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Abstract  

Background: Explanations for socioeconomic inequalities in survival of head and 

neck cancer (HNC) patients has had limited attention and is not well understood.  

Methods: The UK Head and Neck 5000 prospective clinical cohort study was 

analysed. Survival relating to measures of socioeconomic status was explored 

including area-based and individual factors. Three-year overall survival was 

determined using the Kaplan-Meier method. All-cause mortality was investigated via 

adjusted Cox Proportional Hazard models. 

Results: A total of 3,440 people were included. Three-year overall survival was 

76.3% (95% CI 74.9, 77.7). Inequality in survival by deprivation category, highest 

education level, and financial concerns was explained by age, sex, health, and 

behavioural factors. None of the potential explanatory factors fully explained the 

inequality associated with annual household income or the proportion of income of 

benefits. 

Conclusion: These results support the interventions to address the financial issues 

within the wider care and support provided to HNC patients.  
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Introduction  

Inequality in survival of people with cancer is well documented both globally (1-5) 

and in the United Kingdom (UK) (6-8). Many studies highlight that people with cancer 

who are from disadvantaged socioeconomic backgrounds experience worse 

outcomes than those from more affluent backgrounds (1-8). Potential explanations 

for inequality differ between studies and remain unclear. However, explanations for 

inequality in survival of people with cancer are an important and unsolved issue in 

medical research.  

Possible explanations for inequality in survival of people with head and neck cancer 

(HNC) include suggestions that participants who were at a socioeconomic 

disadvantage presented with cancers at a more advanced stage, or that they 

presented more frequently with additional comorbidities (3, 9-11). However, results 

from other studies have reported conflicting findings (12). Previous work from a 

cohort of people in Scotland suggested that inequality in survival of people with HNC 

can be explained by a combination of demographics, tumour and treatment factors 

(13).  

At present, HNC accounts for nearly 900,000 cases and more than 450,000 deaths 

per year throughout the world (14). There were nearly 12,000 new cases of HNC and 

more than 4,000 deaths attributable to the disease in the UK in 2016 (15). The main 

risk factors of HNC are smoking and alcohol consumption (16, 17), and in recent 

years the human papillomavirus (HPV) has shown to be associated with the rising 

incidence of oropharyngeal cancer (18). Low socioeconomic position is an additional 
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and independent risk factor of HNC and inequality in incidence of HNC has been 

observed between and within developed and developing countries (19-21). 

Other studies have relied on either area-based or individual measures of 

socioeconomic status (SES) to document and explain potential explanatory factors of 

inequality in survival of people with cancer. No prior study has investigated both 

forms of measurements of SES. This study aims to undertake an in-depth 

exploration into the nature and extent of inequality in survival of people with HNC by 

considering area-based and individual dimensions of socioeconomic circumstances 

and, in addition, to understand the underlying cause of this inequality.  
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Materials and methods 

Data collection 

HN5000 is a prospective clinical cohort study of people with HNC. The study has 

been described in detail elsewhere (22, 23). Briefly, people with a new diagnosis of 

HNC in England, Wales and Scotland were recruited to the study between 5th April 

2011 and 31st December 2014. Information was gathered from clinical records using 

data capture forms which were completed by research staff on participants’ 

diagnoses and treatment modality. In addition, participants were asked to complete 

three questionnaires at baseline prior to the start of treatment, at four months after 

diagnosis, and at 12 months after diagnosis. At each time point, the participants 

were asked about their demographics, health, behaviours and a variety of 

information about their socioeconomic position (described in detail below). In 

addition, there were also separate questionnaire sheets enquiring about the 

participants’ outlook and feelings at each time point, and about their sexual 

behaviour history at baseline. Full ethical approval was granted by the National 

Research Ethics Committee (South West Frenchay Ethics Committee, reference 

10/H0107/57, 5th November 2010) and it was approved by the Research and 

Development departments for the participating NHS trusts.  

Socioeconomic status variables 

Area-based measurement of socioeconomic status 

The area-based measurement of SES was derived from English Index of Multiple 

Deprivation (IMD) 2010 scores (24) which were linked to HN5000 using the 



 

7 
 
 

participants’ home postcodes and Lower Layer Super Output Area (LLSOA) codes 

(25). IMD 2010 categorises geographical areas in England using information from 

seven domains including: Income Deprivation; Employment Deprivation; Health 

Deprivation and Disability; Education Skills and Training Deprivation; Barriers to 

Housing and Services; Living Environment Deprivation and Crime. The IMD 2010 

score has five categories – group 1 represents the most deprived areas and group 5 

represents the least deprived areas.  

Individual measurements of socioeconomic status 

Individual measurements of SES were obtained from participants’ questionnaire 

responses at baseline before treatment started. This included: highest education 

level attained, number of years in full-time education, total annual household income, 

proportion of income from benefits, and financial concerns of living with or after 

cancer. The highest education level that the participants had attained was grouped 

as, a) up to secondary school (primary school or secondary school, usually including 

students up to the age of 16), b) further education (school/college sixth form or 

further education college, usually including students between the ages of 16 to 18), 

or c) higher education or university (university or polytechnic university, usually 

including students aged 18 and over). The number of years spent in education was 

categorised as, a) 10 years or less, b) 11 to 13 years, or c) 14 years or more, and 

the total annual household income of the participants was grouped as, a) less than 

£11,999 a year, b) between £12,000 (approximately 18,826 US$ in August 2012) 

and £28,999 a year, or c) more than £29,000 a year (approximately 45,497 US$ in 

August 2012). Note that in the financial year 2012/2013 the median disposable 

income in the UK was approximately £24,200. The total proportion of a participant’s 
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income received from benefits was recorded on the questionnaire as, a) all, b) about 

three quarters, c) about half, d) about a quarter, e) very little, or f) none, but for the 

purpose of this analysis, this was grouped as, a) all, b) some (groups b to e), or c) 

none. Whether the participants had any financial concerns of living with or after 

cancer or not was recorded as, a) yes, or b) no.  

Potential Explanatory Factors 

Demographic data 

Participants’ age at the date of consent and their sex were recorded on data capture 

forms. Marital status was recorded on the baseline questionnaire as, a) single, b) 

widowed, c) separated, d) married, e) divorced, or f) living with a partner, and for the 

purpose of this analysis, this was grouped as, a) single; b) married or living with a 

partner; or c) separated, divorced or widowed.  

Health status 

Health status was recorded via comorbidity and World Health Organisation (WHO) 

Performance Status (26) from baseline data before treatment started. Comorbidity 

was recorded on the baseline data capture form using the Adult Comorbidity 

Evaluation (ACE-27) (27), which categorises participants as having, a) no 

comorbidity, b) mild comorbidity, c) moderate comorbidity, or d) severe comorbidity – 

for the purpose of this analysis the worst two comorbidities were grouped into a 

“moderate/severe” category. WHO Performance Status was measured on the 

participants’ baseline questionnaire and recorded as, a) normal activity, b) strenuous 

activity restricted, c) up and about for more than 50% of their waking hours, d) 
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confined to a bed or chair for more than 50%, or e) confined to a bed or chair for 

100% of their waking hours. Due to small numbers, the worst two WHO Performance 

Status categories were combined into a “confined to a bed or chair for more than 

50% of their waking hours” category.  

Behavioural factors 

Participants’ behavioural data were recorded on smoking status and alcohol 

consumption. Smoking status was recorded on the baseline questionnaire and was 

defined as, a) current smoker, b) previous smoker, or c) never smoked, where 

smoking was defined as having smoked at least one cigarette during a whole year. 

The number of units of alcohol per week that the participants drank was calculated 

from baseline questionnaire responses to, a) how many days per week they drank 

alcohol; and b) how many bottles of wine, spirits, or pints of beers/lager/cider they 

drank each week before they were diagnosed with cancer. Using these responses, 

participants’ alcohol consumption was calculated in units and was subsequently 

grouped as, a) none, b) moderate (more than zero and less than 14 units per week 

for men and women), c) hazardous (between 14 and 50 units per week for men, and 

between 14 and 35 units per week for women), or d) harmful (more than 50 units per 

week for men, and more than 35 units per week for women) (28). 

Tumour and treatment factors 

Tumour and treatment factors included information on the anatomical site of the 

tumour, tumour stage, HPV status and treatment modality. Anatomical site was 

determined using the International Classification of Diseases Version 10 (ICD-10) 

(29). Tumours of the lip and oral cavity (C00, C02-C06), oropharynx (C01, C05.1, 2, 
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C09.0, 1, 9, C10.0, 2, 3), nasopharynx (C11), hypopharynx (C12, C13), larynx 

(C32.0, 1, 2, C10.1), nasal cavity (C30.0), sinuses (C31.0, 1), major salivary glands 

(C07, C08), minor salivary glands (any ICD-10 code with histology recorded as 

“salivary gland”), and other sites of the head and neck (C14.0, C30.1, C41.1, C69.5) 

were included. Due to small numbers, participants with cancers of the nasopharynx, 

nasal cavity, sinuses, and other sites of the head and neck were combined into one 

group and labelled as “Other”. Tumour stage was classified using the Tumour, Node 

and Metastases (TNM) Classification of Malignant Tumours from the International 

Union Against Cancer (UICC), Seventh Edition, which divides tumours into four 

categories from stage I to stage IV (30). HPV status was determined by the German 

Cancer Research Center (DKFZ) in Heidelberg. An HPV-positive result was 

determined from a serological response to HPV16 E6 antibodies using a glutathione 

S-transferase multiplex assay, with a cut-off value of more than 1000 Median 

Fluorescence Intensity (MFI) units (31). Participants’ treatment modality was 

extracted from data capture forms at four-months and grouped as, a) surgery only; b) 

chemoradiotherapy only; c) radiotherapy only; d) surgery combined with 

chemotherapy, chemoradiotherapy or radiotherapy; e) chemotherapy only; or f) no 

treatment. 

Mortality linkage 

On 11th October 2018, the cohort was linked to the National Office of Statistics from 

the UK Health and Social Care Information Centre. The number of days between the 

date of consent and the date of death or the most recent follow-up period were 

calculated. 
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Exclusion criteria 

Participants were excluded from the HN5000 if they, a) had withdrawn, or b) were 

found to be ineligible because a biopsy result confirmed that they did not have HNC. 

For this analysis we also excluded people who had a carcinoma in situ, a cancer of 

stage 0, thyroid cancer, cancer of unknown primary (CUP), did not live in England 

(and therefore could not be linked to IMD data), and those who did not return their 

baseline questionnaire pack.  

Statistical analyses 

All statistical analyses were performed using Stata Version 16 (32). Numbers and 

proportions of deaths were displayed for each of the participant, demographic, 

health, behavioural, tumour, treatment and SES factors. SES factors were cross-

tabulated with each participant, demographic, health, behavioural, tumour and 

treatment factors. Three-year survival was determined using the Kaplan-Meier 

method and tests for the differences between the results were determined using the 

log-rank test. Adjusted Cox Proportional Hazard models for all-cause mortality were 

displayed to identify the potential explanatory factors of the inequality in survival. 

Hazard ratios (HRs) with 95% confidence intervals (CIs) and p-values for each SES 

variable were produced to measure the differences in all-cause mortality. Models 

were adjusted by, a) age and sex; b) age, sex and each individual factor separately 

including comorbidity, smoking status, alcohol consumption, anatomical site, stage, 

HPV status and treatment modality; c) age, sex and health and behavioural factors 

combined including comorbidity, smoking status and alcohol consumption; d) age, 

sex, tumour and treatment factors combined including anatomical site, stage, HPV 



 

12 
 
 

status and treatment modality; and e) age, sex and all potential explanatory factors 

combined including  comorbidity, smoking status, alcohol consumption, anatomical 

site, stage, HPV status and treatment modality.  

Multiple imputation 

The impact of missing data on the adjusted Cox Proportional Hazards models was 

explored for each potential explanatory and SES variable and multiple imputation 

(MI) was performed to impute values for missing data (33). The ICE package for the 

MI of chained equations in Stata 16 was used (34). Twenty imputed datasets were 

generated using a model which included the event indicator for death, the Nelson-

Aalen estimator of the cumulative hazard (35), all SES variables and all potential 

explanatory factors. The results of the Cox Proportional Hazards models following MI 

were computed using the mim command in Stata 16 (36), which combines the 

results from each imputed dataset using Rubin’s Rules, incorporating both within and 

between imputation variability, based on asymptotic theory (37). 
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Results 

Inclusion  

A total of 5,511 participants were recruited to HN5000, however 107 (1.9%) 

participants were excluded from the cohort due to either withdrawing, being ineligible 

due to not having a HNC primary, not consenting to the study, or having a tumour of 

stage 0 (Figure 1). In addition, a total of 1,964 (36.3%) participants were excluded 

from this analysis due to having thyroid cancer, CUP, residing in Scotland or Wales, 

or not returning their baseline questionnaire pack. Thus, a total of 3,440 were eligible 

for this analysis – 62.4% of the original 5,511 people that were recruited.   

Missing data 

Some data were missing for several potential explanatory variables which ranged 

from 0.9% for tumour stage to 15.0% for total annual household income (Table 1 and 

Table 2). Data were complete for age at date of consent, sex, anatomical site and 

treatment modality.  

Descriptive statistics  

Potential explanatory factors 

The number of participants for each demographic, health, behavioural, tumour and 

treatment factor are displayed in Table 1. Participants’ age at date of consent ranged 

from 22 to 95 (median = 62 years). Nearly three quarters (n = 2,526/73.4%) of the 

cohort were male. More than a half (n = 1,881/54.7%) of the participants had at least 

a mild comorbidity, however 52.3% (n = 1,799) of the cohort were of normal WHO 

Performance Status. Approximately three quarters (n = 2,527/73.5%) of the cohort 



 

14 
 
 

were either current or former smokers, and 70.3% (n = 2,418) of the participants 

were moderate to harmful drinkers. A proportion of 38.8% (n = 1,334) people had 

tumours of the oropharynx, while 45.2% (n = 1,555) tumours of the cohort had stage 

IV tumours, and 61.5% (n = 2,114) of HPV negative tumours. Participants were more 

likely to be treated with chemoradiotherapy or a combination of surgery and 

chemoradiotherapy (n = 1,936/56.2%). 

SES Factors 

The number of participants for each of the SES factors are displayed in Table 2. 

There was an even spread of participants across the IMD Categories ranging from 

17.9% (n = 616) to 21.7% (n = 746) (Table 2). Nearly half (n = 1,556/45.5%) of the 

cohort had attained an education level of up to secondary school, and nearly one 

third (n = 1,007/29.3%) of participants had spent 10 years or less in full-time 

education. More than half (n = 1,988/57.8%) of the cohort earned less than £29,000 

per year, one third (n = 1,100/32.0%) of the cohort earned at least some of their 

income from benefits, and 34.3% (n = 1,181) of people had financial concerns of 

living with or after cancer. 

Cross-tabulations of potential explanatory factors with SES factors 

People in the most deprived IMD Category were more likely to be younger, have 

worse comorbidities, have worse WHO Performance Status and be current smokers 

or harmful drinkers (Supplementary Table 1). The most deprived group by IMD 

Category were also more likely to have tumours of the larynx, have tumours that 

were HPV negative, and be treated with radiotherapy only. People who had attained 

an education level of up to secondary school, spent less than 10 years in full-time 



 

15 
 
 

education, earned £11,000 per annum or less, or earned all their income from 

benefits were more likely to have worse comorbidities, worse WHO Performance 

Status, be current smokers, have cancer of the larynx, and have HPV negative 

tumours (Supplementary Tables 2 to 5). Participants who had attained an education 

of up to secondary school or remained in full-time education for 10 years or less 

were also more likely to be older (Supplementary Tables 2 and 3). Participants who 

earned £11,999 or less were also more likely to be female and have stage II 

tumours. In contrast, people who had specified that they had financial concerns of 

living with or after cancer were more likely to be younger and males with no 

comorbidities (Supplementary Table 6).   

Overall survival  

Follow-up 

The median follow-up time was 4.8 years (IQR = 4.3 to 5.6 years) and 1.6 years 

(IQR = 0.8 to 2.9 years) for those who were alive and had died by the end of the 

follow-up period, respectively.  

Survival for potential explanatory factors 

Three-year overall survival and age- and sex-adjusted Cox Proportional Hazards 

models for all-cause mortality are displayed in Table 1 for all potential explanatory 

factors. Three-year survival for the whole cohort was 76.3% (95% CI = 74.9% to 

777%). People aged 75 and over had the lowest overall survival at 64.7% (95% CI = 

59.9% to 69.0%) compared to those who were younger than 44 who had overall 

survival of 85.2% (95% CI = 79.7% to 89.4%). Males had lower overall survival than 
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females at 75.5% (95% CI = 73.7% to 77.1%) and 78.8% (95% CI = 76.0% to 

81.3%), respectively. Following the adjustment for age and sex, in both the models 

prior to and post MI, participants who were at the highest risk of all-cause mortality 

were not married or not living with a partner, had worse comorbidities, worse WHO 

Performance Status, were current or previous smokers, or were harmful drinkers. 

People were also more at risk of all-cause mortality following age and sex 

adjustment if they had tumours of the oral cavity, hypopharynx, or “other” head and 

neck sites, had tumours of higher stage, had HPV negative tumours or were treated 

with chemotherapy and/or radiotherapy (with or without surgery).  

Survival for SES Factors 

Three-year overall survival and age- and sex-adjusted Cox Proportional Hazards 

models for all-cause mortality prior to and post MI are displayed in Table 2 for all the 

SES factors. People had worse three-year overall survival if they were of the most 

deprived IMD Category, attained an education of up to secondary school, or had 

remained in education for 10 years or less. People had lower three-year survival if 

they earned less than £11,999 per household or earned all their income from 

benefits. Interestingly, there was no difference in three-year survival by financial 

concerns of living with or after cancer. Following adjustment by age and sex, both 

prior to and post MI, participants remained at a higher risk of all-cause mortality if 

they resided in areas of the most deprived IMD Category (pre-MI HR = 1.50, 95% CI 

= 1.24 to 1.81; post-MI HR = 1.49, 95% CI = 1.23 to 1.80), or attained an education 

level of up to secondary school (pre-MI HR = 1.26, 95% CI = 1.08 to 1.47; post-MI 

HR = 1.26, 95% CI = 1.08 to 1.47). In addition, participants were also more at risk of 

all-cause mortality after age and sex adjustment if they earned less than £11,999 per 
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annum (pre-MI HR = 2.00, 95% CI = 1.67 to 2.40; post-MI HR = 1.92, 95% CI = 1.61 

to 2.28), or earned all their income from benefits (pre-MI HR = 1.93, 95% CI = 1.64 

to 2.26; post-MI HR = 1.91, 95% CI 1.63 to 2.25). Prior to MI, there was a difference 

between participants with financial concerns of living with or after cancer following 

age and sex adjustment (HR = 1.19, 95% CI = 1.04 to 1.37), however following MI, 

the difference between the people with and without financial concerns following age 

and sex adjustment was reversed (HR = 0.83, 95% CI = 0.73 to 0.96). Following age 

and sex adjustment, there was no longer a difference in all-cause mortality for the 

participants who had spent less time in full-time education, which would be expected 

given the higher proportion of older people who had remained in education for less 

time.  

Explanations for inequality in survival  

Adjusted Cox Proportional Hazards Models for all-cause mortality to determine the 

explanations for inequality in the survival of people with HNC are displayed in Table 

3 prior to imputation and Table 4 following imputation.  

IMD Category 

Prior to MI, following adjustment by age, sex and a) comorbidity; b) smoking status; 

c) alcohol consumption; or d) tumour and treatment factors combined, there was an 

attenuation in inequality by IMD Category (particularly by smoking status adjustment) 

but inequality by IMD Category remained strong. When the model was adjusted by 

age, sex and all health and behavioural factors including comorbidity, smoking status 

and alcohol consumption, there was no longer an inequality in all-cause mortality by 
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IMD Category (Most deprived HR = 1.07, 95% CI = 0.88 to 1.31). Following MI, 

results were comparable to those of the models prior to MI for IMD Category.  

Highest education level attained 

Following adjustment by age, sex and a) comorbidity; or b) alcohol consumption, 

there was a slight attenuation in inequality by highest education level attained but the 

inequality remained strong. When the model was adjusted by age, sex and smoking 

status, participants who attained an education level up to secondary school were no 

longer at a higher risk of all-cause mortality (HR = 1.13, 95% CI 0.95 to 1.32) than 

those who continued to higher education or degree. Similar results were also 

observed when the model was adjusted by all tumour and treatment factors 

combined (HR = 1.13, 95% CI 0.97 to 1.33) but no tumour or treatment factor 

attenuated inequality by highest education level attained (data not shown). Following 

MI, the results were comparable to those prior to MI.  

Annual household income 

Following adjustment by age, sex and a) comorbidity; b) smoking status; c) alcohol 

consumption; d) health and behavioural factors; e) tumour and treatment factors; or 

f) all potential explanatory factors, there was a slight attenuation in inequality by 

annual household income (particularly by smoking status or all health and 

behavioural factors), however the inequality remained strong. After full adjustment, 

the inequality by annual household income attenuated, however people who earned 

less then £11,999 remained 34% (HR = 1.34, 95% CI = 1.01 to 1.63) more at risk of 

all-cause mortality than those who earned more than £29,000. The results from the 

imputed models were comparable to those prior to imputation.  
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Income from benefits 

Following adjustment by age, sex and a) comorbidity; b) smoking status; c) alcohol 

consumption; d) health and behavioural factors; e) tumour and treatment factors; or 

f) all potential explanatory factors, there was attenuation in inequality by the 

proportion of income participants received from benefits, however the inequality 

remained strong. After full adjustment the inequality by proportion of income from 

benefits attenuated, however the participants who earned all their income from 

benefits remained 35% (HR = 1.35, 95% CI = 1.14 to 1.60) more at risk of all-cause 

mortality than those who earned none of their income from benefits. Following MI, 

results were comparable to those prior to MI. 

Financial concerns  

Following adjustment by age, sex and a) comorbidity; or b) alcohol consumption, the 

inequality by financial concerns attenuated, however it remained clear. When the 

model was adjusted by age, sex and smoking status, participants who had financial 

concerns were no longer at a higher risk of all-cause mortality (HR = 1.12, 95% CI = 

0.97 to 1.28). Similar results were also observed when the model was adjusted by 

age, sex and a) health and behavioural factors (HR = 1.07, 95% CI = 0.93 to 1.24), 

or b) tumour and treatment factors combined (HR = 1.01, 95% CI = 0.88 to 1.17), but 

no tumour or treatment factor attenuated the inequality by financial concerns (data 

not shown). Following MI, results were comparable to those prior to MI.  
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Discussion 

Inequality in the survival of people with HNC was observed for several 

measurements of SES including IMD Category, highest education level, number of 

years spent in education, annual household income, proportion of income from 

benefits and financial concerns of living with or after cancer. Participant smoking 

status had a strong effect on inequality by IMD Category, however adjustment for 

age, sex, health and behavioural factors fully explained inequality by IMD Category. 

Similar results were observed for highest education attained and financial concerns, 

however adjustment by smoking status fully explained the inequality by these factors 

alone, before and after MI. Inequality by annual household income and proportion of 

income from benefits attenuated following adjustment of all potential explanatory 

factors; however even after full adjustment, inequalities remained strong before and 

after MI.  

Previous work investigated the inequality in long-term survival as part of the Scottish 

Audit of Head and Neck Cancer (SAHNC) – a clinical cohort study of people with 

HNC in Scotland diagnosed between 1999 and 2001 (13). A gradient in overall, 

disease-specific and net survival was observed at one-, five- and 12-years, and 

inequality by all-cause and disease-specific mortality was no longer evident following 

adjustment of combined patient, tumour and treatment factors. However, the SAHNC 

study investigated people with HNC from Scotland diagnosed approximately 15 

years before the HN5000 study, from which we only included patients from England. 

Survival has differed between both countries for many years (38), suggesting that 

people in England have a longer life expectancy than those in Scotland. In contrast 

to HN5000, the SAHNC study investigated survival using the area-based Carstairs 
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2001 Index (39, 40) which derives deprivation through low social class, lack of car 

ownership, overcrowding and male unemployment, and therefore cannot be 

compared to English IMD Categories. In addition, due to the long follow-up period, 

one limitation of the SAHNC study was that it was recruited ahead of the discovery of 

the association between HPV positivity and improved prognosis (41-43), and as a 

result, HPV was not available in the SAHNC study. Moreover, the SAHNC study did 

not have the advantage of the use of individual measurements of SES.  

Other UK-based studies have investigated the impact of SES on survival of people 

with HNC, and inequality was explained by people with lower SES status having 

tumours of higher stage, worse comorbidities, or poorer access to healthcare (11, 

44, 45). In our study, inequality was not explained by these factors alone, particularly 

for annual household income and the proportion of income the participants received 

from benefits. However, it was clear that comorbidity attenuated inequalities by each 

SES factors, but inequality was not fully explained by comorbidity. Interestingly, 

inequality by IMD category and highest education level received considerably 

attenuated following the adjustment for smoking status. In this study, it was not clear 

that adjustment by tumour stage alone had any influence on survival for any of the 

SES factors (data not shown).  

There are several limitations to this study. Firstly, the proportion of participants 

across the IMD groups were even, suggesting an under-representation of the most 

deprived people in this study (46). As a result, this study may underestimate the true 

extent of inequality in survival of people with HNC. Secondly, participants were given 

the option of taking home their baseline questionnaire to complete and return with a 
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pre-paid envelope. We compared those who did and did not return their 

questionnaires and discovered non-returners were more likely to be from more 

deprived IMD Categories (Supplementary Table 8). Previous studies have also 

implied that non-respondents tend to be from backgrounds of lower SES and have 

less time and capacity to participate in research (47, 48). Thirdly, after excluding a 

proportion of people who did not return their questionnaire, those with missing data 

for alcohol consumption and stage were at a higher risk of all-cause mortality 

compared to the healthier groups of individuals. However, we performed MI to 

overcome this issue. Finally, although we linked these data to mortality data, we 

were unable to obtain information on the cause of the participants’ death. Therefore, 

we were only able to investigate the inequality in survival using all-cause mortality. 

However, due to the short-term follow-up period of this study, it is likely that a high 

proportion of deaths would be attributed to HNC, and therefore all-cause and 

disease-specific mortality results would be unlikely to be substantially different (49).  

This study has several strengths. Firstly, the data are from a large, prospective, 

clinical cohort study which provided a range of measurements of SES including area-

based and individual measurements. Due to the amount of data collected via 

medical records and participant questionnaires, this study allowed investigation into 

many potential explanatory factors of inequality in the survival of people with HNC 

via a wide range of factors including participant characteristics, demographics, 

behavioural, health, tumour and treatment factors.  

We show that inequality by an area-based measurement of IMD Category could be 

mostly explained by smoking status, and fully explained by a combination of age, 

sex, health and behavioural factors. Highest education level attained by the study 
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population could also be mostly explained by smoking status, and fully explained by 

a combination of age, sex, health and behavioural factors. Full adjustment 

attenuated inequality by annual household income and proportion of income from 

benefits, however, we were unable to fully explain inequality by these individual 

measurements of SES. This study adds to the literature by exploring inequalities in 

the survival of people with HNC using both area-based and individual measurements 

of SES, and by investigating the explanations for the inequalities observed. To our 

knowledge, this is the first study to investigate survival inequalities of people with 

HNC in such depth using both area-based and individual measurements and 

exploring the origins and explanations for the inequalities observed.  

Conclusions 

Our findings that inequalities in both household income and the proportion of income 

from benefits are independently associated with HNC survival support that 

interventions that address these issues (e.g. income maximisation and welfare 

benefit support) are included within the wider care provided to people with HNC.   

  



 

24 
 
 

References (Max. 50 – follow Index Medcus) 

1. Quaglia A, Lillini R, Mamo C, Ivaldi E, Vercelli M. Socio-economic inequalities: a review of 
methodological issues and the relationships with cancer survival. Crit Rev Oncol Hematol. 2013;85(3):266-77. 
2. Kogevinas M, Porta M. Socioeconomic differences in cancer survival: a review of the evidence. IARC 
Sci Publ. 1997(138):177-206. 
3. Woods LM, Rachet B, Coleman MP. Origins of socio-economic inequalities in cancer survival: a review. 
Ann Oncol. 2006;17(1):5-19. 
4. Chu KP, Habbous S, Kuang Q, et al. Socioeconomic status, human papillomavirus, and overall survival 
in head and neck squamous cell carcinomas in Toronto, Canada. Cancer Epidemiol. 2016;40:102-12. 
5. Lai YC, Tang PL, Chu CH, Kuo TJ. Effects of income and residential area on survival of patients with 
head and neck cancers following radiotherapy: working age individuals in Taiwan. PeerJ. 2018;6:e5591. 
6. Coleman MP, Babb P, Sloggett A, Quinn M, De Stavola B. Socioeconomic inequalities in cancer survival 
in England and Wales. Cancer. 2001;91(1):208-16. 
7. Coleman MP, Rachet B, Woods LM, et al. Trends and socioeconomic inequalities in cancer survival in 
England and Wales up to 2001. British Journal of Cancer. 2004;90(7):1367-73. 
8. Shack LG, Rachet B, Brewster DH, Coleman MP. Socioeconomic inequalities in cancer survival in 
Scotland 1986-2000. Br J Cancer. 2007;97(7):999-1004. 
9. Auluck A, Walker BB, Hislop G, Lear SA, Schuurman N, Rosin M. Socio-economic deprivation: a 
significant determinant affecting stage of oral cancer diagnosis and survival. BMC Cancer. 2016;16:569. 
10. Ellis L, Rachet B, Birchall M, Coleman MP. Trends and inequalities in laryngeal cancer survival in men 
and women: England and Wales 1991-2006. Oral Oncol. 2012;48(3):284-9. 
11. Paterson IC, John G, Adams Jones D. Effect of deprivation on survival of patients with head and neck 
cancer: a study of 20,131 cases. Clin Oncol (R Coll Radiol). 2002;14(6):455-8. 
12. Johnson S, Corsten MJ, McDonald JT, Chun J. Socio-economic factors and stage at presentation of 
head and neck cancer patients in Ottawa, Canada: A logistic regression analysis. Oral Oncology. 
2010;46(5):366-8. 
13. Ingarfield K, McMahon AD, Douglas CM, Savage SA, MacKenzie K, Conway DI. Inequality in the 
Survival of Patients With Head and Neck Cancer in Scotland. Front Oncol. 2018;8:673. 
14. Ferlay J, Ervik M, Lam F, et al. Global Cancer Observatory: Cancer Today. Lyon, France: International 
Agency for Research on Cancer. 2018 [28th November 2019]. Available from: https://gco.iarc.fr/today. 
15. Cancer Research UK (CRUK). Head and neck cancer statistics  [Available from: 
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/head-and-neck-
cancers. 
16. Blot WJ, McLaughlin JK, Winn DM, et al. Smoking and drinking in relation to oral and pharyngeal 
cancer. Cancer Res. 1988;48(11):3282-7. 
17. Talamini R, Bosetti C, La Vecchia C, et al. Combined effect of tobacco and alcohol on laryngeal cancer 
risk: a case-control study. Cancer Causes Control. 2002;13(10):957-64. 
18. D'Souza G, Kreimer AR, Viscidi R, et al. Case-control study of human papillomavirus and oropharyngeal 
cancer. N Engl J Med. 2007;356(19):1944-56. 
19. Conway DI, Petticrew M, Marlborough H, Bertbiller J, Hashibe M, Macpherson LMD. Socioeconomic 
inequalities and oral cancer risk: A systematic review and meta-analysis of case-control studies. International 
Journal of Cancer. 2008;122(12):2811-9. 
20. Conway DI, Brenner DR, McMahon AD, et al. Estimating and explaining the effect of education and 
income on head and neck cancer risk: INHANCE consortium pooled analysis of 31 case-control studies from 27 
countries. Int J Cancer. 2015;136(5):1125-39. 
21. Menvielle G, Luce D, Goldberg P, Leclerc A. Smoking, alcohol drinking, occupational exposures and 
social inequalities in hypopharyngeal and laryngeal cancer. Int J Epidemiol. 2004;33(4):799-806. 
22. Ness AR, Waylen A, Hurley K, et al. Establishing a large prospective clinical cohort in people with head 
and neck cancer as a biomedical resource: head and neck 5000. Bmc Cancer. 2014;14. 
23. Ness AR, Waylen A, Hurley K, et al. Recruitment, response rates and characteristics of 5511 people 
enrolled in a prospective clinical cohort study: head and neck 5000. Clin Otolaryngol. 2015. 
24. The English Indices of Deprivation 2010. 2011 [27th June 2019]. Available from: 
https://www.gov.uk/government/statistics/english-indices-of-deprivation-2010. 
25. Lower Layer Super Output Area. 2019 [updated 30th May 2019. Available from: 
https://www.datadictionary.nhs.uk/data_dictionary/nhs_business_definitions/l/lower_layer_super_output_area_de
.asp?shownav=1. 
26. Oken MM, Creech RH, Tormey DC, et al. Toxicity and response criteria of the eastern-cooperative-
oncology-group. American Journal of Clinical Oncology-Cancer Clinical Trials. 1982;5(6):649-55. 
27. Piccirillo JF, Feinstein AR. Clinical symptoms and comorbidity: Significance for the prognostic 
classification of cancer. Cancer. 1996;77(5):834-42. 

https://gco.iarc.fr/today
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/head-and-neck-cancers
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/head-and-neck-cancers
https://www.gov.uk/government/statistics/english-indices-of-deprivation-2010
https://www.datadictionary.nhs.uk/data_dictionary/nhs_business_definitions/l/lower_layer_super_output_area_de.asp?shownav=1
https://www.datadictionary.nhs.uk/data_dictionary/nhs_business_definitions/l/lower_layer_super_output_area_de.asp?shownav=1


 

25 
 
 

28. Excellence(NICE) NIfHaC. Alcohol-use disorders: preventing harm-ful drinking 2011 [01/05/2019]. 
Available from: https://www.nice.org.uk/guidance/ph24/resources/alcoholuse-disorders-prevention-pdf-
1996237007557. 
29. WHO. ICD-10 Version: 2016 2016 [01/05/2019]. Available from: https://icd.who.int/browse10/2016/en. 
30. Sobin L, Gospodarowicz M, Wittekind C. TNM Classification of Malignant Tumours, 7th edition. Wiley-
Blackwell, editor. New York2009. 
31. Waterboer T, Sehr P, Michael KM, et al. Multiplex human papillomavirus serology based on in situ-
purified glutathione s-transferase fusion proteins. Clinical chemistry. 2005;51(10):1845-53. 
32. StataCorp. 2019. Stata Statistical Software: Release 16. College Station, TX: StataCorp LLC. 
33. Little RJA, Rubin DB. Statistical Analysis with Missing Data, 3rd Edition: John Wiley & Sons; 2019. 
34. Royston P. Multiple imputation of missing values: Further update of ice, with an emphasis on categorical 
variables. 2009;9(3):466-77. 
35. White IR, Royston P. Imputing missing covariate values for the Cox model. Statistics in medicine. 
2009;28(15):1982-98. 
36. Galati JC, Royston P, Carlin JB. MIM: Stata module to analyse and manipulate multiply imputed 
datasets: Statistical Software Components S456825, Boston College Department of Economics; 2007 [updated 
20 May 2013. 
37. Rubin DB. Multiple Imputation for Nonresponse in Surveys. Canada: John Wiley & Sons; 1987. 
38. Office for National Statistics. All data related to life expectancies 2019 [28th November 2019]. Available 
from: 
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/datalist. 
39. Carstairs V, Morris R. Deprivation, mortality and resource-allocation. Community Medicine. 
1989;11(4):364-72. 
40. McLoone P. Carstairs Scores for the Scottish Postcode Sectors from the 1991 Census. 2000. 
41. Kreimer AR, Clifford GM, Boyle P, Franceschi S. Human papillomavirus types in head and neck 
squamous cell carcinomas worldwide: A systematic review. Cancer Epidemiology Biomarkers & Prevention. 
2005;14(2):467-75. 
42. Ragin CCR, Taioli E. Survival of squamous cell carcinoma of the head and neck in relation to human 
papillomavirus infection: Review and meta-analysis. International Journal of Cancer. 2007;121(8):1813-20. 
43. Wang MB, Liu IY, Gornbein JA, Nguyen CT. HPV-Positive Oropharyngeal Carcinoma: A Systematic 
Review of Treatment and Prognosis. Otolaryngology-Head and Neck Surgery. 2015;153(5):758-69. 
44. Ellis L, Rachet B, Birchall M, Coleman MP. Trends and inequalities in laryngeal cancer survival in men 
and women: England and Wales 1991-2006. Oral Oncology. 2012;48(3):284-9. 
45. Andersen ZJ, Lassen CF, Clemmensen IH. Social inequality and incidence of and survival from cancers 
of the mouth, pharynx and larynx in a population-based study in Denmark, 1994-2003. Eur J Cancer. 
2008;44(14):1950-61. 
46. Cancer Research UK (CRUK). Head and neck cancers incidence statistics  [Available from: 
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/head-and-neck-
cancers/incidence. 
47. Fry A, Littlejohns TJ, Sudlow C, et al. Comparison of Sociodemographic and Health-Related 
Characteristics of UK Biobank Participants With Those of the General Population. Am J Epidemiol. 
2017;186(9):1026-34. 
48. James SN, Lane CA, Parker TD, et al. Using a birth cohort to study brain health and preclinical 
dementia: recruitment and participation rates in Insight 46. BMC Res Notes. 2018;11(1):885. 
49. Ingarfield K, McMahon AD, Douglas CM, Savage SA, Conway DI, MacKenzie K. Determinants of long-
term survival in a population-based cohort study of patients with head and neck cancer from Scotland. Head 
Neck. 2019;41(6):1908-17. 

 

 

https://www.nice.org.uk/guidance/ph24/resources/alcoholuse-disorders-prevention-pdf-1996237007557
https://www.nice.org.uk/guidance/ph24/resources/alcoholuse-disorders-prevention-pdf-1996237007557
https://icd.who.int/browse10/2016/en
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/datalist
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/head-and-neck-cancers/incidence
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/head-and-neck-cancers/incidence

