non-

OLP/OED patients respectively (p=0.68). Figure 3-7 demonstrated the distribution of 

patients who subsequently developed OSCC after the first diagnosis of OED in each 

group. 

 

Figure 3-7 The distribution of patients who progressed and did not progress to 
OSCC after the index OED in both groups. 

 

The results from bivariate analysis investigating the relationship between patient 

baseline characteristics (n=299 patients) and the development of OSCC episodes after 

the initial diagnosis of OED are shown in Table 3-6. OLP status, demographic data, 

smoking and alcohol consumption were not significantly different between those who 
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developed and did not develop new primary OSCC. Sites of index OED (p=0.001) and 

the severity of dysplasia (p<0.001) were two significant factors associated with the 

development of new primary OSCCs subsequent to the index OED lesion.  

Table 3-6 The associations between baseline characteristics and the development 
of new primary OSCC (n=299 patients). 

Characteristics Developed OSCC 
(n=42) 

Did not develop OSCC 
(n=257) 

P-value 

OLP status     
OLP 19 (13.19%) 125 (86.81%) 0.80 
Non-OLP 23 (14.84%) 132 (85.16%)  

Gender    
Male 22 (52.38%) 112 (43.58%) 0.38 
Female 20 (47.62%) 145 (56.42%)  

Age, mean (SD) 63.44 (15.94) 61.22 (13.27) 0.33 
Smoking status     

Non-smoker 17 (40.48%) 145 (56.42%) 0.73 
Smoker 9 (21.43%) 89 (34.63%)  
Missing  16 (38.10%) 23 (8.95%)  

Alcohol consumption    
Non-drinker 11 (26.19%) 111 (43.19%) 0.56 
Drinker 14 (33.33%) 110 (42.80%)  
Missing 17 (40.48%) 36 (14.01%)  

Site of index OED  
Non-cancer-prone sites  13 (30.95%) 156 (60.70%) <0.001*** 
Cancer-prone sites  29 (69.05%) 101 (39.30%)  

Degree of index OED 
Mild dysplasia 9 (21.43%) 171 (66.54%) <0.001*** 
Moderate dysplasia 15 (35.71%) 52 (20.23%)  
Severe dysplasia 18 (42.86%) 34 (13.23%)  

Abbreviations: OLP, Oral lichen planus; OED, Oral epithelial dysplasia. 
*P-value: ***p<0.001; **p<0.01, *p<0.05 
 

 

3.3.4.1. The association between OLP and the risk of progression to OSCC 

after the index OED  

The effect of OLP on the risk of developing additional episodes of new primary OSCCs 

following the first diagnosis of OED was assessed using Kaplan-Meier method and Cox 

proportional hazards model. The incidence rates of developing new primary OSCCs 

following the first diagnosis of OED were 2.77 and 3.72 per 100 person-years for 

individuals with OED with and without OLP and respectively. Kaplan-Meier curves 

exhibited no significant differences in the probability of developing new primary OSCC 
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after the index OED between OED individuals with and without OLP (p=0.39) (Figure 

3-8). 

 

Figure 3-8 Kaplan-Meier curves estimating the probability of developing OSCC 
after the index OED according to the presence or absence of OLP. The p-value was 
estimated by log-rank test. 

With respect to the Cox hazard regression models, the univariate analysis demonstrated 

that OLP was not significantly associated with an increased risk of developing OSCC 

(HR=0.76, 95%CI 0.42-1.41, p=0.39). After adjusting for potential confounding factors in 

the multivariate model, there remained no significant association between OLP and 

progression to oral cancer after the index OED (HR=0.84, 95%CI 0.42-1.66, p=0.61) 

(Table 3-7). Of note, the degree of index OED (high-risk vs low-risk OED) was found to 

be a significant predictor of progression to OSCC in both the univariate (HR=5.11, 95%CI 

2.44-10.71, p<0.001) and multivariate models (HR=4.18, 95%CI 1.91-9.12, p<0.001). 

The site of index OED (cancer-prone vs other sites) was associated with higher risk of 

progression to OSCC in the univariate analysis (HR=2.52, 95%CI 1.31-4.88, p=0.006) 

but became not significant in the multivariate model (HR=1.63, 95%CI 0.81-3.30, 
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p=0.17).  Table 3-7 shows the results of Cox proportional hazard regression evaluating 

the hazard ration of developing new primary OSCCs after the index OED.  

Table 3-7 Univariate and multivariate analyses of OLP and other factors 
influencing the development of OSCC in patients with OED by Cox proportional 
hazard regression model (n=299 patients). 

Parameters 
Univariate analysis Multivariate analysis* 

Unadjusted HR 
(95% CI) 

p value Adjusted HR 
(95% CI) 

p value 

OLP status 
Non-OLP 
OLP 

 
1 

0.76 (0.42-1.41) 

 
 

0.39 

 
1 

0.84 (0.42-1.66) 

 
 

0.61 
Age, mean (SD) 1.02 (0.99-1.05) 0.07 1.02 (0.99-1.04) 0.14 
Gender 

Male 
Female 

 
1 

0.88 (0.48-1.64) 

 
 

0.70 

 
1 

0.99 (0.50-1.94) 

 
 

0.97 
Smoking status 

No 
Yes 

 
1 

0.96 (0.44-2.10) 

 
 

0.92 

 
1 

1.21 (0.51-2.87) 

 
 

0.66 
Alcohol consumption 

No 
Yes 

 
1 

1.24 (0.57-2.72) 

 
 

0.58 

 
1 

1.10 (0.51-2.40) 

 
 

0.80 
Site of index OED  

Non-cancer-prone sites 
Cancer-prone sites 

 
1 

2.52 (1.31-4.88) 

 
 

0.006** 

 
1 

1.63 (0.81-3.30) 

 
 

0.17 
Degree of index OED 

Low-risk OED 
High-risk OED 

 
1 

5.11 (2.44-10.71) 

 
 

<0.001*** 

 
1 

4.18 (1.91-9.12) 

 
 

<0.001*** 
Abbreviations: OED, oral epithelial dysplasia; OLP, oral lichen planus. 
*Adjusted for age, smoking and alcohol consumption, site of primary OED and degree of primary OED 
*P-value: ***p<0.001; **p<0.01, *p<0.05 
 

 

3.3.5. The number of new primary OSCCs after the index OED 

3.3.5.1. Number of new primary OSCC episodes after the index OED 

A total of 49 new primary OSCC episodes were identified following the index OED in the 

study cohort. Of these, 23 and 26 new primary OSCCs were observed in 23 patients with 

OED but no underlying OLP and 19 patients with OED associated with OLP respectively. 

The distribution of number of subsequent new primary OSCCs after the index OED in 

each group is demonstrated in Figure 3-9. In the non-OLP/OED group, 132 patients 

(85.16%) did not progress to OSCC whilst 23 patients (14.84%) developed only one new 

primary OSCC during their follow-up period. With regards to 144 OED individuals with a 

background of OLP, 125 (86.61%) patients did not develop new primary OSCC event. 
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There were 12 (8.33%) and 7 (4.86%) developed 1 and 2 new primary OSCC events 

after their index OED, respectively. 

 

 

Figure 3-9 The distribution of patients who developed new primary OSCCs 
following the index OED in each group. 

 

3.3.5.2. Characteristics of new primary OSCC episodes after the index OED 

Anatomical sites of new primary OSCC episodes after the index OED 

The distribution pattern of sites of new primary OSCCs after the index OED in 

OLP/OSCC and non-OLP/OSCC groups was similar; approximately 70% of new primary 

OSCC episodes affected cancer-prone sites in both groups as demonstrated in Figure 

3-10. Sixteen out of 26 (61.54%) and 16 out of 23 (69.57%) new primary OSCC events 

occurred at cancer-prone sites in OLP/OED and non-OLP/OED individuals respectively. 

Chi-square test showed the distribution of anatomical sites of new primary OSCC events 
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was not statistically significantly different between the two groups (p=0.56). The 

remaining new primary OSCC events in each group affected non-cancer-prone sites 

(buccal mucosa, gingivae, labial mucosa and palate): 10 out of 26 (38.46%) in OLP/OED 

patients and 7 out of 23 (30.43%) in non-OLP/OED patients. 

 

Figure 3-10 The distribution of anatomical sites affected by new primary OSCCs 
after the index OED in each group. 

 

Tumour staging of new primary OSCC episodes after the index OED 

Among the 26 primary OSCC events recorded in OLP/OED individuals, 19 (73.08%) 

were early stages (TNM stages I and II) and the other 7 (26.92%) OSCC tumours were 

advanced stage (TNM stage III and IV). Twenty-two of the 23 OSCCs (95.65%) in non-

OLP/OED individuals were early stage (TNM stages I and II). However, there was no 

significant difference in the stages of new primary OSCCs between the two groups (Chi-

square test, p=0.05). Figure 3-11 demonstrates the distribution of tumour stages of new 

primary OSCC tumours following the index OED in each group. 
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Figure 3-11 Stages of new primary OSCC tumours after the index OED in each 
group. 

 

3.3.5.3. The impact of OLP on the number of additional new primary OSCC 

events following the index OED 

The relationship between OLP and the number of new primary OED episodes after the 

initial diagnosis of OED was evaluated using Poisson regression models and the results 

are shown in Table 3-8. Based on univariate analysis, the total number of primary 

OSCCs developed after the index OED in OLP/OED patients were not significantly 

different with respect to non-OLP/OED individuals (IRR=1.05, 95%CI 0.59-1.83, p=0.87). 

The association remained not significant after controlling for potential confounding 

factors in the multivariate analysis (IRR=1.05, 95%CI 0.55-1.99, p=0.89). 

Of note, age at diagnosis of the index OED (IRR=1.03, 95%CI 1.01-1.05, p=0.003), site 

(IRR=1.98, 95%CI 1.09-3.60, p=0.03) and grade of the index OED (IRR=4.59, 95%CI 
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2.29-9.19, p<0.001) were significant predictors of the number of primary OSCCs in the 

univariate analysis. However, only age at OED diagnosis (IRR=1.03, 95%CI 1.01-1.05, 

p=0.02) and the degree of index OED (IRR=3.67, 95%CI 1.75-7.73, p=0.001) were found 

to be significantly positively associated with a higher number of subsequent new primary 

OSCCs in the multivariate model.  

Table 3-8 Univariate and multivariate analyses of OLP and other factors affecting 
the number of new primary OSCCs after the index OED lesion (n=299 patients). 

Parameters 
Univariate analysis Multivariate analysis* 

Unadjusted IRR 
(95% CI) 

p value Adjusted IRR 
(95% CI) 

p value 

OLP status 
Non-OLP 
OLP 

 
1 

1.05 (0.59-1.83) 

 
 

0.87 

 
1 

1.05 (0.55-1.99) 

 
 

0.89 
Age, mean (SD) 1.03 (1.01-1.05) 0.003** 1.03 (1.01-1.05) 0.02* 
Gender 

Male 
Female 

 
1 

0.70 (0.40-1.25) 

 
 

0.23 

 
1 

0.80 (0.43-1.48) 

 
 

0.47 
Smoking status 

No 
Yes 

 
1 

0.81 (0.39 -1.66) 

 
 

0.57 

 
1 

1.18 (0.53-2.61) 

 
 

0.68 
Alcohol consumption 

No 
Yes 

 
1 

1.16 (0.58-2.36) 

 
 

0.67 

 
1 

0.96 (0.46-1.98) 

 
 

0.91 
Site of index OED  

Non-cancer-prone sites 
Cancer-prone sites 

 
1 

1.98 (1.09-3.60) 

 
 

0.03* 

 
1 

1.38 (0.72-2.63) 

 
 

0.33 
Degree of index OED 

Low-risk OED 
High-risk OED 

 
1 

4.59 (2.29-9.19) 

 
 

<0.001*** 

 
1 

3.67 (1.75-7.73) 

 
 

0.001*** 
Abbreviations: OED, oral epithelial dysplasia; OLP, oral lichen planus. 
*Adjusted for age, smoking and alcohol consumption, site of primary OED and degree of primary OED 
*P-value: ***p<0.001; **p<0.01, *p<0.05 
 

 

3.3.6. Mortality related to OSCC and other causes 

Twenty-seven out of 299 studied patients (9.03%) died by the end of data collection 

period (28th February 2019). Of these, 10 individuals (37.04%) died from OSCC, including 

8 OLP/OED and 2 non-OLP/OED individuals, and 17 (62.96%) died due to other causes. 

The 5-year cumulative OSCC-related mortality was 5.78% and 1.64% for OLP/EOD and 

non-OLP/OED patients respectively (Figure 3-12A) (p=0.31). The 5-year cumulative 

mortality related to other causes was 4.55% and 8.02% for OLP/EOD and non-OLP/OED 

patients respectively (Figure 3-12B) (p=0.36).  
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The univariate Cox proportional hazards regression model showed no significant 

association between OLP and OSCC-related mortality (HR=3.64, 95%CI 0.77-17.16, 

p=0.10) (Table 7). Similarly, there was no significant difference in mortality due to other 

causes between OLP/OED and non-OLP/OED individuals (HR=0.61, 95%CI 0.23-1.61, 

p=0.32).  

Of note, older age at the first diagnosis of OED (HR=1.07, 95%CI 1.02-1.13, p=0.004) 

and having multiple OSCC events (HR=16.15, 95%CI 4.46-8.57, p<0.001) after the index 

OED were significantly predictors of OSCC-related mortality. Older age was also found 

to be independently associated with higher mortality due to other causes (HR=1.05, 

95%CI 1.01-1.08, p=0.02). Smoking, alcohol consumption, sites of the index OED, and 

degree of index OED were not found to be independent predictors of mortality (both 

OSCC-related and due to other causes). 
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Figure 3-12 Cumulative incidence function curves of death from OSCC (A) and 
from other causes (B). 
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Table 3-9 OLP and factors associated with mortality due to OSCC and mortality because of other causes 
(obtained by unadjusted cause-specific Cox regression models) (n=299 patients). 

 

 

Abbreviations: OED, oral epithelial dysplasia; OLP, oral lichen planus; OSCC, oral squamous cell carcinoma. 
*P-value: ***p<0.001; **p<0.01, *p<0.05 

 

Parameters 
Mortality related to OSCC Mortality related to other causes 

Death (10) Crude HR  
(95% CI) 

p value Death (17) Crude HR  
(95% CI) 

p-value 

OLP status 
Non-OLP 
OLP 

 
2 
8 

 
1 

3.64 (0.77-17.16) 

 
 

0.10 

 
10 
7 

 
1 

0.61 (0.23-1.61) 

 
 

0.32 
Age, mean (SD) 71.98 (12.39) 1.07 (1.02-1.13) 0.004** 66.48 (16.46) 1.05 (1.01-1.08) 0.02* 
Gender 

Male 
Female 

 
5 
5 

 
1 

1.01 (0.29-3.50) 

 
 

0.99 

 
12 
5 

 
1 

0.43 (0.15-1.29) 

 
 

0.12 
Smoking status 

No 
Yes 
Unknown 

 
4 
3 
3 

 
1 

1.01 (0.24-4.17) 
 

 
 

0.99 

 
8 
5 
4 

 
1 

1.09 (0.38-3.12) 

 
 

0.87 

Alcohol consumption 
No 
Yes 
Unknown 

 
4 
3 
3 

 
1 

0.54 (0.12-2.50) 
 

 
 

0.43 

 
5 
6 
6 

 
1 

0.99 (0.31-3.18) 

 
 

0.99 

Site of index OED  
Non-cancer-prone 
Cancer-prone 

 
5 
5 

 
1 

0.63 (0.18-2.28) 

 
 

0.49 

 
9 
8 

 
1 

0.69 (0.26-1.83) 

 
 

0.45 
Degree of index OED 

Low-risk OED 
High-risk OED 

 
2 
8 

 
1 

3.96 (0.83-18.85) 

 
 

0.08 

 
6 
11 

 
1 

1.82 (0.67-4.99) 

 
 

0.24 
Number of OSCC episodes       

1 episode 
> 1 episode 

4 
6 

1 
16.15 (4.46-8.57) 

 
<0.001*** 

2 
1 

1 
0.82 (0.11-6.26) 

 
0.85 
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3.4. Discussion  

Oral lichen planus (OLP) is widely regarded as one of the oral potentially malignant 

disorders (Warnakulasuriya et al., 2007). Previous studies suggest that individuals who 

develop OSCC in association with OLP may behave more aggressively compared to 

those with OSCC alone as they appear to have higher tendency in developing high-risk 

dysplastic lesions, second new primary malignancies and local recurrence despite better 

overall survival (Mignogna et al., 2001b, Mignogna et al., 2006, Muñoz et al., 2007). 

Nevertheless, studies that have investigated the long-term prognosis of OED in relation 

to OLP are sparse (Rock et al., 2018). It remains largely unknown whether those with 

OLP-associated OED behave in a different manner from those with OED alone. The 

present study aimed to extensively investigate the impact of OLP in determining 

prognosis of OED with regards to previously defined outcomes. 

The current study demonstrated that patients with OLP-associated with OED were at 

significantly greater risk of developing multiple new primary OEDs compared to OED 

patients without OLP over the first 3 years following their diagnosis of index OED. This 

finding supports previous suggestions regarding the concept of field cancerization of the 

oral mucosa in patients with OLP (oral chronic inflammatory disease) (Mignogna et al., 

2007); the OLP inflammatory microenvironment is thought to put patients at risk of 

developing multiple and multifocal oral epithelial dysplastic and/or neoplastic events 

(Mignogna et al., 2004, Mignogna et al., 2007, Georgakopoulou et al., 2012). This 

suggests that patients with OED arising on OLP should be offered a close careful 

surveillance particularly the first 3 years following the first diagnosis of OED to detect any 

early signs of malignant transformation. 

With regards to the cumulative number of subsequent new primary OED lesions after 

the index OED, the results showed that no association was noted between the presence 

of OLP and the total number of subsequent new primary OED events although patients 

with OED arising on a background of OLP seemed to have a higher cumulative number 
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of subsequent new primary OEDs (up to 7 events/patient) compared to those with OED 

alone (up to 4 events/patient) after the index OED. It is worth noting that there were only 

small number of patients who experienced third, fourth and fifth OED events subsequent 

to the index OED. This may have led to low statistical power to detect a significant 

difference between the two groups. Further multicentre prospective cohort study with 

long-term follow up is still warranted to confirm this association. 

Although the malignant transformation of OED has long been highlighted in the literature, 

the impact of OLP diagnosis upon the risk of malignant progression of OED remains 

unknown. The results of this study indicated that the risk of progression to OSCC in 

patients with OLP-associated OED was similar to those with OED but without underlying 

OLP. This finding is consistent with the most recent study reporting that oral dysplasia 

with or without lichenoid mucositis carried similar risk of malignant transformation (Rock 

et al., 2018). Interestingly, the malignant progression rate of OED arising on a 

background of OLP in the present study was found to be 13.19% (19/144), which is 

slightly higher than a previous study by Rock et al. (2018) reporting the malignant 

transformation rate of 8% (6/73) among those who had low-grade dysplasia lesions with 

lichenoid mucositis. This discrepancy could be due to the different inclusion criteria since 

all degrees of dysplasia (mild, moderate, severe) were included in the present analysis 

whereas Rock et al. (2018) only included patients with mild and moderate dysplastic 

lesions at baseline diagnosis.  

Regarding the total number of OSCC after the index OED, the present study found that 

none of the non-OLP/OED patients experienced more than one OSCC episode during 

their follow-up period whereas 7 out of 144 patients with OLP-associated OED (4.86%) 

experienced up to 2 OSCC events following the index OED. Although no significant 

difference in the total number of OSCC between those with and without OLP was 

observed in the present, this finding may suggest a distinct long-term clinical behaviour 

of OSCC arising in OLP. To explore whether OLP has any impact on the clinical 

behaviour of OSCC, a longitudinal study with a larger sample size is still warranted. 
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As expected, the severity of dysplasia was shown to be a significant independent 

predictor for both the development of additional new primary OEDs and the progression 

to OSCC. The present results found that individuals with high-risk OED (moderate or 

severe dysplasia) were more likely to develop additional new primary OED lesions 

compared to those with low-risk dysplasia regardless of the presence of OLP. This 

finding differs from a retrospective cohort study by Dost et al. (2014) with OED evaluating 

specifically at the progression to a higher degree of OED following dysplasia diagnosis. 

The authors reported that the severity of OED was not associated with an increased risk 

of progression to a higher grade of OED. This may be due to differing study methodology 

as the authors only focused on the development to higher grade dysplasia. In the present 

study, subsequent OED lesions following the index OED were taken into consideration 

regardless of the lower or same grade as prior OED lesion as long as they met the 

inclusion criteria. Additionally, the present finding demonstrated that individuals with 

high-risk OED at initial diagnosis had an increased likelihood of developing oral cancer 

compared to those with low-risk OED. This is in keeping with a number of earlier studies 

that high-grade dysplasia especially moderate and severe dysplasia lesions have higher 

rates of developing oral cancer (Mehanna et al., 2009, Liu et al., 2011, Warnakulasuriya 

et al., 2011). Likewise, Rock et al. demonstrated that moderate dysplasia patients had 

approximately 2.3 times higher risk of malignant transformation when compared to those 

with mild dysplasia (Rock et al., 2018). In contrast, some authors suggest that the 

grading of OED is not associated with an increased risk of progression to higher grade 

OED or oral cancer development (Arduino et al., 2009, Ho et al., 2012, Dost et al., 2014). 

This inconsistency in the literature could be due to study designs, the length of the follow-

up period, the biases introduced by different treatments and different study population. 

Regarding the grading system of oral epithelial dysplasia, although the WHO three-tier 

grading of oral epithelial dysplasia (mild, moderate and severe) is widely used (El-Naggar 

et al., 2017), many studies have shown that there remains great variability in the degree 

of agreement between pathologists in an evaluation of the grade of OED, especially 
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moderate dysplasia. In the present study, the two-classification proposed by 

Warnakulasuriya et al. (2008) (no/questionable/mild – low risk and moderate/severe – 

high risk) was used to categorise the grade of OED in order to minimise variability. After 

performing the sensitivity analyses for using the WHO three-tier OED grading system, 

the findings of primary analysis were robust to the sensitivity analyses (Table S 3-1, S 3-

3, S 3-4, S 3-5 and S 3-6). 

There remains controversy as to whether or not smoking and alcohol use and a 

heightens the progression of OED or oral cancer. Several previous studies have reported 

positive associations between smoking and alcohol consumption and an increased risk 

of OED (Morse et al., 1996, Jaber et al., 1999, Morse et al., 2007). However, the present 

results showed that neither smoking nor alcohol intake were associated with a higher 

risk of developing further OED lesions after the index OED. This finding is consistent with 

a previous cohort study by Jaber et al. reporting that tobacco smoking and alcohol 

consumption did not have significant impact on the development of the second OED 

(Jaber et al., 1999). Nevertheless, it should be noted that the majority of studies focus 

on risk factors associated with the first development of OED. Therefore, this may not 

reflect the impact of smoking and alcohol on the development of subsequent OED 

lesions following the first diagnosis of OED as in reality the influence of these risk factors 

could change over time. With regards to the progression of OED to OSCC, the present 

study found that neither smoking nor alcohol intake was associated with the malignant 

transformation of OED, which is supported by a number of earlier studies (Arduino et al., 

2009, Ho et al., 2009, Jaber, 2010, Liu et al., 2011). However, some authors revealed 

that non-smoking status and alcohol consumption were significant predictors of 

malignant development OED (Silverman et al., 1984, Morse et al., 2007, Ho et al., 2012, 

Rock et al., 2018). 

This is the first study assessing the impact of OLP upon mortality rates in a sample of 

patients with OED. The present study found that OLP appeared to have no influence on 

the risk of mortality due to OSCC or other causes. Although there was a trend of 



 

 131 

increased mortality related to OSCC in patients with OLP-associated OED compared 

with patients with OED, this did not achieve statistical significance. In addition, the 

present study found that increasing patient age was associated with an increased risk of 

death due to OSCC and other causes. This could be explained by the fact that older 

individuals typically have multiple medical comorbidities (van den Akker et al., 1998, 

Fortin et al., 2005), which are likely to worsen survival outcomes (Extermann, 2000, 

Søgaard et al., 2013). The present results also indicated that patients who developed 

multiple new primary OSCCs experienced significantly increased risk of mortality related 

to OSCC. This observation is similar to the findings of previous studies suggesting worse 

survival in patients with second new primary OSCC tumours (Cianfriglia et al., 1999, Liao 

et al., 2007). It is important to note that OLP and other factors associated with mortality 

rates in this sample were examined by only univariable analysis as the number of death 

(events of interest) did not reach the minimum number of events of interest (10-15 events 

per variable) in order to obtain valid interpretation of multivariate statistical models (Ara˙jo 

and Riechelmann, 2018). 

In clinical research, an individual can sometimes experience multiple episodes of OED 

or OSCC during the follow-up time (recurrent events within the same subject). There are 

several ways of modelling recurrent event data recommended in the literature including 

Poisson regression model, negative binomial regression and survival analysis models 

which are extensions of Cox proportional hazards regression (multilevel Cox regression) 

(Jahn-Eimermacher, 2008, Yang et al., 2017b). As previously mentioned, it was noted 

that very small number of patients experienced subsequent OED or OSCC episodes 

resulting in even smaller number of subsequent OED or OSCC episodes per patients. It 

has been suggested that using multilevel regression models to analyse recurrent event 

data in a small dataset may therefore lead to increasing overfitting which unlikely to 

provide reliable estimates (Jinks, 2012). As a result, Poisson regression and negative 

binomial regression were deployed to handle recurrent event data as count data with the 

follow-up time in each individual being controlled in the present study. It would be 
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interesting to further explore the impact of OLP on the above outcomes of interest by 

applying method for recurrent event modelling accounting for the hierarchical in a future 

multicentre cohort study with larger sample size. 

The results of this study should be considered in light of limitations. Firstly, it is important 

to note that this study was conducted using data from tertiary referral oral medicine and 

head and neck cancer units where the majority of OED patients are put on frequent long-

term follow up due to an increased risk of developing oral malignancy in patients with 

OED. In addition, these patients are usually managed by experienced oral medicine 

specialist or head and neck surgeons and hence dysplastic changes or early-stage oral 

cancer are likely to be detected. Therefore, the figures reported in the present study were 

estimated from the high-risk population rather than the community population. These 

figures could lead to an overestimate of the true prevalence of patients who experienced 

multiple OEDs, the total number of subsequent OED lesions as well as the rate of 

malignant progression in the general OED population. It might be worth taking the 

number of follow-up visits per patient into consideration to overcome overestimation of 

the number of subsequent OED lesions and OSCC episodes in the future study. 

Secondly, given the nature of retrospective cohort studies, these usually require a large 

sample size especially with uncommon conditions/diseases in order to obtain adequate 

statistical power to detect a significant difference. Although the number of patients 

included in this study seems to be large, there were only small number of OED patients 

who developed multiple OEDs or OSCC which were part of the outcomes of interest. 

This is due to the fact that OED is not a common condition in the general population with 

the prevalence possibly ranging between 1.79%-2.5% (Axell et al., 1996, Pereira et al., 

2011). Therefore, there is a possibility of type II error (false negative) as a result of low 

statistical power. Another potential limitation is the possibility of ascertainment bias. The 

actual smoking and alcohol consumption status among this population may not have 

been captured. This could be due to the fact that smoking/alcohol status was recorded 

at the time of initial appointment at a tertiary care unit only. Consequently, it is possible 
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that many of patients would have been requested by the referring clinicians to 

discontinue smoking and/or alcohol consumption and this was recorded as an absence 

history of smoking and/or alcohol intake. It is important for clinicians to record patient’s 

information especially potential risk factors as detailed as possible such as the amount 

of tobacco use, frequency of use or for how long they stopped smoking when patients 

attend their follow-up visit. The accurate and detailed record-keeping would help capture 

of the true associations between tobacco smoking and alcohol consumption and the 

long-term behaviour of OED.  

 

3.5. Conclusion 

The present findings suggest that patients with OLP-associated OED appear to be at 

higher risk of developing new primary OEDs in the early years following diagnosis of 

dysplasia compared to OED patients without a background OLP. However, the former 

carries a similar risk of malignant progression to the latter. A close surveillance 

programme with a minimum of 3 years is recommended especially for patients with OED 

arising on a background of OLP. Any clinically suspicious appearance should not be 

neglected. Biopsy should be performed if it is needed to obtain a definitive diagnosis 

which would inform clinical management and the long-term wellbeing of affected 

individuals.  

 

 

 

 

 

 



 

 134 

Chapter 4 Prognosis of oral squamous cell carcinoma in 

individuals with and without oral lichen planus 

 

4.1. Chapter overview 

Oral lichen planus (OLP) is a relatively common T-cell-mediated chronic inflammatory 

condition with unknown aetiology occurring in approximately 1% of the general 

population (Gonzalez-Moles et al., 2008, Alsubhi et al., 2020). Oral lichen planus has 

various clinical manifestations including multiple and multifocal asymptomatic keratotic 

striation and painful erosive/ulcerative lesions of the oral mucosa, which tend to persist 

and fluctuate in severity over time (Carrozzo et al., 2019). OLP is considered a potentially 

malignant disorder of the oral mucosa as it is associated with an increased risk of 

progression to oral cancer (Holmstrup et al., 1988, El-Naggar et al., 2017). Recent 

systematic reviews and meta-analyses have reported that up to 1-2% of individuals with 

long-standing OLP can develop oral squamous cell carcinoma (OSCC), with minor 

variations in prevalence related to oral lichenoid disease sub-classification (e.g., oral 

lichen planus vs oral lichenoid lesions, where available) (Fitzpatrick et al., 2014a, Aghbari 

et al., 2017, Giuliani et al., 2019, González-Moles et al., 2019)  

Although OLP carries a small but elevated risk of OSCC development, the influence of 

pre-existing/concurrent OLP in determining the prognosis of the subsequent OSCC 

remains unclear. Several small preliminary studies have indicated that patients with OLP-

related OSCC have an increased tendency to develop subsequent multiple and 

multifocal metachronous new primary oral malignancies, new oral dysplastic lesions as 

well as lymph node metastases compared to those with OSCC in the absence of OLP 

(Lo Muzio et al., 1998, Hietanen et al., 1999, Mignogna et al., 2001a, Mignogna et al., 

2001b, Mignogna et al., 2006, Mignogna et al., 2007, Muñoz et al., 2007, Aghbari et al., 

2017). Additionally, compared to conventional OSCC, OSCC arising in OLP also appears 

to have a higher risk of local recurrence of OSCC (Muñoz et al., 2007, Best et al., 2020). 
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Despite primarily presenting with early stage disease (stage I and II), multiple 

subsequent tumours and unexpected lymph nodes metastases were noted after the 

initial diagnosis of OSCC in the majority of individuals with OLP-associated OSCC 

(Mignogna et al., 2001b, Mignogna et al., 2007, Muñoz et al., 2007). It has been 

suggested that the chronic stromal inflammation of OLP might promote a cytokine-based 

microenvironment which influences essential cellular processes such as cell growth, 

death, proliferation, differentiation and movement, hence contributing to cancer initiation, 

progression, invasion and metastasis (Mignogna et al., 2004) as well as the tendency 

towards multiple and multifocal metachronous oral malignancies (Mignogna et al., 2007).  

With regards to survival outcomes, several studies have demonstrated more favourable 

survival among OSCC patients with prior OLP (Mignogna et al., 2006, Muñoz et al., 2007, 

Bombeccari et al., 2011, Best et al., 2020). Similarly, a recent retrospective cohort study 

indicated better survival for both overall and disease-specific survival in patients with 

OSCC arising in the context of OLP as compared to conventional OSCC drawn from the 

general population using the National Cancer Institute (NCI) Surveillance, Epidemiology, 

and End Results (SEER) database (Best et al., 2020). On the other hand, Hietanen et 

al. (1999) reported that a group of patients with OLP-related OSCC in Finland had 

relatively high mortality with 5 out 8 died of OSCC during the follow-up period. Although 

available evidence suggests that the prognosis of OSCC might be influenced by pre-

existing/concomitant OLP, the impact of OLP upon survival and long-term clinical 

behaviour among individuals with OSCC remains largely unknown. 

Accordingly, the aim of this study was to examine the impact of pre-existing/concomitant 

OLP in determining the prognosis and clinical behavior of OSCC with regards to the risk 

and the cumulative number of additional new primary high-risk OEDs and OSCCs 

following the index OSCC, the risk and the cumulative number of new primary OSCCs 

as well as cause-specific mortality in OSCC patients treated in a UK hospital. 
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4.2. Material and Methods 

4.2.1. Study design and setting 

The present retrospective cohort study used anonymised data collected as part of a 

service evaluation assessing the outcomes of care provided to patients with OSCC with 

and without a background of OLP. Patients were identified from the Head and Neck 

Cancer Multidisciplinary Team (MDT) meeting and the Oral Medicine clinic databases of 

the University College London Hospital (UCLH) during the period from November 2007 

to December 2019. Data were collected retrospectively from outpatient hospital notes. 

The Health Research Authority (HRA) decision tool was used 

We used the Health Research Authority (HRA) decision tool (Health Research Authority., 

2014) and contacted the R&D office of University College London Hospital to confirm 

that this analysis met the criteria for service evaluation and did not require HRA or 

research ethics review. Data collection was conducted between November 2017 and 

December 2019. This study was reported in accordance with the Strengthening the 

Reporting of Observation Studies in Epidemiology (STROBE) guidelines (von Elm et al., 

2007). 

 

4.2.2. Study population, data collection and definitions 

Individuals diagnosed with OSCC were identified from the above databases and 

screened against the study inclusion and exclusion criteria (Table 4-1). In brief, patients 

were eligible for inclusion if they were 18 years or older with histologically proven 

diagnosis of OSCC between November 2007 and December 2019. The exclusion criteria 

were the following: (i) evidence of OSCC prior to a diagnosis of OLP; (ii) evidence of 

HPV infection; (iii) evidence of oral submucous fibrosis; (iv) evidence of chronic 

hyperplastic candidiasis (CHC); and (v) history of systemic disorders associated with an 

increased risk of oral cancer – Fanconi Anaemia, Ataxia Telengectasia, Graft-versus 
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host disease (GVHD), HIV-infected patients, Dyskeratosis congenita, Chronic 

mucocutaneous candidiasis, Plummer-Vinson Syndrome, Li Fraumeni syndrome, 

Bloom’s syndrome and systemic sclerosis. Subsequently, all eligible patients were 

divided into two groups according to a diagnosis of OLP. The diagnosis of OLP was 

clinically and histopathologically confirmed based upon the modified WHO diagnostic 

criteria (van der Meij and van der Waal, 2003). The summary of patients recruited in this 

chapter is detailed in Figure 4-1. 

The following information were retrospectively collected from patients’ hospital records: 

gender, age at diagnosis of the index OSCC, habits of alcohol consumption and smoking, 

the site and TNM stage of index OSCC, pathological features related to the prognosis of 

OSCC, the time from the index OSCC to subsequent new primary high-risk OEDs, the 

time from the index OSCC to subsequent new primary OSCCs, sites and TNM stages of 

additional new primary OSCCs, sites and severity of new primary OEDs, mortality, time 

from diagnosis of the index OSCC to death and cause of death (OSCC/other causes). 

A new primary tumour was defined according to the criteria of Warren and Gates 

(Warren, 1932) as modified by the Surveillance, Epidemiology and End Results Program 

of National Cancer Institute, USA (National Cancer Institue): (i) the new tumour was at 

least 2 cm distance from the index tumour or from different location; (ii) if the new tumour 

developed in the same location as the index, it was identified more than 5 years apart 

from the index tumour; (iii) the new tumour was histologically confirmed as malignant; 

(iv) the index tumour had previously been excised with disease-free margins; (v) distant 

metastasis should be histologically excluded. 

Oral epithelial dysplasia (OED) was defined and graded as per WHO criteria (El-Naggar 

et al., 2017). A new primary episode of OED was considered as a new dysplastic event 

occurring subsequent to the previous episode of OED or OSCC and (i) at the different 

intra-oral anatomical site or (ii) at the same anatomical site as the previous OED or 

OSCC but ≥ 6 months after complete surgical excision with histopathologically-confirmed 
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disease-free margins. The severity of OED was categorised into low-risk (mild dysplasia) 

and high-risk (moderate and severe dysplasia) (Warnakulasuriya et al., 2008). 

Table 4-1 Inclusion and Exclusion Criteria. 

Inclusion criteria 
i. ≥ 18 years of age 

ii. Patients diagnosed with OSCC (any site) who were surgically treated and followed up at UCLH 

and/or EDH during the period from November 2007 to December 2019 

iii. Clinically and histologically diagnosis of OLP as per the modified WHO diagnostic criteria (van 

der Meij and van der Waal, 2003) (relevant to individuals being diagnosed with both OSCC 

and OLP) 

Exclusion criteria 
i. Diagnosis of OED and/or OSCC prior to the diagnosis of OLP (relevant to individuals being 

diagnosed with both OSCC and OLP) 

ii. Evidence of HPV infection (p16 positive immunohistochemistry) in OED or OSCC samples at 

any time point.  

iii. Evidence of oral submucous fibrosis 

iv. Evidence of chronic hyperplastic candidiasis (CHC) 

v. History of one of the following systemic disorders increasing the risk of oral cancer: 

Ataxia Telangectasia (Prime et al., 2001) 

Bloom’s syndrome (Berkower and Biller, 1988) 

Chronic mucocutaneous candidiasis (Rosa et al., 2008) 
Dyskeratosis congenita (Atkinson et al., 2008) 
Fanconi Anaemia (Rosenberg et al., 2008) 

Graft-versus host disease (GVHD) (Ortega et al., 2005), 

HIV-infected patients (D'Souza et al., 2014) 

Li Fraumeni syndrome (Prime et al., 2001) 

Plummer-Vinson Syndrome (Samad et al., 2015) 

Systemic sclerosis (Kuo et al., 2012) 

vi. Patients with the index OSCC treated in other UK hospitals or outside the UK and 

histopathological details were not available 

vii. Patients who received palliative treatment for the index OSCC 

 

 

Figure 4-1 Flowchart of patient selection. OLP/OED: OED arising on the 
background of OLP; non-OLP/OED: OED without OLP. 
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4.2.3. Outcomes  

To determine the prognosis and long-term behavior of OSCC in patients with and without 

a background of OLP, the outcomes of interest following the index OED included (i) the 

development of subsequent new primary high-risk OED/OSCC events and related time 

to onset (ii) the development of subsequent new primary OSCCs (iii) the total number of 

further new primary high-risk dysplastic and OSCC events (iv) the total number of 

subsequent new primary OSCC episodes and (v) mortality related to OSCC and other 

causes. 

 

4.2.4. Observation period 

All eligible patients were followed up from the date of the first diagnosis of OSCC (the 

index OSCC) until the date of death of all causes, the last follow-up date of the end of 

data collection (31 December 2019) whichever occurred first.  

 

4.2.5. Exposure of interest 

The study population was stratified into two groups based on the exposure of interest 

which was a background of OLP: individuals with and without preexisting/concurrent 

OLP. 

 

4.2.6. Covariates 

Baseline covariates obtained at diagnosis of the index OSCC including age, gender, 

tobacco and alcohol usage (yes/no), sites of the index tumour (tongue/floor of mouth, 

buccal mucosa/palate/lips, gingiva/retromolar region), tumour stages of the index OSCC 

(TNM stage) and histopathological parameters were considered in the analyses as 
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potential confounding factors. The TNM stage was classified according to the 7th edition 

of the American Joint Committee on Cancer (AJCC) TNM staging system, with stages I 

and II classified as “early stage” and stage III and IV classified as “advanced stage” 

(Edge and Compton, 2010). Histopathological features including pattern of invasion 

(absent/cohesive/non-cohesive), degree of differentiation (well/moderately/poorly 

differentiated), perineural invasion (absence/presence), vascular invasion 

(absence/presence), surgical margins (negative/close/involved) were defined on the 

basis of the dataset for histopathology reporting of mucosal malignancies of the oral 

cavity published by The Royal College of Pathologists (Helliwell and Woolgar, 2013). 

The depth of invasion was categorised into two groups based on the cut-off point of 4 

mm: ≤ 4mm. and > 4 mm (Huang et al., 2009). In case of equivocal or missing 

histopathological findings, histopathological reports and if needed, slides were again 

reviewed by two expert oral pathologists (AJ and RA). The definitions of these factors in 

this chapter are described in Table 4-2. 
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Table 4-2 Definition of clinical and histopathological covariates. 

Variables Definition 
Demographic:  
Age at diagnosis of primary OSCC Use as a continuous variable 
Gender 0 = Male, 1 = Female 
Traditional risk factors:  
Alcohol consumption 0 = No, 1= Yes 
Smoking history 0 = No, 1 = Yes 
Clinical factors at first diagnosed: 
Sites of the index OSCC 0 = Tongue and floor of mouth 

1 = Buccal mucosa, palate and lips  
2 = Gingiva and retromolar trigone 

Stages of the index OSCC 0 = Early stage OSCC  
(Early invasive SCC, stage I and stage II) 
1 = Late stage OSCC  
(stage II and IV) 

Histopathological parameters of the primary OSCC (Helliwell and Woolgar, 2013): 
Pattern of invasion 0 = Absent/cohesive 

1 = Non-cohesive 
Degree of differentiation 0 = Well-differentiated 

1 = Moderately/poorly differentiated 
Lymphovascular invasion 0 = Absence 

1 = Presence 
Perineural invasion 0 = Absence 

1 = Presence 
Margin status  
 

0 = Negative margin (> 5 mm) 
1 = Close margin (1–5 mm) and positive margin (< 1 

mm) 
Depth of invasion  0 = ≤4 mm 

1 = >4 mm 
 

 

4.2.7. Statistical analyses 

All statistical analyses were carried out using STATA version 15.1 (StataCorp LP, 

College station, Texas, USA) and R software version 3.6.2 (Institute for Statistics and 

Mathematics). Baseline demographics, clinical and histopathological characteristics 

were summarised using frequencies and percentages for categorical variables and for 
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normally distributed continuous variables, mean and standard deviation were used as 

summary statistics. Median and interquartile range were used when data were non-

normally distributed. Baseline characteristics of OSCC patients with and without OLP 

were compared using chi-square tests (for categorical variables), Student’s t-test or 

Wilcoxon rank-sum test (for continuous variables) as required. 

To investigate the risk of developing subsequent new primary high-risk OED and/or 

OSCC events after the index OSCC, Kaplan-Meier curves by the presence or absence 

of OLP were estimated and compared using the log-rank tests. Similar analysis was also 

conducted for the risk of developing subsequent new primary OSCCs. Univariate and 

multivariate Cox proportional hazard regression models were constructed to examine 

associations between OLP and the risk of subsequent new primary high-risk 

OEDs/OSCCs and the risk of new primary OSCCs after the index OSCC. Hazards ratio 

(HR) and 95%CI were calculated. The proportional hazards assumption was checked 

using Schoenfeld residuals versus time (Global test) (Schoenfeld, 1982).  

Regarding the number of new primary high-risk OEDs and new primary OSCCs after the 

index OSCC which were count variables, predicted probabilities were generated using 

‘prcounts’ command in Stata (Long and Freese, 2001) in order to select the most 

appropriate model for count data. (Supplementary Figure S 4-1 shows the differences 

between the predicted and observed probabilities for each count for both outcomes) 

Univariate and multivariate negative binomial and Poisson regression models were used 

to assess the effect of OLP on the frequency of additional new primary high-risk OEDs 

and OSCCs after the index OSCC. Univariate and multivariate Poisson regression 

models were utilised to investigate the effect of OLP on the number of subsequent new 

primary OSCCs after the index OSCC. To better account for differences in follow-up 

periods for each individual, the multivariate models were additionally adjusted for the 

follow up time using the ‘exposure’ option within Stata (Long and Freese, 2014). 

Incidence rate ratios (IRR) and 95%CI were reported. 
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With regards to cause-specific mortality, patients were grouped into two groups based 

on the causes of death: death of OSCC and death of other causes. Competing risk 

analysis was used to analyse the mortality related to OSCC, considering death due to 

other causes as competing risk. Cumulative incidence function curves were estimated 

and compared using Gray’s test (Gray, 1988). Univariate and multivariate cause-specific 

Cox regression models were fitted to evaluate the effect of OLP on mortality due to 

OSCC and death by other cause. Cause-specific hazard ratios were estimated with 

95%CI. 

All multivariate analyses were adjusted for age at diagnosis of the index OSCC, gender, 

sites and stages of index tumour, pattern of invasion, degree of differentiation, perineural 

invasion, lymphovascular invasion, margin status and depth of invasion. Multiple 

imputation method (MICE) was used to handle remaining missing values for potential 

prognostic factors (Table 4-3). Fifty imputed datasets were generated (m=50) before 

running the differential statistical models in this study. A p-value ≤ 0.05 was considered 

as statistically significant.  

 

4.3. Results 

4.3.1. Baseline characteristics 

This retrospective cohort study originally comprised 311 patients diagnosed with OSCC 

who met all the inclusion criteria and none of the exclusion criteria. Of these, 26 patients 

who did not have further follow-up information were excluded. Ultimately, a total of 285 

patients were included in the main analyses. 

Of these 285 patients, 61 (21.40%) were individuals with OSCC arising in the context of 

oral lichen planus (OLP/OSCC) and 224 (78.60%) had OSCC with no underlying OLP 

(Non-OLP/OSCC group). The patients diagnosed with OSCC were aged between 19.07 

and 98.41 years. There were no significant differences in age at diagnosis between 
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OLP/OSCC and non-OLP/OSCC individuals (p=0.22), with the mean age of 64.13 years 

and 61.62 years respectively.  

Approximately half of the patients in both groups were males (45.90% in the OLP/OSCC 

group vs 57.14% in the non-OLP/OSCC group, p=0.12) (Table 4-3). Patients in the 

OLP/OSCC group were less likely to smoke (63.93% vs 37.95%) compared to those in 

the non-OLP/OSCC group (p=0.004). There was no significant difference in alcohol 

taking history between the two groups (p=0.36). 

In the OLP/OSCC group, tongue (45.90%) was the most common site, followed by 

gingiva (26.23%) and buccal mucosa (11.48%). Similarly, primary tumours of tongue 

(42.41%) were also the most common site in non-OLP/OSCC patients, followed by 

gingiva (25%), floor of mouth (16.52%) and buccal mucosa (9.38%). The distribution of 

sites of index OSCC in two groups was not found to be of significance (p=0.17). With 

regards to tumour staging of the index OSCC, OLP/OSCC individuals were more 

frequently diagnosed with early stage oral cancer (stage I and II, 77.05%) compared to 

those with OSCC alone (stage I and II, 56.25%). On evaluating patients who underwent 

neck dissection (n=139), the distribution of extracapsular spread was not significantly 

associated with the presence of OLP (p=0.39). Similarly, there were no significant 

differences between the two groups with regards to pattern of invasion (p=0.23), degree 

of differentiation (p=0.12) and surgical margin (p=0.86). Interestingly, the histological 

presentation of perineural invasion (p=0.004) and lymphovascular invasion (p=0.02) 

were significantly less in the OLP/OSCC group compared to those in the non-OLP/OSCC 

group. The median depth of invasion of the index OSCC tumour in the OLP/OSCC group 

was 3 mm. (range, 0.1-5.6), which was significantly less than the median depth of 

invasion observed in the non-OLP/OSCC group (5 mm., range, 0.1-9) (p=0.009). The 

length of follow-up for all patients ranged from 0.15-14.71 years. The median follow up 

time between OLP/OSCC and non-OLP/OSCC groups was significantly different (4.06 

vs 3.05 years respectively, p=0.02). The baseline demographics and clinicopathological 

characteristics of the 285 patients with OSCC are summarized in Table 4-3. 
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Table 4-3 Baseline demographic, clinical and histopathological characteristics of 

patients with OSCC with and with a background of OLP (n=285 patients). 

Characteristics OLP/OSCC group 
(n=61 patients) 

OSCC group 
(n=224 patients) p-value 

Demographic and clinical factors    
Gender    

Male 28 (45.90%) 128 (57.14%) 0.12 

Female 33 (54.10%) 96 (42.86%)  

Age    

Mean 64.13 61.63 0.22 

SD 13.70 14.35  

Range 34.48-98.40 19.07-96.91  

Smoking status    

Non-smoker 39 (63.93%) 85 (37.95%) 0.004 
Smoker 16 (26.23%) 90 (40.18%)  

Missing 6 (9.48%) 49 (21.88%)  

Alcohol consumption    

Non-drinker 24 (39.34%) 68 (30.36%) 0.36 

Drinker 26 (42.62%) 102 (45.54%)  

Missing 11 (8.03%) 54 (24.11%)  

Location of index OSCC     

Tongue 28 (45.90%) 95 (42.41%) 0.17 

Buccal mucosa 7 (11.48%) 21 (9.38%)  

Gingiva/retromolar trigone 16 (26.23%) 56 (25%)  

Floor of mouth 3 (4.92%) 37 (16.52%)  

Labial and palate 7 (11.48%) 15 (6.70%)  

Tumour stage of index OSCC    

Early invasive OSCC 4 (6.56%) 20 (8.93%) 0.01* 
Early stage (Stage I+II) 47 (77.05%) 126 (56.25%)  
Advanced stage (Stage III+IV) 10 (16.39%) 78 (34.82%)  

Neck dissection    

No 39 (63.93%) 107 (47.77%) 0.03* 
Yes 22 (36.07%) 117 (52.23%)  

Extracapsular spread (n=139)    

No 14 (63.64%) 85 (72.65%) 0.39 

Yes 8 (36.36%) 32 (27.35%)  

Nodal metastases during follow-up    

No 54 (88.52%) 187 (83.48%) 0.34 

Yes 7 (11.48%) 37 (16.52%)  

Histopathologic factors of index OSCC    

Pattern of invasion    

Absent 36 (59.02%) 158 (70.54%) 0.23 

Cohesive 7 (11.48%) 19 (8.48%)  

Non-cohesive 18 (29.51%) 47 (20.98%)  

Degree of differentiation     

Early and well differentiated 16 (26.23%) 39 (17.41%) 0.12 

Moderate and poor differentiated 45 (73.77%) 185 (82.59%)  

Perineural invasion    

Absent 52 (85.25%) 149 (66.52%) 0.004** 
Present 9 (14.75%) 75 (33.48%)  

Lymphovascular invasion    

Absent 50 (81.97%) 149 (66.52%) 0.02* 
Present 11 (18.03%) 75 (33.48%)  

Surgical margins    

Negative 33 (54.10%) 124 (55.36%) 0.86 

Close/involved 28 (45.90%) 100 (44.64%)  

Depth of invasion (DOI)    
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Characteristics OLP/OSCC group 
(n=61 patients) 

OSCC group 
(n=224 patients) p-value 

Median (IQR) 3 (0.1-5.6) 5 (0.1-9) 0.001** 
DOI ≤ 4 mm. 39 (63.39%) 96 (42.86%) 0.001** 
DOI > 4 mm. 22 (36.07%) 128 (57.14%)  

Follow-up time    

Median (IQR) 4.06 (2.43-6.58) 3.05 (1.37-5.93) 0.02* 
Abbreviations: Oral lichen planus; OLP, oral squamous cell carcinoma; OSCC, Depth of invasion; DOI, Interquartile range; IQR. 
P-value: ***p<0.001; **p<0.01, *p<0.05 

 

4.3.2. The risk of developing subsequent new primary high-risk OED/new primary 

OSCC event following the index OSCC 

A total of 48 out of 285 patients (16.84%) developed at least one new high-risk oral 

dysplastic or new primary OSCC after the index OSCC: 18 (29.51%) in the OLP/OSCC 

group and 30 (13.39%) in the non-OLP/OSCC group (Figure 4-2). In the OLP/OSCC 

group, 5, 10 and 3 patients developed at least one subsequent new primary high-risk 

OED lesion (moderate and severe dysplasia), additional new primary OSCC event and 

both lesions after curative treatment for the index OSCC, respectively. The distribution 

of patients who developed the above events after the index tumour was slightly different 

among individuals with non-OLP/OSCC. Of the 30 non-OLP/OSCC individuals, 15, 10 

and 5 patients subsequently developed at least one additional new primary high-risk 

OED, new primary OSCC event and both subsequent high-risk OED and OSCC after 

the index OSCC, respectively. The distribution of patients who developed the above 

events after their index tumour in each group is described in Table 4-4. 

Table 4-4 The distribution of patients who subsequently developed additional new 
primary high-risk OED/OSCC events following the index OSCC in patients with and 
without OLP. 

Events observed after the index OSCC Total 
(n=285) 

OLP/OSCC 
patients 
(n=61) 

Non-OLP/OSCC 
patients  
(n=224) 

Did not develop subsequent dysplastic/OSCC events 237 43 (70.49%) 194 (86.61%) 

≥ 1 new primary high-risk OEDs 20 5 (8.20%) 15 (6.70%) 

≥ 1 new primary OSCCs 20 10 (16.39%) 10 (3.51%) 

New primary high-risk OEDs and OSCCs 8 3 (4.92%) 5 (1.75%) 

Abbreviations: Oral lichen planus; OLP, Oral epithelial dysplasia; OED, oral squamous cell carcinoma; OSCC. 
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Figure 4-2 The distribution of patients who developed and did not develop 
subsequent new primary high-risk OED/new primary OSCC events following the 
index OSCC in each group. 

 

4.3.2.1. The association between OLP and the development of new primary 

high-risk OED and/or new primary OSCC event after first primary OSCC. 

The associations between baseline characteristics and the development of subsequent 

new primary high-risk OEDs/new primary OSCCs following the index OSCC was 

assessed using bivariate analyses (Table 4-5). The results demonstrated that OLP/OSC 

individuals were more likely to develop at least one subsequent new primary high-risk 

OED/new primary OSCC episode compared to those without OLP (p=0.003). Age, 

gender, smoking and alcohol consumption, locations of the index OSCC, perineural 

invasion, lymphovascular invasion, surgical margins and depth of invasion were not 

associated with the occurrence of subsequent dysplastic/new primary neoplastic events 

after the index OSCC. Interestingly, the pattern of invasion was found to be significantly 
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related to the development of further high-risk OED/new primary OSCC after the primary 

OSCC (p=0.03). Moreover, early invasive/well differentiated were more prevalent in 

patients with subsequent high-risk dysplastic/neoplastic events (p=0.002). 

Table 4-5 Clinicopathological characteristics of 285 patients with OSCC with and 
without subsequent new primary high-risk dysplastic and/or new primary OSCC 
events after the index OSCC. 

Characteristics 
Patients who 

developed additional  
high-risk OED/OSCC  

(n=48 patients) 

Patients who did not 
develop additional 

high-risk OED/OSCC 
events 

(n=237 patients) 

p-value 

OLP status    

OLP 30 (62.50%) 194 (81.86%) 0.003 
Non-OLP 18 (37.50%) 43 (18.14%)  

Gender    

Male 29 (60.42%) 127 (53.59%) 0.39 

Female 19 (39.58%) 110 (46.41%)  

Age at diagnosis, mean (SD) 63.89 (13.11) 61.81 (14.46) 0.36 

Smoking status    

Non-smoker 22 (45.83%) 102 (43.04%) 0.87 

Smoker 18 (37.50%) 88 (37.13%)  

Missing 8 (16.67%) 47 (19.83%)  

Alcohol consumption    

Non-drinker 18 (37.50%) 74 (31.22%) 0.65 

Drinker 19 (39.58%) 109 (45.99%)  

Missing 11 (22.92%) 54 (22.78%)  

Location of index OSCC    

Tongue/floor of mouth 21 (43.75%) 142 (59.92%) 0.10 

Buccal mucosa/palate/lip 10 (20.83%) 40 (16.88%)  

Gingiva/retromolar area 17 (35.42%) 55 (23.21%)  

Stage of index OSCC    

Early invasive, stage I + II 37 (77.08%) 160 (67.51%) 0.19 

Advanced stage (stage III + IV) 11 (22.92%) 77 (32.49%)  

Pattern of invasion    

Absent/Cohesive 31 (64.58%) 189 (79.75%) 0.03 
Non-cohesive 17 (35.42%) 48 (20.25%)  

Degree of differentiation     

Early and Well 17 (35.42%) 38 (16.03%) 0.002 
Moderate and poor 31 (64.58%) 199 (83.97%)  

Perineural invasion    

Absent 38 (79.17%) 163 (68.78%) 0.15 

Present 10 (20.83%) 74 (31.22%)  

Lymphovascular invasion    

Absent 36 (75%) 163 (68.78%) 0.39 

Present 12 (25%) 74 (31.22%)  

Surgical margins    

Negative 30 (62.50%) 127 (53.59%) 0.26 

Close/involved 18 (37.50%) 110 (46.41%)  

Depth of invasion (DOI)    

≤ 4 mm. 28 (58.33%) 107 (45.15%) 0.10 

> 4 mm. 20 (41.67%) 130 (54.85%)  

Abbreviations: Oral lichen planus; OLP, Oral epithelial dysplasia; OED, oral squamous cell carcinoma; OSCC. 
P-value: ***p<0.001; **p<0.01, *p<0.05 
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The effect of OLP on the occurrence of new primary high-risk OED and/or new primary 

OSCC after first primary OSCC during the observation period was then investigated 

using Kaplan-Meier method and Cox proportional hazards models. The incidence rates 

of new primary high-risk OED or OSCC event subsequent to the index OSCC were 7.45 

and 3.80 per 100 person-years for OLP/OSCC and non-OLP/OSCC patients, 

respectively. Kaplan-Meier analysis demonstrated that the risk of developing new 

primary high-risk OED or OSCC after the index OSCC was higher among OLP/OSCC 

individuals compared to those in the non-OLP/OSCC group (p=0.02) (Figure 4-3). 

In univariate Cox regression model, OLP was significantly positively associated with an 

increased risk of developing subsequent new primary high-risk OED and/or new primary 

OSCC after the index OSCC (HR=1.97, 95%CI 1.10-3.54, p=0.02)). After adjusting for 

age, gender, tobacco use, alcohol consumption, sites and stages of index tumours, 

histopathological parameters in multivariate Cox regression analysis, OLP remained a 

significant predictor of subsequent development of new primary high-risk OED and/or 

new primary OSCC after the index OSCC (HR=2.10, 95%CI 1.10-4.01, p=0.02). Of note, 

the site of index OSCCs (gingiva/retromolar area vs tongue/floor of mouth) was 

significantly associated with a higher risk of developing further new primary high-risk 

OED and/or new primary OSCC after the index OSCC in both univariate (HR=2.10, 

95%CI 1.06-3.81, p=0.03) and multivariate models (HR=2.39, 95%CI 1.13-5.05, p=0.02). 

The risk of subsequent new primary high-risk OED/new primary OSCC following the 

index OSCC was not affected by age, gender, tobacco and alcohol use, the stage of 

index OSCC, pattern of invasion, degree of differentiation, perineural invasion, 

lymphovascular invasion, surgical margins and depth of invasion (Table 4-6). 
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Figure 4-3 Kaplan-Meier showing probability of developing new primary high-risk 
OED and/or new primary OSCC events subsequent to the index OSCC stratified 
by the presence of OLP. 
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Table 4-6 Univariate and multivariate analyses of OLP and other factors affecting 
the occurrence of subsequent new primary high-risk OED/new primary OSCC in 
individuals with OSCC by Cox proportional hazard regression models (n=285 
patients). 

Parameters Univariate analysis Multivariate analysis 
Crude HR 
(95% CI) 

p-value Adjusted HR* 
(95% CI) 

p-value 

Background of OLP     

No 1  1  

Yes 1.97 (1.10-3.54) 0.02* 2.10 (1.10-4.01) 0.02* 
Gender     

Male 1  1  

Female 0.77 (0.43-1.38) 0.39 0.70 (0.35-1.38) 0.30 

Age (mean, SD) 1.01 (0.99-1.04) 0.24 1.004 (0.98-1.03) 0.77 

Smoking status     

Non-smoker 1  1  

Smoker 1.09 (0.60-1.99) 0.78 1.50 (0.73-3.09) 0.27 

Alcohol consumption     

Non-drinker 1  1  

Drinker 0.69 (0.36-1.30) 0.25 0.71 (0.32-1.58) 0.41 

Location of index OSCC     

Tongue/floor of mouth 1  1  

Buccal mucosa/palate/lip 1.68 (0.79-3.56) 0.18 1.87 (0.81-4.29) 0.14 

Gingiva/retromolar area 2.01 (1.06-3.81) 0.03* 2.39 (1.13-5.05) 0.02* 
Stage of index OSCC     

Early stage, stage I + II 1  1  

Stage III + IV 0.77 (0.39-1.52) 0.46 0.73 (0.31-1.74) 0.48 

Pattern of invasion     

Absent/cohesive 1  1  

Non-cohesive 1.74 (0.96-3.15) 0.07 1.44 (0.69-2.99) 0.33 

Degree of differentiation      

Early invasive/Well 1  1  

Moderate/Poor 0.54 (0.30-0.99) 0.05 0.58 (0.28-1.20) 0.14 

Perineural invasion     

No 1  1  

Yes 0.74 (0.37-1.50) 0.41 0.83 (0.32-2.16) 0.71 

Lymphovascular invasion     

No 1  1  

Yes 1.03 (0.53-1.99) 0.92 1.78 (0.73-4.35) 0.21 

Surgical margins     

Negative 1  1  

Close/Involved  0.71 (0.40-1.28) 0.25 0.70 (0.40-1.33) 0.28 

Depth of invasion     

≤ 4 mm 1  1  

> 4 mm 0.72 (0.41-1.29) 0.27 1.07 (0.49-2.33) 0.87 

Abbreviations: Oral lichen planus; OLP, oral squamous cell carcinoma; OSCC. 
*Adjusted for age, gender, smoking and alcohol intake, site of index OSCC, TNM stage of index OSCC, pattern of 
invasion, degree of differentiation, perineural invasion, lymphovascular invasion, surgical margins and depth of invasion. 
P-value: ***p<0.001; **p<0.01, *p<0.05 
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4.3.3. The total number of subsequent new primary high-risk OED and OSCC 

events following the index OSCC 

A total of 48 study patients developed 43 subsequent new primary high-risk OED and 41 

new primary OSCC episodes. Fifteen high-risk OED and 23 new primary OSCC 

episodes were noted among 18 OLP/OSCC patients whilst 28 high-risk OED and 18 new 

primary OSCC events were identified in 30 non-OLP/OSCC patients (Figure 4-4A). The 

distribution of patients who developed subsequent new primary high-risk OEDs and new 

primary OSCCs after the index OSCC in both groups is illustrated in Figure 4-4.  

With regards to additional new primary high-risk OED episodes following the index 

OSCC, 6.70% (n=15), 1.34% (n=3), 0.45% (n=1) and 0.45% (n=1) of patients in the non-

OLP/OSCC group subsequently developed 1, 2, 3 and 4 new primary high-risk OED 

episodes after the index OSCC, respectively. In the group of 23 OLP/OSCC individuals, 

6.56% (n=4), 4.92% (n=3) and 1.64% (n=1) patients had 1, 2 and 5 additional new 

primary high-risk OEDs after the index OSCC, respectively (Figure 4-4B). 

Regarding additional new primary OSCC episodes after the index OSCC, 5.36% (n=12) 

and 1.34% (n=3) of patients with non-OLP/OSCC experienced 1 and 2 additional new 

primary OSCC episodes after the index OSCC, respectively. In those with OLP/OSCC, 

13.11% (n=8), 4.92% (n=3), 1.64% (n=1) and 1.64% (n=1) of patients in this group 

developed 1, 2, 3 and 6 new primary OSCC events after the index OSCC, respectively 

(Figure 4-4C). 
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Figure 4-4 The numbers of subsequent new primary high-risk OED and OSCC 
lesions following the index OSCC in each group (A). The percentage of patients 
who developed subsequent new high-risk OEDs (B) and new primary OSCCs (C) 
after the index OSCC.  
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4.3.4.1. Characteristics of additional new primary high-risk OEDs and new 

primary OSCCs after the index OSCC 

Severity of subsequent new primary high-risk OED lesions 

The vast majority of subsequent high-risk OED events following the first OSCC observed 

were severe dysplasia (19/28 events, 67.86%) in the non-OLP/OSCC group and 

moderate dysplasia (8/15 events, 53.33%) in the OLP/OSCC group (Figure 4-5). 

However, Fisher’s exact test revealed no significant differences in the degree of 

subsequent moderate and severe OED episodes between the two groups (p=0.21). 

 

Figure 4-5 Degree of subsequent high-risk oral epithelial dysplasia events in each 
group. 
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Stages of subsequent new primary OSCCs after the index OSCC 

The majority of subsequent new primary OSCC tumours (63.64%) observed in the 

OLP/OSCC group were found to be early stages: stage I (10/23 events, 43.48%) and 

stage II (3/23 events, 13.04%). Eight out of the 23 subsequent new primary OSCC 

lesions in patients with OLP/OSCC were advanced stages OSCC: stage III (1/23 event, 

4.35%) and stage IV (7/23 events, 30.43%).  

On the other hand, approximately half of the subsequent new primary OSCCs in the non-

OLP/OSCC group (8/18 events, 44.44%) were stage IV whereas the remaining 

subsequent OSCC events in this group were early stages: early invasive OSCC (1/18 

event, 5.56%), stage I (5/18 events, 27.78%) and stage II (2/18 events, 11.11%). The 

difference in the tumour stages of subsequent new primary OSCCs between the two 

groups was not statistically significant (p=0.56) (Table 4-7). 

Table 4-7 The distribution of tumour stages of additional new primary OSCCs after 
the index OSCC in each group. 

TNM stage OLP/OSCC patients 
(23 episodes) 

Non-OLP/OSCC patients 
(18 episodes) P-value 

Early stage  
Early invasive OSCC 

Stage I 

Stage II 

15 

2 (8.70%) 

10 (43.48%) 

3 (13.04%) 

8 

1 (5.56%) 

5 (27.78%) 

2 (11.11%) 

0.56a 

Advanced stage 8 10  

Stage III 1 (4.35%) -  

Stage IV 7 (30.43%) 8 (44.44%)  

Unknown - 2 (11.11%)  
a=Fisher’s exact test 
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Topography of subsequent new primary high-risk dysplastic and new primary 

OSCC events. 

The distribution pattern of sites of subsequent high-risk dysplastic and neoplastic events 

in non-OLP/OSCC and OLP/OSCC groups was slightly different as demonstrated in 

Figure 4-6. 

In patients with non-OLP/OSCC, the most common anatomical site was the tongue (18 

events, 39.13%) followed by labial mucosa/palate (11 events, 23.91%), gingiva/alveolar 

mucosa (7 events, 15.22%), floor of mouth (5 events, 10.87%), buccal mucosa (4 events, 

8.70%) and retromolar areas (1 event, 2.17%). Although tongue was the most frequently 

affected location (13 events, 34.21%) among individuals with OLP/OSCC, the second 

most common site was buccal mucosa (11 events, 28.95%), followed by gingiva/alveolar 

mucosa (7 events, 18.42%), labial/palate (4 events, 10.53%), floor of mouth (2 events, 

5.26%) and retromolar (1 event, 2.63%). 

With regards to the topography of subsequent high-risk dysplastic and neoplastic events 

in relation to sites of previously recorded events, the majority of subsequent lesions 

affected different anatomical sites to the previous ones. Thirty-three out of 46 (33/46, 

71.74%) and 30 out of 38 subsequent events (30/38, 78.95%) in OSCC patients with and 

without OLP occurred in anatomical sites distant to the of the preceding events, 

respectively. 
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Figure 4-6 The distribution of anatomical sites affected by subsequent new 
primary high-risk OEDs and new primary OSCCs. 

 

Mean time interval from the index OSCC to subsequent new primary high-risk 

OEDs and new primary OSCCs 

The mean time from the index OSCC to the second, third, fourth, fifth, sixth and seventh 

subsequent new primary high-risk OED and new primary OSCC event in the OLP/OSCC 

group was 1.96, 3.14, 4.02, 6.84, 7.19 and 7.87 years, respectively. For individuals with 

non-OLP/OSCC, the mean time from the index OSCC to the second, third, fourth and 

fifth subsequent event was 3.70, 3.20, 5.57 and 5.88 years, respectively (Figure 4-7). 

Focusing on subsequent new primary OSCCs, the mean time interval from the index 

OSCC to the second, third, fourth, fifth, sixth and seventh new primary OSCC event 

observed in patients with OLP/OSCC was 2.51, 3.06, 4.13, 6.74, 6.74 and 7.87 years, 

respectively. The mean time from the index OSCC to the second and third new primary 
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OSCC tumour in individuals with non-OLP/OSCC was 5.57 and 6.17 years, respectively 

(Figure 4-8). 

 

Figure 4-7 The mean time from the index OSCC to subsequent high-risk 
dysplastic/neoplastic events. 

 

Figure 4-8 The mean time from the index OSCC to subsequent new primary 
OSCCs. 
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4.3.4. The association between OLP and the number of new primary high-risk 

OED and new primary OSCC events following the index OSCC. 

Negative binomial regression models were carried out to determine the impact of OLP 

upon the number of new primary high-risk OED and OSCC events following the index 

OSCC. The results of univariate and multivariate negative binomial regression models 

are presented in Table 4-8.  

Based on univariate analysis, the presence of OLP was positively associated with a 

higher number of new primary high-risk OED and OSCC episodes subsequent to the 

index OSCC (IRR=3.04, 95%CI 1.60-5.79, p=0.001). After adjusting for confounding 

factors in the multivariate model, the effect of OLP upon number of subsequent new 

primary high-risk OEDs and OSCCs after the index OSCC was attenuated but remained 

statistically significant. OLP was a statistically significant independent predictor for 

having a higher number of subsequent multiple high-risk OED and OSCC events after 

the index OSCC (IRR=2.31, 95%CI 1.21-4.42, p=0.01) (Table 4-8). Interestingly, the site 

of index OSCCs (gingiva and retromolar area vs tongue/floor of mouth) was significantly 

associated with an increased number of additional new primary high-risk OEDs and/or 

new primary OSCCs after the index tumour in both univariate (HR=3.09, 95%CI 1.55-

6.20, p=0.001) and multivariate analysis (HR=3.25, 95%CI 1.45-7.29, p=0.004). 

Lymphovascular was not significantly associated with a higher number of subsequent 

new primary high-risk OEDs and OSCCs in the univariate analysis (HR=1.27, 95%CI 

0.66-2.46), but bacame significant in the multivariate model (HR=2.51, 95%CI 1.05-6.02, 

p=0.04). Other predictive factors including age at diagnosis of index OSCC, gender, 

smoking and alcohol consumption, stage of index OSCC, pattern of invasion, degree of 

differentiation, perineural invasion, surgical margin, depth of invasion were not found to 

be explanatory variables in multivarate analysis. 
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Table 4-8 Univariate and multivariate analyses of factors predicting numbers of 
new primary high-risk OEDs and OSCCs subsequent to the index OSCC (n=285 
patients). 

Parameters 
Univariate analysis Multivariate analysis 

Crude IRR 
(95% CI) p-value Adjusted IRR* 

(95% CI) p-value 

Background of OLP     

No 1  1  

Yes 3.04 (1.60-5.79) 0.001** 2.31 (1.21-4.42) 0.01* 
Gender     

Male 1  1  

Female 1.09 (0.59-2.02) 0.78 0.89 (0.46-1.73) 0.74 

Age (mean, SD) 1.02 (0.99-1.04) 0.06 0.99 (0.98-1.02) 0.95 

Smoking status     

Non-smoker 1  1  

Smoker 0.77 (0.40-1.46) 0.42 1.04 (0.52-2.08) 0.90 

Alcohol consumption     

Non-drinker 1  1  

Drinker 0.54 (0.29-1.02) 0.06  0.87 (0.42-1.82) 0.69 

Location of index OSCC     

Tongue/floor of mouth 1  1  

Buccal mucosa/palate/lip 2.24 (1.02-4.89) 0.04* 1.72 (0.73-4.06) 0.21 

Gingiva/retromolar area 3.10 (1.55-6.20) 0.001** 3.26 (1.45-7.33) 0.004** 
Stage of index OSCC     

Early stage, stage I + II 1  1  

Stage III + IV 0.87 (0.43-1.74) 0.68 0.74 (0.31-1.78) 0.51 

Pattern of invasion     

Absent/cohesive 1  1  

Non-cohesive 1.86 (0.96-3.63) 0.07 1.50 (0.73-3.07) 0.27 

Degree of differentiation      

Early invasive/Well 1  1  

Moderate/Poor 0.59 (0.30-1.17) 0.13 0.56 (0.27-1.56) 0.17 

Perineural invasion     

No 1  1  

Yes 0.76 (0.37-1.56) 0.46 0.86 (0.35-2.14) 0.75 

Lymphovascular invasion     

No 1  1  

Yes 1.27 (0.66-2.46) 0.48 2.51 (1.05-6.02) 0.04* 
Surgical margins     

Negative 1  1  

Close/Involved  0.71 (0.38-1.33) 0.29 0.67 (0.36-1.24) 0.20 

Depth of invasion     

≤ 4 mm 1  1  

> 4 mm 0.69 (0.37-1.27) 0.23 0.77 (0.36-1.62) 0.48 

Abbreviations: Oral lichen planus; OLP, oral squamous cell carcinoma; OSCC. 
*Adjusted for age, gender, smoking and alcohol intake, site of index OSCC, TNM stage of index OSCC, pattern of 
invasion, degree of differentiation, perineural invasion, lymphovascular invasion, surgical margins and depth of invasion, 
the development of multiple new primary OSCC. 
P-value: ***p<0.001; **p<0.01, *p<0.05 
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4.3.5. The risk of developing subsequent new primary OSCC after the first 

diagnosis of OSCC. 

A total of 28 out of 285 patients (9.82%) subsequently developed at least one new 

primary OSCC after the index OSCC, of whom 13 (21.31%) and 15 (6.70%) were 

OLP/OSCC and non-OLP/OSCC patients, respectively (p=0.001). Figure 4-9 

demonstrates the distribution of patients who developed at least one additional new 

primary OSCC episode after the index OSCC.  

 

Figure 4-9 The distribution of patients who developed and did not develop 
subsequent new primary OSCC in each group. 

 

The results from bivariate analysis investigating associations between baseline 

characteristics and the development of subsequent new primary OSCCs after the index 

OSCC (Table 4-9). A higher percentage of OLP/OSCC individuals experienced 

additional new primary OSCCs after the index OSCC compared to those with non-
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OLP/OSCC (p=0.001). Moreover, a significantly higher prevalence of the index OSCC 

tumours was noted for tumours affecting the gingiva or retromolar area in comparison 

with other anatomical subsites in patients who subsequently developed further new 

primary OSCCs (p=0.001). However, age at diagnosis of index OSCC, gender, 

traditional risk factors, sites and tumour stages of index OSCC and histopathological 

factors were not correlated with the occurrence of new primary OSCC episodes 

subsequent to the index OSCC. 

Table 4-9 Clinicopathological characteristics of 285 patients with OSCC with and 
without subsequent new primary OSCCs following first primary OSCC. 

Characteristics 
Patients who developed 

further new primary 
OSCCs 

(n=28 patients) 

Patients who did not 
further new primary 

OSCCs 
(n=257 patients) 

p-value 

OLP status    

OLP 13 (46.43%) 48 (16.68%) 0.001** 
Non-OLP 15 (53.57%) 209 (81.32%)  

Gender    

Male 19 (67.86%) 137 (53.31%) 0.14 

Female 9 (32.14%) 120 (46.69%)  

Age at diagnosis, mean (SD) 66.39 (12.00) 61.70 (14.40) 0.10 

Smoking status    

Non-smoker 14 (50%) 110 (42.80%) 0.61 

Smoker 8 (28.57%) 98 (38.13%)  

Missing 6 (21.43%) 49 (19.07%)  

Alcohol consumption    

Non-drinker 10 (35.71%) 82 (31.91%) 0.30 

Drinker 9 (32.14%) 119 (46.30%)  

Missing 9 (32.14%) 56 (21.79%)  

Location of index OSCC (270)    

Tongue/floor of mouth 8 (28.57%) 155 (60.31%) 0.001** 
Buccal mucosa/palate/lip 5 (17.86%) 45 (17.51%)  

Gingiva/retromolar area 15 (53.57%) 57 (22.18%)  

TNM of index OSCC    

Early invasive, stage I + II 19 (67.86%) 178 (69.26%) 0.88 

Advanced stage (stage III + IV) 9 (32.14%) 79 (30.74%)  

Pattern of invasion    

Absent/Cohesive 19 (67.89%) 201 (78.21%) 0.22 

Non-cohesive 9 (32.14%) 56 (21.79%)  

Degree of differentiation     

Early and Well 8 (28.57%) 47 (18.29%) 0.19 

Moderate and poor 20 (71.43%) 210 (81.71%)  

Perineural invasion    

Absent 20 (71.73%) 181 (70.43%) 0.91 

Present 8 (28.57%) 76 (29.57%)  

Lymphovascular invasion    

Absent 18 (64.29%) 181 (70.43%) 0.50 

Present 10 (35.71%) 76 (29.57%)  

Surgical margins    

Negative 16 (57.14%) 141 (54.86%) 0.82 

Close/involved 12 (42.86%) 116 (45.14%)  

Depth of invasion (DOI)    

≤ 4 mm. 15 (53.57%) 120 (46.69%) 0.49 

> 4 mm. 13 (46.43%) 137 (53.31%)  

Abbreviations: Oral lichen planus; OLP, oral squamous cell carcinoma; OSCC. 
P-value: ***p<0.001; **p<0.01, *p<0.05 
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4.3.3.1. The association between OLP and the development of subsequent 

new primary OSCC after the index OSCC. 

In this section, the effect of OLP on the risk of having additional new primary OSCC 

subsequent to the index OSCC was evaluated using Kaplan-Meier method and Cox 

proportional hazard models. The incidence rates of new primary OSCC subsequent to 

the index OSCC were 4.92 and 1.75 per 100 person-years for OLP/OSCC and non-

OLP/OSCC individuals, respectively. Kaplan-Meier curves indicated significantly higher 

probability of developing new primary OSCC events in patients with OLP/OSCC than in 

those with non-OLP/OSCC (Log-rank test, p=0.009) (Figure 4-10). 

With regards to Cox regression models, OLP was found to be significantly associated 

with an increased likelihood of new primary OSCC development after the index OSCC 

in both univariate (HR=2.63, 95%CI 1.24-5.55, p=0.01) and multivariate analysis 

(HR=4.09, 95%CI 1.62-10.32, p=0.003). After controlling potential confounding factors, 

the site of index OSCC (gingiva/retromolar area) was associated with higher risk of 

having new primary OSCC after the index tumour in both univariate (HR=5.76, 95%CI 

1.85-17.92, p=0.003) and multivariate model (HR=5.82, 95%CI 2.37-14.31, p<0.001). 

Other clinical and histopathological risk factors were not found to be associated with the 

development of subsequent new primary OSCCs. Table 4-10 shows the results of 

univariate and multivariate Cox proportional hazard regression models estimating the 

risk of developing new primary OSCCs after first primary oral malignancy.  
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Figure 4-10 Kaplan-Meier curves showing probability of experiencing subsequent 
new primary OSCC events after the index OSCC in OLP/OSCC and non-OLP/OSCC 
groups. 

 

 

 

 

 

 

 

 

 



 

 165 

Table 4-10 Univariate and multivariate Cox proportional hazard regression of the 
association between OLP and the risk of developing subsequent new primary 
OSCC (n=285 patients). 

Parameters 
Univariate analysis Multivariate analysis 
Crude HR 
(95% CI) p-value Adjusted HR* 

(95% CI) p-value 

Background of OLP     

No 1  1  

Yes 2.63 (1.24-5.55) 0.01* 4.09 (1.62-10.32) 0.003** 
Gender     

Male 1  1  

Female 0.54 (0.25-1.21) 0.14 0.43 (0.16-1.15) 0.09 

Age (mean, SD) 1.03 (1.004-1.06)  1.01 (0.98-1.05) 0.44 

Smoking status     

Non-smoker 1  1  

Smoker 0.81 (0.36-1.86) 0.63 1.14 (0.40-3.25) 0.81 

Alcohol consumption     

Non-drinker 1  1  

Drinker 0.54 (0.21-1.36) 0.19 0.62 (0.17-2.25) 0.47 

Location of index OSCC     

Tongue/floor of mouth 1  1  

Buccal mucosa/palate/lip 2.39 (0.76-7.55) 0.14 1.86 (0.51-6.76) 0.35 

Gingiva/retromolar area 5.82 (2.37-14.31) <0.001*** 5.76 (1.85-17.92) 0.003** 
Stage of index OSCC     

Early stage, stage I + II 1  1  

Stage III + IV 1.49 (0.67-3.34) 0.33 0.83 (0.27-2.56) 0.76 

Pattern of invasion     

Absent/cohesive 1  1  

Non-cohesive 1.46 (0.65-3.27) 0.35 1.30 (0.42-3.95) 0.65 

Degree of differentiation      

Early invasive/Well 1  1  

Moderate/Poor 0.92 (0.40-2.12) 0.85 0.76 (0.25-2.32) 0.64 

Perineural invasion     

No 1  1  

Yes 1.36 (0.59-3.12) 0.47 1.01 (0.29-3.52) 0.98 

Lymphovascular invasion     

No 1  1  

Yes 2.08 (0.94-4.61) 0.07 3.24 (0.97-10.87) 0.06 

Surgical margins     

Negative 1  1  

Close/Involved  0.98 (0.46-2.07) 0.95 0.86 (0.36-2.09) 0.75 

Depth of invasion     

≤ 4 mm 1  1  

> 4 mm 1.07 (0.50-2.29) 0.86 1.36 (0.44-4.18) 0.59 

Abbreviations: Oral lichen planus; OLP, oral squamous cell carcinoma; OSCC. 
*Adjusted for age, gender, smoking and alcohol intake, site of index OSCC, TNM stage of index OSCC, pattern of invasion, 
degree of differentiation, perineural invasion, lymphovascular invasion, surgical margins and depth of invasion. 
P-value: ***p<0.001; **p<0.01, *p<0.05 
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4.3.6. The association between OLP and the number of subsequent new primary 

OSCCs after the first oral malignancy. 

The effect of OLP on the number of new primary OSCC events following the index OSCC 

was evaluated using Poisson regression models. The results of univariate and 

multivariate Poisson regression models are shown in Table 4-11.  

In univariate analysis showed that OLP was significantly associated with a higher number 

of new primary OSCCs following the index OSCC (IRR=3.82, 95%CI 2.06-7.08, 

p=<0.001). This positive association remained significant after controlling for potential 

confounding factors in the multivariate model (IRR=4.18, 95%CI 1.97-8.88, p<0.001).  

Of note, age at diagnosis (IRR=1.04, 95%CI 1.02-1.06, p=0.001), history of alcohol 

consumption (IRR=0.44, 95%CI 0.22-0.90, p=0.02), site of index OSCC (IRR=7.16, 

95%CI 3.36-15.29, p<0.001), and lymphovascular invasion (IRR=2.30, 95%CI 1.23-4.28, 

p=0.009) were found to be significantly associated with a higher number of subsequent 

new primary OSCC events after the index OSCC in univariate analysis. However, only 

location of the index OSCC tumour (gingiva and retromolar area vs tongue/floor of 

mouth) (IRR=6.42, 95%CI 2.52-16.40, p<0.001) and lymphovascular invasion 

(IRR=3.20, 95%CI 1.17-8.77, p=0.02) were significant predictors of number of 

subsequent new primary OSCC events following the index OSCC in multivariate models. 
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Table 4-11 Univariate and multivariate analyses of factors predicting the number 
of subsequent new primary OSCCs after the index OSCC (n=285 patients). 

Parameters Crude IRR 
(95% CI) p-value Adjusted IRR* 

(95% CI) p-value 

Background of OLP     

No 1  1  

Yes 3.82 (2.06-7.08) <0.001*** 4.18 (1.97-8.88) <0.001*** 
Gender     

Male 1  1  

Female 1.06 (0.58-1.96) 0.85 0.71 (0.33-1.53) 0.73 

Age (mean, SD) 1.04 (1.02-1.06) 0.001 1.01 (0.98-1.04) 0.39 

Smoking status     

Non-smoker 1  1  

Smoker 0.56 (0.27-1.16) 0.12 0.84 (0.35-2.01) 0.70 

Alcohol consumption     

Non-drinker 1  1  

Drinker 0.44 (0.22-0.90) 0.02 0.83 (0.31-2.17) 0.70 

Location of index OSCC     

Tongue/floor of mouth 1  1  

Buccal mucosa/palate/lip 2.14 (0.76-6.01) 0.15 1.62 (0.54-4.85) 0.39 

Gingiva/retromolar area 7.16 (3.36-15.29) <0.001*** 6.42 (2.52-16.40) <0.001*** 
Stage of index OSCC     

Early stage, stage I + II 1  1  

Stage III + IV 1.78 (0.95-3.33) 0.07 0.97 (0.38-2.44) 0.94 

Pattern of invasion     

Absent/cohesive 1  1  

Non-cohesive 1.03 (0.54-1.94) 0.93 0.75 (0.28-2.02) 0.57 

Degree of differentiation      

Early invasive/Well 1  1  

Moderate/Poor 1.12 (0.55-2.29) 0.75 0.83 (0.33-2.08) 0.69 

Perineural invasion     

No 1  1  

Yes 0.99 (0.49-2.02) 0.98 0.81 (0.30-2.21) 0.68 

Lymphovascular invasion     

No 1  1  

Yes 2.30 (1.23-4.28) 0.009** 3.20 (1.17-8.77) 0.02* 
Surgical margins     

Negative 1  1  

Close/Involved  1.08 (0.59-1.99) 0.80 0.79 (0.40-1.58) 0.51 

Depth of invasion     

≤ 4 mm 1  1  

> 4 mm 1.14 (0.62-2.10) 0.68 1.37 (0.55-3.43) 0.49 

Abbreviations: Oral lichen planus; OLP, oral squamous cell carcinoma; OSCC. 
*Adjusted for age, gender, smoking and alcohol intake, site of index OSCC, TNM stage of index OSCC, pattern of 
invasion, degree of differentiation, perineural invasion, lymphovascular invasion, surgical margins and depth of invasion. 
P-value: ***p<0.001; **p<0.01, *p<0.05 

 

4.3.7. Survival outcomes 

Ninety-three out of 285 patients (32.98%) died by the end of data collection period (31st 

December 2019). Of these, 45 patients (48.39%) died of causes other than OSCC and 

48 patients (51.61%) died of OSCC which consisted of 10 OLP/OSCC and 38 non-

OLP/OSCC patients. The 5-year overall survival of patients with OLP/OSCC was 

76.33%, whilst that of patients with non-OLP/OSCC was 71.77% (p=0.87).  
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The 5-year cumulative incidence of death due to OSCC after the index OSCC was 

13.30% (95%CI 5.30-25.00) and 14.56% (95%CI 9.83-20.19) for individuals with 

OLP/OSCC and non-OLP/OSCC (p=0.63), respectively (Figure 4-11A). The 5-year 

cumulative incidence of death due to other causes than OSCC was 10.37% (95%CI 4.16-

19.88) and 13.65% (95%CI 8.81-19.55) for OLP/OSCC and non-OLP/OSCC (p=0.18), 

respectively (Figure 4-11B). Therefore, the probability of death due to OSCC and death 

from other causes in the OLP/OSCC group was not significantly lower than those in the 

non-OLP/OSCC group. The estimated cumulative incidence curves of death due to 

OSCC and other causes (other causes as competing risk) stratified by OLP status are 

illustrated in Error! Reference source not found. 

 

Figure 4-11 Cumulative incidence function curves of mortality related to OSCC (A) 
and other causes (B). 
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When modeling cause-specific hazards of dying from OSCC, OLP was not a significant 

predictor of OSCC-related mortality in both univariate (HR=0.79, 95%CI 0.39-1.59, 

p=0.51) and multivariate analysis (HR=0.66, 95%CI 0.37-1.20, p=0.18). Interestingly, 

tumour stage of the index OSCC (HR=2.76, 95%CI 1.56-4.87, p=0.001), pattern of 

invasion (HR=2.67, 95%CI 1.28-5.56, p=0.01), degree of differentiation (HR=2.52, 

95%CI 1.07-5.95, p=0.04), lymphovascular invasion (HR=4.97, 95%CI 2.75-8.99, 

p=0.001) and depth of invasion (HR=1.97, 95%CI 1.09-3.56, p=0.03) were associated 

with an increased risk of death due to OSCC in the univariate analysis. However, only 

the presence of lymphovascular invasion remained associated with a higher OSCC-

related mortality (HR=2.60, 95%CI 1.45-4.67, p=0.001) when controlling for potential 

clinical and histopathological confounding factors in the multivariate analysis. On the 

other hand, the age at diagnosis was not significantly associated with OSCC-related 

mortality in the univariate analysis but became a significant predictor of mortality due to 

OSCC after adjusting for potential confounding factors (HR=1.01, 95%CI 1.005-1.02, 

p<0.001). 

With regards to mortality due to other causes, no significant difference in mortality due 

to other causes than OSCC was seen between OLP/OSCC and non-OLP/OSCC 

individuals in both univariate (HR=0.56, 95%CI 0.25-1.25, p=0.16) and multivariate 

analysis (HR=0.53, 95%CI 0.22-1.28, p=0.16). Of note, age at diagnosis was found to 

be a significant predictor of the risk of death from other causes before (HR=1.06 95%CI 

1.03-1.08, p<0.001) and after (HR=1.06 95%CI 1.03-1.09, p<0.001) adjusting for 

confounding factors. Table 4-12 presents cause-specific hazard ratios of associated 

prognostic parameters estimated from univariable and multivariable cause-specific Cox 

regression models for mortality related to OSCC (disease-specific survival) and mortality 

due to other causes.  
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Table 4-12 Univariable and multivariable cause-specific Cox proportional hazard models for mortality from OSCC and other 
causes of death (n=285 patients) 

 

 Fully adjusted model; adjusted for OLP, gender, age at diagnosis, smoking and alcohol consumption, site of the index OSCC, TNM stage of primary OSCC, pattern of invasion, degree of 
differentiation, perineural invasion, lymphovascular invasion, surgical margins and depth of invasion. 
P-value: ***p<0.001; **p<0.01, *p<0.05 

Parameters 
Mortality from OSCC  Mortality from other cause of death 

Events (48) Crude HR  
(95% CI) 

P-value Adjusted HR* 
(95% CI) 

P-value Events (45) Crude HR  
(95% CI) 

P-value Adjusted HR* 
(95% CI) 

P-value 

Background of OLP           
No 38 1  1  38 1  1  
Yes 10 0.79 (0.39-1.59) 0.51 0.66 (0.37-1.20) 0.18 7 0.56 (0.25-1.25) 0.16 0.53 (0.22-1.28) 0.16 

Gender           
Male 20 1  1  24 1  1  
Female 28 1.70 (0.96-3.02) 0.07 0.98 (0.88-1.09) 0.67 21 1.06 (0.59-1.91) 0.84 1.06 (0.53-2.14) 0.87 

Age, mean (SD) 62.16 (14.50) 1.01 (0.98-1.03) 0.61 1.01 (1.005-1.02) <0.001 70.11 (14.71) 1.06 (1.03-1.08) <0.001*** 1.06 (1.03-1.09) <0.001*** 
Smoking status           

Non-smoker 17 1  1  20 1  1  
Smoker 19 1.25 (0.67-2.35) 0.48 1.26 (0.74-2.15) 0.39 12 0.86 (0.45-1.69) 0.68 1.36 (0.60-3.09) 0.46 
Unknown 12     13     

Alcohol consumption           
Non-drinker 18 1  1  13 1  1  
Drinker 18 0.68 (0.36-1.27) 0.23 0.92 (0.51-1.66) 0.78 17 1.01 (0.50-2.05) 0.97 1.28 (0.52-3.14) 0.59 
Unknown 12     15     

Location of index OSCC           
Tongue/floor of mouth 24 1  1  21 1  1  
Buccal mucosa/palate/lip 8 1.09 (0.49-2.43) 0.84 0.99 (0.54-1.8/3) 0.98 9 1.32 (0.60-2.89) 0.48 1.13 (0.48-2.67) 0.78 
Gingiva/retromolar area 16 1.61 (0.86-3.04) 0.14 1.33 (0.77-2.30) 0.31 15 1.70 (0.88-3.30) 0.12 1.29 (0.59-2.83) 0.52 

Stage of index OSCC           
Early invasive, stage I + II 24 1  1  31 1  1  
Stage III + IV 24 2.76 (1.56-4.87) 0.001** 1.33 (0.77-2.30) 0.31 14 1.23 (0.65-2.32) 0.52 1.09 (0.48-2.46) 0.84 
Pattern of invasion           
Absent/Cohesive 9 1  1  14 1  1  
Non-cohesive 39 2.67 (1.28-5.56) 0.01* 1.41 (0.74-2.67) 0.30 31 1.31 (0.69-2.49) 0.40 0.97 (0.40-2.33) 0.95 
Degree of differentiation            
Early invasive/well 6 1  1  7 1  1  
Moderate/poor 42 2.52 (1.07-5.95) 0.04* 0.99 (0.88-1.11) 0.85 38 1.91 (0.85-4.30) 0.12 1.73 (0.65-4.62) 0.27 
Perineural invasion           
Absent 31 1  1  30 1  1  
Present 17 1.73 (0.95-3.15) 0.07 0.75 (0.43-1.32) 0.32 15 1.53 (0.82-2.86) 0.18 1.19 (0.49-2.92) 0.70 
Lymphovascular invasion           
No 20 1  1  29 1  1  
Yes 28 4.97 (2.75-8.99) 0.001* 2.60 (1.45-4.67) 0.001** 16 1.83 (0.98-3.42) 0.06 1.60 (0.66-3.84) 0.30 
Surgical margin           
Negative 24 1  1  28 1  1  
Close/involved  24 1.20 (0.68-2.12) 0.53 0.85 (0.54-1.34) 0.49 17 0.73 (0.40-1.34) 0.31 0.75 (0.39-1.44) 0.39 
Depth of invasion           
≤4mm 17 1  1  21 1  1  
>4mm 31 1.97 (1.09-3.56) 0.03* 0.94 (0.55-1.60) 0.82 24 1.24 (0.69-2.24) 0.47 0.77 (0.37-1.62) 0.50 
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4.4. Discussion 

Oral lichen planus is associated with an increased risk of progression to oral cancer 

(Fitzpatrick et al., 2014a, Aghbari et al., 2017, Giuliani et al., 2019, González-Moles et 

al., 2019). As a result, a careful surveillance programme has been recommended for 

patients diagnosed with OLP in order to detect and treat any dysplastic or malignant 

changes at early stages which could improve patients’ survival and quality of life 

(Mignogna et al., 2002, Mignogna et al., 2006). However, little is known regarding the 

long-term prognosis in patients undergoing malignant transformation of OLP or whether 

OLP-associated OSCC behaves differently from OSCC in isolation. A number of studies 

have shown that individuals with OLP-associated OSCC may behave more aggressively 

than OSCC not associated with OLP as they tend to develop multiple and multifocal 

OSCCs (Mignogna et al., 2001a, Mignogna et al., 2007). These studies however had 

several limitations, particularly a relatively small sample sizes and lack of a control group. 

Robustly design studies which consider the effect of clinicopathological parameters on 

the potential impact of pre-existing/concomitant OLP upon the prognosis of OSCC are 

awaited. The study presented in this chapter has addressed this issue, providing an in-

depth analysis of the impact of OLP on determining the prognosis of OSCC with regards 

to the development of multiple metachronous new primary high-risk dysplastic lesions 

and new primary OSCCs as well as mortality in the affected population compared to 

patients with conventional OSCC. 

This is the first study extensively assessing the risk of subsequent new primary high-risk 

dysplastic and new primary neoplastic event following the first diagnosis of OSCC in 

patients with OLP-associated OSCC compared to the control population (conventional 

OSCC). The present study found that approximately one third of patients with OLP-

associated OSCC subsequently developed at least one episode of high-risk OED/new 

primary OSCC following the first primary OSCC, which is similar to that reported in a 

previous study by Mignogna et al. (2002). After controlling for potential clinical and 
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histopathological confounding factors, the results indicated that individuals with OSCC 

arising in a background of OLP exhibited higher risk of developing further multiple and 

multifocal dysplastic/neoplastic events following the initial diagnosis of OSCC compared 

to those with OSCC but no underlying OLP. This was also confirmed by comparing the 

total number of new primary high-risk dysplastic and new primary OSCCs events during 

the observation period between OSCC patients with and without OLP. Those with OLP-

associated OSCC were found to have significantly higher number of subsequent high-

risk OEDs and new primary OSCC events after their index oral malignancy. The present 

findings are supported by previously published studies demonstrating an increasing 

tendency towards multiple dysplastic/neoplastic events even though effects of other 

clinical and pathological parameters were not taken into account in the analyses 

(Mignogna et al., 2002, Mignogna et al., 2007, Muñoz et al., 2007).  

A similar trend was observed when evaluating the impact of OLP upon the occurrence 

of primary OSCCs subsequent to the first primary OSCC. In the present study, multiple 

new primary OSCCs occurred in 21.31% of patients with OLP-associated OSCC, which 

is in line with the previously reported rates ranging from 11.21%-56% (Lo Muzio et al., 

1998, Mignogna et al., 2001b, Mignogna et al., 2007, Muñoz et al., 2007, Bombeccari et 

al., 2011, Best et al., 2020, González-Moles et al., 2020). When assessing the 

association between OLP and the occurrence of multiple, multifocal synchronous and 

metachronous new primary OSCCs, multivariate analysis demonstrated that patients 

with OLP-associated OSCC had an increased chance of developing subsequent new 

primary OSCCs and had significantly higher number of subsequent new primary OSCC 

events compared to those with regular OSCC. These findings are generally consistent 

with several previous studies reporting higher incidence of second new primary OSCC 

after their treatment for the index oral cancer in individuals with OLP-associated OSCC 

(Lo Muzio et al., 1998, Mignogna et al., 2001b, Mignogna et al., 2007, Muñoz et al., 

2007). More recently, a retrospective study by (Best et al., 2020) demonstrated higher 

rates of locoregional recurrence (54.3%) and second new primary OSCCs (21.7%) in 
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OLP-associated OSCC. However, this group did not provide further information 

regarding the differences in the risk of developing new primary OSCCs between OLP-

associated OSCC patients and the national controls. 

A number of clinical and pathological factors have been associated with an increased 

risk of second new primary tumours in patients with OSCC (Ko et al., 2016). It is 

interesting to point out that patients with OLP-associated OSCC in the present study 

presented with favourable clinical factors and pathological prognostic features at the 

baseline: non-smokers (>60%), early stages of index OSCC (>80%), absence of 

perineural invasion (>80%), absence of lymphovascular invasion (>80%) and smaller 

depth of invasion. However, they were at significantly greater risk of having multiple and 

multifocal new primary OSCCs after curative treatment for their index OSCC than those 

without OLP. Similarly, many authors have reported that multiple OSCCs arising in OLP 

tends to occur in a group of patients without traditional risk factors (i.e., smoking and 

alcohol use, female gender) (Muñoz et al., 2007, Best et al., 2020). This may be 

attributable to the link between chronic inflammation and cancer development, as 

demonstrated in other chronic inflammatory conditions such as chronic ulcerative colitis, 

Crohn’s disease or Barrett’s oesophagus (Reid et al., 2010, ROMANO et al., 2016). 

Similar to the above conditions, patients, it has been suggested that the longstanding 

chronic inflammation in OLP may contribute to widespread changes in the 

microenvironment of the oral mucosa resulting in persistent DNA damage and disruption 

in cell cycle regulation, which could lead to the initiation of tumorigenesis (Mignogna et 

al., 2004, Feller et al., 2013). However, further molecular studies are clearly warranted 

to investigate whether OLP-associated OSCC has a different molecular pathway from 

that of regular OSCC.  

With regards to the mean interval from the first occurrence of OSCC to subsequent 

dysplastic (high-risk) and neoplastic events, the present study found that after the index 

OSCC, a second new primary OSCC was found in a mean time of 2.64 years (range: 

0.003-9.43 years), which is similar to that observed in previous studies ranging from 7 
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months to 3.5 years (Mignogna et al., 2002, Muñoz et al., 2007). Moreover, it is 

noteworthy to highlight that patients with OLP-associated OSCC tended to experience 

subsequent dysplastic (high-risk group) and neoplastic events earlier after their index 

OSCC compared to those with traditional OSCC. One possible explanation for this is that 

patients with underlying OLP may be seen more frequently due to substantial fluctuation 

in disease activity as well as an increased risk of malignant progression (Alrashdan et 

al., 2016). It would be interesting to further investigate regarding frequency of routine 

follow-up visits and how often a biopsy for any suspicious lesions is performed during 

the follow-up period. 

On the basis of survival outcomes, no significant association was observed between 

OLP and mortality in the present study. With regard to mortality due to OSCC, the 

present study demonstrated that patients with OLP-associated OSCC seemed to have 

lower mortality related to OSCC compared with those without OLP. However, the 

difference between the two groups did not reach statistical significance. This trend was 

similar to the findings presented by (Best et al., 2020) that revealed significantly improved 

disease-specific survival rate among patients with OLP-associated OSCC. Moreover, a 

recent systematic review and meta-analysis by González-Moles et al. (2020) also 

reported lower 5-year mortality rate (15.48%) in patients with OLP-associated OSCC 

than individuals with conventional OSCC (34.70-50.00%). A number of factors may have 

influenced the association between OLP and OSCC-related mortality. Well-established 

unfavourable prognostic factors such as age and lymphovascular invasion strongly 

corresponded with higher OSCC mortality. This may have diluted the effect of OLP on 

the OSCC mortality. Secondly, the small number of events of interest particularly deaths 

due to OSCC may have led to insufficient statistical power to detect a small difference 

between the two groups. Additionally, it is also important to consider competing events 

(death due to other causes) when analyzing mortality outcomes. In the clinical setting, 

patients will not die due to OSCC once they have died of other causes, but this may 

affect the probability of death related to OSCC. Therefore, ignoring the competing events 
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in the analysis may give rise to biased results (Schuster et al., 2020). In order to 

circumvent this issue, the present study employed competing risks analysis – cause-

specific hazard models. This method has been recommended by several prognostic 

studies (Lau et al., 2009, Lim et al., 2010, Läärä et al., 2017) in order to appropriately 

account for competing events. 

The strengths of this study include the relatively large sample size, which is larger than 

many previous studies on the prognosis of OSCC associated with pre-existing OLP. This 

study provided comprehensive and detailed analysis of the associations between OLP 

and the above prognostic outcomes by taking clinical and histopathologic prognostic 

factors into account. Furthermore, this is the first time that a competing risks analysis 

(cause-specific hazards model) was deployed to evaluate the impact of longstanding 

OLP upon mortality related to oral cancer.  

Nevertheless, the findings of this study should be considered in light of its limitations. 

First, given the nature of retrospective design from one tertiary referral unit, this may limit 

the generalizability of the findings. Secondly, the OSCC sample in the present study was 

obtained from the tertiary referral unit and thus some patients were primarily treated in 

another hospital before referring for second primary OSCC treatment. Therefore, a 

number of patients with OSCC (n=68) were excluded from the analyses due to a lack of 

information about the primary OSCC. Another limitation is missing data for baseline 

covariates - namely smoking and alcohol use, which were handled by using multiple 

imputation. Finally, the possibility of ascertainment bias. This could be due to the fact 

that smoking/alcohol status was recorded at the baseline appointment. It is possible that 

patients would have been requested by the referring clinicians to discontinue smoking 

and/or alcohol consumption and this was recorded as an absence history of smoking 

and/or alcohol intake. Accurate and detailed record-keeping of each follow-up visit would 

assist future studies to capture the impact of smoking and alcohol consumption upon the 

prognosis of oral cancer. 
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4.5. Conclusion 

The results of the present study provide novel information with regards to the impact of 

OLP in determining the prognosis and long-term behaviour of OSCC. It shows 

convincing evidence that patients with OLP-associated OSCC tend to develop 

subsequent multiple and multifocal new primary dysplastic lesions and OSCCs at a rate 

and number that is notably higher than individuals with OSCC and no history of OLP. 

This evidence calls for a pragmatic change in clinical practice, so to ensure that 

individuals with a history of OLP-associated OSCC are monitored closely and ideally 

more frequently than patients with previous OSCC but no history of OLP. 
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Chapter 5 Electronic health record (EHR) cohort and approaches 

to data curation in CALIBER® resource 

 

5.1 Chapter overview 

Electronic health records (EHRs) are emerging as an important data resource for large-

scale research studies. Even though EHRs were initially established for financial and 

clinical care purposes, the adoption of EHRs has been expanded and deployed in a wide 

range of research fields including clinical and epidemiological research.  

In this thesis, chapter 3 and chapter 4 investigated the prognosis of OED and OSCC in 

patients with OLP using a single-centre data set respectively. We planned to further 

explore the role of OLP, one of the most common chronic oral mucosal diseases in 

determining the prognosis and long-term behaviour of HNSCC using a national linked 

EHRs as well as expanding the diseases of interest to other common chronic oral 

mucosal diseases associated with an increased risk of HNSCC for the future study.  

Despite the fact that risk of HNC development is traditionally considered to be higher in 

patients with a range of oral mucosal diseases and chronic inflammation (i.e., oral lichen 

planus (OLP), oral leukoplakia (LK), oral submucous fibrosis (OSF) and periodontal 

diseases (PD)), available evidence is based on small and often uncontrolled studies 

(Javed and Warnakulasuriya, 2016, Giuliani et al., 2019, Gopinath et al., 2020, Kujan et 

al., 2020). The use of nationwide EHRs offers a unique opportunity to explore aspects 

of the association between head and neck squamous cell carcinoma (HNSCC) and these 

chronic oral diseases in a large representative sample of the UK population and the role 

of these diseases in determining the prognosis of HNSCC. However, it is important to 

note that this is the first time using this national linked EHRs platform for dental research 

and hence processes of data extraction, data preparation and combining datasets are 

required as a first step towards investigating the association between chronic oral 
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mucosal diseases and HNSCC and determining the prognosis of HNSCC in patients with 

such diseases. 

Although a full EHR-based study was behind the scope of the present research, one of 

the main aims of this thesis was to pioneer the methodology and complete the 

groundwork needed in order to investigate the association between OLP, LK, OSF, PD 

and the development of HNSCC using national linked EHRs (CALIBER© resource) as 

well as its prognosis in the future. The groundwork included several processes of data 

manipulation below. This chapter provides an introduction to the linked national EHRs 

platform (CALIBER platform), the data sources in the CALIBER platform, the data 

curation process, the method used to identify study populations along with risk factors 

and how each component was generated (exposures, covariates and outcomes). 

 

5.2 CALIBER: a linked national electronic health records platform 

The CALIBER (ClinicAl disease research using LInked Bespoke studies and Electronic 

health Records) is a research platform of the linkages between UK electronic healthcare 

databases including primary care data and other secondary care data. Linkage between 

multiple data sources would provide healthcare information across a patient’s medical 

journey (Figure 5-1).  
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Figure 5-1 demonstrates longitudinal data across a patient’s medical journey of 

multiple linked data sources in CALIBER (Denaxas et al., 2012) . 

The CALIBER dataset used in this thesis consisted of 4 main data sources: i) Clinical 

Practice Research Datalink (CPRD): longitudinal primary care data ii) Hospital Episodes 

Statistics (HES) iii) Office for National Statistics (ONS) and iv) National cancer 

registration and analysis service (NCRAS). The details of each data source are 

described in the following section.  

 

5.2.1. Data sources in the CALIBER platform 

The Clinical Practice Research Datalink (CRPD) 

The CRPD, initially known as the General Practice Research Database (GPRD), was 

established in 1987 as a resource for collating longitudinal healthcare data from general 

practices of representative sample covering 7% of the UK population and then GPRD 

expanded to become the CPRD in 2012 (Lawrenson et al., 1999). The CPRD contains 

longitudinal primary care data on diagnoses, symptoms, drug prescriptions, 

vaccinations, blood tests and risk factors.  
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Signs, symptoms, clinical laboratory test results, diagnoses, procedures are coded using 

Read code – a hierarchical coding system used by General Practitioners (GPs) to enter 

clinical information and treatment given to patients. The Read codes were first developed 

by Dr James Read and were adopted by the National Health Service (NHS). Read codes 

contain details and multiple clinical terms to describe one conditions. Subsequently, 

CPRD developed “medcode” which is a more refined coding system mapped to the Read 

code. Medicines prescribed and dispensed in primary care were recorded based on 

chapters of the British National Formulary (BNF), using BNF codes. Moreover, all 

electronic prescriptions data coded using CPRD’s prodcode which provides specific 

details about the drug substance, dosage and manufacturer. 

Hospital Episodes Statistics (HES) 

Hospital Episodes Statistics (HES) contains records of all patients admitted to NHS 

hospitals in England, all NHS outpatient appointments in England as well as A and E 

attendances. Data on the primary diagnosis for the hospital admission, admission date, 

discharge date, date of treatments/procedures during the hospital admissions are 

recorded in HES. Unlike CPRD, diagnoses in HES are recorded using the International 

Classification of Disease (ICD) codes developed by the World Health Organization and 

procedures are recorded using the Office of Population, Censuses and Surveys 

Classification of Surgical Operations and Procedures (OPCS) codes. The ICD-10 coding 

system is divided into 22 chapters and each chapter describes distinct disease type or 

specific anatomical sites.  

Office for National Statistic (ONS) 

Office for National Statistics (ONS) collects and publishes statistics in regard to the 

economy, population and society ranging from national to local levels. Data on the social 

deprivation and mortality data are collected by the ONS. The social deprivation data 

includes the Index of Multiple Deprivation (IMD) score, which is used to describe relative 

deprivation for different geographical areas and used as a surrogate for area-level 
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socioeconomic deprivation. The mortality data comprises of valuable information related 

to a person’s death retrieved from the death certificate including date of death, place of 

death and cause of death which are recorded using the ICD-10 codes. 

National Cancer Registration and Analysis Service 

Cancer registrations in England are provided by Public Health England (PHE) via the 

National Cancer Registration and Analysis Service (NCRAS). This is supported by a 

national cancer data standard, the Cancer Outcomes and Services Dataset (COSD). 

The NCRAS contains data on all patients in England who are diagnosed with malignant 

and pre-malignant neoplasms. Cancer registration data for England are collected by 

NCRAS from a range of health care data sources including multidisciplinary team 

meeting, hospital patient administration systems, pathology reports, imaging systems, 

molecular testing results, treatment records, hospital records, operational standards (i.e., 

cancer waiting times, systemic anti-cancer therapy, radiotherapy) and death certification 

data. 

 

5.3 Approaches to data curation and disease phenotypes in a study using national 

linked EHRs platform (CALIBER). 

To conduct a research study using linked data from multiple sources in the CALIBER 

platform, the processes for planning, obtaining and preparing CALIBER data are 

required. Each step of data curation is described in detail in the sections below. Detailed 

flowchart of the data curation steps is demonstrated in Figure 5-2. 
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Figure 5-2 Flow chart showing data curation steps. 

 

5.3.1. Define objectives and specific aims 

The study objective and specific aims were defined as part of the protocol development 

in order to answer pre-specified research questions. 

Primary objective: 

The primary objective of this study was to investigate associations, and the extent of the 

associations between oral lichen planus (OLP), oral submucous fibrosis (OSF), 

leukoplakia (LK), periodontal diseases (PD) and the development of HNSCC. 

5.3.7 Phenotype development 

5.3.1 Define objectives and specific aims 

5.3.2 Define study population and controls 

5.3.3 Define study exposures, covariates, study endpoints 

and identified phenotypes available on the CALIBER 

5.3.4 Apply for ethical approval (ISAC approval) to access 

the data linkage 

5.3.5 Request the data from CPRD and the data lab team 

5.3.6 Receive linked data 
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Specific aims: 

a) To determine the incidence of HNSCC for patients with the diseases of interest, 

including OLP, OSF LK and PD. This allowed us to outline the epidemiology of 

HNSCC in a representative sample with diseases of interest of the UK population. 

b) To investigate the associations between diseases of interest and the incidence 

of HNSCC after adjusting potential confounding factors. This allowed us to 

identify the true associations between these diseases and the development of 

HNSCC and to identify risk factors associated with HNSCC. 

 

5.3.2. Define study population and controls 

All patients with recorded OLP, OSF, LK and PD diagnosis drawn from individuals 

registered in the general practices consenting for data linkage between 1 January 1997 

and 31 December 2015 were included. This period corresponds to the administrative 

censoring date of CPRD dataset and the Cancer Registry (NCRAS). For each of patients 

diagnosed with OLP, OSF, LK or PD, a maximum of 10 controls (those with no diseases 

of interest) were randomly selected and matched by ± 5 years, gender and GP practice 

(cases: controls = 1:10). Patients were eligible for inclusion when they were aged ≥ 18 

years old, had been registered with general practices with a minimum of one year up-to-

standard follow-up prior to the start date of the study, had no history of HNC prior to the 

start date of the study. Individuals with a history of diseases/conditions associated with 

an increased risk of the development of HNC including Fanconi Anaemia, Ataxia 

Telangectasia, Graft-versus-host disease, HIV-infected patients, Plummer-Vinson 

Syndrome, Li Fraumeni syndrome, Blooms syndrome, systemic Sclerosis and 

Inflammatory bowel diseases were excluded. 
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5.3.3. Define exposures, covariates and study endpoints 

To address the primary objective and specific aims, the exposures of interest, required 

covariates and study endpoints were defined and checked whether phenotypes 

algorithms (case identifications) of these variables are available on the CALIBER portal 

(https://www.caliberresearch.org/portal). If the phenotype descriptions are available on 

the CALIBER portal, these published phenotypes can be requested in the data request 

stage. For diseases/variables with no phenotype descriptions published on the CALIBER 

portal, it is necessary to generate code lists and develop new phenotypes in order to 

reliably identify individuals with diseases/variables of interest to be included in the study 

cohort. A summary of data sources used to generate exposures of interest variables, risk 

factors, covariate phenotype and study endpoints in Table 5-1. 

 

Exposures of interest 

The exposures of interest included OLP, OSF, LK and PD. Unfortunately, OLP, OSF LK 

and PD phenotypes were not available on the CALIBER portal. Therefore, diagnosis 

codes relevant to OLP, OSF, LK and PD in each data source were reviewed and the 

code lists for each of these diseases were subsequently generated using Read codes 

for primary care data (CPRD) and ICD-10 codes for secondary care data (HES): OLP 

(Table S 5-1), OSF (Table S 5-2), LK (Table S 5-3) and PD (Table S 5-4). These newly 

generated code lists were submitted in the data request stage. Moreover, for each of 

these exposures (OLP, OSF, LK and PD), the index date (the date of first diagnosis) was 

defined as the date of the first event of OLP, OSF, LK or PD recorded between 1 January 

1997 and 31 December 2015 in either CPRD or HES depending on which database 

showed the earliest date of diagnosis. This is due to the fact that an individual patient 

may have a diagnosis of the disease of interest on different dates as the chronic nature 

of these conditions – multiple interactions with primary and secondary care.  
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Covariates  

Baseline covariates included patient demographics, socioeconomic status, traditional 

risk factors for HNSCC, Body Mass Index (BMI) and prescribed medications are 

available phenotypes on the CALIBER portal.  

a) Sociodemographic 

Demographics data including age, gender, ethnicity and the area of GP practices were 

retrieved from CPRD. Age was calculated using the year of birth recorded in CPRD and 

the date of study entry. Body Mass Index (BMI) provided by CPRD was classified into 4 

groups according to the cut-off points proposed by the WHO: underweight (BMI < 18.5 

kg/m2), normal weight (BMI 18.5-24.99 kg/m2), overweight (BMI 25.29.99 kg/m2), obesity 

(BMI ≥ 30 kg/m2). The index of multiple deprivation (IMD), provided by ONS, was used 

to define socioeconomic status based on 7 elements of deprivation: income, 

employment, health and disability, education, skills and training, barriers to housing and 

services, crime and living environment. Patients were categorised into 5 groups: score 1 

(least deprived) to 5 (most deprived) (McLennan et al., 2011). 

b) Health behaviours 

Smoking status and alcohol consumption are well-established risk factors for HNSCC. 

The most recent smoking status obtained from records in CPRD, HES and prescriptions 

of smoking cessation products were used to classified individuals as never, former and 

current smokers. Never-smoker patients were reclassified as former smokers if they had 

any record of smoking at any time before baseline. Similarly, alcohol consumption was 

defined based on the most recent record of alcohol consumption recorded in five years 

prior to the study entry. Both drinking status and number of alcohol units were used to 

classified patients’ behaviour: never, ex-, occasional, current and excess drinkers. For 

patients with no record in the specified time period, their data for smoking and/or alcohol 

intake were recorded as missing. 
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c) Prescribed medications 

Records of prescriptions were retrieved from CPRD only. The medications that may 

affect the risk of developing head and neck cancer namely metformin (Rêgo et al., 2015, 

Saka Herrán et al., 2018), valproic acid (Erlich et al., 2009, Kang et al., 2014) and aspirin 

(Jayaprakash et al., 2006, de la Cour et al., 2020) were retrieved. We identified from the 

records of issued prescriptions for metformin, valproic acid and aspirin captured in 

primary care data (CPRD). Patients were classified into two groups based on the use of 

each of these medications during the study period (yes/no).  

 

Study endpoints 

It is important to define study endpoints for patients prior to performing study analyses 

mainly time-to-event analysis. For patients with diseases of interest, the observation 

period started on the date of first diagnosis of OLP, OSF, LK or PD. For those without 

the diseases of interest (controls), the observation period began on the latest of the 

patient registration date, the practice UTS date or 1 January 1997 (whichever occurred 

last). For all eligible patients, the observation period ended on the date of the patient 

transfer out, the practice last collection date, the date of first diagnosis of HNC, the date 

of death, the earliest of practice last collection date or the last date of the study whichever 

occurred first. Therefore, the study endpoints used in this study included the occurrence 

of HNSCC, death due to HNSCC and death due to other causes. 

Head and neck squamous cell carcinoma  

The primary endpoint indicating whether a patient developed HNSCC or was censored 

due to other reasons (i.e., died, lost follow-up or transferred out of the GP practice) was 

created (yes/no). Diagnosis codes were reviewed, and a more comprehensive HNSCC 

phenotype algorithm was developed in Chapter 6. 
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Death due to HNSCC 

Death due to HNSCC was defined using ONS data based on ICD-10 and ICD-9 codes, 

recorded as the primary underlying cause of death. 

Death due to all causes 

All-cause mortality was defined using CPRD and ONS data. Date of death was based 

on a date of death recorded in ONS. For those with an absence of a date of death in 

ONS, death data in CPRD was then deployed.  

Table 5-1 Summary of data sources for risk factors and covariates phenotypes. 
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Exposures of interest         
Oral lichen planus CPRD, HES X  X X X   
Oral submucous fibrosis CPRD, HES X  X     
Leukoplakia CPRD, HES X  X     
Periodontal disease CPRD, HES X  X     
Demographics         
Age CPRD        
Gender CPRD        
Ethnicity CPRD        
Index of multiple deprivation ONS       X 
Practice region CPRD        
Health behaviour         
Smoking status CALIBER composite X X X     
Alcohol consumption CALIBER composite X X      
Physical examination         
Body mass index CPRD X       
Prescribed medication         
Aspirin CPRD  X      
Metformin CPRD  X      
Sodium valproate CPRD  X      
Study endpoints         
HNSCC 
Death data 
Causes of death 

CPRD, HES 
CPRD, ONS 
ONS 

X 
X 

 X X  X  
X 
X 

Abbreviations: CALIBER; ClinicAl research using LInked Bespoke studies and Electronic health Records, 
CPRD; Clinical Practice Research Datalink, HES; Hospital Episode Statistics, NCRAS; National Cancer 
Registration and Analysis Service (NCRAS), ONS; Office for National Statistics, HNSCC; Head and neck 
squamous cell carcinoma. 
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5.3.4. Ethical approval (ISAC protocol approval) 

Gaining access to CPRD data (UK primary care data) and linked data which are part of 

the CALIBER platform for research proposes, study protocol approval by an Independent 

Scientific Advisory Committee (ISAC) is required. Approval for this study was granted by 

the CPRD ISAC (protocol number 17_078R). 

 

5.3.5. Request the data 

After the ISAC committee approved the study protocol, the data specification is reviewed 

by researchers and submitted to CPRD. The study specification includes details of the 

study population, case and cohort definition, follow-up definition and required variables. 

Data will be extracted and transferred via electronic secure file transfer from CPRD to 

the Data Lab team member at Health Data Research UK (HDR UK) who will extract and 

link data between requested data sources using patient identifiers. The data request for 

this study is shown in Table 5-1. Lastly, the data set from CPRD will be uploaded for 

researchers to access to the requested data (Table 5-2). 

Table 5-2 demonstrates variables provided to the Data Lab for this study. 

Variables EHR Phenotypes 
Age https://www.caliberresearch.org/portal/show/birthyear 
Gender https://www.caliberresearch.org/portal/show/sex_gprd 
Ethnicity https://www.caliberresearch.org/portal/show/ethnic_gprd  

https://www.caliberresearch.org/portal/show/ethnic_hes 
Smoking status https://www.caliberresearch.org/portal/show/smoking_status_composite  

https://www.caliberresearch.org/portal/show/smoking_status_gprd 
https://www.caliberresearch.org/portal/show/smoking_status_hes 

Alcohol status https://www.caliberresearch.org/portal/show/alcohol_drinker_composite  
https://www.caliberresearch.org/portal/show/alcohol_drinker_gprd 

Socioeconomic status https://www.caliberresearch.org/portal/show/imd_score_gprd 
Body Mass Index (BMI) https://www.caliberresearch.org/portal/show/bmi 
HPV infection CPRD and HES  
Oral lichen planus CPRD and HES (supplementary Table S5-1) 
Oral submucous fibrosis CPRD and HES (supplementary Table S5-2) 
Oral leukoplakia CPRD and HES (supplementary Table S5-3) 
Death data CPRD and ONS (supplementary Table S5-4) 
Cause of death https://www.caliberresearch.org/portal/show/cod_ons 

https://www.caliberresearch.org/portal/show/anydeath_ons 
HNSCC CPRD, HES and Cancer registry (see code lists in supplementary 

chapter 6) 
Cancer topography Cancer registry (NCRAS) (see code lists in supplementary chapter 6) 
Cancer morphology Cancer registry (NCRAS) (see code lists in supplementary chapter 6) 
Cancer behaviour Cancer registry (NCRAS) (see code lists in supplementary chapter 6) 
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Variables EHR Phenotypes 
Cancer histology Cancer registry (NCRAS) (see code lists in supplementary chapter 6) 
Cancer grading Cancer registry (NCRAS) 
Nodes excised (number) Cancer registry (NCRAS) 
Nodes involved (number) Cancer registry (NCRAS) 
Stage of cancer  Cancer registry (NCRAS) 
Excisional margin Cancer registry (NCRAS) 
Treatment for cancer Cancer registry (NCRAS) 

Abbreviations: HPV; Human Papilloma Virus, CPRD; Clinical Practice Research Datalink, HES; Hospital 
Episodes Statistics, ONS; Office for National Statistics, NCRAS; National Cancer Registration and Analysis 
Service. 

 

5.3.6. Receive the linked data  

All data sets are provided and transferred in the format of Comma Separated Values 

(.csv) files. Each file contains longitudinal records for each variable from a single data 

source. The format of the file name is ‘variable_datasource’ for instance the file name 

HNC_hes.csv consists of all hospital admissions due to HNC for patients in the cohort 

whilst the file named ‘HNC_diag_cprd.csv’ consists of all HNC diagnoses from general 

practice (GP) records. Moreover, a general cohort file with patient’s CPRD identifier, GP 

identifier, date of birth, gender, date of entry and date of exit to GP practice and date of 

death from GP records is also provided by CPRD. 

 

5.3.7. Develop new disease phenotypes  

As mentioned previously, in case a disease phenotyping algorithm is not available on 

the CALIBER portal, it is important to develop a new disease phenotype based on rule-

based phenotyping approach in order to accurately and reliably identify patients with 

disease of interest using linked EHRs. A new phenotype algorithm is developed through 

iterative process using multiple data sources (i.e., CPRD, HES, ONS and NCRAS). This 

process usually requires input from a multidisciplinary team of experts from different 

scientific backgrounds (for example, clinicians, data scientists, public health researchers, 

epidemiologists) to amend and agree on a newly developed disease phenotype. Another 

essential step of the phenotype development process is EHR phenotype validation. To 

ensure the validity and reliability of EHR-derived phenotypes for their use in research, 
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there are 6 different approaches to provide evidence of phenotype validity (Denaxas et 

al., 2012): 

1) Cross-EHR sources – the proportion of identified cases will be quantified in each 

data source and the overlap between sources. Additionally, completeness in 

each source will be evaluated. Positive predictive value (PPV) will be then 

calculated using a disease registry (e.g. The Myocardial Ischaemia National Audit 

Project (MINAP) or National cancer registry) as a reference source. 

2) Case-note review – cases with disease of interest are identified using the newly 

developed phenotype algorithm. Then, these identified cases will be randomly 

selected and reviewed for their entire medical records (e.g., medical notes, 

referral letters, pathological reports) by at least two independent clinicians without 

prior knowledge of ICD-10 diagnostic codes or read code. Cases identified by the 

phenotype algorithm will be compared to the clinicians’ reviews. PPV, negative 

predictive value (NPV), sensitivity and specificity will be subsequently estimated 

using the case review by clinicians as a gold standard. 

3) Risk factor associations – The effects of established risk factors (for example, a 

hazard ratio or an odd ratio) using EHR-derived data will be estimated and then 

compared to the reported effects of these risk factors from previous EHR studies. 

Additionally, both direction and magnitude of associated risk factors will be also 

compared between EHR and non-EHR research studies/previous well-

established associations. 

4) Prognostic association – in this approach, prognostic profiles such as cumulative 

incidence of death, cumulative incidence of disease stratified by EHR sources 

will be compared with previous results derived from non-EHR studies. 

5) Genetic association – the association between genetic variants extracted from 

EHR-derived cases and outcomes will be analysed. The results from the EHR 

study will be compared to the previously reported findings from non-EHR works 

for both the direction and the magnitude of association. 
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6) External validation across populations – the developed EHR phenotype algorithm 

will be implemented in different populations (e.g., data from external sources, 

data from other countries). The consistency of the results between the two 

different populations will be evaluated in order to provide evidence of phenotype 

validity. 

Once the new phenotype has been developed and validated, it will be available on the 

CALIBER portal for other researchers. The phenotype algorithm development process 

is demonstrated in Figure 5-3. As the diseases of interest (OLP, OSF, LK and PD) and 

the outcome (HNSCC) in the present study have not yet developed and published on the 

CALIBER portal. For the first time, we developed the new comprehensive a phenotype 

algorithm for HNSCC and then validated this phenotype. The process, challenges and 

complexities of the development of new phenotyping algorithm using the CALIBER 

platform to identify patients included in this study is fully described in chapter 6. 

 

Figure 5-3 The phenotype development process in the CALIBER platform (Morley 
et al., 2014). 
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Chapter 6 Developing Head Neck Squamous Cell Carcinoma 

(HNSCC) disease phenotype in linked electronic health records 

(CALIBER© resource). 

___________________________________________________________________ 

6.1. Chapter overview 

Over the past decade, the secondary use of electronic health records (EHRs) has been 

growing rapidly for head and neck cancer (HNC) research in several aspects such as 

incidence of HNC, treatment outcomes, prognosis as well as HNC mortality. Previous 

EHR studies investigating head and neck squamous cell carcinoma (HNSCC), the most 

common type of cancer in the head and neck area, generally used data from only a 

single care setting (primary or secondary care), which covers only a limited snapshot of 

a patient’s healthcare journey. Using integrated patients’ information from disparate EHR 

sources (primary care, secondary care death registry and disease registries) provides 

richer and more comprehensive longitudinal data which could support a wide range of 

research to inform healthcare services and improve quality of patient care. However, one 

of the common challenges of EHR use is the accurate identification of patients using 

linkage of EHR data from different sources as EHRs for primary care, secondary care 

and disease registry are structured differently and recorded separately using different 

diagnosis coding systems. Therefore, it is crucial to develop EHR-derived phenotypes 

based on rule-based algorithms utilising clinical terminology (code lists) from each data 

source, administrative data, intervention records and prescriptions to accurately identify 

patients with a condition/disease of interest. 

Although there have been a number of EHR studies on HNSCC in the literature, there 

remains a lack of a standardised valid and replicable algorithm to define individuals with 

HNSCC using EHR-derived data. Therefore, the objective of this chapter was to develop 

and validate the phenotype algorithm to reliably identify HNSCC patients using linkage 

of EHR data across primary care, secondary care, death registry and national cancer 
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registry. This chapter describes the process and complexity of HNSCC phenotype 

development starting from 1) reviewing these diseases of interest and defining diagnostic 

code lists based on coding systems used in each data source (primary care, secondary 

care and national cancer registry), 2) developing the phenotype algorithms for HNSCC 

using the CALIBER platform after the code lists are generated and 3) evaluating the 

validity and reliability of EHR-derived phenotype for their use in research. The 

phenotyping process of HNSCC is described in the following sections. 

 

6.2. Methods 

6.2.1. Linked electronic health records 

This study was carried out as part of the CALIBER© resource 

(https://www.ucl.ac.uk/health-informatics/caliber and http://www.caliberresearch.org/). 

CALIBER, led from the UCL Institute of Health Informatics, is a research resource 

providing validated electronic health record phenotyping algorithms and tools for national 

structured data sources” (Denaxas et al., 2012, Denaxas et al., 2019). CALIBER links 

EHR data from primary care data Clinical Practice Research Datalink (CPRD), Hospital 

Episode Statistics (HES), Office for National Statistics (ONS) in England and disease 

registry such as National Cancer Registration and Analysis Service (NCRAS) for cancers 

and Myocardial Ischaemic National Audit Project (MINAP) for cardiovascular diseases. 

This study was based in part on data from CPRD, HES and NCRAS obtained under 

licence from the UK Medicines and Healthcare products Regulatory Agency. The data 

was provided by patients and collected by NHS as part of their care and support. The 

study was approved by the Independent Scientific Advisory Committee (ISAC) of the 

Medicines and Healthcare products Regulatory Agency in the UK, protocol number 

17_078. 
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6.2.2. Study population 

The study population consisted of anonymised patients from CALIBER© resource 

between 1 January 1997 and 31 December 2015. Inclusion criteria were (i) age ≥ 18 

years old, (ii) minimum one-year follow-up data prior to study entry, (iii) registration with 

a practice with up-to-standard data. We excluded patients with any records of HNSCC 

prior to study entry or any records of HNSCC after entry suggesting any history of 

HNSCC. We use data from 2,293,638 patients across 381 general practices in England 

that have consented to data linkage to develop HNSCC phenotype algorithm in this 

thesis 

 

6.2.3. Electronic health records relevant to definition of HNSCC phenotypes 

Reviewing code lists for HNSCC 

Specific codes for HNC diagnosis and non-specific codes indicating symptoms 

potentially related to HNSCC (i.e., mouth ulcer, lip ulcer, tongue ulcer) were thoroughly 

reviewed and identified in three coding systems: Read codes (primary care diagnoses 

from CPRD), ICD-10 codes (secondary care diagnoses from HES) and International 

Classification of Disease for Oncology codes (ICD-O-3 codes) (diagnoses from NCRAS). 

Other codes such as cancer morphology and referral codes recorded in NCRAS were 

also defined to assist in improving case identification. In this study, malignant neoplasms 

of Waldeyer’s ring (C14.2), salivary glands (C07-08), laryngeal cartilage (C32.3) and 

lower jawbone (C41.1) were excluded due to different aetiological patterns from HNSCC 

(Hashibe et al., 2007, Maasland et al., 2014). 

After reviewing specific and non-specific codes for HNC, lists of medical codes were 

generated based on expert discussion between clinicians and data scientists. Eleven 

Read codes in primary care data (CPRD) relevant to HNC diagnosis were listed to 

determine whether patients had a history of HNC, a history of oral cancer screening, any 



 

 195 

potential signs or symptoms of HNSCC. With regards to diagnosis codes directly related 

to HNC diagnosis, we primarily identified 120 Read codes in CPRD, 73 ICD-10 codes in 

HES and 63 ICD-O-3 codes in the NCRAS (see supplementary Table S 6-1). 

Additionally, 22 histology codes indicating cancer morphology were identified to provide 

supporting information whether a tumour was squamous cell carcinoma (SCC). 

Diagnosis codes for HNC in each data source were categorised into 3 groups based on 

tumour location and the possibility of being SCC subtype rather than other types of HNC: 

1. HNSCC type – HNC diagnosis codes of anatomical subsites that can be considered 

as HNSCC. These included lip, buccal mucosa, tongue, floor of mouth, oropharynx, 

hypopharynx, larynx, nasopharynx (El-Naggar et al., 2017) 

2. HNC of uncertain subtype - HNC codes of anatomical subsites where could possibly 

infer other types of HNC than HNSCC (see supplementary Table S 6-2) (El-Naggar 

et al., 2017). These included soft palate, hard palate, uvula, mouth, unspecified part 

of mouth. Without supporting information (i.e., cancer morphology or concurrent 

diagnosis of HNC in the other data source with more specific anatomical subsites), 

we could not confidently conclude that patients with HNC codes of uncertain 

anatomical subsites should be defined as HNSCC. 

3. Absence of HNC diagnosis codes  

 

6.2.4. Developing phenotype algorithm for HNSCC  

During the study period, 11,261 patients had a record of history of HNC or 

signs/symptoms that could possibly suggest a diagnosis of HNC such as lip ulcer or 

tongue ulcer. Of these, 142 had a history of malignant neoplasm, 2 had history of 

malignant neoplasm of larynx, 2 had a record of screening for malignant neoplasm of 

oral cavity and 11,115 had a history of ulcer in the oral cavity. Regarding records of HNC 

diagnosis documented in each database, 1,331 patients had a diagnosis of HNC 

recorded in CPRD (1,231 HNSCC and 100 uncertain HNC subtype), 2,938 had patients 
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at least one record of HNC in HES (2,902 HNSCC and 36 uncertain HNC subtype) and 

2,015 patients had a HNC diagnosis documented in NCRAS (1,964 HNSCC and 51 

uncertain HNC subtype).  

A combination of Read, ICD-10, ICD-O-3 codes as well as cancer morphology were used 

to develop a phenotype algorithm to identify patients diagnosed with HNSCC in linked 

EHRs. Read codes associated with potential symptoms of HNC and history of HNC in 

CPRD, followed by HNC diagnosis codes in CPRD and NCRAS were identified. In the 

NCRAS, cases with incident HNC were checked whether histological confirmation of 

squamous cell carcinoma was available. If yes, these cases can be considered as 

HNSCC. On the other hand, if the histology data was absent or not recorded in NCRAS, 

we then checked ICD-10 codes in secondary care data (HES) for HNC and determined 

whether recorded HNC codes should be considered as HNSCC, HNC of uncertain 

subtype events or absence of HNC diagnosis codes according to diagnosis codes and 

tumour location mentioned above. Where there was disagreement between two data 

sources regarding the tumour location, the database with the more specific detail about 

the anatomical location was used to define cases with HNSCC (e.g., if one database 

described the lesion as in the “mouth” and another source detailed the lesion as on the 

“tongue”, the latter was then used to determine HNSCC phenotype). Following the above 

process, the HNSCC phenotype algorithm was developed to define HNSCC in the linked 

EHRs as demonstrated in Figure 7-1. The case definition for HNSCC using the 

developed phenotype algorithm consisted of the following 4 categories: 

1. Diagnosed with HNSCC when:  

- First record was a diagnosis code for HNC identified in NCRAS with the 

histological confirmation of squamous cell carcinoma (morphology). 

- First recorded HNC code indicates HNSCC type in at least two data sources 

when the histological confirmation was absence or not recoded. 
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2. Probably HNSCC diagnosis when:  

- First recorded HNC code indicating HNSCC type is identified in only one data 

source (CPRD, HES or NCRAS) without supporting information such as cancer 

histology. 

3. Probably not HNSCC diagnosis (Patients with HNC of uncertain type) when:  

- First record is a diagnosis code for HNC of uncertain subtype in one or more data 

source with an absence of the microscopic confirmation or other supporting 

information 

4. Not HNSCC patients  
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Figure 6-1 Phenotype algorithm showing the use of CPRD, HES and NCRAS to define HNSCC in primary care, 
hospital admissions and the national cancer registry. 
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6.2.5. Statistical analysis 

Validation of the EHR phenotype for HNSCC 

All data analyses were performed in STATA Version 15.1 (StataCorp LP, College 

station, Texas, USA). To evaluate the validity of a newly developed phenotype for 

HNSCC in the CALIBER platform after data curation process, the HNSCC phenotype 

was validated through three approaches namely cross-EHR sources, the aetiological 

association and prognostic association (Denaxas et al., 2019).  

Cross-EHR sources concordance 

The number and percentage of cases with HNSCC identified in each data source and 

overlapping cases between data sources were calculated and demonstrated using a 

Venn diagram. We used the national cancer registry (NCRAS) as a gold standard to 

derive the positive predictive value (PPV) of HNSCC diagnoses recorded in CPRD 

and HES and to evaluate the completeness of identify HNSCC (sensitivity). The PPV 

is the probability that an HNSCC diagnosis identified in an EHR source was a true 

HNSCC as being ascertained by NCRAS (which contains information on HNSCC 

ascertainment such as cancer morphology (squamous cell carcinoma)). 

Consistency of risk factors and HNSCC associations from non-EHR studies 

The associations between EHR-derived phenotype for HNSCC and pre-specified risk 

factors including age, sex, smoking, alcohol use and BMI were investigated. Logistic 

regression models were used to estimate odd ratio and 95% confidence interval (CI) 

of these well-established risk factors. Results were subsequently evaluated whether 

they were consistent with previous findings obtained from clinical and non-EHR 

studies in terms of the direction and magnitude.  
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Consistency with prior prognosis research 

Participant follow-up was started on the date when the participant met all the study 

inclusion criteria or the date of first record of HNSCC diagnosis. The observational 

period for all participants ended on the date of death or practice deregistration or the 

last data collection in the practice whichever occurred first. The Kaplan-Meier method 

was used to calculate 5-year survival probability and its 95% CI. Survival curves were 

constructed and stratified by EHR source.  

Cox proportional hazards models were performed to evaluation the hazard ratio (HR) 

for the association between first HNSCC event and all-cause mortality. The age- and 

sex- matched general population was used as a reference group. Participants with 

HNSCC recorded in one or more than one data source were matched in a 1:1 ratio 

with an age- and sex-matched general population drawn from the 2,293,638 study 

participants in the CALIBER resource using the STATA package “ccmatch” as the 

reference group. The proportional hazard assumptions of Cox models were checked 

using Schoenfeld residuals test and log(-log) plots. 

 

6.3 Results 

6.3.1. Applying the HNSCC EHR phenotype algorithm 

When implementing the developed phenotype algorithm, we identified 2,202 

individuals with HNSCC diagnosis in the CALIBER cohort between 1997 and 2015. 

The proportion of HNSCC cases identified in linked EHR data sources increased by 

year of diagnosis as illustrated in Figure 6-2. Median follow-up time was 8.45 years 

(IQR 4-13.66 years). The mean age was 56.29 years at baseline (range 18-93) and 

75.34% were males. The distribution of HNSCC recorded in CPRD (n=939), HES 

(n=1,821) or NCRAS (n=1,958) is shown in Figure 6-3. Of these, 1,938 patients 
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(88.01%) were captured in 2 or more data sources (CPRD and HES, CPRD and 

NCRAS, HES and NCRAS), with 578 patients (26.26%) having HNSCC recorded in 

all 3 sources (CPRD, HES and NCRAS). The remaining 264 patients (11.99%) were 

captured in only one data source which was NCRAS and then cancer morphology 

was used as a supporting document to confirm the diagnosis of HNSCC of these 

patients. In fact, 1,016 patients were identified with possible HNSCC diagnosis as 

they had HNC diagnoses recorded in only one data source with no further supporting 

information and 90 individuals who were classified as probably not having HNSCC 

according to the developed phenotype algorithm for HNSCC. 

 

Figure 6-2 Number of patients with HNSCC recorded in each EHR data source 
in CALIBER resource between 1997 and 2015 (n=2,202). 

15 13

18 17

31

34

51

61 62

79

70

46

98

56 59

65

60 63

41

16

31

35 36

64

67

83 86

92

11
0

10
8

88

15
7

11
3

12
3

14
4

13
6

16
2

17
0

12

27

37

42

69 71

90

83

95

10
8

10
5

10
1

16
9

13
8

13
5

15
5

15
5

18
2 18
4

0

20

40

60

80

100

120

140

160

180

200

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

N
um

be
r o

f p
at

ie
nt

s 
w

ith
 H

N
SC

C

Year of HNSCC diagnosis 

CPRD

HES

NCRAS



 

 202 

 

Figure 6-3 Venn diagram showing the number and percentage of records in 
primary care (CPRD), hospital admissions (HES), and cancer registry (NCRAS) 
for HNSCC across three national data sources in England (n=2,202). 

 

6.3.2. Validation of the HNSCC phenotype 

6.3.2.1. Cross-EHR sources 

Patient characteristics stratified by EHR data sources are shown in Table 6-1. At 

baseline, patients with diagnoses recorded in CPRD had the highest mean age at 

56.53 years (range 18-93) compared to those with diagnoses in HES and NCRAS 

with the mean ages of 55.44 (range 18-90) and 56.39 years (range 18-93), 

respectively. The percentage of male individuals were roughly similar all groups with 

the lowest percentage of males amongst patients identified in CPRD and NCRAS 

(68.38%). Approximately 30% of patients diagnosed with HNSCC identified in multiple 

data sources lived in the most socioeconomically deprived areas of England. 

Approximately half of the HNSCC patients identified in each EHR data sources were 

current smokers (52.50%-54.75%) and current drinkers of alcohol (44.37%-45.58%). 

Approximately 40% of the identified patients in each source were in the normal weight 

category (normal BMI 18.50-24.99 kg/m2) followed by overweight (30%), obese (15%) 
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and underweight (<5%). Regarding the ethnic group distribution, nearly all of the 

patients with HNSCC diagnoses recorded in each EHR data source were White 

(93.18-94.52%).  

In cross-EHR sources using NCRAS as a reference (1897 patients who were 

identified in NCRAS with morphological confirmed HNSCC), the positive predictive 

value (PPV) of HNSCC diagnosis (the probability that diagnosis recorded in the 

cancer registry was HNSCC rather than other types of head and neck cancer) was 

estimated to be 73.21% (667/911, 95%CI 70.21%-76.70%) in primary care (CPRD), 

86.20% (1524/1768, 95%CI 84.50%-87.78%) in secondary care (HES) data and 

87.00% (1633/1877, 95%CI 85.39%-88.49%) in CPRD and HES. The sensitivity of 

HNSCC cases identified from CPRD, HES and both CPRD and HES was 35.16% 

(95%CI 33.01%-37.36%), 80.34% (95%CI 78.48%-82.10%) and 86.08% (95% CI 

84.44%-87.61%) respectively. The positive predictive values and sensitivity of 

patients diagnosed with HNSCC in CPRD, HES and combined CPRD and HES are 

displayed in Figure 6-4. 
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Figure 6-4 shows the positive predictive values and sensitivity of HNSCC 
diagnosis in CPRD, HES and combined CPRD and HES.
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Table 6-1 Baseline characteristics of patients in primary care (CPRD), hospital admissions (HES) or 
cancer registry (NCRAS). 

Characteristics Primary care 
(CPRD) 

Hospital Episodes 
Statistics (HES) 

Cancer Registry 
(NCRAS) Total P-value 

No patients 939 1821 1958 2,202  
Age (mean, range) 56.53 (12.76) 55.44 (12.82) 56.39 (13.11) 56.29 (13.11) 0.51 
Sex      

Male 683 (72.74%) 1379 (75.73%) 1479 (75.54%) 1659 (75.34) 0.19 
Female 256 (27.26%) 442 (24.27%) 479 (24.46%) 543 (24.66%)  

Most deprived (5th)* 277 (29.50%) 544 (29.87%) 575 (29.37%) 644 (29.25%) 0.10 
Smoking: 

Never smoker 
Ex-smoker 
Current smoker 
Missing 

 
135 (14.38%) 
287 (30.56%) 
499 (53.14%) 
18 (1.92%) 

 
197 (10.82%) 
537 (29.49%) 
997 (54.75%) 
90 (4.94%) 

 
215 (10.98%) 
610 (31.15%) 
1028 (52.50%) 
105 (5.36%) 

 
248 (11.26%) 
681 (30.93%) 
1163 (52.82%) 
110 (5.00%) 

 
0.07 

Alcohol use: 
Non-drinker 
Ex-drinker 
Current drinker 
Missing 

 
112 (11.93%) 
153 (16.29%) 
428 (45.58%) 
246 (26.20%) 

 
180 (9.88%) 
280 (15.38%) 
808 (44.37%) 
553 (30.37%) 

 
189 (9.65%) 
290 (14.81%) 
871 (44.48%) 
608 (31.05%) 

 
226 (10.26%) 
327 (14.85%) 
972 (44.14%) 
677 (30.74%) 

 
0.68 

Body mass index (kg/m2) 
Underweight (<18.50) 
Normal weight (18.50-24.99) 
Overweight (25.00-29.99) 
Obese (≥ 30) 
Missing 

 
38 (4.05%) 

365 (38.87%) 
293 (31.20%) 
137 (14.59%) 
106 (11.29%) 

 
69 (3.79%) 

692 (38.00%) 
547 (30.04%) 
271 (14.88%) 
242 (13.29%) 

 
64 (3.27%) 

709 (36.21%) 
611 (31.21%) 
305 (15.58%) 
269 (13.74%) 

 
78 (3.54%) 

807 (36.65%) 
685 (31.11%) 
334 (15.17%) 
298 (13.53%) 

 
0.77 

Ethnicity 
White 

 
875 (93.18%) 

 
1721 (94.51%) 

 
1841 (94.02%) 

 
2059 (93.51%) 

 
0.82 
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Characteristics Primary care 
(CPRD) 

Hospital Episodes 
Statistics (HES) 

Cancer Registry 
(NCRAS) Total P-value 

Mixed 
Asian 
Black 
Others 
Missing 

- 
16 (1.70%) 
9 (0.96%) 
4 (0.43%) 
35 (3.73%) 

1 (0.05%) 
28 (1.54%) 
17 (0.93%) 
9 (0.49%) 
45 (2.47%) 

2 (0.10%) 
23 (1.17%) 
12 (0.61%) 
11 (0.56%) 
69 (3.52%) 

2 (0.09%) 
31 (1.41%) 
18 (0.82%) 
12 (0.54%) 
80 (3.63%) 

*Assessed by index of multiple deprivation. 
Note: Patients might be presented in more than one EHR source if HNSCC was captured in more than one source -The total number of patients was 2,202 
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6.3.2.2. Associations with previously reported risk factors for HNSCC 

One of the approaches used in validating the HNSCC phenotype was to evaluate the 

associations between HNSCC diagnosis and previously reported risk factors: smoking, 

alcohol consumption and BMI when adjusting for age and sex as demonstrated in Figure 

6-5. For well-established risk factors (tobacco and alcohol use) in this thesis, smoking 

was found to be strongly associated with an increased risk of HNSCC with the odds ratio 

estimates of 4.46 (95%CI 3.74-5.31) for current smokers and 1.75 (95%CI 1.50-2.11) for 

ex-smokers. As expected, there was a significant association between alcohol use and 

risk of HNSCC observed in the study cohort. The odds ratios were 1.24 (95%CI 1.04-

1.48) for those who never drink and 2.17 (95%CI 1.87-2.54) for current drinkers. With 

regards to the effect of BMI on HNSCC risk, patients with HNSCC diagnosis identified 

from linkage EHRs with BMI<18.50 kg/m2 at baseline were at 2.12 times higher risk of 

HNSCC compared to those with a BMI between 18.50 and 24.99 kg/m2 (OR=2.12, 

95%CI 1.62-2.76). In contrast, overweight (BMI ≥ 25 kg/m2) and obese (BMI ≥ 30 kg/m2) 

individuals with HNSCC diagnosis recorded in EHR sources were significantly 

associated with reduced risk of HNSCC (OR=0.76, 95%CI 0.67-0.86 and OR=0.79, 

95%CI 0.68-0.92). 
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Figure 6-5 Age- and sex-adjusted Odds ratio for pre-specified risk factors 
(smoking, alcohol use and BMI) of HNSCC in CALIBER compared with estimates 
obtained from non-EHR studies (Hashibe et al., 2007, Gaudet et al., 2010) 

 

6.3.2.3. Prognosis following HNSCC 

In this section, 459 out of 2,202 patients were excluded from the analysis due to 

inadequate follow-up period (a diagnosis of HNSCC was recorded on the same day as 

the date of death). Therefore, 1,742 patients with HNSCC recorded in one of the three 

EHRs were included in this analysis. Of these, we observed 1,546 deaths over 24,606.60 

person-years of follow-up, with a median of 5.47 years (IQR 1.56-12.11). The Kaplan-

Meier curves for 5-year overall survival following HNSCC recorded in each data source 

and all 3 data sources is illustrated in Figure 6-6. The crude 5-year mortality was similar 

in patients with incident HNSCC recorded in CPRD, HES and NCRAS, with 5-year 

survival rates of 45.31% (95%CI 41.62%-48.92%), 40.62% (95%CI 37.84%-43.38%) and 

41.69% (38.03%-44.43%), respectively, compared with 93.66% (95%CI 92.34%-

94.75%) in the age- and sex-matched general population. After adjusting for age and 

sex, patients with HNSCC diagnosis recorded in CPRD, HES, NCRAS, all 3 data sources 

remained strongly significantly associated with an increased risk of all-cause mortality 

with HRs of 8.45 (95%CI 7.31-9.76), 8.64 (95%CI 7.60-9.81), 8.19 (95%CI 7.21-9.30) 
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and 8.19 (95%CI 7.23-9.27) compared with the age- and sex-matched reference 

population respectively (Figure 6-7).  

 

Figure 6-6 Kaplan-Meier curves showing 5-year overall survival following HNSCC 
recorded in each database (A) CPRD, (B) HES, (C) NCRAS and (D) all 3 data 
sources. 

 

Figure 6-7 Cox proportional hazards models for association between EHRs for 
HNSCC and 5-year all-cause mortality stratified by HNSCC recorded in primary 
care (CPRD), secondary care (HES) and the national cancer registry (NCRAS). 
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6.4 Discussion 

The electronic health records of 2.12 million people residing in England were 

investigated for the first presence of HNSCC in multiple linked data sources: primary 

care (CPRD), secondary care (HES) and the national cancer registry (NCRAS). Based 

on available clinical information recorded across data linkage, a comprehensive 

phenotype algorithm for HNSCC was developed and its validity was thoroughly assessed 

through examining the proportion of cases contributed by different EHR sources, 

diagnostic validity, risk factor profiles, aetiological association and prognostic 

association. 

Developing HNSCC phenotype algorithm using linked electronic health records 

A number of previous EHR studies in CALIBER© resource have highlighted the 

importance of linking data across healthcare settings (i.e., primary care, hospital 

admissions, a national disease registry and a mortality registry) for defining and 

validating disease phenotypes such as acute myocardial infarction, heart failure and 

atrial fibrillation (Herrett et al., 2013, Morley et al., 2014, Koudstaal et al., 2017, Denaxas 

et al., 2019). In developing the HNSCC phenotype in this study, it was observed that 

integrating data from multiple data sources identified more HNSCC cases than 

investigating in only single data source. If the HNSCC phenotype algorithm relied on only 

single data source, a substantial proportion of HNSCC cases ranging from 10% up to 

50% would have been missed (Figure 6-3). Additionally, it was found that combining 

diagnosis terms from multiple linked data sources helped to improve case definition and 

ascertain the HNSCC phenotype. This is the first study utilising information recorded in 

linked national EHRs to specifically develop and generate the HNSCC phenotype. This 

is in contrast to previous EHR studies that used data from an individual data source such 

as primary care, secondary care or cancer registries with simple lists of diagnoses codes 

for HNC (Becker et al., 2014, Gatta et al., 2015, Alexander et al., 2019, Schernberg et 

al., 2019). Following an in-depth assessment of diagnosis terms in primary care, 

secondary care, a national cancer registry, a death registry and records of relevant 
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information (i.e., J082.11 mouth ulcer, ZV76500 screening for malignant neoplasm of 

oral cavity), none of these data sources used in isolation had complete coverage of 

coded HNSCC diagnoses, causes of death and related symptoms. However, diagnoses 

recorded in each source not only exhibited a different part of the patients’ journey in the 

healthcare system but also provided additional details to existing information recorded 

in one of the alternative sources. For example, some of the diagnosis terms recorded in 

primary care were too generic and carried limited information (“B300A00 Malignant 

neoplasm of maxilla” and “B05 Malignant neoplasm of other and unspecified parts of 

mouth”). Conversely, ICD-terms in hospital records and cancer registry provided more 

specific details regarding anatomical sites of HNC (“C03.0 Malignant neoplasm: upper 

gum” and “C03.1 Lower gum” respectively).  

In terms of validation, it is an essential step in the development of phenotype algorithm 

to assess the accuracy of EHR-derived phenotype and to guide the subsequent use of 

newly developed algorithms for future research. There remains no standard approach 

for validating EHR phenotype algorithms. Recently, Denaxas et al. (2019) have proposed 

6 approaches of evaluating and providing evidence of phenotype validity with manual 

case note review by clinicians being considered as the “gold standard” of phenotype 

validation. Patients with a disease of interest identified from two clinicians after reviewing 

the entire hospital records were compared with those from the developed phenotype 

algorithm. However, this approach may not be always feasible as data in CALIBER 

platform are anonymised to maintain patient confidentiality and privacy. The present 

study therefore validated the EHR HNSCC phenotype through 3 approaches (cross-EHR 

source concordance, aetiology and prognostic association) based on the availability of 

the data.  

In the cross-ERH source concordance, among 2,202 patients with HNSCC who were 

identified by the HNSCC phenotype algorithm, we observed that the vast majority of 

identified patients with a record of HNSCC in multiple linked EHRs (~80%) were captured 

in secondary care source – either HES alone or overlapping between HES with other 
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sources. This may be explained by the fact that primary care patients with any suspected 

HNSCC signs or symptoms will be referred for further assessment in a hospital or 

specialist centre according to cancer referral pathway (National Institute for Health and 

Care Excellence., 2015). Hence, a diagnosis of HNSCC is usually made in secondary 

care units. Moreover, the results of the present study demonstrated that the proportion 

of identified HNSCC cases in each ERH source increased over the study period. This 

reflects the improvement of completeness and quality of data collection over time since 

the use of EHRs was initially adopted in the healthcare system and the national cancer 

registration dataset for reporting cancer in England was established (Herrett et al., 2015, 

Henson et al., 2019). 

With regards to demographic characteristics and lifestyle risk factors, the present 

demonstrated that the distribution of these factors including age, sex, area of deprivation, 

smoking and alcohol consumption, body mass index and ethnicity were broadly similar 

across the cohorts identified from CPRD, HES and NCRAS. These distributions were 

also consistent with those reported in previous ERH and non-EHR cohort studies 

(Hashibe et al., 2007, Hashibe et al., 2009, Gaudet et al., 2010, Becker et al., 2014), 

which indirectly provide evidence of the validity of phenotype algorithm used to identify 

patients with HNSCC. 

This is the first study providing evidence of the validity of Read codes and ICD-10 codes 

used in the newly developed HNSCC phenotype algorithm. The results show that the 

PPV of HNSCC diagnoses in CPRD and HES identified by Read codes or ICD-10 codes 

as validated against those recorded by NCRAS is higher than 70% (73.21% and 86.20% 

respectively). These PPVs are comparable to a previous study which has used similar 

methodologies to ascertain the validity of code lists to acute myocardial infarction in 

CALIBER resource (Herrett et al., 2013, Denaxas et al., 2019). Interestingly, it was 

observed in the present study that Read codes in primary care have a sensitivity of 

35.16% for detecting HNSCC whilst ICD-10 codes in hospital data source have a 

sensitivity of 80.34%. One possible explanation of the low proportion of true HNSCC 



 

 213 

cases identified by Read codes is that patients in primary care may have been referred 

with Read codes indicating sign/symptoms (i.e., mouth ulcer and tongue ulcer) rather 

than using Read codes for a diagnosis of HNSCC prior to a confirmed definitive diagnosis 

of HNSCC at a hospital or specialist unit. This is due to the fact that primary care units 

might not have sufficient facilities to establish a diagnosis of HNSCC. Therefore, the 

patients with confirmed HNSCC diagnosis might not be detected using Read codes for 

HNSCC in the primary care unit. 

The validity of HNSCC phenotype was investigated by comparing the aetiological and 

prognostic associations with previously published estimates whether they are consistent. 

For aetiological associations, the present results revealed that there were associations 

between known risk factors and the incident HNSCC identified using the HNSCC 

phenotype; Tobacco use, alcohol consumption and low BMI (<18.50 kg/m2 at baseline) 

were associated with a higher HNSCC risk in this cohort. These findings are in line with 

previous reported findings of non-EHR studies in terms of both magnitude and direction 

of the associations (Figure 6-5) (Hashibe et al., 2007, Gaudet et al., 2010). When 

investigating prognostic outcomes following a diagnosis of HNSCC, the 5-year overall 

survival rates of HNSCC patients who were identified from only one EHR source 

(NCRAS) or more than one EHR source in the present study was about 40%, which is 

consistent with the survival rates reported in the recent EUROpean CAncer REgistry 

based study on survival and care of cancer patients (EUROCARE-5) and previous non-

EHR studies ranging from 30%-75% depending on the stage of tumour and where the 

HNSCC tumour is located (Bradshaw et al., 2012, Siegel et al., 2014, Gatta et al., 2015). 

In the linked data, it was found that HNSCC patients identified from NCRAS alone or 

more than one EHR source using the newly developed HNSCC phenotype exhibited an 

increase in the risk of death compared to their age- and sex- matched counterparts 

(control group). The greater risk of death in identified HNSCC patients was roughly 

comparable between each EHR source and this pattern is similar to previous studies 
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reporting poor prognosis and high mortality in patients with HNSCC (Baxi et al., 2014, 

Alexander et al., 2019).  

Strengths and limitations  

This study benefited from multiple linked EHR data to develop a reliable HNSCC 

phenotype. This is the first study that comprehensively characterises the HNSCC 

phenotype using the unique platform of national linked UK EHR database (CALIBER) 

covering primary care, secondary care and the national cancer registry. Previous studies 

have suggested that the linkage of EHR data from multiple sources has been shown to 

be beneficial to filling the gaps when there is incomplete information from a single data 

source (Denaxas et al., 2012, Thompson et al., 2015). In particular, patients with HNSCC 

usually receive care from multi-speciality providers in different health care facilities from 

diagnosis, multiple treatment episodes through post-treatment surveillance. Linking 

cancer registry data, primary and secondary care data together is useful because some 

details related to HNSCC (i.e., cancer morphology, lymph node ratio) are generally not 

included in primary care and secondary care database. On the other hand, information 

such as risk factors, comorbidities before the HNSCC diagnosis are often lacking or 

cannot be derived from cancer registry. Therefore, linkage of EHR from multiple 

databases will give a better understanding during patients’ journey regarding 

characteristics of patients with HNSCC, further investigations as well as prognosis of 

HNSCC. Additionally, the large samples included in the main analysis were derived from 

the CALIBER platform in which primary and secondary care data are considered as 

nationally representative samples (Lawrenson et al., 1999). This will enable international 

comparison of patients’ characteristics and prognosis of HNSCC to similar patient 

populations (Simard et al., 2014). 

However, the work described in this chapter consists of some limitations that may affect 

the validity of HNSCC phenotype. First of all, it was not possible to validate the HNSCC 

phenotype against a gold standard such as clinician case note review approach 
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(Denaxas et al., 2019) – at least two independent clinicians manually review clinical 

notes, diagnostic tests, imaging reports of identified HNSCC cases using the HNSCC 

phenotype to confirm HNSCC diagnoses. This is due to the fact that data in CALIBER 

platform are fully anonymised. Accessing and reviewing patients’ hospital records 

generally require a separate study as well as additional funding to carry out this process. 

One of the key limitations is the possibility of misclassification bias and increasing false 

negative cases. The HNSCC diagnoses in the present study were based on Read, ICD-

10 and ICD-O-3 codes related to cancers of head and neck region. However, some of 

these HNC diagnostic codes are not specifically referring to the squamous cell 

carcinoma subtype (i.e., B05..00 Malignant neoplasm of maxilla, C05.1 Malignant 

neoplasm: Hard palate). In the present study, our main analyses restricted to cases with 

a high likelihood of a valid HNSCC diagnosis (those with supporting information such as 

histology codes or HNC codes of more specific anatomical sites recorded in a different 

data source). Therefore, cases without supporting information were categorised as 

probably having HNSCC or probably not having HNSCC and they were not included in 

the main analyses. Future studies using the HNSCC phenotype can overcome this issue 

by performing sensitivity analyses including individuals without supporting information 

for HNSCC diagnosis. Furthermore, the present validation of CPRD and HES HNSCC 

against NCRAS was inherently limited to the subset of patients with a NCRAS record 

and caution must be exercised in extending these conclusions to patients with HNSCC 

without a NCRAS record. Therefore, the specificity and negative predictive value (NPV) 

were not calculated given that NCRAS does not include all cases of HNSCC. Another 

limitation is that much of the information in EHR databases is stored in free text 

(unstructured information), which is difficult to access and extract data for the use in 

research purpose. 
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6.5 Conclusion 

Cancer of the head and neck region is a significant health problem worldwide due to its 

high mortality and morbidity. Despite notable progress in cancer therapies over recent 

decades, the prognosis of head and neck cancer remains poor. In this study, a 

reproducible method to identify cases with HNSCC from linked national EHR data 

sources was first developed, which identifies more HNSCC cases than using a single 

data source. The developed EHR phenotype algorithm for HNSCC has been validated 

through 3 approaches: cross-EHR sources, aetiological and prognostic associations. 

The results indicate that the phenotyping algorithm for HNSCC is valid as it reproduces 

similar findings reported in previous non-EHR studies regarding aetiological and 

prognostic associations. This HNSCC phenotype will be used as an outcome in a future 

study aimed to determine the association between chronic oral diseases/conditions and 

head and neck squamous cell carcinoma in a representative sample of the UK population 

(more information is provided on how this will be taken forward in Chapter 7 Future 

work section). 
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Chapter 7 Ongoing and future work 

 

Future work will continue to benefit from collaboration with data scientists based within 

the UCL Institute of Health Informatics. Ongoing work is focused on the development 

and validation of phenotyping algorithms for OLP, OSF, LK and periodontal diseases in 

the CALIBER© resource using similar processes and methods that were outlined in 

Chapter 5 and 6. This will permit the identification of patients with these chronic oral 

diseases/conditions within the multiple linked data sources. By combining these with the 

HNSCC phenotype presented in Chapter 6, future studies will be able to uncover new 

information about the link between chronic oral diseases/conditions and the incidence of 

HNSCC in a representative sample of the UK population.  

Furthermore, information may be gleaned regarding the role of these chronic oral 

diseases/conditions of interest in determining the prognosis of HNSCC by comparing the 

mortality including overall survival rates and disease-specific survival rates, and a 

number of prognostic surrogates/markers including new primary malignant events after 

the first diagnosis of HNSCC, the number of outpatient visits related to HNSCC, the 

number of inpatient admissions related to HNSCC, the treatments received, and the 

development of complications following cancer therapy between those with diseases of 

interest and those without. This will represent a pertinent step towards determining 

whether individuals with HNC associated with diseases of interest have more aggressive 

behaviour comparing to those without. In addition, traditional prognostic factors and 

potential effect modifiers such as age, gender, tobacco and alcohol consumption, 

socioeconomic status and BMI for HNSCC will be taken into account in further analyses. 

This will allow the identification of the true association between these diseases of interest 

and the prognosis of HNSCC and to characterise the effect of traditional prognostic 

factors and potential confounding factors that may influence the prognosis of HNSCC. 
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Chapter 8 Conclusion 

 

This thesis contributes to clinical and prognostic research in oral medicine by providing 

novel insights into the prognosis of oral epithelial dysplasia (OED) and oral squamous 

cell carcinoma (OSCC) in patients with oral lichen planus (OLP) in a UK tertiary care 

centre (Chapter 3 and 4). In addition, important steps have been made towards better 

understanding the association between common chronic oral mucosal conditions and 

HNSCC (Chapter 5 and 6) using national linked electronic health records (EHR).  

Although OLP is known to carry a small but increased risk of OSCC development, little 

is known about the influence of pre-existing/concurrent OLP in determining the prognosis 

and long-term behaviour of OED and OSCC. Chapter 3 aimed to determine the 

prognosis of OED in individuals with OLP compared to those without OLP. Individuals 

with OED on a background of OLP appear to be more likely to develop additional new 

primary OED lesions than those without OLP especially during the first three years 

following the index OED. According to these findings, a close surveillance programme 

should be therefore applied for at least 3 years following the diagnosis of the first OED 

particularly for patients with OED arising on a background of OLP.  

Chapter 4 expanded these findings by investigating the role of OLP in determining the 

long-term behaviour and prognosis of OSCC. The results indicate that patients with OLP-

associated OSCC tend to develop subsequent multiple and multifocal new primary 

dysplastic lesions and OSCCs at a number that is notably higher than individuals with 

OSCC and no history of OLP. This finding calls for a pragmatic change in clinical 

practice, so to ensure that individuals with a history of OLP-associated OSCC are 

monitored closely and ideally more frequently than patients with previous OSCC but no 

history of OLP. 
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Associated with this direction of intellectual travel, Chapter 5 and 6 have focused on 

methods to go beyond a single centre data source and retrieve information from a linked 

national database to learn more about the epidemiology of HNSCC in patients with 

chronic oral mucosal diseases/conditions. Chapter 6 provides an overview of the 

extraction and curation of data from multiple national databases. This allowed Chapter 6 

to develop and validate a unique phenotype algorithm that reliably identifies patients with 

HNSCC using a linked national database (CALIBER resource). Future work will be 

focused on developing phenotypes to identify patients with other chronic oral conditions 

(including OLP, OSF, LK and periodontal diseases). This will allow the incidence of 

HNSCC within cohorts of patients with these long-standing oral conditions to be 

identified. In addition, information may be gleaned regarding the role of these chronic 

oral diseases in determining the prognosis of HNSCC by comparing survival outcomes 

and prognostic markers between those with oral conditions of interest and those without. 

Together, the findings have the capacity to benefit clinical decision making and 

surveillance of patients with OED or OSCC, particularly those with a background of OLP. 

In addition, the findings present a valid protocol for identifying patients HNSCC from a 

national linked database. 
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Supplementary appendices 

Chapter 3 Supplementary 

Figure S 3-1 shows that the best-fitted model for (A) number of new primary OEDs 

and (B) new primary OSCCs episodes after the index OED was negative binomial 

regression model. The best-fitted model is the one where the predicted values is 

close to the observed values (the differences between the predicted values and 

the observed values are close to zero) 
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Figure S 3-2 Schoenfeld residual and proportional hazard plots of the development 
of subsequent new primary OEDs outcome before 3 years. 
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Figure S 3-3 Schoenfeld residual and proportional hazard plots of the development 
of subsequent new primary OEDs outcome after 3 years. 

 

 

 

 

 

 

 

 

 

 



 

 256 

Figure S 3-4 The distribution of anatomical sites of additional new primary OED 
episodes after the index OED – 5 groups. 
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Figure S 3-5 Schoenfeld residual and proportional hazard plots of the development 
of new primary OSCCs outcome  
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Figure S 3-6 The distribution of anatomical sites of new primary OSCC episodes 
after the index OED – 5 groups. 
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Table S 3-1 Sensitivity analyses of risk factors for the development of multiple OED lesions by Cox proportional hazard 
regression model (n=299 patients). 

Parameters 

Length of follow-up after the index OED 
Up to 3 years (n=299) After 3 years (n=152) 

Univariate analysis Multivariable analysis* Univariate analysis Multivariable analysis* 
Unadjusted HR 

(95% CI) 
p value Adjusted HR 

(95% CI) 
p value Unadjusted HR 

(95% CI) 
p value Adjusted HR 

(95% CI) 
p value 

OLP status 
Non-OLP 
OLP 

 
1 

2.20 (1.16-4.18) 

 
 

0.02 

 
1 

2.17 (1.09-4.35) 

 
 

0.03 

 
1 

0.52 (0.21-1.32) 

 
 

0.17 

 
1 

0.46 (0.17-1.28) 

 
 

0.14 
Age, mean (SD) 1.03 (1.00-1.05) 0.05 1.01 (0.99-1.03) 0.36 0.98 (0.94-1.01) 0.24 0.97 (0.94-1.01) 0.14 
Gender 

Male 
Female 

 
1 

1.38 (0.74-2.57) 

 
 

0.32 

 
1 

1.13 (0.59-2.20) 

 
 

0.71 

 
1 

1.47 (0.60-3.61) 

 
 

0.40 

 
1 

2.17 (0.78-6.04) 

 
 

0.13 
Smoking status 

No 
Yes 
Unknown 

 
1 

0.52 (0.24-1.13) 

 
 

0.10 

 
1 

0.75 (0.33-1.72) 

 
 

0.50 

 
1 

1.40 (0.55-3.53) 

 
 

0.48 

 
1 

1.29 (0.46-3.61) 

 
 

0.63 
 

Alcohol intake 
No 
Yes 
Unknown 

 
1 

0.88 (0.45-1.71) 

 
 

0.71 

 
1 

0.99 (0.49-2.03) 

 
 

0.99 

 
1 

0.87 (0.31-2.41) 

 
 

0.79 

 
1 

0.88 (0.29-2.65) 

 
 

0.82 

Site of index OED a 
Non cancer-prone 
Cancer-prone 

 
1 

1.38 (0.75-2.53) 

 
 

0.30 

 
1 

0.92 (0.48-1.77) 

 
 

0.80 

 
1 

1.46 (0.59-3.61) 

 
 

0.41 

 
1 

0.89 (0.33-2.41) 

 
 

0.82 
Degree of index OED 

Mild 
Moderate 
Severe 

 
1 

2.80 (1.26-6.23) 
5.72 (2.75-11.87) 

 
 

0.01 
<0.001 

 
1 

2.76 (1.20-6.37) 
6.11 (2.79-13.40) 

 
 

0.02 
<0.001 

 
1 

2.56 (0.86-7.63) 
3.81 (1.33-10.92) 

 
 

0.09 
0.01 

 
1 

3.26 (1.03-10.32) 
4.37 (1.41-13.54) 

 
 

0.045 
0.01 

Abbreviations: OED, oral epithelial dysplasia; OLP, oral lichen planus. 
*Adjusted for age, smoking and alcohol consumption, site and degree of primary OED 
*P-value: ***p<0.001; **p<0.01, *p<0.05 
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Table S 3-2 Multivariate Cox regression model with time-varying covariate 

Parameter (Reference) Cox regression model with time-varying covariate 
HR (95%CI) p-value 

OLP (ref: non-OLP) 2.34 (1.07-5.12) 0.03 

OLP x time 0.78 (0.62-0.99) 0.04 

Age 1.00 (0.99-1.02) 0.76 

Female (ref: male) 1.49 (0.86-2.57) 0.16 

Smoker (ref: non-smoker) 0.94 (0.50-1.76) 0.84 

Drinker (ref: non-drinker) 0.98 (0.55-1.73) 0.94 

Cancer-prone (ref: non-cancer prone) 0.93 (0.54-1.60) 0.81 

High-risk OED (ref: low-risk OED) 3.91 (2.20-6.93) <0.001 

*proportional hazard assumption was not met for OLP, we created a time-varying 
covariate that included OLP status by time (the interaction between OLP and time) 

 

After fitting the Cox regression model with time-varying covariate for the risk of developing 
subsequent new primary OED, it was found that the hazard ratio of OLP was 2.34 at t=0 and 
declines by 22% every year. The hazard ratios of OLP were 1.83, 1.42, 1.11, 0.87 and 0.68 
at the 1st, 2nd, 3rd, 4th and 5th year respectively. This indicates that OLP increases the risk of 
developing subsequent new primary OED in the early years, but this effect appears to 
diminish over time. 
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Table S 3-3 Univariate and multivariate analyses of OLP and other factors affecting 

the number of subsequent primary OED episodes after the index OED (n=299 

patients). 

Parameters 
Univariate analysis Multivariate analysis* 

Unadjusted IRR  
(95% CI) 

p value Adjusted IRR 
(95% CI) 

p value 

OLP status 
Non-OLP 
OLP 

 
1 

1.38 (0.95-1.97) 

 
 

0.09 

 
1 

1.59 (0.88-2.89) 

 
 

0.12 
Age, mean (SD) 1.02 (1.01-1.04) 0.001*** 1.01 (0.99-1.03) 0.19 
Gender 

Male 
Female 

 
1 

1.26 (0.88-1.82) 

 
 

0.21 

 
1 

1.24 (0.69-2.22) 

 
 

0.47 
Smoking status 

No 
Yes 

 
1 

0.70 (0.43-1.13) 

 
 

0.14 

 
1 

1.09 (0.54-2.21) 

 
 

0.81 
Alcohol consumption 

No 
Yes 

 
1 

0.87 (0.55-1.38) 

 
 

0.56 

 
1 

0.86 (0.47-1.56) 

 
 

0.61 
Site of index OED  

Non-cancer-prone sites 
Cancer-prone sites 

 
1 

1.12 (0.77-1.61) 

 
 

0.54 

 
1 

1.17 (0.65-2.12) 

 
 

0.61 
Degree of index OED 

Mild 
Moderate 
Severe 

 
1 

2.12 (1.08-4.20) 
4.51 (2.33-8.71) 

 
 

0.03 
<0.001 

 
1 

2.01 (1.00-4.02) 
4.54 (2.37-8.73) 

 
 

0.04 
<0.001 

Abbreviations: OED, oral epithelial dysplasia; OLP, oral lichen planus. 
*Adjusted for age, smoking and alcohol consumption, site and degree of primary OED 
P-value: ***p<0.001; **p<0.01, *p<0.05 
 

Table S 3-4 Univariate and multivariate analyses of OLP and other factors 

influencing the development of OSCC in patients with OED by Cox proportional 

hazard regression model (n=299 patients). 

Parameters 
Univariate analysis Multivariate analysis* 

Unadjusted HR 
(95% CI) 

p value Adjusted HR 
(95% CI) 

p value 

OLP status 
Non-OLP 
OLP 

 
1 

0.76 (0.42-1.41) 

 
 

0.39 

 
1 

0.85 (0.43-1.70) 

 
 

0.66 
Age, mean (SD) 1.02 (0.99-1.05) 0.07 1.02 (0.99-1.04) 0.15 
Gender 

Male 
Female 

 
1 

0.88 (0.48-1.64) 

 
 

0.70 

 
1 

0.93 (0.47-1.88) 

 
 

0.86 
Smoking status 

No 
Yes 

 
1 

0.96 (0.44-2.10) 

 
 

0.92 

 
1 

1.19 (0.50-2.82) 

 
 

0.69 
Alcohol consumption 

No 
Yes 

 
1 

1.24 (0.57-2.72) 

 
 

0.58 

 
1 

1.09 (0.50-2.39) 

 
 

0.83 
Site of index OED  

Non-cancer-prone sites 
Cancer-prone sites 

 
1 

2.52 (1.31-4.88) 

 
 

0.006** 

 
1 

1.62 (0.80-3.30) 

 
 

0.18 
Degree of index OED 

Mild 
Moderate  
Severe 

 
1 

4.33 (1.89-9.96) 
5.98 (2.68-13.34) 

 
 

0.001 
<0.001 

 
1 

3.65 (1.52-8.78) 
4.72 (2.02-10.97) 

 
 

0.004 
<0.001 

Abbreviations: OED, oral epithelial dysplasia; OLP, oral lichen planus. 
*Adjusted for age, smoking and alcohol consumption, site of primary OED and degree of primary OED 
*P-value: ***p<0.001; **p<0.01, *p<0.05 
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Table S 3-5 Univariate and multivariate analyses of OLP and other factors affecting 

the number of new primary OSCCs after the index OED lesion (n=299 patients). 

Parameters 
Univariate analysis Multivariate analysis* 

Unadjusted IRR 
(95% CI) 

p value Adjusted IRR 
(95% CI) 

p value 

OLP status 
Non-OLP 
OLP 

 
1 

1.05 (0.59-1.83) 

 
 

0.87 

 
1 

1.07 (0.56-2.05) 

 
 

0.82 
Age, mean (SD) 1.03 (1.01-1.05) 0.003** 1.03 (1.01-1.05) 0.01 
Gender 

Male 
Female 

 
1 

0.70 (0.40-1.25) 

 
 

0.23 

 
1 

0.76 (0.41-1.41) 

 
 

0.38 
Smoking status 

No 
Yes 

 
1 

0.81 (0.39 -1.66) 

 
 

0.57 

 
1 

1.17 (0.52-2.63) 

 
 

0.71 
Alcohol consumption 

No 
Yes 

 
1 

1.16 (0.58-2.36) 

 
 

0.67 

 
1 

0.95 (0.46-1.95) 

 
 

0.89 
Site of index OED  

Non-cancer-prone sites 
Cancer-prone sites 

 
1 

1.98 (1.09-3.60) 

 
 

0.03* 

 
1 

1.39 (0.72-2.70) 

 
 

0.32 
Degree of index OED 

Mild 
Moderate 
Severe 

 
1 

4.35 (2.03-9.29) 
4.87 (2.27-10.48) 

 
 

<0.001 
<0.001 

 
1 

3.34 (1.29-8.61) 
4.01 (1.68-9.59) 

 
 

0.013 
0.002 

Abbreviations: OED, oral epithelial dysplasia; OLP, oral lichen planus. 
*Adjusted for age, smoking and alcohol consumption, site of primary OED and degree of primary OED 
*P-value: ***p<0.001; **p<0.01, *p<0.05 
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Table S 3-6 OLP and factors associated with mortality due to OSCC and mortality because of other causes 
(obtained by unadjusted cause-specific Cox regression models) (n=299 patients). 

 

 

Abbreviations: OED, oral epithelial dysplasia; OLP, oral lichen planus; OSCC, oral squamous cell carcinoma. 
*P-value: ***p<0.001; **p<0.01, *p<0.

Parameters 

Mortality related to OSCC Mortality related to other causes 

Death (10) Unadjusted HR  

(95% CI) 

p value Death (17) Unadjusted HR  

(95% CI) 

p-value 

OLP status 

Non-OLP 
OLP 

 
2 
8 

 
1 

3.64 (0.77-17.16) 

 
 

0.10 

 
10 
7 

 
1 

0.61 (0.23-1.61) 

 
 

0.32 
Age, mean (SD) 71.98 (12.39) 1.07 (1.02-1.13) 0.004** 66.48 (16.46) 1.05 (1.01-1.08) 0.02* 

Gender 

Male 
Female 

 
5 
5 

 
1 

1.01 (0.29-3.50) 

 
 

0.99 

 
12 
5 

 
1 

0.43 (0.15-1.29) 

 
 

0.12 
Smoking status 

No 
Yes 
Unknown 

 
4 
3 
3 

 
1 

1.01 (0.24-4.17) 
 

 
 

0.99 

 
8 
5 
4 

 
1 

1.09 (0.38-3.12) 

 
 

0.87 

Alcohol consumption 

No 
Yes 
Unknown 

 
4 
3 
3 

 
1 

0.54 (0.12-2.50) 
 

 
 

0.43 

 
5 
6 
6 

 
1 

0.99 (0.31-3.18) 

 
 

0.99 

Site of index OED  
Non-cancer-prone 
Cancer-prone 

 
5 
5 

 
1 

0.63 (0.18-2.28) 

 
 

0.49 

 
9 
8 

 
1 

0.69 (0.26-1.83) 

 
 

0.45 
Degree of index OED 

Mild  
Moderate 
Severe 

 
2 
4 
4 

 
1 

3.91 (0.71-21.54) 
4.08 (0.74-22.55) 

 
 

0.12 
0.11 

 
6 
3 
8 

 
1 

1.02 (0.25-4.11) 
2.69 (0.92-7.86) 

 
 

0.98 
0.07 

Number of OSCC episodes       
1 episode 
> 1 episode 

4 
6 

1 
16.15 (4.46-8.57) 

 
<0.001*** 

2 
1 

1 
0.82 (0.11-6.26) 

 
0.85 
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Chapter 4 Supplementary  

Figure S 4-1 shows that the best-fitted models for number of (A) new primary high-

risk OED and/or OSCCs and (B) new primary OSCCs episodes after the first 

diagnosis of oral malignancy were negative binomial and Poisson regression 

model, respectively. The best-fitted model is the one where the predicted values 

is close to the observed values (the differences between the predicted values and 

the observed values are close to zero) 
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Figure S 4-2 The distribution of anatomical sites affected by subsequent primary 

high-risk OEDs (A) and new primary OSCCs (B). 
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Figure S 4-3 Schoenfeld residual and proportional hazard plots of the development 

of new primary high-risk OEDs and OSCCs outcome 

Assessment of PH assumption 
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Figure S 4-4 Schoenfeld residual and proportional hazard plots of the development 

of new primary OSCCs outcome 

Assessment of PH assumption 
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Figure S 4-5 Schoenfeld residual and proportional hazard plots of death due to 

OSCC. 

Assessment of PH assumption 
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Figure S 4-6 Schoenfeld residual and proportional hazard plots of death due to 

other causes. 

Assessment of PH assumption 
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Chapter 5 Supplementary 

Table S 5-1 Code lists used to identify patients with oral lichen planus using CALIBER resources 

Read code (CPRD) ICD-10 code (HES) 
Speciality units of interest  

(outpatient and admitted patient care) 

M17yz00 Other lichen NEC NOS 

M17y.00 Other lichen NEC 

M17z.000 Lichen NOS 

M17..00 Lichen  

M170.00 Lichen planus 

M170400 Lichen hypertrophicus 

M240R00 Lichen planopilaris 

M170200 Lichen planus atrophicus 

M172.00 Lichenoid drug reaction 

M170300 Lichen bullosus 

M170z00 Lichen planus NOS 

M170100 Lichen planus annularis 

M170500 Lichen planus linearis 

M170900 Follicular lichen planus 

M170000 Lichen planus actinicus 

Myu3200 Other lichen planus 

M170800 Subacute active lichen planus 

M164.12 Lichen ruber acuminatus 

M22E.00 Lichenoid keratosis 

L43 Lichen planus 

L430 Hypertrophic lichen planus 

L431 Bullous lichen planus 

L432 Lichenoid drug reaction 

L433 Subacute (active) lichen planus 

L438 Other lichen planus 

L439 Lichen planus, unspecified 

L661 Lichen planopilaris 

L441 Lichen nitidus 

L900 Lichen sclerosus et atrophicus 

 

Main speciality 
120 Ear, nose and throat (ENT) 

140 Oral surgery 

145 Oral and Maxillofacial surgery 

149 Surgical dentistry 

450 Dental medicine 

Treatment speciality 
120 Ear, nose and throat (ENT) 

140 Oral surgery 

144 Maxillo-Facial surgery 

450 Dental Medicine Specialities 

Source of referral 
92 General dental practitioners 

93 Community dental service 
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Read code (CPRD) ICD-10 code (HES) 
Speciality units of interest  

(outpatient and admitted patient care) 

M210200 Lichen sclerosus et atrophicus 

M171.00 Lichen nitidus 

Sign and symptoms 
J082.11 Mouth ulcer 

1922 Sore mouth 

J085800 Lip ulcer 
J085412 Sore lip 

2533.11 O/E mouth ulcer 
2533 O/E mouth ulcer present 
J08zz11 Discomfort in mouth 

1922.11 Sore mouth-symptom 

J082211 Recurrent mouth ulcers 

192..00 Mouth symptoms 

J08zz00 Oral soft tissue diseases NOS 

J08..00 Oral soft tissue disease 

192z.00 Mouth symptom NOS 
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Table S 5-2 Code lists used to identify patients with oral submucous fibrosis 

using CALIBER resources 

Read code (CPRD) ICD-10 code (HES) 
J088.00 Oral submucosal fibrosis 
Sign and symptoms 
J082.11 Mouth ulcer 
1922 Sore mouth 
2533.11 O/E mouth ulcer 
2533 O/E mouth ulcer present 
J08zz11 Discomfort in mouth 
1922.11 Sore mouth-symptom 
J082211 Recurrent mouth ulcers 
192..00 Mouth symptoms 
J085800 Lip ulcer 
J085412 Sore lip 
1B36.00 Trismus present 
2942000 Trismus 
J08zz00 Oral soft tissue diseases NOS 
J08..00 Oral soft tissue disease 
192z.00 Mouth symptom NOS 
J036200 Betel deposit on teeth 
R010600 [D] Trismus 

K135 Oral submucous fibrosis 

 

Table S 5-3 Code lists used to identify patients with leukoplakia using 

CALIBER resources 

Read code (CPRD) ICD-10 code (HES) 
J086200 Leukoplakia of tongue 
J086.00 Leukoplakia of oral mucosa 
J086300 Leukoplakia of buccal mucosa 
J086100 Leukoplakia of lips 
J086311 Buccal mucosa leukoplakia 
J086z00 Oral mucosa leukoplakia NOS 
J086000 Leukoplakia of gingiva 

K13.2 Leukoplakia and other disturbances of 
oral epithelium including tongue 
K13.21 Leukoplakia of oral mucosa, including 
tongue 
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Table S 5-4 Code lists used to identify patients with periodontal diseases using 

CALIBER resources 

Read code (CPRD) ICD-10 code (HES) 

2556 O/E - Bleeding gums 
2552 O/E- gingivitis 
255Z.00 O/E - gums NOS 
1928 Bleeding gums 
8Ho7.00 Referral to periodontic service 
J03..11 Gingivitis/ gingival disease 
J031z00 Chronic gingivitis NOS 
J031.00 Chronic gingivitis 
J033300 Periodontal abscess 
J034.00 Chronic periodontitis 
J034z00 Chronic periodontitis NOS 
J03z.00 Gingival and periodontal disease NOS 
J035.00 Periodontosis 
J03..12 Periodontal disease 
J03..00 Gingival and periodontal disease 
J034200 Chronic periodontitis simplex 
J03y.00 Other specified periodontal disease 
J03yz00 Other specified periodontal disease NOS 
J051200 Loss of teeth due to periodontal disease 
Jyu0400 [X]Other periodontal diseases 

 

K053  
K054  

K055  

K056  
 

Chronic periodontitis 
Periodontitis 

Other periodontal diseases 

Periodontal diseases, unspecified 
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Chapter 6 Supplementary 

Table S 6-1 Code lists used to identify patients with HNSCC (squamous cell carcinoma) in CALIBER. 

HNSCC Read code (CPRD) HNSCC ICD-10 code (HES) HNSCC – ICD-O-3 (NCRAS) HNSCC – Cancer morphology (NCRAS) 

History of head and neck cancer 

142..00: H/O Malignant neoplasm 

ZV10212: [V]Personal history of malignant 
neoplasm of larynx 

ZV10y16: [V]Personal history of malignant 
neoplasm of tongueห 
ZV10019: [V]Personal history of malignant 
neoplasm of tongue 

Symptoms 

J082.11: Mouth ulcer 

J085800: Lip ulcer 
2533.11: O/E – mouth ulcer 

H14y400: Tongue ulcer 

ZV76500: [V] Screening for malignant 
neoplasm of oral cavity 

Oral cancer 

B…00: Malignant neoplasm of lip, oral cavity 
and pharynx 

B01..00: Malignant neoplasm of tongue 

B00..00: Malignant neoplasm of lip 

B05.: Malignant neoplasm of other and 
unspecified parts of mouth 

B300A00: Malignant neoplasm of maxilla 

B042.00: Malignant neoplasm, overlapping 
lesion of floor of mouth 

B006.00: Malignant neoplasm of overlapping 
lesion of lip 

B04..00: Malignant neoplasm of floor of mouth 

Oral cancer 

C00: Malignant neoplasm of lip 

C00.0: Malignant neoplasm: External upper lip 

C00.1: Malignant neoplasm: External lower lip 
C00.2: Malignant neoplasm: External lip, 
unspecified 

C00.3: Malignant neoplasm: Upper lip, inner 
aspect 

C00.4: Malignant neoplasm: Lower lip, inner 
aspect 

C00.5: Malignant neoplasm: Lip, unspecified, 
inner aspect 

C00.6: Malignant neoplasm: Commissure of lip 

C00.8: Malignant neoplasm: Overlapping 
lesion of lip 

C00.9: Malignant neoplasm: Lip, unspecified 

C02.0: Malignant neoplasm: Dorsal surface of 
tongue 

C02.1: Malignant neoplasm: Border of tongue 

C02.2: Malignant neoplasm: Ventral surface of 
tongue 

C02.3: Malignant neoplasm: Anterior two-
thirds of tongue, part unspecified 

C02.8: Malignant neoplasm: Overlapping 
lesion of tongue 

C02.9: Malignant neoplasm: Tongue, 
unspecified 
C03: Malignant neoplasm of gum 

C03.0: Malignant neoplasm: Upper gum 

C00.0: External upper lip 

C00.1: External lower lip 

C00.2 External lip, NOS 

C00.3 Mucosa of upper lip 
C00.4 Mucosa of lower lip 

C00.5 Mucosa of lip, NOS 

C00.6 Commissure of lip 

C00.8 Overlapping lesion of lip 

C00.9 Lip, NOS 

C01.9 Base of tongue, NOS 
C02.0 Dorsal surface of tongue, NOS 

C02.1 Border of tongue 

C02.2 Ventral surface of tongue, NOS 

C02.3 Anterior 2/3 of tongue, NOS 

C02.4 Lingual tonsil 

C02.8 Overlapping lesion of tongue 
C02.9 Tongue, NOS 

C03.0 Upper gum 

C03.1 Lower gum 

C03.9 Gum, NOS 

C04.0 Anterior floor of mouth 
C04.1 Lateral floor of mouth 

C04.8 Overlapping lesion of floor of mouth 

C04.9 Floor of mouth, NOS 

C05.0 Hard palate 

C05.1 Soft palate 

8010/3: Carcinoma, NOS 

8010/6: Carcinoma, metastatic, NOS 

8010/9: Carcinomatosis 

8011/3: Epithelioma, malignant 
8051/3: Verrucous carcinoma, NOS 

8052/3: Papillary squamous cell carcinoma 

8070/3: Squamous cell carcinoma, NOS 

8070/6: Squamous cell carcinoma, metastatic, 
NOS 

8071/3: Squamous cell carcinoma, 
keratinizing, NOS 

8072/3: Squamous cell carcinoma, large cell, 
nonkeratinizing, NOS 
8073/3: Squamous cell carcinoma, small cell, 
nonkeratinizing 

8074/3: Squamous cell carcinoma, spindle cell 
8075/3: Squamous cell carcinoma, adenoid 

8076/3: Squamous cell carcinoma, 
microinvasive 
8077/0: Squamous intraepithelial neoplasia, 
low grade 
8077/2: Squamous intraepithelial neoplasia, 
high grade 

8078/3: Squamous cell carcinoma with horn 
information 

8083/3: Basaloid squamous cell carcinoma 

8084/3: Squamous cell carcinoma, clear cell 
type  
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HNSCC Read code (CPRD) HNSCC ICD-10 code (HES) HNSCC – ICD-O-3 (NCRAS) HNSCC – Cancer morphology (NCRAS) 

B055z00: Malignant neoplasm of palate NOS 

B050.11: Malignant neoplasm of buccal 
mucosa 

B050.00: Malignant neoplasm of cheek 
mucosa 

B030.00: Malignant neoplasm of upper gum 

B301.00: Malignant neoplasm of mandible 

B012.00: Malignant neoplasm of tongue, tip 
and lateral border 

B04z.00: Malignant neoplasm of floor of mouth 
NOS 

B015.00: Malignant neoplasm of tongue, 
junctional zone 

B007.00: Malignant neoplasm of lip, 
unspecified 

B052.00: Malignant neoplasm of hard palate 

B056.00: Malignant neoplasm of retromolar 
area 

B05y.00: Malignant neoplasm of other 
specified mouth parts 
B013z00: Malignant neoplasm of ventral 
tongue surface NOS 

B0zz.00: Malignant neoplasm of lip, oral cavity 
and pharynx NOS 

B01z.00: Malignant neoplasm of tongue NOS 

B01y.00: Malignant neoplasm of other sites of 
tongue 

B03..00: Malignant neoplasm of gum 

B011.00: Malignant neoplasm of dorsal 
surface of tongue 

B011z00: Malignant neoplasm of dorsum of 
tongue NOS 

B040.00: Malignant neoplasm of anterior 
portion of floor of mouth 

C03.1: Malignant neoplasm: Lower gum 

C03.9: Malignant neoplasm: Gum, unspecified 
C04: Malignant neoplasm of floor of mouth 

C04.0: Malignant neoplasm: Anterior floor of 
mouth 
C04.1: Malignant neoplasm: Lateral floor of 
mouth 

C04.8: Malignant neoplasm: Overlapping 
lesion of floor of mouth 

C04.9: Malignant neoplasm: Floor of mouth, 
unspecified 

C05.0: Malignant neoplasm: Hard palate 

C05.8: Malignant neoplasm: Overlapping 
lesion of palate 

C05.9: Malignant neoplasm: Palate 
unspecified 

C06.0: Malignant neoplasm: Cheek mucosa 

C06.1: Malignant neoplasm: Vestibule of 
mouth 

C06.2: Malignant neoplasm: Retromolar area 

C06.8: Malignant neoplasm of overlapping 
sites of other and unspecified parts of mouth 

C06.80: Malignant neoplasm of overlapping 
sites of unspecified parts of mouth 

C06.89: Malignant neoplasm of overlapping 
sites of other parts of mouth 
C06.9: Malignant neoplasm: Mouth, 
unspecified 

Oropharyngeal cancer 

C01: Malignant neoplasm of base of tongue 

C01.9: Malignant neoplasm of base of tongue 

C02.4: Malignant neoplasm: Lingual tonsil 

C05.1: Malignant neoplasm of uvula 

C05.2: Malignant neoplasm: Soft palate 

C09: Malignant neoplasm of tonsil 

C05.2 Uvula 

C05.8 Overlapping lesion of palate 
C05.9 Palate, NOS 

C06.0 Cheek mucosa 

C06.1 Vestibule of mouth 

C06.2 Retromolar area 

C06.8 Overlapping lesion of other and 
unspecified parts of mouth 

C06.9 Mouth, NOS 

C09.0 Tonsillar fossa 

C09.1 Tonsillar pillar 
C09.8 Overlapping lesion of tonsil 

C09.9 Tonsil, NOS 

C10.0 Vallecula 

C10.1 Anterior surface of epiglottis 

C10.2 Lateral wall of oropharynx 

C10.3 Posterior wall of oropharynx 
C10.8 Overlapping lesion of oropharynx 

C10.9 Oropharynx, NOS 

C11.0 Superior wall of nasopharynx 

C11.1 Posterior wall of oropharynx 

C11.2 Lateral wall of oropharynx 

C11.3 Anterior wall of nasopharynx 
C11.8 Overlapping lesion of nasopharynx 

C11.9 Nasopharynx, NOS 

C12.9 Pyriform sinus 

C13.0 Postcricoid region 

C13.1 Hypopharyngeal aspect of aryepiglottic 
fold 

C13.2 Posterior wall of oropharynx 

C13.8 Overlapping lesion of hypopharynx 

C13.9 Hypopharynx, NOS 

8010/2: Carcinoma in situ, NOS 

8052/2: Papillary squamous cell carcinoma, 
non-invasive 

8070/2: Squamous cell carcinoma in situ, NOS 

8076/2: Squamous cell carcinoma in situ with 
questionable stromal invasion 
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HNSCC Read code (CPRD) HNSCC ICD-10 code (HES) HNSCC – ICD-O-3 (NCRAS) HNSCC – Cancer morphology (NCRAS) 

B041.00: Malignant neoplasm of lateral portion 
of floor of mouth 

B017.00: Malignant overlapping lesion of 
tongue 

B031.00: Malignant neoplasm of lower gum 

B000100: Malignant neoplasm of upper lip, 
lipstick area 

B550300: Malignant neoplasm of jaw NOS 

B05z.00: Malignant neoplasm of mouth NOS 

B04y.00: Malignant neoplasm of other sites of 
floor of mouth 

B800400: Carcinoma in situ of floor of mouth 

B014.00: Malignant neoplasm of anterior 2/3 of 
tongue unspecified 

Byu0.00: [X]Malignant neoplasm of lip, oral 
cavity and pharynx 

B004.00: Malignant neoplasm of lip 
unspecified, inner aspect 

B000000: Malignant neoplasm of upper lip, 
external 
B001000: Malignant neoplasm of lower lip, 
external 

B001.00: Malignant neoplasm of lower lip, 
vermilion border 

B003000: Malignant neoplasm of lower lip, 
buccal aspect 

B004200: Malignant neoplasm of lip 
unspecified, mucosa 

B010.11: Malignant neoplasm of posterior third 
of tongue 

B00zz00: Malignant neoplasm of lip, vermillion 
border NOS 
B055100: Malignant neoplasm of roof of mouth 

B055.00: Malignant neoplasm of palate 
specified 

C09.0: Malignant neoplasm: Tonsillar fossa 

C09.1: Malignant neoplasm: Tonsillar pillar 
C09.8: Malignant neoplasm: Overlapping 
lesion of tonsil 

C09.9: Malignant neoplasm: Tonsil, 
unspecified 

C10: Malignant of neoplasm of oropharynx 

C10.0: Malignant neoplasm of vallecula 
C10.1: Malignant neoplasm of anterior surface 
of epiglottis 

C10.2: Malignant neoplasm of lateral wall of 
oropharynx 

C10.3: Malignant neoplasm of posterior wall of 
oropharynx 

C10.8: Malignant neoplasm of overlapping 
sites of oropharynx 

C10.9: Malignant neoplasm of oropharynx. 
Unspecified 

C14.0: Malignant neoplasm of pharynx, 
unspecified 
C14.8: Malignant neoplasm of overlapping 
sites of lip, oral cavity and pharynx 

Nasopharyngeal cancer 

C11: Malignant neoplasm of nasopharynx 

C11.0: Malignant neoplasm of superior wall of 
nasopharynx 
C11.1: Malignant neoplasm of posterior wall of 
nasopharynx 

C11.2: Malignant neoplasm of lateral wall of 
nasopharynx 

C11.3: Malignant neoplasm of anterior wall of 
nasopharynx 

C11.8: Malignant neoplasm of overlapping 
sites of nasopharynx 

C14.0 Pharynx, NOS 

C14.8 Overlapping lesion of lip, oral cavity and 
pharynx 

C32.0 Glottis 

C32.1 Supraglottis 
C32.2 Subglottis 

C32.8 Overlapping lesion of larynx 

C32.9 Larynx, NOS 
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HNSCC Read code (CPRD) HNSCC ICD-10 code (HES) HNSCC – ICD-O-3 (NCRAS) HNSCC – Cancer morphology (NCRAS) 

B003.00: Malignant neoplasm of lower lip, 
inner aspect 

B004000: Malignant neoplasm of lip 
unspecified, buccal aspect 

B000.00: Malignant neoplasm of upper lip, 
vermilion border 

B003200: Malignant neoplasm of lower lip, 
mucosa 
B002300: Malignant neoplasm of upper lip, 
oral aspect 

B010z00: Malignant neoplasm of fixed part of 
tongue NOS 

B003100: Malignant neoplasm of lower lip, 
frenulum 

B03z.00: Malignant neoplasm of gum NOS 

B00z100: Malignant neoplasm of lip, 
unspecified, lipstick area 

B003300: Malignant neoplasm of lower lip, oral 
aspect 

B001100: Malignant neoplasm of lower lip, 
lipstick area 

B051000: Malignant neoplasm of upper buccal 
sulcus 
B055000: Malignant neoplasm of junction of 
hard and soft palate 

B003z00: Malignant neoplasm of lower lip, 
inner aspect NOS 

B005.00: Malignant neoplasm of commissure 
of lip 

B051100: Malignant neoplasm of lower buccal 
sulcus 

B002200: Malignant neoplasm of upper lip, 
mucosa 

B000z00: Malignant neoplasm of upper lip, 
vermilion border NOS 

C11.9: Malignant neoplasm of nasopharynx, 
unspecified 

Hypopharynx cancer 

C12.9: Malignant neoplasm of piriform sinus 

C13: Malignant neoplasm of hypopharynx 
C13.0: Malignant neoplasm of pastcricoid 
region 

C13.1: Malignant neoplasm of aryepiglottic 
fold, hypopharyngeal aspect 

C13.2: Malignant neoplasm of posterior wall of 
hypopharynx 

C13.8: Malignant neoplasm of overlapping 
sites of hypopharynx 

C13.9: Malignant neoplasm of hypopharynx, 
unspecified 

Larynx 

C32.0: Malignant neoplasm of glottis 

C32.1: Malignant supraglottis 

C32.2: Malignant of subglottis 

C32.8: Malignant neoplasm of overlapping 
lesion of larynx 

C32.9: Malignant neoplasm of larynx, 
unspecified 
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HNSCC Read code (CPRD) HNSCC ICD-10 code (HES) HNSCC – ICD-O-3 (NCRAS) HNSCC – Cancer morphology (NCRAS) 

B002100: Malignant neoplasm of upper lip, 
frenum 

B002.00: Malignant neoplasm of upper lip, 
inner aspect 

B004300: Malignant neoplasm of lip, oral 
aspect 

B002z00: Malignant neoplasm of upper lip, 
inner aspect NOS 
B001z00: Malignant neoplasm of lower lip, 
vermilion border NOS 

B03y.00: Malignant neoplasm of other sites of 
gum 

B013000: Malignant neoplasm of anterior 2/3 
of tongue ventral surface 

B051.00: Malignant neoplasm of vestibule of 
mouth 

B011100: Malignant neoplasm of midline of 
tongue 

B002000: Malignant neoplasm of upper lip, 
buccal aspect 
B051z00: Malignant neoplasm of vestibule of 
mouth NOS 

C00.11: Carcinoma of lip 
Oropharyngeal cancer 

B060.00: Malignant neoplasm of tonsil 

B212.00: Malignant neoplasm of subglottis 

B06..00: Malignant neoplasm of oropharynx 

B016.00: Malignant neoplasm of lingual tonsi 

B010000: Malignant neoplasm of base of 
tongue dorsal surface 

B054.00: Malignant neoplasm of uvula 

B053.00: Malignant neoplasm of soft palate 
B06z.00 Malignant neoplasm of oropharynx 
NOS 
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HNSCC Read code (CPRD) HNSCC ICD-10 code (HES) HNSCC – ICD-O-3 (NCRAS) HNSCC – Cancer morphology (NCRAS) 

B010.11 Malignant neoplasm of base of 
tongue 

B060z00 Malignant neoplasm tonsil NOS 

B066.00 Malignant neoplasm of lateral wall of 
oropharynx 

B0zy.00 Malignant neoplasm of other sites of 
lip, oral cavity and pharynx 

B06y.00 Malignant neoplasm of oropharynx, 
other specified sites 

B067.00 Malignant neoplasm of posterior wall 
of oropharynx 
B06yz00 Malignant neoplasm of other 
specified site of oropharynx NOS 

B062100 Malignant neoplasm of 
glossopalatine fold 

B062z00 Malignant neoplasm of tonsillar fossa 
NOS 

B060100 Malignant neoplasm of palatine tonsil 

B060200 Malignant neoplasm, overlapping 
lesion of tonsil 

Nasopharyngeal cancer 

B0z0.00: Malignant neoplasm of pharynx 
unspecified 

B07..00: Malignant neoplasm of nasopharynx 

B07z.00: Malignant neoplasm of nasopharynx 
NOS 

B073.0: Malignant neoplasm of anterior wall of 
nasopharynx 

B071100: Malignant neoplasm of pharyngeal 
tonsil 

B07y.00: Malignant neoplasm of other 
specified site of nasopharynx 
B072.00: Malignant neoplasm of lateral wall of 
nasopharynx 

B083.00: Malignant neoplasm of posterior 
pharynx 
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HNSCC Read code (CPRD) HNSCC ICD-10 code (HES) HNSCC – ICD-O-3 (NCRAS) HNSCC – Cancer morphology (NCRAS) 

B062300: Malignant neoplasm of 
palatopharyngeal arch 

B070.00: Malignant neoplasm of roof of 
nasopharynx 

B071.00: Malignant neoplasm of posterior wall 
of nasopharynx 

B071z00: Malignant neoplasm of posterior wall 
of nasopharynx NOS 
B073z00: Malignant neoplasm of anterior wall 
of nasopharynx NOS 

B072z00: Malignant neoplasm of lateral wall of 
nasopharynx NOS 

B073100: Malignant neoplasm of 
nasopharyngeal soft palate surface 

Hypopharynx cancer 

B08z.00: Malignant neoplasm of hypopharynx 
NOS 

B08..00: Malignant neoplasm of hypopharynx 

Larynx 

B21..00: Malignant neoplasm of larynx 
B21z.00: Malignant neoplasm of larynx NOS 

B21y.00: Malignant neoplasm of larynx, other 
specified sites 
B0z2.00: Malignant neoplasm of 
laryngopharynx 

B214.00: Malignant neoplasm, overlapping 
lesion of larynx 

Head and neck cancer unspecified 

B05..00: Malignant neoplasm of other and 
unspecified parts of mouth 

B300A00: Malignant neoplasm of maxilla 

B055z00: Malignant neoplasm of palate NOS 
B301.00: Malignant neoplasm of mandible 

B052.00: Malignant neoplasm of hard palate 
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HNSCC Read code (CPRD) HNSCC ICD-10 code (HES) HNSCC – ICD-O-3 (NCRAS) HNSCC – Cancer morphology (NCRAS) 

B05y.00: Malignant neoplasm of other 
specified mouth parts 

B550300: Malignant neoplasm of jaw NOS 

B05z.00: Malignant neoplasm of mouth NOS 

B055.00: Malignant neoplasm of palate 
specified 

B054.00: Malignant neoplasm of uvula 

B053.00: Malignant neoplasm of soft palate 
B550z00: Malignant neoplasm of head, neck 
and face NOS 
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Table S 6-2 Read, ICD-10, ICD-O-3 codes which could possibly infer other 

types of HNC than HNSCC. 

Code Clinical term 

Read code: 
B05..00 
B300A00 
B055z00 
B301.00 
B052.00 
B05y.00 
B550300 
B05z.00 
B055.00 
B054.00 
B053.00 
B550z00 
B055100 
ICD-10 code: 
C05.1 
C05.2 
C05.0 
C05.8 
C05.9 
C06.8 
C06.80 
C06.89 
C06.9 
C10.4 
ICD-O-3 code: 
C05.0 
C05.1 
C05.2 
C05.8 
C05.9 
C06.8 
C06.9 

 
Malignant neoplasm of other and unspecified parts of mouth 
Malignant neoplasm of maxilla 
Malignant neoplasm of palate NOS 
Malignant neoplasm of mandible 
Malignant neoplasm of hard palate 
Malignant neoplasm of other specified mouth parts 
Malignant neoplasm of jaw NOS 
Malignant neoplasm of mouth NOS 
Malignant neoplasm of palate specified 
Malignant neoplasm of uvula 
Malignant neoplasm of soft palate 
Malignant neoplasm of head, neck and face NOS 
Malignant neoplasm of roof of mouth 
 
Malignant neoplasm: Soft palate 
Malignant neoplasm of uvula 
Malignant neoplasm: Hard palate 
Malignant neoplasm: Overlapping lesion of palate 
Malignant neoplasm: Palate unspecified 
Malignant neoplasm of overlapping sites of other and unspecified parts of mouth 
Malignant neoplasm of overlapping sites of unspecified parts of mouth 
Malignant neoplasm of overlapping sites of other parts of mouth 
Malignant neoplasm: Mouth, unspecified 
Malignant neoplasm of brancial cleft 

 
Hard palate 
Soft palate 
Uvula 
Overlapping lesion of palate 
Palate, NOS 
Overlapping lesion of other and unspecified parts of mouth 
Mouth, NOS 
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Figure S 6-1 Schoenfeld residual and proportional hazard plots of death due to 
other causes. 

 

 

 


