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INTRODUCTION
Skin cancer is the most common cancer in the fair-skinned population, with a rising incidence 

worldwide.1,2 There are many different forms of skin cancer, with melanoma, basal cell carcinoma 

(BCC) and cutaneous squamous cell carcinoma (cSCC) being the most common. Melanomas 

originate from melanocytes, whereas BCC and cSCC both originate from keratinocytes.3-6 

Consequently, the term used to describe BCC and cSCC together is keratinocyte carcinoma 

(KC). The studies presented in this thesis predominantly focus on cSCCs of the head and neck 

(cSCCHN).

Epidemiology 
Data on the incidence of cSCC are limited and vary with geographical location, with 

internationally reported age-standardized incidence rates varying from 35 per 100.000 person-

years in Norway, to 678 per 100.000 person-years in the southern latitudes of the United 

States of America (USA).7 The incidence of cSCC is higher in men compared to women and 

increases with age.8-12 However, the incidence of cSCC is expected to be underestimated 

because many cancer registries only register the first primary cSCC while many patients 

develop multiple primary tumors.13 In many countries, including the Netherlands, a skin cancer 

epidemic is developing, with a still rising incidence of cSCC and other types of skin cancer. 

In the Netherlands, the incidence of skin cancer almost quadrupled in the last 20 years, with 

around 2000 new cSCCs in 1989 and almost 15.000 new cSCCs in 2019 (Figure 1).11,14-17

Noteworthy, that some cancer registries do not record data on cSCC because of the low 
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Figure 1. Incidence of cutaneous squamous cell carcinoma in the Netherlands from 1989-2020. 
Source: Dutch Cancer Registration (NKR), Netherlands Comprehensive Cancer Organisation (IKNL).15
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mortality rate, further underestimating cSCC incidence rates.1 Mortality rates of cSCC are not 

well documented.8 Global mortality rates for KC are estimated to be 0.52 per 100.000 person-

years in developed countries and 0.41 per 100.000 person-years in developing countries.18 

Although melanoma has the highest mortality rate of the skin cancers with a mortality rate of 

1.63 per 100.000 person-years in developed countries and 0.35 per 100.000 person-years in 

developing countries,1,18 the incidence of cSCC is much higher than the incidence of melanoma 

(3.0 per 100.000 person-years),1 making the absolute number of deaths of cSCC as high as 

the number of deaths of melanoma.2,19

Clinical presentation 
The development of cSCC can start with formation of precancerous lesions such as actinic 

keratosis (AK). AKs can progress into Bowen’s disease or cSCC in situ, eventually leading to 

invasive cSCC if the precancerous lesions are left untreated.5,20 Atypical keratinocytes in AK 

and Bowen’s disease are limited to the epidermis. In cSCC, the atypical keratinocytes extend 

into the dermis (Figure 2).21 

The clinical presentation of actinic keratosis is characterized by erythematous and scaly 

papules or hyperkeratosis. They may be easier felt than seen, but do not feel indurated and are 

not usually painful upon palpation. AKs progress to cSCC in 0.025% to 16% of patients. However, 

most patients develop several lesions, leading to a higher annual risk for the development of 

cSCC of 0.15 to 80%.6,10,21 Bowen’s disease often presents as sharply demarcated erythematous 

and scaly plaques without induration.22 Most invasive cSCCs (80-90%) arise in the head and neck 

region (cSCCHN).7,23 The lesions are papules, plaques or nodules that are firm, skin-colored 

or erythematous, and often hyperkeratotic or ulcerated (Figure 3). Patients may experience 

bleeding, itch or pain, especially with manipulation.22

Pathogenesis 
The most important risk factor for developing a cSCC is the exposure to ultraviolet (UV) 

radiation and sunlight.5,9 UV-radiation (UVR) leads to DNA damage in the keratinocytes of the 

skin. In a physiological situation, the UVR induces activation of the tumor suppressing protein 

p53, leading to repair of the DNA damage. Higher dosage of UVR will lead to apoptosis 

of the keratinocyte.5,24 The immune system is also involved in the physiological situation to 

prevent skin cancer through immunosurveillance: the ability to recognize and eliminate atypical 

cells.25-27 To prevent the immune system from attacking  our own body tissues, regulatory T 

cells (Treg cells) control the responses of functional T cells. An important factor in this process 

is programmed death receptor-1 (PD-1): a protein that is present on the membrane of different 

types of activated immune cells and stimulates the development of Treg cells while inhibiting 

functional T cells. Binding of PD-1 to its ligand, PD-L1, initiates an intracellular cascade in 

the immune cell, eventually causing T cells to become less proliferative and less functional. 

It is therefore considered as an immune checkpoint and protects against the development of 

autoimmune diseases.28,29
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Figure 3. Cutaneous squamous cell carcinoma of the scalp. 
Picture printed with patient’s permission.

Figure 2. Overview of invasion depth of atypical keratinocytes in actinic keratosis, Bowen’s disease and 
cutaneous squamous cell carcinoma. 
Created with BioRender.com.

Actinic keratosis Bowen’s disease Cutaneous squamous 
cell carcinoma
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In a pathological situation, a combination of genetic and environmental factors cause the 

malignant transformation of keratinocytes.30 Irreversible genetic mutations in p53 are induced 

in response to UVR, causing the atypical keratinocytes to undergo clonal expansion, leading 

to hyperproliferation and hyperplasia at the expense of normal keratinocytes. Several growth 

factor mechanisms are activated and additional mutations in other oncogenes take place, 

leading to cell growth and invasion.5,6,12,31 The high mutational burden in cSCCs suggests a 

complex genetic background with involvement of multiple genes and pathways, making the 

identification of molecular biomarkers for cSCC target therapies very challenging.31,32

Moreover, the immune system plays a complex role in the pathogenesis of cSCC.30 

Cancer cells can escape the immune system, for example when immunosuppressive medication 

is used and the immunosurveillance is weakened, or when variants of the cancer cells are 

developed that are no longer recognized by the immune system. Furthermore, escaped 

cancer cells can inhibit the function of immune cells, leading to further tumor progression.25-27 

Another mechanism tumor cells can use to escape immunosurveillance is by expressing PD-

L1, leading to activation of the PD-1/PD-L1 pathway after interaction with T cells, causing 

inhibition of the immune response against the tumor cells. PD-1 has been recognized over 

the last years as a target for immune therapy in multiple cancer types, because of its key role 

in immunosurveillance.28,29,33

Populations at risk for development of cSCC
With several factors influencing the risk of development of cSCC, certain populations have a 

higher risk compared to the general population. The most important populations at risk are 

described below.

Immunosuppression

Immunosuppressed patients form a prominent risk group, because of the role of the immune 

system in the pathogenesis of cSCCs. Organ transplant recipients (OTRs) use chronic 

immunosuppression to prevent graft rejection and are therefore susceptible to increased 

formation of cSCCs. CSCC is the most common malignancy in OTRs, with a 60-250 times 

increased risk compared to the immunocompetent population.6,12,25,34-39 Moreover, cSCCs in OTRs 

often show a more aggressive disease course and a higher risk of advanced disease.40 Besides 

the earlier described adverse effect of immunosuppression on immunosurveillance, some 

immunosuppressive drugs are directly carcinogenic.22,34,41 Modification of the immunosuppression 

regimen may be warranted for some OTRs with cSCC, since immunosuppressants have become 

more sophisticated over the last decades.25,37 However, since the different immunosuppressants 

are often combined, it can be difficult to identify differences in the risk of cSCC.42 Furthermore, 

most data on skin cancer and immunosuppressants are from an earlier era, making it hard to 

determine the specific benefits of newer drugs.34

Initially, the classic drugs used  for OTRs were corticosteroids, azathioprine (AZA) and 

cyclosporine (CsA). AZA is a cell cycle inhibitor and has been associated with an increased 
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risk of cSCC, which may be linked to the direct photosensitizing effect of AZA to UVR.25,42-44 

Mycophenolate mofetil (MMF) has mostly replaced AZA because of its increased efficacy in 

preventing organ rejection and more favorable side effect profile.44 Switching from AZA toMMF, 

or using MMF instead of AZA is found to be associated with a reduced incidence of cSCC.45-47 

CsA is a calcineurin inhibitor, just as the later developed immunosuppressant tacrolimus. An 

increased skin cancer risk after use of CsA has been described in literature.48,49 Tacrolimus has 

largely replaced CsA in clinical practice, however, literature on differences in the risk of cSCC 

between CsA and tacrolimus are controversial, with some studies finding no difference while 

other studies have described a favorable profile for either CsA or tacrolimus.47,50-52 Moreover, 

the degree and duration of immunosuppression are also related to the risk of cSCC. Patients 

using triple immunosuppression (prednisone, AZA and CsA) had an increased risk of cSCC 

compared to patients using prednisone and AZA, or prednisone and CsA.53,54 As such, the 

transplanted organ may also be associated with the risk of skin cancer, with heart transplant 

patients using more immunosuppressants and having a higher risk than kidney transplant 

patients.36,53 

Everolimus and sirolimus, the more recent immunosuppressants, are both mammalian 

target of rapamycin (mTOR) inhibitors, therefore inhibiting cell growth and proliferation. Previous 

studies have shown sirolimus to suppress development of cSCCs in transplant patients, while 

switching from tacrolimus or CsA to sirolimus was observed to prevent cSCC development.37,55-57 

However, because of the poor tolerability of mTOR inhibitors with many side effects, it is not 

suitable for every patient.48

Hematopoietic malignancies are also a form of immunosuppression leading to a higher 

incidence of cSCC. Patients with chronic lymphocytic leukemia (CLL) are therefore patients 

at risk, as they have a 8-10 times higher risk to develop a cSCC compared to the general 

population due to their immunosuppressive state.12,36 Patients with HIV infection have a 2.6 

times higher chance to develop cSCC, with a negative correlation between the CD4 count 

and the cSCC risk; the lower the CD4 count, the higher the cSCC risk. This suggests that the 

dysfunction of the immune system might contribute to the cSCC risk in HIV patients.30,58,59

Age

Elderly patients have an increased risk to develop cSCC. For decades, the link between 

cancer and old age has been attributed to a longer exposure to carcinogens, such as UVR.60,61 

More recently, immune senescence and the subsequent age-related change in the immune 

microenvironment were pointed out as relevant processes in the pathogenesis of cancer by 

inhibiting immunosurveillance.62,63 A recent study assessed the contribution of several risk 

factors to the mutational burden in skin samples, with age explaining the largest proportion. 

In patients older than 63 years, mutations related to UVR contributed 68% of all detected 

mutations. In patients younger than 63 year this was 47%. The increase of UVR related mutations 

was observed to be exponential with age, suggesting a decline in the ability to repair UVR 

related mutations with age.64 
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Environmental factors

Daily lifestyle can have a large impact on the development of skin cancer. For example, people 

with an outdoor occupation such as farmers or construction workers have a higher risk to 

develop cSCC due to a higher UVR exposure.9 Moreover, tobacco use is widely recognized as 

a risk factor for cancer development, but its role in cSCC development is controversial. Some 

studies showed smoking to be associated with an increased incidence of cSCC, while other 

studies did not find an influence.65-70 Alcohol use is also described to be associated with the 

development of cSCC in several studies.67,71,72

Several medicaments are known to possess photosensitizing properties, which can 

lead to an increased risk of developing cSCC and other skin cancers. Use of the diuretic 

hydrochlorothiazide is found to be associated with an elevated risk of cSCC through 

photosensitation.73-75 Likewise, the antifungal voriconazole is often used in immunocompromised 

patients, but its photosensitizing properties might  also be associated with an increased risk of 

cSCC.76-80 A study on voriconazole in immunocompetent patients also found a higher incidence 

of cSCC compared to non-exposed patients, but with a less increased risk compared to severely 

immunocompromised patients such as OTRs.81 

Another environmental factor that could cause cSCC is the metalloid arsenic, however 

the underlying mechanisms are not entirely elucidated. Since significant amounts of arsenic 

have been found in the groundwater in many Asian and South-American countries, around 

200 million people are at risk of toxic exposure. Even more people may be at risk through 

occupational exposure, with for example producers of pesticides or miners being exposed 

to arsenic in their workplace.82,83 Chronic arsenic exposure can impact many different organs, 

but skin manifestations such as hyperpigmentation, palmo-plantar hyperkeratosis, Bowen’s 

disease and eventually cSCC are usually seen first.82,84-86 Although the exact pathomechanism 

is unclear, production of reactive oxygen species, immune dysregulation and DNA mutations 

might be involved.85,87

Genetics

One of the most visible genetic features that can form a risk factor for cSCC is the skin 

phototype. The highest incidence rates of cSCC are seen in people with a fair hair, skin and eye 

color, and a skin that is prone to sunburn.8 Dark-skinned people rarely develop cSCC, although 

cSCC is the most common cutaneous cancer in African-Americans.88 A large difference in UVR 

related mutations in the skin was found between the different skin types, with 69 expected 

mutations by the age of 65 in skin type I (pale skin that does not tan) and 14 expected mutations 

in skin type IV (light brown skin that tans easily).64 

Several genetic disorders can cause a rise in the incidence or aggressiveness of cSCCs. 

One example is xeroderma pigmentosum (XP), a rare autosomal recessive disorder in the DNA 

repair mechanism, leading to an inability to repair UVR damaged DNA. Patients experience 

severe sun sensitivity, pigmentary changes and early development of skin cancer.89,90 The 

incidence of KC in patients with XP is suggested to be increased 10.000-fold in patients under 
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the age of 20, with a median age of 9 years at first diagnosis of KC. The most common cause 

of death in this population is skin cancer.91 There is no cure available for XP, but preventive 

measures to protect the skin such as high factor sunscreens and protective clothing can relieve 

or delay the symptoms.90

Another autosomal recessive disorder affecting the skin is albinism, a disease caused 

by a decrease or absence of melanin without affecting the number of melanocytes.92-94 This 

causes patients to be unable or less able to produce pigment, causing a pale skin and fair 

hair. The eyes can have a red color, as light reflects the blood vessels in the retina, but the 

eyes are not always affected. There is a wide variability in the phenotype, with patients with 

complete absence of pigment or patients with only mild depigmentation.92,93,95 Patients with 

albinism are extremely sensitive to UVB and therefore require absolute sun protection to 

prevent the development of skin cancer.92,93 A study in 74 patients with albinism in Brazil found 

premalignant or malignant skin lesions in 32 patients (43%).96 Several studies in Africa show 

a massive increase in the prevalence of skin cancer in patients with albinism, with a cSCC risk 

a 1000 times higher compared to the general population. Especially in destitute societies, 

patients with albinism are not protected from the sun or do not have the financial means for 

effective treatment and suffer the consequences.97-103 Skin cancer in patients with albinism in 

Europe is less described in literature, with one French study reporting lower percentages of 

skin malignancies compared to the African studies, which can be explained by a lower sun 

exposure and better protection.104

Epidermolysis bullosa (EB) is a group of rare genetic disorders leading to mucocutaneous 

fragility and blister formation upon minimal trauma. Mutations that can lead to loss of cellular 

adhesion have been identified in 16 different genes in the pathogenesis of EB. A curative 

treatment is not available.105 The most common cause of death in patients with EB is cSCC, 

especially in the severe subtype recessive dystrophic EB (RDEB).105,106 The inflammation 

and fibrosis in the skin of patients with RDEB creates a favorable tumor microenvironment, 

comparable to cSCC development in severely burned skin or chronic wounds.107 A cSCC 

developing in wounds is rare, but far more aggressive than a cSCC that developed on intact 

skin, with nodal metastases in up to 66% of cases in the general population.108,109 For patients 

with RDEB development of cSCC is considerably more common, with an increasing incidence 

of cSCC with increasing EB severity. The cumulative risk of a first cSCC was reported to be 7.5% 

by the age of 20 and 90.1% by the age of 55. Metastatic cSCC is the most common cause of 

death during adulthood in RDEB patients, with a mortality rate of up to 87.3% at the age of 

45.110,111 Therapy for EB patients with cSCC is complicated due to the aggressive tumors and 

frail patients. Furthermore, ineffectiveness of systemic therapies and the paradox effect have 

been described, with progression of tumors or development of new tumors under therapy.107,110

Prognosis of cSCC
Although patients with cSCC have an overall good prognosis after treatment, 3%-5.2% of 

patients develop local recurrent disease, 3.7%-16.6% develop metastatic disease, and 1.5%-
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7.7% die of cSCC.112-117 Multiple characteristics have been identified to affect the risk of 

development of local recurrence (LR) or nodal metastasis (NM), which can be divided into 

three categories: tumor-related risk factors, patient-related risk factors and treatment-related 

risk factors.

Tumor-related risk factors associated with worse outcome of cSCC

One of the high-risk clinical characteristics is tumor location. Tumors with certain localizations 

such as the ear, temples and lips, show increased LR and NM rates.112,114,116,118,119 Histologic 

high-risk features include tumor diameter, depth of invasion, margin status, differentiation grade 

and perineural invasion.120 CSCCs with a tumor diameter of 2 cm or greater are more likely to 

recur or metastasize, and are associated with disease-specific death.12,112,116,118,119,121 Secondly, 

the depth of invasion of the tumor is an independent predictor for both LR and NM.116,118,119,121 

Differentiation grade is a predictor of both LR and NM, with poorly differentiated tumors having 

a worse prognosis. Moderate differentiation grade has also been identified as a risk factor for 

NM.114,116-119,121 Lastly, perineural invasion has been described as a predictor for an increased 

rate of both LR and NM, in particular in large-caliber nerves of 0.1 mm or greater. Moreover, 

perineural invasion is also associated with a reduced survival rate.12,116,118,119,122-124

Patient-related risk factors associated with worse outcome of cSCC

Immunosuppression is a known risk factor for the development of cSCC, but it also influences 

prognosis. Immunocompromised patients are more often diagnosed with a poorly differentiated 

cSCC, and have an increased metastasis rate and lower survival rate.112,116,125,126 Patients with 

CLL present with more aggressive cSCCs, with an increased metastasis rate and a higher 

chance of dying due to the metastasis.127 Another patient related risk factor is development 

of previous cSCCs, with a higher number of cSCCs increasing the risk of LR and NM, in 

particular in patients with 10 or more cSCCs.128 Other dermatoses can also increase the risk 

of metastasis of cSCC. An increased metastasis rate is reported for patients with non-discoid 

lupus erythematosus related cSCC, most likely due to the state of chronic inflammation in 

these lesions.129 A higher metastasis rate of cSCC secondary to inflammatory processes has 

been described in literature.130 While cSCCs are more common in men and elderly patients, 

age and sex were not found to be risk factors for metastasis, although these patient-related 

risk factors are less studied than tumor-related factors.113

Treatment-related risk factors associated with worse outcome of cSCC

Incomplete excision margins have been identified to affect LR rate, NM rate and survival 

rate.114,131,132 Furthermore, residual cSCC in the re-excision specimen was identified as a risk 

factor for LR, whilst negative re-excision is associated with a prognosis similar to low-risk 

tumors.133 Several high-risk factors are prognostic for LR, but LR itself is also a high-risk factor. 

Recurrent tumors are more biologically aggressive, and more often present with a larger 

diameter, perineural invasion, NM and poorer disease-specific survival compared to primary 
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tumors.10,118,121,125,134-136

Several staging systems have been developed to be able to classify cSCCs in high-risk or 

low-risk tumors, based on risk factors for LR or NM. The Dutch guideline for cSCC recommends 

the use of the American Joint Committee on Cancer 8th edition (AJCC8) staging system to 

stage tumors, based on tumor diameter, invasion depth, perineural invasion and extradermal 

invasion. Other high-risk factors are recognized in the guideline, such as differentiation grade 

and localization. Immune status is also mentioned to be considered in the individual patient. 

A risk stratification is displayed in the guideline based on all risk factors.23 An alternative and 

commonly used staging system is the Brigham and Women’s Hospital classification system, 

which is based on cumulative high-risk factors for poor outcome. Interestingly, although patient 

characteristics such as immune status play an important role in the pathogenesis of cSCC, only 

tumor related characteristics are included in the commonly used classification systems. A review 

by Skulsky et al.136 identified high-risk factors for cSCCHN that are not included in the AJCC8 

or BWH, namely incomplete excision, immunosuppression and high-risk anatomic location.

Treatment 
The gold standard of treatment of cSCC is surgical excision with postoperative histologic margin 

assessment, with a good prognosis and cure rates above 90%.113 The Dutch and European 

guidelines recommend clinical surgical margins of 5 mm for primary low-risk tumors. For high-

risk tumors and recurrent tumors a surgical margin of 10 mm is recommended by the Dutch 

guideline, while the European guideline recommends 6-10 mm margins for high-risk tumors. 

No separate recommendations are made for recurrent tumors in the European guideline. Both 

guidelines recommend re-excision after incomplete excision or narrow histologic margins.23,137 

Mohs micrographic surgery (MMS) can be used for high-risk cSCCs or cSCCs on delicate 

sites, such as the head and neck region.23 MMS is a tissue sparing method in which all surgical 

margins can be microscopically assessed, leading to fewer recurrences and better survival 

rates compared to conventional surgery.138-143 Nevertheless, MMS is more time-consuming 

than conventional surgery and could be intensive for frail or elderly patients.144 In some cases 

surgery might not be possible or preferred, for example due to the condition of the patient, 

the extent of the tumor, or expected functional or cosmetic loss. For these patients primary 

radiotherapy can be considered, although the efficacy is lower than with surgery.23,137,143  

For advanced cSCC, either locally advanced or metastatic disease, a multidisciplinary 

approach is recommended.137 In the University Medical Center Groningen (UMCG) patients 

with advanced cSCCHN are discussed in the head and neck oncology tumor board. For 

locally advanced cSCCHN, treatment options include extensive surgery, with or without 

postoperative radiotherapy (PORT), or primary radiotherapy if surgery is not preferable. 

Extensive neck dissection with or without postoperative radiotherapy can be considered in 

the case of metastatic cSCCHN.10,137 No clear guidelines have been developed for the advised 

extent of the neck dissection. However, associations between the localization of a cSCCHN 
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and the extent of NM have been observed, indicating that in some cases a selective neck 

dissection might be sufficient to treat metastatic cSCCHNs.145 

Until recently, no systemic therapy was registered for the treatment of advanced cSCC. 

In 2019 the immune checkpoint inhibitor cemiplimab was approved by the European Medicines 

Agency (EMA) for treatment of patients with metastatic or locally advanced cSCC.137 Results of 

clinical studies with cemiplimab show a good response rate, as 44-50% of patients achieved a 

partial or complete response.146,147 Unfortunately, the use of PD-1 inhibitors such as cemiplimab 

is currently limited to immunocompetent patients in good physical condition, leaving an unmet 

need for novel therapeutic options in immunosuppressed patients with advanced cSCC. An 

overview of the main treatment options for cSCC is displayed in Figure 4.

In the general population, the primary goal of any treatment for cSCC is curative; 

eradication of all tumor cells. Important secondary goals are preservation of function and 

esthetics.137 However, in elderly or frail patients with advanced tumors, eradication of all 

tumor cells with extensive treatment could lead to a higher morbidity or mortality. Elderly 

patients have a higher chance to develop postoperative complications and wound healing 

disorders.144,148 Furthermore, intensive treatment schedules with regular hospital visits can 

Figure 4. flowchart of the main therapeutic options for cSCC based on the Dutch and European 
treatment guidelines.
Adapted from a figure in Stratigos et al.137
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be physically too demanding in the frail populations. Therefore, it is important to carefully 

weigh risks and benefit of extensive treatments versus a wait-and-see regimen together with 

the patient. However, no standardized method has been developed yet to assess frailty in 

patients with cSCC, leaving an unmet need in the treatment for this vulnerable population.

Follow-up
Patients with cSCC receive follow-up for multiple reasons, the most important reasons being 

early detection of recurrence or metastasis, or detection of a new skin malignancy.137,14,9 A 

history of a prior KC is a strong predictor for development of a subsequent KC or melanoma.150 

Secondary aims of follow-up are evaluation of treatment, education and reassurance.149 Follow-

up should include inspection of the entire skin and inspection and palpation of the excision site 

and regional lymph nodes.137 Recommendations for follow-up schedules up to five years after 

diagnosis are given in the Dutch and European  guidelines, but the frequency and duration of 

follow-up can be deviated from by the treating physician based on risk factors of the tumor 

and the ability of the patient to assess their own skin.23,137 Clinical experience shows that 

patients often detect new skin malignancies during self-assessment. This raises the question 

if regular follow-up is necessary for every patient. Furthermore, recent studies report that 

most recurrences occur in the first two years, suggesting that a follow-up until five years after 

diagnosis might not be necessary.115,151,152 Another debatable point is the location of follow-

up, since patients with impaired mobility or patients with low-risk tumors might benefit from 

follow-up with their general practitioner instead of with the dermatologist. A shift of these 

patients from the hospital to the general practitioner with gatekeeper functions could also lead 

to reduction of the waiting times for new patients in the dermatology outpatient clinic. Clear 

recommendations on duration and frequency of follow-up should be made based on clinical 

research, to avoid missing recurrences in patients incapable of self-assessment or recurrences 

developing after two years.

Frailty and quality of life
Several tools have been developed to assess frailty in cancer patients. The current gold 

standard is a comprehensive geriatric assessment (CGA),153 but administration of a complete 

CGA would be too time-consuming in clinical practice at the dermatology outpatient clinic. 

Shorter screening tools for frailty that can indicate the need for further assessment by a CGA 

have been developed, such as the Geriatric 8 (G8) and the Groningen Frailty Indicator (GFI).154 

The G8 is with 8 questions shorter than the 15 item GFI. The most important difference between 

the two questionnaires is that the G8 includes age and nutrition, where the GFI includes vision, 

hearing and social aspects. A prospective study in 151 patients with skin cancer of the head 

and neck treated at the department of head and neck surgery in the UMCG reported frailty 

measured by the G8 to be an independent predictor of postoperative complications.155

An important possible complication in frail patients is postoperative dependency, with 

frail patients more often and more intensively needing postoperative homecare.156 To assess 
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dependency, the instrumental activities in daily life (iADL) and Katz-ADL are often used. The 

iADL includes questions about traveling, grocery shopping, cooking, cleaning and finances. 

The Katz-ADL focuses on independency during showering, dressing, toileting and eating. A 

widely used test for functional mobility in frail or elderly patients is the timed up and go (TUG), 

where the patient is timed while standing up from a chair, walking 3 meters, turning, walking 

back 3 meters and sitting down again.157 The TUG was found to be predictive of postoperative 

complications in elderly cancer patients.158 Severe dependency and decreased mobility are 

more often seen in frail patients and can adversely affect the outcome in cancer patients, but 

the effects on outcome after treatment for cSCCHN have not yet been described.

With continuing progression in diagnostics and treatment and an aging population, the 

number of cancer survivors increases steadily.159 Therefore, in addition to complete removal of 

the tumor, maintaining quality of life has become an important goal in cancer treatment. Many 

different questionnaires have been developed to assess quality of life in cancer patients in 

general, but limited literature is available on the effect cSCCHN and the treatment of cSCCHN 

have on the quality of life of patients. Furthermore, the generic questionnaires for quality of 

life in cancer patients are not suitable for skin cancer patients due to the difference in disease 

symptoms and treatment, especially in patients with KC. Another difference is that due to the 

low mortality of KC, patients are likely to develop multiple KC’s over the years, leading to a 

more chronic disease course compared to other treatable cancers.160

Skin cancer specific questionnaires have been developed, but are not always specific 

enough to capture the concerns of the patients.161 The Skin Cancer Index (SCI) is a 15 item 

questionnaire designed for patients with KC of the head and neck consisting of three subscales: 

Emotion, Social and Appearance.162 A prospective study in 183 patients with KC of the head 

and neck treated with MMS reported higher total scores and higher subscale scores, indicating 

a better quality of life after treatment compared to the baseline scores before treatment. 

Female patients and younger patients (<50 years) showed lower baseline scores, but also 

showed more improvement in quality of life after treatment.163 Another prospective study 

on 53 patients with skin cancer of the head and neck showed similar results with increasing 

scores after treatment.164 These studies indicate a declining effect of KC on quality of life that 

improves after treatment, but the effect of treatment itself, concerns about sun protection, 

shock after diagnosis or concerns about mortality are not included.165

The Skin Cancer Quality of Life Impact Tool (SCQOLIT) is a 10 item questionnaire for 

quality of life in patients with non-metastatic skin cancer, including questions on concerns 

about recurrence or mortality, sun protection, feeling emotional, appearance, and emotional 

support. The SCQOLIT has been described less in literature compared to the SCI. A study 

on 113 patients with KC or melanoma showed a higher impact on quality of life in melanoma 

patients and an improvement of quality of life after treatment for both melanoma and KC 

patients.165 A recent study in 318 patients with KC showed no difference in SCQOLIT score 

between patients with a low-risk or high-risk KC, and reported an improvement in quality of life 

after treatment. A selection of 13 patients was interviewed after completing the questionnaire. 
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Patients thought the SCQOLIT to be comprehensible and helpful for self-reflection, but the 

question about mortality triggered negative thoughts. Most patients did not experience a 

great impact of their KC on quality of life and thought repetition of the questionnaire after a 

good baseline score to be unnecessary.166

Recently, a Dutch questionnaire regarding the quality of life in patients with KC has been 

developed and validated in both Dutch and English: the Basal and Squamous Cell Carcinoma 

Quality of Life (BaSQoL) questionnaire. This 16 item questionnaire comprises 5 subscales: 

Behavior, Other People, Diagnosis and Treatment, Worries, and Appearance.161 A cross-

sectional study in 94 OTRs with prior KC reported that having multiple KCs was associated with 

a reduction of quality of life related to appearance and the use of sun protection. Furthermore, 

women had a worse quality of life related to appearance than men.167 Whether the results 

are similar in non-transplant patients or whether the quality of life is time-dependent has not 

been described in literature yet.

Frailty is described in oncologic research as an important factor in quality of life. In 288 

patients with head and neck cancer, frailty was associated with a reduced quality of life after 

treatment, with a still lower quality of life 2 years after treatment.168 Moreover, patients with 

head and neck cancer seem to be more frail than patients with other types of cancer.169 These 

results might indicate that a geriatric assessment to identify frail patients could be helpful to 

prevent deterioration of quality of life after treatment. The association between frailty and 

quality of life has not yet been described in cSCCHN patients exclusively.

Outline and aims of this thesis
This thesis discusses different aspects of the development and management of cSCCHN. 

Although cSCCHN is generally treatable and has a good prognosis, a lot is still to gain working 

towards a more individualized approach. Identifying risk factors and optimization of tumor 

staging, treatment and patient follow-up  for different patient groups can help us develop a 

tailor made management. The main questions addressed in this thesis are:

I. DIAGNOSIS AND STAGING

a. Which variables should be included in the optimal staging system for cSCCHN?

b. Are tumor characteristics or risk factors for progression of cSCCHN different in patients 

 of advanced age?

II. TREATMENT

a. Should clinicians assess frailty for better treatment decisions, and does the treatment 

 of cSCCHN have an effect on quality of life?

b. Do frail or elderly patients need different therapeutic strategies?

c. What are treatment possibilities for patients with microscopic residual disease or 

 advanced cSCCHN?



26

Chapter 1

Multiple studies in this thesis were based on an institutional database of 770 patients with 

1116 cSCCHNs diagnosed or treated in the UMCG from 2000 until 2014. Histopathology of 

around 900 samples was reassessed in the case of missing data by one dermatopathologist, 

providing high-quality data on tumor characteristics.

A staging system that can correctly classify tumors is of great value to treating physicians, 

because it can differentiate between tumors with high and low risks. Furthermore, the tumor 

stage can provide a guideline for further diagnostics or more intensive follow-up. Chapter 

2 of this thesis compares two widely used staging systems for cSCCHN: the American Joint 

Committee on Cancer 8th edition (AJCC8) classification system and the Brigham and Women’s 

Hospital (BWH) classification system. A competing risk analysis was performed to compare 

these staging systems on discriminatory and predictive ability, while taking the advanced age 

of cSCCHN patients into account.

It has been widely discussed whether elderly patients with cSCCHN should be staged 

or treated differently from their younger counterparts. Chapter 3 was based on the UMCG 

cSCCHN database and provides an insight in the differences of tumor characteristics and risk 

factors for progression between cSCCHNs in younger and elderly patients. Chapter 4 describes 

a prospective pilot study with cSCCHN patients treated surgically in the UMCG. A geriatric 

assessment in the form of multiple questionnaires was performed for each patient at different 

time points, providing data on frailty and quality of life in elderly and younger patients. The 

effect of frailty on guideline adherence and treatment outcome and the effect of treatment 

on quality of life were assessed. 

Chapters 5, 6 and 7 address treatment dilemmas for cSCCHN. Chapter 5 provides an 

overview of literature on treatment options for elderly patients with KC. Chapter 6 describes 

the patterns of nodal metastasis in patients with cSCCHN and gives clinical recommendations 

regarding the extent of surgical dissection. Patients with microscopic residual cSCCHN after 

primary excision treated with postoperative radiotherapy (PORT) were analyzed in chapter 

7, using data of a previously published study170 complemented with data from the UMCG 

cSCCHN database. Immunotherapy for cSCCHN was not available during the development 

of the UMCG cSCCHN database. Chapter 8 describes how many patients of this database 

could have been treated with programmed cell death protein 1 (PD-1) inhibitors according to 

the eligibility criteria of the registration study and how many patients could have been treated 

in a real-life setting. In chapter 9 the main results are discussed and compared with literature. 
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