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Preface

My coauthors and I are happy to bring you this inaugural textbook on high-risk
cutaneous squamous cell carcinoma. We feel it is timely in that many advances in
defining this entity have occurred in recent years and we’re witnessing the begin-
ning of the serious study of this historically understudied disease. If any subsequent
editions of this text are released, they will almost certainly contain important
advances in prognostic stratification, our understanding of the molecular and genetic
underpinnings of aggressive tumor formation and progression, accurate disease
staging, and even treatment. Although the study of high-risk cutaneous squamous
cell carcinoma is in its infancy, it will not remain there for long. Many distinguished
investigators, many of whom are authors of this book, are hard at work to bring new
information to light that will ultimately benefit patients who suffer from this diffi-
cult disease. Meanwhile, we hope that you will find this a useful compendium of
current knowledge.

Boston, MA, USA Chrysalyne D. Schmults, MD, MSCE
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Part I
Defining the Problem of High-Risk SCC



Chapter 1
Epidemiology and Outcomes of Cutaneous
Squamous Cell Carcinoma

Pritesh S. Karia

Introduction

Cutaneous squamous cell carcinoma (CSCC) is the second most common cancer
diagnosed among whites in the United States [1]. Whilst most cases are easily cured
by surgical removal, a subset termed “high-risk SCC” carries an elevated risk of
metastasis and death. High-risk SCC and its associated outcomes have recently been
better defined [2, 3]. Tumors with multiple high-risk factors (tumor diameter >2 cm,
poorly differentiated histology, depth beyond fat, and perineural invasion >0.1 mm)
have the greatest metastatic potential and result in the majority of SCC deaths.

The lifetime risk of developing SCC is 14 % in men and 9 % in women [4]. SCC
causes significant morbidity and mortality among elderly persons however, the inci-
dence of SCC which, is often treated in outpatient settings, is unknown. National
cancer registries such as Surveillance, Epidemiology, and End Results do not collect
routine incidence and mortality data for SCC. In spite of the paucity of population-
based data, several studies have reported an increase of 50-200 % in SCC incidence
in the United States over the last three decades [5—7]. With the reported increase in
SCC incidence, the incidence of poor outcomes resulting from SCC may be rising as
well making SCC a potentially under recognized public health problem.

Incidence

The global age-adjusted incidence of SCC varies according to latitude. Studies have
shown that SCC incidence doubles with each 8 to 10° decrease in latitude (proxim-
ity to the equator) [5]. Table 1.1 summarizes the age-adjusted SCC incidence among

P.S. Karia, MPH (P<)
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Table 1.1 Population-based incidence of cutaneous squamous cell carcinoma by geographic
location for white persons

Country
Australia

Canada

Denmark

Finland

Germany

Iceland

Region
Whole country

Nambour,
Queensland

Townsville,
Queensland

British
Columbia

Alberta

Whole country

Whole country

Whole country

Schleswig-
Holstein

Whole country

Author (first and
last)

Staples, Giles
etal. [9]

Green, Weedon
etal. [10]

Buettner and
Raasch [11]

McLean, Lee
etal. [12]

Jung, Salopek
etal. [13]

Magnus [14]

Hannuksela-
Svahn, Pukkala
and Karvonen
[15]

Magnus [14]

Katalinic, Kunze
and Schafer [16]
Magnus [14]

Study
period
1985*
1990
1995
2002

1985—
1992*

1996—
1997

1973°
1983
1993
2003
1988°
1997
2006
1976—
1985°
1956—
1960
1961-
1965
1966—
1970
1971-
1975
1976—
1980
1981-
1985
1986—
1990
1991-
1995
1976—
1985°
1998—
2001*
1976—
1985*

Age adjusted SCC incidence
(per 100,000)

Men
209.0
338.0
419.0
499.0
1035.0

1332.3

244
35.6
56.8
60.3
45.0
63.6
60.2
6.7

32

4.2

39

4.1

4.6

52

6.2

72

5.6

7.1

Women
122.0
164.0
228.0
291.0
472.0

754.8

11.5
16.9
26.3
324
229
26.2
30.5
2.5

1.8

22

23

2.3

2.5

3.3

39

4.2

3.9

5.3

4.0

Overall
166.0
250.0
321.0
387.0

(continued)
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Table 1.1 (continued)

Country
Norway

Sweden

Switzerland

United
Kingdom

Region
Whole country

Whole country

North coast
North inland
South coast
South inland
Gothenburg
North coast
North inland
South coast
South inland
Gothenburg
Whole country

Vaud

West Glamorgan
South Wales

Scotland

Author (first and
last)

Iversen and
Tretli [17]

Magnus [14]

Andersson and
Wastensson [18]

Magnus [14]

Levi,
Mezzanotte et al.
[19]

Roberts [20]
Holme,
Malinovszky and
Roberts [21]
Brewster,
Dobherty et al.
[22]

Study
period
1966—
1970*

1971-
1975

1976-
1980

1981-
1985

1986~
1990

1991-
1995

1976—
1985°

1970°
1970
1970
1970
1970
2007
2007
2007
2007
2007

1976-
1985°

1976-
1985°

1988
1988
1998

1992—
1994*
1995-
1997
1998—
2000
2001-
2003

Age adjusted SCC incidence
(per 100,000)

Men
2.9

4.5

59

6.6

7.8

9.4

6.4

6.8

9.6

11.3
6.3

11.5
82.2
62.9
95.8
534
73.9
10.2

16.1

31.7

22.8
25.2

6.5

9.4

8.5

9.4

‘Women

1.2

2.1

2.8

33

4.1

55

32

6.4
1.9
4.7
6.3
34
40.8
35.7
68.4
36.3
45.7
4.6

1.7

6.2

9.3
8.6

18.4

25.5

22.6

24.0

Overall

19.0
15.1
15.8

(continued)



Table 1.1 (continued)

Country
United States

Region
Towa

Minneapolis-St.

Paul, MN

San Francisco-
Oakland, CA

Dallas-Fort
Worth, TX

Seattle, WA

Minneapolis-St.

Paul, MN
Detroit, MI

Utah

San Francisco-
Oakland, CA
Atlanta, GA
New Orleans,
LA

New Mexico

Rochester, MN

Rochester, MN

Author (first and
last)

Scotto, Kopf and
Urbach [6]

Scotto and
Fraumeni [5]

Chuang, Chute
et al. [23]

Gray, Roenigk
et al. [24]

*Adjusted to the world standard population
"Adjusted to country/state population

Study
period
1971-
19720
1971-
1972
1971-
1972
1971-
1972
1977-
1978
1977-
1978
1977-
1978
1977-
1978
1977-
1978
1977-
1978
1977-
1978
1977-
1978
1976-
1984
1985-
1992°

P.S. Karia

Age adjusted SCC incidence

(per 100,000)

Men

50.8 14.3
36.5 12.3
51.7 15.8
144.7 544
46.6 16.1
36.6 11.8
30.0 11.0
123.1 45.9
56.3 18.4
131.0 52.6
153.4 48.8
98.1 41.7
63.1 22.5
155.5 71.2

‘Women

Overall

38.8

105.6

white persons in various geographic areas of the world. There is nearly a 100-fold
difference in SCC incidence between the white populations of Australia and north-
ern European countries such as Finland and Denmark. These differences are partly
attributed to differences in sun exposure.

A similar pattern of geographic variability exists in the United States. The
National Cancer Institute conducted two population-based surveys of NMSC inci-
dence in the 1970s. These surveys which were conducted in ten metropolitan areas
with varying sun exposure revealed a north-south SCC incidence gradient. The
incidence of SCC increased significantly with increasing sun exposure. The highest
SCC incidence was observed in individuals living in southern latitudes such as
Atlanta, Georgia (131.0 per 100,000 in men and 52.6 per 100,000 in women),
Dallas-Ft. Worth Texas (144.7 per 100,000 in men and 54.4 per 100,000 in women),
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and New Orleans, Louisiana (153.4 per 100,000 in men and 48.8 per 100,000 in
women) while the lowest SCC incidence was observed in individuals living in north-
ern latitudes such as Minneapolis-St. Paul, Minnesota (36.6 per 100,000 in men and
11.8 per 100,000 in women) and Seattle, Washington (46.6 per 100,000 in men and
16.1 per 100,000 in women) (Table 1.1) [5, 6]. Similarly, a recent study estimating
the 2012 incidence of SCC found that the incidence of SCC was about five times
higher in southern and central United States (average assumption: 233.3 per
100,000 in men and 83.4 per 100,000 in women) as compared to northern United
States (average assumption: 46.3 per 100,000 in men and 15.7 per 100,000 in
women). This study also found that deaths from SCC in southern and central United
States were as common as deaths from renal and oropharyngeal carcinomas and
melanoma [8].

There is a strong association between age and SCC incidence [5, 23, 25-27]. The
incidence of SCC in individuals above 65 years of age is 488.9 per 100,000 as com-
pared to 137.5 and 73.9 per 100,000 in individuals 55-64 and 45-54 years of age,
respectively [26]. SCC is uncommon in individuals younger than 40 years of age
with an annual incidence of 3.9 per 100,000 [28].

The incidence of SCC also varies with ethnicity. A population-based study con-
ducted in an ethnically diverse area of southeastern Arizona showed that the SCC
incidence in hispanics (32.9 per 100,000 for men and 13.8 per 100,000 for women)
was 11 times lower as compared to the SCC incidence in non-hispanic whites (364.2
per 100,000 in men and 153.5 per 100,000 in women) [29]. Similarly, the age-
adjusted incidence of SCC in blacks is low; about 3 per 100,000 [30]. However,
blacks are about 8.5 times more likely to develop SCCs in non-sun-exposed sites as
compared to whites [31].

Risk Factors

Ultraviolet Radiation

Exposure to UV radiation is the most common cause of SCC. UV radiation is com-
prised of three distinct sections: UVA (wavelength 320-400 nm), UVB (290-320),
and UVC (200-280 nm). UVC radiation is effectively absorbed by the ozone layer
before reaching the earth’s surface therefore; exposure to UVC radiation mainly
occurs through man-made sources. UVA and UVB radiation both reach the earth’s
surface and have distinct biological effects on SCC formation. UV radiation induces
skin cancer by causing DNA damage which if left unrepaired can result in carcino-
genic changes through the accumulation of mutations. UVB radiation is principally
responsible for SCC formation while UVA radiation, which is 10,000 times less
mutagenic, enhances the carcinogenic effects of UVB radiation, adding to the risk
of developing SCC [1, 32-35]. The p53 tumor suppressor gene which, plays a sig-
nificant role in controlling DNA repair mechanisms, is found to be mutated in over
half of all SCCs [36-38].
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Occupational exposure to UV radiation has been linked to an increased incidence
and prevalence of SCC. A meta-analysis investigating the risk of SCC associated
with occupational UV exposure found a twofold increased risk of SCC in individu-
als with occupational UV light exposure as compared to those with no occupational
UV light exposure [39]. Similarly, a population-based study exploring the relation-
ship between UVB radiation and SCC prevalence among watermen in Maryland
found that those in the upper quartile of cumulative UVB exposure were 3 times
more likely to have an SCC as compared to those in the lowest quartile of cumula-
tive UVB exposure [40].

Recreational exposure to UV radiation has also been shown to increase the risk
of SCC incidence. A meta-analysis conducted by the International Agency for
Research on Cancer to determine the impact of sunbed tanning on SCC risk found
a positive association with ever-use of sunbed tanning [41]. Based on the results of
this meta-analysis, the International Agency for Research on Cancer formally clas-
sified UV radiation from tanning beds as carcinogenic to humans (Group 1) in 2010
[42]. A more recent meta-analysis investigating the association between indoor tan-
ning and NMSC risk found that patients who reported ever use of indoor tanning
beds had a 67 % higher risk of SCC as compared to those who reported no use of
indoor tanning [43]. A dose-response relationship between the frequency of tanning
bed use and SCC risk has also been implicated. Those who use tanning beds 6 or
more times a year are more likely to develop SCC as compared to those using tan-
ning beds 3-5 and 1-2 times a year [44]. In 2014, the Food and Drug Administration
within the U.S. Department of Health and Human Services issued an order that
requires all sunlamp products to include a visible black box warning about skin
cancer risks.

Treatment of severe cutaneous psoriasis with orally administered psoralen and
UVA radiation (PUVA), although highly effective, has been linked to a significant
increase in SCC incidence. A substantial dose-response relationship between PUVA
and SCC incidence has been reported [45]. Those exposed to more than 450 treat-
ments of PUVA have a 35-fold increased incidence of SCC as compared to those
exposed to fewer than 50 treatments [46]. When compared to an age and gender
matched white population sample, the incidence of SCC in patients treated with
PUVA is about 30-fold higher [46, 47].

Phenotypic characteristics that predispose individuals to increased sun sensitiv-
ity such as eye color, hair color, and skin color also play an important role in mediat-
ing SCC risk. Light skin color, red hair, and eye colors other than brown have all
been associated with an increased risk of SCC [48, 49]. Skin sensitivity to sunlight
as measured by the propensity of the skin to burn on initial exposure to sunlight is
significantly associated with SCC incidence. Those who burn, tan and/or peel after
exposure to sunlight have a higher risk of developing SCC as compared to those
who do not burn [48]. Several case-control studies have also shown strong associa-
tions between a history of blistering sunburns and SCC risk though these studies are
subject to recall bias [50, 51]. A recent prospective cohort study showed a 25 %
increased risk in women with 1-4 blistering sunburns and a 68 % increased risk in
women with 5 or more blistering sunburns as compared to women with no blister-
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ing sunburns between the ages of 15 and 20 years [52]. Photoprotective measures
such as regular sunscreen application have been shown to reduce the occurrence of
SCC by about 40 % [53, 54].

Furthermore, studies investigating the effects of migration on the incidence of
SCC in Australia have found that SCC was less common in migrants, most of whom
were British or northern European in origin, as compared to people born in Australia.
Moreover, migrants who arrived in Australia earlier in life or those who had been in
Australia for a long time had a higher risk of SCC as compared to migrants who
arrived later in life or more recently [45, 49]. These studies suggest that early and
cumulative exposure to UV radiation may be the most significant risk factor for
SCC development.

Ionizing Radiation

Ionizing radiation has been shown to induce SCC in animals and humans. Patients
treated with low-energy ionizing radiation (mainly X-ray) for benign dermatologic
conditions such as acne, dermatitis, and hemangiomas have an increased risk of
SCC [55]. The most important risk factor in patients with radiation-induced SCC is
the total accumulated dose which, is inversely related to the latency period for SCC
development. Fair-skinned individuals treated with ionizing radiation are more
likely to develop SCC as compared to other skin types suggesting that melanin plays
a protective role against ionizing radiation [56]. In addition to therapeutic use, ion-
izing radiation exposure is prevalent in several occupational groups such as radiolo-
gists, uranium miners, and technicians. X-ray exposure has been associated with an
increased risk of SCC in children treated with X-rays for tinea capitis or for thymic
enlargement [59-61]. Besides X-rays, gamma rays and grenz rays have also been
shown to induce SCC formation in animal studies [62].

Immunosuppression

Chronic immunosuppression whether iatrogenic or non-iatrogenic, has been shown
to significantly increase SCC incidence. It is well documented that patients with
solid organ transplantation and chronic inflammatory disorders are at an increased
risk of developing SCC and other cutaneous malignancies. These patients are often
placed on multiple immunosuppressive agents which, although life-saving, have
been shown to have specific oncogenic properties.

The risk of SCC is particularly high in organ transplant recipients (OTRs) with a
60- to 100-fold increased risk as compared to the general population [63].
Furthermore, OTRs tend to develop multiple and more aggressive SCCs. In heart
transplant recipients diagnosed with post-transplant SCC or BCC, the cumulative
incidence of developing a subsequent SCC within 5 years is 70 % [64]. In terms of
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SCC outcomes, a risk of 13.5 % for local recurrence and 5-8 % for metastasis has
been reported in OTRs as compared to 3.0-4.6 % and 3.7-4.0 % in the general
population, respectively [2, 3, 65].

The risk of SCC in OTRs is related to the duration and intensity of immunosup-
pression. In the United States, the cumulative risk of SCC in heart transplant recipi-
ents is reported to be 3 %, 21 %, and 35 % at 1, 5, and 10 years post-transplantation,
respectively [66]. The cumulative risk of SCC in sunnier countries such as Australia
is as high as 45 % 10-years post-transplantation [67, 68]. A high risk of SCC is
observed in heart and lung transplant recipients who are maintained on high levels
of immunosuppressive drugs while a lower risk is observed in kidney and liver
transplant recipients who require lower levels of immunosuppressive drugs [68—70].
In addition, multi-drug regimens are associated with the highest-risk of malignan-
cies [71].

Several studies have also shown that the risk of SCC is related to the type of
immunosuppressive regimen. Immunosuppressive drugs such as cyclosporine, aza-
thioprine, and prednisone have been shown to increase SCC incidence in OTRs
[72]. A population-based study investigating the risk of SCC in kidney and heart
transplant recipients on various long-term immunosuppressive regimens found that
those receiving cyclosporine, azathioprine, and prednisone were three times more
likely to develop SCC as compared to those receiving azathioprine and prednisone
[73]. Conversely, newer immunosuppressive drugs such as sirolimus have been
shown to have antineoplastic properties [74, 75]. A recent meta-analysis found that
sirolimus-based immunosuppression was associated with a 42 % decline in SCC
risk among kidney transplant recipients [76].

The effect of immunosuppressive drugs on SCC incidence may be reversible to
some degree. A prospective study examining the efficacy and safety of conversion
from calcineurin inhibitors such as cyclosporine and tacrolimus to sirolimus in kid-
ney transplant recipients found that those switched to sirolimus had a significantly
lower rate of SCC formation (22 %) as compared to those who continued on calci-
neurin inhibitors (39 %) [74, 77].

Chronic inflammatory disorders such as systemic lupus erythematosus and
inflammatory bowel disease (IBD) have also been linked to a higher incidence of
SCC. A population-based study conducted in Sweden found a twofold increased
incidence of SCC in patients with systemic lupus erythematosus as compared to the
general population [78]. IBD patients have a four to sevenfold increased risk of SCC
as compared to individuals without IBD [79]. In addition, IBD patients treated with
thiopurines have a fivefold increased risk of SCC as compared to those not treated
with thiopurines [79, 80]. Other conditions that impair the immune system includ-
ing infection with the human immunodeficiency virus (HIV) and chronic lympho-
cytic leukemia (CLL) are also associated with an increased incidence of SCC. A
recent study found that the incidence of SCC in HIV positive individuals was three-
fold higher as compared to those who were HIV negative [81].

Patients with CLL have an overall greater frequency of SCC and a higher rate of
SCC recurrence [82—85]. If they form high-risk SCCs and have a history of advanced
CLL, their mortality risk is particularly high. At 12 %, this risk was equivalent to their
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risk of dying from CLL in one study. Interestingly, this was true even when adjusted
for CLL treatment and remission so that the mortality risk from SCC may remain
high even after CLL is in remission [86].

Chronic Inflammation

An increased risk of SCC has been observed in long-standing chronic ulcers, scars,
osteomyelitis, sinus tracts, and burns of the skin [1, 87]. Although only 1 % of cuta-
neous skin cancers arise in chronically inflamed skin, about 95 % of these skin
cancers are SCC [88]. SCC arising in previously burned or irradiated skin is also
known as Marjolin’s ulcer. This form of SCC has been shown to be more aggressive
than SCC arising in UV-damaged skin [89].

Arsenic Exposure

Arsenic is a naturally occurring substance that is found in soil and minerals and may
thus contaminate well water. Chronic exposure to arsenic has been associated with
an increased incidence of SCC, BCC, and other malignancies [90]. A study from
Taiwan investigating the association between arsenic ingestion and skin cancer
found that areas with high arsenic levels (>0.64 mg/L) in well water had a higher
incidence of SCC as compared to areas with low arsenic levels (<0.04 mg/L) [91].
A similar dose-response relationship was also observed for BCC. In addition, a
population-based study investigating the risk of skin cancer in relation to toenail
arsenic concentrations found that those with arsenic concentrations above the 97th
percentile had a twofold higher risk of developing SCC as compared to those with
low to moderate levels of arsenic exposure [92].

Exposure to arsenic has also been reported in a wide range of occupations includ-
ing mining, agriculture, and production of electronic semiconductors. However,
studies investigating the link between occupational exposure to arsenic (mainly
through inhalation) and skin cancer have yielded inconsistent results [93, 94].

Polycyclic Aromatic Hydrocarbons Exposure

Polycyclic aromatic hydrocarbons (PAH) are a group of chemicals that are formed
during incomplete burning of coal, oil, gas, and other organic substances such as
tobacco and meat [95]. PAH exposure occurs mainly through inhalation of contami-
nated air, ingestion of grilled food, and skin contact. Several studies have shown that
workers with skin exposure to tar or pitch, shale oil, creosote, asphalt, and chimney
soot are at an increased risk of SCC, especially scrotal SCC [96-102].
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Family History

Offspring whose parents are diagnosed with SCC at an early age (<40 years) have a
twofold increased risk of SCC as compared to those whose parents are not diag-
nosed with SCC at an early age [103]. The risk of SCC is still significantly elevated
in offspring whose parents are diagnosed with SCC at more advanced ages.
Population-based data from Sweden has shown that individuals with an affected
sibling or parent have a two to threefold increased incidence of SCC as compared to
the general population [104]. However, a smaller population-based study conducted
among like-sexed twins in Finland found no difference in SCC risk between those
with a history of SCC and the general population [105]. Further studies examining
the role of family history in the etiology of SCC are necessary.

Genetic Disorders
Xeroderma Pigmentosum

Xeroderma pigmentosum (XP) is a rare autosomal recessive inherited disorder that
occurs at a frequency of about 1 in 250,000 in the United States [106]. Patients
with XP have severe sun sensitivity due to mutations in several genes that are
responsible for repairing UV-induced DNA damage. As a result of these mutations,
XP patients experience significant degeneration of sun-exposed regions, including
the eyes, and have an increased incidence of SCC and other cutaneous malignan-
cies, regardless of their background skin pigmentation. The median age of skin
cancer onset in XP patients is 8 years with over half developing either a SCC or a
BCC [107, 108]. The incidence of SCC and other skin cancers in XP patients
younger than 20 is approximately 2000 times greater as compared to the general
population [108] and SCC is the leading cause of death, occurring in the teens or
early twenties. The only way to prevent skin cancer death is total light avoidance
from birth. Since early death from SCC occurs regardless of skin pigmentation, XP
illustrates that melanin production plays only a partial role in natural protection
from SCC formation, and that ongoing DNA repair is central for all persons,
regardless of skin color, to prevent SCC.

Albinism

Albinism is a group of inherited disorders characterized by the complete or partial
absence of pigmentation in the skin, hair, and eyes as a result of mutations in
genes responsible for melanin synthesis. It is estimated that albinism affects
between 1 in 10,000 and 1 in 20,000 newborns in North America and Europe
[109, 110]. There are two main types of albinism, oculocutaneous, characterized
by hypopigmentation of the eyes, skin, and hair, and ocular, characterized by
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hypopigmentation of the eyes only. The incidence of oculocutaneous albinism is
highest in native Africans as the mutations are more prevalent there. Several stud-
ies have shown that persons with oculocutaneous albinism are at an increased risk
of developing aggressive SCC [109, 110, 112]. A study of 64 persons with oculo-
cutaneous albinism in Tanzania found that over 75 % had been diagnosed with
SCC and 30 % developed a local recurrence following surgical treatment [113].
Another study examining the natural history of albinism in 350 patients from a
population-based registry in Tanzania found that of those diagnosed with cutane-
ous malignancies, over 90 % had SCC with 28 % of the SCCs being aggressive
(over 4 cm in diameter) [114].

With early and rigorous sun protection, SCC can be largely prevented in those
with albinism. However, poverty and social factors (including stigmatism due to
misinformation regarding the causes of albinism, and people with albinism wanting
to avoid further exclusion) can negatively impact the practice of sun protection
which ideally includes wearing of wide-brimmed hats, sunglasses, full-length pants,
and long-sleeved shirts from birth. Community-based educational efforts about the
causes of albinism and provision of protective clothing and sunscreen to impover-
ished patients should help to bring down the incidence of SCC in those with
albinism.

Epidermolysis Bullosa

Epidermolysis bullosa (EB) is a group of diseases characterized by skin fragility
and blistering. There are three major types of EB: simplex, junctional, and dys-
trophic, and several phenotypic subtypes [112]. Dystrophic and junctional EB
have been associated with an increased incidence of SCC. Dystrophic EB patients
carry a mutation in a gene that is responsible for the production of collagen while
junctional EB patients carry a mutation in genes that produce laminin or collagen
and integrin [112]. These proteins provide structural framework for cells, tissues,
and organs and allow cells to adhere to one another. Though the link to SCC
formation is not precisely understood, EB patients develop SCC at a younger age
as compared to the general population. Furthermore, EB patients are at an
increased risk of developing multiple SCCs with a median of 2 and 3 to 3.5 per
patient primarily within long-term skin wounds and scars instead of sun-exposed
regions [115].

The cumulative risk of SCC in dystrophic EB patients increases significantly
after age 20 from 7.5 % to 67.8 %, 80.2 %, and 90.1 % by ages 35, 45, and 55,
respectively. Dystrophic EB patients have a markedly increased risk of developing
poor SCC outcomes and SCC is the main cause of death for this subset of EB
patients. The cumulative risk of death due to SCC is 38.7 %, 70.0 %, and 78.7 % at
34, 45, and 55 years of age, respectively [115]. Junctional EB patients also develop
SCC at a greater frequency as compared to the general population. It is estimated
that about 25 % develop SCCs with 21 % metastasizing and causing death within
8.9 years of initial diagnosis [116].
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Epidermolysis Verruciformis

Epidermolysis verruciformis (EV) is a rare disorder that is characterized by abnor-
mal susceptibility to human papillomavirus (HPV) infections. Patients often form
chronic warty skin lesions that develop into SCC in about half the cases usually in
the fourth and fifth decades of life [117, 118]. Patients with EV have mutations in
genes that regulate zinc homeostasis resulting in defective cell-mediated immunity
against certain types of viruses [119, 120].

Ferguson-Smith Disease

Ferguson-Smith disease is a rare disorder in which patients have mutations in genes
that are involved in the regulation of several cellular processes, including division,
differentiation, adhesion, and death [121-123]. Patients with Ferguson-Smith
disease develop multiple locally-destructive SCCs often in sun-exposed regions.
These SCCs typically grow rapidly for a few weeks before spontaneously regress-
ing, leaving scars at the site of the tumors [112].

Rothmund-Thomson Syndrome

Rothmund-Thomson syndrome (RTS) is a rare disorder that is characterized by
widespread erythema, swelling, and blistering, in the first 6 months of life gradu-
ally leading to poikiloderma (increased or decreased pigmentation and thinning
of skin) [112]. RTS patients often suffer from cataracts, sparse hair, short stature,
and bone defects. Patients have mutations in a gene that is responsible for regu-
lating basic DNA processes such as replication, transcription, and repair. Several
case reports documenting an increased frequency of SCC among RTS patients
have been published however, the exact incidence of SCC is unknown. A review
examining the prevalence of SCC and other cutaneous neoplasms in RTS patients
found 8 reported cases of primary SCC among 61 patients (13 %), most of whom
were <40 years old [124].

Bloom Syndrome

Bloom syndrome (BS) is characterized by severe growth retardation, recurrent
infections, diabetes, and a predisposition to malignancies. Patients often
have redness and scaly rashes in sun-exposed regions of the skin [112, 125]. BS
is caused by mutations in genes that participate in DNA replication and
repair. SCC accounts for a