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  Pref ace   

 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 
defi ning 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 stratifi cation, 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 benefi t patients who suffer from this diffi -
cult disease. Meanwhile, we hope that you will fi nd this a useful compendium of 
current knowledge.  

  Boston, MA, USA     Chrysalyne D. Schmults, MD, MSCE       
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   Defi ning the Problem of High-Risk SCC        
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    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 defi ned [ 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 signifi cant 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      (*) 
  Department of Dermatology ,  Brigham and Women’s Hospital ,   Boston ,  MA ,  USA   
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    Table 1.1    Population-based incidence of cutaneous squamous cell carcinoma by geographic 
location for white persons   

 Country  Region 
 Author (fi rst and 
last) 

 Study 
period 

 Age adjusted SCC incidence 
(per 100,000) 

 Men  Women  Overall 

 Australia  Whole country  Staples, Giles 
et al. [ 9 ] 

 1985 a   209.0  122.0  166.0 
 1990  338.0  164.0  250.0 
 1995  419.0  228.0  321.0 
 2002  499.0  291.0  387.0 

 Nambour, 
Queensland 

 Green, Weedon 
et al. [ 10 ] 

 1985–
1992 a  

 1035.0  472.0  – 

 Townsville, 
Queensland 

 Buettner and 
Raasch [ 11 ] 

 1996–
1997 a  

 1332.3  754.8  – 

 Canada  British 
Columbia 

 McLean, Lee 
et al. [ 12 ] 

 1973 b   24.4  11.5  – 
 1983  35.6  16.9  – 
 1993  56.8  26.3  – 
 2003  60.3  32.4  – 

 Alberta  Jung, Salopek 
et al. [ 13 ] 

 1988 b   45.0  22.9  33.0 
 1997  63.6  26.2  42.7 
 2006  60.2  30.5  43.4 

 Denmark  Whole country  Magnus [ 14 ]  1976–
1985 a  

 6.7  2.5  – 

 Finland  Whole country  Hannuksela- 
Svahn, Pukkala 
and Karvonen 
[ 15 ] 

 1956–
1960 a  

 3.2  1.8  – 

 1961–
1965 

 4.2  2.2  – 

 1966–
1970 

 3.9  2.3  – 

 1971–
1975 

 4.1  2.3  – 

 1976–
1980 

 4.6  2.5  – 

 1981–
1985 

 5.2  3.3  – 

 1986–
1990 

 6.2  3.9  – 

 1991–
1995 

 7.2  4.2  – 

 Whole country  Magnus [ 14 ]  1976–
1985 a  

 5.6  3.9  – 

 Germany  Schleswig- 
Holstein 

 Katalinic, Kunze 
and Schafer [ 16 ] 

 1998–
2001 a  

 11.2  5.3  – 

 Iceland  Whole country  Magnus [ 14 ]  1976–
1985 a  

 7.1  4.0  – 

(continued)
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Table 1.1 (continued)

 Country  Region 
 Author (fi rst and 
last) 

 Study 
period 

 Age adjusted SCC incidence 
(per 100,000) 

 Men  Women  Overall 

 Norway  Whole country  Iversen and 
Tretli [ 17 ] 

 1966–
1970 a  

 2.9  1.2  – 

 1971–
1975 

 4.5  2.1  – 

 1976–
1980 

 5.9  2.8  – 

 1981–
1985 

 6.6  3.3  – 

 1986–
1990 

 7.8  4.1  – 

 1991–
1995 

 9.4  5.5  – 

 Whole country  Magnus [ 14 ]  1976–
1985 a  

 6.4  3.2  – 

 Sweden  North coast  Andersson and 
Wastensson [ 18 ] 

 1970 b   6.8  6.4  – 
 North inland  1970  9.6  1.9  – 
 South coast  1970  11.3  4.7  – 
 South inland  1970  6.3  6.3  – 
 Gothenburg  1970  11.5  3.4  – 
 North coast  2007  82.2  40.8  – 
 North inland  2007  62.9  35.7  – 
 South coast  2007  95.8  68.4  – 
 South inland  2007  53.4  36.3  – 
 Gothenburg  2007  73.9  45.7  – 
 Whole country  Magnus [ 14 ]  1976–

1985 a  
 10.2  4.6  – 

 Switzerland  Vaud  Levi, 
Mezzanotte et al. 
[ 19 ] 

 1976–
1985 a  

 16.1  7.7  – 

 United 
Kingdom 

 West Glamorgan  Roberts [ 20 ]  1988 a   31.7  6.2  19.0 
 South Wales  Holme, 

Malinovszky and 
Roberts [ 21 ] 

 1988 a   22.8  9.3  15.1 
 1998  25.2  8.6  15.8 

 Scotland  Brewster, 
Doherty et al. 
[ 22 ] 

 1992–
1994 a  

 6.5  18.4  – 

 1995–
1997 

 9.4  25.5  – 

 1998–
2000 

 8.5  22.6  – 

 2001–
2003 

 9.4  24.0  – 

(continued)
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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 signifi cantly 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), 

Table 1.1 (continued)

 Country  Region 
 Author (fi rst and 
last) 

 Study 
period 

 Age adjusted SCC incidence 
(per 100,000) 

 Men  Women  Overall 

 United States  Iowa  Scotto, Kopf and 
Urbach [ 6 ] 

 1971–
1972 b  

 50.8  14.3  – 

 Minneapolis-St. 
Paul, MN 

 1971–
1972 

 36.5  12.3  – 

 San Francisco- 
Oakland, CA 

 1971–
1972 

 51.7  15.8  – 

 Dallas-Fort 
Worth, TX 

 1971–
1972 

 144.7  54.4  – 

 Seattle, WA  Scotto and 
Fraumeni [ 5 ] 

 1977–
1978 b  

 46.6  16.1  – 

 Minneapolis-St. 
Paul, MN 

 1977–
1978 

 36.6  11.8  – 

 Detroit, MI  1977–
1978 

 30.0  11.0  – 

 Utah  1977–
1978 

 123.1  45.9  – 

 San Francisco- 
Oakland, CA 

 1977–
1978 

 56.3  18.4  – 

 Atlanta, GA  1977–
1978 

 131.0  52.6  – 

 New Orleans, 
LA 

 1977–
1978 

 153.4  48.8  – 

 New Mexico  1977–
1978 

 98.1  41.7  – 

 Rochester, MN  Chuang, Chute 
et al. [ 23 ] 

 1976–
1984 b  

 63.1  22.5  38.8 

 Rochester, MN  Gray, Roenigk 
et al. [ 24 ] 

 1985–
1992 b  

 155.5  71.2  105.6 

   a Adjusted to the world standard population 
  b Adjusted to country/state population  
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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 fi ve 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-
nifi cant role in controlling DNA repair mechanisms, is found to be mutated in over 
half of all SCCs [ 36 – 38 ]. 

1 Epidemiology and Outcomes of Cutaneous Squamous Cell Carcinoma
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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-
sifi ed 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 signifi cant 
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 
signifi cantly 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 signifi cant 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 signifi cantly increase SCC incidence. It is well documented that patients with 
solid organ transplantation and chronic infl ammatory 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 specifi c 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 effi cacy 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 signifi cantly 
lower rate of SCC formation (22 %) as compared to those who continued on calci-
neurin inhibitors (39 %) [ 74 ,  77 ]. 

  Chronic infl ammatory disorders such as systemic lupus erythematosus and 
     infl ammatory 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 fi vefold 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 immunodefi ciency 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 Infl ammation   

 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 infl amed 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 signifi cantly 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 signifi cant 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 signifi cantly 
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 fi fth 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 fi rst 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 about 14 % of the tumors diagnosed in BS patients 
[ 126 ].   
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    Other Genetic Conditions 

 Other rare genetic conditions such as Fanconi anemia, dyskeratosis congenita, and 
Werner syndrome have also been associated with an increased risk of SCC. 

          Smoking   

 Tobacco smoke consists of a number of carcinogens which, have been linked to sev-
eral cancers including stomach, bladder, pancreas, oral cavity, and cervix. Though 
there is a clear link between smoking and oropharyngeal SCC, epidemiological stud-
ies investigating the relationship between smoking and CSCC development have 
yielded confl icting results. Some studies have shown no relationship between smok-
ing and SCC [ 127 ,  128 ] while others have shown a twofold increased risk in current 
smokers as compared to never smokers [ 129 ,  130 ]. A recent systematic review exam-
ining the relationship between smoking and the risk of NMSC found a 52 % increase 
in SCC risk among current smokers as compared to never smokers [ 131 ].   

         Diet   

 The relationship between diet and skin cancer risk is not clearly understood. Studies 
of dietary fat and SCC risk have yielded inconsistent results. Several large prospec-
tive studies have found no relationship between dietary fat intake and SCC risk 
[ 132 – 134 ] while others have shown an increased risk of SCC among those with a 
higher consumption of dietary fat [ 135 ]. Two large prospective studies have also 
demonstrated a dose-response relationship between dietary fat and SCC risk among 
patients with a history of SCC. The studies found a two to threefold increased risk 
of SCC for those in the highest tertile of dietary fat intake as compared to those in 
the lowest tertile of dietary fat intake after adjustment for potential confounders 
[ 132 ,  135 ]. In contrast, those with a higher consumption of fruits and vegetables, 
particularly green leafy vegetables, had a 52 % reduction in SCC risk [ 135 ]. The 
relationship between diet and SCC risk warrants further investigation.  

      Human Papillomavirus      Infection   

      HPV   consists of a diverse group of DNA viruses that infect mammals, birds, and 
reptiles. More than 100 subtypes of HPV have been characterized in human beings. 
HPV can be classifi ed into three broad groups: alpha, beta, and gamma. Alpha HPV 
primarily infect mucosal epithelium while beta and gamma HPV infect cutaneous 
epithelium [ 136 ]. Cutaneous HPV infection is very common with prevalence esti-
mated to exceed 80 % in immunocompetent individuals without SCC [ 137 ]. 
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 Several studies have reported an increased risk of SCC among immunocompe-
tent individuals with HPV infection [ 138 – 141 ]. A multicenter study investigating 
the association between HPV infection and SCC found that the presence of betapap-
illomavirus was associated with a two to threefold increased risk of SCC [ 140 ]. 
Another study found that seropositivity for beta and gamma HPV types was associ-
ated with an increased incidence of subsequent SCCs in patients with previous 
NMSCs [ 141 ]. Some studies have also suggested that high-risk genital HPV types 
which are strongly associated with cervical cancer may also be signifi cant risk fac-
tors for SCC formation in immunocompetent individuals [ 142 ,  143 ]. 

 However, there are several studies that have found no signifi cant relationship 
between HPV infection and SCC risk [ 136 ,  144 – 146 ]. A study comparing betapap-
illomavirus loads and viral replication (active production of viral proteins) in SCC 
samples found no signifi cant difference between tumor tissue and normal tissue in 
immunocompetent individuals [ 144 ]. Similarly, two other studies found no differ-
ence in HPV detection between SCC and normal skin tissue, although individuals 
with SCC were more likely to be infected with betapapillomavirus (HPV type 2) 
[ 145 ,  146 ]. The results of these studies suggest that HPV infection may play a role 
early on in the pathway toward SCC formation (perhaps inducing dysplasia) but is 
likely not a driving factor in SCC tumor formation and maintenance. 

 An exception to this is anogenital and nail fold SCC. Several studies have dem-
onstrated a high risk of HPV infection in patients diagnosed with anogenital SCCs. 
Between 46 and 84 % of anal and 88 and 92 % of penile SCCs among HPV-positive 
patients have been found to have HPV 16 DNA-the type associated with 90 % of all 
cervical cancers [ 147 – 153 ]. In addition, a number of case reports have linked HPV 
infection to SCC of the nail bed and these lesions are often reported to arise within 
a longstanding wart however; larger prospective studies are needed to corroborate 
these fi ndings [ 154 ,  155 ].     

    Other Risk Factors 

      RAF inhibitors   such as vemurafenib and dabrafenib are used in the treatment of 
metastatic melanoma with BRAF mutation. The most frequent side effect of RAF 
inhibitor treatment is SCC formation. It is estimated that SCC occurs in 15–30 % of 
patients treated with RAF inhibitors [ 156 ,  157 ]. Patients develop sporadic well- 
differentiated SCCs typically within 8–12 weeks of beginning therapy. Recent stud-
ies have shown that RAF inhibitors lead to the activation of the mitogen- activated 
protein kinase signaling pathway in patients with preexisting RAS or receptor tyro-
sine kinase mutations which in turn lead to accelerated proliferation of cancer cells 
[ 157 ,  158 ]. 

          Voriconazole      is a highly-effective antifungal medication that is widely used to 
treat serious fungal infections in immunosuppressed patients, particularly lung 
transplant patients [ 159 ]. One of the side effects of long-term voriconazole use is 
photosensitivity which can result in sunburn-like erythema on exposed areas of the 
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skin particularly the head and neck, hands, and forearms. In some cases, photosen-
sitivity may be reversible after cessation of voriconazole [ 159 – 161 ]. An increased 
incidence of SCC has also been reported among immunosuppressed patients treated 
with voriconazole including cases of rapidly progressing, aggressive tumors leading 
to death. A retrospective study of lung transplant recipients showed a twofold 
increase in SCC incidence in those who received voriconazole compared to those 
who did not receive voriconazole. Importantly, all metastases and deaths from SCC 
occurred among patients who received voriconazole [ 162 ]. Another study among 
lung transplant recipients found a threefold increased risk of SCC and a 5.6 % 
increase in risk of SCC with each 60-day voriconazole exposure at a standard dose 
[ 163 ]. The risk of aggressive SCC has led many lung transplant centers to avoid 
voriconazole and rely on alternatives [ 164 ]. 

 Certain blood types have been associated with a lower incidence of SCC. In a 
study consisting of over 90,000 white individuals derived from two large indepen-
dent cohorts,      blood groups   A, AB, and B were associated with a 14 % decreased 
risk of developing SCC compared to blood group O [ 165 ]. Further studies are 
needed to identify the mechanism by which blood type infl uences SCC risk. 

 Exposure to radon is a well-established cause of lung cancer. However, a recent 
study indicates that      radon   may also be associated with an increased risk of SCC. The 
study conducted in southwest England showed that individuals living in areas with 
the highest mean radon levels had a twofold increased risk of SCC as compared to 
those living in areas with the lowest radon levels [ 166 ]. Additional studies are 
needed to confi rm these associations. 

 There is confl icting evidence regarding the effect of selenium supplementation 
on SCC risk. A large double-blind, randomized, placebo-controlled clinical trial 
showed that daily oral selenium supplementation was associated with an increased 
risk of subsequent SCCs and total      NMSCs   in individuals with a history of NMSC 
[ 167 ]. Conversely, another study investigating the effect of serum selenium concen-
tration found a 60 % risk reduction in subsequent SCC formation among those with 
high serum selenium concentration as compared to those with low serum selenium 
concentration [ 168 ]. Two other studies have found no association between serum 
selenium concentration and SCC risk [ 169 ,  170 ]. 

 Anti- and pro-carcinogenic roles for vitamin D level on SCC risk have been pro-
posed. A large prospective cohort study investigating the risk of incident SCC in 
white women found that those in the highest quartile of plasma 25(OH) vitamin D 
levels had more than a threefold increased risk of SCC as compared to women with 
plasma 25(OH) vitamin D levels in the lowest quartile [ 171 ]. Another prospective 
study found that those with      serum 25(OH) vitamin D   concentrations above 75 
nmol/L had a lower risk of SCC incidence as compared to those with serum 25(OH) 
vitamin D concentrations below 75 nmol/L [ 172 ]. Several other studies have found 
no associations between serum vitamin D level and SCC incidence [ 173 ,  174 ]. 
Further studies are needed to decipher the role of vitamin D on cutaneous 
oncogenesis. 

      Oral contraceptives   may be linked to an increased incidence of SCC in women. 
Two population-based studies have shown an increased risk of SCC among white 
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women who have used oral contraceptives compared to those who have never used 
oral contraceptives [ 175 ,  176 ]. Larger well-controlled studies are needed to investi-
gate the etiologic basis of this association. 

 The use of      photosensitizing diuretics   has been associated with an increased inci-
dence of SCC. Studies have shown a twofold increased risk of SCC among users of 
diuretics as compared to non-users [ 177 ,  178 ]. Additional studies replicating these 
results are needed to better understand the role of photosensitizing drugs in SCC 
formation.   

         Mortality Estimates   

 Most patients with SCC have excellent prognosis with an overall 5 year cure rate of 
over 90 % [ 87 ]. The annual disease-specifi c mortality in the United States is esti-
mated to be about 1 % however, annual disease-specifi c mortality rates of 3–4 % 
have been reported in countries with well-established SCC surveillance [ 179 – 181 ]. 
A population-based study investigating trends in NMSC mortality as reported on 
death certifi cates in the United States found that nearly 75,000 deaths were attrib-
uted to NMSC from 1969 to 2000. The age-adjusted mortality rate for non-genital 
NMSC from 1969 to 2000 was 0.69 per 100,000 cases however, these data may 
underestimate actual values. NMSC may be underreported as a cause of death on 
death certifi cates as it is a rare and subsequently an underrecognized cause of death 
and most NMSC patients are elderly with comorbidites that could complicate cause 
of death reporting [ 182 ]. Recent studies have demonstrated mortality rates of 
between 1.5 and 2.1 % for primary SCCs [ 2 ,  3 ]. Based on this data, it has been esti-
mated that 4000–9000 persons die from CSCC annually in the U.S. Due to the 
particularly high incidence of SCC in central and southern states, the estimated 
incidence of death from SCC in these regions is similar to many relatively common 
cancers including renal and oropharyngeal carcinomas and melanoma [ 8 ].  

    Conclusion 

 Cutaneous squamous cell carcinoma is a common type of skin cancer, highly preva-
lent in white persons over 65 years, with signifi cant geographic variability in inci-
dence due to fl uctuations in UV intensity. Although prognosis is excellent, especially 
after surgical removal, a subset of tumors may recur, metastasize, and cause death. 

 SCC is largely preventable with sun protection. However, lifestyle changes over 
the past century involving increased exposure to sunlight, combined with longer life 
expectancy have likely led to a signifi cant increase in SCC incidence. Primary pre-
vention efforts should therefore focus on sun protection from an early age particu-
larly among light-skinned white individuals and those with conditions which 
pre-expose them to developing SCC. 
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 Population-based incidence and outcome data for SCC are unavailable in the 
United States because SCC is excluded from national cancer registries due to its 
commonness and subsequent high cost of surveillance. Comprehensive cost of care 
has not been studied. National surveillance studies focusing on select geographic 
areas with variable ultraviolet exposure would allow for cost effective estimation of 
incidence and outcome tracking. Such efforts could lead to better targeting of pri-
mary prevention efforts and better estimates of the impact of SCC on the 
population. 

    Abbreviations 

    CSCC     Cutaneous squamous cell carcinoma   
  NMSC     Non-melanoma skin cancer   
  BCC     Basal cell carcinoma   
  UV     Ultraviolet   
  PUVA     Psoralen + ultraviolet A   
  OTR     Organ transplant recipients   
  IBD     Infl ammatory bowel disease   
  HIV     Human immunodefi ciency virus   
  CLL     Chronic lymphocytic leukemia   
  PAH     Polycyclic aromatic hydrocarbons   
  XP     Xeroderma pigmentosum   
  EB     Epidermolysis bullosa   
  EV     Epidermolysis verruciformis   
  HPV     Human papillomavirus   
  FSD     Ferguson-Smith disease   
  RTS     Rothmund-Thomson syndrome   
  BS     Bloom syndrome   
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    Chapter 2   
 Tumor Staging Systems and Prognostic 
Stratifi cation                     

       Anokhi     Jambusaria-Pahlajani    

          Introduction 

 Squamous cell carcinoma (SCC) is the 2nd most common cancer diagnosed worldwide 
with an estimated 186,000–420,000 cases diagnosed per year [ 1 ]. While the overall 
prognosis is excellent, a small subset of tumors recur, metastasize, and cause death. 
A reported 3.6–4 % of patients develop nodal metastasis and 1.5–2 % die from 
CSCC according to academic medical center cohort studies [ 2 ,  3 ]. Accurate identi-
fi cation of a high-risk subgroup at risk for these poor outcomes is important for both 
patients and clinicians. Providing appropriate counseling to low-risk patients can 
provide them with peace of mind and avoid unnecessary aggressive treatment. 
Conversely, if a patient’s tumor is high-risk, clinicians can be alerted to follow this 
patient more closely and/or consider adjuvant staging or treatment. This chapter 
will review the available data on high-risk CSCC, summarize the current staging 
and prognostic stratifi cation systems, and discuss areas of research that may improve 
future prognostic stratifi cation systems.  

    Risk Factors Associated with Poor SCC Outcomes 

 Risk factors associated with recurrence and metastasis from CSCC in case series 
studies include size > 2 cm, depth beyond Clark’s Level IV or V (reticular dermis or 
subcutaneous fat), poorly differentiated histology, location on the vermillion lip or 
ear, perineural invasion (PNI), growth within a chronic scar, recurrent tumors, and 
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patient immunosuppression. There have been several  cohort studies   that have 
attempted to identify which of these risk factors are independently associated with 
 poor outcomes   and these are summarized in Table  2.1  [ 2 ,  4 – 10 ,  12 ]. The number of 
tumors evaluated in these studies ranged from 149 to 8997. The majority of these 
studies examined common variables previously associated with poor outcomes 
including tissue depth, PNI, diameter, location, and histologic differentiation. Five 
out of nine papers examined the role of immunosuppression [ 2 ,  3 ,  8 – 10 ]. Risk fac-
tors for  regional (nodal) metastasis   was reported in six out of nine studies and was 
the most common outcome studied. In the remaining three studies, recurrence free 
survival or metastasis free survival was reported. Local recurrence was an endpoint 
in four of the studies. Risk factors found to be signifi cant predictors of poor out-
comes in these studies are explored further below.

        Perineural  Invasion      

 The perineurium is a thin membrane that covers nerve fascicles. CSCC tumor cells 
can invade the space between the nerves and perineurium and track along the nerves 
in this plane into the central nervous system. Tumors with PNI may exhibit “skip” 
areas along the nerve track and therefore histologic margins may be imprecise and 
not be possible in all cases, even with complete circumferential and deep histo-
pathologic margin evaluation [ 13 ]. This may explain the higher rate of recurrence 
and metastasis, even when negative surgical margins are obtained. 

 Less than 5 % of CSCC tumors exhibit PNI [ 11 ,  14 ]. As the majority of PNI 
cases occur on the head and neck, the most common nerves involved are the V2 
(mandibular) and V3 (maxillary) branches of the trigeminal nerve or branches of 
the facial nerve [ 13 ,  15 ,  16 ]. PNI is more common in tumors with other high risk 
factors, such as recurrent tumors, large tumors, or poorly differentiated tumors 
[ 17 ]. PNI can be divided into incidental PNI, where PNI is noted on histopathology 
in an asymptomatic patient, or clinical PNI, where the patient has signs or symp-
toms of PNI. 

 Tumors with PNI demonstrate a more aggressive biological behavior and have a 
higher risk of local recurrence, nodal metastasis, and disease specifi c death accord-
ing to the studies in Table  2.1 . Multivariable analysis in these studies demonstrated 
that PNI was a signifi cant predictor for at least one outcome of interest in seven out 
of eight (88 %) studies [ 2 – 4 ,  6 ,  7 ,  9 ,  10 ]. Of note, in one study,  desmoplasia   was 
reported as a signifi cant predictor which was always associated with PNI [ 2 ]. 
Presence of PNI and the associated imprecision of histologic margins is one of the 
main reasons that clinicians recommend adjuvant radiotherapy or radiologic imag-
ing. However, various levels of PNI appear to have different prognostic implica-
tions. For example, clinical PNI (symptomatic PNI with features such as formication, 
dysesthesias, numbness, etc), PNI of named nerves, or extensive PNI of multiple 
smaller unnamed nerves has been associated with poor outcomes [ 18 ,  19 ]. 
More recently, nerve diameter has been identifi ed as a reliable prognostic indicator. 
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PNI of small caliber nerves (<0.1 mm diameter) have a very low rate of local 
recurrence, nodal metastasis, and disease specifi c death, particularly if no other high 
risk factors are present (moderate or poor differentiation, diameter ≥2 cm, or deep 
invasion beyond the subcutaneous fat). Conversely, if there is PNI of large caliber 
nerves ≥ 0.1 mm diameter, there is an elevated risk of poor outcomes and this risk 
increases further if other risk factors are present [ 20 ,  21 ].    

       Desmoplastic or  Sclerosing Growth Pattern   

  Desmoplasia      is defi ned as the induction of activated fi broblasts and subsequent pro-
duction of a densely collagenous stroma in the tissue surrounding the tumor. 
Typically, the periphery of desmoplastic SCC consists of fi ne branches of atypical 
tumor cells and a prominent trabecular/infi ltrative growth pattern. Unfortunately, 
the role of desmoplasia has not been well studied, as it is not reported routinely on 
pathology reports at many institutions. In a study of 44 CSCCs where at least 1/3 of 
the tumor mass met criteria for desmoplasia, the rate of local recurrence, nodal 
metastasis and both local recurrence and nodal metastasis was 27.3 % (n = 12), 22.7 
% (n = 10), and 15.9 % (n = 7) respectively. This was in stark contrast to rates of 
local recurrence and/or nodal metastasis in the comparison group with no evidence 
of desmoplasia (1.1–3.8 %). Only one study has evaluated the role of desmoplasia 
in tumor recurrence when adjusting for other known risk factors and found that 
tumors with desmoplasia were 16 times more likely to develop a local recurrence 
(95 % CI 6.6–39.5). In this study, desmoplastic growth was always associated with 
PNI, suggesting these two variables may be colinear making it diffi cult to know the 
contribution of each to poor outcomes [ 2 ]. In a similar study of 73 desmoplastic 
CSCCs, where at least 50 % of the tumor met criteria for desmoplasia, PNI was 
present in 53 (73 %) cases. During a median follow-up of 36 months, 100 % of 
tumors treated with cryotherapy or electrodessication and curettage (n = 7) locally 
recurred, 80 % of tumors treated with wide local excision (n = 15) locally recurred, 
and 9 % of tumors treated with Mohs micrographic surgery (n = 34) locally recurred. 
The rate of local recurrence after Mohs micrographic surgery dropped to 3 % when 
postoperative adjuvant radiotherapy was added after clear surgical margins were 
obtained. No patients developed regional nodal metastasis [ 22 ].     

     Tumor Diameter   

 Tumor clinical diameter most often is measured at the initial offi ce visit based on 
the pre-biopsy clinical examination. As a general rule, tumors with a larger diameter 
have a greater risk of recurrence. The relationship is likely linear and continuous. 
However, investigators have often used defi ned but somewhat artifi cial prognostic 
cut-points to facilitate care recommendations. Tumor diameter was a signifi cant 

A. Jambusaria-Pahlajani
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predictor of recurrence in seven out of eight studies in Table  2.1  [ 3 – 5 ,  7 – 10 ]. 
Five papers reported diameter dichotomously [ 2 – 4 ,  9 ,  10 ], while the remaining two 
studies examined tumor diameter as a continuous variable [ 7 ,  8 ]. When diameter 
was examined as a dichotomous variable, the majority of studies found an increase 
in rates of recurrence in tumors ≥ 2 cm [ 2 ,  3 ,  9 ,  10 ]. Therefore, clinical tumor diam-
eter ≥2 cm is the keystone risk factor in prior AJCC and UICC tumor staging sys-
tems. In  Clayman  , et al. a 4 cm diameter cutoff was signifi cant, with tumors ≥4 cm 
in diameter being 4.5 times more likely to recur than those <4 cm [ 4 ]. Jambusaria-
 Pahlajani   et al. found that when other size cutoffs were tested, 2 cm remained the 
optimal cut-point to differentiate low vs. high risk tumors.  Roozeboom   et al. and 
 Brougham   et al. evaluated tumor diameter as a continuous variable and found that 
there was a signifi cantly higher risk for recurrence and metastasis in larger tumors 
(Table  2.1 ) [ 7 ,  8 ].  

      Location   

 For over 30 years, the “mask areas” of the face, which include the periorbital area, 
nose, periauricular area, lateral face and temples have been considered high-risk 
locations [ 23 ]. More recent studies using multivariate modeling indicate location 
may have a lesser impact than previously thought [ 3 ,  6 – 8 ,  10 ]. Locations associated 
with worse outcomes include the ear [ 3 ,  7 ,  8 ], cheek [ 7 ], lip [ 7 ], and temple [ 3 ]. 
However, it is important to note that four of nine studies did not fi nd location to be 
an independent risk factor (Table  2.1 ). 

 Current prognostic stratifi cation systems include location on the lip or ear as a 
high-risk site (Table  2.2 ). The inclusion of the lip is a result of several reports dem-
onstrating an above-average risk of poor outcomes in this subgroup [ 24 – 27 ]. In the 
largest study of 1252 lip tumors, of which 96 % were squamous cell carcinomas, 
there were 118 (9.4 %) local recurrences, 95 (7.6 %) cervical metastasis, and 75 (7.2 
%) disease specifi c deaths [ 24 ]. However, this study may have had an over- 
representation of tumors with other risk factors which led to poor outcomes overall. 
For example, tumors that were >3 cm diameter, had nodal metastasis at the time of 
presentation, or were poorly/undifferentiated had lower survival rates. In a similar 
retrospective study of 38 lower lip SCCs without metastasis and 16 SCCs that 
metastasized to the lymph nodes, those that developed metastasis were more likely 
to be >2 cm diameter, poorly differentiated or undifferentiated, and >6 mm in thick-
ness. In fi ve studies from Table  2.1  that included lip as a potential predictive variable 
[ 2 ,  3 ,  7 ,  8 ,  10 ], only one found location on the lip as an independent risk factor (for 
recurrence free survival).

   The precise anatomic area(s) of the lip that portend a higher risk of recurrence 
warrants further discussion, as this has been an area of confusion in the literature 
and staging systems. The lip is divided into three distinct zones (Fig.  2.1 ). (1) The 
  mucosal lip    (also referred to as the wet lip) extends from the junction of the wet and 
dry mucosa of the lip posteriorly into the oral cavity. (2) The   vermilion lip    

2 Tumor Staging Systems and Prognostic Stratifi cation
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       Table 2.2    Defi nition of risk factors   

 AJCC 7th Edition  UICC 7th Edition  NCCN 2014 

 Diameter  >2 cm diameter  >2 cm diameter  ≥2 cm on the trunk and 
extremities (excluding the 
hands/feet/pretibia), ≥ 1 cm on 
the cheeks, forehead, scalp, 
neck and pretibia, or ≥0.6 cm 
on the mask areas of the face 
(central face, eyelids, 
eyebrows, periorbital, nose, 
lips (cutaneous and vermilion), 
chin, mandible, ears, temple, 
pre-auricular and postauricular 
skin/sulci), genitalia, hands 
and feet 

 Depth  >2 mm thickness  >4 mm thickness  ≥2 mm thickness 
 Clark Level ≥ IV  Clark Level ≥ IV  Clark level ≥ IV 

 Invasion of 
nerves/vessels 

 Perineural invasion  Perineural invasion  Perineural invasion 
 Lymphovascular 
invasion 

 Vascular invasion 

 Anatomic 
location 

 Ear  Ear  As above in NCCN size 
criteria 

 Cutaneous lip  Vermilion lip 
 Histology  Poorly 

differentiated 
 Poorly 
differentiated 

 Poorly differentiated 

 Undifferentiated  Undifferentiated  Adenoid (acantholytic), 
adenosquamous, or 
desmoplastic subtype 

 Historical/clinical 
factors 

 Not applicable a   Not applicable a   History of XRT 

 Development of tumor in 
chronic infl ammatory process 
 Patient immunosuppression 
 Recurrent tumors 
 Clinically ill-defi ned borders 
 Neurologic symptoms 

  Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. 
The original source for this material is the AJCC Cancer Staging Manual, Seventh Edition (2010) 
published by Springer Science and Business Media LLC,   www.springer.com    ; and permission from 
Sobin, LH, Gospodarowicz MK, Wittekind, C. TNM Classifi cation of Malignant Tumours, 7th ed. 
New York: Wiley; 2009; and with permission from the NCCN Clinical Practice Guidelines in 
Oncology (NCCN Guidelines ® ) for Basal Cell and Squamous Cell Skin Cancers V.2.2014. 
© National Comprehensive Cancer Network, Inc 2014. All rights reserved. Accessed [2/6/14]. 
To view the most recent and complete version of the guideline, go online to NCCN.org. NATIONAL 
COMPREHENSIVE CANCER NETWORK ® , NCCN ® , NCCN GUIDELINES ® , and all other 
NCCN Content are trademarks owned by the National Comprehensive Cancer Network, Inc. 
  a AJCC and UICC do not include clinical factors as risk factors (with the exception of clinical 
tumor diameter)  

A. Jambusaria-Pahlajani
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(also referred to as non-hair bearing lip) begins at the exterior edge of the intraoral 
labial mucosa and extends outwards, terminating at the extraoral labial-cutaneous 
junction (also known as the vermilion border). (3) The   cutaneous lip    (also referred 
to as hair bearing lip) begins at the vermillion border and extends outwards onto hair 
bearing skin and approximates the area of skin overlying the orbicularis oris muscle. 
The high-risk zones of the lip are not consistent between published studies. In the 
fi ve studies examining the role of lip location on CSCC outcomes, two defi ned it as 
tumor arising on the vermilion lip, whereas the remaining three did not specify the 
lip boundaries.

   In AJCC staging, different zones of the lip are staged using different staging sys-
tems. According to the AJCC, tumors arising on the mucosal lip should be staged 
using the Lip and Oral Cavity Staging System, rather than the CSCC staging system. 
However, the boundaries of the mucosal lip defi ned in the AJCC manual differ from 
the standard defi nition of mucosal lip stated above. In the 7th Edition AJCC Lip and 
Oral Cavity Staging Manual, the mucosal lip “begins at the junction of the vermilion 
border with the skin and includes only the vermilion surface or that portion of the lip 
that comes into contact with the opposing lip”. This defi nition is problematic since the 
vermillion lip does not come into contact with the opposing lip. The portion of the lip 
that comes into contact with the opposing lip describes the wet-dry line which is the 
junction between the vermillion and mucosal lip. Based on the biological behavior of 
SCC arising on different zones of the lip, it makes more sense to include SCC on the 
vermilion lip with the CSCC staging system as tumors arising on the vermilion lip are 
sun induced tumors, similar to SCC elsewhere on the skin. In contrast, SCC arising on 
the mucosal lip is a non-sun induced SCC that is often virally induced and therefore 
more akin to SCC arising elsewhere in the oral mucosa. 

 Tumors arising on the cutaneous lip are clearly staged using the SCC Staging 
System and this location is considered a high- risk feature for T staging. However, it 
is likely that most of the increased risk of poor outcomes associated with lip location 

Vermilion Border

Cutaneous
(Hair-bearing) Lip Mucosal Lip

Vermilion
(Non hair-bearing)

Lip

Wet Line

  Fig. 2.1    The lip is divided into three distinct zones: mucosal lip, vermilion lip, and cutaneous lip. 
The wet line divides the mucosal and vermilion lip while the vermilion border divides the vermilion 
lip and cutaneous lip       
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is due to vermillion lip involvement. There is no zone of adipose tissue between skin 
and muscle on the vermillion lip so tumors arising on the vermillion lip more 
quickly have access to the increased lymphovascular space of muscle and thus 
higher potential for metastasis. 

 The UICC defi nes location on the vermilion lip as a high-risk location [ 28 ] 
(Table  2.2 ), while the National Comprehensive Cancer Network ®  (NCCN ® ) includes 
both the vermilion and cutaneous lip as a high-risk location as long as the tumor is 
≥0.6 cm 1  (Table  2.2 ).   

      Thickness/Depth   

 The vertical growth of a tumor can be measured either by tissue level (Clark’s level) 
or millimeter depth (Breslow’s depth). When Breslow’s depth is used, the tumor 
should be measured from the stratum granulosum down to the deepest portion of the 
tumor. However, since the stratum granulosum is lost in SCC, it must be measured 
from the adjacent normal skin and this is not always provided on biopsy. It is impor-
tant that the exophytic component of the tumor not be included in the fi nal measure-
ment. Another diffi culty in using Breslow depth is that most CSCCs are diagnosed 
with a shave biopsy and therefore are often transected or only partially sampled. In 
these cases, millimeter depth is either not possible to assess or may be inaccurate. 
Millimeter depth is not routinely reported by most dermatopathologists [ 29 ] and 
may not be feasible in clinical practice given the high number of CSCC diagnoses 
rendered by pathologists. Tissue level depth is easier to evaluate and pathologists 
tend to report when tumors penetrate beyond the dermis. However, it is unknown 
whether tissue level (Clark’s level) or millimeter depth (Breslow’s depth) is of 
greater prognostic signifi cance. 

 In studies examining independent risk factors for poor outcomes (Table  2.1 ), 
tumor depth (either mm or tissue level) is an independent signifi cant predictor of 
any recurrence in six out of seven studies [ 2 ,  3 ,  6 ,  8 – 10 ]. Four studies measured 
depth by Clark’s level; three of these studies found invasion beyond the subcutane-
ous fat to be an important predictor of poor outcomes [ 3 ,  6 ,  10 ] whereas one study 
found invasion of the subcutaneous fat as well as deeper structures to be a prognos-
tic factor. Despite this evidence that invasion into the subcutaneous fat or deeper 
structures (Clark’s level V or greater) is a high-risk factor, the AJCC and UICC 
continue to identify more superfi cial invasion (Clark’s level IV/papillary dermis or 
greater) as a high-risk feature. 

1   Referenced with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN 
Guidelines ® ) for Basal Cell and Squamous Cell Skin Cancers V.2.2014. © National Comprehensive 
Cancer Network, Inc 2014. All rights reserved. Accessed [July 7, 2014]. To view the most recent 
and complete version of the guideline, go online to NCCN.org. NATIONAL COMPREHENSIVE 
CANCER NETWORK ® , NCCN ® , NCCN GUIDELINES ® , and all other NCCN Content are 
trademarks owned by the National Comprehensive Cancer Network, Inc. 
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 Two of six studies examined the prognostic signifi cance of millimeter depth. 
One study measured millimeter depth for each CSCC and found a 0 % risk of metas-
tasis in tumors <2 mm [ 2 ]. The metastatic risk increased with increasing depth from 
4.0 to 4.5 % for tumors between 2.1–6.0 mm, and 15–16 % for tumors ≥6.0 mm 
[ 2 ,  30 ]. On multivariable analysis, thickness ≥6 mm remained signifi cant with a HR 
of 5.98 (95 % CI 2.06–17.37) for local recurrence and 5.88 (95 % CI 2.36–14.69) for 
nodal metastasis.  Roozeboom   et al. found that increased millimeter depth carries a 
signifi cantly higher hazard of local recurrence and metastasis with a 30 % increased 
risk of local recurrence and 10 % increased risk of nodal metastasis for each 1 mm 
increase in tumor depth [ 8 ]. In an analysis of 81 patients with metastatic CSCC with 
a reported tumor millimeter depth, 65 % of these cases had a tumor depth >4 mm 
[ 31 ]. Therefore, the available data point towards a prognostic threshold somewhere 
between 2 and 6 mm. Additional prognostic studies of CSCC will help to clarify the 
prognostic contributions of tissue level vs. millimeter depth and establish the most 
useful prognostic cut-points. The methods for measuring millimeter depth have not 
been clearly reported in prior studies. A standardized methodology needs to be 
developed for SCC since the granular layer used in melanoma is often lost in SCC 
and large exophytic components such as those seen in keratoacanthoma may not 
have prognostic signifi cance and should likely be discounted. Measuring from the 
basal cell layer immediately adjacent to the tumor to the tumor base may be the most 
practical way of measuring millimeter depth in SCC.   

      Histologic Differentiation   

 SCC is categorized based on the degree of differentiation into well-differentiated, 
moderately differentiated, poorly differentiated/undifferentiated subtypes. 
Histopathologically, well-differentiated tumors have abundant squamous epithe-
lium demonstrating keratinization. Intercellular bridges between epithelial cells 
are readily apparent. Tumor cells are not pleomorphic and if mitotic fi gures are 
present, they are typically at the base of the tumor only. Moderately differentiated 
tumors possess greater structural disorganization when compared to well-differ-
entiated SCC. The squamous derivation of cells is less obvious with keratinization 
being limited to presence of keratin ‘pearls’, horn cysts, or scattered individually 
keratinized cells. At the cellular level, there is signifi cant cellular pleomorphism 
and atypical mitotic fi gures are common. Poorly differentiated or undifferentiated 
tumors are often diffi cult to characterize as being epithelial in origin and may thus 
require additional immunohistochemical stains to establish the diagnosis. 
Keratinization is not a prominent feature. Typically, signifi cant pleomorphism and 
numerous mitotic fi gures are present. Desmoplasia (a stroma with increased num-
bers of activated fi broblasts) is also often seen in association with poor differen-
tiation. If features of more than one category of differentiation are present within 
the tumor, tumors should be characterized based on the least differentiated area, 
even if it constitutes a minority of the tumor. Classification of the 
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differentiation of tumors may be somewhat subjective (e.g. number of mito-
ses upstages tumors from well to moderately differentiated and from moderately 
to poorly differentiated but standard mitotic count thresholds for upgrading do not 
exist). Therefore differentiation classifi cations can vary amongst pathologists 
[ 32 ]. 

 Several studies have identifi ed an increased risk of local recurrence, nodal metastasis, 
and disease specifi c death in tumors with poorly differentiated or undifferentiated 
histology (Table  2.1 ). Poorly differentiated histology was identifi ed as an indepen-
dent predictor of recurrence in six of eight studies [ 3 ,  6 – 10 ]. The largest of these 
studies found that patients with poorly differentiated tumors had a signifi cantly 
elevated risk of nodal metastasis (HR 4.3; 95 % CI 2.3–7.9) [ 7 ]. The impact of mod-
erately differentiated histology on prognosis has yet to be fully elucidated. In one 
study, moderately differentiated tumors had a lower survival than well differentiated 
tumors (HR 1.9; 95 % CI 1.2–3.4), but the risk was lower than for poorly differenti-
ated tumors [ 6 ].   

      Immunosuppression   

 This topic is covered more fully in Chap.   10    . 
 Patients with conditions that result in defective CD4 T cell immunity, such as 

that seen in solid organ transplantation, HIV, and chronic lymphocytic leukemia 
(CLL), have a higher morbidity and mortality from CSCC than nonimmunosup-
pressed patients. The majority of the data regarding the relationship of immunosup-
pression and CSCC development are in the solid organ transplant population. 
Transplant patients are at higher risk of developing aggressive cutaneous malignan-
cies (defi ned as tumors with extensive local infi ltration, regional metastasis at diag-
nosis, poor differentiation, and locoregional/systemic relapse following treatment). 
The risk of developing an aggressive cutaneous malignancy is approximately 4.4–
10 % during the post-transplant period [ 33 ,  34 ].  CLL   patients have an elevated risk 
of developing high-risk SCC’s as well. In a case control study of 28 CLL patients 
with SCC, the CLL group was more likely to develop metastasis or die from their 
SCC than the non-CLL group (11 % in the CLL group and 0 % in the control group) 
[ 35 ]. In fact, patients with advanced CLL (Rai stage III/IV) have as high a risk of 
dying from CSCC as they do from CLL (12 %), regardless of whether the CLL is 
in remission. Thus CSCC is a major cause of morbidity and mortality in CLL 
patients [ 36 ]. HIV patients also have defective T cell immunity and may therefore 
be at higher risk of recurrence from SCC. In a cohort study of 1202 patients, of 
which 34 were HIV positive, CSCC arising in the HIV positive patients were 9.6 
times more likely to recur (p < 0.01) than CSCC occurring in healthy patients over a 
5 year period [ 37 ]. 

 In the majority of studies examining overall prognostic factors for CSCC (Table 
 2.1 ), the number of tumors arising in immunosuppressed patients is low [ 2 ,  3 ,  10 ], 
which limits study of the relative contribution of immunosuppression towards risk 
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of poor outcomes compared to other well-known prognostic factors. Two cohort 
studies have identifi ed immunosuppression as an independent risk factor for recur-
rence. Jambusaria- Pahlajani   et al. found immunosuppression increased the risk of 
local recurrence (SHR 2.5; 95 % CI 1.2–10.7) [ 10 ] and  Brantsch   et al. found immu-
nosuppression was associated with a 4.3-fold higher risk of nodal metastasis 
(95 % CI 1.6–11.5) [ 2 ].    

    Published Consensus Statements on High-Risk Criteria 

 The  American Joint Committee on Cancer (AJCC)   [ 38 ],  Union for International 
Cancer Control (UICC)   [ 28 ], and NCCN ®  (see footenote 1) have all published con-
sensus statements on the criteria for high-risk CSCC. All three groups have devel-
oped these criteria based on consensus opinion and review of available data 
summarized above. While the  AJCC   and  UICC   have developed staging systems 
based on these high-risk criteria, the NCCN recommends differential treatment 
options for low-risk vs. high-risk tumors. The  defi nitions   of high-risk for each of the 
three groups are detailed in Table  2.2  and include tumor diameter, depth, invasion of 
nerves/vessels, tumor location, histopathologic differentiation and other historical 
or clinical factors. 

 Important discrepancies in the defi nition of high-risk between the groups are:

    1.    While the AJCC and NCCN have a diameter cutoff of 2 cm for high-risk regard-
less of location, the NCCN uses smaller diameter cutoffs for tumors on the head 
and neck, hands, feet, and genitalia. In the NCCN Clinical Practice Guidelines 
In Oncology (NCCN Guidelines ® ), tumors that are ≥0.6 cm on the “mask areas” 
of the face (central face, eyelids, eyebrows, periorbital area, nose, vermillion lip, 
cutaneous lip, chin, mandible, ear, pre-auricular and post-auricular skin), genita-
lia, hands, and feet are considered high-risk. Tumors on the cheeks, forehead, 
scalp, neck and pretibia that are ≥1 cm and tumors ≥2 cm elsewhere on the trunk 
and extremities are defi ned as high-risk.   

   2.    The AJCC and  NCCN   identify tumors >2 mm thick as high risk while the UICC 
categorizes tumors >4 mm thick as high risk.   

   3.    There is no mention of lymphovascular invasion as a high-risk feature in AJCC, 
but it is noted in UICC and NCCN.   

   4.     Location   on the vermilion lip is considered high-risk in AJCC and UICC, 
whereas NCCN defi nes location on either the cutaneous or vermillion lip as high 
risk (as long as the tumor is ≥0.6 cm).   

   5.    Certain histologic SCC subtypes (e.g. adenoid, adenosquamous, desmoplastic) 
are considered high-risk in  NCCN  , but not AJCC or UICC criteria.     

 Despite the discrepancies, these variables likely identify tumors with a high risk of 
poor outcomes. NCCN Guidelines ®  state that any SCC having one of its high-risk 
criteria can be excised with either  Mohs surgery   (or another form of complete circum-
ferential peripheral and deep margin assessment with frozen or permanent sections) 
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or wide local excision with a surgical margin greater than 6 mm and linear or delayed 
repair (no fl ap or graft closures until clear margins are histologically verifi ed). If margins 
are positive after wide local excision, Mohs surgery or resection with complete 
circumferential peripheral and deep margin assessment is recommended. As most 
high-risk CSCC occurs on the head and neck, there are relatively few high risk SCCs 
where excision can be done with wide margins and closed in a linear fashion; thus 
Mohs surgery or another form of complete circumferential peripheral and deep mar-
gin assessment is routinely employed. See Chap.   6     for a full discussion of the surgical 
management of high-risk SCC.  

     Tumor Staging Systems   

 Cancer staging is important for both patients and clinicians. Staging aids the clinician 
in the planning of cancer treatment and can help to standardize treatment across 
patients. For patients, it provides some indication of prognosis and for those diag-
nosed with early stage cancer, it provides them with the peace of mind that their 
cancer is unlikely to recur. Finally, unifi ed cancer staging allows for clear commu-
nication amongst health care providers and promotes advances in treatment of cancer 
by providing rationales for inclusion criteria in clinical trials and providing structure 
for treatment recommendations and evaluation of their impact. 

 A clinically  useful   staging system possesses several important qualities. First, it 
must be distinctive in that it groups tumor characteristics such that survival differs 
between tumor stages. Second, it must be monotonous in that survival decreases 
with increasing stage, ideally with equal differences in survival between consecu-
tive stages. Finally, it must be homogenous with similar survival rates within an 
individual stage [ 39 ]. From a practical standpoint, staging systems should be easy 
to interpret and incorporate into daily practice. In tumors where the risk of poor 
outcomes is low overall as with CSCC, staging systems should be able to concen-
trate those who are at highest risk of developing poor outcomes into the highest 
stage group [ 40 ].  

      History of   Cancer Staging Systems 

 The concept of developing unifi ed cancer staging began in the early 1930s, when 
cancer researchers recognized the need to standardize classifi cation of cancer in 
order to share knowledge and expertise globally. To achieve this, the International 
Union for Cancer Control (UICC)    was formed. In the 1940s that the  Tumor-Lymph 
Node-Distant Metastasis (TNM)   Classifi cation System which is still used today was 
developed by Pierre Denoix [ 41 ]. Dr. Denoix astutely observed that patients with 
localized cancer tended to have better outcomes than those with cancer that had 
already spread beyond the primary site. He developed a system that took into account 
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not only the extent of the tumor in the primary site (T Stage) but also extent of tumor 
in distant organs (regional lymph nodes and distant organs, N and M Stage, respec-
tively). This TNM classifi cation was adopted by the UICC in the 1950s and served 
as the basis for cancer staging across all body sites. In 1958, the Committee on 
Clinical Stage Classifi cation published the fi rst cancer staging book for breast and 
laryngeal cancer. One year later, the  American Joint Committee on Cancer (AJCC)   
was developed to complement the work of the UICC and published its own cancer 
staging manual. Since the 1980s, the AJCC and UICC have been coordinated and 
publish revisions of their cancer staging manuals simultaneously. Revisions of 
staging systems occur every 6–8 years, allowing ample time for advances in cancer 
care to be incorporated into the newer versions [ 28 ,  38 ]. 

 Refi nements to the  UICC   and  AJCC   staging systems are typically based on expert 
consensus evaluation of high-quality data from large population-based registries. 
For example, addition of mitotic rate to the melanoma staging system was due to 
analysis of the AJCC Melanoma Staging Database, which included outcome data 
for greater than 60,000 melanoma patients across the world. Unfortunately, there 
are no active population-based registries for CSCC, and therefore limited outcome 
data, which has hindered development of accurate prognostic stratifi cation systems 
for CSCC.   

      Rules of the TNM Classifi cation  System      and Staging 

 As the TNM classifi cation system is the foundation of any tumor staging system, 
the AJCC and UICC have provided clinicians with general guidelines on how to 
classify tumors:

    1.    Pathologic documentation of a malignancy must be confi rmed before TNM 
categories are assigned to an individual tumor.   

   2.    The TNM system is primarily a dual system where classifi cation is done based 
on clinical data and then once again when pathological data is obtained. In gen-
eral, clinical TNM helps to choose the appropriate treatment whereas pathologic 
TNM is important for prognosis and decision to perform adjuvant treatments. 
Clinical staging occurs prior to treatment of primary tumor or within 4 months 
of diagnosis (whichever is shorter), as long as the cancer has not clearly 
progressed. It may take into account factors acquired prior to treatment, such as 
physical examination, results of imaging studies, histopathologic fi ndings, and 
surgical exploratory procedures. A lowercase “c” prior to the T, N, and/or M 
designates a clinical stage. Pathologic staging occurs post-surgically or within 
4 months after the date of diagnosis (whichever is longer), as long as the cancer has 
not clearly progressed. It is based on the factors taken into clinical staging as well 
as evidence acquired during treatment of the primary tumor and subsequent histo-
pathologic review. A lowercase “p” prior to the T, N, and/or M identifi es a patho-
logic confi rmation was made. A designation of “X” after the T and/or N indicates 
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that the stage could not be adequately assessed. MX is not considered a valid 
category as if there is no evidence of metastasis, cM0 should be assigned.   

   3.    In cases where there is documented progression of cancer prior to the initiation 
of therapy or surgery, TNM classifi cation should be based on information 
obtained prior to disease progression.   

   4.    If there is doubt regarding the T, N, or M category to which a tumor should be 
assigned, the lower category should be chosen. For example, if a CT scan 
shows a small lymph node in the draining basin of a high-risk SCC that is not 
amenable to biopsy, the tumor should be staged as N0 despite the concern for 
metastatic disease.   

   5.    For patients that develop two or more synchronous primary tumors in a single 
organ (e.g. three synchronous CSCCs in a transplant recipient), the tumor with 
the highest T stage should be classifi ed and a designation of multiplicity (m) or 
number of multiple tumors should be reported in parentheses (e.g. T2(m) or 
T2(3)). If metachronous primary tumors occur in a single organ (patient devel-
ops two independent cancers at different time points), each tumor should be 
staged separately.   

   6.    If there is direct extension of the primary tumor into the lymph node, it is defi ned 
as a lymph node metastasis. Metastasis in a lymph node other than the draining 
nodal basin is considered a distant metastasis. Table  2.3  lists regional lymph 
node basins by primary tumor site. In cases where the N classifi cation is based 
on the size of metastasis, the critical discrimination points are based on the mea-
surements of the metastatic foci within lymph nodes, not measurements of the 
lymph nodes themselves (unless specifi ed otherwise in disease-specifi c rules).

    Table 2.3    Draining lymph node basin by primary tumor location [ 42 ]   

 Location  Draining nodal basin 

 Head, neck  Ipsilateral preauricular, submandibular, cervical, and 
supraclavicular lymph nodes 

 Thorax  Ipsilateral axillary lymph nodes 
 Upper limb  Ipsilateral epitrochlear and axillary lymph nodes 
 Abdomen, loins, buttocks  Ipsilateral inguinal lymph nodes 
 Lower limb  Ipsilateral popliteal and inguinal lymph nodes 
 Anal margin and perianal skin  Ipsilateral inguinal lymph nodes 
  Boundary zones  a  
 Right/left  Midline 
 Head,neck/thorax  Clavicular-acromion-upper shoulder blade edge 
 Thorax/upper limbs  Shoulder-axilla-shoulder 
 Thorax/abdomen,loins,buttocks  Front: middle abdomen between navel and costal arch 

 Back: lower border of thoracic vertebrae (mid-
transverse axis) 

 Abdomen,loins,buttock/lower limb  Groin-trochanter-gluteal sulcus 

   a 4 cm wide bands along these anatomic zones are considered boundary zones and may drain to 
either side lymph nodes 
 Reprinted with permission from Wittekind Ch, Compton CC, Brierley J, and Sobin LH.  TNM 
Supplement: A Commentary on Uniform Use . 4th Ed, Wiley-Blackwell 2012  
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       The fi nal cTNM classifi cation and tumor stage should be established just prior to 
initiating treatment or before making the decision to not treat. Once the fi nal pTNM 
and stage has been assigned, it must remain unchanged. Once cTNM or pTNM clas-
sifi cations have been made, they are grouped into stages (Stages 0–IV) based on 
permutations and combinations of T, N, and M categories that place patients in 
clearly defi ned risk groups. Traditionally, Stage 0 is reserved for non-invasive cancer 
and Stage IV is reserved for cancer that has spread to distant sites. Stages I, II, and 
III are intermediate categories, with increased tumor burden and decreased survival 
with increasing stage. 

 In addition to the clinical and pathologic TNM classifi cations, three additional 
sub-classifi cations may be described for each site:

    1.    ycTNM or ypTNM- Post-therapy classifi cation to assess extent of cancer after 
neoadjuvant or primary systemic and/or radiation therapy. These patients 
should also have a clinical TNM classifi cation documented prior to starting 
treatment.   

   2.    rTNM- Retreatment or recurrence classifi cation. This is utilized when the tumor 
has recurred after a disease free interval or progressed.   

   3.    aTNM- Autopsy classifi cation. This is typically done when the fi rst classifi cation 
is performed during autopsy.     

 There are optional patient and tumor parameters that may be documented in 
addition to the TNM classifi cation. Tumor histopathologic grade or presence of 
perineural/lymphovascular invasion are features that may be recorded. As the cur-
rent system tries to group tumors into prognostic categories independent of treat-
ment and it is well known that residual tumor after treatment often impacts further 
management and prognosis, the  Residual Classifi cation   can also be recorded to 
document the margin status after surgery. These classifi cation systems are described 
in Table  2.4 . Finally, a designation of “i” can be included after the TNM stage to 
designate the tumor arose in an immunosuppressed individual (e.g. T2N0M0i). 
Based on the 2010 AJCC recommendation, only centers that are studying CSCC are 
encouraged to document immunosuppression status. Currently, the TNM classifi ca-
tion system does not provide designations for other clinical risk factors, such as 
history of XRT or tumor formation in a chronic ulcer.  

       Current Staging Systems 

 The AJCC and UICC have both published staging systems for CSCC. Up until 
very recently, these two systems grouped cutaneous squamous cell carcinoma 
(CSCC) with other nonmelanoma skin cancers, including basal cell carcinoma 
(BCC). Due to the varied biological behavior between these tumors, the recent 7th 
edition of the AJCC created a staging system for CSCC separate from BCC [ 38 ]. 
The UICC staging system continues to group CSCC with BCC [ 28 ]. 
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    7th Edition AJCC Staging System 

 The development of a new CSCC staging system was part of a multidisciplinary 
effort which included dermatologists, otolaryngology head and neck surgeons 
(ENT surgeons), surgical oncologists, dermatopathologists, medical oncologists, 
plastic surgeons and oral and maxillofacial surgeons. This task force reviewed the 
available outcome data on CSCC. Given most studies analyzing early stage CSCC 
are retrospective in nature or do not conduct multivariable analysis, the Stage I and 
II revision was primarily based on consensus opinion of the AJCC task force. 
CSCC on any part of the body can be staged using this system, with the exception 
of eyelid SCC which is staged with the Carcinoma of the Eyelid staging system. 
Because the majority of CSCC tumors occur on the head and neck, the 7th edition 
AJCC staging system for SCC was developed to parallel the AJCC Head and Neck 
Cancer staging system. 

 For accurate staging, the AJCC recommends the following factors be collected 
on a routine basis: Tumor thickness (in mm), Clark’s level, presence vs. absence of 
perineural invasion, primary site location on the ear or cutaneous lip, histologic 
grade based on the recommended grading system, and size of largest lymph node 
metastasis. 

        T Classifi cation   

 The current Tumor (T) classifi cation  system      (Tables  2.5  and  2.6 ) incorporates sev-
eral clinical and pathologic risk factors including diameter >2 cm, >2 mm thickness, 
Clark level ≥IV (reticular dermis), perineural invasion, location on the ear or hair-
bearing lip, or poorly differentiated or undifferentiated histology.

    Clinical diameter size >2 cm was identifi ed as the sentinel high-risk feature to 
differentiate T1 vs. T2 tumors for two main reasons. First, it has been shown in mul-
tiple studies to be independently associated with tumor recurrence. Second, this 
breakpoint allowed for congruence between cutaneous and head and neck SCC stag-
ing systems. In the 6th edition AJCC staging, size ≥5 cm was a signifi cant break-
point. The task force argued that prognostically important cutoffs other than 2 cm 
were diffi cult to establish based on available data, and therefore the 5 cm threshold 
was removed. 

 Other risk factors of importance include depth (>2 mm or Clark level ≥ IV), 
location on the cutaneous lip or ear, poorly differentiated or undifferentiated his-
tology, and perineural invasion. As there is evidence that tumors ≤2 cm have the 
potential to metastasize, particularly when one or more of the other risk factors 
are present, those factors were incorporated into T classifi cation. The task force 
felt that there was insuffi cient evidence to accurately categorize each remaining 
factor into stage specifi c locations. Therefore, these risk factors were treated with 
equal weight and grouped as “high-risk” with presence of ≥2 features upstaging 
to T2 classifi cation.     
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     Table 2.5    AJCC 7th edition TNM staging system defi nitions   

 T classifi cation  N classifi cation  M classifi cation 

 Tx  Primary tumor cannot be 
assessed 

 Nx  Regional lymph nodes 
cannot be assessed 

 M0  No distant 
metastasis 

 T0  No evidence of primary 
tumor 

 N0  No regional lymph node 
metastasis 

 M1  Distant 
metastasis 

 Tis  Carcinoma in-situ  N1  Metastasis in a single 
ipsilateral lymph node, 
3 cm or less in greatest 
dimension 

 T1  Tumor 2 cm or less in 
greatest dimension with 
less than two high-risk 
features a  

 N2a  Metastasis in a single 
ipsilateral lymph node, 
more than 3 cm but not 
more than 6 cm in greatest 
dimension 

 T2  Tumor greater than 2 cm 
in greatest dimension or 
tumor of any size with to 
or more high-risk features a  

 N2b  Metastasis in multiple 
ipsilateral lymph nodes, 
none more than 6 cm in 
greatest dimension 

 T3  Tumor with invasion of 
maxilla, mandible, orbit, 
or temporal bone 

 N2c  Metastasis in bilateral or 
contralateral lymph nodes, 
none more than 6 cm in 
greatest dimension 

 T4  Tumor with invasion of 
skeleton (axial or 
appendicular) or perineural 
invasion of skull base 

 N3  Metastasis in a lymph 
node, more than 6 cm in 
greatest dimension 

   a High-risk features: depth >2 mm thickness, Clark level >=IV, perineural invasion, primary site ear, 
primary site cutaneous lip, poorly differentiated or undifferentiated histology  

     Table 2.6    AJCC 7th edition TNM staging   

  Stage    T    N    M  

 Stage 0  Tis  N0  M0 
 Stage I  T1  N0  M0 
 Stage II  T2  N0  M0 
 Stage III  T3  N0  M0 

 T1  N1  M0 
 T2  N1  M0 
 T3  N1  M0 

 Stage IV  T1  N2  M0 
 T2  N2  M0 
 T3  N2  M0 
 Any T  N3  M0 
 T4  Any N  M0 
 Any T  Any N  M1 

  Reprinted with permission from the American Joint Committee on Cancer (AJCC), Chicago, 
IL. The original source for this manual is the AJCC Cancer Staging Manual, Seventh Ed (2010), 
published by Springer Science and Business Medial, LLC,   www.springer.com      

A. Jambusaria-Pahlajani
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        N Classifi cation         

 The lymph node classifi cation system was adopted to mirror the staging system for 
head and neck mucosal SCC (e.g. larynx, oral cavity). While adopting an established 
staging system has advantages such as familiarity, it was not developed based on 
primary outcome data from CSCC. In this system, N0 indicates there is no evidence 
of regional metastatic disease. If regional lymph node disease is present, the N clas-
sifi cation divided into three main groups (N1, N2, and N3) based on the size of the 
metastatic focus and number of lymph nodes involved. N2 is further divided into 
three groups (N2a, N2b, and N2c) based on the laterality (ipsilateral vs. contralateral) 
of the lymph node and size of the metastatic focus (<3 cm, ≥3 cm but less than 6 cm, 
or ≥6 cm) (Tables  2.5  and  2.6 ). 

 Lymph node involvement in a non-regional draining basin is classifi ed as distant 
metastasis. Table  2.3  lists the regional lymph node basins based on anatomic site of 
primary tumor. Lymph node drainage from head and neck CSCC can be ambiguous 
due to disparate drainage between patients as well as potential for contralateral 
drainage if the tumor is near the midline. Therefore classifi cation of positive lymph 
node involvement as regional or metastatic can be subjective, particularly if the 
tumor is midline.     

     M Classifi cation      

 The current  Metastases (M) classifi cation   system is dichotomous, where M0 designates 
no metastatic disease and M1 designates presence of distant metastasis. A classifi -
cation of M0 is inferred unless M1 status is known.  

     Stratifi cation   of TNM Classifi cations into Stages 

 The Task Force then combined the various permutations of the TNM  classifi cation      into 
specifi c stages. (See Tables  2.5  and  2.6 ) In the 7th edition AJCC staging system, the 
task force did not discuss the rationale for these stage groupings. Stages 0–II are rela-
tively straightforward with Stage 0 reserved for intraepidermal squamous cell carci-
noma, Stage I indicative of a T1N0M0 tumor, and Stage II used for a T2N0M0 tumor. 
There are several TNM classifi cations that categorize Stage III or Stage IV tumors. 
Stage III tumors include T3 tumors with no evidence of nodal or distant metastasis or 
T1–T3 tumors with metastatic focus in a single ipsilateral lymph node <3 cm in diam-
eter. Stage IV tumors are for the remainder of the TNM classifi cations.   

    7th Edition UICC Staging System 

 The UICC organizes CSCC staging based on tumor diameter and depth of invasion. 
All nonmelanoma skin cancers other than Merkel cell carcinoma are staged by this 
system (Tables  2.7  and  2.8 ).
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    Table 2.8     UICC 7th edition TNM staging   

  Stage    T    N    M  

 Stage 0  Tis  N0  M0 
 Stage I  T1  N0  M0 
 Stage II  T2  N0  M0 
 Stage III  T3  N0  M0 

 T1  N1  M0 
 T2  N1  M0 
 T3  N1  M0 

 Stage IV  T1  N2 or N3  M0 
 T2  N2 or N3  M0 
 T3  N2 or N4  M0 
 T4  Any N  M0 
 Any T  Any N  M1 

  Reprinted from LH Sobin, MK Gospodarowicz, C Wittekind. Union for International Cancer 
Control: TNM Classifi cation of Malignant Tumors, 7th Ed (2009), with permission from Wiley- 
Blackwell  

    Table 2.7     UICC 7th edition TNM staging system defi nitions   

 T classifi cation  N classifi cation  M classifi cation 

 TX  Primary tumor cannot be 
assessed 

 NX  Regional lymph nodes 
cannot be assessed 

 M0  No distant 
metastasis 

 T0  No evidence of primary 
tumor 

 N0  No regional lymph node 
metastasis 

 M1  Distant 
Metastasis 

 Tis  Carcinoma in situ  N1  Metastasis in a single 
lymph node, 3 cm or less 
in greatest dimension 

 T1  Tumor 2 cm or less in 
greatest dimension 

 N2  Metastasis in a single 
lymph node, more than 
3 cm but not more than 
6 cm in greatest dimension, 
or in multiple lymph nodes, 
none more than 6 cm in 
greatest dimension 

 T2  Tumor more than 2 cm in 
greatest dimension 

 N3  Metastasis in a lymph 
node, more than 6 cm in 
greatest dimension 

 T3  Tumor with invasion of deep 
structures (e.g. cartilage, 
muscle, bone, jaws, and 
orbit) 

 T4  Tumor with direct or 
perineural invasion of skull 
base or axial skeleton 

A. Jambusaria-Pahlajani
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          T Classifi cation      

 The UICC  Tumor (T) classifi cation   is based primarily on the diameter of the 
primary tumor, tissue level depth of invasion, whether there is perineural invasion 
into the skull base or invasion of the skeleton. Other high-risk features defi ned by 
the UICC in Table  2.2  are not incorporated into current staging.    

    N Classifi cation 

 The UICC  Nodal (N) classifi cation         system is a 3 tiered system based on the number 
of lymph nodes involved (single vs. multiple) and size of the metastatic focus 
(<3 cm, ≥3 cm but less than 6 cm, or ≥6 cm). The laterality of lymph nodes is not 
taken into account in the UICC N classifi cation system.  

    M Classifi cation 

 The UICC Metastasis (M)  classifi cation         is the same as the AJCC where M0 indicates 
no evidence of metastatic disease and M1 is used when there is presence of meta-
static disease.  

     Stratifi cation   of TNM  Classifi cations      into Stages 

 Based on the above UICC TNM classifi cation criteria, tumors are assigned to a 
specifi c stage. Stage 0 is limited to SCC in situ. Stage I tumors are invasive CSCC 
that are ≤2 cm in diameter. Stage II is assigned to invasive tumors that are >2 cm in 
diameter. Stage III is reserved for T3N0M0 tumors (tumors that are infi ltrating into 
deeper structures such as the muscle, bone, cartilage, jaws, and orbit) or tumors of 
any T classifi cation with nodal metastasis to a single lymph node ≤ 3 cm in greatest 
dimension. Stage IV is assigned for tumors that have more advanced nodal disease 
or distant metastasis, regardless of T classifi cation.   

    Factors Excluded from Current AJCC and UICC Staging 
Systems 

 There are several factors that are currently not incorporated into current AJCC and/
or UICC staging, although there is evidence of the importance of these factors 
regarding prognosis. These factors include  recurrent tumors            and immunosuppressed 
 status            of the patient. In addition, there is evidence PNI of large caliber nerves is 
prognostically more signifi cant than PNI of small caliber nerves [ 20 ,  21 ]. 
 Histopathologic grading            is an area that has yet to be explored further. The metastatic 
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risk of moderately differentiated tumors is not well known, although there is some 
evidence demonstrating it may be prognostically signifi cant [ 6 ]. For poorly differ-
entiated tumors, it is likely that a tumor with a small focus of poor differentiation 
may behave more aggressively than a tumor that is completely poorly differentiated, 
but there is little evidence to support this hypothesis. Whether tissue level depth 
(Clark Level) or millimeter  depth            (Breslow’s depth) better predicts recurrence also 
has yet to be studied. Other than lip and ear, there are other high-risk locations, such 
as the temple or the scalp. These factors that are not currently incorporated into the 
staging systems may be important, but play a less signifi cant role towards risk of 
poor outcomes. Unfortunately, studies conducted thus far have been underpowered 
to detect these small differences and therefore these factors have been excluded 
from current staging.   

        Important Differences between 7th Edition  AJCC            and UICC 
Staging Systems 

 There are several important differences to note between the two current staging 
systems:

    1.    The AJCC staging system is applicable to only CSCC whereas the UICC staging 
system continues to group CSCC with other nonmelanoma skin cancers (exclud-
ing Merkel cell carcinoma).   

   2.    The AJCC staging system takes into account high risk factors other than diam-
eter and depth such as histopathologic grade, perineural and/or lymphovascular 
invasion, and location on the cutaneous lip or ear. UICC continues to stratify 
tumor classifi cation based on diameter and depth alone. Tumors that are <2 cm 
and do not invade deep structures but have two or more other high risk factors 
would be upstaged to T2 in AJCC but remain T1 in UICC (and therefore would 
be Stage 2 in the AJCC system but only Stage 1 in the UICC system).   

   3.    It is easier for a tumor to be upgraded to T3 in the UICC system as a tumor is 
UICC T3 if it invades muscle or cartilage whereas AJCC T3 requires invasion of 
bone.   

   4.    There is lack of congruence regarding tumor depth between the staging systems. 
The AJCC identifi es a high-risk tumor if it is >2 mm deep or Clark’s level IV or 
greater (reticular dermis or deeper structures). The UICC identifi es >4 mm depth 
as a high-risk feature, but this breakpoint is not incorporated into the system. 
Instead, the T system depth is broadly defi ned as tumor invasion into deeper 
structures, such as muscle, bone or fascia.   

   5.    The AJCC Nodal classifi cation is based on the number of involved lymph nodes, 
greatest dimension of a tumor focus within a node, and location of the involved 
nodes in relation to the primary tumor (ipsilateral or contralateral). While the 
diameter of the lymph node metastatic foci and number of lymph nodes with 
metastases are included in UICC, the lateralization of involved nodes is not 
incorporated in UICC N classifi cation.          
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    Validation of Current Staging Systems 

 Since the AJCC and UICC were developed largely on expert opinion of limited 
data, a few studies have attempted to validate these systems with cohort data. 
The majority of studies have been performed on the 7th Edition AJCC staging system, 
as this separated out CSCC from other NMSC’s. 

    Validation of Tumor Classifi cation 

    There are four published studies that have validated the AJCC tumor (T)  classifi cation         
system. One of these studies was limited to CSCC occurring in immunosuppressed 
individuals [ 43 ]. It included data on 41 organ transplant recipients who developed 
225 CSCCs during the study period. During followup, there were 19 local recurrences. 
The authors found that T2 tumors had nearly 10 times increased risk of local recurrence 
than T1 tumors (HR 9.9; 95 % CI 3.0–32.7) when they also adjusted for duration of 
immunosuppression, treatment modality, and patient gender. 

 The remaining three studies [ 10 ,  12 ,  44 ] were retrospective cohort studies of 
CSCC. In each of these studies, tumors were classifi ed according to the AJCC T 
classifi cation system. The risk of local recurrence, nodal metastasis, and disease 
specifi c death by T classifi cation is detailed in Table  2.9 . Two studies examined the 
risk of local recurrence by T classifi cation. Of the 2074 tumors amongst two studies, 
there were a total of 63 local recurrences. The rate of local recurrences for T1, T2, 
T3 and T4 tumors were 0.8 % (95 % CI 0.4–1.4 %), 8.4 % (95 % CI 6–11 %), 60 % 
(95 % CI 23–88 %), and 60 % (95 % CI 23–88 %) respectively. Three studies exam-
ined the risk of nodal metastasis by T classifi cation. These studies included 2689 
primary CSCC’s and there were a total of 83 nodal metastases. The rate of nodal 
metastasis for T1, T2, T3 and T4 tumors were 0.2 % (95 % CI 0.1–0.7 %), 6.9 % 
(95 % CI 5.5–8.6 %), 22 % (95 % CI 9–45 %), and 36.4 % (95 % CI 15–65 %) 
respectively. Two studies examined the risk of disease specifi c death by T classifi ca-
tion. Of the 2074 included tumors, there were 31 disease specifi c deaths. The rate of 
disease specifi c death for T1, T2, T3 and T4 tumors were 0 % (95 % CI 0–0.2 %), 
4.3 % (95 % CI 3–7 %), 60 % (95 % CI 23–88 %), and 80 % (95 % CI 38–96 %) 
respectively.

   Based on this data, the AJCC fulfi lled a basic requirement of distinctiveness, 
with rates of recurrence increase with increasing T stage. However, when looking at 
the data closely, it did not appear monotonous or homogenous. T3 and T4 tumors 
accounted for only a small minority of the cohort in the three datasets (29/2689 or 
approximately 1 % of the cohort). The majority of the local recurrences (45/63; 71 %), 
nodal metastases (71/83; 85.6 %), and disease specifi c deaths (23/31; 74.2 %) sub-
sequently occurred in T2 classifi cation. With relatively few tumors meeting T3/T4 
criteria as well as the vast majority of poor outcomes being clustered in AJCC T2, 
the authors of all three studies concluded that the current AJCC staging system 
offered little prognostic discrimination. 

2 Tumor Staging Systems and Prognostic Stratifi cation
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 The discriminative properties of the UICC 7th Edition CSCC staging system 
have been evaluated in only one study of 1818 CSCC tumors [ 12 ]. As with AJCC 
stage, the rates of LR, NM and DSD increased with increasing T classifi cation. 
However, the majority of poor outcomes occurred in early UICC T stages, with 80.1 
% LR, 66 % NM, and 44 % DSD occurring in UICC T1 and T2 tumors. Conversely, 
only 19 % LR, 33 % NM, and 56 % DSD occurred in UICC T3 and UICC T4 stages. 
In addition, when 10 year cumulative incidence rates for LR, NM, and DSD were 
tabulated for each UICC T stage, there was signifi cant overlap between the 95 % 
confi dence intervals, indicating each stage was not distinct from the next. Thus, the 
authors concluded the UICC system offered limited prognostic discrimination as 
well.     

       Validation of Nodal Classifi cation 

 Only one study has validated the AJCC nodal (N)  classifi cation         system based on 
603 patients with nodal metastasis from CSCC located on the head and neck [ 45 ]. 
In this dataset, <10 % of tumors fell in the N2 category with 12/603 (2 %) tumors 
classifi ed as N2c (requirement of contralateral lymph nodes involved). The Kaplan 
Meier curves demonstrated that several of the survival curves overlapped between 
two N categories. On multivariable analysis, the adjusted hazards ratios for recur-
rence for N2a, N2b, N2c, an N3 compared to N1 was 1.1, 1.5, 1.4, and 2.1, respec-
tively, and had widely overlapping confi dence intervals. These analyses indicate 
these categories were neither distinctive nor monotonous. The authors suggested the 
AJCC Nodal system was suboptimal and questioned the clinical utility of incorpo-
rating the laterality of lymph nodes (N2c category), given the paucity of tumors that 
fell into this category.      

    Alternative Staging Systems 

 As discussed earlier, the 7th Edition AJCC staging system for CSCC was devel-
oped to parallel the staging system for mucosal SCC from the head and neck. The 
major advantage of using an established system is its familiarity in clinical prac-
tice and relative ease of use. However, the clinical presentation and biological 
behavior of CSCC is not the same as mucosal SCC and therefore it may be fl awed 
to base a CSCC staging system on that of mucosal SCC. The above validation 
studies have demonstrated that this approach is suboptimal. Several groups have 
published reports that have proposed alternative stratifi cation systems that may 
offer improved prognostic discrimination over current AJCC and UICC T and N 
staging (Table  2.10 ).

2 Tumor Staging Systems and Prognostic Stratifi cation
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      Alternative Tumor (T)  Classifi cation                  Systems 

 In 2012, Peat et al. [ 9 ] performed a case control study of 92 metastatic and 78 non- 
metastatic head and neck CSCCs. Based on multivariable analysis, they categorized 
risk factors independently associated with metastasis into two groups based on the 
magnitude of their hazard ratios. Absolute risk factors had the greatest predictive 
value for metastasis, and included tumors with poorly differentiated histology and 
neural, lymphatic or vascular invasion. Relative risk factors had a lower predictive 
value for metastasis and included tumors with a diameter ≥2 cm, moderate differ-
entiation, and Clark’s level V (depth into subcutaneous fat). The authors recom-
mended a stratifi cation system based on the number of absolute and relative risk 
factors (Table  2.10 ) with three categories (low, intermediate, and high risk). In their 
dataset, 78 % of metastatic tumors were high risk, 18 % were intermediate risk, and 
4 % were low-risk. Conversely, 72 % of nonmetastatic tumors were low risk, 20 % 
were intermediate risk, and 8 % were high-risk. 

 Jambusaria- Pahlajani   et al. [ 10 ] performed a retrospective cohort study of 257 
CSCCs having at least one histologic or clinical risk factor. Based on multivariable 
analysis for LR, NM, and DSD, an alternative staging system was developed based 
on four risk factors of interest: PNI (regardless of the diameter of the nerve involved), 

      Table 2.10    Alternative staging systems   

  Tumor  
  BWH system, Jambusaria-Pahlajani et al. system   a   
 T1  0 High-risk factors 
 T2a  1 High-risk factor 
 T2b  2-3 High-risk factors 
 T3  All 4 high-risk factors or bone invasion 
  Peat, et al System  b  
 Low-Risk  1 Relative risk factor 
 Intermediate Risk  2 or 3 Relative risk factors 
 High-risk  At least 1 absolute risk factor or all 3 relative high risk factors 
  Nodal  
  N1S3 system  
 N1  Single lymph node metastasis <3 cm 
 N2  Multiple lymph node metastasis ≤3 cm or a single lymph node 

metastasis >3 cm 
 N3  Multiple lymph node metastasis with at least one metastatic focus being >3 cm 

   a HR factors include size >2 cm, depth beyond subcutaneous fat, poorly differentiated histology, 
and perineural invasion. PNI of any nerve diameter is a risk factor in Jambusaria-Pahlajani, 
Schmults et al. Only PNI of nerves ≥0.1 mm is a risk factor in the BWH System 
  b Relative risk factors include size >=2 cm, moderately differentiated histology, Clark’s Level V 
or greater. Absolute risk factors include poorly differentiated histology or PNI/Lymphovascular 
invasion 
 Reprinted with permission from references #: [ 9 ,  10 ,  12 ,  46 ]  
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poorly differentiated histology, size >2 cm, and depth beyond the subcutaneous fat. 
One point was given for the presence of each of these risk factors, and four tumor 
stage categories were developed based on statistical analysis. The fi nal tumor (T) 
staging system is outlined in Table  2.10 . Cumulative Incidence Function curves for 
LR, NM, and DSD demonstrated an interval increased incidence of LR, NM, and 
DSD with increased alternative T classifi cation, suggesting a Tumor classifi cation 
system which gives equal weight to risk factors including tumor diameter may be of 
greater utility. In addition, the clustering of poor outcomes previously seen in AJCC 
T2 was now largely shifted to a T2b category with T2a having a relatively low risk 
of poor outcomes. 

 A similar study was conducted at Brigham and Women’s Hospital in 1818 CSCC 
tumors histologically diagnosed over a 10-year period at a single institution [ 12 ]. 
The alternative T staging system above was validated with the modifi cation that PNI 
was only considered a risk factor if the diameter of the nerve involved was ≥ 0.1 mm. 
This system, termed the  Brigham and Women’s Hospital (BWH) tumor staging 
system   demonstrated greater homogeneity, monotonicity, and distinctiveness over 
the AJCC and UICC T classifi cations. The cumulative incidence function curves 
demonstrated an increased risk of LR, NM, and DSD with increasing BWH T stage. 
In addition, the 10-year cumulative incidence rates of LR, NM, and DSD increased 
with increasing BWH T stage, with minimal overlap in 95 % confi dence intervals, 
indicating that these were statistically different categories. 

 The incidence and 95 % confi dence intervals of LR, NM or DSD for T1 vs. T2a 
vs. T2b vs. T3 for both the Jambusaria-Pahlajani et al. and BWH systems is tabu-
lated in Table  2.11 . In the BWH system, there was a sequentially higher risk of 
 recurrence or death with each alternative T stage and very little overlap in the 95 % 
confi dence interval, suggesting these are indeed distinct categories.

    Table 2.11     10-Year cumulative incidence of outcomes by T stage in alternative T classifi cation 
systems   

 No. of 
tumors 

 Local recurrence  Nodal metastasis 
 Disease specifi c 
death  All cause death 

 10 year 
CIN (%) 

 95 % 
CI 

 10 year 
CIN (%) 

 95 % 
CI 

 10 year 
CIN (%) 

 95 % 
CI 

 10 year 
CIN (%) 

 95 % 
CI 

 Jambusaria-Pahlajani et al. [ 10 ] 
 T1  134  2  1–6  0.8  0.1–4  No events  27  20–35 
 T2a  67  9  4–18  4  2–12  No events  30  20–41 
 T2b  49  18  10–31  37  25–51  20   11–34  53  39–66 
 T3  6  50  19–81  50  19–81  33 %  10–70  50  19–81 
 BWH system [ 12 ] 
 T1  1393  0.6  0–1  0.1  0–0.4  No events  32  30–35 
 T2a  332  5  3–8  3  1–5  1  0–3  32  28–37 
 T2b  86  21  13–27  21  13–27  10  6–19  51  41–58 
 T3  6  67  30–90  67  30–90  1000  61–100  100  60–100 

   CIN  cumulative incidence,  CI  confi dence interval 
 Reprinted with permissions from: [ 10 ,  12 ]  
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   While the Peat system and the BWH system both appear to offer improved 
prognostic discrimination over current staging, the BWH system aligns well with 
the AJCC and UICC systems, which both use a 4-tiered T classifi cation system. 
More importantly, the BWH system was developed by analyzing risk factors for all 
endpoints of interest (LR, NM, and DSD) whereas the Peat system was developed 
based on risk factors for metastasis only. Thus, the BWH system may be more easily 
used to refi ne the current staging systems already in use.  

    Alternative Nodal (N)  Classifi cation         Systems 

 The discrepancy between mucosal head and neck SCC nodal staging and CSCC 
nodal staging has prompted several groups to develop alternative nodal classifi ca-
tion systems. Initially, the alternative systems were developed for cutaneous SSC 
arising on the head and neck and were based on separating regional parotid involve-
ment from cervical lymph node involvement, as separating parotid and cervical 
involvement was thought to improve prognostic discrimination [ 47 ]. However, this 
system did not perform well when validated in external datasets [ 48 ,  49 ]. When 
compared to prior staging systems, it was rather complex and diffi cult to incorpo-
rate into daily practice and therefore fell out of favor. 

 Recently, an alternative nodal system called the “N1S3” staging system [ 46 ] 
(Table  2.10 ) has been proposed. This system takes into account the number of 
lymph nodes involved (single vs. multiple) and the size of metastatic foci within the 
nodes (≤3 cm vs. >3 cm). In a validation study of 603 patients with nodal metasta-
sis, the Kaplan Meier curves using the N1S3 system had a statistically signifi cant 
difference in survivor functions between the groups with decreased survival with 
increasing N1S3 stage. On multivariable analysis, adjusted hazards ratios showed a 
HR of 1.4 (95 % CI 1.2–1.5) for N1S3 Stage II vs. N1S3 Stage I and HR of 2.6 (95 
% CI 2.06–2.18) for N1S3 Stage III vs. N1S3 Stage II [ 45 ]. Based on this analysis, 
the N1S3 Nodal Staging system for CSCC appears to offer improved prognostic 
discrimination over the AJCC Nodal Staging system. Another advantage of this 
3-tiered system is that it is much easier to incorporate into daily clinical practice 
than the current AJCC 5-tiered system.   

    Conclusion 

 While there are approximately 186,000–420,000 new cases of CSCC each year, a 
subset of tumors are considered high-risk based on certain histopathologic or clini-
cal characteristics. Generally accepted high-risk factors include tumor diame-
ter > 2 cm, deep tumors, poorly differentiated histology, perineural invasion, 
location on certain anatomic sites, and immunosuppression. The relative con-
tributions of each of these factors towards prognosis have only recently begun to 
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be quantifi ed. The AJCC and UICC staging systems for CSCC were developed 
based on consensus opinion and review of very limited available data. When recently 
validated using new datasets, the current systems offered limited prognostic utility. 
Alternative staging systems, which appear to offer improved prognostic discrimina-
tion, have been developed and validated and are currently undergoing further vali-
dation and refi nement. Improved staging in CSCC will aid clinicians and patients, 
offering accurate prognostic estimates which will promote further study to deter-
mine optimal treatment strategies.     
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    Chapter 3   
 Genomics of SCC: Tumor Formation, 
Progression, and Future Therapeutic 
Implications for High-Risk Cutaneous 
Squamous Cell Carcinoma                     

       Catherine     Anne     Harwood     ,     Charlotte     Mary     Proby    , and     Sarah     Tuttleton     Arron   

            Introduction 

 The progressive transformation of a normal keratinocyte into a pre-malignant 
 actinic keratosis (AK)  , carcinoma-in situ ( CIS  , Bowen’s disease), invasive cutane-
ous squamous cell carcinoma (CSCC) and fi nally into metastasis is regarded, as 
with other epithelial cancers, to be a multistep process refl ecting the accumulation 
of genetic and epigenetic alterations. However, there remain many fundamental 
uncertainties: the exact sequence of events in this apparent clinicopathological con-
tinuum is unclear; AK and CIS stages may not always be evident or necessary; the 
position of  keratoacanthoma (KA)   is uncertain; and the clinical and molecular fac-
tors which govern transition though each of these stages are poorly understood. 

  Ultraviolet radiation (UVR)   is the principle carcinogen responsible for cutane-
ous squamous carcinogenesis and causes DNA damage that leads to aberrations in 
oncogenes and tumor suppressor genes and induction of immunological tolerance. 
Other  risk factors   include immunosuppression (iatrogenic or innate), chronic 
infl ammation, ionizing radiation, drugs, viruses, genodermatoses (Table  3.1 ) and 
host-specifi c genetic polymorphisms in genes of pigmentation and DNA repair. 
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These risk factors may have oncogenic potential through direct or indirect genetic 
and epigenetic alterations in keratinocytes and/or the tumor microenvironment.

   Understanding of the molecular pathogenesis underpinning cutaneous squamous 
carcinogenesis is in its infancy compared with many less common malignancies. 
Although there has been signifi cant progress in recent years, much remains obscure. 
However, as has been demonstrated in tumors such as breast and colorectal cancer 
and, more recently, melanoma and basal cell carcinoma, characterization of the 
genes and pathways involved in CSCC has the potential  to   identify therapeutic tar-
gets, facilitate development of diagnostic and prognostic biomarkers, and, ulti-
mately, translate into more rational and effective management strategies. 

 In the fi rst section of this chapter we review the published literature on genetic 
and epigenetic changes in the tumor and tumor microenvironment in addition to 
known host-specifi c changes predisposing to CSCC. In the second section, we sum-
marize how this information is currently being exploited clinically and speculate on 
future therapeutic directions.  

    Section I: Tumor Formation and Progression 

    Genetic Changes in Cutaneous Squamous Carcinogenesis 

    Dissecting Relevant Genetic Changes in Tumor and Tumor 
Microenvironment 

 In recent years whole genome and  exome   sequencing has provided extensive infor-
mation about the tumor-specifi c genetic changes in many common human cancers: 
on average, a cancer is estimated to contain 2–8 ‘driver’ gene mutations that confer 
a selective growth advantage, with the great majority of other mutations being ‘pas-
sengers’ that confer no growth advantage [ 181 ]. It is proposed that the majority of 
driver genes—around 140—have already been identifi ed and that these can be clas-
sifi ed into 12 signaling pathways regulating cell fate, cell survival and genome 
maintenance [ 181 ]. As described below, the extensive genomic aberrations and vast 
number of mutations found in CSCC have hampered identifi cation of critical drivers 
and it is becoming increasingly apparent that multiple genes and pathways are likely 
to be involved (Figs.  3.1  and  3.2 ). In addition, a crucial determinant of tumor behav-
ior is the tumor microenvironment [ 8 ] and there is increasing evidence for signifi -
cant ‘cross-talk’ between stroma and tumor [ 113 ].

          Cell of Origin of CSCC; Do Tumor Initiating Cells (TICs) Exist? 

 The cell of origin of human CSCC is not known. The existence of cancer stem cells 
or tumor initiating cells ( TICs     ) is controversial, yet full understanding of the cellular 
and molecular basis of squamous carcinogenesis and its successful treatment is likely 
to require identifi cation and therapeutic targeting of TICs if they do indeed exist [ 36 ]. 
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CSCCs show impaired differentiation, but possess both proliferating and differenti-
ated keratinocytes, recapitulating the organizational hierarchy of normal epidermis. 
This cellular hierarchy derives from keratinocyte stem cells so it has been proposed 
that CSCC arises from TICs with long-term proliferative and self-renewal capacity 
[ 36 ]. Epidermal stem cells in the basal layer of the interfollicular epidermis and hair 
follicle bulge have been proposed as putative TICs based upon experimental data in 
mice [ 7 ,  23 ,  26 ,  101 ,  121 ], but mice do not necessarily refl ect the situation in humans 
[ 36 ]. In  xenograft assays  , a subset of human CSCC cells expressing CD133 recapitu-
late the original CSCC histology and are capable of self-renewal in serial transplanta-
tion studies [ 134 ]. However, it is possible that these cell surface markers are an 
epiphenomenon and that cancer sub-populations selected with putative stem cell 
markers do not show differences in transplantation models. Furthermore, putative 
TICs may not always arise in epidermis: in separate experiments, it is evident that 
bone marrow derived cells may migrate to the bulge region, differentiate into kerati-
nocyte stem cells [ 23 ] and undergo malignant transformation [ 85 ] and that donor-
derived cells from grafted kidneys are present in CSCC from organ transplant 
recipients and may contribute to skin carcinogenesis [ 3 ,  180 ].     

Selective 
growth 

advantage 

CSCC

DNA damage repair/Genome maintenance:
• TP53 mutations in 50-90% SCC; 40-60% pre-

malignancy; clonal patches in normal (sun-exposed) 
skin. 

• KNSTRN mutations in 19% CSCCand 13% AK
• Abnormal NER in XP & other family cancer syndromes

Genome 
INTEGRITY

Increased 
cell 

survival

Cell cycle/apoptosis: CDKN2A/P16 tumor suppressor 
mutations and/or methylation in >40% of SCC

RAS: RAS mutations in 3-30% sporadic SCC and 50-60% 
BRAF inhibitor-associated CSCC 

PI3K   PI3K/mTOR and STAT signalling increased by 
STAT  EGFR and Src kinase aberrations

MAPK: MAPKinase signalling dysregulated in sporadic 
SCC and in BRAF-inhibitor associated SCC

TGF-ß: TGFß-1R mutated in MSSE; tumor suppressor in 
most sporadic SCC, but tumor promoter in advanced SCC 

Cell fate
NOTCH: Mutations in NOTCH1 and 2 tumor suppressor 
genes (epidermis and dermal fibroblasts) in >75% of SCC 

Transcriptional Regulation: TP53 and NFkB aberrations

  Fig. 3.1    Schematic of cancer cell signaling pathways relevant to CSCC. Cancer ‘driver’ genes can 
be classifi ed into a number of key pathways ( Bold typeface ) that confer a selective growth advan-
tage [ 181 ]. These signaling pathways may be further organized into three core cellular processes 
governing cell fate, cell survival and genome integrity. Those pathways known to be dysregulated 
in CSCC are illustrated in this schematic.  CSCC  cutaneous squamous cell carcinoma,  AK  actinic 
keratosis,  MSSE  multiple self-healing squamous epithelioma,  NER  nucleotide excision repair,  XP  
xeroderma pigmentosum       
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    Chromosomal Changes in CSCC 

 Many studies have shown that CSCC display complex karyotypes with large num-
bers of allelic imbalances ([ 4 ,  145 ,  146 ]; Fig. 2). Chromosomal changes are well 
recognized in cancer and many solid tumors display widespread changes in chromo-
some number, as well as deletions, inversions and translocations [ 136 ]. Karyotyping, 
comparative genomic hybridization (CGH), multiplex fl uorescence in situ hybridiza-
tion (M-FISH), microsatellite PCR and, more recently, single nucleotide polymor-
phism (SNP) arrays allow genome-wide profi ling of gains and losses in genetic 
material. These studies confi rm considerable  karyotypic complexity   and  cytogenetic 
heterogeneity   in CSCC. Many recurrent changes have been documented, but the 

Genomic changes LOH:  NOTCH1  LOH: genetic aberrations 3p, 9p, 
13q, 17p and 17q  
 
SNP: no differences between 
immunosuppressed and 
immunocompetent 

LOH: more extensive than AK (9p loss 
75% and 3p loss 65%; recurrent losses 
2q, 8p, 13; allelic gain on 3q, 8q and 11q)  
CGH: loss of 3p, 9;  gain of 11q; 
isochromosomes 3q, 8q and 9q  
M-FISH: loss of 3p, 5q, 8p and 17p with 
gain of 3q, 5p 7p, 8q and 11q. 
SNP: fewer changes in WD compared 
with MD and PD 

Deletion at 9p23  

Ac�va�ng muta�on 
Increased gene 
expression / signaling 

RAS 
FGFR3 
 

RAS-  mostly mutations in HRAS 
 
 
EGFR 
 
 
SFKs including Src, Fyn, FAK 
NFkB 
 

RAS- activating mutation 20% sporadic 
SCC; 60% BRAF inhibitor SCC; epigenetic 
C-MYC amplifications 
MAPK-PI3K-AKT-mTOR 
EGFR overexpression (but amplifications 
and mutations rare) 
SFKs including Src, Fyn, FAK 
NFkB 
TNF 
Mir21, 365  
MMPs 

EGFR 
MiRNA9 
RAS-RAF-MEK-ERK 
PI3K-AKT 
HRAS 
AJUBA 
CASP8 
FAT1 
KMT2C (MLL3) 
PARD3 
RASA1 
 

Loss of func�on 
muta�on Decreased 
gene expression / 
signaling 

TP53  
NOTCH1-3 
FAT1 
RBM10 
 
 

TP53 
NOTCH1&2 mutations 
NOTCH methylation in dermal 
fibroblasts 
KNSTRN mutation 
CDKN2A p16/p14ARF 
Srcasm 

TP53 (mutation 40-90%) 
NOTCH mutations in  75% (1 or 2>3 or 4) 
CDKN2A p16INK4a/p14ARF mutation 
and methylation 
Srcasm 
TGFbeta: TS early stages then pro-
proliferative later stages 
KNSTRN mutation 
Mir203, 214, 124, 125b, 361-5-b 
TINCR 
E-cadherin 
 
 

PTPRD 
FRZB methyla�on 
E-cadherin     

Normal sun exposed 
skin 

Actinic keratosis/ 
Field cancerization 

CSCC Metastasis 

  Fig. 3.2     A comparison of reported molecular features of sun-exposed skin, AKs, invasive CSCC 
and metastatic SCC. The ‘Holy Grail’ in cancer genetics is to identify critical molecular signatures 
associated with each stage of the tumorigenic progression from non-malignant to premalignancy, 
primary invasive malignancy and ultimately metastasis. The reported molecular features of these 
stages of human squamous carcinogenesis discussed in the text are summarized here. Those 
changes primarily associated with the tumor microenvironment are discussed in Chap.   4    .  LOH  loss 
of heterozygosity,  SNP  single nucleotide polymorphism,  CGH  comparative genomic hybridiza-
tion,  M-FISH  multiplex fl uorescence in situ hybridization,  WD  well differentiated,  MD  moderately 
differentiated,  PD  poorly differentiated       
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functional consequences of most are unknown: even when the loss or duplication of 
a large part of a chromosome confers a clear growth advantage, it is often diffi cult to 
identify the target gene, although this may be easier with homozygous deletions 
which often involve a smaller number of potential target genes. 

     CGH and M-FISH Studies   Show Differences Between KA and CSCC 

 CGH studies report loss of 3p, 9p and gain of 11q in CSCC and, although these 
changes are also present in KA, the latter are karyotypically simpler, consistent with 
KA being a modifi ed form of CSCC [ 19 ].  Clausen   and colleagues similarly found 
signifi cantly less chromosomal instability in KA versus CSCC but reported differ-
ences in recurrent aberrations between the two tumor types, which may point to dif-
ferent genetic mechanisms [ 35 ,  112 ].  Jin   and colleagues also found fewer 
chromosomal alterations in AK and KA compared to CSCC, with structural aberra-
tions affecting centromeric regions in CSCC, but not AK, leading to whole-arm 
translocations and duplication of chromosome arms causing formation of isochro-
mosomes or copy number-neutral LOH [ 84 ].  Isochromosome formation   is tissue-
specifi c and in CSCC most commonly involves chromosomes 3q, 8q and 9q [ 19 ,  84 ], 
[ 19 ]. Additionally, genetically unrelated clones occurring within the same tumor 
suggest that tumor heterogeneity is frequent in CSCC [ 84 ]. In a progression model 
of primary, recurrent and metastatic CSCC-derived cell lines, most gains and losses 
identifi ed by CGH were common to both tumors and derived cell lines and included 
loss of 3p, 5q, 8p and 17p with gain of 3q, 5p 7p, 8q and 11q; M-FISH identifi ed 
complex translocations and confi rmed their common origin [ 141 ].  

      Loss-of-Heterozygosity (LOH) Studies Confi rm Recurrent Regions of Loss 
and Gain, Which Correlate with Differentiation Status and Identify 
a Common Microdeletion in PTPRD 

  LOH      is an established mechanism of tumor suppressor gene inactivation in 
which loss of a normal allele at a specifi c locus occurs within a genome already 
harbouring a deleterious mutation on the corresponding allele. LOH arises 
through deletion, gene conversion, mitotic recombination and chromosome loss 
(which may be followed by duplication of the remaining chromosome) and 
leaves a cell either hemizygous (one deleterious allele and one deleted allele) or 
homozygous for the deleterious allele. In the earliest studies, LOH was assessed 
by microsatellite PCR techniques [ 149 – 151 ]. More recently,  single nucleotide 
polymorphism (SNP)   arrays have been employed [ 19 ,  145 ,  146 ]. These LOH 
approaches to examining chromosomal change have indicated that substantial 
genomic instability is already present at the pre-malignant AK stage, with 
genetic aberrations identifi ed at 3p, 9p, 13q, 17p and 17q [ 149 ,  151 ]. More 
extensive LOH is observed in CSCC, with frequent 9p loss (75 %) and 3p loss 
(65 %) [ 19 ,  145 ,  146 ]. Recurrent losses at 2q, 8p, chromosome 13 and allelic 
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gain on 3q, 8q and 11q are also consistently recognized [ 19 ,  145 ,  146 ]. SNP 
array analysis in a series of 60 CSCC found signifi cantly fewer aberrations in 
well-differentiated (WD) versus moderately- (MD) or poorly-differentiated 
(PD) SCC (p < 0.001; [ 145 ]) and this has now been confi rmed by another group 
[ 68 ]. Although specifi c aberrations,—notably 3p loss, 3q gain and 9q gain—
were equally frequent in all groups, WD-SCC clustered separately suggesting a 
characteristic genotype that is different from MD/PD tumors [ 145 ]. This study 
did not confi rm an earlier report that the rate of LOH in CSCC from immuno-
suppressed  organ transplant recipients (OTR)   was less than half that observed in 
CSCC from immunocompetent (IC) patients as assessed by microsatellite anal-
ysis [ 150 ], although this may be at least partly explained by the higher propor-
tion of WD-CSCC in the OTR group (60 vs 35 %). 

  Purdie   and colleagues [ 145 ] also reported a deletion at 9p23 present in 15 % of 
all tumors overall and 40 % of PD-SCC compared with 7 % of WD-SCC (p = 0.01). 
This microdeletion is within the locus of the  protein tyrosine phosphatase receptor 
delta (PTPRD)   gene and deletion or LOH at the PTPRD locus was signifi cantly 
associated with metastatic potential in a further series of 74 CSCC (p = 0.007) and 
missense mutations were present in 37 % of tumors without homozygous PTPRD 
deletion [ 99 ]. Although these data suggest a possible tumor suppressor role, it is 
noteworthy that PTPRD partially overlaps a chromosomal location identifi ed as a 
fragile site [ 15 ] and a ‘driver’ role for PTPRD in CSCC is currently unproven.    

      Telomere Dysfunction   Is Associated with Chromosomal Instability in CSCC 

 Telomeres are hexanucleotide TTAGGG repeats at chromosome ends and are essen-
tial in preserving chromosome integrity; telomere loss and aberrant spatial telomere 
distribution may be an early event in CSCC formation [ 19 ,  108 ]. Telomere length 
analysis in AK and CSCC has revealed two distinct CSCC subtypes—short/inter-
mediate homogenous and long/heterogeneous telomere phenotypes [ 108 ]. The 
authors propose that aberrant telomere loss is an early event in a subgroup of AK/
CSCC originating in epidermal stem cells which also display the short telomere 
phenotype and that these subgroups correlate with p53 expression and karyotypic 
complexity but not telomerase levels [ 108 ]. A similar dichotomy was evident in 
both immunosuppressed and immunocompetent individuals, in contrast to previous 
data suggesting that telomeres were signifi cantly longer and telomerase levels 
increased in CSCC from OTRs [ 137 ]. Aberrant telomere distribution is also associ-
ated with genomic instability: transient clustering of telomeres as  telomere aggre-
gates (TAs)   contributes to exchange of chromosomal material and the 
multi-chromosomal translocations seen in CSCC [ 19 ]. It may be induced by c-MYC 
overexpression, which is common in CSCC as a result of 8q isochromosome forma-
tion amplifying the  cMYC  oncogene on 8q24 [ 135 ,  174 ]. UV also induces TA for-
mation though reactive oxygen species generation [ 108 ].    
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    Gene-Specifi c Mutations in CSCC 

    CSCC Harbor Signifi cantly More Mutations than All Other Tumors 
with the Exception of BCC 

  UVR      is a complete carcinogen suffi cient to initiate, promote and progress all stages 
of squamous carcinogenesis [ 21 ]. High rates of C > T transitions and CC to TT 
double base changes confi rm UV-exposure as the primary cause of most mutations 
in CSCC [ 21 ] and the prevalence of these mutations demonstrates both the effi -
ciency of UVR as a mutagen and the remarkable tolerance of human keratinocytes 
to mutations traditionally regarded as hazardous [ 166 ]. Many specifi c genetic 
abnormalities have been described in CSCC but, for most, the evidence that they are 
drivers of CSCC tumorigenesis is lacking. Recent whole  exome sequencing   studies 
in CSCC [ 48 ,  165 ] report a burden of approximately 1300 mutations per tumor 
(equivalent to 1 mutation per 30,000 base pairs of coding sequence). With the 
exception of  BCC   [ 83 ], this is a signifi cantly greater level of mutation than in any 
other common human cancer (e.g. fi vefold greater than lung cancer) and higher 
even than tumors with microsatellite instability, which are specifi cally characterized 
by hypermutation [ 181 ]. This vast mutational burden, together with the karyotypic 
complexity described above, questions the integrity of DNA repair in contributing 
to CSCC. However, whole exome sequencing has not found evidence for mutations 
in DNA excision repair pathway genes or in the DNA polymerase subunit, POLE 
[ 165 ], both of which are prevalent in highly mutated colorectal and endometrial 
carcinomas [ 30 ,  87 ]. The extensive genomic aberrations and vast number of muta-
tions found in CSCC and, most recently, even in normal sun- exposed skin, have 
hampered identifi cation of critical drivers and multiple genes and pathways are 
likely to be involved [ 116 ,  165 ]. Published research has particularly focused on 
 TP53, NOTCH ,  RAS ,  CDKN2A ,  EGFR ,  TGFß ,  NF - κB ,  src  family kinases and 
 KNSTRN . Mitochondrial DNA  mutations   have also been described and genetic 
changes relevant to the tumor microenvironment will be discussed briefl y.  

    Sun-Exposed Normal Skin Is a ‘Polyclonal Quilt’ of Genetic Mutations 

 Whole exome studies have pointed to a high level of mutations in clinically normal 
skin [ 165 ]. Recent ultra-deep genome sequencing of normal, sun-exposed eyelid 
skin has confi rmed a remarkably high level of somatic mutations, with an average 
of 2–6 mutations per megabase per cell, a rate similar to that seen in many cancers, 
with most exhibiting characteristic UV signatures. Many of the key drivers of CSCC 
have been identifi ed at a density of ~140 driver mutations per square centimeter and 
include  TP53 ,  NOTCH 1–3,  FGFR3 ,  FAT1  and  RBM10 , demonstrating tolerance of 
cancer-causing mutations (most frequently biallelic loss of  NOTCH1 ) in more than 
a quarter of all keratinocytes in  sun-exposed skin   [ 116 ]. This ‘ polyclonal quilt’   of 
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driver mutations subject to positive selection renders sun-exposed skin a potential 
fi eld of ‘preprocancers’ and has important implications for understanding of squa-
mous carcinogenesis and targeted therapy [ 20 ].  

    TP53 Tumor Suppressor Is Mutated Early in Cutaneous Squamous 
Carcinogenesis 

 An early and central role in CSCC for the tumor suppressor p53 has been long 
established, with  TP53  mutations present in 50–90 % [ 60 ]. p53 exerts its tumor 
suppressive functions through induction of apoptosis, cell cycle arrest or senes-
cence. UV-specifi c mutations in   TP53    are found in normal sun-damaged skin; 
the size and frequency of such clonal ‘patches’ of keratinocytes carrying mutant 
or aberrant p53 protein are related to age and lifetime cumulative UV-exposure 
[ 103 ] and 70 % of p53 patches identifi ed by immunohistochemistry have an 
underlying  TP53  mutation [ 86 ]. Deep sequencing of small epidermal units in 
sun-exposed normal skin each fi nds p53 mutations in 14 % of all epidermal 
cells, with an estimated annual accrual of 35,000 new protein-altering, persis-
tent p53 mutations, suggesting extensive tolerance of keratinocytes to 
UV-induced genetic damage [ 166 ]. Clonal expansion of  TP53  mutant patches in 
otherwise normal skin appears to be driven by chronic UVB exposure, with 
preferential sparing of apoptosis-resistant  TP53  mutant cells [ 22 ,  192 ].  TP53  
mutation is also highly prevalent in AK and this is likely to allow accumulation 
of further genetic damage that would otherwise trigger cell cycle arrest leading 
to DNA repair or apoptosis. Loss of the second  TP53  allele is a critical event in 
progression to CSCC [ 48 ].  Exome sequencing   of 8 primary CSCC found  TP53  
mutations in 7 of 8 CSCC and, based on the assumption that the ratio of hetero-
zygous to homozygous mutations in a region of copy neutral LOH directly mea-
sures the age of the duplication in evolutionary time, these authors argue that 
 TP53  mutations occurred and were duplicated before most other mutations 
arose. They argue that both the expanded mutagenesis and the majority of chro-
mosomal aberrations follow loss of the second TP53 allele because complete 
loss of p53 function prevents apoptosis allowing the mutagenic insults of ongo-
ing DNA damage to rapidly accumulate [ 48 ]. In summary,  TP53  mutations 
occur in normal sun- exposed skin and are frequent in the earliest stages of 
UV-squamous carcinogenesis, with biallelic loss or inactivation of  TP53  pre-
ceding additional acquisition of mutations and chromosomal aberrations.  

    NOTCH Genes Are Critical Tumor Suppressors in CSCC 

 Among its many targets in keratinocytes, p53 induces expression of   NOTCH  genes   
[ 107 ], which increasingly appear to be important tumor suppressors in CSCC 
[ 37 ,  165 ,  183 ]. Notch signaling is a highly conserved pathway and regulates many 
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important cellular processes, including stem cell maintenance, cell fate decisions, 
growth and survival in a context-dependent manner. In many tissue lineages, Notch 
signaling enhances stem cell potential and suppresses differentiation, whilst in kera-
tinocytes it exerts an opposite effect and induces keratinocyte differentiation [ 46 ]. 
The mammalian  NOTCH  gene family encodes four transmembrane receptors that 
are activated by ligand binding and proteolytic cleavage, with release and transloca-
tion of the  intracellular domain of NOTCH (ICN)   to the nucleus where it forms a 
short- lived transcription activation complex with the DNA-binding factor RBPJ and 
co- activators of the MAML family [ 94 ]. Most Notch signaling is via this canonical 
pathway but is signifi cantly infl uenced by gene dose and cellular context [ 46 ,  164 ]. 
NOTCH1 is expressed in all layers of the epidermis and is a direct transcriptional 
target of p53 [ 107 ]. NOTCH2 is expressed in the basal layer and its contribution to 
tumor suppression is less clear [ 46 ]. 

 It is well established that in T- and B-cell hematological malignancies, includ-
ing acute T-cell lymphoblastic leukemia/lymphoma, chronic lymphocytic leuke-
mia and mantle cell lymphoma, Notch1 functions as an oncoprotein [ 54 ] and 
oncogenic NOTCH1 signaling targets  MYC  and the PI3K- AKT pathway [ 96 ]. In 
skin, however, Notch acts as a tumor suppressor [ 42 ,  107 ] and multiple mecha-
nisms underlie this function [ 46 ,  164 ]. For example, p21 is an important media-
tor of NOTCH1-induced cell cycle withdrawal and interferon regulatory factor 6 
[ 153 ] and p63 [ 128 ] modulate Notch pro-differentiation function in keratino-
cytes.  Exome sequencing   has identifi ed a high prevalence of biallelic inactivation 
in  NOTCH1  and  2  genes (and, less frequently 3 and 4), with 75–80 % of CSCC 
harboring loss-of- function mutations [ 48 ,  165 ,  183 ]. These studies found inacti-
vation of multiple Notch receptors within the same tumor and this was more 
frequent in PD- versus WD-SCC suggesting a possible dose effect [ 165 ]. This 
fi ts with studies in transgenic mice in which conditional deletion of multiple 
Notch genes yields more profound differentiation and barrier function defects 
than deletion of any single gene [ 42 ] and suggests that multiple mutations may 
act in concert to progressively disable downstream signaling targets. The timing 
of these Notch gene mutations is not known, but clonal patches of notch-mutated 
cells have been identifi ed in normal, sun-exposed skin [ 116 ]. Epigenetic dys-
regulation of the Notch pathway and its role in development of pre-malignancy 
is discussed below.   

     RAS Genes   Are Key Oncogenes in Mouse Chemical Skin Carcinogenesis, 
but Their Role in Human CSCC Is Less Clear 

  TP53  and  NOTCH  genes are important tumor suppressors, but the relevant 
oncogene(s) driving CSCC is unclear. Three  RAS  proto-oncogenes,  HRAS ,  NRAS  
and  KRAS , are among the most frequently mutated genes in human cancers, with 
oncogenic activating mutations found characteristically in codons 12, 13 and 61. 
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Ras molecules are GTP-binding proteins that transduce signals from a number of 
transmembrane growth factor and extracellular matrix receptors to the nucleus, 
with downstream signaling through the RAS/RAF/MEK/ERK and PI3K/AKT/
mTOR pathways and Ral guanine nucleotide exchange factors. Ras functions in 
adult murine epidermis to support proliferative capacity and oppose differentia-
tion [ 172 ]. Activating mutation in  HRAS  is the initiating event in the mouse 
chemical carcinogenesis model [ 90 ]. However, primary human cells are more 
resistant to malignant transformation and constitutive signaling from oncogenic 
 RAS  causes irreversible growth inhibition and /or keratinocyte senescence medi-
ated at least in part by downregulation of the G1 kinase, CD4K [ 102 ]. In human 
models, additional genetic manipulation is necessary to induce invasive CSCC 
[ 90 ,  155 ,  156 ]. By either combining Ras activation with CDK4 expression [ 102 ] 
or with IκBα-inhibition of NF-κB [ 39 ],  Khavari   and colleagues have shown effi -
cient transformation of human keratinocytes into invasive CSCC with protein 
expression changes characteristic of SCC, including decreased E-cadherin and 
increased VEGF and MMPs [ 90 ]; they hypothesize that NF-κB blockade by IκBα 
overcomes Ras-driven suppression of CDK4 and thus overcomes CDK4-
mediated, Ras-induced cell cycle arrest [ 156 ]. 

 Although  RAS  clearly has the potential to be an important oncogenic infl uence 
in CSCC, the majority of human CSCC and AK do not harbor activating muta-
tions in  H -,  N - or  KRAS  genes. The frequency varied in older reports, but more 
recent studies fi nd  RAS  mutations in 20–21 % of CSCC, most frequently in  HRAS  
[ 9 ,  165 ]. Despite this, MAPK pathway induction is frequently found in CSCC at 
both mRNA and protein level [ 39 ,  52 ,  68 ,  100 ,  193 ]. This disparity suggests that 
 RAS  may be activated due to upstream events from over-expression of receptor 
tyrosine kinases or that there may be cross talk from PI3K-AKT-mTOR signaling 
[ 24 ]. This has become particularly relevant with the introduction of small-mole-
cule kinase inhibitors targeting the MAPK pathway for treatment of metastatic 
melanoma: approximately 50 % of melanomas carry an activating mutation in the 
 BRAF  gene, usually a  BRAFV600E  mutation and selective  BRAF  inhibitors 
(vemurafenib, dabrafenib) have yielded impressive, albeit transient, response 
rates [ 55 ]. A striking clinical fi nding has been the development of multiple squa-
moproliferative lesions (KA CSCC and warty papillomas) in about 25 % of 
patients soon after initiation of BRAF inhibition [ 32 ]. Experimental evidence sug-
gests that BRAF- blockade, in the presence of an upstream activating mutation in 
 RAS , results in paradoxical increased MAPK signaling [ 75 ,  168 ]. Sequencing of 
candidate genes in vemurafenib-induced KA/CSCC has found an increased fre-
quency of activating  RAS  mutation (35–60 %), especially  HRASQ61L  mutations, 
compared with sporadic CSCC [ 130 ,  165 ,  168 ]. This is consistent with the hypoth-
esis that there is paradoxical MAPK signaling from an activated  RAS  in the con-
text of BRAF inhibition in  BRAF  wild-type keratinocytes. These data suggest that 
 RAS  mutations may be common in UV-exposed skin, but that the majority of 
RAS-mutated keratinocytes will not clonally expand or progress to invasive 
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malignancy without additional factors, such as BRAF inhibition or NOTCH1 
inactivation [ 107 ,  165 ], to facilitate such progression.   

    CDKN2A Tumor Suppressor Gene Inactivation   Is Common in CSCC 

 Another common genetic change found in CSCC is inactivation of the  CDKN2A  
tumor suppressor gene on 9p21. The frequency of 9p loss identifi ed in CSCC 
[ 19 ,  145 ,  146 ] suggests selection for deletion of the  CDKN2A  locus encoding 
p16INK4a and p14ARF tumor suppressor genes. CDKN2A mutations and progres-
sion of AK to CSCC has been hypothesized to correlate with deletion of p16INK4a 
[ 122 ]. CDKN2A mutation frequencies of up to 50 % have been identifi ed in CSCC 
[ 25 ,  161 ,  165 ], but are uncommon in normal skin [ 116 ,  165 ]. Although  CDKN2A  
may be inactivated via mutation and/or chromosomal loss, epigenetic events such as 
methylation seem to be at least as frequent as genetic mechanisms for inactivation, 
as discussed further below [ 25 ,  123 ].  

   TGF Beta May Have Both Tumor Suppressor and Tumor Promoter Roles 
in CSCC and Is Closely Involved in Tumor Microenvironment Interactions 

 There are few genes with more infl uence on the tumor microenvironment than  trans-
forming growth factor beta (TGFβ). TGFβ      is a pleiotropic cytokine acting as a 
potent tumor suppressor in the majority of CSCC, but switching in advanced CSCC 
to become a potent tumor promoter. Loss-of-function mutations in TGFβ-type 1 
receptor (TGFβR1) cause the multiple self-healing epitheliomata of Ferguson- 
Smith ([ 63 ]; Table 1). These are spontaneously resolving malignancies that clini-
cally resemble KA-like CSCC. This may fi t with an inhibitory role for TGFβ in 
proliferative, spontaneously-resolving tumors such as KA, but whether mutations in 
TGFβR1 are relevant in sporadic KA has not yet been established. The switch to a 
pro-proliferative TGFβ response may be controlled epigenetically and may be a 
biomarker for high-risk head and neck SCC [ 72 ], but the prognostic implications 
have not been studied in CSCC. Tumor-promoting activities of TGFβ noted in other 
cancers include tumor cell proliferation, survival, motility, invasion and mainte-
nance of cancer stem cells [ 81 ]. The process of  epithelial-mesenchymal transition 
(EMT)   is central to the healing response following wounding and is equally central 
to tumor invasiveness and aggressive behavior. If TGFβ is the conductor, then EMT 
is orchestrated in signifi cant part by stromal cells of the tumor microenvironment 
with important contributions from myofi broblasts, fi broblasts and even adipocytes 
and involves secreted mediators, particularly the matrix metalloproteinases (MMPs), 
the tissue inhibitors of MMPs (TIMPs) and disintegrin and metalloproteinase 
(ADAM) family members [ 16 ,  103 ,  168 ].  

3 Genomics of SCC: Tumor Formation, Progression, and Future Therapeutic…



82

   NK-Kappa B May Have Also Have Both Pro- and Anti-Tumorigenic 
Actions in CSCC 

 Many studies have suggested a role for the NF-κB family of inducible transcrip-
tion factors in the development of CSCC, but this remains controversial [ 39 ,  90 , 
 156 ].  NF-κB proteins   are important in skin homeostasis, with a complex path-
way involving 5 mammalian NF-κB subunits, which form homo- and heterodi-
mers (RelA [p65], p50, p52, RelB and c-Rel), together with upstream regulators 
including I K Bα proteins [ 45 ]. The overall effects of NF-κB signaling are highly 
cell context- dependent and, whilst some in vitro and mouse models support a 
pro-tumorigenic role in skin [ 92 ,  152 ], there is also evidence for a role in tumor 
prevention in other models [ 47 ,  187 ]. Although there are contradictory experi-
mental data regarding a role in hyperproliferation of keratinocytes, it is notable 
that both inhibition and activation of NF-κB in keratinocytes can drive epidermal 
infl ammation. A recent mouse model which exhibits enhanced NF-κB-induced 
transcriptional responses but remains subject to inhibition by IkB has shown that 
enhanced NF-κB activity in the absence of additional oncogenic events increases 
keratinocyte susceptibility to chemical carcinogenesis and AK-like dysplasia 
(which is TNF- dependent) and KA development (which is TNF-independent) 
but was not suffi cient for CSCC development [ 140 ]. The authors speculate that 
the tumor suppressor activities of NF-κB may be protective against developing 
invasive CSCC, but that formation of KA through a non-oncogenic proliferative 
pathway is promoted. In human genome-wide expression studies, genes con-
trolled by NF-κB are upregulated in CSCC and AK, suggesting that activation of 
the pathway is an early event [ 68 ,  100 ].  

     Epidermal Growth Factor Receptor (EGFR) Is Overexpressed but Rarely 
Mutated in CSCC 

 EGFR signaling is one of the most intensely studied determinants of epithelial 
cell proliferation and is persistently activated in CSCC [ 177 ].  EGFR      (HER-1), a 
member of the ErbB or HER family of receptor tyrosine kinases (RTKs), is 
aberrantly expressed in many human tumors and in some such as lung, colon 
and head and neck SCC, targeted molecular therapies to EGFR have proved suc-
cessful [ 177 ,  191 ]. The extracellular domain binds multiple ligands including 
EGF and TGFα, producing a conformational change that allows homodimeriza-
tion or heterodimerization with other HER family members, leading to auto-
phosphorylation, receptor traffi cking and signaling to downstream pathways 
including PI3K-AKT, PI3K- JAK- STAT, RAS-ERK-MAPK, PLCγ-PKC and 
NF-κB. EGFR activation can occur through gene amplifi cation, activating gene 
mutations or upregulation of constitutive signaling, for example due to aberrant 
receptor traffi cking or autocrine stimulatory loops [ 191 ]. 
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 In keratinocytes, EGFR signaling maintains keratinocyte self-renewal and 
suppresses differentiation in the proliferative compartment of the epidermis, 
whereas in the upper layers it is downregulated [ 177 ]. EGFR activation by ligand 
binding or UV radiation induces increased cellular proliferation, migration, sur-
vival and resistance to apoptosis and is a strong contender as a driver for 
CSCC. However, reported rates of  EGFR  mutations and amplifi cations in CSCC 
are generally low [ 50 ,  119 ,  154 ,  177 ].  Ridd   reported  EGFR  mutation in 1/40 
(2.5 %) CSCC and amplifi cations in 3/268 (1.1 %) CSCC and  EGFR  overex-
pression in 19/275 (6.9 %) [ 154 ] and  Uribe   and colleagues found no mutations 
in 62 CSCC [ 177 ]. Cytoplasmic EGFR localization may be evidence of constitu-
tive overexpression due to receptor mutation or dysregulated receptor traffi ck-
ing/down-regulation [ 177 ] and most immunohistochemistry studies fi nd both 
membranous and cytoplasmic EGFR localization in transformed cells [ 56 ].  Toll   
and colleagues found EGFR amplifi cation in 20 % and overexpression in 78 % 
of CSCC with evidence of amplifi cation also present in AK [ 175 ]. Most recently, 
 Jacobs   et al. reported  EGFR  gene amplifi cations in 14/19 (74 %) of CSCC, a 
signifi cantly higher level than in KA [ 82 ]. 

 Thus, there is evidence of EGFR overexpression in the majority of CSCC, but 
only low levels of  EGFR  mutation and variable levels of gene amplifi cation and the 
mechanism(s) driving this EGFR activation are not clear. Several studies have 
addressed the clinical relevance of EGFR overexpression. In one study a high pro-
portion of primary CSCC that metastasized showed increased levels and/or cyto-
plasmic localization of EGFR [ 118 ]. Sweeney retrospectively reviewed patients 
with advanced head and neck CSCC and identifi ed EGFR overexpression in 56 % 
(28/50) of primary CSCC and 58 % (7/12) of lymph node metastases, but EGFR 
overexpression did not correlate with recurrence or overall survival, [ 170 ]. Targeted 
therapy to EGFR for CSCC is discussed further in Sect. II.    

     Src Family Kinase (SFK) Signaling Is Upregulated in CSCC 

  SFKs      including Src,  Focal Adhesion Kinase (FAK)   and Fyn are non-receptor 
tyrosine kinases that integrate signals from integrins and growth factor receptors 
and are regulators of cell proliferation, invasion, metastasis and angiogenesis; 
increased SFK activity is common in human cancers [ 29 ].  Fyn transgenic mice   
spontaneously develop precancerous lesions resembling AKs and CSCC in which 
three pro-oncogenic signaling pathways are activated: PDK-1/Akt/mTOR, MEK/
ERK, and STAT3 and Fyn-induced downregulation of p53 and NOTCH1 repre-
sents a strong oncogenic signal that can induce spontaneous skin tumor formation 
[ 196 ]. Src-activating and signaling molecule (Srcasm) is a negative regulator of 
SFKs, reducing proliferation and promoting differentiation in primary human 
keratinocytes [ 111 ] and increasing Srcasm levels inhibits Fyn-induced skin neo-
plasia [ 196 ]. In humans, elevated Fyn, activated SFK levels [ 6 ,  105 ] and decreased 
Srcasm levels are found in human AK and CSCC, consistent with a tumor 
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suppressor role for Srcasm in human CSCC [ 196 ]. Finally, in a 3D human CSCC 
model, E-cadherin suppression, a common event in CSCC development, was 
linked to upregulated FAK and Src [ 2 ].    

    Kinestrin Mutations   Are Found in a Small Proportion of CSCC 

 Recent evidence has identifi ed  KNSTRN  as a previously unrecognized oncogene 
[ 104 ]. WES of 12 CSCC-normal pairs, validated in 100 CSCC and 5 CSCC cell 
lines, revealed UV-related  KNSTRN  gene mutations in 19 % CSCC.  KNSTRN  
encodes a kinetochore protein and mutations disrupt chromatid cohesion in normal 
cells, correlate with aneuploidy in clinical samples and enhance tumorigenesis in a 
mouse model of human Ras-driven SCC. Mutations were not present in normal skin 
but were detected in 13 % AK and therefore, with  TP53  and  NOTCH , they appear 
to be a relatively early event in squamous carcinogenesis [ 104 ].  

     Mitochondrial DNA (mtDNA)  Mutations      in CSCC 

 A number of studies have investigated the association between mitochondrial 
DNA deletions or mutations and CSCC; several regions including displace-
ment or D-loop appear to be involved [ 47 ,  73 ,  144 ]. Although mitochondrial 
DNA mutations may be a sensitive biomarker of cumulative UV exposure and 
oxidative stress [ 17 ] and are also reported in arsenic-associated squamous car-
cinogenesis [ 106 ], their correlation with the phenotypic behavior of CSCC has 
not been investigated.    

   Genetic Changes Driving  AK-CSCC Transition   and  Metastatic Progression   

 The molecular factors governing the transition though premalignancy to invasive 
CSCC are poorly understood [ 68 ,  133 ,  146 ], yet may potentially provide important 
targets for developing preventative interventions. Most evidence points to signifi -
cant similarities between AK and CSCC across the spectrum of molecular changes 
outlined in previous sections: for example, LOH studies indicate that substantial 
genomic instability is already present in AK [ 149 ,  151 ] and chromosomal altera-
tions in AK are similar to CSCC, but display less karyotypic complexity [ 84 ]; simi-
larly, EGFR protein expression is seen in AK, but levels are higher in CSCC [ 175 ]; 
genes controlled by NF-κB are upregulated in both AK and CSCC, suggesting that 
activation of the pathway is an early event [ 68 ,  100 ]; the presence of  TP53  and 
 KNSTRN  mutations at comparable frequencies in AK and SCCs suggest these muta-
tions are also early events [ 104 ]. 

 Even fewer data are available for progression to metastatic CSCC, yet this is an 
area of considerable unmet clinical need. Recent studies of aggressive CSCC [ 138 ]
and a study of lymph node metastases [ 110 ] identifi ed a wide range of potential 

C.A. Harwood et al.



85

oncogenic  driver  s, including activating mutations in  RAS-RAF-MEK- ERK and 
PI3K/AKT pathways and chromatin remodeling genes [ 110 ], for example,  TP53 , 
 CDKN2A ,  NOTCH1 ,  AJUBA ,  HRAS ,  CASP8 ,  FAT1 ,  and KMT2C  ( MLL3 ),  NOTCH2 , 
 PARD3 , and  RASA1  [ 138 ], Although no dominant and clinically targetable onco-
genes were clearly identifi ed, given the diversity of oncogenic  targets, it is proposed 
that treatments currently available for other cancer types might also be considered 
in advanced CSCC [ 110 ].   

    Epigenetic Changes in CSCC 

 Epigenetic changes are those molecular mechanisms that  regulate gene expression   
without changes in DNA sequence; these heritable modifi cations to DNA include 
methylation, histone variants and modifi cations, chromatin remodeling, nucleo-
some positioning and microRNA deregulation and they play an important role in 
early cancer development, progression and metastasis [ 11 ,  14 ,  142 ,  176 ]. Unlike 
genes that are inactivated by nucleotide sequence variation, genes silenced by epi-
genetic mechanisms remain intact and retain the potential to be reactivated by envi-
ronmental stimuli or medical intervention. 

 Progression to invasive and  metastatic   CSCC is likely to involve epigenetic 
changes and their characterization has the potential to identify relevant skin cancer 
biomarkers as well as therapeutic targets [ 14 ,  64 ]. However, until recently, this has 
been a relatively under-researched area in CSCC. 

     DNA Methylation and Histone Modifi cations 

  DNA methylation   and  histone modifi cations   play a signifi cant role in the organiza-
tion of nuclear structure and ultimately infl uence gene expression. Tumor progres-
sion is associated with changes in genomic DNA methylation including global DNA 
hypomethylation, gene-specifi c hyper- or hypomethylation and histone modifi ca-
tions. In contrast to other cancers, including head and neck SCC, these epigenetic 
alterations and their prognostic signifi cance have yet to be systematically studied in 
CSCC [ 139 ,  173 ,  186 ]. 

 In many cancers,  global hypomethylation   occurs together with hypermethyl-
ation of CpG-rich sequences associated with gene promoters resulting in the 
inappropriate transcriptional silencing of critical genes including a variety of 
tumor suppressor genes. These DNA methylation events represent an important 
tumor-specifi c marker occurring early in tumor progression. Because promoter 
hypermethylation is potentially reversible, the molecules that regulate methyla-
tion status of DNA are considered promising targets for new cancer therapies. 
There is preliminary evidence that global hypomethylation is a feature of CSCC 
in transplant recipients [ 98 ] and there have been studies of individual gene 
methylation changes in CSCC. For example, promoter hypermethylation of 
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 p16INK4a  and  p14ARF  is detected in almost 40 % of tumors, representing the 
commonest mechanism of  CDKN2A  tumor suppressor gene inactivation known 
[ 25 ]. A higher frequency of  FOXE1  promoter hypermethylation was also found 
in CSCC compared to normal skin, indicating that  FOXE1  may be a target for 
aberrant methylation in CSCC [ 179 ]. 

 In a recent study using a  genome-wide approach  , methylation profi les of meta-
static CSCC were compared with non-metastatic primary CSCC using a CpG site 
promoter methylation array [ 40 ]. There were no widespread differences in methyla-
tion patterns, but differential methylation was identifi ed in the promoter region of 
 FRZB , the protein product of which is an antagonist of Wnt signaling. Overexpression 
is associated with a more differentiated and less invasive tumor phenotypes in gas-
tric, prostate cancer and bladder cancer and it was proposed that  FRZB  methylation 
is a potential biomarker of tumor aggressiveness or metastatic potential CSCC [ 40 ]. 

 The role of  NOTCH1/2  UV-induced mutations in keratinocytes in squamous 
carcinogenesis has been described earlier in this chapter.  Hu   and colleagues 
recently proposed a model in which UVA epigenetically inactivates the Notch 
pathway in dermal fibroblasts through DNA methylation [ 78 ]. They report that 
these cells develop a cancer-activated fibroblast-like phenotype and secrete 
fibroblast growth factors, extracellular matrix proteins, and proteases that 
increase proliferation of overlying epidermal keratinocytes. The latter become 
enriched with CD45-positive inflammatory cells, which in turn promote kera-
tinocyte proliferation and the emergence of actinic keratosis. These data high-
light the central importance of dysregulated Notch in squamous carcinogenesis 
and also the importance of stroma-tumor interactions in CSCC and suggest that 
in some cases epigenetic changes in dermal fibroblasts may actually precede 
the development of CSCC. 

 In addition to CpG methylation, histone modifi cation plays an active role in reg-
ulating gene expression. Histones are dynamic molecules that physically determine 
whether transcription occurs by either allowing or blocking transcription factor 
access to promoter regions. Histone post-translational modifi cations include meth-
ylation, acetylation, phosphorylation, ubiquitination, and sumoylation. To date, 
there is increasing evidence for their signifi cance in head and neck SCC [ 34 ,  115 ], 
and preliminary data supporting a role in UV-induced skin carcinogenesis [ 126 ].    

     MicroRNA and Long Non Coding RNA Changes in CSCC 

 Protein coding genes account for approximately 2 % of the human genome, 
whereas the great majority of transcripts are  non-coding RNAs   including both 
microRNAs (miRNAs) and long non-coding RNAs (lncRNAs) are emerging as 
key regulators of mammalian mRNA transcription and/or translation with an 
important role in cancer. 

 To date, most studies of the role of noncoding RNAs have focused on  microR-
NAs  , a family of short (~22 to 24 nucleotide) regulatory non-protein coding RNA 
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molecules that act as a class of RNA-interference agents and negatively regulate 
target proteins at the post-transcriptional level, mainly by annealing with their 3′ 
untranslated region and causing translational repression or cleavage. Mutation or 
abnormal expression of miRNAs, which can function as either tumor suppressors or 
oncogenes, is implicated in various cancers and about 40 % of confi rmed miRNAs 
are proposed regulators of cancer-associated pathways. 

 Evidence for miRNA dysregulation in CSCC is now emerging [ 91 ,  160 ]. The 
miRNA profi le is altered in CSCC with increased miR21 levels [ 51 ,  160 ], a miR 
known to play an oncogenic role in other epithelial cancers through suppression of 
critical tumor suppressors [ 120 ]. miR203, an antagonist of p63, was down-regu-
lated in CSCC [ 51 ], consistent with upregulated p63 in CSCC and its role in the 
proliferation and maintenance of epidermal stem cells. miR124 and 214 are also 
downregulated in CSCC and may be responsible for over expression of ERK1/2 
and abnormal cellular proliferation in CSCC [ 189 ]. miR-365 is overexpressed and 
may act as an onco-miR in CSCC; levels correlate inversely with differentiation 
status and vascular invasion [ 197 ]. miR-361-5p is one of the most sensitive miR-
NAs to UVB irradiation and levels are inversely correlated with VEGFA expression 
in CSCC in which it has been proposed to play a pathogenic role [ 88 ]. miR-125b 
may act as a tumor suppressor in CSCC in which it is downregulated in the early 
stages; it suppresses growth and motility of tumor cells through its effects of a net-
work of pro-tumorigenic genes including  matrix metalloproteinase (MMP)   13, 
MMP7 and MAP2K7 [ 187 ]. In a more recent publication, 88 cancer-related miR-
NAs were analyzed in 43 patients with CSCC. miR-135b was the most upregulated 
(13.3-fold, 21.5-fold; p = 0.0001). Inhibition or overexpression of miR-135b in 
functional studies resulted in alterations of its target gene  LZTS1  mRNA and pro-
tein levels with decreased or increased cell motility and invasion of both primary 
and metastatic CSCC cell lines respectively, indicating that miR-135b may function 
as an oncogene in CSCC [ 131 ]. However, results vary considerably between studies 
as different studies have investigated different miRNAs. For example, in one study, 
microarray analysis of CSCC compared with normal skin reported signifi cant dif-
ferential upregulation of miR-135b, 424 and 766 and downregulation of miRs 30a, 
378, 145, 140- 3p, 30a and 26a [ 160 ], whereas in another study, miR-21, 31 and 205 
were upregulated and miR 184, 203, 205-5p, let-7a-5p and let-7b-5p downregu-
lated [ 28 ]. Much of the discrepant data may be methodological and, despite the 
apparently low consensus between studies, this is an important area of current 
research given the potential of microRNA therapies. 

  LncRNAs   are a type of non-coding RNA ranging from 200 to 100,000 
nucleotides in length. They have critical roles in development and differentia-
tion as well as in disease, including cancer [ 31 ,  80 ]. They are also known to 
play an important part normal skin homeostasis [ 76 ]. Although there are no 
systematic data as yet for their regulation and function in CSCC, there is evi-
dence that the lncRNA TINCR, which is highly induced during keratinocyte 
differentiation, is repressed in SCC compared to normal epidermis, suggesting 
that TINCR may play a role in repressing neoplastic progression in otherwise 
predisposed keratinocytes [ 95 ].     
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        Immune Surveillance   and the  Tumor Microenvironment   

 Although genetic aberrations in keratinocytes are critically important, many 
aspects of CSCC development and maintenance depend upon immune surveillance 
by resident and circulating immune cells and also upon interactions between 
malignant keratinocytes, basement membrane zone components (e.g. collagen VII 
and adhesion molecules such as cadherins and integrins) and the  tumor microenvi-
ronment (TME)  —the tumour-associated stroma consisting of interstitial extracel-
lular matrix and its cellular components [ 8 ,  113 ,  117 ,  132 ]. Cells of diverse lineages 
are found in the CSCC TME and include infi ltrating immune cells, cancer associ-
ated fi broblasts, myofi broblasts and vasculature. Substantial data demonstrate 
extensive ‘cross-talk’ between these elements involving multiple signaling path-
ways including TGF-beta, Notch, Wnt/beta-catenin, Shh/Gli3, PDGFC, PI3/AKT-
mTOR and p63-FGFR2 [ 78 ,  113 ,  127 ]. These cellular components together with 
other TME components such as proteases (including matrix metalloproteinases 
(MMPs), inhibitors of MMPs (TIMPs) and a disintegrin and metalloproteinase 
(ADAM) family members), contribute to inhibiting progression of cancer: shifts in 
the balance of these interactions appear to provide a ‘permissive’ environment for 
tumor cells to proliferate, escape host defenses and metastasize and possible oppor-
tunities for therapeutic intervention [ 8 ,  113 ,  158 ]. These topics will be covered in 
detail in Chap.   4    .     

      Host-Specifi c   Genetic Changes Predisposing to CSCC 

 Human genome sequencing has raised interest in germ line single nucleotide 
 polymorphisms (SNPs)    associated with increased risk of disease. Much research on 
SNPs and CSCC risk has focused on genes of pigmentation. A recent systematic 
review has highlighted correlations between SNPs and SCC risk in pigment genes, 
some of which are retained even after controlling for clinical skin phenotype traits 
[ 16 ]. The  melanocortin 1 receptor (MC1R)   has been the most extensively studied as 
it is associated with the phenotype of red hair and freckling, which are clinical risk 
factors for CSCC. Multiple SNPs in this gene have been associated with CSCC 
[ 10 ,  49 ,  70 ,  71 ].  Agouti signaling peptide (ASIP)   is an inverse regulator of MC1R, 
and SNPs in ASIP also confer risk of CSCC [ 27 ,  66 ,  114 ,  124 ,  125 ]. 

 Polymorphisms in DNA repair genes are also under investigation, given the 
increased risk for CSCC in patients with xeroderma pigmentosum and other DNA 
repair defi ciencies. There is a trend towards association, but larger studies will be 
needed to substantiate these fi ndings [ 62 ,  159 ,  184 ]. 

 MdM2 is a negative regulator of p53; the SNP309 G allele of MdM2 is associ-
ated with an increased risk of CSCC [ 1 ]. Other polymorphisms under investigation 
include those in the vitamin D receptor and methylenetetrahydrofolate reductase 
(MTFHR) pathways [ 43 ,  69 ]. Interferon regulatory factor 4 has also emerged as a 
potential locus for CSCC risk [ 71 ,  194 ]. 
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 It is not currently clear whether SNP genotyping will improve screening recom-
mendations for CSCC. Currently, dermatologists stratify patient risk by skin color-
ing and propensity to burn and tan with UV exposure [ 61 ]. Some genes of 
pigmentation appear to confer CSCC risk independent of pigmentary phenotype, but 
additional research is needed. This fi eld is rapidly evolving; future studies may 
allow improved patient-based risk prediction.    

    Section II: Therapeutic Implications 

 Chapter   10     provides a discussion of current chemotherapeutic options for 
advanced or unresectable CSCC. This section gives a brief overview in the con-
text of the discussion of CSCC genetics above and a summary of ongoing clinical 
investigation. 

 Understanding the genetic and molecular pathogenesis of CSCC will have imme-
diate clinical relevance. Specifi c mutations or aberrantly expressed proteins can 
serve as diagnostic markers, and may some day serve as prognostic biomarkers. The 
progression from AK to CSCC is of particular interest, as a targeted therapy for AK 
may prevent or reverse progression to invasive cancer since 65 % of CSCC have 
been shown to arise from AK precursors [ 38 ]. 

 Targeting the molecular aberrations in invasive SCC will enable systemic therapy 
for those tumors not amenable to surgical excision or curative radiation therapy. 
 Traditional chemotherapeutic approaches  , primarily platinum-based regimens, are 
highly toxic and non-specifi c, and there are no predictive biomarkers of response to 
treatment. The advent of  molecular targeted therapy   has changed the therapeutic land-
scape for cancer. Although no molecular therapies have yet been approved to specifi -
cally target CSCC, the pathways described above can inform trials with existing 
agents or development of novel drugs. These may include antibodies or small mole-
cule tyrosine kinase inhibitors ( TKI     ). Given the large mutational burden of CSCC and 
the lack of knowledge regarding clear driving mutations at this time, targeted thera-
peutic agents may need to be combined with radiation and/or traditional chemother-
apy to achieve optimal control. Clinical trials have been notably lacking for advanced, 
unresectable CSCC. Studies to date are summarized below. Several new trials are 
ongoing which may provide more clinical options for patients in the near future. 

    Epidermal Growth Factor Receptor Inhibitors 

 As described above, the majority of CSCC show evidence of EGFR overexpression 
with low levels of EGFR mutation or gene amplifi cation. Inhibition of EGFR inhib-
its activation of the Ras signaling cascade.  Activating Ras mutation   can overcome 
EGFR inhibition, but activating Ras mutation is rare in primary human CSCC [ 165 ]. 
Thus EGFR inhibition is an attractive therapeutic option, and indeed, the majority 
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of research in targeted therapy for CSCC has focused on this class of inhibitors. 
There are two types of EGFR inhibitors, monoclonal antibodies and  tyrosine kinase 
inhibitors (TKIs).   

      Monoclonal Antibody Inhibitors      of EGFR 

  Cetuximab   (Erbitux, Bristol-Meyers Squibb, Eli Lilly) is a chimeric human-mouse 
monoclonal IgG1 anti-EGFR antibody approved by the US Food and Drug 
Administration (FDA) for mucosal (oronasopharyngeal) SCC of the head and neck as 
well as colorectal cancer. Cetuximab binds the extracellular domain of EGFR, pre-
venting ligand binding, EGFR dimerization, and downstream signaling. Cetuximab 
has been reported to be effective in case reports and small, uncontrolled series for 
locally advanced or metastatic CSCC. In addition, a phase II trial of 36 patients with 
unresectable CSCC utilizing cetuximab monotherapy demonstrated a 69 % disease 
control rate at 6 weeks [ 118 ], but further studies are needed to demonstrate duration 
of response. Cetuximab is a known radiosensitizing agent [ 79 ], and use has been 
reported with concurrent radiation for CSCC [ 59 ]. No clinical trials have been per-
formed with concurrent cetuximab and radiation, but radiation enhancement may 
potentially be extrapolated from the head and neck SCC literature. 

 In colorectal cancer, predictive biomarkers for success with cetuximab include 
presence of EGFR in the tumor and wild-type K-ras [ 12 ] and BRAF [ 44 ]. The ratio-
nale is that these mutations constitutively activate the downstream MAPK pathway 
independent of EGFR activity. While EGFR mutation has not been defi nitively 
associated with response to EGFR inhibitors in head and neck mucosal SCC, 
increased tumor EGFR expression does predict response to treatment [ 162 ]. 
Exploratory analyses have yet to identify biomarkers for CSCC response to cetux-
imab, though there is a single report of a patient with activating  HRAS  mutation who 
did not respond to therapy [ 118 ]. 

  Panitumumab   (Vectibix, Amgen) is a human IgG2 monoclonal anti-EGFR anti-
body approved for colorectal cancer. In a phase II study of 16 patients receiving 
panitumumab monotherapy for unresectable disease, there was a 31 % overall 
response rate and 38 % stable disease rate. The median progression free survival 
was 8 months and overall survival was 11 months [ 57 ].    

    Tyrosine Kinase Inhibitors         of EGFR 

  Gefi tinib   (Iressa, AstraZeneca) is an EGFR inhibitor approved for non-small cell 
lung cancer. A phase II trial of neoadjuvent gefi tinib prior to surgery or radiation in 
23 patients with unresectable CSCC demonstrated an 18 % complete response rate 
and 27 % partial response rate [ 109 ]. A single case has been reported in which gefi -
tinib offered 30-month  progression-free survival (PFS)  , at which point addition of 
the mTOR inhibitor sirolimus (Rapamune, Pfi zer) provided an additional 12 month 
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PFS [ 18 ]. This multi-pathway approach is under examination in other tumor types 
and deserves future study in CSCC. 

  Erlotinib   (Tarceva, Genentech) is another EGFR inhibitor approved for non- 
small cell lung and pancreatic cancer. A phase I toxicity study of erlotinib with 
radiation in 15 patients with stage III CSCC demonstrated an acceptable toxicity 
profi le and 2-year disease-free survival of 60 % [ 74 ] representing the best control 
rates to date. Both gefi tinib and erlotinib bind the ATP-binding site of EGFR, 
inhibiting activation of the Ras signaling cascade. A single center phase II study is 
currently in progress for recurrent or metastatic CSCC (NCT01198028) and as neo-
adjuvent treatment before surgery or radiation (NCT01059305). 

  Lapatinib   (Tykerb/Tyverb, GlaxoSmithKline) is a third EGFR inhibitor approved 
for breast cancer in combination with capecitabine (Xeloda, Roche). There are no 
published data on lapatinib for CSCC.   

    Future Therapeutic Directions 

 Beyond EGFR inhibition, targeted therapy for CSCC is still largely investigational. 
 Dasatinib      (Sprycel, Bristol-Myers Squibb) is a multi-kinase inhibitor that targets 
BCR/Abl and Src family tyrosine kinases and is approved for chronic myelogenous 
leukemia and Philadelphia chromosome positive acute lymphoblastic leukemia. In 
a single-center phase II study for dasatinib in unresectable or metastatic CSCC, 
none of the seven patients enrolled survived long enough to achieve response 
(NCT00563290; T. Olencki, personal communication). 

   TP53    and   NOTCH    have been implicated as major tumor suppressors in CSCC, but 
they are less attractive targets for therapy as these mutations result in loss of function, 
which is diffi cult to restore, although research is ongoing in this area [ 67 ,  171 ]. Future 
research will need to identify downstream targets that are aberrantly upregulated in 
 TP53 - or  NOTCH -mutant tumors, as these may be targets for inhibition. 

  MAPK pathway induction   in CSCC provides another avenue for targeted ther-
apy. Activating Ras mutation is rare in sporadic CSCC but appears to be more com-
mon in vemurafenib-associated CSCC. There are currently no specifi c Ras inhibitors 
available, but these may be developed in the future. Meanwhile, there are experi-
mental data to suggest that the drug metformin, a biguanide commonly used in 
diabetes, may prevent squamous carcinogenesis by inhibiting MAPK in addition to 
NFKB and mTOR signaling pathways [ 33 ]. Any targeting downstream of Ras 
should probably be given in combination with PI3K inhibitors, EGFR inhibitors, or 
mTOR inhibitors to prevent compensatory increase in PI3K-AKT signaling. 

 The  mTOR pathway   is also activated in CSCC and is targeted by mTOR inhibi-
tors such as rapamycin (sirolimus) and everolimus. These drugs are associated with 
a reduced CSCC burden in organ transplant recipients in whom they are used in 
place of calcineurin inhibitors as immunosuppressive agents to prevent allograft 
rejection [ 5 ,  53 ,  77 ] although the mechanisms responsible have yet to be fully char-
acterized [ 41 ,  65 ,  169 ,  182 ]. 
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 Epigenetic mechanisms of squamous carcinogenesis may be amenable to thera-
peutic intervention particularly given that, in contrast to DNA mutations, they are 
potentially reversible.  Demethylating agents   have been successfully used in a range 
of cancers and may theoretically be benefi cial in the treatment or prevention of 
CSCC, although this remains to be investigated.  Vorinostat     , a potent histone deacet-
ylase inhibitor has already shown anti-cancer activity in a xenograft model of CSCC 
and its action may also be through inhibition of the mTOR and MAPK signaling 
pathways [ 97 ]. miRNAs regulate multiple target genes simultaneously potentially 
making miRNA-based treatments for CSCC more promising targets for future 
development than traditional single target therapy. However, the side-effect profi le 
of drugs with more broad-based effects may also be potentially limiting.   

    Conclusions 

 Despite signifi cant progress in recent years in understanding the genomic basis of 
cutaneous squamous carcinogenesis, much remains uncertain. The emerging molec-
ular landscape of CSCC underscores the high mutational burden, dysregulation of 
multiple signaling pathways and tumor heterogeneity and this, together with recent 
evidence of high levels of mutation in potential oncogenic drivers in UV-exposed 
normal skin, has presented signifi cant challenges in terms of identifying druggable 
cancer drivers and predictive biomarkers for targeted therapies. Nonetheless, the 
prospect of ‘precision medicine’ for CSCC treatment and prevention may be draw-
ing closer.     
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    Chapter 4   
 Molecular and Cellular Interplay in SCC 
Including Immunomodulation and Clinical 
Implications                     

       Valerie     Yanofsky     ,     John     A.     Carucci     , and     Günther     F.  L.     Hofbauer   

            Introduction 

 CSCC is the second most common form of cancer found in the United States, and 
accounts for approximately 20% of all non-melanoma skin cancers. Several impor-
tant  risk factors   for the development of SCC include skin type, with Fitzpatrick 
types I and II skin being the highest risk, cumulative exposure to UV radiation, age, 
and immune status [ 1 ,  2 ]. These are covered in detail in Chaps.   1     and   2    . In particu-
lar, the  incidence of   SCC is thought to be over 100 times greater in  immunosup-
pressed solid-organ transplant recipients (OTR)   as compared to the general 
population [ 3 ]. The epidemiology and clinical management of SCC in the context 
of immunosuppression is covered fully in Chap.   10     but is briefl y reviewed by way 
of introduction here. 

 SCC lesions found in  OTRs   may display more aggressive clinical behavior [ 4 ] 
than that seen in the immunocompetent.  Transplant-associated SCC (TSCC)   often 
occurs in patients at a younger age, and may demonstrate increased rates of local 
recurrence, which may reach as high as 13.4 %, as well as elevated metastatic rates 
approximating 8 % within the fi rst 24 months post-excision [ 5 ,  6 ]. In some cases, 
OTRs may develop hundreds of rapidly growing SCC, a phenomenon known as 
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catastrophic carcinomatosis, which can result in extensive local tissue damage and 
widespread disease [ 4 ,  7 ]. Metastatic SCC in OTRs is often fatal, with some studies 
showing a 3-year mortality as high as 46 % [ 8 ,  9 ]. SCC lesions in immune sup-
pressed patients may therefore be considered to be “high-risk” tumors. See Chaps. 
  1    ,   3    , and   10     for a thorough discussion of clinical data related to SCC and immuno-
suppression, and Chap.   2     for defi nitions of high-risk SCC. 

 Although high-risk SCC lesions found in immunocompromised hosts may pres-
ent as a single solitary tumor, the far more common clinical picture involves multi-
ple lesions, which arise consistently on chronically photo-damaged skin [ 5 ,  10 ]. 
This gives rise to the notion of “ fi eld cancerization     ,” which refers to a broad area of 
skin that may appear clinically and histopathologically normal, but has in fact been 
transformed through exposure to multiple carcinogens, such as UV rays and immu-
nosuppressive agents, to become tumorigenic. These areas typically contain distinct 
molecular and immune profi les, and may be affected by multiple subclinical and 
clinical  actinic keratosis (AK)   and in situ (epidermal) SCC lesions [ 11 ,  12 ]. 
Extensive skin damage associated with fi eld cancerization provides a rationale for 
the initiation of fi eld therapy, which represents a multi-pronged approach aimed at 
targeting an entire fi eld rather than individual lesions in an effort to eradicate both 
clinically apparent and subclinical AK, in situ, and dermally invasive SCC lesions 
[ 13 ,  14 ].  Field therapy   (covered in Chap.   5    ) may lead to markedly improved long 
term outcomes for patients with fi eld cancerization. 

 Comparing and contrasting SCC development in immune competent patients 
with high-risk SCC in OTRs provides us a unique opportunity to explore the tumor 
microenvironment, and the precise molecular changes which may underlie the dis-
parate clinical behaviors seen between these two populations. Although high-risk 
SCC can develop in patients without known immune dysfunction (see Chap.   2    ), the 
 OTR   model allows us to gain a greater understanding of the generation of anti- 
tumor immunity, and the various factors which may contribute to fi eld cancerization 
and catastrophic carcinogenesis. This chapter will therefore highlight the important 
molecular pathways and key immune features which may give rise to SCC lesions. 
In particular, we will focus on the novel molecular interactions and distinct immune 
phenotypes seen in immunosuppressed OTRs as a proposed mechanism underlying 
the development of high-risk SCC tumors. As this chapter focuses on molecular 
pathways and cellular interactions, see Chap.   3     for a discussion of genetic and epi-
genetic changes impacting SCC production and prognosis.  

      Cellular Pathways   of SCC Formation 

 All SCC lesions are believed to begin via the repeated, uncontrolled division of 
transformed keratinocytes [ 15 ]. Ultraviolet (UV) exposure is accepted as the main 
pathogenic factor inducing a primary mutation in keratinocytes, which may ulti-
mately lead to the development of SCC. This process is believed to occur in a clas-
sic, stepwise fashion, in which a single transformed clone gains a growth advantage 
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which allows it to acquire more genetic alterations [ 16 ]. Accumulation of transformed 
clones results in a microscopic focus of abnormal cells within the skin, which form 
precursor SCC lesions known as  actinic keratosis (AK)   or Bowen’s disease (SCC in 
situ, Fig.  4.1a ). These lesions are confi ned locally by the skin’s basement membrane, 
and are therefore prevented from invading adjacent tissues [ 15 – 17 ]. Ultimately, fur-
ther mutations enable the tumor to progress and breach the basement membrane, 
which results in the infi ltration of nearby structures and subsequent metastasis.

   This model is likely incomplete since some SCC, particularly very high-risk, 
poorly differentiated and sarcomatoid tumors do not appear to arise from a prior AK 
or in situ SCC lesion. Other mechanisms probably exist which can initiate SCC 
carcinogenesis, including viral HPV tumor promotion which plays a role in ano-
genital and nail fold SCC, but likely has a minimal role in UV-induced SCC. Still, 
since most SCCs do arise within sun-exposed regions and many occur in clinically 
actinically damaged skin, the UV model is likely relevant to most SCCs as further 
explained below. 

 UV rays most commonly induce a mutation or deletion of the p53 gene, resulting 
in an inactivation of its tumor-suppressor protein product [ 18 ]. This protein is thought 
to play a prominent role in protecting the integrity of the genome by triggering apop-
tosis of mutated cells during the cell cycle. Deletion of this gene therefore promotes 
unchecked progression through the cell cycle and resistance to cellular death [ 19 ]. 
Accordingly,  p53  –/–  mice will have an increased propensity for developing AK-like 
lesions and SCC secondary to UV exposure [ 20 ]. The presence of p53 mutations 
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  Fig. 4.1     The cellular pathways of SCC formation and fi eld cancerization . ( a ) UV exposure results 
in a primary genetic mutation in keratinocytes, which promotes cellular proliferation and the 
acquisition of further mutations. This ultimately results in the formation of precursor SCC lesions. 
( b ) Normal appearing skin adjacent to tumor tissue may contain unique molecular and genetic 
profi les, resulting in a tumorigenic focus. For example, Notch1, a regulator of keratinocyte differ-
entiation, has been shown to be down-regulated in the dermis underlying actinic keratosis lesions. 
This results in increased expression of AP-1 family transcription factors, leading to elevated levels 
of pro-tumor cytokines. Kindly provided by Prof. Gian-Paolo Dotto, MD PhD       
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have been found in a signifi cant percentage of CSCC lesions, as well as in  AKs  , 
demonstrating that dysplastic lesions may acquire genetic mutations prior to becom-
ing SCC [ 21 ]. In fact, the prevalence of p53 mutations is over 15-fold higher in clini-
cally unremarkable sun-exposed skin as compared to non-exposed skin, which 
further supports the notion of fi eld cancerization which may be subclinical and sets 
the stage for the acquisition of new mutations, which may drive tumor development 
and progression [ 22 ]. UV-induced p53 mutations are occurring constantly in our skin 
and are also constantly being repaired via DNA repair mechanisms. The devastating 
effects of failure of this natural repair system are seen in xeroderma pigmentosum. 
This disease is due to defects in DNA repair and results in aggressive SCCs begin-
ning in childhood which invariably lead to death. 

 While  keratinocytes   in chronically sun-exposed areas of the skin may show mul-
tiple changes detectable before cancer formation occurs, other cells may similarly 
be involved in a close interplay in the process of fi eld cancerization. For instance, 
the Notch1 gene is known to be a master regulator of differentiation in many tissues, 
and has been found to contribute to keratinocyte homeostasis in the epidermis [ 23 ]. 
Notch1 has also been shown, however, to play a key role in the differentiation of 
dermal fi broblast cells. Accordingly, a site-specifi c deletion of CSL/RBP-Jκ in the 
mouse dermis led to the formation of multiple SCC lesions, reenacting the clinically 
observed phenomenon of fi eld cancerization [ 24 ]. Furthermore, human skin may 
demonstrate similar patterns of Notch1 downregulation in dermal tissue underlying 
AK lesions, with a corresponding increase in the AP-1 family transcription factors 
such as c-Jun and Fos (Fig.  4.1b ). 

 Another factor which may play an important role in the promotion of  fi eld can-
cerization   is the presence of chronic infl ammation. Notch 1 is a regulatory gene 
which contributes to keratinocyte homestasis [ 23 ]. In a mouse model of fi eld can-
cerization with impaired dermal Notch signaling, widespread low-grade infl amma-
tion could be observed long before the presence of multiple tumors though the 
mechanism by which this occurs is not known. 

 This link between chronic infl ammation and SCC seen in the laboratory is con-
sistent with the clinical occurrence of SCC within chronically infl amed or damaged 
skin such as is seen in Marjolin’s ulcers and the devastating condition of recessive 
dystrophic epidermolysis bullosa in which aggressive SCC forms within the chroni-
cally scarred tissues and is the leading cause of death in this disease. SCC formation 
could be reduced in the Notch 1 mouse model above via the use of broad anti- 
infl ammatory agents such as cyclooxygenase-2 inhibitors prior to tumor develop-
ment which resulted in a dramatic reduction if not total suppression of tumor 
formation [ 24 ]. 

 Infl ammation therefore appears to be a critical precursor for the induction of fi eld 
cancerization in this model. Similarly, infl ammation was shown to be a key player 
in the chemical carcinogenesis model of SCC formation through the presence of the 
RAGE receptor, and its ligands S100A8/A9 [ 25 ]. S100A8/A9 belong to the 
 calcium- binding family of S100 proteins which are commonly expressed in infl am-
matory diseases at large, e.g. S100A7 (psoriasin) in psoriasis. Among other ligands 
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they may bind to the  receptor for advanced glycation end products (RAGE),   thus 
mediating a pro-infl ammatory effect. Both the RAGE receptor and its ligands appear 
to be upregulated in SCC lesions, and expression levels may vary following the use 
of immunosuppressive drugs in organ transplant recipients. This suggests a possible 
role for RAGE and S100A8/A9 in the formation of high-risk SCC lesions associ-
ated with OTRs [ 26 ].   

    Carcinogenic Impact of Medication on Keratinocytes 

 While light skin type and cumulative UV exposure are thought to be the principal 
risk factors for the development of SCC, the administration of certain medications 
is also known to play a pivotal role in SCC formation. In particular, the risk of 
developing SCC in OTRs on chronic immunosuppressive therapy is thought to be 
100-fold greater than that of the general population [ 3 ]. The effect of  immunosup-
pression   itself and the subsequent  decreased immune surveillance   it entails may 
facilitate SCC formation. 

 In addition to the impact of immunosuppressive drugs on the immune system, 
direct drug-induced effects extending beyond immunosuppression have recently 
been identifi ed in keratinocytes, and may serve as potential contributors to the for-
mation of high-risk SCCs in OTRs. These mechanisms are discussed below. 

        Calcineurin Inhibition   Drives SCC Formation 
through the Promotion of  ATF3   in Keratinocytes 

 Calcineurin inhibitors (cyclosporine A and tacrolimus) were amongst the fi rst 
immunosuppressive agents used to prevent transplant rejection in OTRs, and they 
remain at the cornerstone of modern transplant medicine. They are thought to exert 
their immunosuppressive effect largely through the inhibition of calcineurin, which 
prevents the activation of lymphocytes and thereby suppresses the initiation of an 
adaptive immune response. The expression of calcineurin is not unique to lympho-
cytes of the immune system, however, and has been found in multiple different cells 
of the body.  Cyclosporine A   may therefore exert widespread systemic effects in 
addition to its role in immune suppression. 

 In keratinocytes, calcineurin has recently been shown to inhibit the expression of 
 Activating Transcription Factor 3 (ATF3)  , a member of the enlarged AP-1 family of 
transcription factors. ATF3 expression has been shown to play a role in the pathogen-
esis of several different epithelial cancers, and therefore may be of potential interest 
in keratinocytes as well. Subsequent experimentation has shown calcineurin inhibi-
tion to directly result in increased ATF3 expression, which in turn, results in increased 
binding of ATF3 to various sites in the promoter region of p53. This results in the 
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effective inhibition of p53 mRNA expression [ 27 ]. As mentioned previously, p53 is 
a key tumor suppressor gene in charge of cell cycle regulation, and loss of p53 func-
tion is known to catalyze tumor formation in epithelial cells [ 19 ]. Furthermore, 
in vivo experiments conducted in mice have shown that the use of cyclosporine A 
resulted in a sharp increase in both ATF3 mRNA and protein levels, with a corre-
sponding downregulation of p53 protein expression. This led to a subsequent increase 
in epithelial tumor formation [ 27 ]. This newly described mechanism for calcineurin 
inhibition in keratinocytes may help explain the disproportionate increase in kerati-
nocyte-derived cancers relative to overall malignancies seen in OTRs. 

 In contrast to systemic calcineurin inhibition with cyclosporine A, topical calci-
neurin inhibitors such as tacrolimus and pimecrolimus, widely used in the treatment 
of atopic dermatitis and other infl ammatory skin disease, have yet to be associated 
with any increased incidence of SCC [ 28 ,  29 ]. While the exact mechanism underly-
ing this observed discrepancy is not fully understood, it is thought that the inhibition 
of calcineurin in epidermal keratinocytes alone may be insuffi cient to incite the 
development of squamous cell carcinoma itself. Rather, SCC formation may rely on 
the synergistic effect of the local dermal and infl ammatory microenvironment in 
order to overcome host tumor defenses mounted by the body’s immune system. 
These systemic cellular host immune defenses are impaired by systemic but not topi-
cal calcineurin inhibition which may explain why systemic inhibition with oral drugs 
(notably cyclosporine A) is associated with SCC formation while topical inhibition 
has not emerged in association with increased cutaneous carcinogenesis to date.     

       Azathioprine   Photosensitizes Skin to UVA and Facilitates Direct 
DNA Damage of Keratinocytes in OTR 

 Another medication commonly used to prevent transplant rejection in OTRs is the 
anti-metabolite compound azathioprine (AZA). AZA works by incorporating the 
metabolite 6-thioguanine (6-TG) into cells during de novo DNA synthesis, thereby 
blocking effective synthesis and impairing cellular function. More recently, the 
newer purine analogues mycophenolic acid and mycophenolate mofetil have 
become the fi rst-line anti-metabolite agents used in transplantation medicine. AZA 
continues to be used, however, in older patients with long-standing immunosup-
pressive regimens, as well as those with chronic infl ammatory conditions such as 
infl ammatory bowel disease [ 30 ]. 

 While patients on azathioprine do not typically complain of photosensitivity, 
experimental data have previously identifi ed  AZA   as a potent photosensitizer in the 
ultraviolet A (UVA) range [ 31 ]. More importantly, keratinocytes under the infl uence 
of AZA were shown to be directly susceptible to DNA damage induced by UVA. This 
is particularly signifi cant since it was previously believed that only ultraviolet B 
(UVB) rays were powerful enough to induce direct DNA damage, as evidenced by 
UVB signature mutations such as the cyclobutane pyrimidine dimer and 6-4 photo-
product formation commonly found in the skin. Further experiments effectively 
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demonstrated, however, that AZA treatment may result in clinically demonstrable 
UVA-induced photosensitivity [ 32 ]. Accordingly, clinical studies have shown that 
switching renal transplant recipients from AZA to alternative anti- metabolites such 
as mycophenolate mofetil can improve UVA-related photosensitivity in as little as 3 
months [ 33 ]. Furthermore, UVA exposure in these patients, once switched to myco-
phenolate, did not infl ict the same degree of molecular damage, as measured by p53 
induction in photo-exposed skin as they had suffered while on azathioprine. 

 Interestingly, a long-term follow up conducted on a small group of renal trans-
plant recipients was able to detect the persistence of the AZA metabolite 6-TG in 
circulating lymphocytes as long as 2 years after discontinuation of the drug, with a 
continued further improvement of photosensitivity in two out of four patients. These 
latter observations suggest that azathioprine may continue to exert a carcinogenic 
effect long beyond its period of use. While no formal data incriminate azathioprine 
as an isolated culprit for the increased incidence of SCC seen in OTRs, it may still 
be prudent to limit its use, especially in light-skinned patients, and to consider 
switching away from azathioprine if SCC occurs, based on the current evidence 
highlighted above [ 34 ].     

    The Tumor  Microenvironment   in High-Risk SCC 

 The body’s immune system is equipped with all the necessary components to effec-
tively identify, target, and eradicate malignant SCC cells. The generation of such 
 anti-tumor immunity  , however, is a complex process which is dependent on the 
precise and dynamic interplay of several critical immune mediators. Furthermore, 
the nature of an immune response may be molded by a variety of chemical signals 
present in the surrounding microenvironment [ 35 ]. 

 Typically, the initiation of anti-tumor immunity begins with dendritic cells, which 
are considered professional antigen-presenting cells and serve as an important link 
between the innate and adaptive immune systems [ 36 ]. These cells will recognize and 
process specifi c tumor-associated antigens, with subsequent presentation to naïve 
CD4+ and CD8+ T-cells. This results in the generation and activation of antigen-
specifi c effector T cells, including T-helper (Th) and cytotoxic T cells (Tc), which 
may directly attack invading cancer cells [ 37 ]. Accordingly, any defect or suppression 
of function in the above-mentioned immune cells may result in defective or impaired 
 anti-tumor immunity  . In the remainder of this chapter, we will systematically describe 
the presence and function of key immune cells, including dendritic cells, macro-
phages, and effector T cells, which are found in the SCC tumor microenvironment. 
We will further highlight the distinct immune features observed in transplant-associ-
ated SCC ( TSCC  )    as compared to SCC, which may be contributing to the impaired 
immunity and accelerated tumor growth seen clinically. Additionally, we will charac-
terize the unique soluble factors and signaling molecules present in the SCC microen-
vironment, which may be interacting with immune cell function to promote neoplastic 
transformation and protect the tumor from host immunity. 
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      Dendritic Cells in the Tumor Microenvironment 

  Dendritic cells (DC)   are considered to be professional antigen-presenters based on 
their ability to sample the surrounding environment for foreign invaders, and pres-
ent associated antigens in the context of MHC class II and co-stimulatory molecules 
[ 36 ]. Their prevalence in the peripheral tissues such as the skin supports their role 
as gatekeepers of immunity. Cutaneous  DCs   may be loosely subdivided into three 
main subsets, which can be distinguished based on their location and differential 
expression of surface molecules in the steady state. These include: (1) epidermal 
 Langerhans cells (LCs)   which patrol the epidermis; (2)  dermal myeloid dendritic 
cells (mDCs)   which patrol the dermis; and (3)  plasmacytoid dendritic cells (pDCs)   
which are antigen presenting cells that circulate in blood and lymphatics [ 38 ,  39 ]. 

 DCs are thought to be the fi rst immune cells to encounter local tumor antigen in 
SCC, and are therefore critical for the initiation of tumor immunity. Indeed, we have 
previously studied the presence of DCs in SCC lesions, and found signifi cantly 
reduced quantities of both LCs and mDCs as compared to normal skin (Fig.  4.2 ). 
This suggests a disruption in DC-generated immunity in SCC, which may in part 
account for a more tumor permissive environment [ 40 ,  41 ].

   In addition to the decreased amount of  mDCs  , we have also evaluated both the 
phenotype and function of mDCs extracted from SCC lesions compared to those 
taken from peritumoral or healthy skin. We found that tumor-associated mDCs 
were, in fact, poor stimulators of T cell proliferation and activation when compared 
to their peritumoral or healthy skin counterparts. Furthermore, this discrepancy was 
directly the result of defective mDC function and not due to impaired DC matura-
tion. This was evidenced by comparable levels of the DC maturation markers CD83 
and CD86 in tumoral, peritumoral, and healthy-skin mDCs [ 40 ]. Consistent with 
our fi ndings, tumor-associated mDCs extracted from BCC lesions have also been 
shown to be defi cient activators of the T cell response when compared to normal 
cutaneous mDCs [ 42 ]. Although the precise mechanism underlying this observed 
effect remains unclear, we have shown the SCC immune microenvironment to be 
rich in soluble immunosuppressive factors such as IL-10, TGF-β, and VEGF-A 
[ 40 ]. These molecules were found to be elevated in both lesional tissue and adjacent 
peritumoral skin, which supports the notion that normal-appearing skin adjacent to 
tumor sites may in fact contain a unique pro-tumoral composition. Additionally, 
IL-10, TGF-β and VEGF-A have been linked to the direct inhibition of mature mDC 
stimulatory function [ 43 ]. This suggests tumor cells may secrete immunosuppres-
sive molecules which effectively suppress proper mDC function, resulting in the 
impaired generation of anti-tumor immunity. 

 In contrast to the impaired mDC function seen in SCC,  LCs   harvested from SCC 
lesions have actually been shown to have an enhanced ability to stimulate CD4+ and 
CD8+ T cell proliferation in vitro when compared to cells taken from matched, 
 non- tumor bearing skin [ 44 ]. Furthermore, SCC-derived LCs may effi ciently polar-
ize the T cell population towards a predominantly Th1 response, which results in the 
increased secretion of IFN-γ. This is thought to be a critical mediator in the successful 
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generation of anti-tumor immunity [ 45 ]. It would therefore appear that the SCC 
microenvironment may actually serve to promote, rather than inhibit, LC activation 
and the initiation of an anti-tumor response. Accordingly, subsequent study has 
revealed that non-tumor LCs cultured in the presence of  tumor supernatant (TSN)   will 
lead to the increased proliferation of both CD8+ and CD4+ T cells, with a shift 
towards a Th1 cell response [ 44 ]. 

 Despite the stimulatory effect of the SCC microenvironment on LC function, 
and the enhanced type 1 anti-tumor response generated in vitro,  LCs   remain inca-
pable of preventing SCC tumor growth in vivo. This effect may be due to a variety 
of different reasons, including the dramatically reduced number of LCs found in 
both lesional and peritumoral skin [ 40 ,  41 ,  46 ]. Additionally, these cells may have 
impaired patterns of migration, and defective mechanisms of T cell priming in the 
draining lymph nodes. This would effectively prevent the activation of a T cell 
response and subsequently inhibit the launch of a full-scale immune attack [ 47 , 
 48 ]. In fact, current research has shown that the application of TSN directly to SCC 
lesions in mice resulted in a markedly diminished migration of LCs to draining 
lymph nodes in vivo [ 41 ,  49 ]. Finally, much of our knowledge concerning LC 
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function in the SCC microenvironment is derived from the study of migrating cells 
taken from pre-existing tumors. The role of LCs in the tumor initiation stage thus 
remains largely unknown. Several recent studies have suggested LCs may actually 
accelerate SCC development in mutated keratinocytes, resulting in a pro-tumor 
effect in cutaneous carcinomas [ 50 ,  51 ]. 

 While the SCC tumor microenvironment is distinctive in that it contains mark-
edly low levels of mDCs and LCs, it is also notable for containing relatively large 
quantities of  pDCs   [ 40 ]. These cells are thought to be the primary foot soldier of the 
innate immune system due to their tremendous ability to produce interferon-α 
(IFNα) in response to foreign invasion [ 52 ]. This cytokine has been shown to have 
both antiviral and antitumor effects, and may therefore be benefi cial in tumor eradi-
cation [ 53 ]. Additionally, it has recently been shown that pDCs are capable of rec-
ognizing, processing, and cross-presenting foreign antigen to CD8+ T cells [ 54 ,  55 ]. 
Although this process is found to be less effi cient in pDCs when compared to their 
mDC counterparts, these fi ndings support the notion that pDCs may, in fact, be 
effective activators of the anti-tumor immune response [ 56 ]. Accordingly, it has 
been shown that the elevated amounts of pDCs are indeed associated with increased 
clearance of BCC lesions following treatment with imiquimod [ 57 ]. Further research 
is currently needed in order to more accurately defi ne the role of pDCs in human 
cutaneous carcinomas. 

 Recently, a novel subtype of mDCs has been identifi ed which is associated mainly 
with an infl ammatory response. These highly specialized DCs are characterized by 
the secretion of infl ammatory mediators such as TNF, iNOS, IL-20 and IL-23, and 
are hence labeled TIP-DCs [ 39 ,  40 ]. The presence of TIP-DCs has been previously 
described in psoriasis, where it was shown that treatment of psoriatic lesions with the 
anti-CD11a agent  efalizumab   strongly reduced their infl ux into the affected areas. 
This suggests that these cells may be playing an active role in driving keratinocyte 
hyperproliferation [ 58 ]. Alternatively, TIP-DCs have been shown to exert a direct 
immunosuppressive effect by catalyzing the metabolism of  L -arginine, which results 
in the subsequent production of nitric oxide and reactive oxygen species. In particu-
lar, reduced concentration of  L -arginine has been shown to prevent the development 
of antigen-specifi c T cells, and nitric oxide may inhibit activated T cell proliferation 
[ 59 ]. We have previously evaluated the SCC microenvironment for the presence of 
TIP-DCs, and found a signifi cant infl ux of these cells in the dermal regions sur-
rounding SCC tumor nests. While their precise role in SCC remains somewhat 
unclear, TIP-DCs may be contributing to immune dysfunction through the secretion 
of immunosuppressive cytokines which inhibit effector T cell production.    

      Effector T Cells   in the Tumor Microenvironment 

 Following antigen uptake and processing, peripheral DCs will migrate through the 
afferent lymphatics to nearby lymph nodes for presentation to naïve T cells. Binding 
of T cells to the MHC-antigen complex and co-stimulatory molecules on the DC 
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surface results in the activation and subsequent differentiation of T cells into highly 
specifi c effector cells [ 60 ]. Typically, these cells can be subdivided into one of three 
categories based on the distinct molecules they produce. These include: (1) cyto-
toxic CD8+ T cells (Tc), which bind to MHC class I molecules on the DC surface, 
and release specialized cytotoxins including perforin, granzymes, and IFN-γ in 
response to cytosolic pathogens; (2) CD4+ Th1 cells, which bind to MHC class II 
molecules and release IL-2, IFN-γ and other activating molecules, thereby enhanc-
ing the anti-tumor function of macrophages, natural killer cells (NK) and Tc cells; 
and (3) CD4+ Th2 cells, which also bind to MHC class II molecules, and drive 
B-cell dependent humoral immunity through the release of B cell growth factors 
IL-4 and IL-5 [ 61 – 64 ]. Tc and Th1 cells are generally thought to be the key media-
tors of anti-tumor immunity. 

 Since T-cell mediated immunity is critical in controlling tumor growth, we have 
previously characterized the presence of tumor-associated CD4+ and CD8+ T cells in 
SCC as compared to those found in  transplant-associated SCC (TSCC)   and normal 
skin. Not surprisingly, we found a signifi cantly greater number of CD8+ T cells asso-
ciated with both SCC and TSCC as compared to normal skin [ 65 ]. Previous research 
has shown that CSCC is commonly associated with increased T cell infi ltrates, how-
ever the clinical persistence of cancer suggests that these T cells are unable to destroy 
the tumor [ 66 ,  67 ]. Interestingly, however, our results show fewer numbers of CD8+ 
T cells in TSCC as compared to SCC lesions. This decrease in anti-tumor Tc cells 
may be one of several factors contributing to the increased proliferative behaviors 
seen in TSCC. Accordingly, recent studies have indeed shown reduced amounts of 
tumor-infi ltrating CD8+ T cells to be associated with more aggressive tumor pheno-
types and increased risk of lymph node metastasis [ 68 ]. 

 In addition to increased CD8+ T cells in the SCC and TSCC microenvironment, 
we have also found a signifi cantly increased number of Foxp3+ regulatory T cells 
(Tregs) in tumor tissue as compared to normal skin [ 65 ]. These cells are known to 
promote immune tolerance, and are thought to be critical for the prevention of auto-
immunity [ 69 ,  70 ]. Recent evidence has shown, however, that Tregs may also play 
a role in the suppression of an appropriate anti-tumor response through the direct 
inhibition of effector T cell proliferation and cytokine production [ 71 – 73 ]. 
Additionally, DCs co-cultured with Tregs have been shown to down-regulate the 
expression of co-stimulatory molecules, which may impair their ability to stimulate 
T cell proliferation and contribute to immune system dysfunction [ 74 – 76 ]. In fact, 
recent studies have shown that increased levels of  Tregs   are correlated with a poor 
prognosis and decreased survival rates in a variety of cancers, including gastric, 
breast and ovarian carcinoma [ 71 ,  77 ,  78 ]. Of note, when evaluating the presence of 
Tregs in SCC and TSCC, we actually found an increased ratio of Tregs to CD8+ Tc 
cells in TSCC as compared to SCC [ 65 ]. This disruption of the Treg to Tc cell bal-
ance may further exacerbate the immune impairment seen in SCC, which may result 
in a severely compromised ability to launch an immune attack. This may again be 
contributing to the more aggressive tumor phenotypes seen in TSCC. 

 Another signifi cant disparity that is found between the immune microenviron-
ment in TSCC as compared to SCC is a decreased percentage of IFN-γ secreting 
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CD4+ T cells (Th1) in  TSCC   [ 65 ]. This is somewhat consistent with our previous 
research, which has shown the TSCC microenvironment to contain a predominantly 
Th2 phenotype [ 74 ]. As mentioned previously, Th1 cells are thought to be critical 
for the generation of anti-tumor immunity, thus decreased levels may contribute to 
the more tumor permissive environment seen in TSCC [ 65 ,  79 ]. More interestingly, 
however, we found the TSCC microenvironment to contain a signifi cant increase in 
the percentage of CD8+ interleukin-22 (IL-22) producing cells as compared to non- 
transplant associated SCC (Fig.  4.3a ) [ 65 ]. IL-22 is a member of the IL-10 family 
of cytokines, and has been implicated in a number of benign keratinocyte hyperpro-
liferative conditions such as psoriasis and atopic dermatitis [ 80 – 84 ]. Recent evi-
dence, however, suggests that IL-22 may also play a role in driving the growth of a 
number of malignant processes, such as mantle cell lymphoma, hepatocellular car-
cinoma, colon carcinoma and pancreatic cancer [ 85 – 89 ]. While the precise nature 
of IL-22 in SCC remains to be defi ned, we have provided evidence that IL-22 
administration may in fact enhance the proliferation of CSCC cells in vitro 
(Fig.  4.3b ). More specifi cally, we found treatment with IL-22 resulted in an eight-
fold increase in cell numbers as compared to those cells grown without IL-22 sup-
plementation (Fig.  4.3c ) [ 65 ]. Furthermore, the SCC microenvironment was 
associated with increased gene expression of IL-22, and increased protein expres-
sion of IL-22, the IL-22 receptor, and associated downstream modulator pSTAT-3 
[ 65 ]. These fi ndings serve to reinforce the importance of the IL-22 pathway in SCC 
and TSCC, and support the notion that increased IL-22 may be driving accelerated 
SCC growth in organ transplant recipients. 

       Macrophages, Immune Suppressive Molecules, and Other 
Competing Forces in the SCC Microenvironment 

 Tumor behavior is not simply a function of cancer or immune cells themselves, but 
rather is dependent on the composition of the local surroundings. The tumor micro-
environment can thus be thought of as the collection of cells, soluble factors, signal-
ing molecules and extracellular matrix components that together may serve to 
 regulate neoplastic transformation   and  tumor progression   [ 90 ]. We have previously 
described the unique DC and effector T cell components which make up the SCC 
microenvironment. We will now focus on the presence of macrophages, associated 
soluble factors, and immunosuppressive molecules, which may also be contributing 
to the complex immune environment seen in SCC. 

  Macrophages   are considered to be the body’s principal phagocytic cells, and like 
DCs, they are thought to play a key role in the initiation of both the innate and the 
adaptive immune response. They are often one of the major populations of leuko-
cytes found in solid tumors, where they have been shown to alternatively promote or 
inhibit tumor growth [ 91 – 93 ]. In particular,  tumor-associated macrophages (TAMs)   
have been shown to promote early eradication of tumor cells in vitro [ 94 ]. They are 
also, however, associated with a negative prognosis in several human cancers, and 
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have been shown to release angiogenic factors which may directly contribute to 
tumor growth [ 93 ,  95 ]. We have previously shown that TAMs are signifi cantly upreg-
ulated in the SCC microenvironment as compared to normal skin. Additionally, the 
phenotype and function of TAMs in SCC was found to be heterogeneous, with evi-
dence for both anti- and pro-tumor function [ 35 ]. For instance, TAMs were found to 
have upregulated expression of the IFN-γ receptor, which refl ects an enhanced abil-
ity to respond to IFN-γ with antigen presentation and the initiation of a Th1 
immune response. This would be expected to prevent tumor progression [ 96 ]. 
Conversely, TAMs were also found to produce factors which encouraged tumorigenesis. 
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  Fig. 4.3     Transplant - associated SCC  ( TSCC )  contains a unique immune phenotype which may be 
driving accelerated SCC growth . ( a ) We stimulated T cell “crawl outs” taken from SCC and TSCC 
and determined T cell phenotype through intracellular cytokine staining. We found TSCC lesions 
to contain a signifi cant decrease in CD4+ IFN-γ producing cells, and a signifi cant increase in 
CD8+ IL-22 producing cells (p < 0.05). ( b ) IL-22 was found to drive accelerated SCC growth 
in vitro. A431 cells were cultured in full media (10 % FBS) or in serum starvation media (0.1 % 
FBS) with or without the addition of the indicated cytokines for 72 h. Cells cultured in full media, 
and in starvation media supplemented with IL-22 (40 and 100 ng/ml) show considerably greater 
proliferative behavior with increased colony formation when compared to those grown in starva-
tion media alone or supplemented with IL-24 (40 ng/ml) ( c ) Cell counts were performed after 72 h 
of cultivation in the indicated conditions. The addition of 100 ng/ml IL-22 to the starvation media 
resulted in a hyperproliferation of tumor cells and eightfold increase in cell numbers when com-
pared to those grown in serum starvation alone, or serum starvation supplemented with IL-22 
(40 ng/ml) or IL-24 (40 ng/ml) (one-way ANOVA, p < 0.001)       
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These include the pro-lymphangiogenic vascular endothelial growth factor- C 
(VEGF-C), as well as  matrix metalloproteinases (MMPs)   9 and 11, which pro-
mote local invasion and metastatic spread through the degradation of the extracel-
lular matrix [ 35 ,  97 ]. MMPs may also release matrix-sequestered angiogenic 
factors which encourage tumor growth [ 98 ]. The abundant infl ux of TAMs in the 
SCC microenvironment may therefore be serving to promote tumor growth and 
carcinogenesis. 

 As mentioned above, the SCC microenvironment contains a large amount of 
TAMs which may secrete pro-tumoral factors such as VEGF-C. VEGF- C   is a criti-
cal mediator of lymphangiogenesis, and is thought to stimulate the proliferation and 
increased survival of lymphatic endothelial cells [ 99 ]. Additionally, increased  lym-
phatic vessel density (LVD)   and VEGF-C expression have been shown to be effec-
tive predictors of lymph node metastasis in several different cancers, including oral 
and supraglottic SCC, as well as melanoma [ 100 – 102 ]. Accordingly, we have shown 
the SCC tumor microenvironment to contain increased LVD in the juxtatumoral 
dermis, as well as an upregulation of several different lymphangiogenesis genes. 
SCC lesions also contained increased levels of VEGF-C as compared to normal 
skin, likely the result of secretion by associated TAMs. Moreover, these fi ndings 
were not only present in SCC lesions, but also apparent in matched adjacent non- 
tumor bearing skin. This supports the concept of fi eld cancerization, and may facili-
tate the recurrence and metastasis of SCC tumors despite treatment with excision 
and seemingly clear margins [ 97 ]. 

 Finally, endothelial cells lining local blood vessels are often the fi rst contact that 
many blood-borne elements, including certain immune cells, have with a tumor. 
Endothelial cell integrity may therefore play a key role in tumor development by 
allowing various immune components to gain entry to the tumor microenvironment 
[ 103 ]. Recent research has suggested that reduced expression of endothelial 
E-selectin in the local SCC tumor vasculature may result in aberrant T cell homing 
and increased infi ltration of Tregs into the tumor [ 66 ]. Additionally, we have shown 
that the SCC tumor microenvironment contains signifi cantly greater expression of 
the endothelial protein CD200, a known immunosuppressive protein which often 
regulates immune cell entry into areas of immune privilege, such as the brain, retina 
and hair follicle [ 104 – 106 ]. This effect can be manipulated in human cancers to 
confer pathologic immune privilege to tumor cells, thereby helping the tumor evade 
immune detection. Furthermore, we found several factors released from SCC lesions 
were actually capable of inducing the expression of CD200 on endothelial cells 
in vitro. This may help explain our fi nding that nearly all vessels in SCC expressed 
CD200, whereas very few did in normal skin [ 104 ]. We also saw a signifi cant 
increase in the expression of CD200 receptor (CD200R) on myeloid cells in the 
SCC microenvironment, which may, in part, help account for the mDC dysfunction 
seen in SCC [ 40 ,  104 ]. Taken together, these results suggest that CD200, and its 
interaction with CD200R on myeloid cells, may be a critical mechanism of immune 
evasion in SCC.   
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    Summary and Conclusions 

 Squamous cell carcinoma (SCC) remains a signifi cant cause of morbidity and mor-
tality in organ transplant recipients (OTRs). Lesions in this patient population tend 
to be more numerous, rapidly growing, and more aggressive when compared to SCC 
from immune competent patients, with elevated rates of recurrence and metastases 
[ 4 ,  7 ]. Additionally, extensive body surface area involvement often renders surgery, 
the primary treatment modality, diffi cult or disfi guring. There thus exists a real need 
for the development of effective medical therapies for the treatment of fi led cancer-
ization and aggressive SCC in OTRs. This process is dependent, however, on a thor-
ough and comprehensive understanding of SCC pathogenesis and the various factors 
which may allow tumor cells to evade immune detection. Furthermore, targeting 
specifi c lesions themselves may be inadequate in the context of fi eld cancerization, 
which suggests that normal appearing skin adjacent to tumor tissue may actually 
contain unique genetic mutations which render the area tumorigenic. 

 Comparing low-risk SCC tumor development in immune competent patients ver-
sus high-risk transplant-associated SCC (TSCC) provides us with a novel opportu-
nity to explore the intricacies of the tumor immune microenvironment, and allows 
us to gain a greater understanding of the various factors which may drive SCC 
proliferation. SCC lesions are thought to occur as a direct result of chronic exposure 
to carcinogenic stimuli such as UV light. This eventually results in a genomic muta-
tion in keratinocytes, which confers a growth advantage such that the transformed 
cell may continue to acquire new mutations. These rapidly-proliferating mutated 
cells will ultimately form a microscopic tumor focus within the skin. While this 
process of tumor development is thought to be consistent for all SCC lesions, there 
are various tumorigenic factors which may catalyze cellular damage and increase 
carcinogenesis. For instance, the use of immunosuppressive agents such as 
Cyclosporine A and Azathioprine may be directly driving SCC formation through 
the respective inhibition of the p53 tumor suppressor protein and photosensitization 
of the skin to UVA. These medications are commonly used in OTRs, and may, in 
part, explain the high prevalence of SCC seen in this population. 

 Additionally, the immune microenvironment associated with SCC is thought to be 
a dynamic milieu, comprised of opposing forces driving tumor promotion and tumor 
suppression (Fig.  4.4  ). We have found SCC lesions to contain a signifi cantly reduced 
number of mDCs and LCs when compared to normal skin, as well as an increased 
number of pDCs. Furthermore, mDC function appears to be impaired in SCC lesions, 
with an inability to stimulate an appropriate T cell response. Other unique features of 
the tumor microenvironment include increased amounts of Tregs, which is further 
highlighted by an increased ratio of Tregs to CD8+ Tc cells in transplant-associated 
SCC (TSCC). TSCC lesions also contain a signifi cantly decreased amount of CD4+ 
IFN-γ producing cells, as well as a signifi cantly increased amount of CD8+ IL-22 
producing cells. The former is thought to be a key mediator of  anti-tumor immunity, 
and may help explain the more tumor permissive environment seen in TSCC. The 
latter has been shown to directly drive SCC proliferation in vitro, and may therefore 
contribute to the more aggressive tumor phenotypes seen in TSCC.
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   High-risk SCC lesions may therefore be attributed to a number of different fac-
tors, which taken together serve to promote both a decrease in immune surveillance, 
as well as an increase in mutagenic and proliferative signals. Furthermore, aberrant 
gene patterns in the surrounding tissue increase the likelihood of tumor recurrence 
and new tumor formation. Treatment of these lesions may therefore require a com-
prehensive, multi-pronged approach aimed at targeting individual lesions them-
selves, the surrounding tumor microenvironment, and the affected fi eld in order to 
effectively eradicate lesions and ensure a more long term tumor-free survival.     
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  Fig. 4.4     The SCC immune microenvironment is a dynamic milieu comprised of competing forces 
driving tumor progression and tumor suppression . The SCC microenvironment is associated with 
an increased infl ux of pDCs, which secrete the anti-tumoral cytokine IFNα. The tumor microenvi-
ronment also works to promote LC function and enhance their ability to stimulate effector T cells. 
Conversely, mDC function is suppressed in SCC lesions. SCC is also associated with an infl ux of 
Tregs, which may create a more tumor permissive environment. Additionally, TSCC will contain 
a signifi cant decrease in Th1 cells as well as a signifi cant increase in T22 cells, which serve to 
further promote tumor proliferation. Tumor associated macrophages display heterogeneous behav-
ior. On the one hand they demonstrate an enhanced ability to respond to IFN-γ and stimulate Th1. 
They also, however, secrete pro-angiogenic immunosuppressive factors such as MMP 9, MMP 11 
and VEGF-C       
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    Chapter 5   
 Management of Patients with Multiple SCCs/
Field Cancerization                     

       Sasha     Jenkins     Haberle    ,     Lauren     Rimoin    ,     Myrto     Georgia     Trakatelli    , 
and     Fiona     Zwald    

            Background: The Concept of Field Cancerization     

 In the multi-step model of carcinogenesis, it is theorized that actinic keratoses (AK) 
represent a step in the transformation of normal skin to  cutaneous squamous cell 
carcinoma (CSCC)   [ 1 ]. The molecular and genetic bases of this process are covered 
in Chaps.   3     and   4    . Over the past decade, there has been increasing evidence that the 
conventional lesion-directed therapy of AKs (predominantly liquid–nitrogen cryo-
therapy) has failed to address the clinically negligible but potentially biologically 
signifi cant preneoplastic changes in surrounding skin [ 2 ]. Although actinic  keratosis   
are precancerous [ 3 ,  4 ], the exact probability of a given AK undergoing malignant 
transformation is unknown [ 5 ]. There is a histologic continuum between AK and in 
situ CSCC which is not clinically obvious and patients with AK will also often have 
CSCC in the same region of sun-damaged skin. The reported risk of progression to 
CSCC for individual lesions ranges from 0.025 to 16 % per year [ 6 ]. The 10-year risk 
of malignant transformation of at least one AK on a given patient is 10.2 % [ 7 ]. The 
relative risk of malignant transformation depends ultimately on factors related to the 
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AK itself (for example, thickness), as well as patient characteristics (for example, 
drug therapy, degree of pigmentation, immune status) [ 8 ]. Though not all CSCCs 
arise from pre-existing AK, approximately 50 % of CSCCs appear to arise from a 
prior AK lesion [ 8 ]. Yet doctors are unable to predict accurately which AKs will 
progress to CSCCs, nor are they able to recognize premalignant changes in clinically 
normal-appearing surrounding skin that has been subjected to equivalent ultraviolet 
exposure and other underlying risk factors [ 9 ,  10 ]. 

 Given the high number of CSCCs arising from AKs, there has been a paradigm 
shift in which the idea of treating individual AKs has given way to a preference for 
treatment of a larger fi eld of sun-damaged skin that contains molecular and/or cyto-
logical changes that may eventually give rise to carcinoma, a process known as 
“fi eld cancerization.” Within such fi elds of marked sun-damage, patients may have 
numerous areas in different stages of cancer development including AK, CSCC in 
situ, and dermally invasive CSCC (Fig.  5.1 ) [ 11 ]. The concept of fi eld cancerization 
was fi rst described in the gastrointestinal literature in 1953 as the development of 
clinically occult areas that express multifocal premalignant genetic mutations 
before progressing to pathologic dysplasia and eventually to primary and recurrent 
tumors [ 1 ]. The idea of fi eld cancerization clearly applies to the development of 

Field changes of actinic
kevatosis and in situ
CSCC spectrum

Hyperkeratotic
AK

Suspicious Area for
new dermally invasive
SCC

Previously 
excised SCC

  Fig. 5.1    Field cancerization with scar of SCC excision and various lesions consistent with the 
spectrum of fi eld cancerization: actinic keratosis, hyperkeratotic actinic keratosis, in situ CSCC, 
and dermally invasive CSCC       
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non- melanoma skin cancers in actinically damaged skin, and dermatologists are 
now armed with numerous ways of treating all AKs in a given fi eld rather than spot- 
treating clinically obvious AKs. The idea of chemoprevention is the use of various 
agents to prevent, suppress, and reverse the progression of cancer. The implementa-
tion of topical therapies, procedural ablative techniques, and systemic prophylactic 
treatment has been shown to successfully reduce overall burden of premalignant 
disease in the treatment of clinical and subclinical lesions in large areas of sun- 
damaged (actinically-damaged) skin.

   While initial clearance after fi eld therapy is typically evaluated in studies as a 
75 % or greater reduction in total AK lesions, the true goal in these patients should 
be sustained clearance [ 12 ]. Unfortunately, 25–75 % of immunocompetent patients 
show regrowth of premalignant lesions and subsequently require retreatment within 
1 year [ 13 ]. The challenge of signifi cant regrowth despite impressive initial clear-
ance can be met by implementing regular cyclical treatment of AKs [ 12 ]. This chap-
ter will explore various modalities that may be employed in a repeated rotation for 
the treatment of larger areas of fi eld cancerization [ 14 ]. It should be noted that the 
combination of lesion-directed cryotherapy and fi eld-directed therapy have been 
shown to be more effective in maintaining long-term clearance of AKs than fi eld- 
directed modalities alone [ 15 ,  16 ].  

      At-Risk Populations   

 Specifi c populations are at a greater risk of developing large areas of premalignant 
change, making them particularly favorable candidates for fi eld cancerization ther-
apy. Table  5.1  summarizes dermatologic conditions associated with increased risk 
of developing multiple and/or high risk NMSC where chemoprevention should be 
considered [ 17 ]. The highest burden of AKs and CSCCs is seen in older patients 
with Fitzpatrick skin types I to III and a history of chronic sun exposure [ 11 ]. 
Additional environmental risk factors include frequent sunburns, tanning salon use, 
exposure to ionizing radiation, cigarette smoking, and arsenic exposure [ 11 ]. Certain 
genetic conditions such as xeroderma pigmentosum and albinism also predispose 
patients to AKs and CSCCs. Other clinical situations, such as chronic non-healing 
wounds, longstanding infl ammatory diseases like discoid lupus erythematosus, and 
the presence of porokeratoses also increase one’s risk of multiple non-melanoma 
skin cancer. Geographic location is an important factor to consider, as AKs are more 
frequently seen in high UV index countries/regions with fair-skinned populations. 
For example, the prevalence of men aged 30–70 in Australia with AK is just over 
55 %, whereas the prevalence in a similar demographic in Europe is only 15 % [ 18 ].

   Another important group to consider in those at high-risk for multiple AKs and 
CSCCs are immunosuppressed individuals, particularly  solid-organ-transplant 
recipients (SOTR)   and individuals with  chronic lymphocytic leukemia (CLL)   or 
AIDS. Accounting for nearly 40 % of all post-transplant neoplasms, skin cancers 
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are the number one diagnosed malignancy in SOTR [ 19 ,  20 ]. Over half of SOTR are 
diagnosed with at least one skin cancer, which tend to act more aggressively than 
skin cancers in immunocompetent people [ 21 ]. Similarly, those with CLL have an 
eight- to tenfold increased risk of skin cancer, with CSCCs occurring more often 
than BCCs [ 22 ]. 

 Immunosuppressed individuals are estimated to have double the risk of CSCC 
metastasis (approximately 12.9 %) than their immunocompetent counterparts [ 22 ]. 
While sun exposure tends to be the most signifi cant risk factor in these patients and 
CSCC is rare in immunosuppressed persons with minimal UV exposure or darker 
skin types, multi-drug immunosuppressive therapy and longer duration of immuno-
suppression have also been linked to greater CSCC risk [ 23 ].   

     Predictors   of Appearance of Multiple CSCCs 

 There are various risk factors that may predispose to one or numerous CSCC 
(Table  5.1 ) and patients often present with a combination of these factors as their 
coexistence has a synergistic effect for tumor appearance. Many high-risk patients 
will develop progressively more CSCCs after their fi rst one. The reported cumula-
tive 3-year risk of subsequent CSCC in patients with a prior SCC is 18 % [ 24 ], at 
least a tenfold increase in incidence compared with the incidence of fi rst tumors in 
a comparable general population. 

   Table 5.1    Risk factors for 
developing numerous and/or 
high-risk cutaneous 
squamous cell carcinoma  

 1. Immunosuppresion 
 •  Solid organ-transplant recipients 
 •  Other patients on chronic 

immunosuppressive therapies 
(e.g. rheumatoid arthritis, colitis) 

 •  Hematologic malignancies, particularly 
chronic lymphocytic leukemia 

 •  Infection with human 
immunodefi ciency virus 

 2.  Chronic radiation or excessive ultraviolet 
light exposure 
 •  Severe photodamage 
 •  Psoriasis post-PUVA treatment 
 •  Chronic radiation dermatitis 

 3.  Genetic syndromes with increased risk of 
nonmelanoma skin cancer 
 •  Xeroderma pigmentosum 
 •  Epidermodysplasia verruciformis 
 •  Bazex syndrome 
 •  Epidermolysis bullosa 
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 Predictors of future CSCC in high-risk populations have not been fi rmly estab-
lished [ 24 ] making management of these patients a continuous challenge. Although 
increasing age and male sex are strong predictors of CSCC and  basal cell carcinoma 
(BCC  ) risk in the general population, they do not seem to be strong risk factors for 
CSCC/BCC after a CSCC/BCC. 

 In a recent publication [ 25 ], in an attempt to better defi ne predictive factors for 
the appearance of new primary CSCC, a cohort study of a population at high risk of 
keratinocyte cancers (defi ned by having heavily sun-damaged skin and at least 3.6 
keratinocyte cancers in the 5 years prior to enrollment) were followed for a median 
duration of 3.7 years for occurrence of CSCC on the face or ears. The most impor-
tant independent risk factors in this group were number of invasive CSCCs in the 5 
years before enrollment, number of actinic keratosis (AK) at enrollment, and total 
occupational time of outdoor UV exposure. Since the risk of subsequent CSCC may 
increase with number of previous CSCCs, patients with multiple previous CSCCs 
merit more frequent examination.  

     Premalignant and Malignant Lesion Surveillance   

 While all dermatologists can agree that close follow-up is crucial in individuals with 
multiple AKs and CSCCs, there are no established guidelines advising how often this 
should occur. The general consensus suggests that patients with actinic damage 
should be seen at the very least on a semi-annual to annual basis to determine if abla-
tive treatments have worked, if new AKs have arisen, or if transformation to CSCC 
has occurred. Physicians should consider history of skin cancer, immune status, 
extent of past or current sun exposure, age, and comorbidities when deciding on the 
length of follow up intervals. These recommendations change with particularly high-
risk individuals. For example, a dermatologist may evaluate a solid organ transplant 
patient (SOTR) prior to transplantation to establish a baseline, but follow up recom-
mendations range depending on other risk factors. Those with a history of metastatic 
CSCC or melanoma should be evaluated every 1–3 months, while those with no his-
tory of skin cancer may be evaluated annually, or even every other year for those with 
darker skin types [ 21 ]. Regardless of the interval, each evaluation should consist of a 
total body skin exam and education regarding sun protection and skin self-exams. 
Table  5.2  summarizes recommended frequency of dermatology visits for SOTR [ 24 ].

        Distinguishing Premalignant Lesions from  Invasive CSCC   

 Ideally, dermatologists could confi dently and effectively distinguish low risk pre-
malignant lesions, high-risk premalignant lesions, and invasive CSCCs in a clinical 
setting. However, a 2010 study comparing clinical diagnoses to pathologic diagno-
ses of AKs versus early CSCCs showed a meager 55 % clinical-pathologic agree-
ment, suggesting that dermatologists should be vigilant and thorough in their 
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treatment of individuals with multiple AKs as one cannot always clinically differen-
tiate between AK, CSCC in situ, and CSCC with early superfi cial dermal invasion 
[ 25 ]. A recent summary of data regarding clinical indicators of malignant transfor-
mation indicates that lesions with induration, bleeding, rapid enlargement in diam-
eter, erythema, and ulceration suggest a risk of malignant transformation to invasive 
CSCC [ 26 ]. Failure to clear with topical therapy is a very important indicator of 
dermal invasion and is a major reason why topical fi eld therapy (described below) 
greatly aids the identifi cation of dermally invasive CSCC which do not respond. 
Other risk factors for progression of AK to CSCC include location (lips, nose, ears, 
eyelids), male gender, older age, history of skin cancer, fair skin, and presence of 
hyperkeratosis [ 27 ]. Table  5.3  summarizes factors reported as associated with 
increased risk of invasive squamous cell carcinoma arising from actinic keratosis.

   Premalignant lesions such as verruca, AKs, and porokeratoses should be treated 
aggressively at fi rst development. If these lesions are tender, or have an atypical or 
enlarging appearance, they should be biopsied for histological evaluation. It must 
also be emphasized that any lesion that persists after standard treatment must be 
biopsied.   

   Table 5.2    Follow-up intervals for total body skin examination for solid organ transplantation   

 Patient risk factor 
 Interval for total body skin 
examination (no. of months) 

 No skin cancer/fi eld disease  12 
 Field disease  6 
 One nonmelanoma skin cancer  3–6 
 Multiple nonmelanoma skin cancers  3 
 High-risk squamous cell carcinoma or melanoma  2 
 Metastatic squamous cell carcinoma or melanoma  2 

   Table 5.3    Factors associated with increased risk of invasive squamous cell carcinoma arising 
from actinic keratosis   

 Lesion 
related 

 AK characteristics/appearance  Hyperkeratotic, rapidly proliferative or 
changing, infl ammed, tender, bleeding, 
ulcerated, indurated 

 AK number/size  Presence of multiple lesions, large surface area 
 AK location  Lip, ear, extremities 

 Patient 
related 

 Characteristics  Male gender, older age, light skin 
 Concomitant medical conditions/
medications 

 Agents that increase sun sensitivity, history of 
skin cancer, organ transplantation and other 
settings of chronic immunosuppression, 
lymphoma and leukemia 
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      Patient Education   

 Studies have shown that people’s understanding of skin cancer and the adoption of 
sun-protection practices is generally low [ 28 ]. The ever-increasing incidence of AK 
and CSCC indicates that the use of sun-protection practices is inadequate, and 
attempts to improve these behaviors have not always achieved the desired results 
[ 29 ]. A systematic review showed that behavioral counseling could infl uence sun- 
protective behavior [ 28 ] and thus, this should be carried out keeping in mind that 
counseling needs to be tailored to the population targeted in order to be effective. 
Sun-associated behavior modifi cation post-organ transplantation has been proven to 
reduce the risk of developing CSCC and BCC, even in those patients with a history 
of prior CSCC [ 30 ]. Vitamin D defi ciency is a real consequence of aggressive photo-
protection, and patients using strict sun protection should be screened and supple-
mented accordingly. The American Academy of Dermatology recommends daily 
supplementation with 1000 IU of D3 in adults who regularly and properly practice 
photoprotection. Given that sun protection reduces risk of CSCC, it is of paramount 
importance that dermatologic consultations for follow up of fi eld cancerization also 
serve to raise awareness in the patients of their heightened risk of skin cancer and 
provide them with skin-care education and protective strategies. Skin-care education 
is essentially comprised of photoprotection education, and self -skin examination 
(SSE) education. The advice given to the patients should be repeated at each follow-
up consultation and reinforced with written information and/or pamphlets and images 
[ 31 ].  Photoprotection   education aims to minimize UV exposure and subsequently 
the development of new AK and CSCC in patients with previous CSCC and/or 
BCC. Counseling should explain the importance of UV in skin carcinogenesis and 
teach the hallmarks of photoprotection that are sun avoidance during peak ultraviolet 
hours, proper use of sunscreen and protective clothing and avoidance of suntanning. 
High risk patients should be instructed to wear clothing covering as much skin sur-
face as possible (wide-brim hat, sunglasses, long-sleeved tops and trousers when 
possible), to avoid exposure to the sun and seek the shade, especially between 11 a.m. 
and 4 p.m., to avoid the use of tanning beds and to use sunscreen on the chronically 
sun-exposed sites such as the ears, neck and hands. Sunscreen should protect against 
both UVA and UVB rays with a sun protection factor of at least 30 (SPF30), and 
emphasis of reapplication should be discussed [ 31 ]. 

 Another important component of skin-care education is teaching the patient how 
to perform a self-skin examination and describing the possible signs that should 
alert him to consult his dermatologist. To enhance early detection and treatment, 
high-risk patients should be educated in the clinical appearance of common benign, 
premalignant, and malignant skin lesions. Patients should be encouraged to perform 
self-skin examination monthly looking for skin cancer and precursors. They should 
be advised to look for any new or changing growths including pink patches or spots, 
scaly growths, bleeding spots, or changing moles. A practical advice approach is 
that a growth occurring for >4 weeks or a wound or irritated region that fails to heal 
within 4 weeks merits dermatological evaluation. In addition, for high-risk patients 
(high risk squamous cell carcinoma or metastatic disease) a self- examination of the 
lymph nodes every month is recommended [ 32 ].   
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    Chemoprevention Therapies 

    Topical Therapies 

 The use of topical therapy is critical in management of patients with fi eld disease and 
history of multiple CSCCs. As discussed previously, it can be diffi cult to spot- treat 
individual clinically apparent actinic keratosis when they are numerous and the use of 
topical therapies to treat larger surface areas of actinically damaged skin has proven 
to be a useful method in managing patients. In addition to eliminating dysplastic cells 
in the epidermis and allowing less damaged, healthier cells to replace them, fi eld 
treatment helps clinicians to identify dermally-invasive CSCCs which don’t respond 
to topical therapy and that may require surgical excision. In this section, we will dis-
cuss the various types of topical therapy that can be used for fi eld therapy. 

    Cryotherapy      

 The use of liquid nitrogen on premalignant actinic keratosis is the most widely used 
treatment. The mechanism of action of cryotherapy involves rapid cooling, result-
ing in intracellular ice crystal formation, followed by a slow thaw that results in cell 
damage [ 33 ]. Additional cycles lead to more damage. The response rate of a single 
treatment cycle for actinic keratosis ranges from 68 to 76.2 % [ 34 – 36 ], while the 
response rate of lesions retreated at 3 or 6 months increased to 86.1–87 % [ 34 ,  37 ]. 
The use of cryotherapy is helpful in patients that have a limited number of discrete 
lesions, but in areas of fi eld cancerization it can be challenging to distinguish indi-
vidual lesions and the affected area may be larger thus making cryotherapy a less 
suitable and impractical treatment modality.  

    Topical Retinoids   

 Retinoids are natural and synthetic derivatives of vitamin A. Retinoids act through 
either the retinoic acid receptors or the retinoid X receptors, and have been shown 
to have antiproliferative and cancer preventive properties [ 38 ]. There have been a 
few trials looking at the use of topical retinoids in prevention of CSCC and BCC. A 
double-blind placebo-controlled trial in 13 renal transplant patients demonstrated 
no signifi cant difference in the number of actinic keratosis following 6 weeks of 
twice a day application of tretinoin 0.03 % cream, calcipotriol cream 50 μg/g, com-
bination of the two creams and placebo [ 39 ]. A randomized double-blind placebo- 
controlled trial of 1131 patients at the department of Veterans Affairs did not 
demonstrate a reduction of development of CSCC and BCC using topical tretinoin 
0.1 % cream [ 40 ]. Given the evidence, routine use of topical retinoid therapy for 
chemoprevention of CSCC and BCC is not supported.  
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      Topical 5-Fluorouracil   

  Topical 5-fl ourouracil (5-FU)   is an antimetabolite that has been used for nearly 50 
years in the treatment of preamalignant skin disease in the immunocompetent popu-
lation and is commonly used for fi eld treatment in  solid organ transplant recipients 
(SOTRs).   Its effect is mediated by disruption of RNA synthesis as well as via inhibi-
tion of thymidylate synthetase leading to decreased synthesis of DNA which par-
ticularly affects the rapidly proliferating cells of AK and in situ CSCC [ 41 ,  42 ]. It is 
available in 2 and 5 % solution, 5 % cream, and 0.5 % cream, all of which are 
approved by the FDA for treatment of actinic keratoses. The 5 % fl uorouracil (5-FU) 
is also approved for the treatment of superfi cial basal cell carcinoma. The 5 % 
strength is typically used for treatment of fi eld cancerization. 

 Literature supports an improved clearance rate of AKs in immunocompetent 
patients compared to immunosuppressed patients. The clearance of AK lesions in 
immunocompetent patients using 5 % 5-FU cream is about 93.8 % at 24 weeks. An 
average of 49 % of patients treated with 5 % 5-FU had 100 % clearance of all 
lesions, while only 34.8 % of patients treated with 0.5 % 5-FU had complete clear-
ance [ 43 ]. Yet despite its widespread use in the immunosuppressed including the 
transplant population, there is a paucity of randomized controlled trials examining 
the effi cacy of 5-FU in the immunosuppressed. A single study performed in 2007 
compared the use of MAL-PDT with a typical 3 week course of twice daily applica-
tion of 5-FU in transplant recipients and found that the 5-FU group experienced 
only an 11 % rate of complete clearance of the treated fi elds, with a mean decrease 
in lesional area of 79 % [ 44 ]. This is in marked contrast to prior studies of 5-FU in 
immunocompetent hosts, where rates of complete clearance of the treated fi eld as 
high as 90 % have been reported, and is likely secondary to the background immu-
nosuppression seen in SOTRs [ 45 ]. 

 5-fl ourouracil can be used repeatedly, even in transplant patients and no studies 
to date have reported adverse effects on organ graft function. 5-FU has clearly been 
shown to reduce the number of AKs, however the results are not long-lasting and 
treatment needs to be repeated in cycles, usually every 6–18 months. Lastly, the use 
of topical 5-FU in preventing CSCC has not been studied.    

     Imiquimod 5 % 

  Imiquimod      is a member of the imidazoquinoline group, possesses antiviral and anti-
tumor activities, and is approved by the FDA for treatment of condyloma acumi-
nata, AKs, and superfi cial  BCCs   less than 2 cm on the neck, body, or extremities in 
immunocompetent adults. Its activity is thought to be mediated in part by interac-
tions with Toll-like receptor (TLR) 7 and stimulation of both innate and adaptive 
immune responses [ 46 – 48 ]. It is available in 5 % cream and 3.75 % cream, but typi-
cally the 5 % cream is used for fi eld therapy. 

 Imiquimod has been studied in both the immunocompetent and immunosup-
pressed patient population. A double-blind randomized vehicle-control trial using 
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5 % imiquimod cream three times per week for 18 weeks demonstrated a complete 
response rate of 43 % for AKs. In addition, a small-randomized placebo-controlled 
trial of 31 patients with CSCC in situ showed a resolution of 73 % of cases using 
imiquimod 5 % cream with no recurrences in a 9 month period [ 49 ]. A 2007 study 
examining the effi cacy and safety of topical 5 % imiquimod in organ transplant 
recipients demonstrated reduced cutaneous dysplasia with complete clearance rates 
of AKs as high as 62 % in treated patients. No adverse effects on graft organ func-
tion were noted during or following treatment with imiquimod on areas of 100 cm 2  
three times per week over 16 weeks [ 50 ]. Combination with 5 % 5-fl ourouracil 
(imiquimod applied Monday, Wednesday, and Friday and 5-FU applied twice daily 
on off days) may enhance effi cacy of each individual agent and has been used suc-
cessfully to treat lower extremities in situ CSCC in renal transplant recipients [ 51 ]. 
Immunosuppressed patients using 5 % imiquimoid should look for infl ammation. If 
no infl ammation is present during treatment duration, application under occlusion 
can be tried. However, if there is still no infl ammation, then treatment should be 
changed to another agent. 

 Similar to topical 5-FU, imiqiumod is successful in prevention and treatment of 
AKs and fi eld disease therapy but has not been studied for chemoprevention of 
CSCC. Also like topical 5-FU, the results of imiquimod are not long-lasting, and 
repetitive cycles of imiquimod are necessary in treating patients with fi eld disease 
therapy. A drawback of imiquimod relative to 5-FU is the small packets in which it 
is dispensed precluding treatment of larger areas of fi eld cancerization. Treatment of 
larger areas has been associated with very severe and limiting fl u-like symptoms 
thought due to a systemic cytokine release [ 52 ,  53 ].    

    Diclofenac Sodium   

 Diclofenac is a nonsteroidal anti-infl ammatory drug, an inhibitor of cyclooxygenase 
2, formulated as a 3 % topical gel in 2.5 % hyaluronate sodium. It has been used for 
the treatment of AKs for more than a decade. Its use has been studied in both immu-
nocompetent and immunosuppressed individuals. A meta-analysis of twice daily 
application of topical diclofenac vs. placebo revealed that 39.6 % of patients expe-
rienced complete AK lesion clearance at 30 days after the end of treatment, in com-
parison with 12 % of patients treated with a placebo gel [ 54 ]. Complete lesion 
clearance rates (for two separate trials) 30 days after a 90-day treatment with diclof-
enac were 47 and 34 %, in comparison with 19 and 18 % for the placebo groups 
[ 55 ]. A randomized placebo controlled trial of 32 SOTR using twice daily applica-
tion of topical diclofenac cream for 16 weeks demonstrated a complete clearance of 
AK lesions of 41 % in the treated group and 0 % in the placebo group [ 56 ]. 
Furthermore, none of the treated patients developed an invasive CSCC in the study 
area within 24 months of treatment. 

 The most common adverse effects reported after treatment with 3 % diclofenac in 
2.5 % hyaluronic acid gel are pruritus, contact dermatitis, dry skin, rash, and scaling. 
Treatment is generally well-tolerated [ 54 ]. Treatment of AK using 3 % diclofenac in 
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2.5 % hyaluronic gel appears to be well tolerated, but with lower effi cacy than other 
topical treatments reviewed, and thus is not recommended as fi rst line therapy for 
treatment of fi eld disease.  

     Ingenol Mebutate   

 Ingenol mebutate is a recently approved topical medication for the treatment of 
actinic keratoses. The 0.015 % gel formulation is used once daily for 3 consecutive 
days on the scalp or face, while the 0.05 % gel formulation is used once daily for 2 
consecutive days on the trunk or extremities. It is derived from the milkweed plant, 
 Euphorbia peplus , and is a hydrophobic macrocyclicditerpene ester. The proposed 
mechanism of action in immunocompetent hosts involves rapid lesion necrosis and 
specifi c neutrophil-mediated, antibody-dependent cellular cytotoxicity [ 57 ]. 
Clearance rates with ingenol mebutate in immunocompetent hosts may be lower 
than those achieved with topical imiquimod and 5-FU, but with the major advantage 
of a 2 or 3 day treatment course. Recent clinical trials have shown a 38–42 % com-
plete clearance using short-course fi eld therapy (2–3 days) on actinic keratoses on 
the trunk or extremities (0.05 % concentration) and in 37–47 % on the face or scalp 
(0.015 % concentration) [ 58 ]. The sustained clearance rate after 12 months was 
46.1 % on the face or scalp and 44 % on the trunk or extremities [ 59 ]. Adverse 
effects are similar to those seen with other topical treatments for premalignant skin 
disease and includes erythema, fl aking, scaling, crusting, swelling, vesiculation, 
pustulation, erosions or ulceration [ 60 ]. The main advanatage of the use of ingenol 
mebutate in fi eld therapy is the shorter treatment course and mild to moderate skin 
reactions, allowing for increased patient compliance. The primary drawback as with 
imiquimod, is that the medication is dispensed in very small packets that can treat 
approximately a 10 cm 2  fi eld making it impractical for treatment of large zones of 
fi eld cancerization. Ingenol mebutate has not yet been studied exclusively in SOTRs 
or other immunosuppressed patient populations and it remains to be seen what role 
it will play in fi eld therapy treatment.   

      Chemotherapy Wraps      

 Patient compliance with topical medications may represent a challenge in treating 
fi eld cancerization given the frequency and duration of treatment required. In addi-
tion management of multiple squamous cell carcinomas and actinic keratosis in 
certain areas, such as the lower legs, feet, forearms and hands is problematic as topi-
cal medications are generally less effective in these areas. An off label use of 
5 %-fl uorouracil under occlusion (chemowraps) was fi rst described as a preopera-
tive adjuvant for biopsy proven CSCCs in diffusely solar damaged lower legs [ 59 ]. 
Patients were treated with weekly wraps between 4 and 20 weeks with a decrease in 
clinical lesions lasting from 4 weeks to 3 years. Application of 5 %-fl uorouracil 
under occlusion applied weekly and left in place for 5–7 days, is also a useful 
modality for treating large areas of severe actinic damage [ 61 ,  62 ]. 
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 Table  5.4  and Fig.  5.2  provide an explanation of technique, but in brief, topical 
5-fl ourouracil is applied to affected areas on the forearms, dorsal hands, and/or legs 
and feet under occlusion. The patient returns to the offi ce for regular weekly assess-
ments by the dermatologist, care being taken to avoid the occurrence of superfi cial 
infection or deep dermal ulceration. To further enhance effi cacy, hyperkeratotic 
crusts should be removed prior to application of 5-FU to allow for better penetration 
of medication into epidermis. A small amount of local anesthesia may be required. 
Patients may also be trained to apply wraps themselves or with the aid of family 
members. Digital photos may be sent to trained offi ce nursing staff and reviewed by 
physicians as needed between visits. This may sometimes allow patients to com-
plete treatment at home safely if weekly offi ce visits are impractical.

    After the end of treatment, a healing period of approximately 4 weeks should be 
allowed. Any lesions that remain should be biopsied to rule out invasive CSCC 
Chemowraps are successful for a number of reasons including the following: 
improved compliance; increased total dose of 5-fl uorouracil to the epidermis; higher 
potency secondary to occlusion; compression allowing for healing of 5-fl uoruracil 
induced damage [ 63 ].    

      Photodynamic Therapy 

  Photodynamic therapy (PDT)      is an appropriate method of fi eld cancerization ther-
apy, particularly in individuals with multiple AKs and those who have diffi culty 
adhering to topical regimens.  PDT   employs a topical photosensitizer such as 5-ami-
nolevulinic acid (5-ALA) or methyl aminolevulinate (MAL), heme-precursors that 
are selectively absorbed into rapidly proliferating, iron- defi cient tumor cells of epi-
thelial origin [ 64 ]. This process preferentially photosensitizes atypical cells in AKs 
and in situ CSCC, avoiding more extensive cutaneous side effects [ 65 ]. This photo-
sensitizing step is followed by exposure to a non-coherent light source 1–3 h later; 

   Table 5.4    Use of chemowraps   

 1. Wash affected area (either leg or arm) with soap and water 
 2. Apply thick coat of 5 % 5-fl uorouracil (should be white) 
  •  For the forearms, start on the dorsal hand and extend to below the elbow 
  •  For the lower leg, start on the midfoot and extend to the upper calf 
  •  For both areas, treat circumferentially, both affected and non-affected skin 
 3.  For the lower leg, apply a Vaseline gauze on the anterior of ankle to minimize friction with 

movement 
 4. Apply a zinc-impregnated gauze, such as (Unna paste) with a 50 % overlap over 5-FU 
 5. Cover with Kerlix with minimal overlap 
 6. Cover with 6-in. coban or self-adhering wrap 
 7.  Patient removes wrap after 1 week, washes area and returns to clinic for reapplication or is 

taught to do above steps at home 
 8. Continue as necessary, usually for 4 weeks but up to 12 is possible if tolerated 
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light is absorbed by the photosensitizing agent which subsequently generates reac-
tive oxygen species to induce tissue damage in photosensitized cells [ 64 ]. Standard 
protocol for MAL-PDT includes a single treatment for AKs with possible repeat 
treatment in 3 months, compared to the required two treatments 1 week apart for 
BCC and in situ CSCC (Bowen’s disease) [ 66 ]. In the United States, blue light is 
approved in combination with 5-ALA for the treatment of non-hyperkeratotic AKs; 
however, red light is recommended for the treatment of in situ CSCC and invasive 
CSCC up to a thickness of 2–3 mm [ 64 ]. However, cure rates for invasive CSCC 
treated with PDT are lower than with surgical excision. Either broadband lamps or 
light emitting diodes (LEDs) may be used, although LEDs offer practical advan-
tages in safety and ease of use, with an advantage in treating larger areas and pos-
sible greater depth of photodynamic activity compared to broadband light [ 67 ]. 

 The use of PDT using MAL has shown complete response rates up to 90 % at 3 
months and 78 % at 1 year with excellent cosmesis and few side effects [ 35 ,  68 ,  69 ]. 
A 2009 randomized, double-blind, placebo-controlled study multicenter trial showed 
that PDT using a red light-emitting diode with topical MAL was signifi cantly supe-
rior in completely eradicating AKs than placebo PDT (83.3 % vs. 28.7 %) [ 67 ]. 

  Fig. 5.2    ( a ) Right arm of renal transplant recipient demonstrating extensive fi eld disease with 
numerous actinic keratoses and lesions clinically suggestive of squamous cell carcinoma in situ. 
( b ) Chemowrap in place demonstrating sparing of the elbow to allow for use of the arm and 
improve patient mobility. ( c ) Chemowrap in place demonstrating individual wrapping of the fi n-
gers to allow for patient’s use of the hand. ( d ) Close up view of individual wrapping of the hand       
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 PDT is an effective option for high-risk individuals such as the immunosup-
pressed population. Three separate studies evaluating the effi cacy of topical PDT 
with MAL and non-coherent red light for AKs in transplant patients demonstrated 
complete clearance rates of 64–89 % and a 71–76 % decrease in number of AKs [ 46 , 
 70 ,  71 ]. These studies all followed similar protocols which involved curettage of 
lesions prior to treatment, and use of non-coherent red light ([ 44 ,  70 ,  71 ]) A small 
study followed 12 high-risk OTR who received cyclic PDT using 20 % 
5- aminolevuinic acid and blue light every 4–8 weeks over 2 years and monitored 
development of further CSCC compared to pre-treatment; median reduction in inva-
sive and in situ CSCC at 12- and 24-months post-transplant was 79 and 95 % respec-
tively, showing promise for this treatment modality [ 72 ]. 

 The major side effect of PDT is pain during illumination. Pain is less with shorter 
incubation times of MAL or ALA but shorter incubation time must be balanced 
against effi cacy. Optimal protocols are not yet precisely defi ned and vary amongst 
practitioners. Other side effects include erythema, crusting of lesions, and edema, 
similar to other topical therapies. Because the phototoxic reaction is limited to the 
epidermis, the cosmetic outcome is excellent, again similar to other topical thera-
pies [ 12 ]. Pain can also be minimized with daylight PDT which uses daylight 
instead of an artifi cial light source to activate the topical photosensitizers [ 73 ]. This 
technique requires at least 2 h of daylight exposure, which is felt to achieve the same 
effective light dose as red LED lamps. Sunscreen must be used on the entire sun- 
exposed area (including treatment areas). Three Northern European trials conducted 
in 2006 through 2008 showed equivalent effi cacy of daylight PDT on treating mul-
tiple AKs compared to conventional PDT [ 74 – 76 ]. Another disadvantage in the 
United States is that PDT is reimbursed at a low rate by most insurers such that the 
signifi cant nursing and equipment costs are not covered. Subsequently medical 
practices that perform PDT treatments often do so at a fi nancial loss and so it is not 
widely offered. Hopefully PDT will become more accessible to patients in the 
future as it is one of the most effi cacious and convenient treatments available for 
fi eld cancerization and may be cost effective in some patient subsets if it prevents 
CSCC. This merits further study.     

    Chemical Peels   

 Chemical peels are a type of fi eld-directed ablation treatment modality. They can be 
used either alone or in conjunction with another treatment, such as 5 % 5- fl uorouracil. 
Depending on the strength of the chemical peel agent used, chemical peels remove 
skin to a variety of depths. The use of medium depth chemical peels (35–40 % tri-
chloroacetic acid) in trials has been shown to decrease actinic damage at 6 weeks 
and 6 months [ 77 ]. Chemical peels can be used as an alternative to patient applied 
topical medications for fi eld therapy on the scalp and face when patient compliance 
is an issue. Caution is advised for use of chemical peeling on the neck and upper 
extremities due to high risks of scarring and dyspigmentation.  
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    Sunscreen   

 Patient education regarding adequate sun protective measures and appropriate 
 sunscreen application is one of the most important tools in the management and 
prevention of skin cancer patients at risk for multiple CSCCs and areas of fi eld can-
cerization, especially SOTR. Sun protection counseling is discussed more fully ear-
lier in this chapter in the patient education section.  

     Combination Topical Therapies   

 Though not rigorously studied, combinations of the above modalities may be used. 
For example, in patients who cannot tolerate prolonged 5-FU or chemowraps, light 
curetting followed by 3–5 days of 5-FU and then PDT can produce very good results 
in a short period of time. In addition, topical therapies may be combined with sys-
temic therapies below for optimal control of fi eld cancerization.    

    Systemic Therapies 

     Acitretin   

 Systemic retinoids, specifi cally acitretin, have demonstrated utility in the suppres-
sion of AK and CSCC development, particularly in immunosuppressed patients 
[ 38 ]. This is the result of multiple downstream effects secondary to the binding of 
acitretin to the nuclear retinoid receptor, including promotion of cell maturation and 
differentiation as well as down-regulation of proto-oncogene expression [ 78 – 80 ]. 
Retinoids are used as prophylaxis to prevent morbidity from multiple AKs, CSCCs 
and BCCs. They have not been shown to decrease the risk of recurrence or mortality 
from existing CSCCs. 

 Chemoprevention with acitretin should be considered in patients developing 
multiple CSCCs and/or BCCs annually (5–10 per year). In addition, in  solid organ 
transplant recipients (SOTRs)   or other immusuppresed patients, acitretin use should 
be considered in those with extensive actinic damage and a history of multiple skin 
cancers or high-risk CSCC, and in patients with eruptive keratoacanthomas [ 81 ]. 
The development of multiple CSCCs has been reported as a common side effect of 
vemurafenib and dabrafenib, BRAF inhibitors used in treating metastatic melanoma 
[ 82 ]. It is thought that this might be a result of a paradoxical activation of the MAPK 
pathway, which occurs in the setting of hyperactivating RAS mutations [ 83 ]. The 
use of acitretin for chemoprevention of CSCC has been successful in patients treated 
with these new BRAF inhibitor medications [ 84 ]. Given that the peak of developing 
these lesions in patients on BRAF inhibitors is in the fi rst 12–24 weeks, it is impor-
tant to start using these medications early in the treatment course [ 84 ,  85 ]. Table  5.5  
highlights circumstances for consideration of oral chemoprevention in patients.
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   The side effect profi le of acitretin therapy in  SOTRs   is similar to that seen in the 
immunocompetent population and includes mucocutaneous xerosis (dryness), ele-
vated serum lipids, and transaminitis. These effects appear to be dose related [ 86 ]. 
Initiation of therapy at low doses (10 mg every day) and increasing at 10 mg incre-
ments at 2–4 week intervals to a goal dose of 20–25 mg daily can minimize side 
effects by preventing sudden onset of severe mucocutaneous symptoms. Baseline 
fasting lipids, comprehensive metabolic panel and complete blood count should be 
obtained and rechecked at 2–4 weeks and then at monthly intervals for the fi rst 3 
months of therapy. Acitretin is a teratogen for up to 2 years after it cessation. It is 
pregnancy category X and should never be used during pregnancy. The use of reti-
noids in women of childbearing age must be carefully weighed against these risks 
and regular pregnancy testing and strict contraception practices are critical. The use 
of two contraceptive methods is recommended 1 month prior to initiation of ther-
apy, during therapy and for 3 years after stopping therapy. Other contraindications 
to use include severe lipid abnormalities that are refractory to standard therapies. It 
is important to recognize that this is a long-term therapy; cessation of treatment 
results in prompt recurrence and sometimes even re-bound effect of  pre-malignant/
malignant skin disease that can be diffi cult to control [ 87 ,  88 ]. Table  5.5  summarizes 
the use of retinoids for chemoprevention [ 17 ].   

    Table 5.5    Use of retinoids for chemoprevention   

 Circumstances for starting oral 
chemoprophylaxis 

  History of aggressive or high-risk CSCC along with actinic 
damage 
  Patients developing multiple CSCC per year (5–10 annually) 
  Patients on BRAF inhibitors who are light skinned with 
history of UV exposure 

 Contraindications   Pregnancy and/or lactation 
  Women of childbearing potential not on adequate 
contraception 
  Moderate-to-severe liver dysfunction 
  Severe kidney dysfunction 
  Uncontrollable hyperlipidemia, especially 
hypertriglyceridemia 
  Concomitant medications that interfere with retinoids 
  Concomitant hepatotoxic drugs 
  Alcohol abuse 

 Acitretin dosing schedule   Start with 10 mg every day 
  Every 2–4 weeks increase the dose by 10–20 mg/day 
  Target dose is 15–25 mg/day 

 Recommended monitoring 
guidelines 

  At baseline: history, physical exam, fasting lipid panel, 
comprehensive metabolic panel (CMP) and complete blood 
count (CBC), pregnancy test if applicable 
  Fasting lipids, CMP, and CBC at week 2 and week 4, then 
monthly for fi rst 3 months of therapy 
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      Capecitabine      

 Capecitabine (an oral form of 5-fl uorouracil) is the fi rst FDA approved oral chemo-
therapeutic and was initially used in patients with metastatic breast cancer and later 
in patients with both metastatic and primary colon cancer. In 2006,  Peramiquel   et al. 
reported infl ammation and regression of actinic keratoses in patients receiving 
capecitabine and shortly thereafter the use of this medication was explored in 
patients at high risk for CSCC, including SOTRs [ 89 ]. 

 Capecitabine is a pro-drug of 5-fl uorouracil and the fi nal step in its conversion is 
mediated in peripheral tissues by thymidine phosphorylase, which is expressed at 
greater levels in some carcinomas. It is usually dosed at 1 g/m 2 /day for 14 days of a 
21-day cycle. Prior to starting therapy, liver and renal function panels should be 
checked, and then lab values should be checked monthly for 3 months, and then 
every other month [ 61 ]. Use of capecitabine is typically performed in conjunction 
with a multi-disciplinary team. 

 Two retrospective reviews examined the use of low-dose oral capecitabine in 
SOTRs with multiple CSCCs and/or BCCs [ 90 ,  91 ]. In these studies patients were 
treated in repeated 3-week cycles of 1–1.5 g/m 2  daily for 14 days, followed by 7 
days of no treatment. The fi rst study, which included only three patients, reported 
a dramatic decrease in the number of malignant skin lesions requiring excision in 
the 6 months following study onset compared to the 6 months immediately prior 
(only 1 lesion excised compared to a total of 35 excisions in the preceding 6 
months) [ 90 ]. The second retrospective study of 15 solid organ transplant recipi-
ents demonstrated a signifi cant decrease in the incidence of CSCCs in 80 % of 
treated patients using a similar treatment regimen [ 91 ]. In addition, 40 % of patients 
had reduction in the rate of BCC occurrence, and 53.3 % of patients had a decrease 
in number of AKs. No evidence of rebound after stopping therapy was reported. 
However, in this study 73 % of patients eventually developed grade 3 or 4 toxici-
ties, most commonly fatigue (40 %), hand-foot syndrome (20 %), and diarrhea 
(20 %), and 33 % of patients had discontinued treatment by 1 year due to such 
side-effects [ 91 ]. A fi nal case series of 10 solid organ transplant recipients treated 
with a similar regimen of oral capecitabine (0.5–1.5 g/m) for days 1–14 of a 21 day 
treatment cycle showed a signifi cant reduction in development of CSCCs per 
month, as well as actinic keratoses [ 92 ]. Similar side effects were demonstrated 
with two patients (20 %) requiring discontinuation. No cases of graft organ rejec-
tion were reported in these publications. 

 These early reports of capecitabine in organ transplant patients suggest that 
overall this is a relatively safe treatment, especially at low doses. However, pro-
spective studies are needed to characterize optimal dosing regimens as well as 
capecitabine’s long-term safety and effi cacy. Use of capecitabine is typically per-
formed in collaboration with medical oncology (and the transplant team in the case 
of transplant patients) due to the potential for side-effects, it is generally used when 
other treatment modalities have proven to be infective in controlling cutaneous 
fi eld cancerization.       
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    Summary 

 Managing patients with fi eld disease who develop multiple cutaneous squamous 
cell carcinomas can be very challenging. These challenging patients require close 
follow-up with frequent skin checks and monitoring of their skin disease as well as 
sun protection education. It is extremely important to not only treat individual 
lesions, but also to treat regions of fi eld cancerization with fi eld therapy. Though not 
defi nitively proven to decrease subsequent formation of invasive CSCC, preliminary 
data indicate treatment of fi eld disease may minimize CSCC formation. Additionally, 
clearance of extensive fi eld disease can help to clarify the physical exam so that 
dermally invasive lesions in need of biopsy and surgical clearance can be more 
readily identifi ed as they are no longer camoufl aged by a severely actinically-dam-
aged background. Improving the appearance of very damaged skin likely has sig-
nifi cant psychological and social benefi ts to patients as well. 

 Multiple treatment modalities may be used for fi eld directed therapy, including 
topical and systemic medications. Typically, topically applied therapies such as 
imiquimod, 5FU, or PDT may be used in rotation with destructive modalities, such 
as cryotherapy, ED&C, and surgical excision. In certain circumstances, application 
of chemowraps (5FU under occlusion) might be indicated for diffi cult to treat fi eld 
disease. In addition, systemic medications might be indicated for chemoprevention 
in a subtype of patients, such as immunosuppressed individuals. Early biopsy of 
lesions that persist despite these therapies is essential in successful management of 
these challenging patients.     
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    Chapter 6   
 Management of High-Risk Primary Tumors 
Including Nodal Staging                     

       Vishal     Anil     Patel     ,     Christian     L.     Baum    , and     Désirée     Ratner   

          Introduction 

 As discussed in Chap.   1    , cutaneous squamous cell carcinoma (CSCC) comprises 
approximately 20 % of the  non-melanoma skin cancers (NMSC)   in the United 
States [ 29 ,  35 ]. Between 87,000 and 760,000 cases have been estimated to occur 
annually [ 37 ]. Multiple countries have reported an  incidence   rate that has recently 
been increasing ([ 9 ,  23 – 25 ]). More important and more concerning, however, may 
be the recent fi nding that mortality from CSCC may be just as common as death 
from many common cancers including melanoma, renal carcinoma and oropharyn-
geal carcinoma [ 30 ,  31 ]. While most CSCCs are easily treatable and curable, a 
certain subset of tumors exhibits more aggressive behavior. 

 As detailed in Chaps.   1     and   2    , approximately 4 % of patients with CSCC develop 
nodal metastases and 1.5 % of patients die from their disease [ 9 ]. Based on esti-
mated  incidence   data, there were approximately 5604–12,572 patients CSCC 
patients developing nodal metastasis and 3932–8791 deaths from CSCC in the 
United States in 2012 [ 31 ]. Early identifi cation of the CSCC subsets that carry a 
substantial risk of recurrence and metastasis and therefore require closer monitoring 
and more aggressive treatment is the critical fi rst step in the management of this 
disease process. Chapter   2     discusses in detail risk factors that have been proposed to 
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help identify high-risk CSCC and even very high-risk CSCC [ 46 ] and how they 
have impacted tumor-staging systems. We will briefl y touch upon and review those 
aspects as they relate to high-risk CSCC management. This chapter describes treat-
ment options that have been validated as being effective for high-risk CSCC, spe-
cifi cally focusing on conventional excisional surgery, radiation therapy, and  Mohs 
micrographic surgery (MMS).   We will also briefl y discuss the use of radiation, che-
motherapy, and targeted molecular inhibitors as adjuvant therapy for primary 
tumors. The use of these treatments for locally advanced and metastatic CSCC is 
described in later chapters. Lastly, we will discuss the role of sentinel lymph node 
biopsy in the work up of high-risk CSCC.  

      Identifi cation   of High Risk CSCC 

 Identifying high-risk CSCC is critical so that appropriate treatment can occur as 
early as possible after diagnosis. However, determining the appropriate manage-
ment for high-risk tumors may at times be challenging due to the lack of specifi c 
prognostic and outcome data for the various risk factors [ 37 ]. There is currently a 
debate regarding which and how many risk factors are suffi cient to diagnose a high- 
risk lesion. Current  National Comprehensive Cancer Network (NCCN) guidelines   
suggest that the presence of any one risk factor in any given CSCC warrants wide 
excision with a 10 mm margin or MMS [ 46 ]. However, the  American Joint 
Committee on Cancer (AJCC)   requires a lesion to be >2 cm in diameter or have 2 
or more high-risk factors to be considered high-risk [ 65 ]. These systems were 
derived via expert consensus opinion regarding available published data. The 
Brigham and Women’s CSCC staging system proposed in 2013 is derived from 
cohort outcome data and has proposed a more stringent designation for high-risk 
CSCC [ 26 ]. It is detailed in Chap.   2     and below. 

 As a result of these differing defi nitions of high-risk CSCC in the literature and 
the profound lack of clinical trial data, approaches to management of high-risk 
tumors may vary greatly between expert clinicians. Improved prognostic stratifi ca-
tion as detailed in Chap.   2     and clinical trials of new drugs (described in Chaps.   3     and 
  9    ) should soon provide clinicians with more guidance. Meanwhile, for the purposes 
of our discussion of management options for high-risk CSCC, we encourage read-
ers to consider the data presented in Chaps.   1     and   2     and below to form their own 
defi nition of high-risk CSCC and apply the treatments outlined herein to such cases 
based on the clinician’s estimated risk of recurrence, metastasis, and death as 
derived from currently available data. 

 A certain subset of CSCC exhibits more aggressive clinical behavior than high- 
risk tumors as broadly defi ned by the  NCCN   (see Chap.   2     for NCCN defi nition). 
A tumor may be considered very high risk (Table  6.1 ) if it displays lymphovascular, 
perineural (“named nerve”), parotid, cartilaginous, or bony invasion, or if the patient 
develops in-transit metastasis, or regional or distant metastasis [ 51 ]. Furthermore, if 
a tumor is characterized by a greater number of high risk features, it may be consid-
ered very high risk as well ([ 31 ,  45 ]).
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   When metastatic disease occurs, 80 % of cases involve the regional lymph nodes 
[ 14 ]. Distant organ metastases are relatively rare. Most deaths from CSCC occur 
due to uncontrolled locoregional disease [ 9 ,  31 ]. Nodal or extensive locoregional 
spread may occur along nerves or anatomic fusion planes [ 51 ]. Presentation of 
regional or distant metastatic disease most often occurs within 1 or 2 years of diag-
nosis, but delays beyond 8 years have been reported [ 9 ,  14 ,  59 ,  67 ]. When metasta-
ses do occur, the most common sites include other cutaneous locations (in- transit or 
distant), lung, liver, brain, and bones [ 29 ]. 

 Predicting metastatic risk is important, since it serves as a means of anticipating, 
and thereby working to prevent, poor outcomes from a curable illness. Of the high 
risk features mentioned above, those associated with the highest risk of local or 
distant metastatic disease are listed in Table  6.2  and include: recurrence after previ-
ous treatment, tumor diameter greater than 2 cm, perineural invasion, depth beyond 
subcutaneous fat, desmoplasia, and poorly differentiated histology [ 9 ,  31 ,  45 ,  49 ]. 
Further effort has gone into defi ning a special set of risk factors for tumors whose 
recurrence or metastatic risk is unusually high but which have not yet manifested 
evidence of recurrence or metastasis [ 31 ,  45 ]. Analogous to the very high-risk fac-
tors described above, Miller reviewed available outcome literature in 2010 and char-
acterized these very high-risk cases in which something more than surgery needs to 
be done as those with perineural invasion, in-transit metastasis, arising in patients 
with chronic lymphocytic leukemia, having multiple traditional risk factors or radi-
cal subsets of traditional risk factors, such as extension into bone, and tumors for 
which negative surgical margins cannot be obtained [ 45 ]. Tumors of this nature may 
warrant not only adjuvant treatment or more extensive therapeutic options but also 
more intensive work-up and staging to more accurately defi ne their prognosis and 
detect subclinical disease spread.

    Table 6.1    Very high-risk 
CSCC features  

 Very high-risk CSCC characteristics 

 Lymphovascular invasion 
 Perineural invasion of a “named nerve” 
 Parotid invasion 
 Cartilaginous invasion 
 Bony invasion 
 In-transit metastasis 
 Regional or distant metastasis 

  Table 6.2    Risk factors with 
highest risk of local or distant 
metastatic disease in studies 
employing multivariate 
analyses  

 High-risk CSCC tumor characteristics 

 Recurrence after previous treatment 
 Tumor diameter greater than 2 cm 
 Large-caliber (≥0.1 mm) perineural 
invasion 
 Depth beyond subcutaneous fat 
 Desmoplasitic, poorly differentiated or 
undifferentiated histology 
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   The Brigham and Women’s CSCC staging system published in 2013 is based on 
cohort outcome data from 1818 CSCC patients and attempts to defi ne a subset of 
CSCC with suffi cient risk of recurrence and metastasis to warrant further study of 
nodal staging and adjuvant therapy. The presence of 2 or more risk factors (defi ned 
in the BWH system as tumor diameter ≥2 cm, depth beyond subcutaneous fat, poor 
differentiation, or invasion of nerve(s) ≥0.1 mm in caliber) conferred a 24 % (95 % 
CI 16–34 %) risk of nodal metastases and 16 % (95 % CI 10–25 %) risk of death 
from CSCC [ 31 ]. Those with no risk factors or only a single risk factor had a low 
risk of poor outcomes (1–2 % risk of local recurrence, 0.2–0.6 % risk of nodal 
metastasis or death). Such patients may not routinely require staging or treatment 
beyond surgical clearance.   

    Tumor Staging Options for High-Risk CSCC 

     Radiologic Staging 

  Radiologic imaging   has not been studied extensively in staging and prognosis of 
high-risk CSCC. Currently there is no gold standard for radiologic detection of 
CSCC in subclinical lymph nodes and data on the sensitivity and specifi city of pos-
sible modalities is generally lacking [ 37 ]. All patients with high-risk CSCC should 
have a thorough manual physical examination of the draining nodal basin. Such 
examinations via physical palpation have a reported sensitivity of 75.6 % and speci-
fi city of 97.5 % for mucosal head and neck squamous cell cancers and are equal in 
effi cacy to MRI [ 21 ]. The sensitivity of manual exam may be even higher for CSCC 
since involved nodes are usually superfi cial and thus may be more easily detected 
on physical exam. Ultrasonography (US) and computed tomography (CT) examina-
tion however have been shown to be superior to clinical exam alone and should be 
considered in cases where there is a high suspicion for lymph node disease [ 3 ]. 
Thus, when lymphatic disease is not detected on clinical exam, radiologic imaging 
may be used to confi rm negative lymph node disease status. Imaging modalities that 
have been utilized include US, CT, magnetic resonance imaging (MRI), and (18)
F-fl uorodeoxyglucose (FDG) positron emission tomography/CT (PET/CT). CT is 
useful for detecting bony or cartilaginous invasion and nodal disease while MRI is 
generally reserved for soft tissue and neural evaluation and is used less for detection 
of subclinical nodal disease. Ultrasound examinations are useful for soft tissue and 
nodal disease evaluation, while PET/CT scans are useful to identify small foci of 
metastatic disease. 

 A recent retrospective review compared the diagnostic value of these four differ-
ent imaging methods as applied to CSCC, and noted that the sensitivity, specifi city, 
and accuracy were 77.0, 99.4, and 95.3 % for CT and MR; 78.4, 98.5, and 94.8 % 
for US; and 81.1, 98.2, and 95.0 % for PET/CT, respectively. When the imaging 
modalities were used in combination, there was improved sensitivity (86.5 %), 
without loss of specifi city (99.4 %) or accuracy (97.0 %) [ 77 ]. This study illustrates 
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that no single screening test has yet been validated as a cost- effective screening tool 
for CSCC, and although combination imaging may increase sensitivity by as much 
as 10 %, the additive cost may not make such combined modalities cost-effective at 
this time. 

 When specifi cally looking at perineural invasion, detection by CT or MRI is 
associated with a poor prognosis. Since nerve invasion must be quite advanced to be 
detected radiologically, routine imaging is likely not of signifi cant value for most 
asymptomatic patients, but should be performed in those with marked nerve inva-
sion noted at time of excision or in patients with nerve defi cits on exam or paresthe-
sias [ 76 ]. 

 Recent reports suggest that  PET  /CT may assist in identifying suspected 
 sentinel lymph nodes for biopsy [ 33 ]. Thus, although clear standards for radio-
logic imaging as part of the routine work up for high-risk CSCC have not been 
developed, the need for imaging should be evaluated on a case-by-case basis, 
especially in those patients in whom extensive local invasion, nerve invasion, 
or distant metastatis is suspected, or in those with a signifi cant risk of nodal 
metastasis.   

      Sentinel Lymph Node Biopsy 

 The relatively predictable metastatic progression of CSCC to regional lymph 
nodes has served as the rationale to investigate  sentinel lymph node biopsy 
(SLNB     ) as a staging method to detect microscopic nodal disease. Data related to 
this technique is lacking. Most published reports exist in the form of case reports 
and case series, with only one prospective study reported earlier this year 
[Gore et al. Prospective study of sentinel node biopsy for high-risk cutaneous 
squamous cell carcinoma of the head and neck. Head Neck. 2015 May 12]. Based 
on these limited data, SLNB for CSCC appears to be safe with rare reports of 
complications such as hematoma, seroma, cutaneous fi stula, and infection [ 56 ]. 
SLNB is a relatively easy procedure. Despite the head and neck location com-
monly being cited as a technically diffi cult place to perform SLNB, sentinel 
lymph nodes have been successfully identifi ed in 95–100 % of reported cases. 
False-negative SLNB results in high-risk CSCC have ranged from 2.4 to 5 % [ 2 , 
 56 ,  61 ]. This is comparable to results from the melanoma literature, where SLNB 
is considered an acceptable staging procedure [ 60 ]. 

 As in melanoma, many have postulated that SLNB can have prognostic signifi -
cance in the work up of high-risk CSCC patients and aid treatment decisions. 
However, the appropriate CSCC patients for consideration of SLNB and the impact 
of SLNB results on outcomes remain incompletely characterized. Among the vari-
ables contributing to this ambiguity includes the absence of a uniform defi nition of 
high-risk CSCC and associated prognostic estimates as noted above, inconsistent 
reporting of the clinicopathologic variables, and lack of adjuvant treatment trials 
making management of CSCC patients with a positive SLNB somewhat uncertain. 
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 Two recent reviews have suggested a positive SLNB rate of 13.7 % (n = 73) of 
patient with high-risk head and neck CSCC and 12.3 % (n = 130) in patients 
with non-anogenital high risk CSCC of varying anatomic locations [ 2 ,  61 ]. In the 
latter report, patients were staged according to the AJCC 7th edition system and 
the BWH system to examine the utility of the staging systems as predictors of 
SLNB results. The BWH system more clearly defi ned which patients were at risk 
of having positive SLNB with rates of 0, 7.1, 29.4, and 50 % in BWH T1, T2a, 
T2b, and T3 tumors, respectively. It is worth noting that despite inconsistent 
reporting of clinicopathologic features, all primary tumors with a positive SLNB 
were ≥ 2 cm in diameter in both of these reviews. In a limited number of cases 
with suffi cient follow-up, the negative-predictive value of SLNB for CSCC was 
reported between 95.2 and 100 % for tumors on the head/neck, trunk, and 
extremities ([ 2 ], Kwon et al. 2011).  One prospective study has been recently 
reported showing that of 57 enrolled patients with high risk CSCC who under-
went SLNB, 14% were found to have disease within their lymph nodes [ 20 ]. This 
rate of positive lymph node disease is consistent with the  previous reported ret-
rospective studies and suggests that patients with high risk CSCC have a tangible 
risk of disease spread that should be aggressively worked up and managed. 

 The execution of SLNB is subject to variability related to the surgeon’s experi-
ence and procedural technique. In many of the published reports, the technique was 
not described and when it was described the techniques varied. However,  Ahmed   
et al. suggest that both radionucleotide colloid and intraoperative blue dye should be 
utilized in all future head and neck CSCC SLNB trials since the combination has 
signifi cantly improved identifi cation of SLNs in melanoma patients compared to 
blue dye alone [ 2 ,  18 ]. 

 Sentinel lymph node biopsy continues to be investigational for high-risk CSCC 
until formal trials are available. However, the relatively low risk of the procedure in 
the context of patients with suffi ciently high risk of microscopic nodal disease, 
namely BWH T2b or higher or tumors with lymphovascular invasion as they have a 
risk of nodal metastases of at least 20 %, allows physicians to consider SLNB in the 
management of high-risk CSCC patients. In contrast to melanoma, most CSCC 
patients die of uncontrolled locoregional disease rather than distant metastases. 
Distant metastases tend to occur late in the course of disease if at all. Thus, early 
detection of nodal disease via SLNB may be more benefi cial in reducing recurrence 
and extending life in CSCC patients than it has been in melanoma. Nodal disease, 
when caught at an early stage, is highly curable in CSCC but much less so with 
more advanced nodal disease (see Chap.   8    ). This also suggests that early detection 
via radiologic imaging and/or SLNB may positively impact CSCC outcomes though 
this has yet to be proven. Meanwhile, SLNB may provide helpful staging informa-
tion which would impact management since adjuvant radiation and/or lymphade-
nectomy are generally offered to patients with nodal disease, usually with excellent 
results (Chap.   8    ). However, it should be noted that current data has yet to show that 
SLNB provides a mortality benefi t in those high risk CSCC patients who have poor 
outcomes [ 20 ].     
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    Primary Treatment Options for High-Risk CSCC Primary 
Tumors 

 This section will discuss a variety of management options and algorithms for the 
treatment and follow-up of high-risk primary CSCC. Treatment of locally advanced 
unresectable disease, nodal disease, and distant metastases is covered primarily in 
other chapters (Chaps.   7    ,   8    , and   9    , respectively).  Electrodesiccation and curettage   
(ED & C) and  cryotherapy   are not presented as they have limited value for high-
risk CSCC and should be discouraged due to the elevated risk of recurrence with-
out proven histologic clearance. Since the management protocol for high-risk 
CSCC is otherwise largely undefi ned, treatment recommendations are constantly 
changing and may vary between expert providers. We therefore present a broad 
picture with our own personal recommendations on how best to approach and man-
age high-risk CSCC. 

      Excisional Surgery   

 Surgical excision is the treatment of choice for high-risk CSCC. Surgical excision 
via MMS will be discussed in the next section and is preferred for CSCC with any 
risk factors (BWH T2a and above) by the authors due to its higher cure rate described 
below. However, conventional excisional surgery can offer cure rates up to 95 % for 
the treatment of primary CSCC [ 66 ] and can usually be performed in an outpatient 
setting. Recurrence rates have been noted to be signifi cantly higher for high-risk 
CSCC treated with conventional excision over MMS (skin and lip SCC (3.1 % vs 
10.9 %), ear SCC (5.3 % vs 18.7 %), locally recurrent SCC (10 % vs 23.3 %), SCC 
with perineural involvement (0 % vs 47 %), SCC greater than 2 cm in diameter 
(25.2 % vs 41.7 %), and for SCC that is poorly differentiated (32.6 % vs 53.6 %)) 
[ 59 ]. Careful examination of the margins of the excisional specimen is necessary for 
confi rmation of tumor clearance. A pathologist should examine the lateral and deep 
specimen margins and the surgeon should aid in orienting the lesion by marking one 
end of the specimen with a suture tie. The NCCN as well as multiple clinical guide-
lines and authors have approved standard surgical excision as a treatment option for 
high-risk CSCC. However, the NCCN recommends primary closure or delay of 
closure until clear margins have been confi rmed so that accurate margins can still be 
obtained on re-excision. The NCCN recommends that re-excisions for positive his-
tologic margins be done via Mohs or permanent section complete circumferential 
and deep histologic margin assessment (not vertical bread-loaf sections as is done 
with conventional excision). The recommended clinical margin for conventional 
excision is 6–10 mm for high-risk CSCC ([ 11 ,  15 ,  46 ]). Low-risk CSCC can achieve 
a 95 % clearance rate with 4–6 mm margins of normal skin [ 11 ]. 

 High-risk CSCC defi ned by NCCN as having any high risk feature (size greater 
than 20 mm on the trunk or extremities, 10 mm on the cheek, forehead, scalp and 
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neck, or 6 mm on the mask areas of the face, genitalia, hands or feet; poorly defi ned 
clinical borders; recurrent tumor; immunosuppressed host; site of prior radiation 
therapy or chronic infl ammation; rapidly growing tumor; neurologic symptoms; 
poor histologic differentiation; adenoid, acantholytic or desmoplastic subtypes; 
perineural or vascular involvement; and invasion of Clark level IV or more) requires 
more and possibly up to 10 mm margins, to achieve 95 % clearance rates [ 46 ]. For 
tumors that have multiple high-risk features (BWH T2b and T3) or fall under the 
category of very high-risk (Table  6.1 ), there are no clear data regarding appropriate 
clinical surgical margins. A minimum of 10 mm is required per multiple national 
guidelines ([ 15 ,  46 ]). We recommend 6 mm margins when 1 high-risk factor is pres-
ent (BWH T2a) and 10 mm margins when greater than 2 high-risk factors are pres-
ent (BWH T2b or T3). Wider margins of 15 mm or more may be necessary to obtain 
the highest possible cure rate for more worrisome very high-risk lesions (Table  6.1 ). 
When possible, erring on the larger margin in high-risk lesions and delaying clo-
sures until negative margins are confi rmed is advisable. Thus, conventional surgical 
excision should be reserved for areas in which there is an abundance of adjacent 
tissue laxity and where tissue sparing is not a concern (e.g. trunk and extremities). 
Even in such locations, the large wounds created often cannot be closed primarily 
thus requiring delayed closure pending clear margin confi rmation as per NCCN 
guidelines. These drawbacks of conventional excision limit its use in high-risk 
CSCC. 

 Tumors with multiple high-risk features and/or very high-risk features are not 
ideal candidates for conventional excision due to the above mentioned issues and 
the elevated risk of recurrence. High-risk tumors should instead be treated with 
Mohs micrographic surgery (discussed in next section) so that complete circumfer-
ential histologic assessment can be performed at the time of excision as well as 
immediate reconstruction.   

       Mohs Micrographic Surgery (MMS)   

  MMS   is named after  Frederic Mohs, M.D  . who developed the technique as a medi-
cal student during the mid-1930s. His focus was on tumor removal with complete 
microscopic examination of the entire resection margin by the surgeon removing 
the tumor. The process that he initially developed relied upon chemical fi xation of 
the patient’s tissue via zinc chloride paste to allow for serial removal and direct 
histologic visualization of the tumor [ 47 ]. Over time, the procedure was modifi ed to 
incorporate frozen section technology, but the general concept has remained the 
same [ 48 ,  69 ]. Frederic Mohs’ original essential components involve debulking the 
tumor, then carefully excising a thin disc of tissue around and under the tumor bed. 
This tissue is marked with color-coded margins to preserve orientation (superior, 
inferior, medial, lateral) during histologic analysis. The entire epidermis and under-
surface of the excised tissue are sectioned, stained, and microscopically evaluated 
by the micrographic surgeon (see Figs.  6.1  and  6.2 ).
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    In 1974 the technique was improved to allow for rapid high-quality frozen sec-
tioning of the tissue margins, which made it possible to perform multiple excisional 
stages and repair of the surgical defect on the same day [ 70 ]. Any tumor noted on 
the sections is precisely drawn on a map of the patient’s defect [ 48 ,  69 ]. The micro-
graphic surgeon then excises additional tissue from the patient in the areas where 
the margin is positive and the above process of sectioning, staining and reading the 
tumor margins is repeated until the tumor is completely removed (see Fig.  6.2 ). 

  Fig. 6.1    Mohs Microgrpahic Surgery Illustration. ( a ) The roots of a skin cancer may extend 
beyond the visible portion of the tumor. If these roots are not removed, the cancer will recur. ( b ) 
The visible portion of the tumor is surgically removed. Removed tumor is divided into segments, 
each of which is carefully oriented on a “map”. The undersurface and edges of each section are 
then microscopically examined for evidence of remaining cancer. ( c ) If cancer cells are found 
under the microscope, the surgeon marks their location onto the “map” and returns to the patient 
to remove another layer of skin-but only precisely where the cancer cells remain. ( d ) The removal 
process stops when there is no longer any evidence of cancer remaining in the surgical site. 
Because Mohs surgery removes only tissue containing cancer, it ensures that the healthy tissue is 
kept intact       
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 Horizontal sectioning is the key to the micrographic surgeon’s ability to 
examine the entire surgical margin of the specimen. CSCC specimens are stained 
via hematoxylin and eosin. However, for more aggressive tumors with perineu-
ral invasion or poor differentiation, immunohistochemical staining with cyto-
keratin may be added to increase the sensitivity of MMS and facilitate tumor 
identifi cation [ 78 ]. 

 Because of the precise MMS mapping technique, only the tissue that requires 
removal is excised, ensuring maximal normal tissue preservation (see Fig.  6.2 ). 
Since the micrographic surgeon directly visualizes the entire marginal surface 
microscopically, he or she knows exactly where to resect additional tissue (e.g. 4–7 
o’clock margin in the subcutaneous fat). Such 3-dimensional precision is diffi cult to 
achieve when margin reports are conveyed verbally between pathologists and sur-
geons without direct visualization of the tumor margin by the surgeon. After confi r-
mation of clear margins, the micrographic surgeon generally performs a repair of 
the surgical defect immediately. Thus, surgery, pathologic evaluation, and 
 reconstruction of the surgical wound usually occur during the course of a single 
offi ce visit under local anesthesia, optimizing convenience and minimizing morbid-
ity for the patient, and maximizing cost effectiveness of the procedure. 

  Fig. 6.2    Mohs Micrographic Surgery Technique. ( a ) Clinically visible tumor is debulked and 
scored hashes made on skin for orientation. ( b ) Tumor is excised with small 1–2 mm border of 
normal skin. ( c ,  d ) Tissue is placed on map preserving orientation and ink dye is applied to scored 
hashes and replicated on map diagram. ( e ) Histologic analysis of hematoxylin and eosin stained 
slides by Mohs surgeon reveals positive margins in deep dermis. ( f ) Remaining tumor is marked 
on corresponding areas on map diagram. ( g ,  h ) Additional tissue removed from positive areas with 
the aid of the diagram. ( i ,  j ). Tissue again is inked, mapped, frozen, cut, stained, and read by 
the surgeon until margins are clear. ( k ,  l ) Wound is reconstructed on the same day using standard 
reconstructive techniques. (Figure courtesy of Dr. Chrysalyne Schmults)       
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 MMS appropriate usage criteria and indications have been published recently 
[ 13 ]. MMS is the treatment of choice and gold standard for the surgical removal of 
high-risk CSCC [ 38 ]. This is due to the fact that negative margin surgical excisions 
are associated with signifi cantly lower recurrence rates than those with unknown or 
unclear surgical margins [ 28 ]. The ability to examine 100 % of the surgical margin 
with MMS validates its superiority to the other treatment modalities discussed 
above. MMS offers a cure rate of 97 % for primary and 94 % for recurrent CSCCs 
compared to 92 and 77 % for standard surgical excision [ 38 ,  59 ]. 

 MMS is a more cost-effective, time saving procedure as compared to conven-
tional excision in an operating room or ambulatory surgical center [ 58 ]. While the 
high-risk subgroup of CSCCs is more challenging to treat and has a generally poorer 
prognosis, MMS is highly effective both in treating these lesions and in preventing 
local recurrence [ 7 ,  55 ]. Recurrence rates as low as 1.2 % have been reported for 
high-risk CSCC treated with MMS [ 55 ]. This is signifi cantly lower than the recur-
rence rates of 3.9–5 % associated with conventional excision [ 28 ,  38 ]. When con-
sidering specifi c high-risk features, tumors with a history of recurrence, perineural 
invasion, diameters greater than 2 cm, and poor differentiation had a lower rate of 
recurrence when treated with MMS compared to conventional excision (locally 
recurrent SCC (10 % vs 23.3 %), SCC with perineural involvement (0 % vs 47 %), 
SCC greater than 2 cm in diameter (25.2 % vs 41.7 %), and for SCC that is poorly 
differentiated (32.6 % vs 53.6 %)) [ 59 ].    

      Multidisciplinary Surgical Management   

 Although Mohs surgery is optimal for high-risk CSCC due to its precise margin 
evaluation, which is particularly helpful in infi ltrative and perineural CSCC, most 
micrographic surgeons operate in outpatient offi ce-based facilities without access to 
intravenous sedation and general anesthesia. CSCC invading bone or parotid gland 
or with intracranial perineural extension generally requires some form of sedation 
during excision and may require extensive reconstruction which cannot be per-
formed under local anesthesia. Many such cases are excised in the operating room 
with intraoperative frozen section evaluation of selected portions of the margin. 
However, a signifi cant proportion of high-risk CSCCs excised via conventional 
excision have positive fi nal histologic margins post surgery (C. Schmults, personal 
communication, manuscript in preparation), which is associated with poor out-
comes as described above. 

 In such complex cases of locally extensive CSCC, a team approach incorporating 
Mohs marginal mapping can optimize surgical clearance. In some centers, micro-
graphic surgeon work in operating rooms with head and neck, plastic, craniofacial, 
or oncologic surgeons. The micrographic surgeon clears as much of the tumor as 
possible via MMS (see Fig.  6.3 ). During tissue processing, the other members of the 
surgical team proceed with local or free fl ap elevation, parotidectomy, or sentinel 
node biopsy to help minimize anesthesia time.
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   In centers where microgrpahic surgeons do not have tissue-processing facilities 
adjacent to operating rooms, MMS can still be employed. MMS can be done to 
establish clear peripheral margins prior to fi nal resection in the operating room. This 
is done as illustrated by processing a thin but deep (including periosteum) strip of 
tissue around the tumor periphery via Mohs. The central tumor island is left intact 
with vascular connection from below if going to OR for defi nitive resection within 
24 h, or via a 5–6 cm portion of perimeter skin left intact if further excision may be 
delayed (see Fig.  6.4 ). Once clear peripheral margins are obtained, the wound can 
be temporarily closed with a basting suture for hemostasis. When the peripheral 
margins are established in this manner prior to fi nal resection, surgeons can then 
focus on clearance of the deep margins (e.g. craniotomy, parotidectomy, etc.) in the 
operating room. This minimizes wait time for intraoperative frozen sections and 
patient anesthesia time while ensuring precise peripheral margins. Such team 
approaches can be very useful in the management of very high-risk CSCC. 

         Primary Radiation Therapy   

 There is a long history of using radiation therapy as a non-surgical primary treat-
ment option for high-risk CSCC [ 52 ]. It has been successfully used in many 
cases but with overall cure rates generally lower than those reported with surgical 
excision, particularly Mohs. Cure rates of 80–90 % were reported in a study of 
medium- sized tumors (1.0–3.0 cm) [ 39 ,  62 ]. An 80 % cure rate was seen in 
CSCC with incidental perineural invasion [ 44 ]. When there is clinical or radio-
graphic evidence of perineural invasion, the cure rates fall to approximately 50 % 
[ 44 ]. Large (>3.0 cm), recurrent, or locally advanced tumors are less responsive 
to radiation with cure rates falling to 50–88 %, and a high risk for nodal 

  Fig. 6.3    ( a ,  b ) Locally recurrent very high-risk spindle cell SCC with clearance of margins 
approaching eye and ear. Note X (which is marked with silk suture in operative photo) denotes 
margin that was cleared along zygoma. Margin along hairline where second in-transit met appeared 
(note circled area with single central suture) was subsequently cleared by surgical oncology. 
Repair was performed by plastic surgery with free fl ap repair       
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metastasis [ 34 ,  40 ]. The lip and the eyelid are two anatomic locations in which 
radiotherapy has been shown to have good to excellent cure rates and cosmetic 
outcomes exceeding or comparable to surgery (85 % for the lip and 96.38 % for 
the eyelid) [ 12 ,  73 ]. In the absence of a randomized trial, it is diffi cult to know 
whether reports of low cure rates are due to inferior results of radiation therapy 
as compared to surgery, or to severe inoperable cases being more commonly 
referred for primary radiation therapy. At least some of the difference in reported 
cure rates is likely attributable to the latter. 

 There are several advantages to radiation therapy, including its noninvasive 
nature, the lack of requirement for anesthesia, and the preservation of cosmetically 
or functionally critical structures. However, radiation treatment does pose some bar-
riers to widespread use, including the high cost, inability to histologically confi rm 
clear margins, the intensive treatment schedule of multiple days per week for a 
period of weeks, and delayed scarring and increased skin cancer formation years 

  Fig. 6.4    ( a ) Large high-risk CSCC involving bone on pre-op CT treated with strip technique to 
establish peripheral margin prior to defi nitive resection and repair in OR via a head and neck sur-
geon. Multiple smaller CSCCs in fi eld were also included in resection. Tissue is removed including 
periosteum and processed with vertical sections around perimeter via Mohs technique. Anterior 
aspect of scalp is left intact to preserve blood supply. ( b ) Temporary basting suture placed to sta-
bilize wound overnight after clear peripheral margins were achieved. ( c ) Next day, tumor and 
underlying region of involved bone are removed in the OR. ( d ) Latissimus dorsai free fl ap is ele-
vated. ( e ) Free fl ap is sutured into place after arterial and venous anastomoses are complete. Patient 
recovered well without complication and was disease free 2 years later when succumbed to unre-
lated myocardial infarction. Photos illustrating multidisciplinary surgical care are courtesy of Drs. 
Chrys Schmults and Don Annino, Brigham and Women’s Hosptial, Boston, MA, USA       
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after radiation [ 52 ]. It is contraindicated in patients with photosensitivity disorders 
and/or genodermatoses who are susceptible to cutaneous malignancy formation 
[ 34 ]. Given the advances in surgical options and very high cure rates with Mohs 
surgery, even for high-risk CSCC, the use of radiation therapy is currently gener-
ally limited in the U.S. to cases in which the patient is a poor surgical candidate, 
surgery is not available to the patient, the tumor is inoperable, or when surgery and 
reconstruction may result in signifi cant cosmetic disfi gurement or functional limita-
tion. However, radiation is commonly used as a primary treatment modality for 
CSCC in Australia [ 74 ].    

    Adjuvant Therapy Options for High-Risk CSCC Primary 
Tumors 

 Given the elevated risk of recurrence, metastasis, and death with high-risk CSCC, 
adjuvant treatment may be advisable in certain cases in an attempt to lower these 
risks. However, there is minimal consensus even among expert surgeons regarding 
the best adjuvant management of high-risk tumors after surgery [ 27 ]. This is due to 
lack of clinical trials of adjuvant therapy of high-risk CSCC. Though some such 
trials are currently in progress, data are not yet available so decisions regarding the 
utility and advisability of adjuvant therapy are made on a case by case basis, and 
generally predicated on the judgment of individual practitioners. Below we will 
discuss the possible options for adjuvant therapy in conjunction with surgery and 
present one possible algorithm for its use. Our current approach is based on BWH 
T staging as it is the only system available that has prognostic estimates associated 
with each T stage. These estimates have helped us to defi ne management parameters 
summarized in Table  6.3  below.

         Adjuvant Radiation Therapy      

 Postoperative radiation therapy is utilized to prevent local recurrence when there is 
a likelihood of residual disease present after surgery. Some indications for its use 
include positive surgical margins (in which case radiation is salvage therapy rather 
than adjuvant therapy), perineural invasion (of clinically symptomatic, named, or 
large caliber ≥0.1 mm nerves), lymphovascular invasion, multiple prior local recur-
rences, and bone invasion (see Fig.  6.5 ) [ 44 ]. There is little specifi c data or consen-
sus among micrographic surgeons regarding which CSCC patients should receive 
adjuvant radiation therapy [ 27 ].

   Patients with perineural invasion and clear surgical margins who were given 
radiation therapy postoperatively (adjuvant therapy) fared better than those without 
clear margins treated with radiation therapy (salvage therapy) which stands to 
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    Table 6.3    Proposed primary and adjuvant treatment parameters by BWH tumor (T) stage   

 Tumor stage  Treatment 

 Tis (in situ 
disease) 

 Topical therapy with 5 % 5-fl uorouracil BID × 4 weeks, MMS if recurrent 

 T1 (0 risk 
factors a ) 

 MMS vs. standard surgical excision 

 T2a (1 risk 
factor) 

 MMS 

 T2b (2–3 risk 
factors) 

 MMS 
 CT or PET-CT 
 Consider SLNB if imaging is negative and patient is a candidate for 
lymphadenectomy 
 Consider ART if large-caliber (≥0.1 mm) nerve or lymphovascular invasion is 
present, or if surgical margins are uncertain 
 Consider adjuvant EGFR antagonist or chemoradiation case by case for 
patients felt to be at particularly high risk of recurrence including but not 
limited to in-transit metastasis, large caliber perineural or lymphovascular 
invasion, parotid, cartilaginous or bone invasion, close (≤1 mm) or positive 
surgical margins, or lymph node involvement (see Chap.   8    ) 

 T3 (4 risk 
factors or bone 
invasion) 

 As per T2b with MMS plus addition of multidisciplinary surgical approach as 
needed to achieve clear margins whenever possible 

   a BWH risk factors include tumor diameter ≥ 2 cm, depth beyond subcutaneous fat (excluding bone 
invasion which upgrades tumor to BWH stage T3), poor differentiation, or invasion of 
nerve(s) ≥ 0.1 mm in caliber [ 1 ] 
 Other important risk factors to consider in decision-making may include desmoplasia and single- 
cell spread, lymphovascular invasion, and the immune status of the patient 
  ART  adjuvant radiation therapy,  BWH  Brigham and Women’s Hospital,  MMS  Mohs micrographic 
surgery,  SLNB  sentinel lymph node biopsy  

  Fig. 6.5    Patient with 
multiple locally advanced 
high-risk CSCCs with 
biopsy proven large-caliber 
nerve invasion who 
underwent Mohs 
Micrographic Surgery and 
adjuvant radiation       
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 reason and has been shown in many cancer types [ 5 ,  34 ,  44 ,  57 ]. This underscores 
the importance of clear surgical margins above all when considering treatment 
options and outcomes. Adjuvant radiation therapy is thus not routinely recom-
mended when MMS or surgery with complete circumferential and deep margin 
assessment is successful and clear margins have been obtained. However, surgical 
margins can be somewhat equivocal, even with Mohs surgery, when extensive or 
large-caliber perineural invasion or lymphovascular invasion is present, or when the 
tumor is highly infi ltrative with single-cell spread. No randomized trials evaluating 
adjuvant radiation vs. surgical monotherapy therapy have been performed for high 
risk CSCC. However we do recommend, as does the NCCN, considering adjuvant 
radiation therapy in patients with symptomatic or large caliber (≥0.1 mm) nerve 
invasion [ 46 ]. We also recommend adjuvant radiation in highly infi ltrative or recur-
rent tumors in which tumor clearance is uncertain as well as for tumors with bone 
or lymphovascular invasion. Salvage radiation therapy is recommended for tumors 
with positive surgical margins that cannot be cleared with further surgery.    

     Adjuvant Use of  Targeted Molecular Therapies   

  Epidermal growth factor receptor (EGFR)   over-expression has been noted to exert 
signifi cant effects upon cellular proliferation, progression, and survival in in vitro 
models of CSCC [ 63 ,  71 ]. EGFR has therefore become a target of signifi cant interest 
for cutaneous oncologists. There are several EGFR antagonist drugs available, all of 
which are antibodies to EGFR which block its activity. These include afatinib, cetux-
imab, erlotinib, and gefi tinib. In 2006 the Food and Drug Administration approved 
cetuximab for the treatment of certain locally and regionally advanced, recurrent, or 
metastatic oronasopharyngeal mucosal SCCs. Since then,  cetuximab   has been used 
in an off-label fashion for the treatment of advanced CSCC. Cetuximab blocks EGFR 
from binding with epidermal growth factor (EGF) and transforming growth factor 
alpha (TGF-α) thereby preventing the dimerization and activation of EGFR [ 41 ]. 

 In 2008, cetuximab given along with platinum-based chemotherapy and 
5- fl urouracil was shown to improve overall survival and progression free survival in 
patients with oronasopharyngeal SCC over patients not given cetuximab [ 75 ]. 
Subsequently, a prospective phase II clinical trial in patients with advanced or meta-
static CSCC treated with cetuximab showed disease control response in 69 % of 
patients (complete response, partial response, or no progression of disease) [ 42 ]. 
Additional case reports have also utilized cetuximab in patients with advanced or 
unresectable CSCC [ 19 ,  32 ,  54 ]. 

 There is one report of high-risk CSCC patients benefi ting from the use of cetux-
imab in the adjuvant setting in conjunction with surgery as compared to patients 
receiving surgery and radiation or chemotherapy [ 51 ]. In this series, patients were 
qualifi ed as very high risk CSCC if tumors displayed lymphovascular, perineural, 
parotid, periorbital, cartilaginous, or bony invasion; in-transit metastasis; or regional 
or distant metastasis. 22 patients with very high risk CSCC were identifi ed of whom 
4 were treated with surgery alone and 11 were treated with surgery and adjuvant 
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radiation. Of these 15 patients, 10 had disease progression within 1 year. Seven 
patients with very high risk CSCC were treated with surgery and adjuvant cetux-
imab, however fi ve of these patients had distant or in-transit metastasis and regional 
disease. Only two patients had locally advanced very high risk CSCC and were 
treated with surgical clearance of disease and adjuvant  cetuximab   therapy following 
surgery. Both patients obtained complete remission at 2-year follow-up. These 
authors concluded that cetuximab might prove to be a useful adjuvant agent in 
tumors with a high risk of recurrence or metastasis that have been cleared with MMS 
or where clearance is uncertain. Further studies comparing its utility to radiation in 
the adjuvant setting are needed before concrete recommendations can be made. 

 Cetuximab dosing is via intravenous infusion and follows a standard protocol of 
400 mg/m 2  as an initial dose followed by weekly maintenance doses of 250 mg/m 2  
for a total of 6 weeks. Cycles can be repeated as per multidisciplinary oncology 
recommendation. Of note, patients treated with cetuximab who experience an acne- 
like rash have been noted to have a better response and increased progression free 
survival than those without rash (see Fig.  6.6 ) [ 42 ]. 

  Fig. 6.6    Patient 2 months post excision via MMS of high-risk CSCC on the mid back subse-
quently ( a ) developing a large in-transit metastasis, ( b ) developing an acneiform eruption follow-
ing 4 infusions of cetuximab therapy. Infusions were repeated every 6 months for a total of 4 
treatment cycles , and ( c ) following therapy with resolution of disease which was maintained at last 
follow-up 26 months post treatment (Reprinted from Miller K, Sherman W, Ratner D. Complete 
Clinical Response to Cetuximab in a Patient with Metastatic Cutaneous Squamous Cell Carcinoma. 
Dermatologic Surgery. 2010 Dec;36(12):2069–74, with permission from Wiley.)       
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         Adjuvant Chemotherapy and Chemoradiation   

 Non-targeted chemotherapy (which generally includes cisplatin in combination 
with 5-fl uorouracil, methotrexate, bleomycin, or doxorubicin) is generally reserved 
as salvage therapy for locally advanced or metastatic CSCC and is discussed in 
Chap.   9    . However, one study of adjuvant therapy after resection of primary high- 
risk CSCC (usually with nodal disease) reported a benefi t of combined chemoradia-
tion in an adjuvant fashion after surgery [ 68 ]. In this study of 61 patients with high 
risk CSCC of the head and neck region (defi ned as having at least 1 high-risk patho-
logical feature which includes either involvement of at least 2 lymph nodes (includ-
ing intraparotid node), positive surgical margins (including those with close, <1 mm 
margins), or extracapsular invasion), 27 patients (44 %) underwent adjuvant radia-
tion and 34 patients (56 %) underwent adjuvant chemoradiation following surgery. 
All chemoradiation patients received a platinum agent: 24 patients (70 %) received 
cisplatin and 10 patients (30 %) received carboplatin. Radiation treatments began 
4–8 weeks after surgery and included the primary site with 2-cm margins whenever 
anatomically feasible. While the median recurrence- free survival was 23.5 months 
for the entire cohort (95 % CI, 7.4–39.5), recurrence free survival for the adjuvant 
radiation group was 15.4 months compared to 40.3 months for the adjuvant chemo-
radiation group. This large improvement in survival with chemoradiation was 
despite the chemoradiation group consisting of more unfavorable patients (more 
stage IV, poorly differentiated, and perineurally invasive tumors) although these dif-
ferences in baseline characteristics were not statistically signifi cant (Tanvetyanon 
et al. 2014). This may indicate that adjuvant treatment is useful in some subset of 
high-risk CSCC patients but this subset needs to be better classifi ed and additional 
clinical trials are sorely needed.    

     Special Considerations in the  Management   of High-Risk 
CSCC Patients 

 The coexistence of CSCC and immune dysfunction requires further attention to 
optimize patient management. As detailed in Chaps.   1    ,   2     and   10    , patients with 
immune dysfunction are at high risk for CSCC development and poor outcomes [ 6 , 
 17 ,  22 ,  43 ,  64 ]. Specifi c management strategies should be undertaken in immuno-
suppressed subgroups. Within the organ transplant recipient population, reduction 
of immunosuppression has been shown to reduce the incidence and aggressiveness 
of CSCC [ 50 ]. Certain immunosuppressive medications such as azathioprine and 
cyclosporine or the antifungal medication voriconazole have been associated with 
higher rates of CSCC development [ 79 ,  80 ]. Providers should work closely with 
transplant physicians to optimize immunosuppressive regimens. Specifi cally, tran-
sitioning from calcineurin inhibitors to a sirolimus based immunosuppressive regi-
men has been associated with decreased formation of CSCC and even improvement 
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in preexisting lesions [ 16 ,  36 ]. Thus, providers should urge transplant physicians to 
take such steps to minimize the risk of developing more numerous and more aggres-
sive CSCC without compromising graft function. 

 Patients with underlying hematologic/immunologic disorders should be moni-
tored closely, especially during surgery, as MMS margins can be more diffi cult to 
interpret in patients with atypical lymphocytic infi ltrates [ 4 ]. Development of high-
risk or multiple CSCC may be a sign of worsening hematologic disease or blast 
crisis [ 53 ]. Dermatologists and other skin cancer care providers should therefore 
notify hematologists of numerous or aggressive CSCC formation in patients with 
underlying hematologic disease. Similarly, worsening CLL may portend aggressive 
CSCC formation. In fact, patients with a history of high-stage CLL, even once in 
remission, have a 12 % risk of death from CSCC which is equivalent to the risk of 
dying from CLL [ 72 ]. Changes in the frequency or aggressiveness of CSCC devel-
opment in HIV patients may suggest worsening CD4 levels or increased viral loads 
[ 64 ]. HIV physicians may consider checking CD4 and viral load levels or changing 
antiviral regimens. Good communication with other specialists is key to the man-
agement of immunosuppressed patients. A full discussion of CSCC in the immuno-
suppressed is the topic of Chap.   10    . 

 Patients with extensive photodamage may present with multiple dermally inva-
sive CSCCs in a diffuse fi eld of superfi cial epidermal actinic damage. These patients 
pose a special clinical dilemma and their management is covered in Chap.   5    . It can 
be diffi cult to obtain clear margins in the setting of a fi eld of precancerous lesions 
surrounding the primary tumor, even using MMS. While surgery may effectively 
clear the primary tumor, a non-surgical treatment plan may be necessary as well, 
both to clear adjacent in situ disease or extensive actinic keratoses, and to allow 
invasive lesions to be detected as early as possible [ 79 ,  80 ]. Initial evaluation of a 
patient with extensive in situ fi eld disease should fi rst focus on clearing all clinically 
obvious dermally invasive CSCCs. MMS is recommended as the treatment of choice 
in this situation since obtaining clear tumor margins in areas with signifi cant sur-
rounding actinic damage may be diffi cult and requires clinical judgment as well as 
histologic evaluation of the degree of disease (see Fig.  6.5 ). It is important that the 
micrographic surgeon only remove tissue that histologically resembles the primary 
tumor so as not to unnecessarily remove areas of actinic damage or infl ammation. 
A conservative approach is recommended to prevent enlarging the Mohs surgical 
defect beyond the need for clear margins. 

 Once all invasive disease has been surgically removed, multiple treatment 
modalities can be used to treat the surrounding actinically damaged skin. Clearance 
of this background damage can be a great aid in clarifying the physical exam. More 
subtle dermally invasive CSCCs can be detected more easily by dermatologists 
when they are not camoufl aged in a fi eld of actinic dysplasia. Care should be taken 
to avoid biopsy of lesions which are likely to be epidermal in nature (have no clini-
cal dermal component). These can be treated topically and only biopsied if they fail 
to respond to this non-invasive approach. Such a strategy allows patients to gain 
good control of their skin disease without multiple unnecessary biopsies and 
excisions.   
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     Follow Up   

 As discussed above, patients who develop high-risk CSCC are at increased risk of 
recurrence, lymph node metastasis, distant metastasis, and additional high-risk 
tumors [ 29 ]. 65 % of local recurrences occur within the fi rst year and 65 % of local 
recurrences occur in patients with poorly differentiated tumors [ 9 ]. Furthermore, 
30–50 % of CSCC patients will go on to develop a second skin cancer within 5 years 
[ 45 ]. Thus, it is critical to follow high-risk CSCC patients closely after treatment. 
The NCCN recommends that patients undergo a full skin examination and lymph 
node examination every 3–6 months for the fi rst 2 years, and every 6–12 months for 
the next 3 years. After 5 years without evidence of recurrence or new disease, an 
annual exam is recommended [ 46 ]. If the patient already has regional disease, more 
aggressive follow up every 1–3 months is recommended for the 1st year, every 2–4 
months for the 2nd year, and 4–6 months until the 5th year. After that, examinations 
every 6–12 months for the patient’s lifetime are recommended [ 46 ]. We have incor-
porated these recommendations into our own algorithm stratifi ed by patient disease 
stage using the BWH staging system (see Table  6.4 ). Pre-cancerous actinic kerato-
ses and in situ CSCC should be managed early to decrease the risk of development 
of high- risk invasive CSCC (see Chap.   5    ). There is no current data supporting the 
use of routine radiological examination of lymph nodes to monitor for regional 
disease recurrence. However, some physicians support the use of radiological exam-
inations every 6 months in patients with extensive perineural invasion or other sig-
nifi cant risk factors for aggressive disease (e.g. high level of immunosuppression, 
history of multiple recurrences of the primary tumor, lymphovascular invasion, or 
locally advanced disease including very deep infi ltration or in-transit metastases) 
[ 37 ]. Lastly, a multidisciplinary team approach composed of cutaneous and medical 
oncologists, dermatopathologists, Mohs and oncologic surgeons, and radiation 
oncologists may be of benefi t for very high-risk patients to optimize their follow up.

        Summary of  Management   Recommendations for Primary 
High-Risk CSCC Tumors 

 High-risk CSCC continues to be a serious and growing problem for which the 
management strategies are complex and sometimes require a multidisciplinary 
approach. Prognostic uncertainty has led to inconsistent defi nitions and treat-
ment recommendations for high-risk CSCC. Clear and precise tumor staging and 
risk stratifi cation are necessary to effectively manage these patients. Recent 
advances in prognostic stratifi cation await validation in larger population-based 
cohorts. Clinical trials are sorely needed to defi ne optimal staging and treatment 
protocols for different patient subsets but these have not been possible until 
recently, given the absence of accurate prognostic models that defi ne inclusion 
criteria in clinical trials. 
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 Recently, algorithms have been proposed to help guide clinicians in managing 
high-risk CSCC [ 51 ]. We have attempted to synthesize current recommendations 
and data to provide an up-to-date approach to help clinicians follow a standardized 
protocol in treating high-risk CSCC (See Table  6.3 ). The clinical community has 
not yet have arrived at a general consensus regarding management of high-risk 
CSCC so some may disagree with elements of this approach and choose not to 
implement them. However, we have found this framework to be helpful. 

 Disease stratifi cation and staging are the key initial steps in determining a treat-
ment plan for patients with high-risk CSCC. Since the Brigham and Women’s 
Hospital (BWH) staging system supplies prognostic estimates for each tumor (T) 
stage, it can be used to prognostically categorize patients. CSCC can be identifi ed 
as low-risk (BWH stage T1 or T2a) or high-risk (BWH stage T2b or higher). All 
lesions that fall into the BWH T2b or higher category should be treated with MMS 
whenever feasible to ensure clear margins. Furthermore, given recent evidence that 
patients who fall into this category have a 20 % or higher risk of lymph node metas-
tasis, nodal staging should be performed via SLN biopsy (discussed above) and/or 
CT. PET CT may be used when in transit or distant metastases are of concern [ 61 ]. 
If nodal or metastatic disease is detected, a multidisciplinary approach should be 
undertaken with tumor board discussion of further surgery, radiation, and possible 
adjuvant chemotherapy or targeted molecular therapy. If SLN biopsy or PET CT 
evaluation are negative, there may be a subset of patients who would benefi t from 
adjuvant radiation therapy. Discussion with a tumor board that has experience 

   Table 6.4    Recommended follow up algorithm for patients with high-risk CSCC   

 BWH T stage  Follow up recommendations 

 Stage T1 or T2a  Full skin exam and lymph node exam every 
6 months for fi rst 2 years 
 Then every 6–12 months for next 3 years 
 Annually after 5 years 

 Stage T2a with other non-validated risk factors 
including immunosuppression 

 Full skin exam and lymph node exam every 
3–6 months for fi rst 2 years 
 Then every 6–12 months for next 3 years 
 Annually after 5 years 

 Stage T2b  Full skin exam and lymph node exam every 
3 months for fi rst 2 years 
 Then every 6 months for next 3 years 
 Annually after 5 years 
 Consider semiannual radiological evaluation 
of regional lymph nodes 

 BWH Stage 3 or AJCC Stage 4  Full skin exam and lymph node exam every 
1–3 months for fi rst year 
 Then every 2–4 months for next year 
 Then every 4–6 months for next 3 years 
 Then every 6–12 months for patient lifetime 
 Consider semiannual radiological evaluation 
of regional lymph nodes 
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 managing SCC, such as high risk skin cancer or head and neck groups, can help 
defi ne treatment plans case by case. 

 Given that the risk of poor outcomes associated with high-risk features outside 
the BWH staging system have yet to be well-quantifi ed in multivariate modeling, it 
is diffi cult to determine which additional factors, in themselves or in combination, 
assuredly require further work up or treatment. However, given the signifi cant lit-
erature of the poor outcome associated with factors such as desmoplasia, lympho-
vascular invasion, and pronounced immunosuppression due to kidney, heart or lung 
transplantation or chronic lymphocytic leukemia, clinicians, with help of tumor 
boards as needed, should consider such additional factors in determining whether 
further treatment is necessary. Lastly, whenever negative margins cannot be obtained 
either via WLE or MMS, the patient should be deemed at high risk for lymph node 
or metastatic disease and SLN biopsy and PET CT may be considered. Regardless 
of the outcome of this evaluation, the patient should generally receive some form of 
adjuvant therapy to eradicate persistent tumor, either via immunotherapy, chemo-
therapy, and/or radiation therapy.   

    Conclusions 

 We have attempted to present the most up-to-date expert opinions regarding com-
prehensive CSCC management options. However, long-term multicenter and 
population- based studies are needed to more precisely quantify the exact infl uence 
of different risk factors on risks of nodal metastasis and death, and the effectiveness 
of surgical treatment, nodal staging, adjuvant radiation, and chemotherapy. For now, 
surgical clearance with complete margin assessment or MMS is the standard of care 
for most high-risk CSCC primary tumors. Radiological imaging, nodal staging, and 
adjuvant radiation or chemo/immunotherapy may be appropriate for certain patients 
as well, especially in patients with certain very high-risk features. Work is underway 
in these areas to better defi ne which patients may benefi t from treatment beyond 
surgical clearance. Meanwhile, presentation of such patients at multidisciplinary 
tumor boards to determine course of action is appropriate. Close follow up and early 
detection of CSCC recurrence and new primaries is an important means of enhanc-
ing long-term survival. Future clinical studies should address the questions posed 
within this chapter to provide clinicians with a complete understanding of the high-
risk CSCC disease process and how best to manage it.     
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    Chapter 7   
 Management of Local Recurrence 
and In-Transit Metastasis                     

       Vitaly     Terushkin      and     John     A.     Carucci    

       A major risk factor for cutaneous squamous cell carcinoma (CSCC) metastasis is 
locally recurrent disease, defi ned as the development of SCC at the site of previously 
treated tumor. Local recurrence is usually due to inadequate lateral or deep clearance 
during initial treatment. It may also occur in sites with extensive superfi cial fi eld 
disease. Metastasis from recurrent disease ranges from 30 to 50 %, signifi cantly 
higher than reported with primary SCC [ 1 ,  2 ]. Given the high rate of metastasis and 
resulting death from local recurrence, timely diagnosis and management of recur-
rence is critical to preventing mortality from SCC. Depending on extent of disease, 
management options include surgical and non-surgical options, and/or a combina-
tion of treatment strategies. In some cases, a multi-disciplinary setting involving spe-
cialists from Mohs surgery, medical oncology, head and neck surgery or surgical 
oncology, and radiation oncology may be required to give the best chance for cure. 

 Risk factors for recurrence are covered in Chaps.   1     and   2    . This chapter will focus 
on diagnosis, and management of locally recurrent SCC. An additional section on a 
recently described and related entity known as in-transit metastases is also included. 

       Diagnosis and Staging   of Recurrent Disease 

 While recurrent SCC may develop after any duration following treatment of the 
initial neoplasm, most recurrences occur within 5 years.   Rowe   et al. [ 1 ] found that 
58, 75, 83, 91, and 95 % of recurrences are diagnosed by 1, 2, 3, 4, and 5 years after 
initial therapy.   Brantsch   et al. [ 3 ] followed 615 patients treated for SCC for a median 
43 months and found that most patients (13 of 20) developed recurrences within 
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1 year after the primary tumor was diagnosed. In a study of recurrences from treated 
SCC originating in burn and radiation therapy patients, the median time to recur-
rence was 15 months [ 4 ]. 

 Clinical presentation varies but most lesions arise within or near the original 
excision site as keratotic and/or ulcerated, erythematous papules, plaques, or nod-
ules. Some lesions may lack surface change if they have little or no epidermal con-
nection and are largely intradermal or subcutaneous. Thus a careful clinical exam 
including palpation of skin within 10–15 cm of the surgical site is useful during 
follow-up exams, particularly if the primary tumor met the high risk criteria 
described in Chaps.   1     and   2    . The spectrum of clinical presentations is variable and 
some cases can be quite disfi guring (Fig.  7.1 ). However, others can be deceptively 
subtle in their clinical presentation (Fig.  7.2 ). A deep shave biopsy is often suffi cient 
to secure a diagnosis, but a punch or incisional/excisional biopsy may be preferred 
if subcutaneous nodules are present or if there is substantial scarring from prior 
excision. Histopathology is similar to that of primary cutaneous squamous cell car-
cinoma, with the possible additional features of vertical compressed blood vessels 
and horizontal collagen bundles signifying the presence of a scar. A connection to 
the epidermis may not always be present if the tumor is below the scar.

  Fig. 7.1    Recurrent SCC. ( a ) Multiply recurrent SCC on the ear; ( b ) Patient s/p Mohs. Remaining 
area of extensive perineural invasion into the ear canal and positive area of temporal bone were 
resected in a second procedure via a head and neck surgeon under general anesthesia; ( c ) recurrent 
SCC on the leg; ( d ) Recurrent SCC after clear margins were obtained via Mohs excision       
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    In addition to evaluating the original excision site, physical examination should 
also include a thorough neurologic assessment of sensory and motor function in the 
region. Focal neurologic signs may indicate signifi cant perineural infi ltration from 
recurrent disease. Radiologic evaluation may include magnetic resonance (MR) 
imaging to assess soft tissue extension and may confi rm extensive perineural dis-
ease if large nerves are involved. Lesser nerve involvement is often not detectable 
radiologically. 

 It is also important to thoroughly palpate the draining lymph nodes as patients 
with recurrent disease may have progression of disease to involve lymph nodes. 
Radiological options for nodal staging include MR, CT, PET-CT, ultrasound, and 
sentinel lymph node biopsy (SLNB). The latter is often not feasible in recurrent 
cases due to scar and/or tissue rearrangement from prior surgery which impedes 
sentinel node localization. The authors prefer PET-CT in most cases; however, we 
suggest discussion with radiologists to determine which might be most appropriate 
for a given circumstance.   

    Therapeutic Options for Recurrent Disease 

 As described above, recurrent SCC is an aggressive entity with potential for signifi -
cant morbidity and mortality. Treatments which may be used for primary in situ or 
superfi cially invasive   low-risk SCC  , such as liquid nitrogen, electrodessication and 
curettage, topical chemotherapy, photodynamic therapy, are inadequate and there-
fore not appropriate for recurrent disease. We strongly recommend surgical man-
agement where margins can be examined by histopathology, such as   Mohs 
micrographic surgery (MMS)   or surgical excision, to ensure that margins are free of 
disease. Less frequently, there are instances where radiation therapy, either alone or 
more commonly in combination with surgery, may be utilized. 

  Fig. 7.2    SCC with Perineural invasion. ( a ) Recurrent SCC on the ear of a solid organ transplant 
recipient; ( b ) Intraoperative view during removal of SCC with extensive perineural invasion. 
Patient subsequently underwent adjunctive radiation therapy       
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       Surgery   

 To date, no randomized studies have compared the effi cacy of standard surgical 
excision versus MMS for either primary or recurrent SCC. However, multiple stud-
ies have shown that standard excision which commonly employs 4 mm margins 
may be inadequate for management of high-risk SCC [ 5 – 7 ]. 

   Tan   et al. [ 7 ] prospectively studied 10 cases of primary SCC excised with positive 
margins and 27 recurrent SCCs treated with excision. Of the ten incompletely excised 
lesions that were referred for re-excision, six (60.0 %) were again incompletely 
excised. Of the 27 recurrent lesions that were sent for re-excision, 3 (11.1 %) were 
incompletely excised. More recently,   Khan   et al. [ 6 ] studied 37 recurrent SCCs 
treated with re-excision with 6 mm margins. The incomplete excision rate for recur-
rent tumors was double that for primary SCCs (16 vs. 7 %, respectively). 

 Inadequate tumor clearance by standard excision, as demonstrated by the data 
above, can lead to high rates of incomplete excision, particularly for locally recur-
rent SCC that has already failed standard excision. These studies underscore the 
importance of margin control, both lateral and deep, when treating high-risk and 
locally recurrent SCC. Locally recurrent SCC and SCC excised with positive mar-
gins via standard excision may have histologic features which make margin inter-
pretation prone to error via standard sectioning including infi ltrative growth and 
perineural invasion. Unlike standard excision which examines a small (approxi-
mately 1 %) proportion of the margin, MMS allows the examination of nearly 100 
% of the lateral and deep margins and is therefore more appropriate for high-risk 
and locally recurrent SCC, particularly those with the challenging histologic fea-
tures above. At our center we therefore utilize   MMS   for such cases, a practice sup-
ported by American Academy of Dermatology and National Comprehensive Cancer 
Network (NCCN) guidelines [ 8 ,  9 ]. Several studies have described the advantages 
of using the Mohs technique in the treatment of recurrent SCC [ 1 ,  10 – 12 ]. We will 
review several large studies and/or systemic reviews and then focus on a number of 
smaller studies for special sites (i.e. MMS for ear ).  

 In the 1992 systematic review by   Rowe   et al. [ 1 ] of available SCC outcome data, 
5-year cure rates with MMS versus excision were 92 vs. 77 %. Overall 5-year recur-
rence rates for SCCs were lower with MMS versus excision: primary CSCCs (3.1 
% of 2065 cases versus 8.1 % of 124 cases) and recurrent SCC (10.0 % of 151 cases 
versus 23.3 % of 34 cases). The recurrence rates of SCC with PNI was also lower 
with MMS (0 % of 17 cases) compared to excision (47.3 % of 72 cases). 

 One of the earliest and largest studies describing the benefi ts of MMS in the 
treatment of SCC was performed by   Dzubow   et al. [ 13 ] who characterized the out-
comes of 414 primary SCC treated between the years 1966 and 1980. Their group 
found a 5-year recurrence rate of 6.7 %. 

 Pugliano-  Mauro   and   Goldman   [ 11 ] performed a large retrospective review of 
215 patients with 260 SCCs they considered high-risk, mostly based on head and 
neck location (84.6 %), treated with MMS in 2010. Of these 260 tumors, 231 (88.8 %) 
were primary and 29 (11.2 %) were recurrent (previously treated). Large  perineural 
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nerve involvement was present in only 2 % of primary tumors but over a quarter 
(27 %, n = 8) of recurrent tumors. During a mean follow-up of 3.9 years, local recur-
rence rates for primary and previously treated SCC were similar at 1.3 % (n = 3) and 
0 % (n = 0), respectively. Metastasis occurred in 4 (1.7 %) primary and 2 (6.9 %) 
recurrent tumors. Since both primary and recurrent SCCs did well in this series, the 
authors concluded that MMS should be used for high risk SCC, including locally 
recurrent tumors, as defi ned by NCCN criteria (see Chap.   2    ). 

   Leibovitch   et al. [ 12 ] performed a large, prospective, multicenter case series of 
1263 patients with SCC treated with MMS in Australia between 1993 and 2002. Of 
the 1263 cases, 61.1 % (772) of the cases were primary and 38.9 % (491) of the 
cases were recurrent; of the 491 recurrences, 265 (54.0 %) were previously treated 
with an excision. The authors found that recurrent tumors were larger than primary 
tumors, had larger post excision defects, required more levels of excision, and had 
more cases of subclinical extension. At 5 years of follow-up, 381 (30.2 %) patients 
were still enrolled in the study. In this group, the recurrence rates for primary and 
previously treated SCC were 2.6 and 5.9 %, respectively. 

   Silapunt   et al. [ 14 ] evaluated the effi cacy of MMS for 117 patients with 144 SCC 
of the auricle. After MMS, patients were followed for 7–67 months (average 34.6 
months). Local recurrence developed in 5 of 144 tumors. These tumors were treated 
again with MMS with no further recurrences.   

       Multi-Specialty Approach   for Large, Recurrent SCC 

 Despite the high cure rates of   MMS  , very large or deep recurrent tumors may not be 
amenable to removal under local anesthesia in an outpatient setting. Such cases 
include invasion of the parotid gland, bone, and/or extension along nerves within 
the cranium. In these unfortunate situations, MMS may still be employed for opti-
mal visualization of the entire marginal surface. In fact, MMS may be particularly 
useful for recurrent disease where tissue planes may be altered from prior surgery 
and tumor may track within scar, between tissue planes, or within nerves and be 
easily missed on standard histologic sectioning. 

 In such cases, it may be important to collaborate with other surgical specialists 
including head and neck surgeons, neurosurgeons/skull-base surgeons, plastics/cra-
niofacial, or surgical oncologists as needed to obtain optimal surgical outcomes. 
MMS can be used to clear the lateral margins under local anesthesia while the deep 
margin can be pursued under general anesthesia in the operating room, thereby 
eliminating wait time for intra-operative frozen sections, speeding the procedure, 
and minimizing general anesthesia exposure. Alternatively Mohs can be performed 
under general anesthesia and tissue processed and read while other surgeons per-
form nodal biopsy, lymphadenectomy, parotidectomy and/or large fl ap preparation 
as needed. Closure may then commence quickly once clear margins have been 
confi rmed.   
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       Radiation Therapy   

 Not all patients with recurrent SCC are candidates for surgery. Those who cannot toler-
ate excision due to signifi cant comorbidities, and/or patients who have extensive dis-
ease not amenable to surgery due to involvement of vital structures may elect to be 
treated with radiation either for curative or palliative goals. It is important to recognize 
that radiation, despite being a reasonable option in select cases, is more time consum-
ing and costly than surgery, can lead to carcinogenesis years later, does not provide 
margin evaluation for tumor clearance, and may cause delayed healing on lower 
extremities given poor vascularization. Radiation can also limit treatment options in the 
future as surgery and re-radiation are often not feasible in a previously radiated fi eld. 
Studies have also shown that recurrence rates with radiation as   monotherapy   are gener-
ally higher than those of surgically treated patients in most scenarios [ 1 ]. However, in 
the absence of rigorous and validated tumor staging systems, a direct comparison is 
diffi cult to make between these modalities because cases treated with primary radiation 
may be more advanced on average than those treated with primary surgery. 

 We will briefl y review select publications that have evaluated recurrence rates of 
primary versus recurrent SCC treated with radiation as   monotherapy  . Kwan et al. [ 15 ] 
evaluated the effi cacy of radiation therapy for 121 patients with advanced SCC, defi ned 
as T2 or above via UICC 1997 staging (>2 cm or deeply invasive or node positive dis-
ease based on clinical or radiologic exam). Thirty-one percent of patients had positive 
nodes at time of study. Forty-fi ve percent of cases were primary tumors and 55 % were 
recurrences. Sixty-fi ve percent (30/46) of patients with locoregional recurrences suc-
cumbed to their disease. When examining factors associated with poor prognosis, a 
worse outcome was found on multivariate analysis for recurrent versus primary disease 
treated with radiation (p = 0.04). It should be noted that better outcomes for nodal dis-
ease have more recently been reported with combined lymphadenectomy and radiation. 
Management of nodal metastases is covered in detail in Chap.   8    . 

 Another study evaluated the outcomes of 142 SCC treated with radiotherapy 
[ 16 ]. Fifty-fi ve percent (79/142) were primary untreated SCCs and 44.4 % (63/142) 
were recurrent tumors. Fifteen percent of cases had nodal metastases at enrollment. 
Patients were followed for a median of 5.8 years, ranging from 2 to 24 years. The 
authors reported 80 % (113 of 142 cases) of patients were relapse-free. Primary 
untreated SCC had a better relapse-free rate (89 %) than previously treated (i.e. 
recurrent SCC) lesions (68 %). The authors also provided data on complication 
rates and cosmesis. In 13 (9 %) of 142 cases, patients developed soft-tissue necrosis, 
a potential complication. Overall, cosmesis was adequate, with recurrent and larger 
lesions resulting in poorer cosmetic outcomes.   

     Systemic Therapy 

 Data is limited on the role   systemic therapy   for locally advanced SCC, including 
recurrent cases. Systemic treatment for metastatic and unresectable SCC is dis-
cussed more fully in Chap.   9     but major studies including patients with extensive 
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local recurrence are discussed below. Treatment of extensive local recurrence is an 
important topic in CSCC since most patients die from uncontrolled local and/or 
nodal disease rather than distant metastases, in contrast to many other forms of 
cancer. However, no studies have focused on SCC patients with locally recurrent 
disease only; rather, reports group patients with locally recurrent disease and 
together with patients having nodal or distal metastases. Results have unfortunately 
not been separated by disease stage. Thus quantifying the potential benefi ts of sys-
temic therapy for locally recurrent disease as a unique entity is diffi cult. 

 A variety of agents have been used, including cytotoxic chemotherapy, retinoids, 
interferon-α2a, and more recently epidermal growth factor receptor inhibitors [ 17 ]. 
  Sadek   et al. [ 18 ] evaluated the effi cacy of cisplatin, 5-fl uorouracil (5-FU), and bleo-
mycin in the treatment of 14 patients with locally advanced SCC, 9 of which were 
previously treated (fi ve with surgery, four with surgery and radiation, and one with 
chemotherapy). Information differentiating previously treated patients who had recur-
rent disease from those who had progression of incompletely treated disease was not 
available. Overall, four patients obtained a complete response while seven patients 
achieved a partial response. In seven patients, the regression of the tumor allowed 
more defi nitive treatment with either radiation or surgery. After 1 year of follow-up, 
six patients died from their disease. Cartei et al. [ 19 ] treated 14 elderly patients with 
advanced SCC using oral 5-FU. Four patients had recurrent disease, 10 were primary 
cases. Measurable improvement was appreciated in nine cases: two partial remissions, 
three minimal remissions, and four cases of stable disease for a median duration of 30 
months. The authors concluded that this single agent could be a reasonable option for 
inoperable cases of SCC, especially given the ease of administration. Another group 
performed a phase II study to evaluate the antitumor activity and toxicity of a regimen 
consisting of paclitaxel and capecitabine, an oral 5-FU pro-drug, in 50 patients with 
loco-regionally recurrent or disseminated SCC [ 20 ]. In this series, 30 (60.0 %) patients 
had local recurrences or inadequate treatment of primary disease prior to starting ther-
apy. Overall, the response rate was 42 % with 2 patients showing complete responses 
and 19 with partial responses. The median survival time was 8 months. Retinoids, 
though effective for preventing the development of new SCC (discussed in Chap.   5    ) 
[ 21 ,  22 ], have provided minimal benefi ts when used for treatment of locally advanced 
SCC [ 23 – 25 ].   Brewster   et al. [ 24 ] conducted a 6 month randomized trial where 66 
patients with advanced SCC were treated with and without adjuvant 13- cis -retinoic 
acid plus interferon alpha after surgery. After a median follow-up time of 21.5 months, 
the group found no improvement in time to tumor recurrence in the treatment com-
pared to the control arm.   Shin   et al. [ 25 ] characterized response rates of 39 patients 
with advanced SCC, 12 (31 %) of which had locally advanced and recurrent disease, 
to  combination therapy of interferon alpha, retinoic acid, and cisplatin. The response 
rate for patients with locally advanced disease specifi cally was 67 % compared to a 
response rate of 17 % for patients with metastatic disease. The median survival time 
of all patients was 14.6 months. The relatively high response rate may have been due 
to cisplatin more than retinoids given the results of Brewster et al. [ 24 ] above, but this 
combination may deserve further study. 

   Cetuximab  , a monoclonal antibody which blocks the extracellular domain of the 
epidermal growth factor receptor (EGFR) and inhibits cell growth and survival, is 
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currently FDA approved to treat metastatic colon cancer and head and neck carcino-
mas. Because EGFR is expressed in the basal layer of the epidermis [ 26 ] and may 
be over-expressed in metastatic CSCC [ 27 ], some investigators have attempted to 
use this agent off label to treat aggressive SCC [ 28 – 32 ]. Bauman et al. [ 28 ] pub-
lished one of the fi rst case reports describing durable responses in two patients with 
extensive SCC recurrences; at the time the case report was written, one patient had 
a sustained response of 3 months and the other of 5 months. Recently, a phase II trial 
was performed to evaluate the effi cacy and safety of cetuximab as a single agent in 
patients with advanced SCC [ 31 ]. Thirty-six patients were enrolled in the trial; 17 
(47.2 %) had local disease, 16 (44.4 %) had lymph node disease, and 3 (8.3 %) had 
distant metastases. Over half (58.3 %) were previously treated with either surgery, 
radiation, or a combination therapy. At 6 weeks, the overall disease control rate was 
69.4 %: 8 partial responders, 2 complete responders, and 15 patients with stable 
disease. The mean duration of control was 5 months. Responses were not separated 
by initial disease stage. 

 Similar to cetuximab, gefi tinib is an EGFR blocker, but this agent works by 
inhibiting the ATP-binding site of EGFR and preventing it from autophosphoryla-
tion and activation. This agent also has been used in a recent study for advanced 
SCC [ 33 ]. In a Phase II study,   Lewis   et al. [ 33 ] evaluated the effi cacy of neoadjuvant 
gefi tinib given prior to surgery and/or radiation in 23 patients, most (78 %) of which 
had regional metastases at the time of enrollment. Seven (30.4 %) patients had a 
new diagnosis of SCC, 7 (30.4 %) had persistent disease, and 9 (39.1 %) had recur-
rent disease. Thirteen (56.5 %) patients were previously treated. Overall, complete 
responses were achieved in 18.2 % of patients and partial responses in 27.3 % of the 
cases. After induction therapy, 11.8 % underwent surgery, 17.6 % were treated with 
radiation, 11.8 % were treated with continuation of   gefi tinib   in addition to radiation, 
and 47 % were treated with continuation of   gefi tinib   in addition to surgery and 
radiation. At 2 years, the overall survival rate was 72.1 %. Again, responses were 
not separated by disease stage. 

 Use of   erlotinib  , which works similarly to gefi tinib, has also been described [ 32 , 
 34 ]. For example, a recent report in the ophthalmology literature showed an impres-
sive clinical response of a 90-year-old woman with a recurrent SCC in the perior-
bital region with a probable parotid metastasis [ 32 ]. At the time the report was 
written, the patient had been on erlotinib for 11 months and doing well.    

       In-Transit Metastases   and Their Management 

 The concept of in-transit CSCC metastases, a distinct entity from local recurrence, 
was fi rst proposed by   Berg   and   Otley   [ 35 ]. In a subset of organ transplant recipients 
(  OTRs  ), they noticed the development of multiple nondescript, pink gray, 2- to 
8-mm papules that, on histopathology, showed non-contiguous foci of metastatic 
SCC (Fig.  7.3 ).   Martinez   et al. [ 36 ] studied the clinical course of metastatic SCC in 
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68 OTRs, of which 26 % [ 17 ] developed in-transit metastasis. Patients with in-
transit metastases had a better prognosis than those with distant metastases, 89 vs. 
39 % disease- specifi c survival at 1 year, respectively.

   The largest study to date on the clinical outcomes of patients with in-transit 
metastasis was conducted by   Carucci   et al. [ 37 ] who surveyed members of the 
International Transplant Skin Cancer Collaborative group on their experience with 
this entity. Twenty two cases of in-transit metastases occurring in 21 patients were 
identifi ed, of which 15 were OTRs. Their group defi ned in-transit metastases as 
“foci of CSCC originating within dermal or subcutaneous tissue clinically distinct 
from the primary tumor and occurring before the fi rst echelon of regional lymph 
nodes.” Most in-transit metastases were less than 0.8 cm in size, located at a mean 
distance of 2.5 cm from the primary tumor or scar, and diagnosed at a mean 10 
weeks (range 1–56 weeks) after treatment of primary (30 % of cases) or recurrent 
(70 % of cases) SCC. Ten patients (50 %) presented with multiple (mean 3.5) in-
transit metastases. Most (15 of 21) primary tumors were located on the head 
and neck region and PNI was found in 28 % of the primary lesions. The average 
size of primary tumors was 1.7 cm (range 0.4–3.6). In the OTR group, in-transit 
metastases occurred on an average of 11.5 years (4–31 years) after starting 
immunosuppression. 

 Of the 20 patients who agreed to treatment, 15 were treated with surgery and 
radiation, 4 with radiation alone, and 1 had an amputation. Intralesional or systemic 
chemotherapy was used in 2 patients, oral retinoids in 3 patients, and immunosup-
pression was reduced or discontinued in 7 of 15 transplant patients. Patients were 
followed for a mean 24 months (range 1–108). Non-transplant patients had better 
overall outcomes than OTRs. Specifi cally, at 24 months of follow-up, 33 % of OTRs 
had no evidence of disease, 33 % were alive with disease, and 33 % died from dis-
ease. In contrast, 80 % of non-transplant patients had no evidence of disease and 
20 % were alive with disease. There were no deaths in the immunocompetent group, 
resulting in a disease specifi c mortality of 0 % at 24 months. Interestingly, of the 
fi ve   OTRs   who were alive, all were treated with combination surgery and radiation; 

  Fig. 7.3    In transit metastases from primary CSCC. ( a ) Transplant recipient with poorly differenti-
ated SCC prior to removal. This SCC was removed with clear margins. The deep margin of exci-
sion extended to fascia. ( b ) In transit metastatic SCC developed subsequently near but not 
contiguous to the primary excision site       
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three of fi ve were indirectly treated with decreases in immunosuppression 
medications. 

 Several important points were made by the authors in their study. First, in-transit 
metastases are associated with high-risk SCC, including cases with large diameter, 
nerve invasion, or local recurrence after clear–margin surgery. Second, in-transit 
metastases in OTRs occur years after transplantation after patients have received a 
high cumulative dose of immunosuppressive therapy and they carry a dismal prog-
nosis compared to those found in immunocompetent individuals. Third, the authors 
promote the use of radiation therapy to treat a 1–5 cm fi eld surrounding the metas-
tasis after surgical excision. Fourth, it may be important to consider decreasing the 
amount of immunosuppressive agents patients with in-transit metastasis are receiv-
ing. The benefi ts of immunosuppression reduction are discussed more fully in 
Chaps.   5     and   9    . Fifth, it is important to examine patients with a history of high-risk 
SCC closely for in-transit metastases at all follow up exams. Finally, it is crucial to 
manage patients with in-transit disease in collaboration with medical oncology, 
radiation oncology, and/or head and neck surgeons. 

 We attempt to remove in transit metastases by Mohs where feasible. Wider initial 
margins are obtained as compared to Mohs resections of less aggressive primary 
skin cancers. Mohs is particularly useful in cases where determination of deep mar-
ginal recurrence versus in transit metastasis is diffi cult. In either case, every effort is 
made to obtain a tumor free plane. Repairs are chosen based on potential for rapid 
healing allowing for beginning of adjuvant RT within 6–8 weeks after surgery. In 
our personal experience, we have utilized Mohs surgery followed by RT with suc-
cess in cases of in-transit metastases without adenopathy. Patients with possible 
perineural disease should be evaluated with MR imaging. Patients with extensive 
macroscopic perineural disease may benefi t from referral to an appropriate onco-
logic surgeon for resection of the involved nerve(s) as far as tumor extends along 
them, to be followed by evaluation for adjunctive RT. 

 During initial or follow-up examination, palpation of the draining nodal basin 
and neurologic exam are essential. Patients with palpable nodes need referral for 
FNA, core or excisional biopsy and appropriate imaging. The authors prefer PET 
CT for imaging patients with in transit metastatic SCC. SCC patients with biopsy 
proven adenopathy should be referred to an appropriate oncologic surgeon for exci-
sion and lymph node dissection and to a radiation oncologist for evaluation for 
adjunctive RT.   

    Follow-Up 

 After treating a patient with recurrent SCC either with surgery or combination of 
surgery and radiation, close follow-  up   is necessary. Patients should be evaluated 
every 3 months for the fi rst year, every 4–6 months for years 2–3, and then every 
6 months afterwards with a total body skin and complete lymph node exam. 
Specifi cally, it is important to inspect the surgical site for any recurrences and 
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palpate the site and at least 10 cm of surrounding skin for any subcutaneous nodules 
as in-transit metastases, described above, may present as subtle skin colored subcu-
taneous nodules. Because in-transit metastases were found at a median 10 weeks 
after surgery in the Carucci et al. [ 37 ] study, patients should be advised to not only 
perform monthly skin self-examinations but to also consider palpating around the 
surgical site a month following excision of a high-risk or locally recurrent SCC. If 
any fi ndings are concerning, they should return to their provider immediately. At 
our center, we follow patients as frequently as every 6–8 weeks for the fi rst 12 
months, particularly organ transplant and chronic lymphocytic leukemia patients 
who have an elevated risk of recurrence from high-risk and locally recurrent 
SCC. After a 1 year period, patients are evaluated every 3 months.  

    Conclusions 

 Recurrent SCC can behave in an aggressive fashion and lead to signifi cant mortal-
ity and morbidity. Early diagnosis and removal of recurrent disease with clear 
surgical margins is critical to providing optimal patient outcomes. In cases of 
advanced locally recurrent SCC or when recurrences manifest as in-transit metas-
tasis, systemic agents and radiation therapy may be used in combination with sur-
gery when feasible or alone when surgery is not feasible. Close follow-up should 
be provided after treatment. In the organ transplant recipient population, it is 
important to collaborate with our transplant medicine colleagues to consider modi-
fying immunosuppressive regimens. Similarly, hematology-oncology physicians 
should be made aware of the mortality risk of aggressive SCC in patients with 
chronic lymphocytic leukemia. The value of multi-disciplinary care cannot be 
overemphasized when caring for these patients. Please refer to Chaps.   1     and   2     for 
comprehensive listings of patient subsets at elevated risk of recurrence post defi ni-
tive treatment of SCC.     
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    Chapter 8   
 Management of Nodal Metastases                     

       Michael     Veness      and     Julie     Howle   

          Introduction 

   Cutaneous squamous cell carcinoma (CSCC)   is the second commonest malignancy 
in the world, after basal cell carcinoma. Despite this, the number of patients devel-
oping metastatic CSCC is relatively low with incidence rates of 2–3 % documented 
[ 1 ], but is increased (10–30 %) in a subset of what is often referred to as ‘high-risk’ 
patients [ 2 ,  3 ]. There are well-documented clinic-pathological features defi ning a 
high-risk patient and this topic is discussed in depth in other chapters of this book. 
The aim of this current chapter is to discuss the management of a patient presenting 
with nodal metastases. 

 The fi rst site of metastatic CSCC is nearly always to regional lymph nodes within 
the lymphatic drainage of the primary (or index) CSCC.   Patients developing non- 
nodal metastatic CSCC   as a fi rst site of disease are very rare and generally incur-
able. Consideration should also be given to excluding other primary sources for 
metastatic SCC such as lung cancer in smokers. Although nodal metastases are also 
relatively rare in CSCC patients, the absolute number of patients developing nodal 
metastases from CSCC is not inconsequential. For example, an estimated 5600–
12,500 persons develop nodally metastatic CSCC annually in the U.S. [ 4 ]. The 
development of nodal metastases can have catastrophic consequences for the patient 
with a minority dying of their disease despite treatment. Death is usually a result of 
uncontrolled regional recurrence (86 %) and to a lesser extent the development of 
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  distant metastases   (14 %) [ 5 ]. Thus any strategies aimed at improving regional con-
trol are almost certainly going to positively impact a patient’s chance of cure. 

 The   head and neck   (HN) is overwhelmingly the site of preference for the devel-
opment of CSCC nodal metastases, refl ecting the higher incidence of primary 
CSCC in this sun-exposed region.   Caucasian males   aged >60 years old are typically 
the most frequently affl icted (Fig.  8.1 ), although younger men and females also can 
develop nodal metastases. In most institutional series ~10 to 15 % of patients with 
metastases are immunosuppressed, either secondary to organ transplantation or hae-
matological malignancy (e.g. chronic lymphocytic leukemia) [ 2 ,  5 ]. Most patients 
developing metastatic disease do so within a year following treatment of the pri-
mary lesion, but can present up to 3–4 years post treatment [ 6 ]. Patients may also 
present with metastatic nodal disease with no known (or suspected) primary site [ 7 ], 
although invariably these patients have a past history of treated skin cancer.

   The parotid gland and its associated lymph nodes, is the commonest site for the 
development of metastatic nodes and has been previously termed “the   metastatic 
basin  ” for metastatic CSCC [ 8 ].   Parotid gland   involvement occurs in approximately 
two thirds of patients with metastatic CSCC of the HN, with the remaining one third 
developing cervical (levels I–IV) nodal metastases without parotid gland involve-
ment. Because of the visible aspect of enlarging HN nodes most patients will be 

  Fig. 8.1    Sixty-three year old male with a 3 cm mobile metastatic lymph node containing CSCC 
located in his left parotid tail. The patient did not have an identifi able index lesion within the drain-
ing ipsilateral head and neck but had previous ablative treatment over the years for superfi cial 
actinic lesions       
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found at diagnosis to have 1–2 metastatic nodes 20–30 mm in maximum dimension 
[ 2 ]. Metastatic nodes are more often located inferiorly within the parotid tail and 
clinically may be diffi cult to distinguish from level II nodes (jugulo-digastric nodes). 
Less often patients will present with a more superiorly located pre-auricular nodes 
that may extend superiorly to the level of the zygoma. It should be noted that meta-
static nodal SCC involving the parotid almost never arises from a mucosal SCC, 
excepting in rare retrograde lymphatic spread in patients with already advanced 
cervical nodal metastases. The   axilla and groin   are also regional sites for the devel-
opment of metastatic nodes, often from an extremity or truncal primary (Fig.  8.2 ).

   Patients who develop nodal metastases should be referred and managed within 
the confi nes of a multidisciplinary unit experienced in managing patients with this 
cancer. However, few cancer centers have groups dedicated to managing metastatic 
CSCC. This plus the rarity of the condition have inhibited development of clinical 
trials and establishment of clear care standards.   Head and neck   oncology centers 
usually have the most experience managing metastatic CSCC but specialist referral 
for non HN cases is not well-established, even at major cancer centers. 

 On presentation, patients should undergo a thorough history, examination and 
relevant investigations often including radiologic imaging prior to any management 
decision. A history of previous    radiotherapy      (RT) may impact the ability to deliver 

  Fig. 8.2    Seventy-fi ve year old male with a large 8 cm mobile metastatic lymph node located in his 
left inferior axilla. Biopsy confi rmed CSCC noting he had previously had a CSCC excised from his 
left forearm 15 months previously. The patient proceeded to axillary dissection followed by 5 weeks 
of adjuvant radiotherapy       
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this as an adjuvant treatment. Patients with parotid nodal metastases should have 
facial nerve function clinically tested to exclude a malignant palsy due to tumor 
involvement of the facial nerve trunk or one or more of its branches. 

 Cases occasionally arise of metastatic SCC developing in a   cervical node   in a 
patient who is a smoker with a past history of skin cancer but without an obvious 
mucosal or cutaneous primary. In these patients a positron emission tomography 
(PET) scan will often aid in detecting a small (<10 mm) mucosal based lesion, with 
the tonsil and tongue base common sites for detecting an ‘unknown’ mucosal primary. 
A   nasoendoscopy   to visualize the upper aerodigestive tract should also be undertaken. 
Clinicians ultimately need to decide on the likely origin of the metastatic SCC as the 
management differs markedly between mucosal and cutaneous primary tumors. 

 Confi rmation of metastatic disease prior to any treatment is mandatory and is 
usually achieved via a   fi ne needle aspiration biopsy (FNAB)  . The   FNAB   should be 
repeated if the result is equivocal. An open/excisional biopsy is rarely required but 
may be considered for a small accessible node. High quality contrast enhanced 
computer assisted tomography (CT) scans of the relevant nodal region are essential 
and provide valuable information on the extent of macroscopic cancer and its rela-
tionship to nearby structures such as the carotid vessels and bones (such as the skull 
base) (Fig.  8.3 ). Additional staging investigations could include CT scans of the 
chest, abdomen and pelvis, although very few patients present with synchronous 
distant metastases. The addition of other investigations such as magnetic resonance 
imaging (MRI) scan or a   PET   scan may be appropriate in select cases but not as 

  Fig. 8.3    CT scan administered with intravenous contrast highlighting ( black marker pen ) a 2 cm 
metastatic node located within the posterior aspect of the right inferior parotid gland. Note the 
contrast enhancement of the circular node with central hypodensity present consistent with necro-
sis. These are all radiological features typical of a metastatic node containing cutaneous squamous 
cell carcinoma       
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routine investigations. A patient’s fi tness for surgery should also be determined. 
Medically inoperable patients are often still candidates for high dose RT alone.

   The evidence base for recommendations on managing patients with nodal metas-
tases is supported by   institutional retrospective/prospective studies   [ 9 – 11 ] as there are 
currently no published randomized control trials comparing treatments. In the major-
ity of patients, the mainstay of treatment is   surgery   followed by adjuvant RT. Such a 
combined approach is considered current best practice as supported by published 
clinical research summarized below. The natural history of relapse in treated patients 
is dominated by regional relapse in the treated nodal bed, as opposed to distant 
relapse. It is therefore imperative that appropriate regional treatment is utilized as the 
best means to cure a patient. Patients that relapse post treatment are rarely candidates 
for radical salvage treatment and most will succumb to their disease. 

 There is considerably less published data on CSCC metastasizing to non-HN 
nodal sites, i.e. the axilla and groin, from CSCC originating on the trunk or extremi-
ties. The proportion of   non-HN nodal metastatic patients   compared to HN meta-
static nodal patients is estimated at 1:10 and consistent with the fact that 75–80 % 
of CSCC are located on the sun exposed HN. While the management of patients 
with metastatic HN CSCC has become better defi ned of late, this is not the case with 
metastatic CSCC to the axilla or groin. It is also unclear if patients with truncal and 
extremity CSCC have a higher risk of developing nodal metastasis compared with 
HN CSCC. A German study [ 12 ] reported a metastatic rate of 3.9 % for CSCC 
originating on the trunk and extremities versus 3.3 % for all locations, while an 
Australian study [ 13 ] reported a rate of 4.9 % in 695 patients. Similarly it’s unclear 
if these patients have a worse outcome compared to   HN   CSCC but limited data 
would suggest this possibly to be the case. This could be due, in part, to delayed 
presentation, as unlike in the HN, metastatic disease in the axilla or groin is often 
diffi cult to detect until the nodal burden is signifi cant. It may also be that non HN 
patients are treated with less aggressive surgery and radiation due to concerns 
regarding lymphedema and thus have a higher risk of relapse.  

    Role of Surgery in the Head and Neck 

       Low-Risk Patients   

 Patients presenting with metastatic nodal CSCC, unless contraindicated, should 
proceed to an appropriate operation. The majority of these patients will subse-
quently proceed on to a 6-week course of adjuvant RT to eradicate residual micro-
scopic CSCC. A minority of patients (10–15 %) may avoid adjuvant RT if they are 
deemed as ‘low-risk’ for harboring microscopic CSCC and therefore unlikely to 
benefi t markedly from adjuvant RT. In these cases the risk of subsequent regional 
relapse must be balanced against the acute and potential late side effects of RT and 
the need for 6 weeks of daily treatment. In a study by   Ebrahimi   et al., 33 patients 
with a single involved node <3 cm, with no extracapsular spread (ECS), experi-
enced a 5 year disease specifi c survival of 97 % when treated with surgery alone 
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[ 14 ]. Such low-risk patients who may avoid radiation must not be immunosup-
pressed, have undergone elective dissection of the next echelon of lymph nodes and, 
particularly in the case of parotid metastases, have documented negative excision 
margins. If all these criteria are met a policy of close observation is feasible but 
should be discussed with the patient.   

      Contraindications   to Surgery 

 A minority of patients will present with very advanced nodal metastases that may 
preclude surgery as an option. Patients with skull base bone invasion and/or carotid 
artery encroachment may be considered technically inoperable, depending on the 
clinical situation and surgical opinion and may be offered defi nitive RT as an alter-
native. Resecting an involved facial nerve up to the ganglion to achieve a clear 
resection margin is feasible in select patients treated in skull based units. Such 
patients nearly always still warrant adjuvant RT [ 15 ]. Cutaneous involvement as a 
result of tumor fungation and associated dermal involvement is not necessarily a 
contraindication to surgery but will require wide excision or Mohs micrographically 
controlled clearance of all involved tissues and often large or free-fl ap reconstruc-
tion (Fig.  8.4 ). Patients with a malignant facial nerve palsy are also still considered 
operable, assuming no intracranial spread, but will require sacrifi ce of the facial 
nerve. These patients should have an MRI pre-operatively to exclude intracranial 
disease. Patients may also suffer from medical co-morbidity that places them at high 
risk of perioperative morbidity/mortality, which precludes them from undergoing 
general anesthesia and surgery (Fig.  8.5 ). These patients may also be unable to tol-
erate an extended course of high-dose defi nitive RT (60–70 Gy) but could still be 
considered for a shorter course of RT (2–5 weeks). Rarely patients are unsuitable 
for any RT but if so should be offered best supportive care.

         Treatment of the   Parotid   

 In the setting of a functioning facial nerve there is no convincing evidence that out-
come is improved by more aggressive surgery in the form of a radical parotidec-
tomy (deep lobe excision and nerve sacrifi ce), compared to a facial nerve sparing 
superfi cial parotidectomy followed by   adjuvant RT   [ 16 ].   Radical parotidectomy   is 
reserved for patients who present pre-operatively with a malignant facial nerve 
palsy involving multiple branches of the facial nerve or who are found to have facial 
nerve involvement intra-operatively. In cases where the facial nerve is sacrifi ced, we 
recommend that frozen section be performed on the proximal nerve stump to ensure 
that a clear margin of excision has been obtained. Where possible the divided facial 
nerve or its branches should be anastomosed primarily or a cable nerve interposition 
graft utilized. Most patients who undergo nerve grafting have return of facial nerve 
function within 9 months, but maximal function may take up to 2 years to develop 
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[ 17 ]. Where possible, static re-animation should be performed at the time of graft-
ing/anastomosis in order to provide the patient with immediate form and function 
before nerve function returns. Despite some concern, the addition of adjuvant RT 
has been shown not to have a negative impact on facial nerve function following 
repair [ 18 ]. The morbidity of a facial nerve palsy should not be underestimated, 
even with attempts to graft or re-animate. However interestingly, in at least one 
study of patients treated for metastatic HN CSCC, facial nerve sacrifi ce did not 
appear to adversely impact quality of life [ 19 ]. 

 Oncological excision margins (>5 mm) are rarely achieved in patients who 
undergo nerve-sparing /superfi cial parotidectomy, especially at the deep plane close 
to the facial nerve. Studies have documented high rates of close or incomplete exci-
sion (40–65 %) following parotidectomy. ECS is also a common pathological fi nd-
ing (30–75 %) and in combination with a close or positive margin adds weight to the 
importance of   adjuvant RT   to improve regional control and may explain the high 

  Fig. 8.4    Seventy-nine year old female with a large metastatic lymph node in her left pre-auricular 
parotid gland. Note the areas of ulceration and surrounding cutaneous erythema indicating dermal 
infi ltration by cancer. The patient had previously undergone excision of a left temple squamous 
cell carcinoma (note the skin graft). She subsequently required wide excision of the involved tis-
sue, in addition to a parotidectomy and neck dissection, reconstruction with a free fl ap, and post 
surgical adjuvant radiotherapy       
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recurrence rate following surgery alone. A study by   Iyer   et al. demonstrated that in 
patients who had undergone a nerve-sparing parotidectomy and adjuvant RT, those 
who had involved margins adjacent to the facial nerve did not have a signifi cant 
increase in local recurrence and no difference in survival, compared to those with 
clear margins of excision [ 16 ]. We recommend that all these patients undergo adju-
vant RT to reduce the risk of regional recurrence.   

    Neck Dissection 

       Clinically Node Negative Neck   

 In patients with parotid metastases and a clinically node negative neck there is a 
documented incidence of occult cervical nodal metastases in a minority of patients 
[ 20 ] (Table  8.1 ). We recommend that these patients undergo a parotidectomy and a 
  selective neck dissection (SND)   followed by adjuvant RT (if appropriate). The 
extent of SND will be dictated by site of the primary (or index) lesion: for most 

  Fig. 8.5    Eighty-eight year old female with a large metastatic lymph node occupying the right 
parotid gland. Clinically the mass was fi xed but the patient’s facial nerve was still functioning. 
Medical co-morbidity precluded her undergoing a total parotidectomy/neck dissection and adju-
vant radiotherapy. She was subsequently recommended high palliative radiotherapy utilizing high 
dose electrons to a total dose of 50 Gy in 20 fractions using a shrinking fi eld technique after 10 
fractions and not treating the lower neck. Treatment was well tolerated with a complete clinical 
response by treatment end       
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primary sites, a level II–III neck dissection is suffi cient, with the addition of level I 
when the primary is located on the midzone of the face. In the case of a primary 
located on the posterior scalp or neck, the addition of level IV and V is recom-
mended [ 21 ] based on data summarized in the next section. 

          Clinically Node Positive Neck   

 Traditionally patients presenting with clinically positive regional metastases in the 
neck underwent a   modifi ed radical neck dissection (MRND)   (i.e. resection of levels 
I–V with preservation of one or more of the following: internal jugular vein, sterno-
cleidomastoid muscle and accessory nerve) rather than a  SND.   In a study comparing 
outcome of patients undergoing either a MRND or SND, there was no signifi cant dif-
ference reported in 5 year overall survival (61 vs. 57 %;  p  = 0.86), noting also that the 
majority (84 %) of patients also received adjuvant RT [ 22 ]. Studies in the setting of 
mucosal HN SCC also support performing a SND in selected patients in reducing the 
risk of surgical morbidity compared to a MRND [ 23 ]. 

 In a large study of patients undergoing neck dissection for clinically positive 
neck, involvement of lymph nodes at different levels of the neck were documented 
and correlated with the site of the primary index CSCC [ 24 ]. The authors observed 
that level I metastases in the absence of level II or level III involvement is observed 
more commonly in patients with midline facial lesions (Fig.  8.6 ). In addition, the 
involvement of levels IV and V was analyzed, which demonstrated that no lesions 
of the external ear developed nodal metastases to levels IV or V, and only 2.7 % of 
lesions arising on the face or anterior scalp developed nodal metastasis to levels IV 
or V. However, the involvement of levels IV and V was higher (15.8 %) in patients 
who had CSCC located on the posterior scalp and neck. Based on these fi ndings, 
SND including levels I to III is suggested for patients with primary tumors of mid-
line facial structures, SND including levels II to III for patients with primary tumors 
of anterior scalp and external ear, and   SND   including levels II to V for patients with 
primary tumors of posterior scalp and neck. The external jugular node, which is not 
assigned to a specifi c level although often included as a level II node, should be 
excised in any neck dissection. This node is located superfi cial to the sternocleido-
mastoid muscle just inferior to the tail of the parotid adjacent to the external jugular 

   Table 8.1    Surgery according to primary site, parotid involvement, and nodal status   

 Clinical stage  Primary site  Surgery 

 P0 N+  Any  CND 
 P+ N+  Any  Parotidectomy + CND 
 P+ N0  Anterior/external ear  Parotidectomy + SND (levels I–III) 
 P+ N0  Posterior scalp/neck  Parotidectomy + SND (levels II–V) 

   CND  comprehensive neck dissection,  N + clinically evident cervical metastases,  N0  no clinically 
evident cervical metastases,  P0  no clinically evident parotid metastases,  SND  selective neck dis-
section  
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vein. Involvement of this node is pathognomonic for spread from a cutaneous 
malignancy. 

          Extended Resections   Requiring Reconstruction (Secondary 
to Skin Involvement) 

 A minority of patients with HN CSCC nodal metastases present with cutaneous 
involvement and may require large excisions of skin and subcutaneous tissue as 
well as parotidectomy and/or neck dissection. When large areas of skin are removed, 
subsequent treatment must be taken into consideration when planning reconstruc-
tion. If the patient is to undergo adjuvant RT, the tissue must be suffi ciently robust 
and the wound healed. Some patients may need reconstruction using a pedicled fl ap 
such as pectoralis major fl ap, or a free fl ap, particularly if the site has previously 
been irradiated; radial forearm and latissimus dorsi free fl aps are frequently used to 
reconstruct soft tissue and skin defects in the HN.   

     Role of Surgery in the   Axilla and Groin   

 The incidence of CSCC metastasis occurring in nodal basins other than the cervical 
or parotid region is low, with studies reporting rates of ~4 to 5 % [ 13 ]. There is a 
paucity of literature regarding the management and outcome of patients with nodal 
metastases in these locations. A study of 136 patients with CSCC of the trunk and 

  Fig. 8.6    Fifty-six year old male with a 2 cm mobile metastatic node in his left level 1B neck sec-
ondary to a previously treated left nasal squamous cell carcinoma (note the local fl ap and graft 
reconstructions). The time interval between primary treatment and nodal metastases was 3.5 years. 
There was no evidence of parotid gland involvement and thus the parotid was not treated       
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extremities developing axillary or groin metastases reported patients having a high 
risk of recurrence and death [ 25 ]. An Australian study of 695 patients with CSCC of 
the trunk and extremities documented a 4.9 % rate of nodal metastasis, a large num-
ber of which were considered inoperable, and with a mortality rate of over 70 % in 
those developing nodal metastases [ 13 ]. Another study of patients with axillary or 
groin metastases reported a 27 % rate of recurrence following treatment, the majority 
occurring at distant sites with all patients succumbing following recurrence [ 26 ]. 

   Mullen   et al. recommended that patients with advanced loco-regional CSCC of 
the trunk or limbs undergo surgery provided the risk of morbidity and mortality is 
acceptable [ 25 ]. We recommend that patients with operable axillary nodal metasta-
ses undergo level I–III axillary lymphadenectomy and those with inguinal disease 
undergo an inguino-pelvic node dissection, followed by adjuvant RT if indicated. 
Currently there is no evidence to support the routine use of adjuvant chemotherapy 
in this setting, with the exception of perianal or anal margin SCC. The etiology of 
these SCCs is often virally related (Humanpapilloma virus) and the course can be 
rapidly progressive with a very high risk of metastasis akin to anal carcinoma. 
Subsequently treatment is along the lines of an anal canal SCC [ 27 ]. 

 Of note patients with metastatic CSCC to the inguinal lymph nodes should be 
assessed for primary SCC of the anogenital region. As with metastases to the HN, a 
primary or index lesion is not always present or suspected on history.   

    Role of Adjuvant Radiotherapy 

 Current evidence supports surgery and adjuvant RT as best practice in operable HN 
patients with the exception of low-risk patients who may avoid radiation as dis-
cussed above. Considering the heterogeneity of patient, tumor and treatment factors 
across multiple studies, a patient treated with a combined approach overall has a 
10–15 % chance of developing regional relapse. The aim   of   adjuvant (or post- 
operative) RT is to treat and eradicate residual microscopic CSCC within the opera-
tive bed (parotid and/or neck) and also within undissected nearby nodes that may 
contain (not clinically detectable) occult metastatic CSCC. 

 Current RT delivers megavoltage energy X-rays (or photons) using machines 
referred to as   linear  accelerators     . Photons impart lethal double stranded DNA dam-
age to dividing malignant cells as well as normal tissues within an irradiated vol-
ume. It is a therapeutic difference in DNA repair between normal and malignant 
cells that provides the therapeutic ratio of fractionated (i.e. daily) RT. Current tech-
nology allows for the conformal delivery of accurately defi ned   RT 3D target vol-
umes       that limit many of the toxicities associated with older less conformal, and less 
accurate, 2D technology. 

 A typical daily treatment (or   fraction of  RT     ) takes 10–15 min to deliver each day 
Monday to Friday over 6 weeks. Based on analogous data from other tumor sites, 
adjuvant RT will reduce the relative risk of recurrence by ~50 to 60 % and patients 
should understand that the aim of adjuvant RT is to reduce, but not eliminate, the 
risk of relapse. 
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    Recent Evidence 

 The evidence, albeit institutional and non-randomized and mostly from Australia, 
supports the addition of adjuvant RT in reducing the risk of regional recurrence and 
that the majority of patients with nodal disease should be considered for combined 
treatment. Publications from the Westmead Hospital Group, Sydney, have docu-
mented the outcome of a large number of patients treated with a consistent approach 
since the 1980s, with operable patients undergoing surgery followed by adjuvant 
RT. The most recent analysis from this group confi rmed a signifi cant decrease in 
regional relapse (23 vs. 55 %) and improved 5 year disease free survival (74 vs. 34 
%;  p  = 0.001) with the addition of adjuvant RT compared to surgery alone [ 9 ]. In a 
large   Australian  study        Bron   et al. reported adjuvant RT as the only factor that sig-
nifi cantly improved control in the parotid and recommended it as standard treatment 
[ 28 ]. Similarly, Del   Charco   et al. documented treatment (surgery/RT vs. RT) as the 
only factor to predict parotid disease control on multivariate analysis ( p  = 0.004) 
[ 29 ] and   Jol   et al. reported decreased locoregional failure in patients undergoing 
surgery and adjuvant RT compared with surgery alone (17 vs. 44 %) [ 30 ]. 

 In at least one Australian study the fi nding of   soft tissue metastases (STM)  , 
defi ned as free soft tissue deposits lacking continuity with the primary tumor and 
not associated with nodal tissue, portended to a worse prognosis. After adjusting for 
other covariates STM was an independent predictor of worse survival. The authors 
suggested patients with    STM      be considered for combined treatment, irrespective of 
other factors. Further studies are still needed to confi rm this association but similar 
to the fi nding of ECS it would be prudent to recommend adjuvant RT in STM 
patients also [ 31 ].  

      Elective Treatment 

 The role of   elective  treatment     , be that RT or surgery, to uninvolved cervical nodes is 
controversial. Two Australian studies have documented a 35 % rate of subclinical 
metastases in dissected clinically negative neck nodes in patients with metastatic 
parotid nodes following elective neck dissection [ 10 ,  20 ]. This compares with a 
lower incidence (16 %) of occult spread in neck nodes in a Canadian study by   Audet   
et al. [ 32 ] while a study from the MD Anderson Cancer Centre, Texas documented 
a higher 42 % incidence of occult cervical metastases in patients with metastatic 
parotid SCC [ 33 ]. Despite variation these and other studies suggest that a minority 
of patients will harbor subclinical nodal metastases that left untreated will progress 
to clinically enlarged nodes in many patients. The risk is therefore of clinical pro-
gression and the associated morbidity and mortality as the size and number of meta-
static nodes increases. Identifying individual patients at greatest risk is diffi cult and 
although close observation may be an option, patients need to be reviewed regularly 
(every 3–4 months) for 4–5 years. 
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 An accepted practice for patients with parotid metastases, and a clinically 
negative neck, is to undergo a SND (levels I/II or I/II/III) in conjunction with a 
parotidectomy. Deleting a neck dissection in the setting of parotid metastases and a 
clinically N0 neck is an option. However this will commit all patients to receive 
elective RT (50 Gy) to the hemi-neck. Although it is well accepted that neck control 
is equivalent in a clinically N0 neck with either surgery or RT the fi nding of patho-
logically negative upper level neck nodes may result in a patient avoiding adjuvant 
RT to the lower neck. Patients with clinically positive cervical nodes should 
undergo an appropriate neck dissection. Adjuvant RT is delivered to the ipsilateral 
neck if cancer is identifi ed in multiple nodes (≥2) or extranodal spread is present in 
a single node. 

 A scenario occasionally encountered is that of a patient with an index lesion 
located on the temple/forehead or ear with nodal metastases in the cervical nodes, 
but without nodes involving the parotid gland. The mechanism of this ‘skip’ spread 
is unclear. The question arises in these cases of whether elective treatment to the 
intervening parotid nodes is warranted. There is no data to guide clinicians but 
patients undergoing adjuvant RT to the dissected neck may benefi t from the exten-
sion of fi elds to also encompass, at a minimum the lower parotid nodes (i.e. tail of 
parotid). An alternative would be to perform a nerve sparing parotidectomy in con-
junction with the neck dissection and thereby potentially avoid the added toxicity of 
RT to the oropharynx/oral cavity from the exiting RT beams. 

 Similarly, some clinicians may consider electively treating a presumed index 
lesion if the development of metastatic nodal CSCC has arisen within a relatively 
short defi ned interval from initial treatment to the development of metastatic nodes 
(e.g. <12 months) and unfavorable features were present such as a close or positive 
margin. There is however no evidence to support this approach and in the setting of 
a controlled primary lesion we would not recommend electively treating the pri-
mary site with either surgery or RT.    

        Technical  Aspects      of Radiotherapy (Dose Fractionation 
Schedules/Volumes to Treat) 

 Adjuvant RT is usually delivered to the ipsilateral neck and/or parotid gland and 
rarely, if ever, requires a comprehensive (i.e. bilateral) approach. The toxicity of RT, 
while not inconsequential, does not involve the treatment of large areas of mucosa, 
compared with mucosal based primary HN SCCs (e.g. tongue base SCC). The pre-
dominant acute toxicities of comprehensive mucosal HN SCC are painful mucositis 
(odynophagia) and xerostomia which are not a major concern with ipsilateral 
parotid RT. The expected acute toxicity of ipsilateral RT that encompasses the 
parotid bed includes mild xerostomia, alteration in taste, skin erythema/desquama-
tion and fatigue. The addition of hemi-neck RT to the superior parotid fi elds will 
add to the extent of skin treated and possibly the degree of fatigue experienced. Late 
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toxicities include potential hearing impairment if the superior extent of the treat-
ment volume includes the middle ear structures and also a degree of ongoing xero-
stomia. Patients with poor dentition would benefi t from pre-RT dental assessment 
that may result in extraction of posterior lower molar teeth that may be in the treat-
ment fi eld. 

 A dose fractionation schedule of 60 Gy in 30 daily fractions is recommended as 
best practice to post-operative (at risk) volumes. Clinicians may elect to boost smaller 
volumes with positive margins to 66–70 Gy (from 60 Gy). Undissected necks (or 
parotid) can be prescribed 50 Gy in 25 fractions when receiving elective treatment. 
Alternative dose fractionation schedules utilizing 2.5–3 Gy fractions may be consid-
ered in select patients to reduce the duration of treatment but most should receive 
2 Gy fractions to minimize potential late toxicity. The use of altered fractionation in 
the adjuvant setting, as a means to improve locoregional control, is not standard but 
has been reported. The University of Florida Group have used hyperfractionation 
(74.4 Gy in 1.2 Gy twice daily fractions or similar) for many years in select patients 
with advanced and metastatic skin cancers and reported good results [ 34 ]. 

 The delivery of adjuvant RT should optimally be commenced within 6 weeks of 
surgery. All patients should be treated with contrast enhanced (if not contraindicated) 
CT planned conformal RT to accurately defi ne planning target volumes and impor-
tant organs at risk (e.g. eyes, brainstem, middle ear and spinal cord). The use of 
highly conformal   intensity modulated RT (IMRT),   if available, may be considered, 
especially in cases where   perineural invasion (PNI)   involving the trunk, or branches 
of, the facial nerve, as this warrants the consideration of extending RT coverage 
beyond the skull base to encompass the intracranial extent of the facial nerve, in some 
cases back to the brainstem. In these circumstances an IMRT approach may provide 
better coverage and less toxicity to central nervous system structures [ 35 ]. 

 The addition of bolus (tissue compensation) to either surgical scars or the irradi-
ated skin of the parotid and/or neck with the aim to increase the dose delivered to 
the skin is not recommended unless there is known cutaneous involvement. Even in 
these circumstances the increased skin toxicity (in-fi eld moist desquamation) may 
result in some circumstances in the requirement of a RT treatment break to allow for 
healing with at least one Australian study documenting increased cutaneous toxicity 
and no outcome benefi t from this approach [ 36 ].    

      Role of Adjuvant RT   in Non-HN  Regions      

 Analogous to recommending adjuvant RT to the parotid and/or neck is treating the 
axilla or groin after nodal surgery. Although less published data is available to guide 
the clinician in assessing risk of recurrence associated with unfavorable factors such 
as ECS, patients with multiple involved nodes or close excision margins are at risk 
of developing regional relapse and should be recommended adjuvant RT. The aim 
of RT is to decrease this risk, in keeping with data from the HN setting. A complica-
tion of axilla or groin adjuvant RT, in contrast to the HN, is the risk of the develop-
ment of extremity lymphedema, which is exacerbated post surgery by the addition 

M. Veness and J. Howle



203

of adjuvant RT and in a minority of patients, can be severe. Patients need to be 
warned of this potential late side effect and we recommend that all patients who 
undergo an axillary or inguino-pelvic node dissection and/or radiotherapy be 
referred for lymphedema education and management. 

   Axillary RT   is easily achieved using CT 3D conformal planned opposing AP/PA 
megavoltage photons and attempting to minimize the amount of underlying lung irra-
diated, taking into consideration the curvature of the chest wall and the need to cover 
the often medially located axillary nodes. The supraclavicular fossa should also be 
included in the treatment fi elds. This technique is well defi ned using anatomical land-
marks with one study reporting excellent regional control rates and minimal late tox-
icity [ 37 ]. The risk of brachial plexus plexopathy and rib fractures can be minimized 
by limiting the total dose delivered to 50 Gy in 25 fractions. Other authors have treated 
to a higher dose of 60 Gy equivalent to the dose recommended in HN regions [ 38 ]. 

 The groin is also usually approached with either opposing AP/PA megavoltage 
photon fi elds or with a high energy electron fi eld. Various techniques are reported, 
often depending on whether the hemi-pelvis (to treat deeper pelvic nodes), as well 
as the groin, are to be treated. With involved nodes often in close proximity to the 
underlying femoral head, groin RT carries with it a risk (10–15 %) of late femoral 
neck fracture. Despite this, inadequate deep coverage (5–6 cm) in an attempt to 
decrease the dose to the femoral head, especially using electrons, may undertreat 
deeply located nodes and increase the risk of regional relapse [ 39 ].     

    Inoperable Metastases 

       Radiotherapy Alone   

 Patients with skull base bone invasion, brain or carotid vessel involvement should 
be considered inoperable, but still treatable. Such patients usually present with very 
advanced disease, which is frequently fi xed to underlying structures. In the case of 
metastatic CSCC occurring in nodal basins other than the HN, it is less common to 
encounter a patient who has unresectable disease. More frequently, the patient is not 
a candidate for surgery due to co-morbidities. 

 In patients with operable nodal disease that are treated with high dose (66–70 
Gy) RT (medically unfi t/patient refusal of surgery) there is a chance of cure although 
patients with more advanced borderline operable or inoperable disease are unlikely 
to obtain durable regional control.   

      Palliative Radiotherapy   

 Patients who are unsuitable for surgery and/or 5–6 weeks of RT due to poor perfor-
mance status may still benefi t from shorter schedules of palliative RT. Examples of 
recommended dose fractionation schedules include 20–25 Gy in 5 fractions, 
30–35 Gy in 10 fractions or 40–45 Gy in 15 fractions (Fig.  8.7 ). Clinicians should 
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consider limiting irradiated volumes to macroscopic disease with 1–2 cm margins 
using simple techniques such as opposed megavoltage photons fi elds or a direct elec-
tron fi eld. In a Canadian study [ 40 ] patients with advanced HN CSCC (median size 
5 cm) not suitable for radical treatment received 24 Gy of RT in 3 divided fractions 
delivered on days 0, 7 and 21 over 3 weeks. A variety of modalities and techniques 
were utilized and fi eld margins encompassing macroscopic disease were 1–2 cm. 
The authors reported a complete clinical response rate of 36 % and the alleviation of 
symptoms in most patients without any marked late toxicity. The choice of which 
palliative dose fractionation schedule to utilize is dependent on multiple factors but 
very much dependent on the patient’s ability to tolerate prescribed treatment.

   Depending on the initial response to palliative RT and the dose delivered, suit-
able patients may be candidates for further RT to sites of symptomatic disease. 

 Patients with symptomatic sites of metastases such as skeletal metastases or soft 
tissue deposits may benefi t from a single 6–8 Gy fraction of RT or multiple fractions 
such as 20 Gy in 5 fractions. Symptoms of pain or bleeding are usually well palli-
ated with local RT. Sites of painful nodal metastases are better treated with a frac-
tionated approach as opposed to a single fraction.   

    Role of Chemotherapy 

        Adjuvant Radio- Chemotherapy      

 Chemotherapy is also discussed in Chap.   9    , particularly with regard to palliative 
therapy in terminal cases. Combined chemoradiation for control of nodal disease is 
discussed below. Despite the current optimal treatment of nodal disease with surgery 

  Fig. 8.7    Elderly nursing home patient of poor performance status with an advanced metastatic tail of 
parotid node treated palliatively with a moderate energy (12 MeV) electron fi eld (as marked) to a dose 
of 25 Gy in 5 daily fractions to obtain growth restraint and tumor reduction and prevent fungation       
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and adjuvant RT a minority of patients develop recurrence, predominantly regional in 
the treated nodal bed. There are data in mucosal HN SCC that combination concur-
rent platinum chemotherapy and adjuvant RT can improve regional control and dis-
ease free survival postoperatively in high-risk patients (ECS, multiple nodes, positive 
margins) [ 41 ,  42 ]. Though such studies have not been conducted in CSCC, high-risk 
pathological features such as multiple nodes, extranodal spread, positive margins, 
and perineural or vascular invasion, are often present in metastatic HN CSCC 
patients. The fi rst trial testing chemoradiation in such CSCC patients has recently 
been conducted in Australia and New Zealand under the auspices of the   Trans Tasman 
Radiation Oncology Group (TROG)   with the aim to accrue 265 patients randomized 
to receive adjuvant RT (60 Gy) or adjuvant RT and weekly carboplatin (Post-
Operative Skin Trial; POST 05.01). Carboplatin was chosen on the basis that the 
patients in this study are unlikely to tolerate cisplatin (renal and ototoxicity) as many 
are older with pre-existing co-morbidities. As of 2014 the study has closed to accrual 
and analysis and publication of the results is likely in the near future.    

      Palliative  Chemotherapy      

 Patients with disseminated disease who are of good performance status may be 
considered for single or combination palliative chemotherapy. As in patients with 
mucosal HN SCC the combination of 5FU and platinum has been utilized. This is 
covered more fully in Chap.   9    .   

    Recurrent Disease Post Treatment 

 Recurrent nodal metastases in a treated nodal bed are associated with a poor prog-
nosis and often associated with subsequent distant relapse despite successful 
regional salvage. Prior to recommending radical intent salvage treatment, patients 
should be appropriately re-staged to exclude the presence of visceral (e.g. lung, 
liver) metastases. Investigations should include whole body contrast enhanced CT 
scans, or alternatively a CT/PET scan. 

      Salvage Surgery   

 Regional SCC recurrence after a previous dissection and/or RT should be re- operated 
on where possible. The extent of previous surgery and RT and the site of recurrence 
will dictate the type and extent of salvage surgery. Generally we would recommend 
patients have a completion neck dissection. Recurrent SCC in the parotid bed fol-
lowing nerve sparing parotidectomy may require salvage radical parotidectomy with 
sacrifi ce of the facial nerve. Surgery is often technically challenging, particularly if 
the patient has had RT previously, as this increases tissue fi brosis and may delay 
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wound healing. Recurrences often involve the overlying skin, which should also be 
re-excised with clear margins whenever possible. Pre- operative peripheral margin 
Mohs micrographic surgery can sometimes be helpful in such cases to establish the 
lateral extent of skin and subcutaneous recurrence. This helps surgeons to plan 
reconstruction pre-operatively (since they know in advance how much skin will be 
lost) and allows them to focus on clearing the deep margin intraoperatively as periph-
eral margins have already been determined. Adjuvant RT should be offered to all 
patients who have not previously been irradiated, and should encompass the surgical 
bed and uninvolved next echelon nodes. Patients considered not suitable for salvage 
surgery, or that decline surgery, should be offered defi nitive RT. Doses of 60–70 Gy 
using CT planned megavoltage photons offer the patient a chance of cure, or at the 
very least durable in-fi eld regional control. Patients not suitable for high-dose RT 
should still be considered for a shorter course of RT.  

       Regional Re-Irradiation   

 Regional recurrence after adjuvant RT poses a diffi cult problem as patients will usu-
ally have had a large volume (e.g. ipsilateral parotid bed +/-hemi-neck, groin, axilla) 
of normal tissue (e.g. mandible, soft tissue, brainstem/spinal cord, nerves, carotid 
artery, femoral head, ribs) irradiated to 50–60 Gy. Following appropriate re-staging, 
operable patients should proceed to surgery. For inoperable patients the evidence 
available for re-irradiation relates predominantly to treating mucosal HN SCC 
patients. In this analogous setting recent evidence has emerged supporting the use 
of highly conformal   IMRT   [ 43 ,  44 ]. Patients retreated with IMRT are likely to have 
a better outcome (improved regional control and decreased severe late effects) com-
pared with conventional 3D conformal re-irradiation. The best results are achieved 
with radical re-irradiation doses of ~60 to 70 Gy in 2 Gy daily fractions and re- 
treatment volumes limited to ~2 cm around gross disease or the resection bed. The 
spine, brainstem and optic chiasm should receive a limited re-treatment dose (15–25 
Gy) if previously irradiated to tolerance. Of note, even when utilizing   IMRT  , serious 
late toxicity and treatment related deaths are reported in around 20 % of patients. 
The addition of concurrent chemotherapy to re-irradiation has also been recom-
mended in select patients with mucosal SCC. The role of re-irradiating after salvage 
nodal surgery is less well defi ned but in patients with unfavorable pathology (i.e. 
close/positive excision margins, ECS) it should be considered.    

       Prognosis   

 The older literature often reported a dismal outcome for patients developing meta-
static nodal CSCC with only a minority curable. However this should not be consid-
ered the case with contemporary treatment. The prognosis of patients with metastatic 
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HN CSCC if treated appropriately is favorable with most cured with the expectation 
of a 60–75 % 5 year disease free survival [ 2 ,  6 ,  7 ]. A large study of 250 patients 
identifi ed 4 independent predictors of prognosis:   immunosuppression, type of treat-
ment, extracapsular spread and surgical margin status (ITEM)  , and subdivided the 
patients into three risk categories according them an ITEM score with the 5 year 
risk of dying from disease for patients reported to be 52 %, 24 % and 6 % for high- 
risk, moderate risk and low risk groups, respectively [ 41 ]. Patients who underwent 
surgery and adjuvant RT had a signifi cantly improved outcome (hazard ratio 0.32, 
95 % CI 0.16–0.66; p = 0.002) compared with surgery alone, and patients with ECS 
and/or immunosuppression, fared worse [ 45 ]. It is well documented that immuno-
suppressed patients do badly despite appropriate treatment [ 46 ] (Fig.  8.8 ). Thus the 
level of immunosuppression should be reduced if at all possible [ 47 ].

   There has been much less published data regarding the outcome of patients with 
nodal metastases in areas other than the HN, with some series reporting relapse 
rates of 30–60 % [ 25 ,  37 ], many with distant sites of fi rst relapse. However most 
series are small and heterogeneous and it is therefore diffi cult to make defi nitive 
comparisons with metastatic HN CSCC. 

  Fig. 8.8    Fifty-two year old male cardiac transplant recipient with widespread dermal based 
metastases following recent surgery and adjuvant radiotherapy with metastatic cutaneous squa-
mous cell carcinoma to the left parotid. The patient was incurable and after cessation of his immu-
nosuppressive medications was treated palliatively       
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    New Advances/Studies/Follow up Post Treatment 

 Until recently, adjuvant systemic treatment for nodal metastatic CSCC consisted of 
traditional chemotherapeutic agents such as cisplatin and carboplatin. There is 
ongoing research investigating the use of more novel agents including molecular 
targeted therapies. 

 Agents such as interferon α, and 13  cis -retinoic acid have shown some activity 
against CSCC. However, a phase III study of the use of retinoic acid and interferon 
in the adjuvant setting for patients with “aggressive CSCC” including those with 
nodal metastases showed this treatment did not improve the time to tumor recur-
rence or prevent second primary tumors [ 48 ].   Epidermal growth factor receptor 
(EGFR)   is a transmembrane tyrosine kinase which is expressed in CSCC and often 
over-expressed in metastatic disease. Recently there has been interest in using 
agents such as cetuximab, an anti-EGFR monoclonal antibody for the treatment of 
CSCC. A phase II study of the use of   cetuximab   in patients with unresectable CSCC 
demonstrated a 69 % response rate [ 49 ]. Cetuximab is a known radiosensitizer and 
several case reports/series have documented its use in combination with RT. In one 
study of eight patients with either advanced or unresectable CSCC treated with 
Cetuximab +/-RT the authors reported 6/8 responding with 3 complete responses 
and a median overall survival of 22.5 months [ 50 ]. However, its use in the adjuvant 
setting for the treatment of nodal metastases of CSCC has not yet been established 
and remains investigational in this setting.  

    Abbreviations 

    CSCC     Cutaneous squamous cell carcinoma   
  CT     Computer assisted tomography   
  DNA     Deoxyribonucleic acid   
  ECS     Extracapsular spread   
  EGFR     Epidermal growth factor receptor   
  FNAB     Fine needle aspiration biopsy   
  HN     Head and neck   
  IMRT     Intensity modulated radiotherapy   
  MRND     Modifi ed radical neck dissection   
  MRI     Magnetic resonance imaging   
  PET     Positron emission tomography   
  RT     Radiotherapy   
  SCC     Squamous cell carcinoma   
  SND     Selective neck dissection   
  STM     Soft tissue metastasis   
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    Chapter 9   
 Management of Widely Metastatic 
and Unresectable Cutaneous Squamous 
Cell Carcinoma                     

       Glenn     J.     Hanna    ,     Emily     Stamell     Ruiz    , and     Jochen     H.     Lorch    

            Introduction 

 Cutaneous squamous cell carcinoma (CSCC) is the second most common skin 
cancer and though most cases are easily cured with surgical excision, it is associ-
ated with a 3 % metastatic risk [ 1 ,  2 ]. Seventy to 80 % of all non-melanoma skin 
cancers occur in the sun exposed regions of the head and neck. It is estimated that 
2500–8800 patients succumb each year to CSCC in the United States, often a 
result of uncontrolled loco-regional disease [ 3 ,  4 ]. Distant metastases are less 
common. This chapter will discuss the management of such patients with unre-
sectable local, regional, or distant disease, particularly with regard to chemother-
apy and chemoradiation. Radiation therapy for nodal disease is also discussed in 
Chap.   8    .  
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    Clinical Features 

     Location  of   Metastatic Spread 

 Risk factors of primary tumors and patient factors which impact risk of metastasis 
are covered extensively in earlier chapters of this book. However, it is important to 
note that up to 27 % of patients with nodal metastases have no identifi able primary 
lesion on cutaneous skin examination [ 5 ]. This may be because most patients with 
metastatic CSCC have had multiple primary CSCC tumors and determining which 
primary gave rise to metastases can sometimes prove diffi cult. Studies to date have 
relied upon tumors’ anatomic proximity to metastatic nodal basins, high-risk fea-
tures, and timeframe of primary tumor appearance to metastasis to determine which 
of several primary tumors give rise to nodal disease. However, such information 
may be imprecise. Genetic profi ling of primary tumors and metastases may prove 
very helpful in future investigations to clarify which tumors result in metastases. 

 Cervical lymph nodes are the most common site of metastatic spread from CSCC 
(60 %, often involving the submental or submandibular nodes), followed by the 
parotid gland (30 %). CSCC of the pinna, given its regional lymphatic drainage pat-
tern and proximity to the parotid gland, most often (60–70 %) results in metastatic 
disease to the ipsilateral cervical lymph nodes or parotid gland [ 6 ]. Ear location may 
carry a higher risk of metastasis [ 7 ]. Fewer than 20 % of patients with metastasis pres-
ent with distant metastases at the time of initial presentation. Half of patients develop 
recurrence at the primary cutaneous site prior to the development of metastatic disease 
[ 8 ]. Thus, patients who develop locally recurrent CSCC after clear-margin excision 
(Mohs or non-Mohs) should be considered at risk for metastasis.    

      Staging Systems   for Metastatic CSCC 

 Traditionally,  TNM   staging for CSCC categorized lymph node metastases as either 
involved or uninvolved; however, the seventh edition of the  American Joint 
Committee on Cancer (AJCC)   staging system for CSCC revised the nodal staging 
system to refl ect the number, diameter, and laterality of involved lymph nodes 
(Table  9.1 ) [ 9 ]. While this is an improvement over the former TNM staging system, 
contralateral metastases only occurred in 2 % of patients and there was only a 1 % 
difference in the risk of death at 3 years in the N2 subgroups in one study [ 10 ]. 
Others have proposed alternatives to AJCC nodal staging (Table  9.2 ).  O’Brien   et al. 
developed a staging system for metastatic CSCC of the head and neck that separates 
parotid and neck disease. The staging system when applied to 87 patients trended 
toward a signifi cant correlation between survival and P stage (p = 0.07). Increasing 
clinical (p = 0.04) and pathologic (p = 0.006) N stage was associated with decreased 
survival.  O’Brien’s staging system   is an improvement over the TNM, but is complex 
due to the separation of the parotid and neck staging systems and the utility of such 
separation has not been investigated [ 12 ].
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     Forest   et al. developed the N1S3 staging system, which considers nodes from the 
parotid and neck together [ 12 ]. This system defi nes three stages based on the num-
ber of involved nodes from the parotid and neck and size above or below 3 cm. The 
N1S3 system was developed based on a 215 patient cohort and then applied to a 
different 250 patient cohort for validation. This staging system was able to discrimi-
nate between the three different groups for locoregional control (log rank p = 0.01) 
and disease-specifi c survival (p = 0.004) [ 12 ].   

    Treatment and Prognosis 

     Nodal   Metastases 

 A thorough discussion of management of nodal metastases and recent data in this 
realm is the subject of Chap.   8    . Some have advocated for elective lymph node dissec-
tions in patients with high risk lesions greater than 4 cm, cartilage invasion, deep 
invasion, or high risk lip lesions, but data are limited [ 13 ]. There is currently no formal 
consensus as to the appropriate treatment strategy for patients with nodally metastatic 

   Table 9.1    AJCC Regional Lymph Node Staging for CSCC [ 9 ]   

 NX  Regional lymph nodes cannot be assessed 
 N0  No regional lymph nodes 
 N1  Metastasis in a single ipsilateral lymph node, 3 cm or less in greatest diameter 
 N2a  Metastasis in a single ipsilateral node, more than 3 cm but not more than 6 cm in 

greatest dimension 
 N2b  Metastasis in multiple ipsilateral lymph nodes, none more than 6 cm in greatest 

dimension 
 N2c  Metastasis in bilateral or contralateral lymph nodes, none more than 6 cm in greatest 

dimension 
 N3  Metastasis in a lymph node, more than 6 cm in greatest dimension 

   Table 9.2    Proposed alternative staging systems for patients with metastatic cutaneous squamous 
cell carcinoma   

 O’Brien et al. (2002) [ 11 ]  Forest et al. (2010) (N1S3) [ 12 ] 

  Parotid gland  
 P1: Node ≤3 cm  I: Single lymph node measuring ≤3 cm 
 P2: Node >3 cm but ≤6 cm or multiple nodes  II:  Single lymph node measuring ≤3 cm or 

multiple lymph nodes measuring ≤3 cm 
 P3: Node >6 cm or facial nerve involvement, 
skull base invasion 

 III: Multiple lymph nodes measuring >3 cm 

  Neck  
 N0: Clinically negative neck 
 N1: Single node ≤3 cm (ipsilateral) 
 N2: Single node >3 cm, multiple or 
contralateral nodes 
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CSCC, but patients should be treated with the intent of cure. Patients are generally 
offered either lymphadenectomy or radiation treatment, or a combination of both.  

        Induction and Defi nitive Chemotherapy         for Advanced CSCC 

 Due to the rarity of the diagnosis of metastatic CSCC, the literature for chemother-
apy is limited to small phase II studies and case series, which are summarized in 
Table  9.3  [ 14 ,  19 ]. There are no FDA-approved chemotherapy drugs specifi cally for 

   Table 9.3    Summary of trials utilizing systemic chemotherapy to treat cutaneous squamous cell 
carcinoma   

 Authors  Study design, n  Treatment  Response  Notes 

  Traditional defi nitive chemotherapy  
 Guthrie et al. 
(1990) [ 14 ] 

 Cohort, 28  Cisplatin and Doxorubicin, 
Cisplatin (includes both 
neoadjuvant and defi nitive 
cases) 

 28 % CR 
 Advanced 
(BCC and 
SCC) 

 40 % PR 

 Sadek et al. 
(1990) [ 15 ] 

 Phase II, 14  Cisplatin, 5-FU, 
bleomycin and infusional 
5-FU 

 84 % ORR 
 Advanced  30 % CR 

 34 % PR 
 Khansur et al. 
(1991) [ 16 ] 

 Case series, 7  Cisplatin and 5-FU  3 CRs  One patient was 
alive and 
disease- free at 2 
years 

 Metastatic or 
locally 
advanced 

 3 PRs 

 Wollina et al. 
(2005) [ 17 ] 

 Case series, 4  Capecitabine and 
Interferon 

 2 CR 
 Advanced  2 PR 

 Nakamura 
et al. (2013) 
[ 18 ] 

 Case series, 8  Cisplatin and Adriamycin, 
Cisplatin and Epirubicin, 
Carboplatin and 
Adriamyycin 

 2 CR 
 Metastatic  1 PR 

 2 SD 
 3 PD 

  Adjuvant and neoadjuvant chemotherapy  
 Guthrie et al. 
(1990) [ 14 ] 

 Cohort, 28  Cisplatin and Doxorubicin, 
Cisplatin (includes both 
neoadjuvant and defi nitive 
cases) 

 28 % CR 
 Advanced 
(BCC and 
SCC) 

 40 % PR 

 Denic (1999) 
[ 19 ] 

 Case series, 5  Neoadjuvant Cisplatin and 
Bleomycin 

 1 CCR 
 Advanced 
(BCC or SCC) 

 3 PR 
 1 PD 

 Tanvetyanon 
et al. (2015) 
[ 30 ] 

 Retrospective 
cohort study, 
61 

 Surgery + Radiation vs. 
Surgery + Chemoradiation 

 Chemo- 
XRT: 

 HR of 
chemo- 
XRT:XRT = 0.31 
(95 % CI, 
0.13–0.78) for 
risk of disease 
recurrence or 
death 

 2 DM 
 8 LR 

 Stage III/IV  XRT: 
 1 DM 
 13 LR 

(continued)
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Table 9.3 (continued)

 Authors  Study design, n  Treatment  Response  Notes 

  Targeted therapy (defi nitive unless otherwise stated)  
 Read (2007) 
[ 20 ] 

 Case series, 3  Erlotinib  2 PR  Tumor recurred 
on 
discontinuation 
in the CR 
patient 

 Metastatic or 
locally 
recurrent 

 1 CR 

 Maubec et al. 
(2010) [ 21 ] 

 Phase II, 36  Cetuximab  69 % ORR  Infusion 
reactions and 
acneiform rash 
notable 

 Metastatic  2 CR 
 8 PR 

 Giacchero 
et al. (2011) 
[ 22 ] 

 Case series, 8  Cetuximab, Cetuximab 
and Radiotherapy 

 3 CR  Grade 3 or 4 
adverse events 
in eight patients 

 Advanced or 
unsectable 

 3 PD 
 1 SD 
 1 PD 

 Kalapurakal 
et al. (2012) 
[ 23 ] 

 Case series, 4  Cetuximab  3 CR  One CR 
relapsed within 
6 months 

 Recurrent SCC  1 PR 

 Lewis et al. 
(2012) [ 24 ] 

 Phase II, 23  Neoadjuvant Gefi tinib  18.2 % CR 
 locally 
advanced 

 27.3 % PR 

 O’Bryan et al. 
(2013) [ 25 ] 

 Case series, 7 
high risk post 
resection 

 Six patients received 
cetuximab + surgery 

 4 CR 

 One patient received 
cetuximab + surgery + XRT 

 2 PD 
 1 UA 

 Preneau et al. 
(2013) [ 26 ] 

 Pilot study, 19  Five patients received 
cetuximab + XRT 

 9 PR 

 Inoperable  Nine patients received 
cetuximab + carboplatin 

 6 SD 
 4 PD 

 Five patients received 
cetuximab monotherapy 

 47 % ORR 
 78 % overall 
disease 
control 

 Heath et al. 
(2013) [ 27 ] 

 Phase I, 15 
locally 
advanced or 
lymph node 
involvement 

 Erlotinib + XRT  65 % OS 
(2 years) 
 60 % DFS 
 26.7 % 
recurrence 

   CR  complete remission,  PR  partial remission,  CCR  complete clinical remission,  ORR  overall 
response rate,  OS  overall survival,  SD  stable disease,  PD  progression of disease,  PFS  progression 
free survival,  DM  distant metastasis,  LR  local recurrence,  UA  unable to access response,  DFS  
disease free survival  

CSCC and no well-established treatment regimens. Thus the information below is 
for off-label uses. Most regimens have been based on mucosal head and neck SCC 
treatment protocols.

   Advanced CSCC, defi ned as loco-regional disease that has failed surgery and 
radiation or is widely metastatic, is generally treated with systemic chemotherapy. 
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Previously chemotherapy was used primarily as a palliative treatment, but current 
regimens are implemented with curative intent for loco-regional disease. Conversely, 
treatment of distant organ metastases and intracranial extension remains mostly pal-
liative. It is important to recognize that many chemotherapeutic regimens are asso-
ciated with signifi cant toxicity. 

 Induction chemotherapy is the administration of chemotherapy prior to defi nitive 
loco-regional control. It is benefi cial for unresectable tumors (that may be resect-
able after induction therapy) or for early treatment of subclinical metastases. 
Induction chemotherapy is generally used in conjunction with radiation. The most 
frequently used induction chemotherapy regimens are 5-fl uorouracil (5-FU)/cispla-
tin combinations [ 28 ]. 

 Defi nitive chemotherapy, in contrast to induction therapy, is aimed at cure or best 
possible control of disease not amenable to surgical clearance. It is usually com-
bined with radiation and is most often used for organ preservation or for patients 
unable to tolerate surgery. The most common defi nitive chemotherapy regimens 
include cisplatin, 5-FU/cisplatin combinations, 5-FU/carboplatin combinations, 
and paclitaxel/carboplatin combinations [ 28 ]. Most studies evaluating these regi-
mens have been performed in mucosal head and neck SCCs (originating from the 
oral cavity, oropharynx, hypopharynx, and larynx).  Pignon   et al. [ 29 ] published a 
large meta-analysis of 87 randomized trials of mostly mucosal (non-cutaneous) 
head and neck SCCs, which included 16,485 patients. Their analyses found greater 
benefi t of chemotherapy administered concurrent with radiation (HR 0.81, 95 % CI 
0.79–0.86) as compared to induction chemotherapy administered prior to radiation 
and/or surgery which did not show a survival advantage (HR 0.96, 95 % CI 0.9–
1.02) [ 29 ]. 

 Studies specifi c to CSCC are limited and much work remains to defi ne optimal 
systemic therapy. Though most patients will have an initial clinical response, sus-
tained remissions are rare and the large majority of patients ultimately succumb to 
disease. Studies of traditional chemotherapy have focused on defi nitive rather 
than induction regimens.  Khansur   et al. [ 16 ] reported a case series of seven 
patients with advanced locoregional or metastatic CSCC treated with cisplatin and 
5-FU. This series noted three partial responses, three complete responses, and one 
stable disease.  Sadek   et al. [ 15 ] reported an 84 % objective response to a combina-
tion regimen of cisplatin, 5-FU, and bleomycin in 13 patients with CSCC. Complete 
response was seen in 30 % of patients.  Nakamura   et al. [ 18 ] more recently reported 
a complete response in two out of eight patients receiving a combination of plati-
num and anthracycline chemotherapy with progression of disease in three 
patients. 

 There are a few case series that evaluate alternatives to platinum based chemo-
therapy.  Wollina   et al. [ 17 ] performed a prospective case series of four patients with 
advanced CSCC treated with oral capecitabine plus subcutaneous interferon alpha, 
of which two patients had complete response and two a partial response. Of note, 
the patients had only mild side effects.     
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      Adjuvant Chemotherapy 

  Adjuvant chemotherapy      is generally used in conjunction with adjuvant radiation 
postoperatively after clear surgical margins have been obtained for patients with 
high-risk pathologic features or history of recurrence for whom concern for further 
recurrence and metastasis is high. Identifi cation of patients eligible for adjuvant 
chemotherapy is made case by case since no established standards are in place to 
guide patient selection. 

 Similar to the defi nitive chemotherapy regimens, utilization of adjuvant chemo-
therapy following defi nitive surgical excision is primarily extrapolated from the 
head and neck literature. To our knowledge, there is one study in the literature that 
specifi cally evaluates adjuvant chemoradiation for CSCCs.  Tanvetyanon   et al. [ 30 ] 
retrospectively compared 61 patients who underwent defi nitive surgical excision 
followed by adjuvant radiation or chemoradiation. This series noted a decreased 
risk of recurrence and death on multivariate analysis in patients who received 
chemoradiation compared to those who only underwent adjuvant radiation (HR 
0.31, 95 % CI 0.13–0.78). These results indicate that treating high-risk patients post 
surgery with adjuvant chemoradiation, prior to the occurrence of clinical metasta-
ses, may result in a higher cure rates and prevention of mortality. However, defi ning 
which patients are candidates for adjuvant chemoradiation requires further study. 

 A signifi cant amount of research has investigated the use of retinoids in the man-
agement of CSCC lesions, but while they offer some prophylactic benefi t, they do 
not alter the progression of the existing tumor [ 31 ]. Their prophylactic use is cov-
ered more extensively in Chap.   5    .    

      Molecular Targeted Therapies   

 Currently there are no available molecular markers to identify high-risk CSCC 
patients or to aid treatment selection for those with metastatic disease. However, 
since CSCC is among the most heavily mutated of all cancers [ 32 ], it is likely that 
therapies targeting specifi c genetic and molecular alterations within a given CSCC 
will play a pivotal role in future therapeutic approaches. As the mutational land-
scape of CSCC appears to be highly variable from one tumor to the next without a 
predominating defect (in contrast to the hedgehog pathway in basal cell carcinoma 
or bRAF in melanoma), optimal molecular therapy for CSCC may need to be highly 
individualized [ 33 ]. The epidermal growth factor receptor (EGFR)-Ras-Raf-MEK- ERK 
signaling pathway has been implicated in head and neck SCCs [ 34 ]. Therapeutics 
that specifi cally target this pathway have recently been studied in patients with CSCC. 

  Cetuximab (Erbitux)   is a human-mouse chimeric monoclonal antibody that com-
petitively binds to the external domain of the EGFR, thereby inhibiting dimeriza-
tion and overall tumor growth. It is currently approved as adjuvant therapy with 
concomitant radiation for use in patients with metastatic mucosal head and neck 
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SCC. A recent phase II trial investigated the use of cetuximab in metastatic 
CSCC. After 6-weeks of treatment, there was a 69 % disease response rate in the 31 
patients in the study. Mean progression-free and overall survival were 121 and 246 
days, respectively [ 21 ]. Interestingly, the development of an acneiform drug rash 
with treatment was associated with better outcomes, as noted in prior studies in 
head and neck cancer patients. In a small case series, cetuximab alone or in combi-
nation with radiation was shown to be effi cacious with a treatment response in six 
out of eight patients [ 22 ]. A phase II study of neoadjuvant gefi tinib which inhibits 
the ATP- binding site of EGFR showed an 18 % complete response and 27 % partial 
response in 22 subjects [ 24 ]. Two-year overall, disease-specifi c, and progression-
free survival rates were 72.1 %, 72.1 %, and 63.6 %, respectively. Some data have 
demonstrated similar benefi ts with erlotinib, currently approved for use in non-
small cell lung cancer [ 20 ,  27 ]. Additional studies of EGFR antagonists alone or in 
combination with radiation and as adjuvant and neoadjuvant treatment for locally 
extensive and metastatic CSCCs are needed given the current dearth of literature. 

 The  hedgehog (Hh) pathway   is a developmental signaling pathway involved in 
numerous cellular processes, affecting cell survival and differentiation. Mutations 
via ligand-independent mechanisms of constitutive activation have been noted in 
cancers such as basal cell carcinoma. Preliminary reports in murine models have 
demonstrated that overexpression of PTCH-1 (a regulatory tumor suppressor acting 
through the Hh pathway) in transgenic mice synergizes with Hras mutations to pro-
mote SCC development [ 35 ]. These fi ndings could have implications with regards 
to treatment utilizing novel Hh signaling inhibitors. However, anecdotally, cutane-
ous basosquamous carcinomas (a histologic mix of basal and squamous cell carci-
noma) treated with Hh inhibitors do not do well. Though the basaloid component 
regresses, the squamous portion appears resistant and subsequently predominates. 
Thus, Hh inhibitor monotherapy may have a limited role in CSCC therapy.    

    Conclusion 

 Metastatic CSCC presents a management challenge due to lack of prognostic esti-
mates and clinical trials. Combined surgical resection followed by adjuvant radia-
tion is the current standard treatment for nodal disease. Chemotherapy is generally 
reserved for patients with recurrent local and/or nodal disease after such treatment, 
or for those with rare distant organ metastases. There are no clearly defi ned proto-
cols for systemic therapy of CSCC. Though various regimens have been tried, no 
treatment has been reported to be highly effective. Early treatment with adjuvant 
chemoradiation immediately after surgical clearance shows promise but defi ning an 
appropriate patient population for adjuvant therapy and defi ning optimal regimens 
requires additional investigation. Targeted chemotherapy and immuno therapy are 
likely to play a major role in the future, but further studies are necessary to elucidate 
molecular markers for prognostication and to individualize therapy in this heavily 
mutated and genetically heterogeneous disease.     
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    Chapter 10   
 Immune Dysfunction 
and Immunosuppression: Impacts on SCC 
Incidence, Prognosis, and Management                     

       Travis     W.     Blalock      and     Thomas     Stasko   

          Introduction 

 There is now a basic understanding of the damaging impact of ultraviolet (UV) light 
on the immunologic response to cutaneous tissue. As detailed in Chapters   3     and   4    , 
progress continues to be made in the pursuit of a more comprehensive understand-
ing of the biologic and molecular impact of these changes on the initiation and 
evolution of cutaneous squamous cell carcinoma (CSCC). We have also observed 
the increased incidence and aggressiveness of SCC seen with systemic immunosup-
pressive medications and in diseases that induce    immunosuppression  . Overall 
immunoresponsiveness is now seen as a spectrum, involving local and systemic 
factors, in which there are alterations in tumor behavior biologically, cinically, and 
epidemiologically. This is perhaps most clearly demonstrated by observing solid 
organ transplant medicine and the continuous balancing act required to keep patients 
adequately immunosuppressed to assure organ survival while minimizing the risk of 
development of CSCC and other malignancies. In this chapter, we will address how 
immune suppression, whether originated by disease, iatrogenically induced, or sim-
ply age related, affects incidence, prognosis, and management of CSCC.  
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        Localized   Immunosuppression 

 While the crux of this chapter will discuss how generalized immunosuppression 
promotes SCC formation, CSCC tumorigenesis results, at least in part, from local-
ized immunosuppression due to UV light exposure. UV light, both acutely and 
chronically, induces a breakdown of the localized interplay of the innate and adap-
tive immune systems [ 1 ]. In elderly patients, a decline in innate and adaptive immu-
nity results in a relative immune deterioration, most notably in sun exposed areas 
where there is an exacerbation of local immune suppression. There is epidermal 
atrophy and a decrease in the number of Langerhans cells. The generalized immune 
senescence that progresses with advancing age also decreases the T-cell response to 
tumor related antigens [ 2 ]. With aging, SCCs are more likely to extend to subcuta-
neous fat and deeper soft tissue structures despite being less than 2 mm from the 
skin surface due to fat loss, while at the same time, they are less likely to be detected 
by the immune system. In solid organ transplant patients, who are globally immu-
nosuppressed, the most at risk sites by far are those that are antecedently immuno-
suppressed by years of UV light exposure. Though some of this risk is due to genetic 
defects induced by UV light on keratinocytes (Chapter 3), UV-induced immuno-
logic alterations play a crucial role as well. Localized immunosuppression and 
immune dysfunction, including the impairment of immune surveillance against 
tumor or tumor susceptible keratinocytes (HPV infected, genetically altered, etc.) 
put tumor growth in motion. 

 With a competent immune system, UV induced genetic damage and molecular 
alterations including thymidine dimmers, reactive oxygen species, 6–4 photoprod-
ucts, and others, are reversed through mechanisms such as p53 tumor suppressor 
gene products as well as DNA repair mechanisms, before they become clinically 
relevant. UV radiation over time can induce mutations in p53 which limit keratino-
cytes’ ability to repair genetic alterations, most notably further UV-induced DNA 
damage. With the addition of immunosuppression, these natural internal regulators, 
like the p53 gene, become further overwhelmed, and the tumor has no checkpoint. 
Recent work has begun to shed light on precisely how the immune system eradi-
cates SCC or allows it to grow. Please see Chapters   3     and   4     for discussions of work 
in this area. 

 A more generalized concept of localized immune suppression arises from the 
context of SCC induction. While there is a continued debate regarding the exact 
keratinocytic origin of CSCC, the concepts of localized immunosuppression to 
induce tumor formation are clearly at the center of each position [ 3 ]. We believe that 
each position summarized below is not only reasonable, but likely represents a 
diverse spectrum of CSCC origins, thereby explaining tumoral diversity in clinical 
morphology, development, and response to treatment. 

    White   et al. argue that Ras/p53 mutated SCCs are more likely to develop within 
follicular stem cells as opposed to interfollicular epithelium [ 4 ]. This concept, along 
with the recognition that the bulge area of the hair follicle and the associated stem 
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cells have a relative immune privilege, places the follicular unit at particular risk for 
induction of SCC [ 5 ]. The immunosuppressed follicular cytokine environment 
(increased interleukin-10, transforming growth factor-b1, and alpha-melanocyte 
stimulating hormone) may allow more aggressive tumor subtypes to form [ 5 ,  6 ]. 
From a clinical standpoint, this may explain why follicularly based actinic keratoses 
are believed to be more aggressive and it may also explain why certain keratoses or 
SCCs that have follicular extensions (or origins) recur following treatment with 
electrodessication and curettage (ED&C) [ 7 ]. 

 While the concept of SCC induction from the follicular unit has gained momen-
tum, others stand by the clinical reality that many SCCs do not arise in hair bearing 
areas. For example, SCC is common on bald scalps and can in fact be particularly 
aggressive in this location. Some have proposed that interfollicular epithelial stem 
cells can be progenitors to SCC. In this scenario, UV bombardment is the likely 
culprit of both immunosuppression and genetic damage leading to SCC formation 
as UVB and UVA are able to penetrate to the level of interfollicular stem cells (but 
not follicular stem cells) [ 3 ,  8 ]. 

    Marjolin ulcers   are classically understood as SCCs that occur in a chronic 
wound, burn, or scar, which are locally immunosuppressed areas. One can under-
stand the localized immunosuppressive effects of a Marjolin ulcer by evaluating 
the immunosuppressed setting of a slowly or non-healing wound, usually result-
ing from chronic venous stasis, a non-healing burn injury, a pressure sore, a 
draining sinus tract, or an abscess. While there is constant inhibition of adequate 
healing, there is an abundance of pro-proliferation cytokines which are failing to 
repair the damaged tissues, not to mention an epidermal opening for viral infec-
tion (see HPV below). Together, these set the stage for tumorigenesis. Chronic 
scarring alters the native lymphatic drainage, restructures the local vascular sup-
ply, alters cellular makeup, and induces an abnormal cytokine milieu. Thus, with 
other potential factors, like UV light or constant trauma, exacerbating the already 
immunosuppressed area by depleting the area of Langerhans cells and altering 
the cytokine milieu even more, an already immunosuppressed area is further sup-
pressed. It is not surprising that somewhere along this path of poor healing a 
tumor may arise. In fact, Marjolin tumors are more aggressive than typical SCCs 
and have a higher metastatic capability [ 9 ]. The ultimate clinical example is 
   recessive dystrophic epidermolysis bullosa (RDEB)  , a disorder which involves 
chronic blistering and scarring of the skin. Patients with RDEB begin developing 
aggressive SCCs in their teens and most die before age 30 from locally advanced 
or metastatic SCC [ 10 ]. 

 In summary, localized immunosuppression sets the stage for discussion of gen-
eralized immunosuppression when considering SCC. It is within these locally 
immunosuppressed areas where introduced generalized immunosuppression makes 
the largest clinical impact.   
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    Disease Induced Immunosuppression 

         HIV   

 Patients infected with the    human immunodefi ciency virus (HIV)   have been shown 
to have an increased incidence of CSCC. Most studies were performed early in the 
epidemic and show only a modestly increased risk [ 11 – 13 ]. A recent study from 
Northern California cited a relative risk of 2.6 for the development of SCC in HIV 
infected patients (p < 0.001) [ 14 ]. The study also showed a strong correlation 
between SCC and immunosuppression as gauged by recent CD4 counts.    Nguyen   
et al. presented a series of HIV patients with SCC suggesting earlier age of onset, 
rapid lesion growth, and possibly a higher chance of recurrence and metastasis in 
these patients [ 15 ]. In a more recent study,    Hausauer   et al. report a 13.8 % 5-year 
tumor CSCC recurrence rate in well-controlled HIV patients, while only a 2.9 % 
5-year tumor recurrence rate in HIV negative patients [ 16 ]. It has been speculated 
that HIV patients with undetectable viral load may be able to mitigate the increased 
risk of SCC. However, if the data from the above studies is accurate, well-controlled 
HIV alone may not be enough to prevent aggressive SCC formation. Nguyen et al.      
found no correlation between the CD4 count or opportunistic infections and the 
aggressiveness of the tumor [ 15 ]. 

 HIV patients should undergo increased surveillance for skin cancer due to the 
increased incidence, frequent abnormal tumor presentations, the propensity for 
multiple and abnormal HPV subtypes, and the more aggressive nature of the tumors 
themselves. While the controversy of HPV as a causative role for all SCC may be 
unresolved, the transformation of anogenital keratinocytes to in situ and invasive 
disease is well accepted and anal SCC is a cause of signifi cant morbidity in HIV 
patients [ 17 ]. From an epidemiologic standpoint, the prevalence of anal squamous 
intraepithelial dysplasia in HIV positive men who have sex with men (MSM) and 
HIV positive women is correlated with low CD4 counts and high risk HPV [ 18 – 20 ]. 
As    highly active antiretroviral therapy (HAART) therapy   becomes more effective, 
easier to tolerate, and more accessible, the incidence of anogenital disease may 
decline. Meanwhile, HIV positive MSMs and women with a history of cervical 
dysplasia or genital warts should undergo anoscopy at least annually.    

      Chronic Lymphocytic Leukemia 

 Patients with    chronic lymphocytic leukemia (CLL)   are also known to have an 
increased risk of SCC as well as more aggressive tumors. The majority of informa-
tion regarding SCC in these patients refers to the B cell subtype of CLL which 
predominates (>95 %), but probably applies to all    CLL   subtypes. It is generally 
believed that CLL induces a diverse and progressive immune system down regula-
tion including down regulation of the ability of T cells to interact with antigen 
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presenting cells as well as up-regulation of B cell induced immunosuppressive fac-
tors. These activities result in an inability to monitor and respond to intraepithelial 
neoplasia, an increased development of SCC, and likelihood for aggressive tumor 
behavior [ 21 ]. 

    Mehrany   et al. report a 19 % 5-year recurrence rate for CSCC after treatment with 
Mohs micrographic surgery for patients with CLL. In this group, neither histologic 
grade nor tumor diameter predicted tumor recurrence [ 21 ]. In a different case–con-
trol study of SCC outcomes,    Mehrany   et al. compared CLL to non-CLL patients with 
head or neck SCC [ 22 ]. Patients with CLL had an 18 % risk of metastatic SCC by 5 
years after their fi rst procedure for the primary tumor as compared to zero metastases 
in the non-CLL control group. This difference was statistically signifi cant. Mehrany’s 
group also found that histologically aggressive SCCs are more commonly found in 
the setting of CLL [ 23 ].    Toro   et al. showed that a history of SCC prior to the diagno-
sis of CLL increased all-cause mortality by a factor of 1.86 (p < 0.0001) as compared 
to CLL patients with no history of SCC, suggesting that prior sun damage and pre-
disposition to skin cancer may impact outcomes in a complex manner in combination 
with the immune suppression of CLL [ 24 ]. In a relatively large cohort of CLL 
patients,    Velez   et al. found that CLL disease stage (Rai stage) predicted outcomes 
and that patients with high Rai-stage CLL had as high a chance of dying from skin 
cancer as they did from CLL (approximately 12 %) [ 25 ]. These studies suggest 
strongly that CLL is associated with an increased incidence of aggressive SCC which 
can cause death. Thus, heightened suspicion and increased cancer surveillance is of 
paramount importance in patients with CLL.     

     Strategy for    Skin Cancer Prevention   
in the Immunosuppressed 

 While much of the discussion regarding management of high-risk SCC patients has 
derived from solid organ transplant patients, the principles of management can be 
somewhat extrapolated to all immunosuppressed patients whether the cause be a 
disease or iatrogenic. As multiple physicians are often involved in the care of immu-
nosuppressed patients, the importance of establishing a good relationship and open 
communication between all providers must be emphasized. By having direct access 
and communication between dermatologists, transplant physicians, hematologists, 
oncologists, infectious disease physicians, and other providers, clinicians and 
immunosuppressed patients can have a concerted and unifi ed understanding of the 
patient’s situation and plan to treat. A collaborative environment educates all parties 
and equates to better patient care and likely improved outcomes. 

 One of the most important aspects of management regarding the immunosup-
pressed is to strive for good skin health prior to or immediately after the develop-
ment of immunosuppression. Education regarding the effects of UV light and a 
thorough discussion about how to recognize skin changes that are premalignant or 
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malignant is the most prudent preventative care. With the progressive immunosup-
pression of simple aging, good skin care, and limiting ongoing UV damage (includ-
ing localized UV-induced immunosuppression of the skin discussed above) is a 
constant strategy to be advocated to all patients. While time consuming, the educa-
tion regarding avoiding intense sun exposure, use of UV protective clothing and 
sunscreens with an effective sun protection factor (SPF 30 or higher), and avoidance 
of tanning beds will be a valuable exercise for all patients, especially those facing 
immunosuppression. We must also challenge our patients to eliminate tobacco 
intake, as the evidence seems to be insinuating accelerated clinical and histologic 
aging of the skin with tobacco use [ 26 ]. 

 A formal pre-immunosuppression evaluation is probably most practical for solid 
organ transplant patients, who could have a skin cancer oriented evaluation while 
awaiting transplant. This may be done for severely actinically-damaged patients or 
those with a prior history of skin cancer. However, as patients are often very ill prior 
to and immediately after transplantation, many transplant centers defer skin coun-
seling until approximately 6 months post transplantation when patients are well 
enough to consider sun protective behavior changes and other prevention strategies. 
An effective relationship built with the patient prior to having problems will increase 
the likelihood of patient self-skin exam, sun protective behaviors, and compliance 
with routine skin surveillance exams. A patient history focusing on predisposing 
factors should be noted, as high-risk factors may become more consequential when 
the immunosuppressed state sets in. These factors include:

    1.    Advanced Age   
   2.    Light Skin Type (Fitzpatrick I–II)   
   3.    Personal history of skin cancer/actinic keratosis (AK)   
   4.    Personal history of extensive UV exposure (sun, tanning beds. therapeutic)   
   5.    Personal history of HPV infection   
   6.    History of scars from trauma, illness, radiation, etc.   
   7.    Cigarette or tobacco use   
   8.    Personal history of immunosuppressive conditions   
   9.    Personal history of immunosuppressive or photosensitizing medications.     

 Interestingly, most of these factors predispose any individual to SCC but the risk 
is compounded with immunosuppression. Physical examination should focus on the 
presence of actinic damage or actinic keratoses, any indication of HPV infection, 
and the presence of any skin malignancies in sun exposed or non-exposed areas. 
Evaluation of mucosal areas, genital and perianal regions, and periungual skin is 
important as these sites are known to have more aggressive tumors and are often 
overlooked by healthcare providers. 

 Early recognition and modifi cation of risk factors prior to the initiation of immu-
nosuppression may be helpful. By reducing the burden of modifi able risk factors 
prior to immunosuppression, including preexisting neoplasms, viral infections, or 
early intraepithelial neoplasms, it may be possible to prevent progression to invasive 
disease.    Thompson   et al. suggest that sunscreen use may have a signifi cant impact 
on the regression of solar keratoses [ 27 ]. In the study of 588 Australians over 40 

T.W. Blalock and T. Stasko



229

years old, a dose–response relation was found with more clinical remission and 
fewer new actinic keratoses (AKs) in those patients who used sunscreen. A study in 
German transplant recipients demonstrated that guided intense use of sunscreen 
decreases the development of SCCs, Basal cell carcinomas, and AKs while reduc-
ing the number of existing AKs [ 28 ]. 

 When a patient presents for pre-transplant evaluation, all existing AKs should be 
treated to decrease likelihood of developing invasive disease. It is unclear whether 
physicians also address viral factors by utilizing HPV vaccinations. The Center for 
Disease Control and Prevention recommends the quadrivalant HPV vaccine to HIV 
infected children [ 29 ]. Studies are needed to determine if vaccination of adults 
against the types of HPV implicated in cervical cancer would decrease the incidence 
of skin cancer in immunosuppressed patients. Similarly, would prophylactic fi eld 
therapy (photodynamic therapy, topical immunomodulators, etc.) for actinic dam-
age prior to or after immunosuppression decrease SCC formation? In the absence of 
studies addressing these issues, logic dictates that curtailing intraepithelial disease 
may lessen progression to SCC in these patients.   

        Solid Organ Transplant Patients   

 The balancing act needed to achieve adequate immunosuppression in organ trans-
plant recipients has shed a great deal of light on the consequences of immunosup-
pression and its effect on the development of SCC. While iatrogenic 
immunosuppression serves to minimize organ rejection, too much immunosuppres-
sion results in an increased susceptibility to infection and malignancies as well as 
other side effects with signifi cant morbidity and mortality. Regarding cutaneous 
malignancies, the goal is to maximize transplant survival while minimizing the 
morbidity and mortality of cutaneous carcinoma.    Christenson   et al. showed that 
renal transplant patients who developed a non-melanoma skin cancer (NMSC) after 
their transplant had a better 5-year allograft and patient survival than kidney patients 
who did not develop a NMSC [ 30 ,  31 ]. Liver and heart transplant patients who 
developed NMSC after the transplant had a better 5-year overall survival as com-
pared to their counterparts that did not develop NMSC. This association may indi-
cate that NMSC is a surrogate marker for more profound immunosuppression which 
may be benefi cial in the early years after transplantation. However, the increased 
incidence of NMSC coupled with metastatic rates of 5–8 % may play a signifi cant 
role in transplant morbidity and mortality in later years [ 32 ]. This association rein-
forces the need for primary prevention, such as sun protection, which does not rely 
on a reduction in immunosuppression. 

 It is too simplistic to simply say someone is immunosuppressed or not- 
immunosuppressed. A transplant patient’s immune system fl uctuates and spans a 
range that is followed by clinical performance as well as laboratory values. Although 
new tests are available which seek to quantify a patient’s level of immune suppres-
sion, the only clear measure of under-suppression, at this point, is organ rejection. 
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Pinpointing exactly where transplant patients are on the spectrum of immunosup-
pression is currently impossible, making it extremely diffi cult to interpret study 
data. Nevertheless, organ transplant patients, on their respective immunosuppres-
sive regimens, have up to a 100-fold chance of developing cutaneous malignancies 
as compared to the general population [ 33 ]. Of these malignancies, SCC has been 
estimated at 65 times the rate for the general population when matched for age and 
sex in a Norwegian population [ 34 ]. 

 When assessing the degree of immunosuppression and its correlation to the 
development of SCC, solid organ transplant patients highlight the parallel. Heart 
transplant patients, who are generally on the highest doses of immune suppressive 
therapy, have a threefold higher risk for the development of SCC than renal- 
transplant patients [ 34 ]. Liver transplant patients, who typically require low dose or 
even no immunosuppression, have a lower risk of developing CSCCs than their 
more immunocompromised heart and renal transplant cohorts [ 32 ]. 

 In a recent retrospective analysis,    Wisgerhof   et al. reviewed 1800 kidney trans-
plant patients performed in their hospital over a 40-year period [ 35 ]. In their review, 
9.8 % of kidney transplant patients developed CSCCs and 7.9 % developed an inter-
nal malignancy. The internal malignancies identifi ed in the study included breast 
cancer, aero-digestive tract cancers, prostate cancer, hematologic cancers, and one 
unclassifi able cancer. In patients who developed CSCC post transplant, there was a 
threefold increased adjusted risk of developing internal malignancies. While the 
study could not analyze the impact of changing immunosuppressive regimens over 
a 40-year period, the increased internal malignancies in organ transplant patients 
who have had SCC indicates that higher immunosuppression may protect grafts 
well but may lead to higher risks of both internal malignancies and SCC.   

    Strategy for Skin Cancer Management in Immunosuppressed 
Patients 

 Few management guidelines have been published for SCC patients who are immu-
nosuppressed. One set of guidelines based on literature review and expert consensus 
was published by the    International Transplant–Skin Cancer Collaborative (ITSCC)   
and the    European Skin Care in Organ Transplant Patients Network (SCOPE)   in 
2004 [ 33 ]. While other types of immunosuppressed patients with a risk/history of 
SCC may need specifi c appraisal, management of these different groups may follow 
the    ITSCC   organ transplant guidelines which are part of the discussion below. 

 As noted above,    pre-immunosuppression evaluation and treatment   is the optimal 
starting point for preventing and managing SCC. Each time a patient presents, it is 
imperative to review all of the risk factors, as well as review the status and changes 
in the person’s overall immune system. An evaluation of medication lists, empha-
sizing changes in medications and including an estimation of compliance is needed. 
At each visit, it is important to repeat education about self-conducted skin examina-
tions and remind patients to use continuous sun protection.    Thomas   et al. recently 
reported that recall of sun protective education and the actual practice of sun protec-
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tion in liver transplant patients is, at best, modest and reinforces the need for con-
stant education [ 36 ]. 

 The physical examination of high-risk immunosuppressed patients requires a full 
body skin examination of sun and non-sun exposed areas. The    skin examination   of 
immunosuppressed patients is best performed with the patient in a hospital gown 
without other clothing to achieve optimal detection of suspicious lesions. Placing a 
patient in a gown also facilitates the effective evaluation of regional lymphatic 
chains that might be diffi cult to palpate or even missed through clothing. 

    Evaluation and Intervention in Immunosuppressed Patients 

 During the physical examination, any lesions that may have an increased propensity 
to become neoplastic in the immunosuppressed should have a thorough evaluation 
and appropriate treatment.    Lesions   that may have an increased predilection for 
developing into SCCs include actinic keratoses, verrucae, porokeratoses, previously 
radiated skin, or chronic non-healing scars. Previously    radiated skin and non- 
healing scars   may necessitate wound care, monitoring for clinical changes, and 
active non-intervention. However, actinic keratoses, verrucae, and porokeratoses 
can be effectively treated by a variety of methods summarized in the chapter on fi eld 
cancerization management. An adaptation from the    ITSCC   guidelines for evalua-
tion and treatment of lesions with potentially neoplastic potential is in Fig.  10.1 .

   None of the topical medications are specifi cally approved by the FDA for immu-
nosuppressed patients, though physicians have clearly used them successfully in 
such patients for mild to moderately aggressive lesions [ 37 – 39 ].    Topical immuno-
modulators   have been effective in fi eld therapy and also provide an additional 
modality to treat multiple discrete lesions in the same area. Transplant patients can 
present with    diffuse actinic damage   and    multiple hyperkeratotic lesions   (Fig.  10.2 ). 
The concept of fi eld therapy and treatment options for fi eld cancerization are 
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  Fig. 10.1    Management of Lesions with Neoplastic Potential in the Immunosuppressed (adapted 
from the 2004 ITSCC Guidelines for the Management of Squamous Cell Carcinoma in Organ 
Transplant Patients)       
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detailed in Chapter   5    . If such treatment of pre-cancerous or in situ lesions fails, 
biopsy and/or alternative treatment should ensue. Many dermatologists with large 
transplant populations provide a cyclical approach of evaluation and fi eld therapy to 
treat epithelial dysplasia that is constantly cultivated by the immunosuppressed 
state [ 40 ]. While the number of studies regarding actinic keratoses treatment in the 
immunocompromised is small, available data indicate topical treatments are useful. 
Data specifi c to immune suppressed patients is summarized below.

      Ulrich   et al. provided evidence that,      imiquimod      may effectively treat actinic 
keratoses in heart, liver, and kidney transplant patients, and that the effi cacy may 
correlate with the level of immunosuppression of the patient. In an imiquimod ver-
sus vehicle randomized study with application three times a week for 16 weeks over 
a 100 cm 2  area, this study found a 62.1 % complete clearance (CC) rate and a 79.3 
% partial clearance (PC) rate for actinic keratoses [ 41 ]. When separated by organ 
groups, heart transplant patients who are typically on higher-dose immunosuppres-
sive regimens, cleared less actinic keratoses (PC 71 %/CC 42 %) than the kidney 
(PC 80 %/CC 65 %) or liver (PC 100 %/CC 100%) patients (who are on the least 
immunosuppressive medication). Of note, 0 % of the vehicle arm of the study had 
regression of actinic keratoses. The same group performed a similar study with 3 % 
diclofenac in 2.5 % hyaluronic acid applied twice daily over a 50 cm 2  area for 16 
weeks. At the conclusion of the study, 41 % had a CC as opposed to 0 % in the 
vehicle arm of the study. Unlike the imiquimod study, there was no correlation with 
the level of immunosuppression and the effi cacy of diclofenac. 

  Fig. 10.2    Field 
cancerization is common 
in the immunosuppressed, 
highlighting the concept 
that sun-exposed skin has 
areas of squamous cell 
carcinoma surrounded by 
additional potentially 
malignant intraepithelial 
neoplasms       
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    Combination treatments   have been attempted with multiple different topical 
treatments and techniques.    Ritchie   et al. present an inclusive approach combining 
sunscreen, 5-fl orouracil, diclofenac, and imiquimod [ 31 ]. ‘Chemowraps’, where 5 
% 5-fl uorouracil cream is used under occlusion and extremities are wrapped with a 
nonabsorbent material (zinc unna wraps) to enhance cutaneous penetration of the 
medication, have been found to be very effective for refractory areas in the immu-
nosuppressed, though controlled studies are lacking [ 40 ]. 

    Topical therapy   for verrucae in immunosuppressed patients has been used with 
varying success.    Saiag   et al. evaluated effi cacy of 5 % imiquimod on perianal and 
genital verrucae in well-controlled HIV patients on highly active antiretroviral ther-
apy (HAART)      [ 42 ]. Fifty patients applied imiquimod three times weekly for 16 
weeks. At the end of the 16 weeks, 32 % of patients had total wart clearance. Beyond 
the clinical response, it was found that the HPV DNA load decreased or was unde-
tectable in 40 % of the treated patients. Many other topical or intralesional therapies 
for verrucae in the immunosuppressed have been described including cidofi vir for 
organ transplant recipients and HIV patients, imiquimod for common warts in    HIV 
patients  , intralesional bleomycin in HIV patients, and intralesional  candida  in HIV 
patients [ 43 – 47 ]. 

    Oral and topical retinoids   have gained widespread usage in organ transplant 
dermatology as a modality for primary prevention of actinic keratoses and 
SCC. While some have reported a decrease in size of pre-existing SCCs, most 
believe that oral retinoids are better at suppressing the development of new SCCs 
as opposed to treating existing ones [ 48 ,  49 ]. The exact mechanism of tumor pre-
vention is still unresolved, but is usually attributed to retinoid induced alterations 
in keratinization; however,    Rook   et al. reported an increase in Langerhans cells 
after treatment with tretinoin and etretinate. This study suggests that at least one 
mechanism may involve induction of localized immune surveillance [ 50 ]. One of 
the more convincing clinical studies performed in renal allograft recipients, despite 
the small number, was performed by    George   et al. over a 2-year period [ 51 ]. In the 
study, 23 patients with a history of a non-melanoma skin cancer were randomly 
enrolled into two groups—an acitretin group and a non-drug group. After 1 year, 
each group crossed over to the opposite treatment regimen. They found a 42 % 
increase in the number of SCCs that developed while patients were not on acitretin. 
While this suggests a positive reduction in development of SCC, there was a 36 % 
drop out rate from the side effects of acitretin. 

 The use of oral    retinoids   has been refi ned over the past few years with many 
physicians starting at very low doses and increasing as per the patient’s tolerability. 
This minimizes side-effects and maximizes the ability of the patient to continue the 
medication and enjoy the benefi ts of improved skin appearance and fewer biopsies 
and surgeries. This approach also allows physicians to carefully monitor potential 
side effects with small incremental dosage increases, including liver function test 
abnormalities, hypertriglyceridemia, hypercholesterolemia, arthralgias, headaches, 
and dryness [ 52 ]. 

 The role of retinoids has recently been touted to potentially assist in the treat-
ment of      CLL     .    Bruno   et al. published a study showing how N-(4-hydroxyphenyl) 
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retinamide, a synthetic retinoid, promotes apoptosis of resting and proliferating 
B-cell CLL cells [ 53 ]. In a similar study assessing N-(4-hydroxyphenyl) retinamide 
and acitretin on CLL and multiple myeloma cells,    Sayeed   et al. showed that each 
drug had the ability to decrease cell viability as well as cellular migration capabili-
ties [ 54 ]. If these studies equate to retinoids having a clinical role in the treatment of 
CLL, it may concomitantly prevent the progression of actinic damage and SCC 
formation. Randomized trials in this area would be important, but empirically, reti-
noids have been used successfully in CLL patients as well as in HIV patients to 
reduce progression of precancerous keratinocytic proliferations [ 52 ]. 

    Photodynamic therapy (PDT)   has long been utilized for treatment of actinic ker-
atosis. While sometimes uncomfortable during and immediately after the treatment, 
many patients prefer this brief treatment to the 4–6 week application of topical 
medications. Recent publications indicate it may be effective for organ transplant 
patients. In a study of 165 patients,    Hasson   et al. reported the treatment of facial 
actinic keratoses utilizing topical methylaminolaevulinate (MAL) followed by    PDT   
utilizing a 635-nm non-coherent red light source [ 55 ]. Patients received one to two 
treatments depending on clinical response. In 100 % of patients, it was noted to have 
a complete and lasting clinical response of their actinic keratoses at 12 and 24 weeks 
following the treatment. Using a photodamage scale, many patients had a signifi cant 
decrease in the amount of photodamage, though this fi nding was not statistically 
signifi cant (p = 0.21). There is also some evidence that PDT reduces the number of 
invasive CSCCs organ transplant patients develop.    Willey   et al. demonstrated that 
PDT treatment performed cyclically, in 4–8 week intervals, on solid organ trans-
plant patients may reduce the incidence of new SCC formation [ 56 ]. Evaluated for 
2 years following treatment, the reduction of new SCCs at 12 and 24 months post-
treatment was 79 % and 95 %, respectively. Interestingly, all patients were treated 
on forearms, hands, and shins which tend to be refractory areas indicating potential 
high effi cacy with cyclic PDT regimens. 

 Some lesions are biologically responsive to one    therapeutic modality   and not to 
others. Thus, some researchers have compared various modalities head to head 
while others note a multipronged approach is sometimes needed to effectively treat. 
   Perrett   et al. evaluated treatment of actinic keratoses in organ transplant patients 
with 5-fl ourouracil (twice daily for a 3 week application) and compared outcomes 
to those treated with topical MAL followed by PDT utilizing a 635 nm non- coherent 
red light source (two treatments 1 week apart) [ 57 ]. In their study, they found an 89 
% complete response rate in those patients treated with PDT with only an 11 % 
complete response rate with 5-fl ororuacil.    Helsing   et al. reported a 73 % clearance 
rate of actinic keratoses with one treatment of ablative fractional CO2 and concomi-
tant      PDT      in organ transplant patients, while ablative fractional CO2 alone had a 31 
% clearance rate [ 58 ]. As clearance can be partial and many patients will have some 
recurrence of actinic lesions within 6–24 months, physicians may have to try several 
approaches to fi nd effective treatment for each individual and treatments often have 
to be repeated over time. 

 Regardless of the treatment entertained, a      biopsy      should be performed if there is 
any question as to the diagnosis or if a lesion grows or becomes clinically  concerning 
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post treatment. The threshold for biopsy should be reasonably low compared to non 
immunosuppressed patients due to non-classic morphology, which occurs com-
monly in immunosuppressed patients, non-responsive lesions, which occur at an 
increased rate in organ transplant recipients, and lesions with a tendency for sub-
clinical spread, which occur in CLL patients [ 23 ]. SCC in the immunosuppressed 
tends to occur more rapidly, more aggressively, and sometimes more subtly, so it is 
essential to be attentive to the potential need for biopsy. 

 While evaluation and intervention are the mainstays of transplant dermatology, 
the necessity for planned and intentional follow-up evaluations is critical and must 
be stressed to patients. The appropriate time interval to evaluate immunosuppressed 
patients is a product of their immunosuppressed status as well as their clinical state 
in reference to their risk for squamous cell carcinoma. The intervals suggested by 
the ITSCC and    Otley   et al. are reasonable guidelines [ 33 ,  59 ]. An adaptation from 
the      ITSCC      management guidelines is found in Table  10.1 .

           Management   of Squamous Cell Carcinoma 
in the Immunosuppressed 

 While the prevention and treatment of premalignant or potentially malignant lesions 
is an admirable goal, the eventual diagnosis of a concerning and histologically con-
fi rmed SCC is likely with immunosuppressed patients, particularly those with a 
history of sun exposure and actinic damage. Before commencing with a treatment 
plan, it is important to initiate a pre-treatment workup and evaluation, which should 
include not only a full body skin examination, but an assessment of any particular 
tumor(s) with potential for aggressive behavior. Tumor specifi c factors should be 
considered, including:

   Table 10.1    Follow up intervals for immunosuppressed patients a    

 Patient Risk Factors  Frequency of Skin Examination 

 No risk factors except immunosuppression  Initial exam + exam every 12–24 
months 

 Risk factors but no history of malignant/
premalignant lesions 

 Initial exam + exam every 6–12 months 

 Actinic keratoses or warts  Initial exam + treatment + exam every 
3–6 months 

 One SCC  Initial exam + treatment + exam every 
3–6 months 

 High-risk SCC  Initial exam + treatment + exam every 3 
months 

 Metastatic SCC  Initial exam + treatment + exam every 
1–3 months 

   a Adapted from ITSCC Guidelines for Follow-Up Intervals for Organ Transplant Recipients  
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    1.    Tumor location   
   2.    Tumor diameter (taking into account induration and surrounding erythema)   
   3.    Rate of lesion growth   
   4.    Tumor duration   
   5.    Previous treatment   
   6.    Presence of local parasthesias, pain, or compromised motor function     

 Evaluation for loco-regional lymphadenopathy by direct palpation as well as 
assessment for evidence of cutaneous satellite lesions is essential to appraise dis-
ease extent. By taking into account the physical examination along with the histo-
logic parameters provided by the pathology of the tumor, the clinician can assess 
and determine the plan for treatment. If the clinician decides to perform treatment 
at the time of the biopsy, the histologic evaluation must be reviewed retrospectively 
to determine if adequate treatment was achieved. 

 Once all information is gathered, the appropriate management is determined by 
patient risk stratifi cation. Please see Chapters   2    ,   5     and   6     for discussions of CSCC 
staging/risk stratifi cation, management of diffuse epidermal damage, and manage-
ment of dermally-invasive CSCC tumors, respectively. In this section we will dis-
cuss management within the specifi c context of immunosuppression. In Figs.  10.3  
and  10.4  we have included adaptations from the ITSCC management guidelines for 
the management of SCCs of low-risk and high-risk types as per NCCN defi nitions 
which are summarized in Table  10.2 . While surely not a consensus algorithm for all 
immunosuppressed patients, it is a starting point that concurs with existing guide-
lines [ 33 ,  61 ].

     Treatment of low-risk tumors can include surgical excision utilizing standard 
excision or excision with margin control including Mohs micrographic surgery or 
intraoperative frozen sections. Mohs micrographic surgery allows the additional 
advantage of evaluating the entire excised margins with higher cure rates and maxi-
mum tissue conservation. Mohs also maximizes the treatment of the invasive 
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  Fig. 10.3    Management of Low risk/less aggressive Squamous Cell Carcinoma in the 
Immunosuppressed (adapted from the 2004 ITSCC Guidelines for the Management of Squamous 
Cell Carcinoma in Organ Transplant Patients)       

 

T.W. Blalock and T. Stasko

http://dx.doi.org/10.1007/978-3-662-47081-7_2
http://dx.doi.org/10.1007/978-3-662-47081-7_5
http://dx.doi.org/10.1007/978-3-662-47081-7_6


237

 components of the SCC within the area of fi eld cancerization, allowing the physi-
cian to treat surrounding intraepidermal (in situ) dysplasia with other non-surgical 
fi eld therapies. 

 Standard excision with histopathologic confi rmation of clear margins is typically 
performed with clinical margins of 4–6 mm of skin without clinical evidence of 
invasive disease. These typical margins ascribed to immunocompetent patients may 
not be adequate due to the propensity for subclinical extension in immunosup-
pressed patients; however, no adequate margin comparison has been completed 
between the immunosuppressed and the immunocompetent. The appropriate use 
criteria for Mohs surgery set forth in 2014 include Mohs as an option for all 
dermally- invasive SCCs occurring in immunosuppressed patients [ 62 ]. 

 Destructive techniques including electrodessication and curettage (ED&C), 
cryosurgery, or ablative laser techniques should be utilized with caution as margin 
evaluation is based solely on clinical evaluation, and in organ transplant patients and 
CLL patients, subclinical extension may be extensive (Fig.  10.5 ) [ 23 ]. This is not to 
say that ED&C or other destructive methods cannot be effective. de    Graff   et al. 
reported an overall recurrence rate of only 6 % in 211 low-risk squamous cell carci-
nomas treated with ED&C in organ transplant patients (n = 48) [ 63 ]. Higher recur-
rence rates were noted for lesions treated on the head and neck (11 %) as well as the 
dorsal hands and fi ngers (7 %). While histologic margin evaluation may be optimal, 
in cases where multiple squamous cell carcinomas may be present, destructive 
methods like ED&C can be fast, practical, and effective for low risk tumors.

   Treatment of high-risk tumors (Table  10.2 /Fig.  10.4 ) confi ned to skin and soft 
tissue typically is best managed with excision with margin control, most commonly 
Mohs micrographic surgery. Standard wide local excision with 6 mm margins with 
intra or postoperative margin evaluation may be utilized if Mohs surgery is not 
available. One relevant aspect of the tumor margin assessment is that dense lympho-
cytic infi ltrates (commonly found in CLL) can obscure tumor margins and may be 
indicators of tumor aggressiveness (Fig.  10.6 ).    Smoller   et al. suggest for CLL that 

Clinically or Histologically 
Aggressive SCC

• See NCCN Guidelines for   
High Risk Factors

CLINICAL PRESENTATION TREATMENT DISPOSITION

Mohs Micrographic 
Surgery

Clear margins
No perineural, intravascular, or 
intralymphatic involvement

Persistent perineural involvement 
Invasion of bone, parotid, etc.
Peripheral or deep margin clearance 
unobtainable

Resolves

Recurs

Regular Follow-Up (See Table 1)
Skin Examinations
Reinforce education

Consider:
• Imaging to assess extension

Further tumor resection
Postop XRT
Sentinel node biopsy
Node dissection
Oral retinoids
Reducing immunosuppression 
Adjuvent Antiviral 
Oral chemotherapy
Multidisciplinary Tumor Board to 
Optimize Treatment Plan

•
•
•
•
•
•
•
•
•

  Fig. 10.4    Management of High risk/more aggressive Squamous Cell Carcinoma with Neoplastic 
Potential in the Immunosuppressed (adapted from the 2004 ITSCC Guidelines for the Management 
of Squamous Cell Carcinoma in Organ Transplant Patients)       
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this could be a lymphocytic response to tumor specifi c antigens or may simply be 
secondary to the sheer presence of a proliferative lymphocytic disease [ 64 ]. 
Regardless, if performing Mohs or reviewing permanent sections, the presence of 
an associated lymphocytic infi ltrate may highlight a tumor with more aggressive 
biology, the presence of untreated tumor, or, if undiagnosed, the presence of a sys-
temic immunosuppression [ 65 ].

    Table 10.2    National Comprehensive Cancer Network ®  (NCCN ® ) high risk factors for 
cutaneous squamous cell carcinoma   

 H&P 

 Risk factors for recurrence 

 Low risk  High risk 

 Location/size a   Area L <20 mm  Area L ≥20 mm 
 Area M <10 mm  Area M ≥10 mm 
 Area H <6 mm b   Area H ≥6 mm b  

 Borders  Well-defi ned  Poorly-defi ned 
 Primary vs recurrent  Primary  Recurrent 
 Immunosuppression  (−)  (+) 
 Site of prior RT or chronic 
infl ammatory process 

 (−)  (+) 

 Rapidly growing tumor  (−)  (+) 
 Neurologic symptoms  (−)  (+) 
  Pathology  
 Degree of differentiation  Well differentiated  Moderately or 

poorly differentiated 
 Adenoid (acantholytic), adenosquamous 
(showing mucin production), 
or desmoplastic subtypes 

 (−)  (+) 

 Depth: Thickness c  or Clark level  <2 mm or I, II, III  ≥2 mm or IV, V 
 Perineural or vascular involvement  (−)  (+) 

  Reproduced with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN 
Guidelines ® ) for Basal and Squamous Cell Skin Cancers V.2.2013. © 2013 National Comprehensive 
Cancer Network, Inc. All rights reserved. The NCCN Guidelines ®  and illustrations herein may not be 
reproduced in any form for any purpose without the express written permission of the NCCN. To view 
the most recent and complete version of the NCCN Guidelines, go online to NCCN.org. NATIONAL 
COMPREHENSIVE CANCER NETWORK ® , NCCN ® , NCCN GUIDELINES ® , and all other NCCN 
Content are trademarks owned by the National Comprehensive Cancer Network, Inc 
 Area H = “mask areas” of face (central face, eyelids, eyebrows, periorbital, nose, lips, [cutaneious 
and vermilion], chin, mandible, preauricular and postauricular skin/sulci, temple, ear) genitalia, 
hands, and feet 
 Area M = cheeks, forehead, scalp, neck and pretibial 
 Area L = trunk and extremities (excluding pretibial, hands, feet, nail units, and ankles) 
 Connolly et al. [ 60 ] 
  a Must include peripheral rim of erythema 
  b Location independent of size may constitute high risk in certain clinical settings 
  c A modifi ed Breslow measurement should exclude parakeratosis or scale/crust, and should be 
made from base of ulcer if present  
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   When high-risk disease has moved from local to loco-regional, a discussion with 
the patient’s team of physicians should ensue. Conversation should include the 
 possibility of altering immune status including reduction of immunosuppression in 
transplant patients or augmenting antiretrovirals in HIV patients, as well as the pos-
sible need for further resection, radiation, and chemotherapy in light of their other 
health issues.   

  Fig. 10.5    In this patient, who received Mohs micrographic surgery, the preoperative clinical 
tumor grossly underestimated the actual tumor size and the resultant defect size       

  Fig. 10.6    Dense lymphocytic infi ltrates, like those found in this frozen section (H&E, 20×), may 
obscure the histopathologic features of SCC or it may indicate the possibility of residual tumor       
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        Secondary Prevention   in the Immunosuppressed 

 Secondary prevention involves proactive measures and interventions to decrease the 
morbidity or mortality of a disease that is already present. For example, after the 
development of skin cancer, UV light avoidance and constant skin examinations 
have elements of secondary prevention. Some treatment modalities, such as PDT 
and topical imiquimod or 5-fl uorouracil, may be considered secondary prevention 
although reports of their effi cacy in prevention are varied. 

 While the benefi t of preventing progression of potentially malignant lesions is 
clear, many immunosuppressed patients of diverse etiologies (HIV, CLL, organ 
transplant patients, genodermatoses, etc.) are only placed on oral retinoids when 
they have numerous or signifi cantly aggressive SCCs. Acitretin is the most com-
monly studied and used, though isotretinoin and etretinate have also been used 
successfully [ 66 ,  67 ]. Oral retinoids for prophylaxis are covered in Chapter   5     and 
their use is generally equivalent in immunosuppressed and non-immunosuppressed 
patients. However, discussion with the patient’s other care providers should be 
done before initiating therapy as immunosuppressed patients often have complex 
medical regimens. Collaboration is necessary to minimize unanticipated effects of 
adding a retinoid. 

 As an alternative to retinoids, chemotherapeutic treatments have been advocated 
to reduce the non-melanoma skin cancer burden in solid organ transplant patients. 
   Endrizzi   et al. described a low dose oral capecitabine (5-fl orouracil prodrug) regi-
men (0.5–1.5 g/m 2 ) in 3-week cycles with a marked reduction in clinical incidence 
of SCC [ 68 ]. This reduction was statistically signifi cant at 12 months with a 
68.1 ± 29.8 % mean reduction in new SCC. Epidermal growth factor receptor 
(EGFR) antibodies that block the extracellular domain of the receptor, like cetux-
imab, have also been shown to inhibit the proliferative signaling in metastatic SCC. 
   O’Bryan   et al. have suggested, based on positive responses with various modalities 
of radiation, surgery, cetuximab, and other chemotherapeutic agents, an algorithm 
that includes consideration of cetuximab in patients who exhibit “very high risk 
tumors.” [ 69 ] These tumors include those that display lymphovascular, perineural, 
parotid, periorbital, cartilaginous, or bony invasion, tumors that have in-transit 
metastasic lesions, and tumors that exhibit regional or distant metastasis. While 
EGFR inhibitors have been advocated for already advanced loco-regional disease 
and have been used successfully to decrease disease burden in a small number of 
patients, further studies are needed to defi ne how EGFR inhibitors will fi t into the 
SCC treatment algorithm. EGRF inhibitors must be used with extreme caution in 
lung transplant recipients, if at all, as there have been reports of fatal diffuse alveolar 
damage [ 70 ]. Our personal experience in this regard includes two single-lung trans-
plant patients with metastatic CSCC who failed surgical resection, radiation, or 
chemoradiation therapy and were ultimately treated with the EGFR inhibitor cetux-
imab. Both patients died shortly after initiation of cetuximab due to diffuse alveolar 
damage, reinforcing that EGFR inhibitors should be used with extreme caution in 
lung transplant recipients. 
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 In the organ transplant population, epidemiologic and clinical information has 
provided insight to the management of the immunosuppression after SCCs have 
occurred. While the history behind immunosuppression in organ transplant patients 
is beyond the scope of this chapter, the understanding of how certain medications 
work, their effects on the immune system, and their effect on development of SCC 
is necessary as patients are on multiple different regimens (Table  10.3 ) [ 71 – 73 ].

   Reduction of immunosuppression may also reduce the development of malig-
nancies.    Dantal  , et al., found a reduction in the development of skin cancer in 
patients on low dose (75–125 ng/ml) than those on normal dose (150–250 ng/ml) 
cyclosporine with similar graft and patient survival [ 74 ]. In renal transplant recipi-
ents who had developed multiple NMSC and subsequently lost their graft, cessation 
of immunosuppression resulted in marked improvement regarding the development 
of new lesions in four of six patients [ 75 ].    Moloney  , et al. reported on an uncon-
trolled series of nine patients with deeply invasive or metastatic SCC. Of fi ve 
patients with no change in immunosuppression, all died from SCC with functioning 
grafts. Of four patients with immunosuppression stopped or reduced, one died from 
metastatic disease with a functioning graft, two showed no evidence of recurrence 
with functioning grafts, and one had no recurrence, but lost his graft [ 76 ]. 

 The evolution towards medications that are less likely to induce tumorigenesis 
[i.e. mammalian target of rapamycin (mTOR) inhibitors] has provided signifi cant 
reductions in the incidence of invasive SCC. These medications still provide lym-
phocytic inhibition, which is necessary for graft survival. A study from Hoogendijk- 
van den    Akker   et al. evaluated whether a conversion to sirolimus based 
immunosuppression for stable kidney transplant patients would decrease the inci-
dence of new CSCCs as compared to kidney transplant patients who continued on 
their traditional immunotherapy [ 77 ]. Each patient included in the study was stable 
on a standard chemotherapy regimen and had a history of at least one SCC. In this 
2-year randomized controlled prospective trial, there was a 24 % risk reduction in 
SCC after 2 years for those switched to a sirolimus based regimen, but this was not 
statistically signifi cant (p = 0.055, adjusted for sex and number of squamous cell 
carcinomas before inclusion). However, after 1 year, a 50 % reduction was found 
and it was signifi cantly signifi cant (p = 0.006, adjusted). Similar improvement was 
found by    Euvrard  , et al., but serious adverse reactions in the sirolimus group resulted 
in a 23 % drop out rate. This group has found that more gradual conversion to 
mTOR inhibition leads to better tolerability. Adverse effects were twice as likely in 
patients who underwent rapid conversion than those on a more progressive protocol 
[ 78 ]. 

 Some transplant physicians are reluctant to switch completely to alternative 
medications when a patient’s transplant is functioning well. Their caution is infl u-
enced by retrospective studies showing higher rates of allograph failure and death 
in patients on mTOR inhibitors than those on calcineurin inhibitors [ 79 ]. However, 
conversion is more likely to be successful when graft function is stable.    Caroti   
et al., showed that kidney transplant patients with stable renal function (creatinine 
clearance >40 ml/min and proteinuria <0.8 g/24 h) can be safely transitioned from 
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a standard calcineurin based regimen (cyclosporine, mycophenolate mofetil, and 
corticosteroids) to everolimus and low dose cyclosporine [ 80 ]. In contrast, three 
of six patients with creatinine clearance <40 ml/min and proteinuria >0.4 g/24 h 
had deterioration of their renal function after medication conversion. This serves 
as a reminder to clinicians with a primary focus on CSCC treatment to have dis-
cussions with the transplant team regarding mTOR conversion at times of graft 
stability. 

 Patients who might be candidates for oral retinoids, capecitabine, or alterations 
of immunosuppression are listed in Table  10.4 .

   While the vast majority of CLL patients do not receive therapy due to the 
chronic indolent nature of most CLL variants, patients who develop high-risk 
CSCCs warrant at least a discussion with their hematologist/oncologist. In some 
cases, treatment of CLL may induce a more competent immune system and a less 
oncogenic environment. As previously noted, retinoids may prove to serve both 
roles in the future [ 53 ,  54 ]. When a patient with    CLL   develops a signifi cant NMSC, 
consultation with hematology/oncology is warranted as the development of SCC 
may be a symptom of their underlying CLL potentially needing treatment.    Velez   
et al. found that patients with high-Rai stage CLL and high-risk skin cancer had 
high mortality from skin cancer indicating that more advanced CLL may drive skin 
cancer progression; however, treatment of CLL did not appear to impact outcomes. 
It may be that early intervention in the course of CLL prior to marked immune 
system alteration is needed to impact skin cancer outcomes. This warrants further 
study [ 25 ]. 

 The concept of secondary prevention extends to HIV patients and HAART ther-
apy. Prior to HAART therapy, during the height of the HIV/AIDS epidemic, it 
appeared there might be a marked increase in the incidence of skin cancer, similar 
to organ transplant recipients. HAART    therapy   appears to be preventing this earlier 
presentation and progression of SCC; however, as HIV patients are living longer 
and more normal lives with higher CD4 counts and lower viral loads, these patients 
are developing the “classic” UV induced SCCs, at a slightly higher rate than the 
general population. Even though the primary and secondary prevention of HAART 
may be working for HIV patients and their high-risk tumors, the incidence of HIV 
patients with SCCs will likely increase as this patient population ages.    

  Table 10.4    Patients to 
consider for oral retinoids, 
capecitabine, or alterations in 
immunosuppression  

 Numerous NMSCs per year (5–10/year) 
 Innumerable actinic keratoses and multiple NMSCs 
 Accelerating frequency of NMSCs 
 Multiple NMSCs in high-risk locations 
(head and neck) 
 Eruptive keratoacanthomas 
 High-risk NMSC (>20 % risk of metastasis) 
 Metastatic NMSC 
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    Summary 

 The management of SCC requires an intentional interplay of therapy targeting both 
local and systemic factors. Minimizing the local factors that might predispose the 
patient to SCC (e.g. HPV, UV) for example, with sun protection, is critical. 
Managing systemic immunosuppression or immune dysfunction requires a deli-
cate balance to create an environment where SCC risk is minimized while main-
taining the immunosuppression needed for patients with organ transplants or 
rheumatologic disease. At times reconstituting the immune system, such as start-
ing anti-retroviral drug therapy in HIV patients, will improve the patient’s over 
condition and decrease SCC risk. Other times, such as in organ transplant recipi-
ents, it requires a balancing of transplant organ function against the risk of SCC 
development. As we learn more about  specifi c functions of the myriad aspects of 
the immune system, we will hopefully be better situated to manage the balance 
between immunity, tolerance, and carcinogenesis for overall health. Meanwhile, 
immunosuppressed patients require regular surveillance and counseling regarding 
how best to minimize their skin cancer risk.     
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