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Abstract  

Head and neck cancer (HNC) is a collective name for heterogeneous tumors located in the 

head and neck regions for which smoking, alcohol and human papillomavirus (HPV) are 

documented risk factors. The survival of HNC patients has only improved marginally during 

the last decade. The most important prognostic factors are tumor size, local spread and distant 

metastases, tumor node metastasis (TNM) staging. Prognostic biomarkers are needed as a 

complement to TNM staging.  

The aim for this thesis was to investigate rapid and low cost blood based biomarkers which 

could indicate the risk of HNC, recurrence of the disease or the survival of HNC patients. 

Furthermore, the aim was to examine how cigarette smoking influences the levels of 

biomarkers. 

In paper I, a possible role of plasma cytokines or proteins associated with immune response or 

inflammation, as biomarkers for the survival of HNC patients was investigated. Higher levels 

of C-reactive protein (CRP) and tumor necrosis factor alpha (TNF-α) were detected in plasma 

of the patients compared with the levels in the controls. The elevated levels of these two 

biomarkers detected in patients were associated with decreased survival.  

In paper II, the influence of 45 single nucleotide polymorphisms (SNPs) located in 41 genes 

associated with cell cycle progression, cell death, DNA repair or immune response on cancer 

risk, tumor recurrence and survival in HNC patients were investigated. SNPs in immune 

response genes were associated with risk for HNC, an elevated risk for recurrence and a 

decreased survival in HNC patients. 

In paper III, the influence of cigarette smoking on levels of inflammatory cells, proteins or 

cytokines/chemokines, microRNAs (miRNAs) and SNPs was analysed in healthy smokers 

and non-smokers. Higher levels of total white blood cells (WBCs), neutrophils, monocytes, 

lymphocytes, neutrophil to lymphocyte ratio (NLR), CRP, monocyte chemoattractant protein-

1 (MCP-1) and interferon gamma (IFN-γ) were detected in smokers compared to non-smokers 

and indicate an inflammatory response. Also, a lower level of oncomiRNA miR-21was 

detected in smokers. This alteration, in combination with the elevated levels of IFN-γ in 

smokers could be a protective response to cigarette smoke. The higher levels of IFN-γ in 

smokers compared to non-smokers were however only detected in individuals with SNP 

rs2069705 genotype AG/GG. This indicates a genetic association of the levels of IFN-γ.  
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In paper IV, the separate effects of cigarette smoking and HNC on inflammatory or immune 

biomarkers and the impact of high risk human papillomavirus, age and gender were 

investigated. Comparisons of circulating levels of WBCs and its subpopulations, plasma 

proteins or cytokines/chemokines between smoking and non-smoking patients, smoking and 

non-smoking controls and between the patient and control groups were analysed. Smoking 

had highest impact on elevated levels of WBCs, IFN-γ and MCP-1, and HNC had highest 

impact on elevated levels of neutrophils, monocytes, NLR, CRP, macrophage inflammatory 

protein 1 beta and TNF-α. 

In conclusion, host immune response associated parameters could be suitable as biomarkers 

for the risk of HNC, risk of recurrence or in predicting survival of HNC patients. This thesis 

show that HNC are associated with systemic inflammatory response and upregulated CRP and 

TNF-α is related to shorter survival in HNC patients. Additionally, SNPs in immune response 

genes such as rs1800629 in the TNF-α gene indicates a risk for HNC or an elevated risk for 

recurrence and a decreased survival in HNC patients. These rapid and low cost blood based 

biomarkers could be used in combination or as a supplement to established biomarkers in the 

clinic for a more personalized treatment modality. 
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Biomarkörer vid Huvud- och halscancer  

Huvud- och halscancer (HH-cancer) innefattar tumörer belägna i huvud och halsområdet. 

Tobaksrökning ökar risken dramatiskt för olika sjukdomar. Knappt hälften av rökande 

patienter dör i de av rökning orsakade sjukdomarna. Cancer är orsaken till en tredjedel av de 

rökrelaterade dödsfallen av vilka HH-cancer är en. En andel av patienterna med HH-cancer 

dör på grund av att tumören varit för stor redan vid diagnos eller att tumören har spridit sig till 

övriga delar av kroppen. Men för många patienter är det mycket oklart vad som bestämmer 

behandlingsresultatet. Tumörerna är till synes lika och behandlingen standardiserad. 

Målet med denna doktorsavhandling var att undersöka billiga och lättillgängliga biologiska 

markörer som kan indikera risk för att drabbas av HH-cancer eller om dessa markörer kan 

förutspå behandlingsresultat och överlevnad hos de drabbade patienterna. Dessutom 

undersöktes hur cigarettrökning påverkade nivåerna av markörerna. 

I studie I, undersöktes om molekyler i blodet (biomarkörer), förknippade med 

immunförsvaret, kunde förutsäga överlevnaden hos HH-cancerpatienter. I jämförelse med 

friska individer sågs högre nivåer av molekylerna TNF-α och CRP hos patienterna och dessa 

förhöjningar var relaterade till förkortad överlevnad hos patienterna.  

I studie II, var målet att undersöka om variationer i gener, förknippade med immunförsvaret, 

celldelning, celldöd eller enzymer som reparerar skadat DNA, kunde påverka risk och 

prognos för HH-cancer. Resultatet visade framför allt att små ärftliga variationer i gener som 

reglerar immunförsvaret kunde påverkade risk för HH-cancer, risk för återfall i sjukdomen 

samt överlevnaden hos patienterna.   

I studie III, jämfördes inflammatoriska och immunförknippade biomarkörer som kunde 

påverkas av cigarettrökning mellan friska rökare och friska icke-rökare. Rökarna hade en 

högre inflammatorisk aktivitet med högre nivåer av totalt antal vita blodkroppar och tre av 

dess olika undergrupper (neutrofiler, monocyter och lymfocyter) samt av biomarköerna CRP, 

MCP-1 och IFN-γ. De funna lägre nivåerna av den cancerförknippade biomarkören miR-21 

och högre nivåer av den förmodat skyddande biomarkören IFN-γ hos rökarna, kan vara ett 

uttryck för kroppens försvar mot den cancerframkallade cigarettröken. Ärftliga faktorer tycks 

kunna påverka de högre nivåerna av IFN-γ hos rökarna, eftersom ökningen endast fanns i en 

grupp individer med viss typ av genetisk uppsättning.  
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Eftersom både rökning och HH-cancer ger upphov till inflammation, undersöktes i studie IV 

hur dessa var för sig påverkade nivåerna av inflammatoriska biomarkörer. Detta för en bättre 

förståelse hur immunförsvaret reagerar på rökning och HH-cancer. Jämförelser av 

inflammatoriska markörer från rökande och icke-rökande patienter, och rökande och icke-

rökande friska individer genomfördes. Rökning hade störst påverkan på de högre nivåerna av 

totalt antal vita blodkroppar och signalmolekylerna MCP-1 och IFN-γ. HH-cancer hade störst 

påverkan på högre nivåerna av neutrofiler, monocyter, kvoten mellan neutrofiler och 

lymfocyter, CRP, MIP-1b och TNF-α. 

Uppkomsten av HH-cancer, behandlingsresultat och överlevnad bland patienterna kan antas 

inte bara bero på tumörens egenskaper, utan även på värdfaktorer hos patienten. Dessa kan 

vara ärftliga, eller bero på reglering av gener eller tumörens omgivning av t.ex. immunceller 

och inflammatoriska molekyler och hur dessa samverkar med miljöfaktorer som 

tobaksrökning. I denna avhandling presenteras biomarkörer som kan bidra med information 

om risk och prognos för HH-cancer samt hur tobaksrökning påverkar dessa markörer. 
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Introduction 

Cancer 

Cancer may occur in any structure or organ in the body. Cancer is characterized by an 

uncontrolled cell division with a possible spread to surrounding tissues. Renewal of cells is 

needed due to age or damage, this event occurs in a controlled process. In cancer cells, many 

of these control mechanisms have been disrupted and an uncontrolled cell division occurs 

(Hahn and Weinberg, 2002). These cells form a tissue (tumor) with dysfunctional properties. 

Tumors can be both malignant and benign. Malignant tumors, unlike benign tumors, have the 

ability to infiltrate adjacent tissues and spread through the blood circulation or lymphatic 

system to other parts of the body.  

The cancer is often named from which organ it originates, e.g. lung, breast or prostate. In 

addition, it can be classified from the type of tissue or cell it originates and also into solid 

tumors or cancers in fluids. The most common solid cancers are carcinomas in epithelial cells, 

that cover the inside and outside of the body.  

Cancer is a genetic disease, caused by accumulations of mutations in one cell clone, affecting 

genes that could stimulate cell growth and cell division (oncogenes), in genes controlling 

these mechanisms (tumor suppressor genes) or in genes responsible for repairing mistakes in 

DNA replication (stability genes) (Vogelstein and Kinzler, 2004). Changes in these genes can 

be inherited or, more often, caused by external environmental factors. Inheritance has an 

impact on most cancers, but some cancers have higher heritability such as in prostate, 

colorectal region, breast, melanoma, ovary, and in uterus (Lichtenstein et al., 2000, Mucci et 

al., 2016). Besides heredity, preventable lifestyle or environmental factors such as UV 

radiation from sunlight, ionizing radiation from radon, radionuclides in rocks, soils, and 

building materials, viruses, obesity or via substances such as tobacco and alcohol also have an 

impact on cancer (Brown et al., 2018, Doll, 1996). It has also been suggested that random 

DNA replication errors could contribute to mutations that cause cancer (Tomasetti et al., 

2017). 
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Head and neck cancer 

The diagnose head and neck cancer (HNC) includes solid tumors located in the head and neck 

area. In Sweden, the tumors are divided in nine diagnose groups (lips, oral cavity, 

oropharynx, nasopharynx, hypopharynx, larynx, salivary glands, nasal cavity/paranasal 

sinuses and tumors of unknown primary origin) according to the International Classification 

of Diseases, 10
th

 edition (Swedish head and neck cancer register, 2018) (Figure 1). Within 

each group there are subgroups that differ in the way they grow, in the risk of spreading, in 

forecasting the prognosis and in the treatment. The tumor originates predominantly from 

squamous cell tissues in the mouth, throat and nasal region (Leemans et al., 2011). The 

tumors are often aggressive and tissue destructive and are often spread to local lymph nodes 

(Rivelli et al., 2011). However, HNC rarely metastasize to other part of the body, in 

comparison to other cancers (Ferlito et al., 2001). Patients have an increased risk of relapses 

within three years, depending on stage and the tumor locations (Ho et al., 2014). An elevated 

incidence of a second primary tumor is also seen in HNC patients (Heroiu Cataloiu et al., 

2013).  

 

 

 

Figure 1. Regions that could be afflicted by head and neck cancer. Reproduced with permission from (Vokes et 

al., 1993), Copyright Massachusetts Medical Society. 



3 
 

Epidemiology  

HNC affects more men than women, but can vary between different anatomic locations 

(Boscolo-Rizzo et al., 2018). Worldwide, HNC accounts, approximately, for 650000 new 

cases and 330000 deaths annually (Bray et al., 2018). The incidence of HNC is varying 

globally, mostly dependent on tobacco consumption (Sturgis and Cinciripini, 2007) with 

differences regarding gender and anatomic subsites (Simard et al., 2014). In countries, where 

smoking has declined, a decrease in the incident of HNC has been observed and countries 

with a continued high smoking prevalence, an increase of HNC are expected (Rettig and 

D'Souza, 2015). In some countries where smoking related HNC have declined, an increased 

incidence of tumors in oropharynx has been observed and is associated with infections of 

human papillomavirus (HPV) (Simard et al., 2014). Other factors that might influence the 

incidence of HNC in specific regions could be betel quid and areca nut consumption in India 

(Datta et al., 2014) and infection of the oncogenic Epstein-Barr virus (EBV) in populations in 

Southeast Asia and Southern China (Ngan et al., 2018).  

In Sweden during 2016, 1582 individuals were diagnosed with HNC and it corresponds to  

2.3 % of all malignant tumors (Swedish head and neck cancer register, 2018). The number of 

individuals diagnosed with HNC has increased with 31 % compared to 2008 and is largely 

caused by the increase in oropharyngeal cancer (Swedish head and neck cancer register, 

2018). The median age for the HNC diagnose in Sweden is 65 years for men and 68 years for 

women and there are differences between anatomic subsites and gender (Swedish head and 

neck cancer register, 2018). Swedish men have a highest incidence of tumors in larynx, 

hypopharynx, tumors of unknown primary origin and oropharynx (in descending order) 

compared to Swedish women (Swedish head and neck cancer register, 2018).  

Prognosis  

The survival in HNC is strongly associated with how early the tumor is detected and if the 

patients develops a tumor recurrence or if the tumor metastasize. More advanced disease at 

diagnosis is generally associated with poorer survival prognosis (van der Schroeff et al., 

2012). The majority of the HNC patients have an advanced disease at diagnosis  (Guizard et 

al., 2017) mostly due to that HNC initially have diffuse symptoms such as sore throat, 

sinusitis or sores in the mouth and on lips that do not heal. Other factors affecting the survival 

are tumor location, co-morbidity, surgeon resection margins, treatments, immune suppression 

or if tumors in oropharynx is infected with HPV (Ang et al., 2010, Eldeeb et al., 2012, Hall et 
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al., 2000, Lam et al., 2018, van der Schroeff et al., 2007, van der Schroeff et al., 2012). Life 

style factors such as smoking or heavy alcohol consumption before and after diagnose also 

affects the survival (Mayne et al., 2009). The five year relative survival for HNC patients in 

Sweden has only improved marginally, from 65 % in 2008 to 69 % in 2013 (Swedish head 

and neck cancer register, 2018).  

An important prognostic tool for treatment planning and for the survival of the patients with 

HNC and all solid tumors is Tumor Node Metastasis (TNM) classification. It classifies the 

extent of the tumor (T0-4), spread to regional lymph nodes (N0-3) or spread to other locations 

in the body (M0-M1). The clinical classification (designated TNM or cTNM) is done before 

any selected treatment. The information could be collected from physical examination, 

laboratory tests, imaging, endoscopy or biopsy. Within each grading of the tumor, specific 

subgroups (a, b or c) could occur. The TNM ratings of the patients is arranged in numerical 

stages designated I, II, III or IV with subgroups a, b or c. TNM stages I and II generally 

indicates moderate disease, while III and IV indicates a more advanced disease. The TNM 

classification is important for selection of adequate therapy. 

The TNM classification may be supplemented with pathological classification (pTNM). The 

information in the pTNM could be collected from TNM classification, surgery and 

histological examinations. This could give information on tumor biology, tumor resection 

margins, possible spread to local lymph nodes or further information on possible distant 

metastases.   

Within the HNC, T, N and M are classified according to guidelines for each diagnosis groups 

e.g. lip and oral cavity (Table 1a and 1b). Assessments are also made in the eighth edition of  

TNM classification of Malignant Tumours (Brierley JD, 2017) whether the tumor is positive 

or negative for high risk HPV (HR-HPV) in the tumor location oropharynx.  
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Table 1a. Tumor classification for lip and oral cavity. Modified from TNM classification of Malignant Tumours, 

8th edition. 

T-Primary tumor Definition 

    

TX Tumor could not be defined 

T0 No tumor is found 

Tis Carcinoma in situ
1
  

T1 <2 cm  

T2 >2 <4 cm 

T3 >4 cm 

T4a (Lip) Tumor invades e.g. bone, nerve, floor of mouth or skin 

T4a (Oral cavity) Tumor invades e.g. bone, sinuses or skin of the face  

T4b Tumor invades e.g muscles, skull base or carotid artery 

    

N-Regional lymph nodes   

    

NX Lymph node status could not be defined 

N0 No regional lymph node metastasis 

N1 One ipselateral
2 
lymph node metastasis <3 cm  

N2a One ipselateral lymph node metastasis >3 cm <6 cm 

N2b Multiple ipselateral lymph node metastasis <6 cm 

N2c Bilateral
3
 or  contralateral

4
 <6 cm 

N3a  Metastasis >6 cm in lymph nodes without extranodal extension
5
 

N3b Metastasis in one or multiple lymph nodes with extranodal extension 

    

M-Distant metastasis   

    

M0 No distant metastasis 

M1 Distant metastasis 

    

 

1
 No invasive cancer, basal membrane intact. 

2
 On the same side of the neck as primary tumor.  

3
 On both sides 

of the neck. 
4
 On the opposite side of the neck as the primary tumor. 

5 
Tumor invades skin, soft tissue, muscles or 

nerves. 
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Table 1b. Tumor stage classification for lip and oral cavity according to TNM classification of Malignant 

Tumours, 8th edition. 

TNM Stage T classification N classification M classification 

      

0 Tis N0 M0 

I T1 N0 M0 

II T2 N0 M0 

III T3 N0 M0 

T1, T2, T3 N1 M0 

IVA T4a N0, N1 M0 

T1, T2, T3, T4 N2 M0 

IVB Any T N3 M0 

T4b Any N M0 

IVC Any T Any N M1 

      

 

Treatment  

Treatment of HNC includes radiotherapy, surgery, chemotherapy, immunotherapy or targeted 

therapy and is in the majority of cases of curative intent. Surgery and radiotherapy are the 

dominating options. The choice of treatment depends on the site of the cancer and the TNM 

stage classification. Tumors classified in stage I and II are generally treated with surgery or 

radiotherapy, while stage III and IV usually receive a combination of treatment if possible. If 

the tumor is not resectable, radiation therapy is used in combination with chemotherapy, 

immunotherapy or targeted therapy. Patients treated with radiotherapy alone or in 

combination with chemotherapy could experience one or more sideeffects in form of 

mucositis, nausea, vomiting, diarrhea and anemia (Elting et al., 2008, Groopman and Itri, 

1999, Uchiyama et al., 2012). Surgery may lead to cosmetic and functional complications. 
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Risk factors for HNC 

The HNC incidence is mainly attributed to tobacco and heavy alcohol consumption especially 

in combination (Lewin et al., 1998), or HPV infections (Rettig and D'Souza, 2015).  

Historically, tobacco and alcohol have dominated globally as the cause of HNC, but in the last 

decades HPV infections has emerged as a major risk factor in the Western countries. The 

variation in incidence and tumor anatomic location worldwide could be explained by the 

exposure to different major risk factors.  

Smoking 

As a tobacco smoker, there are different tobacco products which could be used and the 

smoking product pattern differs in regions throughout the world. Products such as shicha are 

commonly used in Arab countries, kretek in Indonesia, bidis in India and cigars, pipes and 

cigarettes worldwide. Tobacco smoke can be actively or passively (involuntary exposure to 

tobacco smoke) inhaled. 

Tobacco smoking is major risk factors for several chronic diseases such as cancer, lung 

diseases and cardiovascular diseases (CVD). Tobacco smoke is estimated to cause seven 

million deaths per year (World Health Organization, 2017). Smokers lose at least 10 years of 

life expectancy compared with never smokers (Jha et al., 2013). According to WHO, 

approximately 35 % men and 6 % women of the worldwide adult population smoked tobacco 

in 2015 and it is a reduction of 2.8 %, compared to 2007, of the total numbers of smokers 

(World Health Organization, 2017). The WHO report notes that the decrease is mostly 

associated with smoking cessation in the regions Europe and America. The majority of the 1.1 

billion smokers are men in middle- income countries (World Health Organization, 2017). The 

Public Health Agency of Sweden (Folkhälsomyndigheten, 2019) reported that 7 % (no 

differences between genders) of the population in Sweden in the age 16 to 84 years was daily 

smokers in 2018. This is a decrease from 14 % in 2006.    

The effect of smoking could be estimated as a financial social cost for health care and loss of 

production as an employee or at home. The global cost for smoking is estimated as purchasing 

power parity to $1852 billion in 2012 and forty per cent of these costs worldwide, can be 

attributed to the developing countries (Goodchild et al., 2018). In Sweden, the estimated cost 

for smoking in 2015 was 31.5 billion SEK. CVD and cancer diagnosis had the greatest costs 

(7.6 and 7.1 billion respectively) (Andersson et al., 2017). Despite the decreasing number of 
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smokers, the cost of smoking in 2015 was higher than in 2001. This could be due to 

increasing number of diseases found to be associated with smoking (Andersson et al., 2017).  

The cigarette smoke contains approximately 5000 chemical substances (Borgerding and Klus, 

2005) out of which almost 100 have carcinogenic effect or causes cardiovascular or 

respiratory diseases (Talhout et al., 2011). During smoking, the tobacco products are heated to 

at least 880 °C and this makes the tobacco product more complex in its contents regarding 

cancerogenic or toxic properties (Hecht and Szabo, 2014). It is estimated that tobacco smoke 

contains 2800 elements not found in tobacco (Baker, 2006). The hazardous substances of 

tobacco smoke penetrate the cells, bind to its DNA and have a damaging effect on tumor 

suppressor genes and oncogenes (Hecht, 2003, Wiencke, 2002). The damage to these genes is 

usually repaired via the cell DNA repair enzymes (U.S. Department of Health and Human 

Services, 2010). However, a prolonged and frequent exposure to tobacco smoke can generate 

permanent effects on tumor suppressor gene TP53, which is commonly mutated in tissues 

from smoke-related cancers such as lung and HNC (Hecht, 2012, Pfeifer et al., 2002). When 

the many harmful substances of cigarette smoke gets in contact with the oral cavity and 

airway epithelial cells, the substances activate the production of pro-inflammatory cytokines 

(Arnson et al., 2010) that promotes the influx of immune cells such as neutrophils, 

macrophages, T-lymphocytes (T-cells) and dendritic cells (DCs) (Lee et al., 2012b). The 

cigarette smoke impairs the immune system with increased risk, severity and duration of 

infection (Stämpfli and Anderson, 2009). The pro-inflammatory and immune suppressive 

effect of cigarette smoking could lead to a chronic inflammatory state promoting smoking 

associated diseases such as CVD, chronic obstructive pulmonary disease and varies types of 

cancers. 

Epigenetic effect of cigarette smoke has also been identified. Altered levels of microRNA 

(miRNA) caused by smoking are suggested to have an impact on inflammation and immune 

functions and serves as a mediator of smoking-induced inflammation (Willinger et al., 

2017). Cigarette smoke also has an impact on miRNAs which have an effect on tumor 

suppressor gene or oncogenes and could contribute to smoking induced cancer (Wang et al., 

2015).   

The risk of a disease caused by smoking declines with years after smoking cessation (Jha et 

al., 2013). However, the effect of smoking could be seen several years after cessation, with 

elevated inflammatory activity (Hastie et al., 2008, Van Tiel et al., 2002). Spira et al. reported 
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that decreased expression of putative tumor suppressor genes and increased expression of 

oncogenes were altered in smokers compared to never smokers, despite 20 years after 

smoking cessation (Spira et al., 2004). The time from cessation to HNC diagnose also have an 

impact on survival (Cao et al., 2016). Smoking at cancer diagnose is associated with 

decreased survival among patients with HNC (Sharp et al., 2014). The majority of diagnosed 

smoking HNC patients quit but a non-insignificant group continue to smoke (Kashigar et al., 

2013). Continuously smoking patients treated with radiation, have a higher risk of treatment 

failure and decreased five year survival compared to patients who had quitted prior to 

radiotherapy (Chen et al., 2011). Additionally, the patients who continued to smoke had also 

more complications after surgery with wounds that did not heal and those patients were 

generally hospitalized for longer time (Hatcher et al., 2016). 

Human papillomavirus  

HPVs are double stranded DNA viruses that have tropism for mucosal or cutaneous squamous 

cell surfaces and are a common cause of benign infections manifested as warts on the skin or 

in the anogenital region (Ljubojevic and Skerlev, 2014). HPV is also a human carcinogen, 

causing HNC and penile, vulvar, cervix and anal cancer (Parkin and Bray, 2006). HPV are 

classified in high risk human papillomavirus (HR-HPV) or low risk human papillomavirus 

genotypes dependent on malignant progression ability (de Villiers et al., 2004) and the most 

frequent  HR-HPV genotypes are 16 followed by 18. Since the beginning of the 1980s, HPV 

has been identified as a risk factor for HNC (Syrjanen et al., 1983). HPV infections associated 

with HNC cancer have increased the last decade (Chaturvedi, 2012) and the highest 

prevalence of HPV infections are in tumors in oropharynx (Kreimer et al., 2005). The patients 

with HPV associated HNC are often younger without smoking or heavy alcohol consumption 

habits. It has been reported that 49 % of the tumors located in tonsils and 40 % in tongue base 

are infected (Hammarstedt et al., 2006, Dahlgren et al., 2004). Patients with HPV positive 

oropharyngeal HNC have better prognosis compared to negative (O'Rorke et al., 2012). 

However, the survival benefits for patients with HPV positive tumors diminish if the patients 

have a smoking history (Ang et al., 2010).     

In HR-HPV, E6 and E7 proteins are essential for malign transformation. The proteins degrade 

and inactivate the tumor suppressor proteins p53 and pRB leading to interference in pathways 

regulating cell proliferation, apoptosis and DNA repair, processes that are important to 

eliminate malfunctioning cells (Sano and Oridate, 2016). Almost every HR-HPV infection 
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spontaneously clears within one to two years (Insinga et al., 2010), but persistent infection 

occurs in about 2 % of the population infected (Frazer et al., 2011). These HPV infections are 

more frequent in immunosuppressive conditions (Berkhout et al., 2000, Koshiol et al., 2006). 

Persistent HPV infections may also be associated with chronic inflammation as a higher 

incidence of oropharyngeal HPV positive tumors has been reported from patients with chronic 

inflammatory disease in the oral cavity (Tezal et al., 2012). 

Other risk factors for HNC   

Excessive alcohol use is associated with HNC, particularly in hypopharynx. Alcohol is an 

independent risk factor for HNC for individuals who had never smoked (Freedman et al., 

2007), but it also have a major synergistic effects with smoking (Anantharaman et al., 2011).  

Snus is a commonly used smokeless tobacco product in Sweden. Swedish snus consumption 

seems not to be associated to HNC (Lewin et al., 1998, Schildt et al., 1998). However, a 

higher risk of HNC in the oral cavity has been found in users of American chewing tobacco 

and snuff, compared to non-users (Wyss et al., 2016). Different amount of carcinogenic 

tobacco-specific nitrosamines (Kumar et al., 2018) in the Swedish and American products 

might be an explanation of the different association to HNC. 

Nasopharyngeal carcinoma type of HNC is a relatively rare malignancy in Sweden but is 

more common in the Southeast Asia and Southern China. This higher incidence are suggested 

to EBV infections, with genetic and environmental factors, contributing to the development of  

nasopharyngeal carcinoma in these populations (Chua et al., 2016). It has also been reported 

that smoking is associated with the activation of an EBV infection (Xu et al., 2012). 

Betel quid chewing is of widespread use in South and South-East Asia. The contents vary 

among users but could contain betel leaf, areca nut and slaked lime (IARC Working Group on 

the Evaluation of Carcinogenic Risks to Humans, 2004). There is an higher risk for HNC and 

particularly in the oral cavity for betel quid chewers (Lee et al., 2012a) .   

Furthermore, UV-light exposure (Perea-Milla Lopez et al., 2003), poor oral health 

(Rosenquist et al., 2005), immune suppression (Adami et al., 2003) or occupational exposure 

to toxins (Becher et al., 2005), has been associated with HNC.  
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Immune systems and cancer  

The immune system is composed of two main systems, the innate and adaptive, both with 

anti-tumor properties (Warrington et al., 2011). The immune system distinguishes self from 

non-self and may distinguish normal cells from mutated cells such as cancer cells (Mapara 

and Sykes, 2004, Van Parijs and Abbas, 1998).  

The innate immune system is categorized by a rapid and nonspecific response while the 

adaptive immune response is more immunologically specific and durable and is dependent on 

antigen-presenting cells (APCs) (Warrington et al., 2011).  

The first line of defense against pathogens or abnormal cells is the innate immune system. It 

consist of  cells such as macrophages, neutrophils, DCs, mast cells, basophils, eosinophils, 

and natural killer (NK) cells (Warrington et al., 2011). The primary effector cells in the innate 

immune system are the NK cells (Vivier et al., 2011) which are capable of eliminating tumor 

cells by recognition of the tumors as non-self (Campbell and Purdy, 2011).  

T-cells in the adaptive immune system are activated by the recognition of antigens presented 

by APCs such as macrophages or DCs (Warrington et al., 2011). This process initiates a 

differential of T-cells into subpopulations such as T-helper cells, T-regulatory (T-reg) cells or 

the effector cells cytotoxic T-cells (Ruffell et al., 2010). Some T-cells differentiate into long-

lived memory T-cells (Masopust and Schenkel, 2013). A second major cell type in the 

adaptive immune system is the B-lymphocytes. They are responsible for antibody production 

and have a role in the initiation of T-cell immune response (LeBien and Tedder, 2008).    

Tumor microenvironment  

The non-malignant cells within solid tumor microenvironment (TME) could be immune cells, 

fibroblasts, tumor vasculature associated cells and lymphatics cells and the interactions 

between these cells and the malignant cells have an impact on TME (Chen et al., 2015).  

The immune systems have antitumor properties. However, the tumor may modify the immune 

response and induce a chronic inflammatory environment with tumor promoting function 

(Mantovani et al., 2008, Grivennikov et al., 2010). The recruitment of different subset of 

immune suppressing cells into TME is regulated by chemokines expressed by tumor, immune 

or stromal cells (Nagarsheth et al., 2017). The composition of immune cell populations in 

TME differs between cancer patients and types of tumors, regarding tumor suppressive or 
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tumor promoting properties. Cytotoxic CD8+ T-cells, DCs, NK cells and M1 type 

macrophages are generally considered to have anti-tumor activity, and cells that generally are 

considered to promote tumor growth and development are T-reg cells, myeloid-derived 

suppressor cells (MDSC), immature DCs, or M2 type macrophages (Gabrilovich and Nagaraj, 

2009, Gajewski et al., 2013, Poh and Ernst, 2018, Ruffell et al., 2010, Shiao et al., 2011). In 

general, high levels of T-reg cells are regarded as a negative prognostic marker in most cancer 

types (Shang et al., 2015, Hiraoka et al., 2006, Petersen et al., 2006). 

Tumor mutation burden (TMB) may be high, with an increased number of neoantigens that 

could be recognized by the immune system leading to the recruitment of tumor-infiltrating 

lymphocytes (Chan et al., 2019). T-cells and NK cells are recruited by chemokines and pro-

inflammatory cytokines secreted by cells in the TME (Melero et al., 2014), and marks an 

immunologic activity against tumor cells. The degree of inflammation in the tumor is 

associated with the level of infiltrated immune cells (Masucci et al., 2016).  

Immune response in HNC 

HNC is generally considered as an immune suppressive type of cancer (Duray et al., 2010, 

Rothschild et al., 2018). HNC have a high TMB compared to tumors from other anatomic 

locations (Chalmers et al., 2017). The anti-tumor activity of the infiltrated cells in the TME is 

however impaired by suppressing cytokines, T-reg cells or MDSCs (Ferris, 2015). The HNC 

cells may also downregulate its surface antigen expressions to avoid identification and 

elimination by T-cells (Russell et al., 2013). The activating receptors on NK cells are 

downregulated in HNC patients and inhibitory receptors are overexpressed (Korrer and Kim, 

2017).  

Increased levels of T-reg cells are seen in the TME of HNC patients (Lechner et al., 2017) and 

in the circulation (Chikamatsu et al., 2007). The data on the influence of T-reg cells on HNC 

are inconclusive. Decreased survival is associated with tumor infiltrating T-reg cells (Liang et 

al., 2011), and the elevated T-reg cell levels corresponds to poorly differentiated tumors (Al-

Qahtani et al., 2011). In contrast, better survival and lower local region spread has been 

shown to be associated with elevated levels of infiltrating T-reg cells (Zhang et al., 2010, 

Badoual et al., 2006).  

Decreased levels of absolute numbers of lymphocytes in HNC patients, compared to healthy 

individuals is reported, and that low levels of T-cells among the patients were associated with 
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recurrence of disease and second primary tumor (Kuss et al., 2004). An inhibition of T-cell 

activation also corresponds to elevated levels of circulating MDSC in HNC patients 

(Chikamatsu et al., 2012). 

The systemic inflammation in HNC patients is reflected by the increased number of 

circulating monocytes, neutrophils and total leukocytes in comparison to healthy individuals 

(Millrud et al., 2012). The elevated levels of monocytes and neutrophils are suggested to be 

immature cell populations (Millrud et al., 2012). The neutrophils are suggested to have an 

immune suppressive function (Coffelt et al., 2016). However, a subpopulation of neutrophils 

could also have anti-tumor properties (Fridlender and Albelda, 2012). A marker for systemic 

inflammatory response to cancer, is also the neutrophils to lymphocyte ratio (NLR) (Zahorec, 

2001). An elevated NLR in HNC patients prior to treatment is linked to recurrence and 

decreased overall survival (Bobdey et al., 2017, Rassouli et al., 2015).   

Biomarkers 

A biomarker is defined according to the National Cancer Institute, USA, as “a biological 

molecule found in blood, other body fluids, or tissues and is a sign of a normal or abnormal 

process or of a condition or disease”. Biomarkers could include cells, proteins, nucleic acids, 

antibodies, peptides, gene expressions, SNPs and miRNAs. The biomarkers could be 

collected from whole blood, serum, plasma, stool, urine, saliva or from tissues biopsies. 

Prognostic biomarkers may indicate a disease, disease progression, recurrence or survival. 

Predictive biomarkers could indicate the likelihood to response to a selected therapy.  

It is important that the biomarkers are useful in clinical decisions. For guidance in how the 

biomarker should be used a thorough validation is required (Henry and Hayes, 2012). The 

biomarker should also be cost effective as medical costs continue to increase (Scott, 2010).   

MiRNA  

MiRNAs are short, approximately 19 to 25 nucleotides, endogenous non-coding RNA 

molecules. They could target a large number of complementary or partial complementary 

regions of one or more mRNA (Bartel, 2009). The interaction between miRNA and mRNA 

promotes degradation or inhibition of the mRNA transcript (Oliveto et al., 2017). MiRNAs 

are suggested to negatively regulate a large number of genes such as genes involved in cell-

proliferation, differentiation or apoptosis, and tumor suppression (Oliveto et al., 2017). Most 

of the miRNA are intracellular but small amounts could be extracellular such as in plasma, 
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urine, tears, saliva, seminal fluid or cerebrospinal fluid (Ghai and Wang, 2016). Some 2300 

different miRNAs has been found  in humans (Alles et al., 2019).   

In tumorigenesis, a miRNA could have oncogenic properties (oncomir) by the repression of 

tumor suppressor genes and thereby promoting tumorigenesis. On the contrary, a miRNA 

could repress the expression of oncogenes, obstructing the tumorigenesis process and thus 

acting as a tumor suppressor miRNA (Oliveto et al., 2017). Generally, oncomirs are 

overexpressed and tumor suppressive miRNAs are underexpressed, in most cancers 

(Svoronos et al., 2016). As one single miRNA could regulate various different genes in 

different pathways, the oncogenic or tumor suppressive effects is dependent on which type of 

cell or cancer that is affected by the miRNA (Sun et al., 2013).  

In HNC, dysregulation of miRNAs indicates a risk for metastasis and recurrence, poor 

survival, and is a potential biomarker for HNC (Scapoli et al., 2010, Ganci et al., 2016, Liu et 

al., 2010). MiRNAs could also affect the efficiency of chemo and radiation therapy 

(Bourguignon et al., 2012, Li et al., 2013). 

SNP  

Single nucleotide polymorphism (SNP) is the most common inherited variation in the three 

billion-bases of the human genome, representing differences in one nucleotide at a specific 

genomic sequence site. The definition of a SNP is that the differences at one position in the 

genome have a frequency of 1 % or more in a population (Brookes, 1999). SNPs are 

estimated to be found once in every 1000 nucleotides (Wheeler et al., 2008). The SNPs could 

be homozygotic or heterozygotic, depending on the prevalence in the parents. The frequency 

of various SNPs is different among ethnic populations (Guthery et al., 2007). 

Out of the millions of SNPs in the human genome, the majority is located in non-coding 

regions and the rest in coding regions. SNPs in coding regions could change the amino acid 

sequence and affect protein stability and mRNA expression levels (Aldasoro Arguinano et al., 

2017, Witham et al., 2011). Most of the SNPs in the human genome are of little or no 

importance. However, they could play a role in the diversity among individuals or be involved 

in the development of human diseases.  

An increased or decreased risk of HNC is associated with SNPs in genes related to tumor 

suppression, metabolic pathways, HLA complex and DNA repair  (Wu et al., 2017, Saeed et 

al., 2017, Tsai et al., 2002). Nogeira et al. found a SNP in DNA repair genes correlating to 
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response to combined chemo and radio therapy in HNC patients (Nogueira et al., 2018). A 

decreased survival of HNC patients, with SNP in genes associated with cell growth and cell 

division, has been shown (Pasqualetti et al., 2015) and a risk for recurrence correlates with 

SNP in a cell cycle regulating gene (Matthias et al., 2006).  

Cytokines, chemokines and proteins 

An inflammation could both have antitumor or pro-tumor activity, depending on the immune 

cell phenotypes in the TME. The phenotypes are due to the secreting signaling molecules 

such as cytokines, chemokines, and proteins released in the TME.  

Cytokines are small cell-signaling proteins that influence cellular functions with interactions 

and communications between cells and their receptors. Cytokines are regulating or controlling 

and determine the fate of immune cell growth, differentiation and activation (Borish and 

Steinke, 2003). They are produced by various cell populations, but mainly by T-cells and 

macrophages (Zhang and An, 2007). The cytokine profile could reflect the tumor-associated 

immune response, indicating presence or absence of functional immune response in the TME 

(Burkholder et al., 2014). However, cytokines may be pleiotropic. The cytokines interferon 

gamma (IFN-γ) and tumor necrosis factor alpha (TNF-α) could have both anti-tumor and 

tumor enhancing properties (Mojic et al., 2017, Wang and Lin, 2008). 

Increased levels of the cytokines interleukin (IL)-4, IL-6 IL-10, transforming growth factor 

beta, and decreased levels of IFN-γ in serum and increased levels of IL-4 and IL-10 with 

decreased levels of IL-12 in peripheral blood mononuclear cells of HNC patients compared 

with healthy individuals have been reported (Bose et al., 2008, Gaur et al., 2014, Lathers et 

al., 2003). These findings indicate an impaired antitumor response of HNC patients. However, 

the antitumor response reflected by the cytokines may be altered during HNC progression 

(Maggioni et al., 2017). Also, an increased level of IFN-γ has been associated with tumor 

regional spread (Bussu et al., 2018). An elevated level of IL-6 in serum from HNC patients is 

correlated with higher rate of recurrence and poor survival (Duffy et al., 2008, Chang et al., 

2013).   

Chemokines are a group of chemotactic cytokines that recruits leukocytes and controls the 

migration of the leukocyte to the site of inflammation (Sokol and Luster, 2015). They also 

have functions in the development, differentiation and homeostasis of immune cells (Griffith 

et al., 2014). Chemokines could recruit effector immune cells such as T-cells and NK cells to 
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the TME as an antitumor response (Nagarsheth et al., 2017). Conversely, they could also 

contribute to immune suppression, promoting tumor progression and metastasis by recruiting 

tumor suppressor cells like T-reg cells and MDSC (Nagarsheth et al., 2017).  

The monocyte chemoattractant protein 1 (MCP-1) is implicated as a chemokine with tumor 

promoting properties in HNC by its recruitment of carcinoma associated fibroblasts that 

stimulate tumor growth and tumor migration (Li et al., 2014, Ferreira et al., 2008). Rentoft et 

al. found that HNC patients with high levels of CXCL10 in the tumors, had a poor 

radiotherapy response and decreased survival (Rentoft et al., 2014).     

Circulating inflammatory proteins levels are changed during acute and chronic inflammation. 

These proteins are released as an inflammatory response to chemicals or to cellular injuries. 

C-reactive protein (CRP) is an acute phase protein produced primarily in the liver by 

hepatocytes after stimulation from IL-6 (Depraetere et al., 1991). CRP is a part of the innate 

immune system activating the complement system which generate pro-inflammatory 

cytokines that enhance the inflammatory response (Du Clos, 2000). CRP has also been 

associated with the differentiation of naïve T-cells towards a tumor suppressing cell 

population (Zhang et al., 2015). An increased circulating level of CRP has traditionally been 

used as a marker of infection and inflammation with a cut off levels of 10 mg/L. 

A chronic low-grade inflammation could also be reflected by moderately elevated levels of 

CRP and is associated with an increased risk for various cancers (Heikkila et al., 2007, 

Allin et al., 2009). In HNC, moderately elevated levels of CRP in patients prior to treatment 

were associated with decreased survival, independent from other factors such as smoking 

history or age and a higher risk of distant metastases (Katano et al., 2017). Chen et al. 

reported that HNC patients with CRP levels above 10 mg/L before and also after treatment 

had decreased survival (Chen et al., 2019). In the same study they also concluded that TNM 

stage was associated with the levels of CRP, with higher levels of CRP in patients diagnosed 

in stage III and IV compared to stage I and II. Patients with moderately elevated CRP levels 

also have a higher risk for local spread to regional lymph nodes (Acharya et al., 2018). The 

results concerning prognosis and elevated levels of CRP are not all conclusive, as Kruse et al. 

found no differences, in patients prior to surgery, regarding CRP levels and recurrence or 

metastases (Kruse et al., 2010). Since different levels of CRP have been used for stratification 

of patients, there is no consensus regarding “high, low or elevated” CRP levels of HNC 
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patients. However, a raised value seems to be associated with poorer prognosis (Andersson et 

al., 2014). 
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General aims 

The overall aim was to find biomarkers that are associated with HNC and the influence of 

cigarette smoke on the levels of the biomarkers. The biomarkers should be blood based, easily 

and rapidly analysed in routine laboratory at low cost.  

 

The specific aims were to: 

 

 To investigate the role of some plasma inflammatory or immune regulatory cytokines 

and CRP as biomarkers for survival of HNC patients (Paper I). 

 

 To disclose the impact of variations in genes associated to cell cycle progression, cell 

death, DNA repair and immune response on cancer risk, tumor recurrence and survival 

of HNC patients (Paper II). 

 

 To investigate the smoking impact on circulating levels of white blood cells (WBCs), 

CRP, cytokines, chemokines, proteins and miRNAs in healthy individuals. The 

influence of SNPs on inflammatory cytokine and protein levels, were also analysed 

(Paper III).  

 

 To evaluate the separate effects of smoking and HNC on circulating inflammatory or 

immune regulatory biomarkers and the impact of HR-HPV, age and gender on the 

biomarkers (Paper IV). 
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Materials and Methods 

Patients 

In paper I and IV, patients were all histologically confirmed as head and neck squamous cell 

carcinoma (HNSCC), wheras in paper II, the diagnose HNC was used. The follow-up time 

was at least 36 months in paper I and II. Thirty six months follow-up were not available on 

the patients in paper IV. The treatment of patients consisted of surgery and/or radiotherapy, 

and for some patients chemo therapy and Erbitux (epidermal growth factor receptor inhibitor) 

was added. Samples were collected at the time of diagnosis and before any treatment. TNM 

classifications were done according to the International Union Against Cancer (UICC) TNM 

Classification of Malignant Tumours. Clinical data such as age, sex, tumor site, recurrence, 

metastasis, date of diagnosis, TNM stage, treatment, mortality and tumor HR-HPV status 

(paper IV), were collected from the patient’s medical records. In case of no information on 

tumor HR-HPV status for patients included in paper IV, supplementary analysis was done. No 

data on smoking status for patients in paper I and II was available, while smoking status were 

recorded in paper IV. 

The patients in paper I (n=100) were diagnosed, treated and included from Department of 

Otolaryngology and Department of Oncology, Karolinska University Hospital, Stockholm 

during 2000 through 2005.  

In paper II, the 100 patients in paper I were included. Besides, 74 HNC patients from 

Department of Otorhinolaryngology, Uppsala University Hospital, Uppsala (n=28), 

Department of Otorhinolaryngology, Linköping University Hospital, Linköping (n=5) and 

from Department of Oncology, Ryhov County Hospital, Jönköping (n=41). All patients were 

of Caucasian origin and were recruited during 2000 through 2013.  

In paper IV, all patients (n=87) were included during 2012 through 2017 from Department of 

Oncology, Ryhov County Hospital, Jönköping. They were 51 non-smoking and 36 smoking 

HNSCC patients. The smoking patients (n=36) were 34 current smokers at diagnosis and two 

had stopped smoking within four years prior to diagnosis. The non-smoking patients were 

never smokers and three previous smokers (stopped smoking 8, 30 and 35 years before 

diagnosis, respectively).  
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All patients included in the studies are presented in Table 2 with age, gender, tumor site and 

clinical TNM stage. 

Table 2. Age, gender, tumor site and clinical TNM stage of patients included in Paper I, II and IV. 

 

Parameter Paper I Paper II Paper IV 

  

Patients n=100 n=174 n=87 

  

Median age, years 62 62 64 

  

Gender 

  Male 73 127 70 

  Female 27 47 17 

  

Tumor site 

  Oral cavity 28 50 23 

  Oropharynx 35 84 31 

  Hypopharynx 7 19 6 

  Salivary glands 6 

  Cancer Unknown Primary 5 4 

  Larynx 19 21 19 

  Nasopharynx 4 

  

Clinical TNM stage 

 I+II 37 41 25 

 III+IV 63 133 62 
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Healthy controls 

In paper I, 48 healthy blood donors were included as controls, during 2000 through 2005 from 

Uppsala University Hospital, Uppsala. They were five females and 43 males, with a median 

age of 55 years. Fourteen of the controls were previous smokers with no information 

regarding time for cessation.  

In paper II, 245 healthy blood donors were included (122 females and 123 males, median age 

55 years). Forty six were from paper I. Besides, blood donors from Ryhov County Hospital, 

Jönköping (n=148, 104 non-smokers, 16 smokers and 26 previous smokers) and from 

Karolinska University Hospital, Stockholm (n=51) were recruited. No information about 

smoking habits of the controls from Uppsala University Hospital, Uppsala and from 

Karolinska University Hospital, Stockholm was available.  

In paper III and IV, a total of 140 controls were included. They were 39 current cigarette 

smokers (9 males and 30 females, median age 61 years) without any use of other tobacco 

products. Nine individuals were recruited by advertisement in a local radio station, 10 blood 

donors were recruited at Ryhov County Hospital, Jönköping and 20 were recruited from the 

Department of Periodontology, Jönköping. The samples from Department of Periodontology, 

Jönköping were drawn three months after odontological treatment and the individuals showed 

no clinical signs of local inflammation. The smokers estimated their daily cigarette 

consumption from 1 to 30 cigarettes (mean: 11 cigarettes) and had a smoking history ranging 

from 7 to 56 years (median: 40 years). The non-smokers were 101 healthy blood donors (37 

males and 64 females, median age 54 years).  

None of the healthy controls included in the four papers, had a history of malignant or 

autoimmune disease or received any treatment with immune-modulating agents prior to blood 

samples collections. 
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Laboratory analyses 

ELISA (paper I) 

The levels of plasma cytokines, IL-2, IL-6, granulocyte-macrophage colony-stimulating 

factor (GM-CSF) and TNF-α were analysed by Enzyme–linked immunosorbent assay 

(ELISA) (Invitrogen Corporation, Carlsbad CA) according to the recommendations of the 

manufacturer. The plasma was separated within three hours and stored at -80 °C until 

analysed. The product absorbance of patient and control samples was collected by 

Spectrophotometer, Sunrise (Tecan, Salzburg, Austria). A seven point standard curve 

included in the assay was used to quantify the cytokine levels.  

CRP (paper I, III and IV) 

Plasma high-sensitivity CRP levels were analysed in the range of 0.16 mg/L to 10 mg/L using 

Siemens Advia 1800 (Siemens Healthcare, Erlangen, Germany) with reagents from the same 

company. After two repeated higher levels than 10 mg/L, a CRP analyse with a range of 4 to 

300 mg/L was done using the same instrument with reagents from the same company. The 

plasma samples were stored at –80 °C until analyse.  

WBC count and differential (paper III and IV) 

A WBC count and differential, including levels of total WBC, neutrophils, monocytes, 

lymphocytes, basophils and eosinophils was done by automated haematology analyser 

Sysmex XE-2100 and Sysmex XE-5000 (Sysmex Corporation, Kobe, Japan). The analyses 

were done within four hours after blood sample collections in EDTA tubes.  

Extraction of DNA (paper II and III) 

The extraction of DNA, used as template, for the SNP analysis was done from EDTA blood 

using BioRobot M48 with MagAttract DNA Blood kit (QIAGEN, Hilden, Germany). The 

quantity and quality of the DNA was analysed by Spectrophotometer Nanodrop ND‐1000 

(Thermo Fisher Scientific, DE). 
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SNP (paper II and III) 

Genotyping of the SNPs was done by the Illumina Golden Gate assay according to the 

manufacturer’s protocol at the SNP&SEQ Technology Platform, Uppsala University 

(Steemers et al., 2006). This platform enables multiplex analysis of all 45 SNP genotypes 

included in paper II. Reagents from Applied Biosystems (Foster City, CA) and analyses on 

Bio-Rad CFX96 instrument (Bio-Rad, Hercules, CA) was also used for the five SNPs in paper 

III. All SNPs were tested and passed the two hits in the dbSNP database or Hap Map-

validated SNPs and were tested for the Hardy–Weinberg equilibrium.  

Multiplex fluorochrome technique (paper III and IV) 

Levels of plasma IL-2, IL6, IL-10, IL-12p70, MCP-1, Rantes, IFN-γ, TNF-α, macrophage 

inflammatory protein 1 beta (MIP-1β) and platelet-derived growth factor-BB (PDGF-BB) 

were analysed with custom made 10-plex kit (Bio-Rad Laboratories, Hercules, CA) using 

multiplex fluorochrome technique, (Luminex xMAP
TM

 Technology, Austin, TX). The 

fluorescence intensities were collected using Bio-Plex 200 system, Bio-Plex Manager 

Software 5.0 (Luminex xMAP Technology). Premixed lyophilized standards provided in the 

kits were used to generate a 9-standard concentration set (with a 4-fold dilution) and the 

diluent was used as a blank. Concentrations of each cytokine were calculated using a logistic 

fit curve from the standard curve. As minimum, a threshold of 50 microspheres per region 

was set. 

MiRNA (paper III) 

Before the extraction of plasma miRNA, the samples were checked for lipid and 

heamaglobulin contents using Spectrophotometer Nanodrop ND‐1000 (Thermo Fisher 

Scientific). Samples with high levels of lipid and heamaglobulin contents were excluded. 

Total RNA (included miRNA) was then extracted from plasma using miRCURY biofluids kit 

(Exiqon, Vedbaek, Denmark) according to the manufacturer.  

After the extraction, cDNA synthesis was done using miRCURY LNA™ Universal 

microRNA PCR, Universal cDNA Kit II (Exiqon, Vedbaek, Denmark). Expression levels of 

11 miRNA (let-7a-5p, miR-15b-5p, miR-21-5p, miR-25-3p, miR-30-5p, miR-101-3p, miR-

103a-3p, miR-126-3p, miR-145-5p, miR-191-5p, miR-451a) were analysed on Bio-Rad 

CFX96 instrument (Bio-Rad, Hercules, CA) using miRCURY LNA™ Universal microRNA 

PCR, Exilent SYBR
® 

Green master mix and LNA PCR primer sets (Exiqon, Vedbaek, 

Denmark) with a Ct >37 as a cut-off level. 
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RNA spike-in UniSp2, 4 and 6 (RNA Spike-in kit UniRT, Exiqon, Denmark) were used for 

monitoring extraction, cDNA synthesis and qPCR efficiency and samples with a Ct value ±1 

were re-extracted and re-analysed. miR-23a-3p was selected as stable reference gene for 

normalization using GeNorm algoritms (MultiD Analyses, Göteborg, Sweden) of the analysed 

miRNA levels. The normalized value Ct was computed: Ct=Ct ref Δ Ct sample.  

HPV genotyping (paper IV) 

The presence of HR-HPV genotypes in formalin-fixed paraffin-embedded (FFPE) tumor 

tissues was analysed using PCR, at Department of Pathology, Linköping University Hospital, 

Linköping with extraction kit QIAamp DNA FFPE Tissue kit (Qiagen, Hilden, Germany) and 

INNO-LiPA HPVgenotyping Extra II (Fujirebio,Ghent, Belgium). FFPE tumors tissues were 

also analysed with Roche cobas 4800 HPV real-time PCR–based system (Roche Molecular 

Diagnostics, Branchburg, NJ) at Department of Laboratory Medicine, Ryhov County Hospital 

according to (Kerr et al., 2016). The HR-HPV genotypes detected by PCR based assays were 

16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68. Additionally, immunohistochemical 

staining for p16 as a surrogate marker for HR-HPV was analysed at Department of Pathology, 

Ryhov County Hospital, Jönköping.  

Statistics analyses 

Spearman’s rank correlation was used in paper I and III for the cytokines and CRP levels in 

correlation with tumor stages or tumor location and for the association between IFN-γ and 

miR-21 levels, respectively. Student’s t test was used in paper I to evaluate differences in 

plasma cytokine and CRP levels between patients and controls. Fisher’s exact test and odds 

ratios with 95 % CI were calculated for survival in correlation to CRP and TNF-α levels, in 

paper I and for analyses of SNP differences between patients and controls groups in paper II. 

Cox regression was used for patient survival according to TNM stage in combination with 

TNF-α and CRP levels in paper I. Kaplan-Meier analysis was done with a log-rank test to 

evaluate differences between patients survival, stratified on SNP genotypes, in paper II. A 

linear regression model adjusting for age and gender was used in paper IV to compare the 

levels of cytokines, chemokines, CRP, WBCs and miRNAs between smokers and non-

smokers. To adopt the effect of smoking, a likelihood ratio test was used. Mann-Whitney U 

test was used to compare SNP genotypes related to smoking status and levels of inflammatory 

cytokines, chemokines or protein in paper III and to evaluate differences in levels of the 

biomarkers induced by HNC and/or smoking, comparing patients and controls in paper IV. 
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Kruskal-Wallis test with Dunn´s test were used when comparing the smoking and non-

smoking groups of patients and controls in paper IV. A multivariable linear regression model 

was used to predict the impact of smoking, HNC, gender, age and tumor HR-HPV infection 

on the levels of the biomarkers in paper IV.  

In all studies a p value ≤0.05 was considered statistically significant. 
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Results 

Paper I 

The objective of this study was to investigate a possible role of plasma cytokines (IL-2, IL-6, 

GM-CSF, TNF-α) or protein (CRP) associated with immune response or inflammation as 

biomarkers for survival of HNC patients.  

There was a statistically significant difference between the mean values of CRP and TNF-α 

levels in patients plasma (7.94 mg/L and 26.51 pg/mL, respectively) compared with the levels 

in the plasma of the controls (1.8 mg/L and 20.12 pg/mL, respectively). No differences were 

found when comparing plasma levels of IL-2, IL-6 and GM-CSF. The higher CRP and TNF-α 

levels found in the patients were independent of TNM stage or tumor location.  

During the 36 month follow-up of the 100 patients included, 57 survived and 43 died. Sixty 

eight per cent of the patients diagnosed in stage I and II survived, while 51 % of the patients 

diagnosed in stage III and IV survived. There was a statistically significantly higher survival 

rate among the patients with lower than mean levels of CRP and a trend to higher survival of 

patients with lower than mean levels of TNF-α (p=0.07).  

By combining the levels of CRP and TNF-α above or under mean levels, with TNM stage, 

four groups were designated, a) patients in stage I+II with high levels of both CRP and TNF-

α, b) patients in stage III+IV with high levels of both CRP and TNF-α, c) patients in stage I+II 

with low levels in either or both of the biomarkers and d) patients in stage III+IV with low 

levels in either or both of the biomarkers.   

During 36 months follow-up, patients in group b had a statistically significantly lower 

survival rate (25 %) than patients in group d (60 %). The patients in group a, had a lower 

survival rate (50 %) than patients in group c (72 %), although not statistically significant. 

Limitations  

As tumor HR-HPV infections influence survival in HNC patients, the lack of information on 

HR-HPV status was a limitation. Information on smoking status of the patients and controls 

were also missing. However, no influence of HR-HPV status was detected in paper IV and the 

study revealed that smoking had no major impact on the levels of CRP and TNF-α.  
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Due to the collection of blood in heparinized tubes, the multiplex fluorochrome technique for 

quantification of cytokine levels was not possible, but ELISA technique was used. Thus, a 

comparison with results in paper III and IV where multiplex fluorochrome technique were 

used, was not possible. However, the correlation between these assays is high (dupont et al., 

2005).  

Paper II 

The objective of this study was to investigate the influence of 45 SNPs located in 41 genes 

associated with cell cycle progression, cell death, DNA repair, and/or immune response on 

cancer risk, tumor recurrence and survival of HNC patients. Fifty seven patients died and 59 

patients were observed with recurrence during the 36 months of follow-up.  

Thirteen SNPs in 11 genes CCL4, CCL5, IFN-γ, IL12RB2, TNF-α, MTHFR, EGF, PRKDC, 

Rad 52, Caspase 8 and Perforin were related to an increased cancer risk when comparing 

SNP frequency among patient and controls (Table 3).  

Five SNPs in four immune response genes (CCL5, IL-2, TNF-α and Perforin) were associated 

with tumor recurrence when comparing SNP genotypes among the patients (Table 3). 

Two out of the 45 candidate SNPs were associated with patient survival time. These were 

located in two immune response genes, IL12RB2 and TNF-α (Table 3). 
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Table 3. SNPs that with statistical significance indicate risk of HNC, risk of recurrence or risk of reduced 

survival. SNP gene location and gene function is indicated. 

 

 

  

* Statistical significance when compairing male patients with male controls. ** Statistical significance when 

compairing female patients with female controls. 

Limitations 

When the groups were stratified on their SNP genotype it resulted in to small groups to 

analyse survival or recurrences according to TNM stage or tumor locations. Another 

limitation is that information about risk factors for HNC such as alcohol consumption, 

smoking, or HR-HPV status for the patients was missing. However, the difference in 

frequency of SNPs between references and patients might suggest a role of genetic factors in 

HNC.  

  

SNP Gene  Function 

Statistical significance 

Risk of 

HNC 

Risk of 

recurrence 

Reduced 

survival 

            

rs1719153 CCL4 Immune response  Yes     

rs2280789 CCL5 Immune response  Yes Yes*   

rs2069705 IFNg Immune response, 

inflammation 

Yes   

  

rs6822844 IL2 Immune response, cell 

growth 

  Yes* 

  

rs3790568 IL12Rb2 Immune response, 

inflammation 

Yes   Yes 

rs1800629 TNFa Immune response, 

inflammation 

Yes Yes* Yes 

rs1800610 TNFa Immune response, 

inflammation 

Yes   

  

rs1801133 MTHFR Folate metabolism Yes     

rs4444903 EGF Epidermal growth factor Yes*     

rs1231204 PRKDC DNA repair Yes     

rs11571424 Rad 52 DNA repair Yes*     

rs1045485 Caspases 8 Apoptosis Yes     

rs3758562 Perforin Immune response, 

cytolysis 

Yes Yes 
  

rs10999426 Perforin Immune response, 

cytolysis 

Yes** Yes 
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Paper III 

The objective of this study was to examine biomarkers induced by cigarette smoking in 

healthy individuals. Circulating levels of WBCs and its 6 subpopulations, 11 plasma proteins 

or cytokines/chemokines, 11 plasma miRNAs and 5 SNPs associated with inflammatory 

cytokines, chemokines and proteins were analysed. Thirty nine current smokers and 101 

individuals who had never used any tobacco product were included for this purpose. 

Higher levels of total WBCs, neutrophils, monocytes, lymphocytes, CRP, MCP-1, IFN-γ and 

lower levels of miR-21 were detected in smokers compared to non-smokers (Table 4). 

Table 4. Circulating inflammatory or immune response associated biomarkers with statistically significant 

differences between smokers and non-smokers. 

 

Biomarker  
Fold 

change* 
p-value 

WBC and subpopulations     

  Total WBCs  1.3 <0.01 

  Neutrophils  1.33 <0.01 

  Monocytes  1.09 <0.01 

  Lymphocytes  1.14 <0.01 

  Neutrophile/Lymphocyte ratio 1.12 0.05 

Plasma protein and cytokine/chemokine     

  IFN-γ 1.77 <0.01 

  CRP  1.38 0.01 

  MCP-1 1.22 0.05 

MiRNA     

  miR-21 0.72 0.01 

      

  

*Ratio of mean values between smokers and non-smokers. 

 

To disclose a possible genetic influence on levels of inflammatory cytokines, chemokines or 

proteins, five SNPs in IFN-γ (rs2069705, rs2069718), MCP-1 (rs2530797, rs2530797) and 

CRP (rs1800947) were selected since their plasma levels differed statistically significantly 

between smokers and non-smokers (Table 4). Statistically significantly higher levels of IFN-γ 

in smokers was detected (median: 189.9 pg/mL, n=39) compared to non-smokers (median: 

98.71 pg/ml, n=101). An association to SNP was found, as statically significantly higher 

levels of IFN-γ were seen among the smokers with rs2069705 AG/GG genotype (median: 

213.9 pg/mL, n=19) compared to the non-smokers with AG/GG genotype (median: 88.0 
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pg/mL, n=53). No difference in the level of IFN-γ was found between smokers and non-

smokers with AA genotype. Also, the IFN-γ levels in smokers with AG/GG genotype 

(median: 213.9 pg/mL, n=19) was statistically significantly higher compared to smokers with 

AA genotype (median: 145.1 pg/mL, n=20) (Figure 2). No difference was detected when 

comparing AA and AG/GG genotypes of smokers and non-smokers.  
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Figure 2.  IFN-γ levels of healthy individuals, stratified by rs206970 SNP genotypes and smoking status. The 

lines indicate median values. Statistically significant differences between smoking status and or SNP genotypes 

are indicated by asterisks.  

Limitations 

Adjustment was only done for age and gender, wheras information of other potential 

confounders in the immune response to smoking such as lung capacity, body mass index, type 

of cigarette smoked and individual smoking behavior were missing. The effect of SNP 

rs206970 and smoking on levels of IFN-γ was based on a small number of individuals and 

needs to be confirmed on a larger cohort. An inclusion of further SNPs associated with IFN-γ 

is also warranted. In the real time PCR analysis of miRNA, low levels or absence of miRNA 

were found in 10 miRNAs which had to be excluded from further analysis. This indicates a 

low sensitivity and in future analysis of miRNA from plasma, the Droplet Digital PCR or 

other high sensitive assays might be more suitable for plasma miRNA analysis.     
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Paper IV 

The objective of this study was to investigate the separate effects of smoking and HNC on 18 

inflammatory or immune regulatory biomarkers and the impact of HR-HPV, age and gender 

on these biomarkers. The circulating levels of WBCs and six subpopulations, 11 plasma 

proteins or cytokines/chemokines were analysed and compared between smoking and non-

smoking patients, smoking and non-smoking controls and between patients and controls. 

Patients had higher levels of WBCs, neutrophils, monocytes, NLR, CRP, IL-6, IFN-γ, MCP-

1, PDGF-BB, MIP-1b and TNF-α, and lower levels of lymphocytes, IL-2 and IL-10 compared 

to controls.  

Smoking had the highest impact on the variation of WBCs, IL-6, IFN-γ and MCP-1 levels  

(12 %, 13 %, 30 % and 14 %, respectively). HNC had the highest impact on the variation of 

neutrophil, monocyte, NLR, CRP, MIP-1b and TNF-α levels (18 %, 11 %, 20 %, 24 %, 11 % 

and 11 %, respectively).  

The impact of HNC or smoking on the variation of lymphocyte, eosinophil, basophil, IL-2, 

IL-10, Il-12, PDGF-bb and Rantes levels were between 1 % and 8 %.  

Gender had an impact between 2 % and 7 % on the variation of levels of monocytes, IL-2, IL-

6, IL-10, MCP-1, PDGF-BB, Rantes and TNF-α. Age had an impact between 1 % and 2 % of 

the variation on levels of monocytes, IL-10, MIP-1b and TNF-α. No impact of HR-HPV on 

the biomarker levels was detected. 

Limitations 

The impact of smoking and or HNC was lower than 30 % on the variation of the analysed 

biomarker levels. There are other factors than the analysed variables smoking, HNC, age, 

gender and HR-HPV that influence the variation of the inflammatory biomarkers. Due to the 

small number of patients, a stratification of patients dependent on TNM stage or tumor 

location was not possible. Also, a follow-up sample collection after one year would have 

offered an opportunity to examine the impact of smoking and HNC on the immune system 

over time, compairing patients who had stopped smoking and continuous smoking patients. 
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Discussion 

We have studied some blood based, rapid and low cost biomarkers as possible complements 

to other clinical tools for HNC patient decisions. A possible genetic influence and the effect 

of smoking on the biomarker levels were also studied. 

Immune response in HNC patients 

The higher plasma levels of TNF-α and CRP found in HNC patients compared to controls 

(paper I) was confirmed in a different cohort of patients and controls (paper IV). The higher 

levels of IL-6 and lower levels of IL-2 detected in patients (paper I) reached statistical 

significance in paper IV. This, together with elevated levels of WBCs, neutrophils, 

monocytes, NLR, IFN-γ, MCP-1, PDGF-BB and MIP-1β (paper IV), indicates a systemic 

inflammation and immune suppression in HNC patients. Our findings confirm previous 

results (Millrud et al., 2012, Peter et al., 2013, Rachidi et al., 2016). The inflammatory 

activity in the patients could be dependent on the high mutation burden with high immune cell 

infiltrations in the TME (Giannakis et al., 2016). The high immune cell infiltration in the 

TME could indicate an anti-tumor immune response with a favorable outcome (Spranger and 

Gajewski, 2016). However, an elevated level of neutrophils and the elevated NLR (paper IV) 

indicates an impaired tumor immune response in the HNC patients. 

An inflammatory stage was indicated by elevated levels of CRP and TNF-α in some patients. 

We detected, in paper I, that elevated levels of both CRP and TNF-α were significantly 

related to short survival time of HNC patients, independent of TNM stage or tumor location. 

When combining TNM stage and the plasma levels of CRP and TNF-α, these biomarkers 

could identify patients with a lower risk of treatment failure despite high clinical TNM stage 

and patients with a higher risk of treatment failure, despite a lower clinical TNM stage. The 

definition of high or low levels of CRP and TNF-α in paper I, was done according to the mean 

values. Chen et al. defined elevated and non-elevated CRP levels based on the clinically 

mostly used level of 10 mg/L (Chen et al., 2019). They found that elevated levels before and 

after treatment were associated with poor prognosis for patients with nasopharyngeal HNC. 

Xia et al. used the level 2.46 mg/L to distinguish high and low levels of CRP and could 

predict poor prognosis for the HNC patients with high levels (Xia et al., 2013). The cut-off 

value for high and low CRP levels in HNC patients need to be further investigated before 
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clinical implementation. Our results in paper IV revealed that the elevated levels of CRP and 

TNF-α was associated with HNC, with only a partial impact of smoking.  

Although, an association of chronic inflammation and HR-HPV infections has been shown in 

oropharyngeal HNC patients (Tezal et al., 2012), we found no correlation of HR-HPV on the 

inflammatory biomarkers analysed. This indicates that HR-HPV infection has only minor 

impact on the inflammatory stage of HNC patients. This is in agreement with previous results 

(Stanley, 2006).  

In addition to CRP, the highest impact of HNC was found on the levels of neutrophils and 

NLR. Neutrophils could suppress T‐cell activation and proliferation (Treffers et al., 2016), 

and elevated levels of neutrophils are associated with lower levels of lymphocytes in HNC 

(Rachidi et al., 2016). The HNC related elevation of neutrophils and NLR (paper IV) 

indicates a tumor promoting effect related to the tumor with only a minor impact from 

smoking.  

Smoking effect on biomarkers 

Smoking induces a systemic inflammatory response with elevated levels of total WBCs, 

neutrophils, monocytes, lymphocytes, IFN-γ, CRP and MCP-1 in healthy smokers (paper III 

and IV). The NLR was not elevated in healthy smokers as a group (paper IV) but after 

adjustment for age and gender, a statistically significant elevation was seen (paper III). 

The separate effects of smoking and HNC on the biomarkers were presented in paper IV. 

Smoking had a major impact on the elevated IFN-γ, WBCs and MCP-1 levels. Elevated levels 

of WBCs and/or various subpopulations are associated with other smoking related diseases 

such as CVD and lung cancer (Sharma et al., 2015, Sprague et al., 2008). The findings of 

elevated levels of MCP-1 in smoking individuals could reflect long term smoking and might 

be used as a biomarker for smoking duration (Komiyama et al., 2018). Elevated levels of 

MCP-1 could also indicate a higher risk for CVD and HNC progression (Ji et al., 2014, 

Martinovic et al., 2005). The smoking associated inflammatory effect, as indicated by 

elevated levels of WBCs, could sustain up to five years after smoking cessation (Van Tiel et 

al., 2002). Not only cellular response, several tumor suppression genes and oncogenes could 

be dysregulated several years after cessation (Spira et al., 2004).  
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Smoking had a higher impact than HNC, age and gender on the elevated levels of IFN-γ 

(paper IV). In paper III, we found that the elevated level of IFN-γ only was observed in 

healthy donors with IFN-γ rs2069705 SNP genotype AG/GG. This indicates a genetic 

influence on the smoking effect. Also, epigenetic factors such as miRNA had an influence on 

the levels of IFN-γ, as we, in paper III, found that the increased levels of IFN-γ in the healthy 

smokers correlated with the decreased levels of miR-21. This is in agreement with the result 

of Lu et al. They showed that deletion of the miR-21 gene in mice resulted in increased levels 

of IFN-γ (Lu et al. 2011). IFN-γ is a pleiotropic cytokine and could have dual functions in 

antitumor immunity, although it is generally considered to have favorable antitumor 

properties. miR-21 is regarded as a oncomir (Iorio and Croce, 2012) with increased 

expression levels in several cancers (Khalighfard et al., 2018, Xue et al., 2016) including 

HNC (Reis et al., 2010). Together, the increased levels of IFN-γ and the decreased levels 

miR-21, could illustrate self-protective mechanisms against the carcinogenic compounds in 

cigarette smoke. 

Healthy smoking controls had higher levels of neutrophils in comparison with non-smoking 

controls, but there was no effect on the NLR using Kruskal-Wallis test with Dunn´s test 

(paper IV). However, by the use of a linear regression model adjusting for age and gender  

with a likelihood ratio test, to adopt the effect of smoking, a difference was seen in NLR in 

smokers compared to non-smokers. Higher NLR in healthy smokers compared to non-

smokers is in agreement with previous results (Tulgar et al., 2016, Gumus et al., 2018). An 

elevated NLR has been associated with increased risk for breast cancer (Fang et al., 2018), 

whereas this is not documented in HNC and needs further studies.         

SNP as biomarker of HNC 

Not all smokers develop smoking associated diseases. Thus, besides environmental factor 

such as smoking and HPV infections, genetics could be a part of the oncogenesis of HNC. We 

found that SNPs in immune associated genes were associated with cancer risk, tumor 

recurrence and the clinical outcome of HNC patients. One SNP in the promoting region of 

TNF-α gene, rs1800629, was associated with all three parameters in Caucasian HNC patients 

(paper II). This SNP variant, amongst others, in the TNF-α gene was shown to contribute to 

HPV 16 associated HNC cancer in oropharynx and oral cavity (Jin et al., 2013). The 

rs1800629 is also associated with the production of TNF-α (Wilson et al., 1997, Bouma et al., 

1996).  
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TNF-α is regarded as a pleiotropic cytokine with both tumor-necrotic and tumor-promoting 

activities and is considered as a pro-inflammatory mediator (Mocellin and Nitti, 2008). We 

found that elevated levels of TNF-α, at time for diagnosis, were associated with shorter 

survival in HNC patients and the elevated levels seems to have a tumor promoting effect in 

these patients. The higher rate of recurrence and a shorter survival in patients with rs1800629 

AA and AG genotypes could be due to an elevated level of TNF-α that we described in HNC 

patients, in paper I and paper IV. 
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Conclusions 

Blood based, rapid and low cost biomarkers are possible complements to clinical tools for 

HNC patient decisions. Separate effects of smoking and HNC on the levels of biomarkers 

were documented and a genetic influence on a smoking related biomarker was found. Our 

findings indicate that: 

 

 Elevated levels of CRP and TNF-α in the patient plasma are related to shorter patient 

survival, independent of TNM stage. 

 

 Plasma CRP and TNF-α in combination with TNM staging are suitable as biomarkers 

for predicting survival of HNC patients. 

 

 SNPs in immune response genes such as rs1800629 in the TNF-α gene, indicates a 

risk for HNC, risk for recurrence and a decreased survival in HNC patients. 

 

 Both smoking and HNC induces a systemic inflammatory response 

 

 Elevated levels of IFN-γ marks a smoking associated inflammatory response and 

could have a genetic association indicated by an SNP in the IFN-γ gene. 

 

 A HNC related inflammatory response is reflected by elevated levels of neutrophils, 

NLR and CRP.  

 

 Decreased levels of oncomiR-21 in healthy smokers could be a protective response to 

cigarette smoke. 

  



40 
 

 

  



41 
 

Future perspectives 

Treatment results and survival among patients can be assumed not only to be due to tumor 

biology but also to host factors in the patient. These may be genetic, epigenetic or due to the 

TME or the smoking habits of the patients. Finding biomarkers to identify the risk and for 

predicting treatment results for this patient group is very important.  

We have investigated blood based biomarkers which could indicate the risk of HNC, 

recurrence of the disease or the survival of HNC patients and how smoking could affect the 

immune response and found interesting result that need further studies.  

Further studies are needed to verify the result from paper I on the survival of the patients in 

association to CRP and TNF-α levels. At first this will be done in HNC patients, included in 

paper IV. 

Patients with HR-HPV related oropharyngeal HNC have a better prognosis than patients with 

HPV
 
negative tumors. However, this effect of HR-HPV is not seen in HR-HPV positive 

smoking patients. It would be interesting to study what mechanisms influencing this smoking 

effect. 

Cancer immunotherapy becomes more available as a treatment option and cancers with high 

TMB and high immunologic activity are suggested to benefit from this treatment. However, 

not all patients respond to this therapy and further studies, to identify biomarkers selecting 

patients to be treated, are warranted. Collaboration with other groups studying HNC is 

however required. 

Not all smokers develop smoking related diseases. Future studies will continue to analyse 

biomarkers, for a prediction in who are at higher risk for develop smoking related diseases. 
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