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Chapter 1
Skin Cancer: At-Risk Populations
and Prevention

Claire Noell, Saud Aleissa, and Bichchau Michelle Nguyen

Abstract Skin cancer is the most common malignancy worldwide. Genetic and
environmental factors increase the risk of developing skin cancer. Identifying at-risk
individuals is important in skin cancer diagnosis and management. This chapter dis-
cusses in detail the risk factors, at-risk populations, and prevention of skin cancer.

Keywords Basal cell carcinoma - Squamous cell carcinoma - Melanoma
- Skin cancer - Prevention - At-risk populations - Risk factors

Abbreviations

AIDS Acquired immunodeficiency syndrome
ART Antiretroviral therapy

BAP BRCAL associated protein-1

BCC Basal cell carcinoma

BCNS Basal cell nevus syndrome

BRAF B-Raf proto-oncogene

BRCA Breast cancer susceptibility gene
CDK Cyclin-dependent kinase

CDKN Cyclin-dependent kinase inhibitor

CLL Chronic lymphocytic leukemia

DNA Deoxyribonucleic acid

EVER Epidermodysplasia verruciformis gene
HAART Highly active antiretroviral therapy
HIV Human immunodeficiency virus

MAPK  Mitogen-activated protein kinase
MCIR Melanocortin-1 receptor
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MITF Microphthalmia-associated transcription factor
NMSC Non-melanoma skin cancer
OCA Oculocutaneous albinism

PTEN Phosphatase and tensin homolog
PUVA Psoralen and ultraviolet A

RR Relative risk

SCC Squamous cell carcinoma
SHH Sonic hedgehog

TNF Tumor necrosis factor
uv Ultraviolet

Non-melanoma Skin Cancer: Risk Factors, At-Risk
Populations, and Prevention

Basal cell carcinomas and cutaneous squamous cell carcinomas are the most common
cancers in the United States [1]. The precise incidence of these cancers is unknown,
as they are typically not reported to cancer registries. Recent data from the American
Cancer Society estimates that 3.3 million people were diagnosed with non-melanoma
skin cancers in 2012, with basal cell carcinomas comprising 80% [2].

Risk Factors

Ultraviolet Radiation

Ultraviolet (UV) radiation is a well-known risk factor in the development of
non-melanoma skin cancers (Table 1.1). Ultraviolet radiation is comprised of wave-
lengths 100-400 nm and is subdivided into UVA, UVB, and UVC. Ultraviolet expo-
sure consists of 95% UVA and 5% UVB as UVC is filtered out completely by the
ozone layer [3]. A study evaluating the relationship between non-melanoma skin
cancers and ultraviolet B exposure in Maryland shore watermen found that squa-
mous cell carcinomas are significantly associated with cumulative ultraviolet B
radiation, which is further increased with high levels of exposure; the association
with basal cell carcinoma was unclear [4].

Indoor tanning, largely composed of ultraviolet A, is a modifiable risk factor
shown to significantly increase the risk of skin cancer. A meta-analysis of indoor
tanning and non-melanoma skin cancer evaluated studies comparing populations
ever using versus never using indoor tanning. It demonstrated that the relative
risks of developing squamous cell carcinoma and basal cell carcinoma were 1.67
and 1.29, respectively, in patients who had ever used tanning beds; the relative
risks were further increased to 2.02 and 1.40 in patients reporting use before
25 years of age [5].
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Table 1.1 Non-melanoma Environmental
skin cancer risk factors UV radiation

Indoor tanning

Ionizing radiation
Psoralen UVA (PUVA) therapy
Chemical exposures

Arsenic

Polycyclic aromatic hydrocarbons

Chronic cutaneous inflammation

Immunosuppression

Fair phenotype

Previous history of skin cancer

In contrast, the association between non-melanoma skin cancer and narrowband
ultraviolet B therapy appears to be less clear. Several small studies found varying
levels of association, while a large retrospective analysis reviewing the Scottish
Cancer Registry records of 3867 patients who received a median of 29 narrowband
UVB treatments determined that its use was not significantly associated with the
development of skin cancers; a notable limitation of this study was that only a small
fraction of the study population (352) had received >100 treatments [6].

Psoralen, a phototoxic drug, and ultraviolet A (PUVA) is an effective and estab-
lished treatment modality most notably for psoriasis, but long-term therapy has
been limited due to its cutaneous carcinogenicity. A 30-year prospective cohort
study by Stern followed the development of biopsy-proven non-melanoma skin can-
cers in 1380 psoriasis patients treated with PUVA, with 25% developing 2973 squa-
mous cell carcinomas. Patients exposed to 351-450 and more than 450 treatments
had, respectively, 6-fold and almost 35-fold increased risks of squamous cell carci-
noma compared to those who had received fewer than 50 treatments, suggesting a
dose-dependent relationship. The association between basal cell carcinomas and
PUVA was not found to be significant [7].

Ionizing Radiation

While ionizing radiation was historically used to treat benign conditions such as
acne, it carries an increased risk of non-melanoma skin cancer. A case-control study
using surveys in New Hampshire evaluated the relative risk of non-melanoma skin
cancer after receiving therapeutic ionizing radiation. The risk of non-melanoma
skin cancer was further increased in patients who first received treatment prior to
20 years of age compared to older populations. The risk for both basal and squa-
mous cell carcinomas was highest in patients receiving treatment for acne, and there
was a twofold increased risk of basal cell carcinoma only in patients receiving radia-
tion for cancer treatment. The risk of developing squamous cell carcinoma was only
increased in patients with lighter skin types [8].
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Survivors of childhood malignancies treated with radiation therapy have an
increased risk of non-melanoma skin cancer. A survey of 13,132 5-year survivors
from the Childhood Cancer Survivor Study demonstrated that radiation therapy
increases the risk of non-melanoma skin cancer to greater than sixfold. Two hun-
dred thirteen participants developed 615 occurrences of non-melanoma skin can-
cer (97% basal cell carcinomas and 1% squamous cell carcinomas). Forty-six
percent of the patients had multiple skin cancers, with a median onset age of
31 years [9].

Medications

Voriconazole, a potent antifungal typically used to treat fungal infections and for
prophylaxis in immunosuppressed patients, has been linked with photosensitivity
and squamous cell carcinoma. In a retrospective analysis of 3 academic centers,
8 pediatric and adult patients on long-term voriconazole developed 51 squamous
cell carcinomas [10]. A recent larger, single-institution study evaluating the rela-
tionship between squamous cell carcinomas and long-term antifungal prophy-
laxis in lung transplant patients demonstrated a significantly increased risk of
squamous cell carcinoma incidence in patients exposed to voriconazole-contain-
ing regimens independent of other risk factors; furthermore, cumulative voricon-
azole exposure increased the risk of recurrent squamous cell carcinoma [11].

The growth of squamous cell carcinomas and keratoacanthomas is a common
development in patients with melanoma treated with (B-Raf proto-oncogene)
BRATF inhibitors. Molecular analysis has demonstrated that a significant number
of these malignancies contain Ras gene mutations; the proposed mechanism is
the paradoxical activation of mitogen-activated protein kinase (MAPK) signal-
ing, leading to increased growth [12].

Chemical Exposures

The association between arsenic-contaminated drinking water and incidence of
several malignancies, including non-melanoma skin cancer, has been reported in
developing countries, as well as in the United States. A retrospective study using
the National Taiwan Cancer Registry Center evaluated the incidence of non-mel-
anoma skin cancers in the black foot disease endemic areas of Taiwan (an estab-
lished disease resulting from arsenic-containing water wells) compared to other
areas between 1979 and 2007. During this interval, there were 11,191 occurrences
of squamous cell carcinoma and 13,684 occurrences of basal cell carcinoma.
There was a four- to sixfold increase in squamous cell carcinomas and three- to
fourfold increase in basal cell carcinomas in black foot endemic areas compared
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to the remaining areas [13]. Arsenic ingestion through private wells in the United
States can also increase the risk of skin cancer. A meta-analysis of six studies
evaluating arsenic levels and skin cancer within the United States was conducted,
which suggested that even arsenic concentrations below the maximum level per-
mitted by the Environmental Protection Agency may increase the risk [14].

Exposure to arsenic and other carcinogens can occur during the production
and use of pesticides, herbicides, and fungicides, leading to an increased risk of
squamous cell carcinoma. Finally, contact with polycyclic aromatic hydrocar-
bons, a by-product of the manufacturing of coal products, steel, iron, and diesel
exhaust fumes, increases the risk of squamous cell carcinoma, but not basal cell
carcinoma [15].

Pre-existing Lesions and Conditions

Chronic inflammation in conditions such as non-healing wounds/ulcerations,
burns, venous stasis, discoid lupus erythematosus, lichen sclerosus, and lichen
planus can stimulate malignant transformation, typically squamous cell carci-
noma. The term “Marjolin’s ulcer” was classically used to describe the develop-
ment of squamous cell carcinoma in burn scars. In 1 study following 21 Marjolin’s
ulcer patients, 16 developed squamous cell carcinoma, while 4 had basal cell
carcinoma and 1 had basosquamous cell carcinoma. Transformation can occur
over weeks to decades, with an average interval of 19 years in the study described
[16]. Discoid lupus-related squamous cell carcinomas tend to occur earlier and in
sun-exposed areas, with the lip being the most common location [17]. The hyper-
keratotic and erosive variants of lichen planus carry malignant potential necessi-
tating periodic surveillance, with a reported transformation incidence of 0.4—1.5%
in oral lichen planus [18]. Vulvar lichen sclerosus has also been shown to hold
malignant potential, with an increasing risk of vulvar squamous cell carcinoma of
up to 6.7% after 20 years [19].

Porokeratosis is a disorder of keratinization encompassing several subtypes of
lesions with a cornoid lamella, a distinct raised border of angled hyperkeratosis.
While historically thought to be a benign condition, certain subtypes carry an
increased risk of skin cancer. A literature review following 30 years of porokera-
tosis revealed that the linear subtype carries the highest risk of skin cancer with a
19% malignant transformation rate, while punctate porokeratosis and dissemi-
nated actinic superficial porokeratosis confer the lowest risk (3.4% and 0%,
respectively) [20].

While rare, basal cell carcinoma is the most common malignancy that can
develop within nevus sebaceus, a benign congenital tumor. In a retrospective
microscopic analysis of 596 cases, 0.8% was found to contain basal cell carcino-
mas; syringocystadenoma papilliferum and trichoblastoma were the most com-
mon benign neoplasms [21].



6 C. Noell et al.

At-Risk Populations

History of Non-melanoma Skin Cancer

Patients with a history of non-melanoma skin cancer have an increased risk of
developing subsequent skin cancers. The 3-year cumulative risk of a second squa-
mous cell carcinoma is 18%, while the risk of a second basal cell carcinoma is 44%,
demonstrating the need for continued monitoring for subsequent skin cancers in
these patients [22].

Skin Types

Skin types play an important role in determining the risk of non-melanoma skin
cancer in certain populations. Fitzpatrick skin types I and II, as seen in Caucasians,
have the highest risk of both basal cell and squamous cell carcinomas overall [23].
Basal cell carcinomas are the most common skin cancer seen in Caucasians,
Hispanics, Japanese, and Chinese [24], while squamous cell carcinoma is the most
common skin cancer found in African-Americans. Squamous cell carcinomas in
African-Americans tend to be more aggressive, with increased mortality and overall
worse prognosis [25]. Similarly, squamous cell carcinomas in Asian populations
tend to occur in sun-protected areas and have an increased risk of metastasis as they
are usually advanced at the time of diagnosis [24].

Immunosuppressed Populations: Organ Transplant,
Immunosuppressive Medications, Cancer, and HIV

Due to the need for lifelong immunosuppression, organ transplant patients are at an
increased risk for skin cancers. A cohort study of 26 transplant centers follow-
ing10,649 organ transplant patients revealed an increased overall incidence rate of
1437 per 100,000 person-years. Squamous cell carcinoma was the most common,
accounting for 94% of the skin cancers. The incidence of squamous cell carcinoma
in transplant patients was 1355 per 100,000 person-years, compared to the rate in
the general population of 38 per 100,000. The study also highlighted predictors of
posttransplant skin cancer, including a history of pretransplant skin cancer and
undergoing a thoracic transplant due to requiring higher levels of immunosuppres-
sion [26]. The type of immunosuppressant can also affect a patient’s risk for skin
cancers. Patients on the antimetabolite drug azathioprine were more than twice as
likely to develop squamous cell carcinomas, while patients taking mycophenolate
were recently found to have a lower risk. Azathioprine was not significantly associ-
ated with basal cell carcinomas [27]. In contrast, sirolimus historically has been
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shown to have a protective effect against skin cancers in transplant patients, with the
largest decrease in risk of non-melanoma skin cancer and other malignancies seen
in transplant patients who converted from other immunosuppressants to sirolimus-
containing regimens [28].

Immunomodulating agents and immunosuppressants used in treating autoim-
mune conditions such as psoriasis, inflammatory bowel disease, and rheumatoid
arthritis have also shown to carry an increased risk of skin cancer. Methotrexate use
for rheumatoid arthritis increases the likelihood of a second non-melanoma skin
cancer in patients, and combining tumor necrosis factor-a (TNF) inhibitors with
methotrexate further increases that risk. More studies are needed to conclude whether
TNF inhibitors increase the risk of skin cancer when used as monotherapy [29].

Patients with hematologic malignancies, particularly chronic lymphocytic leuke-
mia (CLL), are predisposed to develop skin cancers. The risk of skin cancer in CLL
patients alone is increased eightfold [30]. Furthermore, these skin cancers tend to
demonstrate more aggressive behavior, with studies demonstrating a 7-fold and
14-fold increased likelihood of recurrence of squamous cell and basal cell carcino-
mas previously treated with Mohs micrographic surgery, respectively [31, 32].

Finally, patients with human immunodeficiency virus/acquired immunodefi-
ciency syndrome (HIV/AIDS) are immunocompromised and therefore at a higher
risk of skin cancers. Several studies have shown that HIV/AIDS patients have an
almost threefold increased incidence of non-melanoma skin cancers, with male
patients over three times as likely. Fortunately starting antiretroviral therapy (ART)
in these patients is protective, with treated patients carrying a decreased risk com-
pared to ART-naive patients [33].

Genodermatoses with Increased Risk of Basal Cell Carcinomas

There are several familial cancer syndromes that carry an increased risk of skin
cancer (Table 1.2). Basal cell nevus syndrome (BCNS), or Gorlin’s syndrome, is
an autosomal dominant disorder caused by germline inactivating mutations in
PTCHI1, leading to unchecked sonic hedgehog (SHH) signaling and increased cell
proliferation. Patients with BCNS characteristically develop multiple basal cell
carcinomas, which can initially appear within the first two decades of life with a

Table 1.2 Genodermatoses Basal cell carcinoma
associated with non-
melanoma skin cancer

Basal cell nevus syndrome (Gorlin)

Bazex-Dupré-Christol syndrome

Squamous cell carcinoma

Xeroderma pigmentosum

Oculocutaneous albinism

Epidermodysplasia verruciformis
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median number of 8, though some patients can have >1000 basal cell carcinomas.
They also develop several benign and malignant neoplasms, including medullo-
blastomas, fibrosarcomas, rhabdomyosarcomas, meningiomas, and odontogenic
keratocysts, as well as cardiac and ovarian fibromas. Characteristic developmental
defects include palmoplantar pits, craniofacial anomalies such as frontal bossing,
bifid ribs, spina bifida occulta, corpus callosum dysgenesis, calcification of the falx
cerebri, and coarse facies [34].

Bazex-Dupré-Christol syndrome (follicular atrophoderma with basal cell carci-
nomas) is an X-linked dominant disorder with increased development of basal cell
carcinomas. The constellation of findings includes follicular atrophoderma, basal
cell carcinomas, and hypotrichosis, as well as less common features such as milia,
hypohidrosis, facial hyperpigmentation, and trichoepitheliomas. Patients usually
develop basal cell carcinomas within the second decade of life, which can have
atypical features [35].

Lastly, Rombo syndrome is another autosomal dominant syndrome with an
increased risk of basal cell carcinomas. Features of Rombo syndrome usually mani-
fest prior to 10 years of age (a later onset than seen in Bazex-Dupré-Christol syn-
drome) and include vermiculate atrophoderma, telangiectasias, hypotrichosis, milia,
and basal cell carcinomas [36].

Genodermatoses with Increased Risk of Squamous Cell
Carcinomas

Xeroderma pigmentosum is a collection of disorders with defects in deoxyribonu-
cleic acid (DNA) repair, making affected patients exquisitely sensitive to the dam-
aging effects of UV radiation and thereby at greater than 20,000-fold increased risk
of skin cancers. Sun exposure in these patients can lead to non-melanoma skin
cancer development prior to 10 years of age [37, 38].

Oculocutaneous albinism (OCA) is characterized by mutations leading to
absent or reduced melanin production, leaving patients vulnerable to DNA dam-
age and subsequent skin cancers. These patients can have absent to variable levels
of pigmentation and are at an increased risk of non-melanoma skin cancers with-
out adequate photoprotection; squamous cell carcinomas are overwhelmingly the
most common [39].

Epidermodysplasia verruciformis is a rare, autosomal recessive disorder due to
epidermodysplasia verruciformis 1 or 2 genes (EVERI or EVER?2), rendering
them more susceptible to human papillomavirus infections. Patients present with
diffuse scattered verrucous lesions on their extremities during infancy or child-
hood. Half of these patients develop squamous cell carcinomas, typically in a sun-
exposed distribution [40].
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Melanoma: Risk Factors, At-Risk Populations, and Prevention

Melanoma is a skin cancer with significant morbidity and mortality. Each year over
65,000 people are diagnosed with melanoma, and over 9000 people die from the
disease each year [41]. It is the fifth leading cancer among men and the seventh
among women. Malignant melanoma incidence rate is increasing in the United
States, surpassing the rates of any other potentially preventable cancer. The increase
in incidence may be partially due to improved detection with increased screening
and better reporting systems [42].

Although melanoma only represents 5% of all new skin cancer diagnoses, it
accounts for the majority of deaths related to skin cancer [43]. Death rates and mortality
have been largely unchanged over the years, with the exception of white men [44].

This incidence rate differs among different ethnic groups. Among whites it is
approximately 18.4 per 100,000 persons. Among Hispanics the incidence rate is
2.3. From 2008 to 2012, 6623 cases of melanoma were diagnosed among Hispanics.
The incidence rate among other ethnic groups was 0.8, 1.6, and 1.0 for African-
Americans, American Indians, and Asians, respectively. Lower extremity and acral
lentiginous melanomas were the more common sites of presentation in these groups.
The diagnosis of acral melanoma is often delayed, resulting in more advanced
stages of disease at presentation [45].

Per the CDC, skin cancer costs an estimated $1.7 billion to treat and results in
$3.8 billion in lost productivity [46].

Risk Factors (Table 1.3)

UV Radiation and History of Sunburn

Numerous clinical and epidemiological studies have demonstrated a correlation
between increased incidence of melanoma and sun exposure. Sunburn history,
defined by five or more severe sunburns in childhood, has shown to play a consider-
able role as a risk factor for melanoma and can carry a relative risk of 2.02 [47-49].

Table 1.3 Melanoma risk Greater than five sunburns
factors

Indoor tanning
Psoralen UVA (PUVA) phototherapy
Fair phenotype

Parkinson disease

Immunosuppression

Personal and/or family history of
melanoma
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The link with sun exposure in melanoma is strongly associated with intermittent
sun exposure [48], in contrast to non-melanoma skin cancers (NMSC) where
cumulative sun exposure plays a larger role. This explains the higher incidence of
NMSC in areas maximally exposed to the sun [47]. Furthermore, there is a higher
incidence of melanoma in equatorial regions, where ultraviolet B radiation (UVB,
wavelengths 290-320 nm) is most intense. This suggests that UVB may play a
larger role in the development of melanoma than ultraviolet A (UVA, wavelengths
320-400 nm) [50, 51].

Indoor Tanning

Indoor tanning has emerged as a popular trend, gaining in popularity over the last
50 years, especially among adults aged 18-25 years. The UVA output of some of
these devices can be up to four times higher than midday sunlight [46]. Up to one
third of young white females reported indoor tanning in the past year. Melanoma
incidence is increasing at a faster rate among this group, suggesting that indoor
tanning is a likely driver of these diverging trends [52].

PUVA

UV exposure can be iatrogenic as well. Phototherapy and especially PUVA have
been used to treat a variety of dermatological conditions. The risk of melanoma
appears to increase with the passage of time (RR of 2.3), approximately 15 years
after first exposure to PUVA, with the highest incidence in patients receiving >250
treatments (RR of 5.5). These data emphasize the importance of long-term moni-
toring in these patients [53, 54].

Nevi

Some studies have demonstrated the association between melanoma and the num-
ber, size, and type of nevi, illustrating an increased risk with the presence of
25-100 nevi or 1 atypical nevus. (Olsen, 2010) Newer studies, however, have
shown that this relationship is not as strong as previously thought, suggesting that
physicians and patients should not rely on the total number of nevi as the sole
criteria in determining a patient’s risk status [55].

Moreover, the risk of melanoma in congenital nevi is strongest with large con-
genital nevi, defined as greater than 20 centimeters, compared to small and
medium congenital nevi, with a lifetime incidence of developing melanoma of
around 2% [56, 57].
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Phenotypes and Lentigines

Other phenotypic traits, like the Fitzpatrick skin phototype scale describing a
patient’s ability to tan, hair color, freckles, and eye color, can also affect individual
skin cancer risk. The risk of melanoma is 3.5 times higher in red-haired individuals
and almost doubled in blond-haired individuals compared to dark-haired counter-
parts. Light eye color (green, hazel, blue) versus dark showed an approximately
1.5-fold relative risk. Lastly, individuals with high freckle density showed twice the
risk compared to lower density individuals [58].

Parkinson Disease

Melanoma can be associated with other comorbidities. Parkinson disease has an
overall decreased risk of cancer diagnoses, with the exceptions of breast cancer and
melanoma [59]. These patients have a statistically significant increase in the inci-
dence of melanoma with a relative risk almost twice as high compared to the general
population [60]. Some have proposed a link between the use of levodopa in the
treatment of Parkinson disease and the development of melanoma; however, that
increase in prevalence often precedes both the neurologic onset of the disease and
initiation of treatment [61]. Another proposed mechanism is the mutation of the
melanocortin-1 receptor (MC1R) gene, as it is more likely to develop in patients
with Parkinson disease than in controls [59].

At-Risk Populations

Immunosuppressed Patients: Organ Transplant, Lymphoma,
and HIV

Immunosuppressed populations, including those on immunosuppressants or those
with solid organ transplantation, hematologic malignancies, or HIV, carry a higher
risk of melanoma. In solid organ transplant recipients on immunosuppressive thera-
pies, the risk of melanoma is two- to fivefold higher than the general population.
Such an increase can be due to the direct carcinogenic effect of these medications or
partially due to increased screening of this population, as they are at a higher risk of
developing non-melanoma skin cancer [62].

Malignant melanoma was first reported in patients with lymphoma in 1973.
Patients with chronic lymphocytic leukemia or small lymphocytic lymphoma have
a two- to threefold increased risk of developing malignant melanoma [63]. A large
retrospective cohort study showed the posttransplant incidence rate of melanoma is
about 125 per 100,000 person-years [26].
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Since the emergence of HIV/AIDS in the 1980s, a modest increase in the
incidence of melanoma was reported prior to the introduction of highly active
antiretroviral therapy (HAART) in the latter part of the 1990s. In the HAART
era, the incidence of melanoma in the HIV population remains as high as 50%.
That risk, however, is possibly confounded by increased longevity and closer
surveillance in these patients [64].

Personal History of Skin Cancer

Patients with a personal history of melanoma should be monitored closely, as the
risk of developing a second melanoma can be as high as 8% [65]. The increased risk
is observed for patients with both invasive and in situ melanomas [66].

Personal history of NMSC also increases the risk of melanoma, likely due to the
fact that both conditions have similar risk factors. Some studies have reported that a
history of NMSC can increase the risk of melanoma from 2.80 to 6.55 times compared
to those without a history of NMSC [58]. Some studies have also demonstrated not
only an increase in the risk but also an increase in the mortality associated with mela-
noma in patients with a history of basal cell or squamous cell carcinomas [67, 68].

Family History of Melanoma

Family history of melanoma is associated with a higher risk of developing the dis-
ease. Approximately 8—12% of all patients diagnosed with melanoma have a family
history of the disease independent of any known mutations [69, 70]. The relative
risk of developing melanoma approximately doubles with a positive family history
in one first-degree relative [71] but can increase ninefold if two first-degree relatives
are affected [60].

Familial Syndromes (Table 1.4)

Hereditary melanoma syndromes (familial atypical multiple mole syndromes) are a
group of autosomal dominant disorders that present clinically with hundreds of dys-
plastic nevi and a high incidence of melanoma [70].

Over the years, numerous genes have been studied and identified as a cause of
germline mutations that increase the risk of melanoma (Table 1.4). Depending on
the specific mutation, that risk can be between 4- and 1000-fold [70]. Germline
mutations represent about 10% of all melanomas diagnosed worldwide [72]. These
mutations work by three main mechanisms: activation of oncogenes, loss of tumor
suppressor genes, and chromosomal instability [73].
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Table 1.4 Genetic Familial atypical multiple mole syndrome
syndromes and mutations

associated with melanoma
syndromes

Xeroderma pigmentosum

PTEN mutations (Cowden syndrome and Bannayan-Riley-
Ruvalcaba syndrome)

Oculocutaneous albinism type 2

Genetic mutations

Microphthalmia-associated transcription factor (MITF)
Melanocortin-1 receptor (MCR1)

CDKN2A

CDK4

BRCAI1

BRCA2

BAPI in uveal melanoma

Some of the most well-established gene mutations are cyclin-dependent kinase
inhibitor 2A (CDKN2A) and less commonly cyclin-dependent kinase 4 (CDK4).
They control the transition between the growth phase in the cell cycle (G;) and
the synthesis phase (S;). They carry a 60-90% lifetime risk of melanoma and
have been associated with pancreatic cancer [70]. Testing for this mutation is
recommended for patients with a diagnosis or family history of three melanomas,
two melanomas, and one pancreatic cancer or one melanoma and two pancreatic
cancers [47, 74].

Patients with BRCA1 (breast cancer susceptibility gene 1) or BRCA2 muta-
tions have a twofold increase in melanoma due to mutations affecting DNA repair
and stability. These mutations are also associated with breast, ovarian, prostate,
and pancreatic cancers, necessitating close monitoring [70].

BAP1 (BRCAI associated protein-1/ubiquitin carboxy-terminal hydrolase)
mutations are more commonly associated with uveal melanoma than cutaneous
melanoma. They are also associated with mesothelioma and tumors of the kidney,
gallbladder, and brain [75].

MITF (microphthalmia-associated transcription factor) mutations have also
been associated with an increased melanoma risk and feature a high nevus count
in association with renal cell carcinomas [76].

MCRI1 (melanocortin-1 receptor) mutations increase the risk of melanoma
through increased pheomelanin production, which is less protective against UV
radiation than eumelanin. This imbalance alters skin pigmentation, leading to red
hair and fair skin [77].

Xeroderma pigmentosum is a rare autosomal dominant disease that affects
approximately 1 in 250,000 births. It is caused by a mutation in DNA repair genes
that are responsible for nucleotide excision repair, which play a major role in
UV-induced DNA damage repair by removing radiation-induced pyrimidine
dimers. This leads to extreme, early onset photosensitivity and significant inci-
dence of basal cell carcinoma, squamous cell carcinoma, and melanoma (600- to
8000-fold risk) [38].
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Cowden and Bannayan-Riley-Ruvalcaba syndromes are a group of phosphatase
and tensin homolog (PTEN) hamartoma tumor syndromes that are associated with
melanoma [78, 79].

Oculocutaneous albinism type 2 is the most common subtype of albinism, which
carries an increased risk of melanoma. It is caused by mutation in the OCA2 gene,
leading to defects in melanin synthesis and a subsequent increase in melanoma [80].
A substantial challenge in this population is that they can present with the amela-
notic variant of melanoma. Amelanotic melanoma typically lacks the usual clinical
and dermatoscopic signs of melanoma, which often lead to delays in diagnosis and
worse outcomes [81].

Prevention and Screening of Non-melanoma Skin Cancer
and Melanoma

Skin cancer prevention focuses on decreasing risk factors through photoprotection,
immunosuppression changes, and keratinocyte development.

Consistent and appropriate application of sunscreen has been shown to decrease
the number of precancerous actinic keratoses and squamous cell carcinomas after
1-4 years of follow-up [82—-84]. Unfortunately, sunscreen has not demonstrated the
same beneficial effect with basal cell carcinomas [84]. The relationship between
sunscreen and melanoma reduction is unclear and requires more probative studies
[85]. This incongruence illustrates the need for additional photoprotection other
than sunscreen, which includes photo-protective clothing, limiting sun exposure
outdoors at times of highest UV radiation, and seeking shade. Vitamin D deficiency
can develop in patients who follow strict sun protection making supplementation
necessary.

The degree and duration of immunosuppression in solid organ transplant recipi-
ents are associated with increased incidence of skin cancer [86]. In collaboration
with the transplant team, there is a reduction of immunosuppression to mimimal
levels for graft tolerance. In patients with metastatic, rapidly aggressive, or increas-
ing numbers of skin cancers, a change in immunosuppression to a mTOR inhibitor
may be indicated [87, 88].

Retinoids, a vitamin A derivative, affect keratinocyte differentiation and prolifera-
tion [89]. The oral retinoid acitretin is advantageous in reducing actinic keratoses
and squamous cell carcinomas. A prospective trial evaluating renal transplant patients
given oral acitretin for 1 year demonstrated a significantly decreased incidence of
squamous cell carcinomas, with a similar but not statistically significant reduction in
basal cell carcinomas [90]. Acitretin also reduced the number of actinic keratoses by
nearly 50% in renal transplant patients receiving varying doses of the drug [91].
With regard to longitudinal benefits, a retrospective study of renal transplant patients
receiving acitretin for 1-16 years demonstrated a significant decrease in the number
of squamous cell carcinomas within the first 3 years of taking acitretin [92].
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Once discontinued, acitretin is no longer effective, and tumor development
recurs. While oral retinoids are beneficial as a chemopreventive agent, topical
retinoids, such as tretinoin, are not effective in reducing squamous cell carcinoma
incidence [93].

Nicotinamide, vitamin B3, is a precursor of nicotinamide adenine dinucleotide
and necessary cofactor in adenosine triphosphate production (ATP). UV radiation
depletes cellular ATP as well as damages DNA. ATP is needed for DNA repair.
Nicotinamide replenishes ATP thereby enhancing DNA repair [94]. In an
Australian study, oral nicotinamide 500 mg twice a day reduced the incidence of
NMSC in high-risk skin cancer patients by 23 percent relative rate reduction.
Subjects with the highest number of skin cancers prior to enrollment had the
highest relative reduction in skin cancers with nicotinamide. Importantly, the
benefit was with nicotinamide, not nicotinic acid [95]. Larger randomized con-
trolled trials are needed to further understand the nicotinamide’s benefit in reduc-
ing skin cancers.

Skin screening examinations theoretically are an important aspect of detecting
and reducing the burden of skin cancers. A recent literature review evaluating
screening examinations and skin cancers, most notably melanoma, by the US
Preventive Services Task Force did not demonstrate a clear benefit with regard to
mortality and screening; however, few studies were incorporated due to the inclu-
sion criteria, and few were specific to the United States, illustrating the need for
further research [96]. The skin exam includes examination of the skin and pro-
vides counseling to patients on the signs and symptoms of skin cancer and to
perform their own skin self-examination monthly. A non-healing, bleeding, or
changing skin lesion needs evaluation by a trained dermatologist.
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Chapter 2 )
Actinic Keratosis Check or

Allison Pye, Daniel Wallis, and Vineet Mishra

Abstract Actinic keratosis (AK) is the most common precancerous skin lesion.
AKs present on sun-damaged skin as pink to red gritty macules or papules. Patients
with numerous AKs are at increased risk of developing skin cancer. AK develop-
ment represents the initial step in keratinocytes’ progression to squamous cell car-
cinoma. Patients with numerous AKs are at increased risk of developing skin cancer.
Treatment options for AKs include cryosurgery, topical chemotherapies, chemical
peels, and laser surgery. Prevention is of utmost importance, including photoprotec-
tion such as sun protective clothing and sunscreens.

Keywords Actinic keratosis - Solar keratosis - Photodamage - Precancerous -
Cryosurgery - Topical chemotherapy - Sun protection

Epidemiology of Actinic Keratosis

Actinic keratosis (AK), also known as solar or senile keratosis, is defined as epider-
mal dysplasia that occurs on the skin chronically exposed to the sun, most com-
monly on the forehead, bald head, face, neck, or arms, and represents the most
common precancerous lesion of the skin [1, 2]. AK signals the potential for
progression to invasive squamous cell carcinoma and represents an increased risk
for all skin cancers [1]. Risk factors include older age, male gender, sun exposure,
and Fitzpatrick type I or II skin—most affected patients have at least two lesions
and often more [1]. Lesions can be discrete with clearly defined borders or diffuse
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Fig. 2.1 Diffusely
actinically damaged scalp
with scattered actinic
keratoses

and multiple in the setting of “field damage.” Lesions are usually red or pink hyper-
keratotic papules or plaques that are rough in nature with overlying adherent scale.
Sizes range from 1 to 3 millimeters in diameter (Fig. 2.1) [1, 2].

Prevalence is difficult to assess, as many AKs are either underdiagnosed or gen-
erally treated due to their ease of identification. AKs are most commonly present on
sun-exposed skin of fair patients. Although future studies are necessary to deter-
mine more updated and specific information regarding incidence and prevalence of
AK, these precancerous epidermal lesions clearly have a significant effect on our
population.

The development of an actinic keratosis is thought to be the initial step within a
disease spectrum that can ultimately lead to invasive squamous cell carcinoma, and
AKs are associated with a greater than sixfold increased risk of developing skin
cancer [1, 3]. The probability of a specific AK progressing to skin cancer is unpre-
dictable; however, Dodson and colleagues determined that the risk of developing
more invasive disease in a patient with seven to eight AKs was between 6.1% and
10.2% over 10 years [4].

Pathogenesis of Actinic Keratosis

Actinic keratoses more commonly affect those with lighter skin in chronically
sun-exposed areas, and frequency of the lesions corresponds to an individual’s
cumulative UV exposure. UVB radiation from the sun at a wavelength of 290—
320 nm plays the most important role in the formation of AKs, as it causes thymi-
dine dimer formation in DNA and RNA, generating mutations in the telomerase
and p53 genes [5].
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Pathology of Actinic Keratosis

Histologic evaluation of an actinic keratosis reveals loss of orderly maturation, and
atypical, dyskeratotic, or necrotic keratinocytes within the epidermis [5] (Fig. 2.2).
There is often overlying parakeratosis, or retained nuclei within the stratum cor-
neum, to suggest rapid turnover of cells. Atypical keratinocytes show loss of polar-
ity; their nuclei are large, crowded, pleomorphic, and hyperchromatic with cytologic
atypia [5]. Cytoplasm is eosinophilic and can appear pale or vacuolated [5].

There are six histologic types of AKs: hypertrophic, atrophic, Bowenoid,
acantholytic, lichenoid, and pigmented (Table 2.1)—some types overlap, and sev-
eral of these types correspond to their clinical variants.

There are multiple variations in the appearance of actinic keratoses: cutaneous
horn, hypertrophic AK, pigmented AK, atrophic AK, Bowenoid AK, and lichenoid
AK (Table 2.2).

Fig. 2.2 Hypertrophic
actinic keratosis with focal
parakeratosis over areas of
atypical keratinocytes
along the lower portion of
the epidermis and
lichenoid infiltrate with
plasma cells in the dermis
below the lesion (Image
and description courtesy of
Dr. Valerie Shiu, UT
Health San Antonio
Dermatology)

Table 2.1 Histology of actinic keratosis

Histologic type of

AK Histologic features

Hypertrophic Hyperkeratosis and acanthosis

Atrophic Thinned epidermis, missing rete ridges, only three to four layers of
keratinocytes

Bowenoid Full-thickness atypia, often indistinguishable from Bowen’s disease

Acantholytic Focal acantholysis, often accompanied by clefts

Lichenoid Dense, band-like infiltrate of lymphocytes in papillary dermis, vacuolar
alteration at dermoepidermal junction

Pigmented Increased melanin within dermis

Adapted from Roewert et al. [5]
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Table 2.2 Clinical variants of actinic keratosis

Clinical variant

Clinical description

Cutaneous horn

Conical projection of cohesive keratin protruding out of the
skin. Can also arise from other skin pathologies such as
keratoacanthoma, squamous cell carcinoma, verruca, and
seborrheic keratosis [6]

Hyperkeratotic actinic keratosis
(also known as hypertrophic
actinic keratosis) (Fig. 2.3)

Rough papule or plaque with scale thicker than common
actinic keratosis. The scale may become white or yellow-
brown over time [7]

Atrophic actinic keratosis
(Fig. 2.4)

Pink to red macule lacking overlying scale [7]

Pigmented actinic keratosis

Macules, papules, or plaques that are tan to brown in color,

(Fig. 2.5) usually lacking associated erythema [8]
Bowenoid actinic keratosis Solitary, erythematous, scaly patch or plaque with well-
(Fig. 2.6) defined borders. Differentiated from Bowen’s disease by

the degree of epithelial dysplasia on histopathologic
examination [9]

Similar to the common AK but more erythematous at the base
of the lesion. Patients may report pruritus of the lesion. On
histopathology, there is a dense band-like inflammatory
infiltrate [7]

Lichenoid actinic keratosis

Diagnosis, Physical Exam, and Differential Diagnosis

AKSs are most commonly a clinical diagnosis, although the clinical appearance of
AKSs varies (see Table 2.2 under “Clinical Variants of Actinic Keratosis™). Actinic
keratoses appear most commonly as scaly macules, patches, papules, or plaques
on a pink or erythematous base distributed on sun-exposed areas of the skin
(commonly the head, neck, extremities, and upper trunk) [10] (Fig. 2.7). The
variations in the appearance of actinic keratoses include cutaneous horn, hyper-
trophic AK, pigmented AK, atrophic AK, Bowenoid AK, and lichenoid AK
(Table 2.2). The amount of scale present can differ; atrophic AKs lack scale,
while hypertrophic AKs have very thick scale. The color also varies; some AKs
can have the same color as surrounding skin, while other AKs, such as pigmented
AKs, appear tan or brown in color. The overlying scale gives AKs their rough
texture, similar to sandpaper [10]. The surrounding skin commonly exhibits
signs of chronic sun damage, including telangiectasias, elastosis, and wrinkles
[11]. Actinic keratoses are generally clinical diagnoses; however, biopsy for his-
tologic exam may be necessary to rule out squamous cell carcinoma or mela-
noma when atypical lesions such as cutaneous horns, hypertrophic AKs, or
pigmented AKs are present.
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Fig. 2.3 Hypertrophic
actinic keratosis between
the second and third
metacarpophalangeal joints
of the left hand. Note the
thicker scale (Image
courtesy of Dr. Vineet
Mishra, UT Health San
Antonio Dermatology)

Fig. 2.4 Atrophic actinic
keratosis on the right
temple just anterior to the
hairline. Note the lacking
scale (Image courtesy of
Dr. Vineet Mishra, UT
Health San Antonio
Dermatology)

Fig. 2.5 Pigmented actinic
keratosis on the right
maxillary cheek. Note the
brown, hyperpigmented
color (Image courtesy of
Dr. Vineet Mishra, UT
Health San Antonio
Dermatology)
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Fig. 2.6 Bowenoid actinic keratosis (Image courtesy of Dr. Vineet Mishra, UT Health San Antonio
Dermatology

Fig. 2.7 Typical appearing actinic keratosis on the anterosuperior aspect of helix of the right area.
Image courtesy of Dr. Vineet Mishra, UT Health San Antonio

Differential Diagnosis

* Squamous cell carcinoma (SCC)—Although invasive squamous cell carcinoma com-
monly has a higher degree of hyperkeratosis than AK, it can be difficult to differenti-
ate from AK. SCCs usually present as erythematous keratotic papules or nodules that
arise within a background of sun-damaged skin and are frequently accompanied by a
history of tenderness as the lesion enlarges and becomes more nodular [7].
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* Bowen’s disease (squamous cell carcinoma in situ)—Usually presenting as an
erythematous scaly patch or slightly elevated plaque on sun-damaged skin of
elderly patients, Bowen’s disease can be difficult to distinguish from
AK. Generally, AKs tend to be smaller lesions. Bowen’s disease may result from
a preexisting AK but can also arise de novo [7].

e Superficial basal cell carcinoma (BCC)—Superficial BCCs can also resemble
the clinical appearance of AKs. Superficial BCCs often present as erythematous
macules or thin plaques. They frequently have slight elevation of the leading
edge and more translucence, which can help distinguish them from AKs [7].

* Psoriasis—The scaling plaques of psoriasis may sometimes resemble AKs; how-
ever, psoriatic plaques are usually large and distributed on extensor surfaces in
younger patients.

e Mechanical trauma—Superficial skin injuries such as healing erosions and
lacerations may resemble AKs depending on the timing of presence. Clinical
history usually reveals the inciting trauma, and superficial skin injuries heal
while AKs remain present over time.

* Melanoma—Pigmented actinic keratoses can sometimes be difficult to distin-
guish from the pigment associated with melanoma. Lesions suspicious for mela-
noma must be biopsied.

Treatment of Actinic Keratosis

Isolated AK Multiple Actinic Keratosis
Cryosurgery Topical Fhotadynamic CO, Laser ~ TCA Chemical
Therapy Therapy Peels
5-Fluorouracil Imiguimod Ingenol Mebutate Diclofenac

Fig. 2.8 Treatments for actinic keratoses
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Management and Treatment of Actinic Keratosis

Management strategies for AKs are broad and varied, but the most common include
local destruction by cryotherapy/cryosurgery or other methods, topical agents
including topical chemotherapies, photodynamic therapy (PDT), chemical peels,
and laser therapy (Fig. 2.8).

Cryotherapy/Cryosurgery

Cryosurgery is the application of liquid nitrogen to the skin resulting in local tissue
destruction [12]. Cryosurgery causes injury by forming ice crystals within cells,
leading to vascular thrombosis during freezing and vascular stasis after thawing;
ischemic necrosis and failure of local microcirculation are the end results of these
changes in the vasculature [12, 13].

The freeze time, or length of time for cooling, is brief for benign lesions when
compared to malignancy, and 5-7 s of the “open-spray” technique is sufficient for
elimination of an actinic keratosis [14]. The “open-spray” technique involves a fine
spray of liquid nitrogen from a unit with spray tip attachments at a distance of
1-2 cm at a 90° angle from the lesion [12, 13]. One freeze-thaw cycle with freezing
time of less than 60 s at a tissue temperature of —10° Celsius yields a 98.8% cure
rate of actinic keratosis [12]. Cryosurgery side effects include pain, blistering, skin
discoloration, and scar. Cryosurgery sites heal by second intention over 1-2 weeks
following treatment.

Topical Therapy

“Field therapy” involves treating large areas of the skin and is frequently used when
multiple lesions suspicious for AK are present across a large surface area [14].
Topical modalities include fluorouracil, imiquimod, diclofenac, and ingenol mebu-
tate. Before initiating topical chemotherapy for AK, lesions suspicious for NMSC
should be biopsied.

Topical 5-fluorouracil (Efudex, Carac, Fluoroplex, Adrucil), or 5-FU, is an anti-
neoplastic thymidylate synthase inhibitor that interferes with DNA and RNA syn-
thesis by blocking the synthesis of pyrimidine thymidine, a nucleoside required for
DNA replication [15]. The frequency and duration of treatment depend on how well
the patient tolerates the medication’s side effects and the location treated.
Concentrations of 5-FU range from 0.05% to 1-5%, and duration of treatment
depends on concentration used [2]. The treatment duration can range from 2 to
6 weeks depending upon clinical response [2]. Treatment yields an erythematous
reaction and is discontinued when a “peak response” occurs, demonstrated by re-
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epithelialization and crust formation [2]. Healing usually occurs over the next few
weeks. A low potency topical steroid or white petrolatum can be applied to facilitate
healing. 5-FU is contraindicated in pregnant women. Dihydropyrimidine dehydro-
genase (DPD), the enzyme required for 5-FU metabolism, is absent in 5% of the
population and impaired in 3%—5% of the population. Patients with a partial or
deficient DPD activity will not metabolize 5-FU leading to systemic symptoms of
malaise, diarrhea, mouth sores, and anemia.

Topical 5-FU can be applied under occlusion with an Unna boot to treat lower
extremity AKs in high-risk populations [16]. Ritchie and colleagues recommend
using 20 grams of 5-FU per leg, followed by an Unna boot, kerlix, and coban. The
“chemowrap” is applied in a physician office and removed 5-7 days later [16].
Patients usually tolerate one leg at a time rather than both, and the process can be
repeated for 4—-6 weeks [16]. Debridement may be necessary prior to subsequent
applications, and any remaining lesions after 3 months warrant biopsy [16].

Imiquimod (Aldara or Zyclara) is a toll-like receptor 7 agonist that activates both
the innate and acquired immune responses for AK treatment [7, 17]. Varying proto-
cols exist for imiquimod topical application depending upon the medicine concen-
tration [18]. Recent studies by Stockfleth et al. have described a new standard for
AK management that includes daily use of 3.75% imiquimod (Zyclara) cream for
two 2-week cycles, applied at bedtime, separated by a 2-week interval without treat-
ment [17, 18]. This treatment protocol was thought to result in a 92% median per-
centage reduction in AK lesions [17, 18]. Imiquimod 5% (Aldara) can be used twice
a week at bedtime for 16 weeks. Small studies have shown efficacy and safety in
immunocompromised patients. Solid organ transplant recipients tolerated the medi-
cation when applied to areas with less than 100 cm? surface area [19].

Diclofenac, a nonsteroidal anti-inflammatory drug, can be used twice daily for
60-90 days to treat AK as a 3% topical gel mixed with 2.5% hyaluronate sodium
(Solaraze). The treatment is well tolerated but less efficacious than aforemen-
tioned methods [20]. Common side effects include itching, contact dermatitis, and
xerosis [20].

Ingenol mebutate (Picato) is a macrocyclic diterpene ester that comes from the
sap of the Euphorbia peplus plant. Picato works by activating protein kinase C and
neutrophils in the oxidative burst pathway and by initiating keratinocyte cell death.
Two strengths are available: 0.015% for the face and scalp and 0.05% for the trunk
and extremities [2, 20].

Topical retinoids (tretinoin, adapalene, and tazarotene) are used off label for the
treatment of AK. Retinoids can normalize abnormal keratinocyte growth and matu-
ration. Tretinoin can be tolerated for prolonged periods with varying concentrations.
Topical retinoids are not as effective in AK treatment as other FDA-approved topi-
cal therapies. Importantly, topical retinoids do not prevent the development of
NMSC [2, 20].
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Photodynamic Therapy

Photodynamic therapy involves using the combination of a photosensitizer, a light
source within the spectrum of the photosensitizer, and molecular oxygen to destroy
a target tissue when stimulated [21]. The photosensitizer approved for actinic kera-
tosis in the United States is 20% 5-aminolevulinic acid (ALA, Levulan), an interme-
diate naturally formed in cells during porphyrin synthesis. 5-ALA penetrates the
stratum corneum to be absorbed by cancerous cells [21]. The “kerastick,” a derma-
tologic applicator containing a 20% weight/volume ALA solution with 48% etha-
nol, is used to apply the solution, which incubates on the skin for a selected period
of time. After incubation, the patient is exposed to a blue light (Blu-U) for 16 min
and 40 s [21]. Side effects include pain, stinging sensation, erythema, and peeling.
Handheld fans can be used to minimize patient discomfort. The treatment can be
stopped if the patient cannot tolerate side effects. Strict photoprotection is needed
for 48 h following treatment due to increased photosensitivity. A second treatment
can be repeated in 8 weeks. Many patients prefer PDT due to the short treatments
and minimal side effects. PDT is effective in treating AKs and may have sustained
benefits with 69% of AKs remaining clear 4 years after treatment and only a 9%
recurrence rate in one study [21].

Chemical Peels

Trichloroacetic acid (TCA) chemical peel is an effective field treatment of AKs.
Trichloroacetic acid coagulates proteins in the skin, thereby serving as a chemical
cauterant in a safe manner that is associated with limited morbidity [22]. Low con-
centration peels (<35%) applied to the face have been associated with increased
efficacy similar to that of topical chemotherapies, and other peels have been used
with various depths of penetration [22]. This treatment modality can peel the whole
skin surface evenly, resulting in faster healing time, less pain, and a better cosmetic
result; however, it can be difficult to assess the depth of destruction, and peeling too
deeply can result in scarring [23].

Laser Therapy

Laser resurfacing involves concentrated beams of light that remove skin layer by
layer [23]. High-energy short-pulsed lasers (CO2, Er:YAG) can be used in the treat-
ment of actinic keratoses [22]. These lasers were originally used for cosmetic treat-
ment of wrinkles, but improvement in photodamage and fewer precancerous and
malignant lesions in treated areas were noted [23]. Iyer and colleagues conducted a
retrospective study of patients with widespread AKs who were treated with full
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facial CO2 and/or Er:YAG laser therapy, finding that approximately 88% of patients
were lesion-free 1 year after treatment [23]. The side effects include pain, swelling,
infection, pigment changes, and permanent scarring.

Prognosis and Prophylaxis

AKs generally have a good prognosis; although they can progress to squamous cell
carcinoma, the rate of transformation is low and AKs can resolve on their own. One
study found that 55% of AKs followed clinically were not present at 1-year follow-
up, and 70% were not present at 5-year follow-up [24]. This study referred to indi-
vidual AKs; other studies have revealed regression rates for individual lesions
between 20% and 30% and spontaneous regression of complete fields of AKs to be
only 0-7% [11]. Reliable data regarding progression of AK to SCC is relatively
scarce, and the actual risk of progression of a single AK lesion to invasive SCC is
unclear. Multiple sources have found progression rates that range from 0% to 0.6%
per AK lesion per year, demonstrating that while the risk of a single lesion over a
short time frame may be less serious, the risk of innumerable lesions over time may
be significant [11].

Certain characteristics of AKs that portend a poor prognosis and higher rate of
transformation into SCC include bleeding, erythema, enlarging diameter, indura-
tion, and ulceration [25]. Although additional research is needed to better determine
the degree to which these qualities are associated with higher progression rates to
SCC, these findings can be helpful for guiding physicians and patients to more
closely monitor certain lesions.

Because the pathogenesis of AKs involves UV damage to the skin, sun exposure
is the most significant risk factor for development of AK. Other sources of UV
exposure, including tanning beds, also contribute to skin damage and the subse-
quent development of AKs, melanoma, and nonmelanoma skin cancers [26].
Patients with fair skin, a compromised immune system, a family history of skin
cancers, or predisposing genetic conditions (e.g., basal cell nevus syndrome, xero-
derma pigmentosum, oculocutaneous albinism, etc.) are especially at risk for the
development of AKs and other skin cancers [27]. Proper skin care, self skin exams,
and regular visits to a dermatologist for screening exams are essential to the man-
agement of these patients who are at an increased risk.

The most important and effective prophylaxis measure is protection of the skin
from the sun’s harmful rays. There are three components to proper sun protection:

1. Avoiding sunlight during peak UVB hours (10:00 am-2:00 pm)

2. Wearing a photoprotective outfit: long sleeved clothing, wide brimmed hat, and
sunglasses

Use of broad-spectrum sunscreen with SPF > 30 [11]

4. Reapplication of sunscreen every 2-3 h, after swimming or sweating

(O8]
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The daily application of broad-spectrum sunscreen has been shown to reduce the

incidence of new AKs and to reduce the overall AK lesion count in patients [11].
There have been multiple publications showing these reductions [28-30]. In one of
these randomized control trials, the overall AK lesion count decreased by 24% over
a 2-year time frame in patients randomized to use daily sunscreen [29]. Reducing
the incidence and number of AKs also implicates reduction in the risk of developing
skin cancers that arise from AKs in the long term [30].

References

12.

13.

14.

15.

. Rosen T, Lebwohl MG. Prevalence and awareness of actinic keratosis: barriers and opportuni-

ties. J Am Acad Dermatol. 2013;68(1):S2-9.

. James WD, Elston DM, Berger TG, Elston DM. Epidermal nevi, neoplasms, and cysts.

In: James WD, Berger TG, Elston DM, editors. Andrews' diseases of the skin. 12th ed.
Philadelphia: Elsevier; 2016.

. Chen GJ, Feldman SR, Williford PM, Hester EJ, Kiang S-H, Gill I, et al. Clinical diagnosis

of actinic keratosis identifies an elderly population at high risk of developing skin cancer.
Dermatol Surg. 2005;31(1):43-7.

. Dodson JM. Malignant potential of actinic keratoses and the controversy over treatment. A

patient-oriented perspective. AMA Dermatol. 1991;127(7):1029-31.

. Roewert-Huber J, Stockfleth E, Kerl H. Pathology and pathobiology of actinic (solar) kerato-

sis - an update. Br J Dermatol. 2007;157(s2):18-20.

. Nair PA, Chaudhary AH, Mehta MJ. Actinic keratosis underlying cutaneous horn at an unusual

site— a case report. E Cancer Med Sci. 2013;7:376.

. Soyer HP, Rigel DS, Wurm EMT. Actinic keratosis, basal cell carcinoma and squamous cell

carcinoma. In: Bolognia J, Jorizzo JL, Schaffer JV, editors. Dermatology. 3rd ed. Philadelphia:
Elsevier; 2012.

. Zalaudek I, Ferrara G, Leinweber B, Mercogliano A, D'Ambrosio A, Argenziano G. Pitfalls in

the clinical and dermoscopic diagnosis of pigmented actinic keratosis. ] Am Acad Dermatol.
2005 Dec;53(6):1071-4.

. Bagazgoitia L, Cuevas J, Expression JA. Of p53 and p16 in actinic keratosis, bowenoid actinic

keratosis and Bowen's disease. J Eur Acad Dermatol Venereol. 2005;24(2):228-30.

. Rowert-Huber J, Patel MJ, Forschner T, Ulrich C, Eberle J, Kerl H, et al. Actinic keratosis

is an early in situ squamous cell carcinoma: a proposal for reclassification. Br J Dermatol.
2007;156(3):8-12.

. Werner RN, Stockfleth E, Connolly SM, Correia O, Erdmann R, Foley P, et al. Evidence- and

consensus-based (S3) guidelines for the treatment of actinic keratosis - international league of
dermatological societies in cooperation with the European dermatology forum - short version.
J Eur Acad Dermatol Venereol. 2015;29(11):2069-79.

Trost LB, Bailin PL. Cryosurgery. In: Vidimos AT, Ammirati CT, Poblete-Lopez C, editors.
Dermatologic surgery. Philadelphia: Elsevier; 2009.

Kuflik EG, Kuflik JH. Cryosurgery. In: Bolognia JL, Jorizzo JL, Schaffer JV, editors.
Dermatology. 3rd ed. Philadelphia: Elsevier; 2012.

Pomerantz H, Hogan D, Eilers D. Long-term efficacy of topical fluorouracil cream, 5%, for
treating actinic keratosis. JAMA Dermatol. 2015;151(9):952-60.

Askew DA, Mickan SM, Soyer HP, Wilkinson D. Effectiveness of 5-fluorouracil treatment
for actinic keratosis — a systemic review of randomized controlled trials. Int J Dermatol.
2009:;48(5):453-63.



16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Actinic Keratosis 33

Ritchie SA, Patel MJ, Miller SJ. Therapeutic options to decrease actinic keratosis and squa-
mous cell carcinoma incidence and progression in solid organ transplant recipients: a practical
approach. Dermatol Surg. 2012 May;38(10):1604-21.

Hanna E, Abadi R, Abbas O. Imiquimod in dermatology: an overview. Int J Dermatol.
2016;55(8):831-44.

. Stockfleth E. Lmax and imiquimod 3.75%: the new standard in AK management. J Eur Acad

Dermatol Venereol. 2015;29(Supp.1):9-14.

Ulrich C, Bichel J, Euvrard S, Guidi B, Proby CM, et al. Topical immunomodulation under
systemic immunosuppression: results of a multicentre, randomized, placebo-controlled safety
and efficacy study of imiquimod 5% cream for the treatment of actinic keratosis in kidney,
heart, and liver transplant patients. Br J Dermatol. 2007;157(Suppl 2):25-31.

Jenkins SN, Speck K, Actinic CSC. Keratosis and bowen’s disease. In: Bigby M, Herxheimer
A, editors. Evidence based dermatology. 3rd ed. Chichester, England: Wiley-Blackwell; 2014.
Gold MH. Lasers, photodynamic therapy, and the treatment of medical dermatological condi-
tions. In: Goldberg DJ, editor. Laser dermatology. New York: Springer Publishing; 2005.
Hantash BM, Stewart DB, Cooper ZA. Facial resurfacing for nonmelanoma skin cancer pro-
phylaxis. Arch Dermatol. 2006;142(8):976-82.

Iyer SS, Friedli A, Bowes L, Kricorian G. Full face laser resurfacing: therapy and prophylaxis
for actinic keratosis and non-melanoma skin cancer. Lasers Surg Med. 2004;34(2):114-9.
Criscione VD, Weinstock MA, Naylor MF, Luque C, Eide MJ, Bingham SF, Department of
Veterans Affairs Topical Tretinoin Chemoprevention Trial Group. Natural history and risk
of malignant transformation in the veterans affairs topical Tretinoin chemoprevention trial.
Cancer. 2009;115(11):2523-30.

Quaedvlieg PJ, Tirsi E, Thissen MR, Krekels GA. Actinic keratosis: how to differentiate the
good from the bad ones? Eur J Dermatol. 2006;16(4):335-9.

Madigan LM, Lim HW. Tanning beds: impact on health, and recent regulations. Clin Dermatol.
2016;34(5):640-8.

Nikolaou V, Stratigos AJ, Tsao H. Hereditary nonmelanoma skin cancer. Semin Cutan Med
Surg. 2012;31(4):204-10.

Naylor MF, Boyd A, Smith DW, Cameron GS, Hubbard D, Neldner KH. High sun protection
factor sunscreens in the suppression of actinic neoplasia. Arch Dermatol. 1995;131(2):170-5.
Darlington S, Williams G, Neale R, Frost C, Green A. A randomized controlled trial to assess
sunscreen application and beta carotene supplementation in the prevention of solar keratoses.
Arch Dermatol. 2003;139(4):451-5.

Thompson SC, Jolley D, Marks R. Reduction of solar keratoses by regular sunscreen use. N
Engl J Med. 1993;329(16):1147-51.



®

Check for
updates

Chapter 3
Basal Cell Carcinoma

Shauna Higgins, Maggie Chow, and Ashley Wysong

Abstract Basal cell carcinoma (BCC) is the most common cancer in the United
States. BCC is categorized by its clinical appearance and histology. The tumor sub-
type, anatomical location and patient’s health are factored into the treatment choice.
Multiple treatment options exist with varying efficacy. Post-treatment, patient mon-
itoring is important for possible recurrence and for the development of new skin
cancers.

Keywords Basal cell carcinoma - Nonmelanoma skin cancer - Nodular BCC -
Superficial BCC - Morpheaform BCC - Cystic BCC - Basosquamous -
Micronodular BCC - Infiltrative BCC - Pigmented BCC - Adenoid BCC -
Radiation - Mohs micrographic surgery - Cryosurgery - Laser therapy -
Photodynamic therapy - Chemotherapy - Retinoids - Interferon

Introduction

Basal cell carcinoma (BCC) is the most common cancer in the United States, con-
stituting 25% of all cancers, which translates to over 2,000,000 cases diagnosed
annually [1]. Although BCCs rarely metastasize, they can be locally destructive and
highly morbid and therefore require conscientious work-up and management [2].
There are a number of clinical and histologic BCC variants with disparate clinical
behavior. Thus, a complete knowledge of the BCC subtypes and treatment options
is crucial to appropriate management. BCC subtypes can be described via clinical
appearance, histologic appearance, or a combination of the two. Treatment options
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are multitudinous, although the appropriate treatment is dependent upon the BCC
subtype. The treatment modality most often utilized in BCC is electrodessication
and curettage (ED&C), although high-risk subtypes may warrant therapies such as
Mohs micrographic surgery (MMS). As treatment of BCC is under active research,
there are also a number of additional therapies utilized with increasing amounts of
data supporting their use.

Risk Factors

The development of BCC is the result of a dynamic interplay between genetic,
clinical, and environmental risk factors (Table 3.1). Genetic risk factors include
single nucleotide polymorphisms (SNPs) and sporadic mutations. Mutations in
tumor suppressors such as protein patched homolog 1 (PTCHI1) and tumor protein
p53 (TP53) have also been associated with the development of BCC and BCC-
associated syndromes [1]. Clinical factors that predispose individuals to develop-
ing BCCs include increased age, male sex, fair skin type, low ability to tan,
childhood sunburns, signs of actinic damage, systemic immunosuppression, and
personal or family history of skin cancer. Recent reports have also suggested an
inverse relationship between BMI and early-onset BCC (under age 40) [3]. Some
authors have hypothesized that estrogen exerts a potentially protective effect in
obese individuals [3].

Human papillomaviruses (HPV) is another clinical factor reported to play a
role in early-onset BCC [1, 3]. Several observational studies have reported a sig-
nificant positive association between HPV DNA or seropositivity and BCC,
though most case-control studies have failed to demonstrate a clear association
[1]. Environmental risk factors include indoor tanning, history of PUVA/UVB
therapy, and intense intermittent ultraviolet radiation (UVR) with UVB (290-
320 nm) radiation playing the primary role in BCC development [1]. Cumulative
exposure is believed to confer higher risk for BCC development when compared
to short bursts of intense UVB exposure. However, the risk of BCC development
derived from intermittent exposure remains significant [4]. UV exposure exerts its
carcinogenic effects by inducing mutations in tumor suppressor genes and by pre-
disposing individuals to tumor development by creating an immune-tolerant state
in the skin [4].

Additional risk factors for the development of BCC include exposure to ionizing
radiation, arsenic exposure, and iatrogenic immunosuppression after solid organ
transplant. Ionizing doses as low as 450 rads have been associated with BCC
development. The latency period for tumor development is long, and no clinical
evidence of radiation damage is required. In the case of arsenic exposure, BCCs
typically present on the trunk. Sources of arsenic include well water, pesticides (i.e.,
Paris green), medications (Fowler’s solution, herbal remedies), and industry (min-
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Table 3.1 BCC causes and associations [1, 6-11]

Sun exposure

Primarily UVB, 290-320 nm

Gene mutations

P53, PTCHI1, PTCH2, BAP1, SUFU, CYLD

Exposure to artificial UV light

Tanning booths, UV light therapy, PUVA

Ionizing radiation exposure

Radiation therapy

Arsenic exposure

Fowler’s solution of potassium and contaminated water
source are most common sources of arsenic ingestion

Immunosuppression

Transplant recipients

Xeroderma pigmentosum

Inability to repair UV-induced DNA damage

Personal and family history of
previous nonmelanoma skin

The risk of developing new NMSC is 35% at 3 years and
50% at 5 years after an initial skin cancer diagnosis.

cancer (NMSC) Individuals with a first-degree relative diagnosed with skin
cancer prior to age 50 are suggested to be at highest risk for
BCC (OR 4.79, 95% CI 2.90-7.90).

Skin type Skin types 1 and 2 are especially susceptible

Table 3.2 BCC genetic syndromes [5]

Syndrome Associations

Nevoid basal cell
carcinoma syndrome

PTCH or SUFU gene mutation Medulloblastomas, meningioma, fetal
rhabdomyosarcoma, and ameloblastoma

Bazex syndrome Atrophoderma (“ice pick marks,” especially on dorsal hands),
multiple basal cell carcinomas, and local anhidrosis (decreased or

absent sweating)

Rombo syndrome Vermiculate atrophoderma, milia, hypertrichosis, trichoepitheliomas,
BCCs, and peripheral vasodilation

CYLD mutation

Multiple trichoepitheliomas, cylindromas, spiradenomas, and

variably, multiple BCCs

Brooke-Spiegler
syndrome

ing, smelting, sheep dippings to control lice, and blowfly infestation). In regard to
iatrogenic immunosuppression after solid organ transplantation, there is a signifi-
cantly increased risk for SCC development and a modestly increased risk for BCC
development. These patients typically develop BCCs on the trunk and arms at a rate
of tenfold that of their immunocompetent counterparts [5].

There are also several genetic syndromes that have been associated with the
development of numerous BCCs (Table 3.2). These syndromes include nevoid
basal cell carcinoma syndrome (NBCCS, also known as Gorlin syndrome), Bazex
syndrome, Rombo syndrome, and Brooke-Spiegler syndrome. NBCCS is an auto-
somal dominant disorder that predisposes individuals to as many as hundreds of
BCCs. Additional clinical features include a broad nasal root, frontal bossing, bor-
derline intelligence, jaw cysts, palmar pits, and multiple skeletal abnormalities.
Bazex syndrome is an X-linked dominant disorder manifesting as multiple BCCs,
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follicular atrophoderma, dilated follicular ostia with ice pick scars, hypotrichosis,
and hypohidrosis. Rombo syndrome is an autosomal dominant disorder that pres-
ents with vermiculate atrophoderma, milia, hypertrichosis, trichoepitheliomas,
BCCs, and peripheral vasodilation [3]. Brooke-Spiegler syndrome is character-
ized by multiple trichoepitheliomas, cylindromas, spiradenomas and, variably,
multiple BCCs [10].

Clinical Presentation

Consistent with its association with UV exposure, BCC traditionally presents in
older individuals with high levels of cumulative sun exposure and is predominantly
found on photo-exposed parts of the body. However, the incidence of BCCs in
young individuals is rising. This may be due at least in part to increases in natural
and artificial tanning behaviors [12].

BCCs are primarily found on the head, with these constituting 70% of all
BCCs. The main area of involvement on the head is the face, with 30% appearing
on the nose. After the head, the next most common sites for BCCs include the
trunk and extremities [1, 3, 4]. The association between tumor incidence and UV
exposure is not as consistent in BCC as in squamous cell carcinoma (SCC) as
BCCs can also more rarely present in photo-protected areas such as the dorsal
foot, nipple-areola complex, vulva, penis and scrotum, umbilicus, and mucosal
lip [13-20].

BCC:s classically present as pearly papules with colors ranging from white to
skin-colored to brown or black [21] (Fig. 3.1). They can be flat, slightly raised,
or circumscribed nodular lesions with visible and irregular blood vessels. They
may develop ulceration as tumors outgrow their blood supply and become locally
destructive or may have subtle central depressions in certain subtypes. They are
typically slow-growing tumors with a propensity for local invasion rather than
metastasis [2]. When neglected or misdiagnosed, however, there is increased
potential for local tissue destruction and metastasis [22]. BCCs metastasize at a
rate of 0.00285-0.55%, most commonly to the lymph nodes, lungs, bones, or
skin [2, 23].

At presentation, patients may complain of a non-healing lesion that bleeds,
oozes, or crusts [24]. They may present with a lesion that appears scar-like without
prior trauma [25, 26]. BCC should generally be considered in the differential diag-
nosis of any non-healing lesion of greater than 3—4-week duration on sun-exposed
skin. Additional variations in clinical presentation are dependent upon the specific
BCC subtype, which will be described below [5].
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Fig. 3.1 Basal cell
carcinoma. A well-defined,
pink to yellowish papule
with telangiectasias

Nodular BCC

Nodular BCC, also known as the noduloulcerative variant or the “rodent ulcer,”
comprises half of all BCCs (Fig. 3.2). It can present as a circumscribed nodule with
central ulceration and a raised, pearly border with telangiectasia. Melanin pigment
may be present in variable amounts: flecks of brown may be present or the entire
lesion may be black or blue-black (Fig. 3.3). Common dermoscopic features include
irregular or arborizing vascularity, focal ulceration, and translucency [27]. If
untreated, these tumors grow to be very large in size and can extend deeply, causing
local destruction of tissue. This propensity for local destruction has led to the nick-
name “rodent ulcer,” as the lesion is said to resemble tissue gnawed by a rat.

Histologically, nodular BCCs have several variants that include solid, keratotic
(pilar), cystic, and adenoid subtypes [5]. Many also demonstrate unique secondary
features. One such feature is squamous differentiation, which correlates with more
aggressive behavior. Sclerosis of the stroma may also be found in recurrent lesions,
which makes them particularly difficult to treat [5]. A rare subtype of nodular BCC
with amyloid deposition has also been reported, with amyloid bodies appearing as
whitish globules on dermoscopy (Fig. 3.4) [27].



Fig. 3.2 Nodular basal
cell carcinoma. A
well-defined, pink pearly
papule with telangiectasias
and central ulceration
consistent with a “rodent
ulcer”

Fig. 3.3 Pigmented basal
cell carcinoma. A
well-defined, violaceous
plaque with central
pigmentation

Fig. 3.4 Histopathologic features of nodular BCC. (a) Large clusters of basaloid cells. (b) Tumor
nodules of basaloid cells with peripheral palisading. (¢) Reddish deposits of amyloid in the stroma
between tumor cells and center of tumor nodules, which demonstrate apple green birefringence
under polarized light [27] (With permission: Park et al. [27], courtesy of Elsevier)
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Fig. 3.5 Superficial basal
cell carcinoma: An
ill-defined, pink scaling
patch with a crusted papule
at the medial border

Superficial BCC

Superficial or multicentric BCCs are more frequently found on the trunk and
extremities but can also be found on the head and neck (Fig. 3.5). Their size can
range from a few millimeters to several centimeters. They are typically flat pink
or red lesions with scale. They may have a small, translucent elevated border.
There may be areas of spontaneous regression characterized by atrophy and
hypopigmentation. There may also be variable amounts of pigment.

Dermoscopic features of nonpigmented superficial BCCs include a scattered vas-
cular pattern, arborizing microvessels, telangiectatic or atypical vessels, milky-pink
background, multiple small erosions, and shiny white or red structureless areas [28].
In pigmented superficial BCCs, dermoscopy reveals maple leaf-like areas, wheel-
like structures, and multiple small blue-gray dots or globules (Fig. 3.6) [28, 29].

Initially, the growth pattern of superficial BCCs is primarily horizontal. With
time, these tumors can become deeply invasive with induration, ulceration, and nod-
ule formation. Extensive subclinical lateral spread accounts for the high recurrence
rates after routine excision [5].

Morpheaform BCC

Morpheaform BCC acquired its name from its clinical resemblance to morphea
[31]. Typically, these lesions are indurated, ivory in color, with occasional overlying
telangiectasia. The clinical presentation can be subtle, often leading to a delay in
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Fig. 3.6 Dermoscopic features of superficial BCC. (a) Dermoscopy of a black and brown-colored
patch on lateral neck demonstrating typical maple leaf-like areas. (b) Dermoscopy of an erythema-
tous and brown-colored patch of the anterior chest demonstrating typical spoke wheel areas [30]
(Source: Copyright © 2011 Akiko Hirofuji et al. via Creative Commons Attribution License)

diagnosis. Of note, metastatic carcinoma to the skin can appear clinically and histo-
logically similar to morpheaform BCC and, thus, should always be in the differen-
tial when considering a diagnosis of morpheaform BCC. This subtype is also
characterized by extensive subclinical spread; the potential for invasion of the mus-
cle, nerve, and bone; and a high rate of recurrence after treatment [5].

Cystic BCC

Cystic BCC may often appear clinically similar to nodular BCC. Histologically,
however, these tumors possess cystic changes as the name implies. Clinically, they
may have a blue-gray cystic appearance and can exude a clear fluid if punctured or
cut. In the periorbital area, they may be confused with hidrocystomas (Fig. 3.7) [5].

Basosquamous BCC

BCC with squamous metaplasia is also called basosquamous (BSC) or metatypical
carcinoma. Histologically, these tumors are characterized by areas of BCC and
areas of SCC, sometimes with a transition zone in between [33]. The presence of
stroma helps distinguish these lesions from SCC, which is not associated with stro-
mal proliferation [5].

BSC was considered a primarily histologic variant until recent reports of distinct
clinical findings [5]. In 36 histopathologically proven basosquamous BCCs, Akay
et al. reported distinct dermoscopic features [34]. These included keratin mass
(97.7% of the 36 BSCs), surface scaling (77.8%), ulceration (69.4%), white struc-
tureless areas (69.4%), white clods (66.7%), blood spots on keratin mass (66.7%),
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Fig. 3.7 Cystic BCC. (a) Dermatoscopic examination demonstrating a homogenous blue/black
area and arborizing telangiectasia. (b) Histology demonstrates tumor mass predominantly in the
dermis with continuation from the epidermis in some parts. The tumor contains cystic spaces [32]
(Source: Copyright © 2011 Akihiro Yoneta et al. via Creative Commons Attribution License)

Fig. 3.8 Unique clinical features of basosquamous carcinoma. (a) This BCC-dominant BSC dem-
onstrates white circles (white arrows), white clods (arrowhead), and four dots in a square (black
arrow). (b) Focused serpentine vessel and out-of-focus straight vessels (black arrows), keratin
(white arrow), and superficial squamatization (white arrowhead) [34] (With permission: Akay
et al. [34], Figs. 1H and 2C, courtesy of John Wiley and Sons)

and polymorphous vascular patterns consisting of varied combinations of branched,
serpentine, straight, coiled, or looped vessels (61%) (Fig. 3.8) [34].

Though BSC comprises only 1-2.3% of all NMSC, they are more aggressive and
destructive relative to other BCC subtypes. They are more likely to metastasize and
are more likely to recur after treatment [5]. The local recurrence rate of BSC is
reported to be as high as 45% after wide local excision, which is almost double that
seen in BCC and SCC alone [35]. Factors predictive of recurrence include male
gender, positive surgical resection margins, lymphatic invasion, and perineural inva-
sion [35]. The most common pattern of recurrence is local recurrence only, followed
by local recurrence plus regional lymph node metastasis [35]. The use of Mohs
micrographic surgery (MMS) has been reported to reduce recurrence rates to 4-9%
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[35]. Although this recurrence rate is an improvement compared with wide local
excision, it remains elevated relative to recurrence rates reported for BCC (0.64%)
and SCC (1.2%) after MMS [35]. The estimated BSC metastatic rate has been
reported to be as high as 9.7%, compared with less than 0.1% for other BCCs
although this increases to approximately 2% in BCCs larger than 3 cm [5, 36].

Infiltrative and Micronodular BCCs

In 1951, Thackray coined the term “infiltrative” to distinguish a histologic subtype
that he believed was more difficult to eradicate than nodular BCC [37]. Infiltrative
and micronodular tumors are associated with an aggressive growth pattern and are
reported to have wider and deeper tumor extensions when compared to nodular
BCC. Thus, they are more likely (26.5%) to have positive tumor margins after sim-
ple surgical excision when compared to nodular BCC (6.4%) [37]. Mohs micro-
graphic surgery is therefore the most appropriate treatment option for patients
diagnosed with these tumors. Clinically, they appear as flat or slightly elevated
plaques with ill-defined borders. If there is a sclerosing component (called scleros-
ing BCC), it may present as a firm plaque with some clinical features of morphea.

Pigmented BCC

Pigmented BCC is an uncommon variant most common in darker-skinned patients
[38]. Clinically, it is commonly mistaken as melanoma due to its often dark and
irregular pigmentation. A pearly, raised border with telangiectasia may help in dis-
tinguishing the tumor. Additional clinical features of the pigmented BCC include a
firm consistency, translucence, and occasional surface ulceration [38]. Approximately
6.7-8.5% of all BCCs contain pigment [39].

Linear BCC is another rare BCC variant that can also appear pigmented. It pri-
marily appears on the periocular skin and on the neck (37% and 34% of reported
cases, respectively) [40]. Thirty-two percent of these possess aggressive histologic
characteristics. They can be classified as having micronodular, infiltrative, or mor-
pheaform histologic patterns. Mohs micrographic surgery is first-line therapy for
these variants [39].

Giant BCC

Giant BCCs are defined as tumors greater than 5 cm. They have unique clinical and
often psychosocial implications [41]. These BCCs comprise approximately 1% of
all BCCs and often result from patient negligence [42]. They are most commonly
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Fig. 3.9 Fibroepithelioma of Pinkus. (a) Dermatoscopic image of a fibroepithelioma of Pinkus
demonstrating honeycomb white networks with variable-sized holes (gray circle). Larger-caliber
vessels coursing parallel to the surface and short shiny white streaks are present in the central por-
tion of the lesion. (b) Dermatoscopic image of a fibroepithelioma of Pinkus demonstrating a white
network over a large area of the lesion (gray circle) accentuated by polymorphous vessels within
the holes and semitranslucent area with arborizing vessels and thick short white streaks in the
lower third area of the lesions [43] (With permission: Kornreich and Lee [40], Figs. 1 and 3, cour-
tesy of Elsevier)

found in patients who live alone, are indifferent toward or lack concern for their
disease, and suffer from alcoholism or other forms of addiction [41]. Patients with
these lesions may exhibit significantly higher beta-endorphin and serotonin levels
relative to patients with smaller (<5 cm) BCCs [41]. Histologically, adenoid, infil-
trative, or morpheaform subtypes are common among giant BCCs. These BCCs are
also more likely to metastasize, exhibit perineural invasion, ulcerate, and exhibit
faster growth when compared to smaller, non-giant (<5 cm) BCCs [42].

Fibroepithelioma of Pinkus

Fibroepithelioma of Pinkus was first described by Herman Pinkus in 1953 as a
premalignant neoplasm that may give rise to BCC [43]. These are most commonly
found on the lumbosacral region. They often appear as solitary flesh-colored pap-
ules with occasional pigment, and they are often mistaken for a fibroma, dermal
nevus, seborrheic keratosis, nevus lipomatosus superficialis, or an acrochordon
[43, 44]. Dermatoscopic structures observed in fibroepithelioma of Pinkus include
shiny white structures (chrysalis or crystalline structures), fine arborizing vessels,
milia-like cysts, and ulceration (Fig. 3.9). Histologically, they are characterized by
anastomosing strands of basaloid epithelial cells embedded within a fibrous stroma
[43]. There has also been a case report of histology demonstrating a rare case of
coexistence of fibroepithelioma of Pinkus and nodular BCC in a single lesion [45].
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Histologic Appearance

The two major factors that influence histologic appearance are the cells from
which the BCC originates and the stromal response to the epithelial growth [5].
BCCs occasionally show differentiation toward epithelial adnexal structures,
although recent evidence suggests that the pattern of differentiation should be
recognized primarily for the purpose of diagnosing BCC and creating a differen-
tial diagnosis [46]. The growth pattern is reported as the only proven histologic
prognosticator of biologic behavior and is therefore more relevant to treatment
planning [46]. The two main histologic umbrellas for BCC categorization include
circumscribed and diffuse growth patterns. Various histologic subtypes are found
under each category [5].

Circumscribed

Circumscribed BCCs clinically present as dome-shaped lesions with well-defined
borders often corresponding with nodular or noduloulcerative subtypes.
Histologically, these circumscribed tumors are often comprised of irregularly sized
and shaped islands of basaloid cells bound by fibrovascular stroma. They comprise
the vast majority of BCCs and include variants such as nodular, adenoid, keratinized,
follicular, and pigmented BCCs in addition to the fibroepitheliomas of Pinkus [5].

Nodular BCCs

BCCs of the nodular or solid subtype are comprised of large aggregates of basal
cells with no differentiation toward adnexal structures (Fig. 3.10) [46]. The cells at
the periphery of the basaloid islands align in parallel. The base contacts the base-
ment membrane, and the apex points inward toward the center of the island. This
picket fence arrangement is referred to as palisading. The stroma often contains
abundant mucin, especially adjacent to the island of epithelial cells. Because the
glycosaminoglycans in the stroma are removed during tissue processing, the stroma
pulls away from the island, producing artifactual clefts. These clefts appear so con-
sistently that they have taken on diagnostic significance.

Large islands of epithelial cells may demonstrate central necrosis, leading to the
formation of microcysts [5]. BCCs undergoing central necrosis thus develop char-
acteristics of the cystic histologic subtype. These tumors are uncommon and con-
sist of one or a few exceptionally large islands of basal cells with large central
lacuna [5].
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Fig. 3.10 Nodular basal cell carcinoma. (a) Note the symmetry and circumscription of the tumor.
(H&E, original magnification x4). (b) Tumor is composed primarily of large islands of uniform
cells (H&E, original magnification x10).

Adenoid BCCs

The adenoid subtype is a rare histopathological subtype with an incidence of
approximately 1.3% [47]. It is characterized by interweaving cords and varying-
sized islands of basal cells surrounded by mucinous stroma [47].The entrapment of
stroma by anastomosing cords produces the appearance of gland-like structures. If
these lesions demonstrate cystic changes, they are sometimes denoted as the ade-
noid cystic subtype [5]. However, some authors have advocated for avoiding the
term adenoid cystic as it may be confused with adenoid cystic carcinoma, which is
an entirely different entity [5]. Adenoid BCC is associated with low potential for
recurrence or metastasis [48].

BCCs with Keratinization

Rarely, BCCs demonstrate the ability to cornify or create keratin, which usually
occurs at the center of the basaloid islands (Fig. 3.11) [33]. The keratin may be
orthokeratotic or parakeratotic. These lesions can be distinguished from trichoepi-
thelioma by the absence of abortive hair papilla formation, the unusual presence of
stromal retraction, and the predominance of the epithelial component over the stro-
mal component [5].
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Fig. 3.11 Cornifying basal
cell carcinoma. There are
central cystic structures
containing masses of
orthokeratin and a granular
zone adjacent to the
keratin. The structures
resemble aberrant
follicular units (H&E, x10)
[5] (With permission:
Cockerell et al. [5],
courtesy of Elsevier)

Fig. 3.12 Follicular basal cell carcinoma. (a) This tumor is typically, small, well-circumscribed,
symmetric, and superficial. Many of the aggregates of basaloid cells resemble telogen follicles.
Microcysts are present (H&E, x40). (b) This lesion shows occasional small horn cysts and fissures
in the stroma (H&E, x80) [5] (With permission: Cockerell et al. [5], courtesy of Elsevier)

Follicular BCCs

Follicular BCCs (infundibulocystic BCC) usually appear on the face and are char-
acterized histologically by small aggregates of basal cells containing microcysts
and shadow cells adjacent to the islands of proliferating basaloid cells [46, 49]. The
microcysts contain laminated orthokeratotic material and are often surrounded by
squamoid metaplasia. Some basaloid islands may resemble hair follicles in telogen
(Fig. 3.12). They are distinguished from trichoepithelioma in that the cell aggre-
gates are usually continuous with the epidermis, the stroma comprises the minority
of the tumor, there are no foreign body reactions to keratin, and hair papillae are not
present [5].
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Fibroepithelioma of Pinkus

The fibroepithelioma of Pinkus is composed of lace-like branches of basaloid cells
that anastomose in an edematous-appearing fibrous stroma [50]. The strands of
basal cells originate in the basal layer of the epidermis. More typical islands of
basaloid cells with peripheral palisading may also be present [5].

Pigmented BCC

Melanin pigmentation can occur in all BCC types with the exception of the mor-
pheaform type, and most pigmented BCCs are of the nodular type [5, 51]. In pig-
mented BCCs, there are nodular sheets of cells, peripheral palisading, an abundance
of melanin, and increased mitotic activity (Fig. 3.12) [52]. The melanocytes are
typically interspersed among the basal cells. There may also be numerous macro-
phages with melanin pigment in the stroma [5].

BCCs with Diffuse Growth Pattern

In contrast to circumscribed BCCs that present with generally well-defined borders,
those with a diffuse growth pattern present as plaque-like or flat lesions that spread
horizontally with poorly defined margins. As a result, these lesions tend to have a
high recurrence rate. BCCs with diffuse growth pattern are classified into superfi-
cial, morpheaform, infiltrating, and micronodular subtypes [5].

Superficial BCC

Histologically, superficial BCCs appear as horizontally arranged lobules of atypical
basal cells in the papillary dermis that have broad-based connections with the epi-
dermis and demonstrate slit-like retraction of the palisaded basal cells [46]. A thin,
fibrovascular stroma underlies the tumor nests [5]. All islands of basal cells contact
the epidermis, and there is no downward extension (Fig. 3.13). Tumor cells may
colonize the hair follicle and, rarely, the eccrine adnexal structures. Mitoses are
infrequent and apoptotic cells are rare. A band-like lymphoid infiltrate is also char-
acteristic [46].
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Fig. 3.13 Superficial basal
cell carcinoma. Nests of
tumor cells at the
dermo-epidermal junction
(H&E, original
magnification x10).

Fig. 3.14 Morpheaform basal cell carcinoma. (a) The epithelial component is made up of small,
angulated nests, cords, and strands of basal cells. These are surrounded by a dense collagenous
stroma. Inflammation is characteristically sparse or absent and palisading is not present. There is
typically no connection of the tumor islands with the epidermis, although the lesion does have
some epidermal connection (H&E, x40). (b) Strands of hyperchromatic basal cells in the abundant
fibrotic stroma. It resembles metastatic carcinoma of the breast (H&E, x80) [S] (With permission:
Cockerell et al. [5], courtesy of Elsevier)

Morpheaform BCC

Morpheaform BCCs are notoriously difficult to treat due to their extensions (aver-
aging 7 mm) that make margin assessment by clinical inspection extremely difficult
[26] . The dense fibrous stroma comprises the majority of the tumor and deems
treatment with curettage inappropriate [5]. These tumors often show no connection
with the epidermis, and the epithelial structures are completely effaced. Mucin is
minimal to absent. Stromal retraction and palisading are usually absent, except in
the case of occasional small islands (Fig. 3.14) [5].

Morpheaform BCCs must be distinguished histologically from syringoma, des-
moplastic trichoepithelioma, and metastatic adenocarcinoma. Syringomas are char-
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acterized by small tubular epithelial structures embedded in a sclerotic stroma.
Desmoplastic trichoepitheliomas possess microcysts containing keratin, which are
not found in morpheaform BCCs. Metastatic adenocarcinoma is also on the histo-
pathologic differential for morpheaform BCCs. Metastatic breast carcinoma is the
most important histopathological mimic, as it can induce a scirrhous tissue reaction
similar to that seen in morpheaform BCCs. In these cases, careful examination of
the tissue may reveal areas of glandular differentiation in metastatic adenocarci-
noma. Some metastatic adenocarcinoma will also show presence of carcinoembry-
onic antigen (CEA) on staining by the immunoperoxidase method [5].

Infiltrating BCC

Infiltrating BCCs are particularly aggressive with a propensity for local tissue
destruction [37]. This subtype lacks a central cohesive mass of basal cell islands.
They are instead comprised of elongated islands and cords of widely spaced atypi-
cal basal cells. The nests of tumor cells are often angulated and may be oriented
perpendicular to the skin surface. Palisading may be present, but not well devel-
oped. These tumors tend to exhibit both lateral and deep expansion [5].

Micronodular BCC

The micronodular subtype is characterized by small nests of basal cells (Fig. 3.15).
The islands are typically the size of hair bulbs and palisading is often present. The
island borders are often flat, indistinct, and poorly defined. These tumors have the

Fig. 3.15 Micronodular
basal cell carcinoma. Small
nests of basal cells located
in skin dermis (H&E,
original magnification x10)
[53]
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ability to invade deeply. Nest cells at the deep aspect of the tumor can appear as cells
lying free in tissue without surrounding stroma [5].

Diagnosis and Staging

Traditionally, BCCs are diagnosed clinically with or without the help of dermos-
copy and confirmed with a shave, punch, or incisional biopsy. Histopathology of
biopsy specimens can lead to the identification of additional risk factors for recur-
rence, which then guides further management. Recurrence risk factors identified by
the National Comprehensive Cancer Network (NCCN) include:

e Diameter greater than 20 mm on the trunk and extremities

e Diameter greater than 10 mm on cheeks, forehead, scalp, or neck

* Diameter greater than 6 mm on genitalia, hands, feet, or face (except cheeks and
forehead)

* Poorly defined borders

e Immunosuppression

* Area of prior radiation therapy

* Morpheaform, sclerosing, mixed infiltrative, or micronodular histologic
features

e Perineural involvement

Additional high-risk features of the primary tumor may be identified via adjunc-
tive imaging such as high-frequency ultrasound (HFUS) [54]. High-frequency
sonography corresponds to a frequency of at least 20 MHz and can rapidly image
and differentiate between the epidermal, dermal, and subcutaneous tissues [54]. The
basic modes of ultrasound include the A-mode, B-mode, and Doppler method [55].
Tumor depth is ascertained in B-mode with a frequency of 20 MHz providing tissue
penetration of approximately 67 mm [55]. The depth of evaluation is reported to
have a 99% histopathologic correlation [54, 56]. Although most BCC lesions appear
as well-defined, oval, echo-poor masses, lesions that may have higher aggressive
potential may also appear as hyperechoic spots [54]. Three-dimensional Doppler
flow technologies can also measure tumor neovascularity and map vascular struc-
tures and adjacent nerves [54]. Nodal basin lymphadenopathy and in-transit and
nonpalpable locoregional metastases can be detected as well [54, 57]. Of note, the
accuracy of ultrasonography is operator, site, and equipment dependent [54].
Transducer size is matched to the scan areas with three-dimensional imaging of ear
and nose cartilage available with specialized probes [54]. An additional limitation
includes the requirement of an acoustic window, which limits the depth of evalua-
tion because of air or bone. Thus, sonography cannot reliably visualize retropharyn-
geal or nodes deeper in the head and neck, which may require computed tomography
(CT) or magnetic resonance imaging (MRI) [57].

Radiographic imaging may be indicated for work-up and evaluation of high-risk
tumors [58, 59]. Locally advanced tumors may be characterized by bony involve-
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ment, perineural invasion, or orbital infiltration with reports of penetration of the
calvarium, dura, and, more rarely, the brain [58]. Clinical clues suggestive of orbital
invasion include painful, fixed tumors involving the orbital rim or medial canthus,
reduced range of motion of the extraocular muscles, or displacement of the globe
[59]. Additional risk factors include infiltrative or sclerosing histology and multiple
recurrent tumors in the periorbital area [59]. Computed tomography (CT) is the
initial imaging for preoperative evaluation in the majority of periorbital and other
head and neck tumors. MRI scans are generally more useful than CT in evaluation
for subtle intracranial disease, central nervous system involvement, or perineural
invasion [59]. PET/CT scans are ideal for the evaluation of distant metastases and
potentially for postoperative surveillance although data in the context of BCC are
sparse because metastatic disease is exceedingly rare [59, 60].

Surveillance After Initial Diagnosis

Patients with a single BCC have a 17-fold increased risk of subsequent BCC relative
to the general population, a 3-fold increased risk of subsequent SCC, and a 2-fold
increased risk of melanoma [1]. Thus, appropriate surveillance is imperative.
Specific follow-up schedules depend on the number and severity of BCCs treated
and the amount of background sun-damage present [5]. Although recurrent BCCs
usually recur within the first 5 years after the initial tumor, they may also occur later.

Treatment

Few randomized controlled trials are available exploring optimal treatment strate-
gies for BCC. The most current recommendations are periodically updated by a
group of clinical experts as part of the NCCN. Based on NCCN guidelines, if the
BCC has none of the above risk factors, treatment generally starts with standard
excision or electrodessication and curettage (ED&C). If the BCC possesses one or
more risk factors, treatment generally begins with Mohs surgery. Occasionally,
excision is utilized if the only risk factor is a diameter greater than 20 mm on the
trunk or extremities [5].

Electrodessication and Curettage (ED&C)

Electrodessication and curettage is the most commonly used modality for treating
BCC [61]. When performed correctly on appropriate lesions, cure rates have been
reported to be as high as 98% [5]. ED&C is most useful for well-defined, exophytic,
nodular BCCs under 1 cm located in areas that are at low risk for recurrence. There
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is currently no standardization in regard to the number of cycles used. Some clini-
cians use a fixed number of cycles (generally three), while others continue ED&C
until a healthy base is revealed.

Curettage is ineffective when the BCC is enmeshed in a sclerotic stroma and/or
has an aggressive histologic growth pattern (i.e., recurrent, morpheaform, scleros-
ing, or micronodular BCC). It is also thought to be inappropriate when the BCC
buds off or is concealed between pilosebaceous units (i.e., nose, scalp), is deeply
invasive (i.e., perineural, deep dermis, subcutaneous fat, perichondrium, perios-
teum), or cannot be immobilized (i.e., lips, eyelids) [5].

In a review of 862 cases of BCC treated with ED&C, histopathological examina-
tion of curettage fragments with immunohistochemistry testing aided in predicting
which patients were likely to experience recurrence [62]. Of the patients with no
residual BCC seen in their curettage fragments, zero recurrences were noted. In those
with residual BCC in the curettage fragments, 38% experienced recurrence [62].

Adverse side effects include occasional hypopigmentation, hypertrophic scar-
ring (particularly in young adults and on the trunk and extremities), and notching
and ectropion when performed near a free margin such as the eyelids or lips [5]. For
improved cosmesis, the electrodessication component is occasionally omitted by
some clinicians [5].

Surgical Excision

Surgical excision may be used for all types of BCCs in all locations. Benefits of this
modality include histologic margin control, rapid healing, and optimal cosmetic
result. However, the histologic margin control it offers in the context of recurrent
BCC, morpheaform BCC, BCCs with an aggressive histology, and BCCs in high-
risk areas is inferior to that achieved with Mohs micrographic surgery. The rate of
positive margins after excision at one center was noted to be approximately 12.18%
(49 of 402 tumors treated surgically) [63].

The recommended margins for excision are variable and range from 3—5 mm for
small primary BCCs to 1.5-3 cm for recurrent BCCs [5, 64]. One study reports that
a 3 mm surgical margin can safely be used for non-morpheaform BCC to achieve
95% cure rates for lesions 2 cm or smaller [65]. Another prospective study per-
formed on 150 skin lesions excised over a 9-month period in an outpatient facility
reported that a 4 mm surgical margin is optimal for skin lesions clinically diagnosed
as basal cell or squamous cell carcinoma that are suitable for excision at an outpa-
tient facility. Well-demarcated lesions, such as nodular basal cell carcinoma, may be
excised with a 3 mm margin according to the same study [66]. Excision to the level
of the fat is generally adequate for small primary BCCs. However, larger and more
aggressive tumors may penetrate more deeply requiring larger excisions [5].

Of note, the number of lesions present on a patient should be considered in the
decision to proceed with surgical excision. Patients with numerous BCCs may not
be amenable to individual surgical excisions. In these cases, their BCCs may be
more amenable to topical chemotherapy, cryosurgery, or curettage [5].
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Mohs Micrographic Surgery

MMS allows for complete histologic margin evaluation, maximum tissue preserva-
tion, and complete cure for nearly any form of BCC. It is therefore the treatment of
choice for any high-risk BCC [67]. As previously discussed, histologic high-risk
BCCs include ill-defined, large, invasive, and/or recurrent lesions, those character-
ized by morpheaform or aggressive histologic features, and those with perineural
spread [63]. MMS is also the treatment of choice for BCCs on high-risk areas, such
as areas of previous irradiation, and in areas where tissue preservation is important
[5]. Most elderly individuals can also tolerate both local anesthesia and the removal
of large BCCs. Thus, the vast majority of patients are good surgical candidates.

Radiation Therapy

Radiation therapy (RT) is another option for the treatment of BCC. Currently avail-
able modalities include megavoltage electron beam RT, orthovoltage RT, electronic
brachytherapy, and superficial/soft RT (Table 3.3) [68]. Megavoltage electron ther-
apy is used by radiation oncologists in the hospital setting and consists of a concen-
trated stream of electrons generated by a linear accelerator [68]. The photon-emitting
modalities vary with the kilovoltage and distance of the radiation source from the
skin surface [68]. Orthovoltage RT is used to treat skin cancer in the 250 kV range.
Electronic brachytherapy systems use a miniaturized X-ray tube to emit photon
radiation between 2.5 and 6 cm from the skin’s surface. Superficial radiation

Table 3.3 Comparison of common radiotherapy modalities used to treat nonmelanoma skin
cancer [68]

Source to
Type of surface Radiation

Type Synonyms generator kV distance (cm) | emitted
Megavoltage Electron beam | Linear 6000-9000 | 80 Electrons
electron therapy | radiation accelerator (6-9MV)
Orthovoltage Deep X-ray X-ray machine | 200-400 50-80 Photons
therapy cathode
Contact therapy | Ultrashort X-ray machine | 50-60 1.5-3.0 Photons

distance X-ray | cathode
Electronic Miniaturized 50 2.5-6.0 Photons
brachytherapy X-ray cathode
Superficial X-ray | Pyrex (glass) X-ray machine | 60-100 15-30 Photons
therapy window (older | cathode

units)
Soft X-ray Beryllium X-ray machine | 20-100 10-30 Photons
therapy window cathode

(modern units)
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Table 3.4 Cost comparison of radiotherapy modalities

Total cost to
treat one lesion
Treatment method 2015 CPT/APC codes in US$
Dermatologic office-based superficial | 77,261,77,300, 77,332, 77,427, 512.38
radiation (5 fractions) 77,401 x5
Dermatologic office-based superficial | 77,261,77,300, 77,332, 77,427 X2, 844.20
radiation (12 fractions) 77,401 x12
Outpatient high-dose rate electronic 77,261, 77,290, 77,316, 77,334, 7871.86
brachytherapy (8 fractions) 77,470, 77,789 x8, 0182 T x8
Radiation oncologist hospital-based 77,261, 77,300, 77,332, 77,427 x 4, 3714.80
orthovoltage radiation (20 fractions) | 77,401 x20 (CPT + APC)
Radiation oncologist hospital-based 77,261, 77,306, 77,332, 77,280, 7106.79
megavoltage electron beam radiation | 77,336, 77,427 x4, 77,402/G6003
(20 fractions) x20 (CPT + APC)

From Wolfe and Cognetta [68], Table 2, courtesy of Elsevier

therapy (SRT) utilizes X-rays to deliver low energy kilovoltage photons in the range
of 50-150 kVp [69, 70]. These SRT machines spare the deeper structures and spe-
cifically target the skin [69]. There are few randomized, controlled trials regarding
the use of SRT in NMSC treatment. However, retrospective analyses and case
reports support its use in the treatment of BCC and its ability to cure BCCs with low
rates of recurrence and good cosmetic endpoints [69].

Recent reports suggest SRT with orthovoltage X-rays is an alternative for re-
excision of incompletely resected or recurrent BCC that are at risk of serious func-
tional and cosmetic impairments after re-excision [70]. This method reports a 5-year
control rate of 85% and a low toxicity profile [70]. Disadvantages of RT for BCC
include a high failure rate for high-risk areas and for recurrent, large, deep, and/or
aggressive BCC subtypes.

When considering RT, careful patient selection is needed. Appropriate cases
include BCCs of the nose and the ear and periocular area in patients that are not
good surgical candidates. Lesions in these locations can be treated with radiation to
minimize damage to delicate structures such as the lacrimal collecting system.
Radiation may also be appropriate for those who desire debulking and/or palliation
[71]. Radiation therapy is also preferred in the elderly due to small risk of future
malignancy in younger patients and may be helpful in relapsing cases [72]. Of note,
a randomized controlled trial of surgery versus RT for BCC on the face found a
higher 4-year recurrence rate (0.7% in surgery versus 7.5% with RT) and lower
cosmetic results by blinded judges and patient assessment [73]. Additional consid-
erations for radiation therapy include the cost and inconvenience of numerous treat-
ments. The cost of treatment has been reported to be highly variable dependent upon
the type of RT chosen (Table 3.4) [68]. Radiation therapy should be avoided in
patients with NBCCS due to the possibility of stimulating additional BCCs. Thus, it
becomes clear that appropriate selection of patients and tumors is essential when
considering radiation therapy.
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Cryosurgery

Cryosurgery is a tissue-sparing therapy that is useful for treating BCCs in patients
with poor health, including those taking anticoagulants, those with pacemakers, and
those with the appropriate tumors [5]. During cryosurgery, a cryoprobe with a liquid
nitrogen spray unit is used. Adequate tumor destruction requires a rapid freezing
and slow thawing, minimum tissue temperature of —25-60 °C, and, in malignant
lesions, repetition of the freeze-thaw cycle [74]. Double freeze-thaw cycles are also
recommended for the treatment of facial BCC [75]. A freeze rim of approximately
5 mm is regarded as acceptable [75]. Tumors overlying cartilage or bone should be
treated until the tissue becomes fixed to the underlying structure, indicating suffi-
cient depth. Treatment of a margin of “clinically normal” skin may compensate for
subclinical involvement [5].

Although there are no current consensus guidelines, cryosurgery should gener-
ally not be utilized for BCCs with aggressive histologic features, recurrent BCCs,
morpheaform BCCs, metatypical BCCs, and BCCs located in high-risk areas.
Sclerosing BCCs may also be poorly responsive to cryosurgery as they are very
poorly defined. Further, the sclerotic tissue may insulate against the thermal dam-
age [5]. Cryosurgery on the leg has been reported to result in slow healing, poor
cosmetic outcomes, and increased risk of infection. However, a recent study reports
that intralesional cryotherapy using a cryosurgery needle can completely eradicate
BCCs on the lower limb in elderly patients in a single session [76]. It has been
reported to work well on lesions beyond the leg as well [77]. The technique has
been associated with relatively minor complications and is well-tolerated by
patients [76].

Cure rates as high as 97% have been achieved for nodular BCCs less than 1 cm
and primary BCCs 2 cm or less [5]. A study comparing cryosurgery (20 s freeze,
60 s thaw x2 cycles) to standard surgical excision for head and neck superficial
BCCs and small nodular BCCs found no significant difference in recurrence rates at
1 year [75]. Cure rates are lower for BCCs greater than 2 cm and recurrent BCCs,
morpheaform BCCs, or those in high-risk areas or with aggressive histologic growth
patterns [5]. BCC tumors greater than 3 cm are generally poor candidates for
cryosurgery.

The primary disadvantage of cryosurgery is suboptimal cosmesis [5]. A lasting
depression may follow, particularly on the nose, forehead, back, chest, and ear.
Cryosurgery near the vermilion of the upper lip or cartilage of the ear may result in
notching. Hypertrophic scars, when they occur, are generally visible by 6 weeks [3].
Combination therapy such as immunocryosurgery (mild cryosurgery with constant
imiquimod application) may be an option to minimize the adverse effects of con-
ventional cryosurgical approaches [78].
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Laser Therapy

Laser therapy is not FDA-approved for the treatment of BCC, but there has been
some reported success with laser as an off-label therapy for BCC [79]. Lasers can
be selected to target specific tumor components such as hemoglobin in the vascula-
ture or for local tissue destruction targeting water [80]. Importantly, laser treatment
does not have the histologic margin control that surgical excision does. Close clini-
cal follow-up is advised for patients with BCC treated with this off-label therapy.

By targeting hemoglobin, lasers have been used to selectively destroy the tumor’s
vascular supply. A reported advantage of this selective approach is its preservation
of the normal surrounding tissue. The pulsed dye laser (PDL) is one example of
lasers that target hemoglobin. In a recent pilot study by Ortiz et al. examining the
use of PDL for BCC, response rates were dependent on tumor size [81]. Nearly 92%
of BCCs <1.5 cm in diameter demonstrated complete response to PDL treatment,
whereas only 25% of BCC >1.5 cm in diameter demonstrated complete response
[80]. Tumor histologic types with complete responses included superficial, nodular,
micronodular, and keratinizing BCCs. In the incomplete response group, there was
an estimated 71-99% reduction in tumor size after PDL.

Another study by Konnikov et al. evaluated longer-term outcomes of BCCs
treated with PDL lasers [82]. Complete clinical response was seen in 95% of patients
at first follow-up visit (3—7 months after last PDL treatment) regardless of tumor
size (ranging from 8 to 17 mm) or histologic subtype. The authors reported that after
a median follow-up of 18 months, 94.7% of the treated BCCs with complete initial
response demonstrated no evidence of recurrence or residual tumor. Furthermore,
nearly 90% of patients remained tumor-free up to 21 months after treatment [80]. Of
note, the 595 nm wavelength demonstrates greater clinical efficacy for small, super-
ficial BCC tumors as compared to 585 nm lasers [80]. This is likely due to the
deeper maximum coagulation in a 595 nm laser relative to a 585 nm laser [80].

Ablative lasers such as the carbon dioxide (CO2) and erbium yttrium aluminum
garnet (Er:YAG) lasers work by vaporizing tissue water and have also been shown
to be effective for treating BCC [80]. A prospective investigational trial demon-
strated excellent clinical response of the CO2 laser with a reported 100% cure rate
and 0% recurrence at 3 years for superficial or nodular BCCs <1.5 cm [80]. Diameter
and tumor depth, which may be inferred by BCC subtype, were important in deter-
mining appropriateness of laser treatment [80]. Superficial tumors were reported to
have the highest cure rate at 86%, while nodular tumors were completely cured in
approximately 50% of cases [80]. Data on the Er:YAG laser in the treatment of
BCCs are far more limited [80]. Disadvantages of laser therapy include hypopig-
mentation, erythema, mild edema, dusky purpura, and scarring [80].
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Photodynamic Therapy

Photodynamic therapy (PDT) is a noninvasive treatment that has been utilized in
BCC by employing light-catalyzed chemical reactions to generate reactive oxygen
species for tumor cell destruction [83]. The photosensitizing agent concentrates in
the tumor. When the light source is directed toward the skin, the photosensitizer is
activated. This process leads to necrosis of the tumor, selectively affecting cancer
cells without damaging the surrounding tissue [83]. Treatment is used for superfi-
cial, low-risk tumors due to the reduced penetration of light for deeper tumors [83].
PDT can also be used in combination with PDL lasers as a light source with good
effect [83].

The response rates are variable and reported in one study to range from 62% to
91% for superficial BCCs and 50-92% for nodular BCCs [83]. Another study
reported clearance rates of 89.9% at 12-month follow-up for superficial BCCs [84].
Factors responsible for variations in PDT effectiveness include fluence (energy den-
sity), fluence rate, light source, illumination scheme, the photosensitizer incubation
time, and the use of penetration enhancers [83]. PDT therapy may also be used suc-
cessfully for patients with Gorlin syndrome [5].

Topical Therapies

Topical therapies are numerous and continuously expanding. They are typically uti-
lized in more superficial lesions and are also particularly helpful in areas of multiple
tumors or “field cancerization.” The specific therapy choice, however, is patient
specific.

Imiquimod

Topical imiquimod cream binds to toll-like receptor 7 on antigen-presenting cells to
produce interferon-alpha, tumor necrosis factor-alpha, and other cytokines [5]. This
results in the stimulation of both the innate and cell-mediated immunity resulting in
apoptosis of tumor cells [85]. Imiquimod may also inhibit the Hedgehog signaling
pathway to prevent tumor proliferation [86].

Imiquimod 5% is currently FDA-approved for treatment of immunocompetent
adults with biopsy-proven, primary superficial BCCs less than 2 cm in diameter on
the trunk, neck, or extremities (excluding hands and feet) [79]. Since its approval,
imiquimod has been reported to be most useful as an adjunct therapy in the manage-
ment of large and multiple superficial BCCs [87]. The 3-year success rates were
noted to be 83.6% (178/213) and 98.4% (185/188) for imiquimod and surgical exci-
sion, respectively [87, 88]. Five-year success rates for imiquimod were 82.5% com-
pared with 97.7% for surgery. Most of the imiquimod treatment failures occurred in
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year 1. Thus, although surgery is clearly superior, this recent study demonstrates
sustained benefit for lesions that respond early to topical imiquimod [87].

Dermatoscopic ulceration has been reported to be a predictor of BCC response
to imiquimod [89]. Specifically, the presence of a solitary small erosion infers a
sevenfold increased probability for complete response (OR 7.0, 95% CI: 1.25-
39.15). The presence of multiple small erosions poses a 38-fold higher odd for com-
plete response (OR 38.89, 95% CI: 7.52-201.04). The presence of large ulcerations
was associated with an eightfold increased probability for complete response (OR
8.17,95% CI: 1.63-40.85) [89].

5-Fluorouracil

Topical 5-fluorouracil (5-FU) is a pyrimidine analogue that preferentially affects
DNA synthesis in neoplastic cells via inhibition of thymidylate synthase [79]. Due
to its variable penetration, it should be used at a concentration of at least 5% and is
only approved for treatment of superficial BCCs [79].

5-FU should be applied twice a day for at least 6 weeks. It may be used up to
3 months in areas of deep disease foci. It may also be used prophylactically for
patients at risk of developing multiple and recurrent BCCs. It is not effective for
invasive BCC or those with follicular involvement [5]. Treatment is associated with
significant pain and discomfort.

Although there are no direct head-to-head studies comparing 5-FU and imiqui-
mod, current evidence suggests the two topical therapies are equally efficacious for
short-term treatment of superficial BCC [79]. 5-FU is a teratogen and is used with
caution in women of child-bearing age.

Additional Therapies

Ingenol Mebutate

Ingenol mebutate is FDA-approved for the treatment of actinic keratosis but more
recently has been studied in the context of treating BCC [90, 91]. It is a diterpene
ester derived from the plant Euphorbia peplus. The treatment induces cell necrosis
within a few hours of application, followed by an inflammatory response in subse-
quent days [79].

In a small case series by Diluvio et al., patients applied ingenol mebutate 0.015%
to superficial BCCs on the face and scalp and 0.05% for the trunk and extremities.
Three of the four patients achieved complete remission after a single course of ther-
apy. One healed after a second cycle, with dermoscopy demonstrating rapid disap-
pearance 1 month after treatment. The dermoscopic diagnostic criteria included
arborizing vessels, ulceration, maple leaf-like areas, and spoke-wheel areas [28].
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Another small case series of seven patients demonstrated efficacy of ingenol
mebutate gel 0.05% on superficial BCC lesions on the trunk [92]. Patients were
treated for 10-14 days after shave biopsy. The lesions were occluded in six patients
and not occluded in three patients. All patients completed a 7-day regimen. All
patients experienced local skin reactions that began on day 1 or 2 of treatment,
peaked on day 2—7, and were largely resolved at 2 weeks. These included mild ery-
thema, crusting, flaking, discomfort, pruritus, or burning. All BCCs were clinically
resolved at the 2—4-week follow-up [92].

In another phase 2 randomized study of 60 patients with superficial BCC treated
with varying doses of ingenol mebutate, significant histologic clearance at 85 days
posttreatment was shown in 63% of lesions with application of 0.05% gel for 2
consecutive days [92]. Ingenol mebutate was thought to be a safe therapy with a low
incidence of adverse events. Long-term studies with larger sample sizes are indi-
cated to determine recurrence rates [79].

Tranexamic Acid

Tranexamic acid (TXA) is another option for patients with large, locally advanced
tumors who seek palliative care [93]. TXA is a synthetic derivative of the amino
acid lysine that reduces bleeding via inhibition of local fibrinolysis. Specifically, it
blocks plasminogen-binding sites, preventing the conversion of plasminogen into
plasmin.

Locally advanced tumors commonly result in bleeding secondary to local vessel
damage or invasion by the tumor. This may be distressing to the patient and is typi-
cally managed with dressings, cauterization, and radiotherapy. Topical TXA appears
to be a viable alternative for this bleeding.

A recent meta-analysis of 29 trials involving 26 using topical TXA to treat BCC
demonstrated a decrease in blood loss by 29% with no risk of thromboembolic
events such as myocardial infarction, stroke, pulmonary embolism, or deep vein
thrombosis [93, 94]. Clearance and recurrence rates were not assessed [94].

Retinoids

Retinoids interfere with cell proliferation and differentiation via their interaction
with specific cellular and nuclear receptors. They include a variety of vitamin A
(retinol) derivatives including tretinoin, isotretinoin, adapalene, and tazarotene and
are used off-label in the treatment of skin cancer [95]. Available topical formula-
tions used in the treatment of cancerous lesions including BCCs include tretinoin
0.05% and 0.1% cream, isotretinoin 0.1% cream (not commercially available in the
United States), adapalene 0.1% and 0.3% gel, and tazarotene 0.1% gel [95]. Side
effects include erythema, peeling, dryness, burning, and pruritus. Ultraviolet light
may exacerbate these effects [95].
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Tazarotene is a retinoid used for the treatment of plaque psoriasis, acne, and
photodamaged skin. It has been recently reported to inhibit growth of BCC through
activation of caspase-dependent apoptosis [79]. In an open-label clinical trial, taz-
arotene 0.1% gel applied once a day for up to 8§ months produced complete clinical
response in 53% of cases of superficial and nodular BCCs [79]. In another follow-
up study, tazarotene 0.1% gel was applied daily for 24 weeks. At 3-year follow-up,
30.5% of total treated lesions healed without recurrence. Reported adverse effects
included application site reactions including erythema, erosions, pruritus, and burn-
ing [79].

Systemic etretinate, isotretinoin, and acitretin may be used in the management of
BCCs in patients with NBCCS and likely other patients at high risk for developing
multiple BCCs [5, 92, 95]. Doses of 4.5 mg/kg per day of isotretinoin and 1 mg/kg
per day of etretinate are necessary to induce partial regression of the BCCs. As a
result of many side effects, this regimen may be poorly tolerated by some patients.
Cessation of therapy has been associated with relapse of disease [5]. Of note, sys-
temic retinoids are pregnancy category X and use during pregnancy is therefore not
recommended [95].

Systemic Chemotherapy

Systemic chemotherapy regimens have not been well studied given the rarity of
metastatic BCC. However, a recent review of metastatic BCC cases over 30 years at
one institution reported that cisplatin-based regimens are most commonly used
[79]. Platinum-based chemotherapy has also been used to treat metastatic giant
BCC [42]. Additional agents utilized include cisplatin, bleomycin, cyclophospha-
mide, vinblastine, 5-FU, smoothened inhibitors, PD-1 inhibitors, and gefitinib [16,
96-101].

Vismodegib and sonidegib are two FDA-approved oral medications that work
through inhibition of smoothened (SMO) in the Hedgehog pathway [102—107].
While vismodegib was approved by the FDA in 2012, sonidegib was more recently
approved for locally advanced, unresectable, and metastatic BCC in 2015 [108,
109]. These two drugs have an overall reported response rate for locally advanced
and metastatic BCC of 40-50% [110, 111]. Adverse effects are class specific, and
thus, the side effects of sonidegib are similar to those of vismodegib [112, 113].
Common adverse side effects of vismodegib include taste disturbances, muscle
cramps or spasms, weight loss, asthenia, and alopecia [100]. These effects limit
compliance to therapy [100]. Treatment breaks or pulsed therapy may be considered
if side effects are severe [103]. Extended therapy may be indicated in patients at risk
for multiple BCCs.

Two vismodegib dosing regimens were recently evaluated in a randomized,
regimen-controlled, double-blind phase 2 trial [114]. The first regimen consisted of
150 mg per day for 12 weeks and then three rounds of 8 weeks of placebo daily,
followed by 12 weeks of 150 mg daily. Regimen two was comprised of 150 mg per
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day for 24 weeks and then three rounds of 8 weeks of placebo, followed by 8 weeks
of 150 mg daily. Both intermittent dosing schedules demonstrated good efficacy. At
the end of treatment, 66% (76 of 116) of patients in the first treatment group and
50% (57 of 113) of patients in the second group had at least 50% reductions in num-
ber of BCCs from baseline and no new lesions [114].

For unresectable metastatic disease, systemic chemotherapy (i.e., cisplatin and
doxorubicin) alone or with radiation is generally well-tolerated and has provided
long-term disease control [5]. If metastasis is confined to lymph nodes, however,
surgery or surgery plus radiation is often the treatment of choice.

Interferon

Interferon may be utilized in patients for whom surgical therapy is not feasible or in
combination with surgical excision [115]. Local injection with interferon-alpha-2b
at doses of 5 million IU three times per week for 4-8 weeks are typically used [5].
Cure rates when used alone have been reported to be approximately 80% [5]. When
used in combination with surgical excision, cure rates are reported to exceed those
of excision alone [115].

A study by Wettstein et al. evaluated recurrence rates in 23 patients with facial
nodular or solid BCC treated with surgery and perilesional interferon. Patients were
randomized to receive surgical removal with frozen section control followed by a
single perilesional infiltration of either interferon-alpha or Ringer’s lactate.
Recurrences were assessed at 1 year. One patient suffered from a recurrence in the
control group (4%), and no recurrence was observed in the interferon group. Thus,
the authors concluded that a single perilesional infiltration of interferon-alpha was
safe with no incidence of recurrence, although larger studies are required [116].

Adverse events noted in this study included transient, mild to moderate flu-like
symptoms in 95% of patients and asymptomatic leukopenia or neutropenia in 25%.
Other less common adverse events include fever, malaise, rheumatic complaints,
altered psyche, chills, transient leukopenia, and injection site pain and itching [116].

Conclusion

BCC is the most common cancer in the United States. Despite the high prevalence,
there continues to be much to learn about this disease, including the complex
interplay between genetics and environment in the development of BCCs.
Refinement of diagnostic and therapeutic approaches continues to be under active
investigation.
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Chapter 4
Squamous Cell Carcinoma

Eileen Larkin Axibal and Mariah Ruth Brown

Abstract Cutaneous squamous cell carcinoma is an exceedingly common
neoplasm with a rising incidence. It frequently affects individuals who are fair-skinned
with high cumulative ultraviolet radiation exposure, are immunosuppressed, or have a
genetic predisposition. Squamous cell carcinoma can be suspected clinically by an ery-
thematous, hyperkeratotic, tender, infiltrated, or ulcerated papule or plaque. Biopsy with
histopathologic examination is the gold standard diagnostic modality, but several nonin-
vasive techniques for diagnosis are being developed. Features affecting tumor risk
include location, clinical size, depth of extension, histologic subtype, degree of histo-
logic differentiation, recurrence, and immunosuppressed status of patient. Aggressive,
high-risk lesions have the potential to invade surrounding tissue, metastasize, and recur,
resulting in significant morbidity and even death. Mohs micrographic surgery is the
preferred treatment for high-risk tumors, as it affords the highest cure rates, preservation
of normal tissue, and cosmetic outcome. The standard of treatment for low-risk tumors
is conventional surgical excision. Other treatment options include electrodesiccation and
curettage, cryosurgery, radiotherapy, photodynamic therapy, and topical agents. Due to
the risk of tumor recurrence and additional skin cancers, patients with a history of SCC
should undergo regular clinical follow-up with a frequency guided by risk assessment.

Keywords Squamous cell carcinoma - SCC - Non-melanoma skin cancer
- Epidemiology - Risk factors - Prevention - High-risk - Treatment
- Mohs micrographic surgery - Recurrence

Epidemiology

Squamous cell carcinoma (SCC) is the second most common cutaneous and overall
malignancy in the United States, preceded only by basal cell carcinoma (BCC). It
accounts for 20% of all skin cancers [1]. The actual rate of SCC is difficult to estimate
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because cases are not required to be reported to cancer registries. A systematic review
found that, in the United States (US) in 2012, 186,157 to 419,543 Caucasians were
given a diagnosis of cutaneous SCC, 5604 to 12,572 developed nodal metastasis, and
3932 to 8791 died from the disease [2]. The same study concluded that deaths from
SCC may be as common as deaths from renal carcinomas, oropharyngeal carcino-
mas, and melanomas in the Central and Southern United States. A 2017 population-
based study in Minnesota found that the overall incidence of SCC increased by 263%
between 1984 and 2010 and that this increase was disproportionately higher than the
increase in BCCs [3]. Epidemiologic evidence suggests that exposure to ultraviolet
radiation (UVR) and the sensitivity of an individual’s skin to UVR are important for
the development of SCC. Thus, most SCCs occur in fair-skinned individuals on ana-
tomic locations with maximum cumulative sun exposure, specifically the head, neck,
and extremities. A 2012 worldwide systematic review by Lomas and colleagues
found that SCC incidence is consistently higher in white populations than in dark-
skinned populations and generally greater in geographic areas with high ambient
UVR levels [4]. Despite being less common in dark-skinned populations, SCC is the
most common skin cancer in African and Asian Indians and second most common
(behind pigmented BCC) in Hispanics and East Asians (including Japanese and
Chinese patients) [5]. The average age of onset of cutaneous SCC in the United States
is the mid-sixth decade of life. SCC occurs more often in men than in women (ratio
of 1.9:1), and its incidence increases markedly with age in both genders [6]. The dis-
crepancy between genders is thought to potentially reflect traditional role differences
whereby men were more likely to have outdoor occupations and leisure activities and
use less sun protection than women, resulting in higher UVR exposure. Xiang and
colleagues demonstrated a greater gender difference in older versus younger popula-
tions, suggesting that social changes may be leading to less marked differences in
occupation, behavior, and SCC risk between sexes in younger individuals [6].

SCC is estimated to have a lifetime incidence of 7-11% in the United States, and
numerous studies have demonstrated that the population incidence has been increas-
ing for several decades [7-9]. Many factors may be contributing to the increase in
SCC, including earlier detection, population shifts to sunny climates, increase in
cutaneous UVR exposure through outdoor activities and tanning bed usage, deple-
tion of the ozone layer, increase in immunosuppressive drug therapy, and an increas-
ing life expectancy [8]. Despite the increasing incidence of SCC, studies have
demonstrated that mortality is decreasing [10]. This may be due to improved detec-
tion and treatment modalities.

Risk Factors

UV Radiation

Cumulative lifetime exposure to solar UVR is the most important environmental
cause of SCC [11]. Historically, individuals have been exposed to UVR largely
through occupational exposure to sunlight. However, recreational UV exposure has
increased significantly in recent years as a result of outdoor sport/leisure activities



4 Squamous Cell Carcinoma 71

and sun tanning for aesthetic purposes. An individual’s UV exposure is influenced
by factors including latitude, altitude, cloud cover, time of day, and atmospheric
pollution [12]. Ambient sunlight is a mixture of primarily UVA (320—400 nm) and
UVB (290-320 nm) radiation. UVB is a potent stimulator of inflammation and
causes the formation of mutagenic DNA thymidine dimers; it is felt to be the main
driver of keratinocyte photocarcinogenesis. UVA is a potent driver of oxidative free
radical damage to DNA and other macromolecules and also plays a role in carcino-
genesis through different mechanisms [13]. The causality between UVR and SCC
has been demonstrated in numerous ecological, migration, and analytical epidemio-
logic studies [14]. In addition, UVB-specific mutations in the p53 tumor suppressor
gene have been identified in cutaneous SCCs [15]. Exposure to artificial UVR from
indoor tanning is also associated with SCC development. In 2012, Wehrner and col-
leagues performed a systematic review and meta-analysis of 12 studies (9238 total
cases of non-melanoma skin cancer (NMSC)) and concluded that indoor tanning
increases the risk of SCC by 67% [16]. Studies evaluating patients with psoriasis
treated with psoralen and ultraviolet A (PUVA) have also shown an increase in the
incidence of cutaneous SCC. Stern demonstrated, in a 30-year prospective study,
that the risk of developing one or more SCCs in a year was strongly associated with
total number of PUVA treatments in a dose-related fashion [17]. Specifically,
patients exposed to fewer than 150 treatments did not demonstrate a clinically
important increase in risk, those with 151-350 treatments had a moderate increase
in risk, and those with > 350 treatments had a substantial increase in risk (incidence
rate ratio > 6). This potential complication should be considered and discussed with
patients during treatment planning for medical light therapies. Exposure to solar
UVR, indoor tanning, and phototherapy are major modifiable risk factors in the
development of cutaneous SCC.

Immunosuppression

Although BCC is the most common type of skin cancer in the immunocompetent
population, this ratio is reversed and SCC predominates in organ transplant recipi-
ents (OTRs). In OTRs, the risk of BCC development is increased tenfold, while the
incidence of SCC is 65-250 times higher compared to the general population [18,
19]. The lifelong immunosuppressive regimens required to preserve graft function
in OTRs place these individuals at an increased risk of skin cancer. Other constitu-
tional risk factors for the development of posttransplant SCC include increased age;
longer duration of immunosuppressive therapy; increased intensity of immunosup-
pressive therapy; history of increased UV exposure; infection with human papillo-
mavirus (HPV) types 16, 18, and 31; the possession of certain human leukocyte
antigen (HLA) and glutathione S-transferase polymorphisms; easily burned skin;
CD4 lymphocytopenia; male sex; history of actinic keratosis and prior NMSC; blue
or hazel eyes; and birth in a hot climate [20, 21]. A 2017 multicenter retrospective
cohort study examining 10,649 adult OTRs at 26 centers across the United States
demonstrated a SCC incidence rate (IR) of 1355 per 100,000 person-years. This is
in contrast to the population age-adjusted IR of SCC, which is 38 per 100,000.
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The authors also found that increased age, white race, male sex, and thoracic organ
transplantation placed patients at higher risk of posttransplant skin cancer [22].
Specific immunosuppressive medications, such as azathioprine and cyclosporine,
have been linked to the development of posttransplant SCC [23]. Azathioprine, an
antimetabolite, results in the production of 6-thioguanine which photosensitizes
skin to UVA radiation and accelerates photocarcinogenesis [24]. Cyclosporine, a
calcineurin inhibitor, promotes tumor invasiveness and stimulates growth via
VEGF-mediated angiogenesis and allows for keratinocyte survival under condi-
tions of increased genotoxic stress [25]. Mammalian target of rapamycin (mTOR)
inhibitors such as sirolimus and everolimus, in contrast, are associated with a
reduced incidence of posttransplant malignancy [26]. The risk of cutaneous SCC
increases with time since transplant, with the incidence ranging from 10% to 27%
at 10 years and 40% to 60% at 20 years in the United States and Western Europe
[19]. In Australia, the risk of cutaneous SCC at 20 years is as high as 80%. A 2017
study by Ducroux and colleagues demonstrated that, in OTRs with a history of
posttransplant SCC undergoing kidney retransplantation, there is an increased risk
of developing aggressive SCC [27].

Patients with HIV/AIDS and non-Hodgkin lymphoma, including chronic lym-
phocytic leukemia, have also demonstrated an increased incidence and recurrence
rates of SCC (Fig. 4.1a) [28-30]. The risk of SCC may also be increased in rheuma-
toid arthritis patients being treated with TNF-alpha inhibitors compared to patients
undergoing non-biologic therapies [31] and inflammatory bowel disease patients
treated with thiopurines [32]. While it has been proposed that oral glucocorticoid
therapy in the non-OTR population may be associated with increased risk of SCC
[33], the results of one large prospective study did not support this finding [34]. Sun
protection and avoidance, regular skin checks, and education are important in the
immunosuppressed population. Additionally, any immunosuppressed patient with
diagnosed skin cancer should be treated promptly and aggressively to decrease
recurrence and metastases, as SCC in transplant patients tends to grow more rapidly
and results in higher mortality [35].

Familial Syndromes

Several genodermatoses result in an elevated risk of SCC. Patients with xeroderma
pigmentosum (XP) have a germline deficit in DNA repair leading to increased
genomic instability, resulting in a 1000-fold increase in cutaneous malignancies
including SCC. If a patient with XP is not protected from UVR, he or she will develop
NMSC at a median age of 8.5 years [36]. Two subtypes of oculocutaneous albinism
(OCA), OCA1 and OCA2, comprise 80% of OCA cases and are associated with skin
cancer due to insufficient melanin synthesis and melanosome function, respectively.
SCC is the number one skin tumor seen in patients with albinism [37].
Epidermodysplasia verruciformis (EV) is a rare autosomal recessive disease charac-
terized by numerous non-resolving, verrucous skin lesions [38]. The condition is
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Fig. 4.1 (a) Moderately differentiated SCC on the scalp in a patient with HIV (b) Well-
differentiated SCC of the arm in a patient with recessive dystrophic epidermolysis bullosa (c)
Well-differentiated SCC in a burn scar (d) Well-differentiated SCC of the lower lip (e) Moderately
differentiated SCC on the scalp

caused by mutations in the epidermodysplasia verruciformis 1 (EVER1) or EVER2
genes, which encode proteins that regulate zinc homeostasis [39]. These patients have
an abnormal susceptibility to cutaneous HPV infections and an increased risk for the
development of cutaneous SCC. About 30-50% of EV patients will develop SCC,
most commonly in the fourth and fifth decades of life [40]. Some forms of epider-
molysis bullosa (EB) are associated with the development of cutaneous or mucosal
SCC. These SCCs tend to arise at sites of chronic skin blistering, wounds, and scar-
ring (Fig. 4.1b). Multiple primary SCCs often occur, they generally behave more
aggressively than conventional SCCs, and they carry a significant morbidity and mor-
tality for patients [41]. SCC is the leading cause of death in individuals with recessive
dystrophic EB (RDEB), especially the Hallopeau-Siemens subtype (RDEB-HS). A
review of the National EB Registry from 1986 to 2006 revealed that the risk of a
RDEB-HS patient having at least one SCC is 7.5% by age 20, 67.8% by age 35,
80.2% by age 45, and 90.1% by age 55 [42]. The same study demonstrated the cumu-
lative risk of death from SCC as 38.7%, 70.0%, and 78.7% by ages 35, 45, and 55,
respectively. Other genodermatoses that are associated with cutaneous SCC are dys-
keratosis congenita, Rothmund-Thomson syndrome, Bloom syndrome, Werner syn-
drome, Muir-Torre syndrome, Huriez syndrome, and Fanconi anemia [36].
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Chronic Wounds, Scars, and Skin Disorders

SCC may arise in sites of chronic wounds, inflammation, osteomyelitis, sinus
tracts, ulcers, and scars (Fig. 4.1c) [43]. A Marjolin’s ulcer is a rare and fre-
quently aggressive cutaneous malignancy that arises within previously trauma-
tized and chronically inflamed skin — especially after burns — and often presents
30-40 years after the injury [8]. To date, no concrete pathogenesis for the devel-
opment of Marjolin’s ulcers in burns or other wound types has been elucidated.
Theories are numerous and include the idea that decreased vascularity com-
bined with weakened epithelium creates a susceptibility of chronic wounds to
carcinogens, prolonged attempts at wound healing parallel the generation of
tumor stroma and cellular atypia, chronic irritation leads to malignancy, ele-
vated expression of proto-oncogenes occur in wounds, and avascular scar tissue
in chronic wounds interferes with lymphocyte mobility and results in impaired
antitumor immune surveillance [44]. Chronic dermatoses associated with an
increased risk for the development of SCC include porokeratosis, discoid lupus,
lupus vulgaris, lichen sclerosus et atrophicus, lymphogranuloma venereum,
granuloma inguinale, lichen planus, acne conglobata, hidradenitis suppurativa,
dystrophic epidermolysis bullosa (EB), nevus sebaceous, erythema ab igne, and
others [43].

Viruses

Human papillomavirus (HPV) may act as a cocarcinogen with other factors to
increase the risk of cutaneous SCC. A 2014 meta-analysis by Wang and col-
leagues found that SCCs were more likely to carry HPV than normal-appearing
skin and that SCCs in immunosuppressed patients have an increased prevalence
of HPV compared to immunocompetent patients [45]. This association does not
imply causality; however, the absence of detectable HPV in many SCCs may
mean that the virus is implicated in initiation, but not promotion or mainte-
nance, of carcinogenesis [46]. It has been hypothesized that HPV may inhibit
cellular DNA repair or apoptosis mechanisms, making cells more susceptible to
UVR damage. Conversely, UVR may have a temporary immunosuppressive
effect on the skin, allowing HPV to evade the immune system [45]. HPV types
5 and 8 are associated with SCC in epidermodysplasia verruciformis [47]. HPV
types 6, 11, 16, and 18 are commonly found in SCC of the anogenital region,
and type 16 is associated with periungual SCC [8]. Verrucous carcinoma has
been associated with both low-risk (types 6 and 11) and high-risk (types 16 and
18) types of HPV [40].
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Ionizing Radiation

The carcinogenic effects of ionizing radiation are well documented; exposure
results in a threefold increased risk of NMSC [48]. In the 1940s and 1950s, low-
energy radiation became a popular therapy for several benign cutaneous dis-
eases, including acne, dermatitis, hypertrichosis, tinea capitis, hemangioma,
congenital nevus, and cysts. In addition to therapeutic exposure, occupational
exposure to ionizing radiation occurs in healthcare professionals, technicians,
and engineers [43]. The risk of radiation-induced SCC is proportional to cumu-
lative dose. Exposure to UVR is considered an additive cocarcinogen. The aver-
age latency period for development of SCC is approximately 21 years but may
be as long as 60 years [43]. X-rays pose the greatest risk, but more superficial
penetrating Grenz rays and gamma rays also cause SCC [8]. Fair-skinned
(Fitzpatrick skin types 1 and 2) individuals have a higher risk of radiation-
induced skin cancers [49].

Other Medications

Cutaneous SCCs are common findings in melanoma patients treated with BRAF
inhibitors. The discovery of frequent RAS mutations in cutaneous SCCs that
develop in patients treated with BRAF inhibitors suggests that a paradoxical
activation of the MAP kinase signaling pathway may lead to accelerated growth
of these tumors [50]. Voriconazole is a widely prescribed antifungal medication
used for prevention and treatment of invasive fungal infections, often in organ
transplant recipients. Due to the frequent reports of SCC in patients on voricon-
azole, numerous cohort studies have established that voriconazole is an indepen-
dent risk factor for the development of cutaneous malignancy. The mechanism
by which voriconazole increases risk of skin cancer is not entirely clear, but the
drug’s phototoxic properties and the primary metabolite voriconazole N-oxide
may be implicated [51].

Occupational/Chemical Exposures

Exposure to arsenic, polycyclic aromatic hydrocarbons, pesticides, and herbi-
cides result in an increased risk of SCC [52—-54]. Numerous cases of scrotal SCC
have been reported in men due to exposure to occupational carcinogens includ-
ing soot, lubricating oils, and cutting oils [55].
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History of Non-melanoma Skin Cancer

Within 5 years after treatment of an index SCC, there is a 30-50% increased risk
of developing another primary SCC [56, 57]. Marcil and Stern demonstrated that
the 3-year cumulative risk of developing an SCC in patients with a prior BCC is
low — 6% within 3 years [58].

Prevention

Sun Protection

Sun protection practices include wearing wide-brimmed hats and clothing cover,
wearing sunscreen, staying out of the sun in the middle part of the day, and using
shade [14]. The majority of behavioral interventions aiming to decrease sun expo-
sure have been measured by reduction in frequency of sunburns or tanning
response rather than development of actinic neoplasms. Evidence, in the form of
randomized controlled trials, that has validated sun protection as safe and effective
in preventing actinic keratoses (AKs) and SCC primarily relates to sunscreen use.
An Australian randomized control trial evaluating regular application of a broad-
spectrum sun protection factor (SPF) 15+ sunscreen compared with discretionary
use sunscreen showed a 40% reduction in SCC in an 8-year follow-up period [59].
Another study estimated that 9.3% of Australians (14,192 people) who would oth-
erwise have developed cutaneous SCC in 2008 had their cancers prevented through
regular sunscreen use [60]. A 2003 study evaluating development of AKs demon-
strated that, over a 2-year period, individuals randomized to daily sunscreen appli-
cation had a 24% reduction in AKs compared to those with discretionary use [61].
Consensus from numerous reviews on sun protection outreach efforts is that
patient-directed educational and behavioral interventions are effective in improv-
ing sun-protective behaviors. Thus, regular education and advice about primary
prevention should be routine clinical practice with all patients but especially with
parents of newborn children, primary school children, adolescents, young adults,
and organ transplant recipients [14].

Nicotinamide, Difluoromethylornithine, and Retinoids

Nicotinamide (vitamin B3) is reported to have a range of photoprotective effects
including enhancing DNA repair, reducing UVR-induced suppression of skin
immune responses, modulating inflammatory cytokine production and skin barrier
function, and restoring cellular energy levels after UV exposure [62]. The ONTRAC
(Oral Nicotinamide to Reduce Actinic Cancer) phase III double-blinded
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randomized controlled trial assessed the safety and chemopreventive efficacy of
oral nicotinamide in high-risk patients with a history of SCC. After 12 months,
patients who took nicotinamide 500 mg twice daily had a 30% lower rate of new
SCCs than placebo [63]. Another oral agent, difluoromethylornithine (DFMO), has
also been studied for its potential to prevent non-melanoma skin cancer. Kreul and
colleagues reported a retrospective review of long-term efficacy and toxicity for
subjects participating in a phase III study of DFMO; they concluded that those
treated with DFMO had a nonsignificant, persistent decrease in NMSC after com-
pletion of treatment and that treatment did not result in late toxicity after discon-
tinuation [64]. Topical and systemic retinoids — derivatives of vitamin A — have also
been investigated as a means of chemoprevention against the development of SCCs.
The evidence on the effect of tropical tretinoin for prevention of NMSC has been
debated [65]. The largest trial by Weinstock and colleagues demonstrated that, in
1131 high-risk patients randomized to topical 0.1% tretinoin or a matching vehicle
for 1.5-5.5 years, there was no difference in any precancer or cancer-related end
points [66]. Regarding oral therapy, Harwood and colleagues performed a retro-
spective evaluation of the efficacy of low-dose systemic retinoids (etretinate and
acitretin) for chemoprevention of SCCs in a population of 32 OTRs with at least
one histologically proven SCC; they found that those who received prophylactic
systemic retinoids at dosages of 0.2-0.4 mg/kg/d developed significantly fewer
SCCs in the first 3 years of treatment, the effect was sustained for at least 8 years,
and there was a well-tolerated side-effect profile [67]. Similarly, George and col-
leagues demonstrated, in a prospective randomized crossover trial including 23
renal transplant patients, that the number of SCCs observed during acitretin therapy
was 43% lower than during the drug-free control arm [68]. Systemic retinoids are
teratogens and should be used with caution in women of childbearing age. Further
studies on these, and other potential chemopreventive agents, are warranted.

Clinical Presentation and Differential Diagnosis

Squamous Cell Carcinoma In Situ

SCC in situ (SCCIS) — often called Bowen’s disease — typically presents as an
erythematous scaly patch or minimally elevated plaque on sun-exposed skin. Most
commonly, SCCIS affects the head and neck, followed by the extremities and
trunk. Because it is often related to HPV infection, SCCIS in the anogenital region
(also called Bowenoid papulosis) may occur more prominently in young adults
[69]. Bowenoid papulosis carries a 2.6% risk of transformation to invasive SCC
[40]. SCCIS may arise from a preexisting actinic keratosis (AK) or de novo.
SCCIS may be confused clinically with inflammatory conditions like psoriasis and
nummular dermatitis, actinic keratosis, seborrheic keratosis, superficial BCC,
amelanotic melanoma, and extramammary Paget’s disease (Fig. 4.2a—d).
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Fig. 4.2 (a) Clinical — squamous cell carcinoma in situ on the forehead (b) Clinical — squamous
cell carcinoma in situ on the cheek (c) Clinical — squamous cell carcinoma in situ of the penis (d)
Clinical — Bowenoid papulosis of the vulva and perineal area (Figures courtesy of the Fitzsimons
Army Medical Center Collection (Public Domain))

Invasive Squamous Cell Carcinoma

Cutaneous SCC most often presents in sun-exposed areas — with lip and ear lesions
being particularly aggressive — as a hyperkeratotic, tender, or ulcerated growth
(Fig. 4.1d) [69]. Most SCCs arise within the context of a preexisting AK, but the rate
of transformation of AK to SCC is low; a 2013 systematic review of 24 studies dem-
onstrated that progression rates of AK to SCC ranged from 0% to 0.075% per lesion
per year, with an increased risk of 0.53% in patients with prior history of non-
melanoma skin cancer [70, 71]. One 1997 meta-analysis reported that up to 20% of
individual AKs progress to SCC each year [72]. Rates of regression of single AKs
range between 15% and 63% after 1 year [70]. The progression of AKs has been
shown to be more common in lesions with persistent beta-HPV infections [73]. When
a SCC arises de novo, it can present as an asymptomatic or tender papule, plaque, or
nodule that enlarges over time and can become ulcerated or necrotic (Fig. 4.1e) [74].
SCCs may infiltrate beyond the visible borders of the lesion and can invade through
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the fascia, periosteum, perichondrium, and neural sheath in aggressive cases. The
differential diagnosis of SCC often depends on tumor location and appearance.
Invasive SCC may be confused clinically with hypertrophic actinic keratosis,
inflamed seborrheic keratosis, verruca vulgaris, or any persistent nodule, plaque, or
ulcer on sun-damaged skin, prior irradiated regions, old burns, scars, and on the lips
and genitals [20] (Fig. 4.1).

Keratoacanthoma

Keratoacanthoma (KA) is considered a less-aggressive, potentially self-resolving
squamous neoplasm that presents as a rapidly growing, well-circumscribed, dome-
shaped nodule with central keratin plug and crateriform appearance (Fig. 4.3a).
After resolution, a KA may leave an atrophic scar. KAs can be solitary, multiple,
grouped, giant, constantly enlarging (KA centrifugum marginatum), multiple spon-
taneously regressing (Ferguson-Smith disease), and generalized eruptive
(Grzybowski syndrome). They may be associated with sun exposure, immunosup-
pression, trauma, and genetic syndromes including Muir-Torre syndrome and XP
[75]. Due to reports of cases of KAs behaving aggressively and metastasizing, the
clinical perspective of this tumor has evolved in the last 30 years toward viewing it
as a subtype of SCC (squamous cell carcinoma, keratoacanthoma type) rather than
its own separate entity. The difficulty with clear histopathological differentiation
between SCC and KA favors the current classification. KAs should be treated with
the same modalities as well-differentiated SCCs, but overaggressive treatment
resulting in functional impairment or aesthetic disfigurement should be avoided
[75]. The differential diagnosis for a KA often includes verruca vulgaris, BCC,
prurigo nodule, and others (Fig. 4.3).

Fig. 4.3 Clinical keratoacanthoma and verrucous carcinoma (a) Keratoacanthoma of the upper
cutaneous lip (b) Verrucous carcinoma of the foot (Figures courtesy of the Fitzsimons Army
Medical Center Collection (Public Domain))
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Verrucous Carcinoma

A verrucous carcinoma is rare variant of SCC characterized by a well-defined,
exophytic, cauliflower-like growth affecting the penis, scrotum, or perianal region
(Buschke-Loewenstein tumor), plantar foot (epithelioma cuniculatum), or oral
mucosa (oral florid papillomatosis, Ackerman tumor) (Fig. 4.3b). These are com-
monly associated with HPV infection. While verrucous carcinomas often recur
locally after removal and can cause extreme local tissue destruction, they have
very low metastatic potential [76]. Verrucous carcinomas are often difficult to dis-
tinguish from a large verruca, condyloma acuminata, or seborrheic keratosis.

Diagnosis

The gold standard for diagnosis of any clinically suspicious cutaneous lesion is
biopsy with histologic evaluation. Depending on the size, location, and antici-
pated treatment approach of the tumor, an incisional biopsy, punch biopsy, shave
biopsy, or excisional biopsy of the entire lesion may be performed. Routine
hematoxylin and eosin (H&E) stains are used to confirm the diagnosis in most
instances. However, in cases of diagnostic uncertainty, immunohistochemical
markers, such as AE1/AE3 (pancytokeratin), p53, and epithelial membrane anti-
gen (EMA), can be used [77]. In addition to biopsy, any patient with suspected
or confirmed SCC should undergo a full skin examination with palpation of
regional lymph node basins for evidence of coexisting tumors and metastatic
disease, respectively.

In recent years, noninvasive diagnostic aides have garnered attention.
Dermoscopy is a technique whereby a practitioner uses a handheld, 10x magni-
fication dermatoscope to noninvasively evaluate colors and microstructures of
the epidermis and superficial dermis that are otherwise not visible to the naked
eye. This diagnostic method may be helpful in identifying features of SCC,
including keratin scale/crust, white circles, white structureless areas, ulceration,
and glomerular or hairpin vessels [78]. Reflectance confocal microscopy (RCM)
is a noninvasive optical imaging technique that allows high-resolution visualiza-
tion images of the skin of the epidermis and papillary dermis (to an imaging
depth of 200 pm) in real time, at near histologic resolution [79]. RCM relies on
a low-power laser that emits near-infrared light (830 nm) and allows only light
back-reflected from a desired focal point within the skin to enter the detector.
Under RCM, SCC shows an atypical honeycomb or disarranged pattern of the
spinous-granular layer of the epidermis, round nucleated bright cells in the epi-
dermis, and round vessels in the dermis [80]. Optical coherence tomography
(OCT) and high-frequency ultrasound (HFUS) are also emerging as potential
tools in the evaluation of tumor size and characteristics in patients with sus-
pected or confirmed SCC [81, 82].
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Pathology

Histopathology of SCCIS (Bowen’s disease) demonstrates a broad area of full-
thickness atypia of the epidermis with nuclear pleomorphism, apoptosis, and mito-
ses (Fig. 4.4a). The atypical keratinocytes commonly extend down the adnexa but
do not invade into the dermis. Invasive SCC is characterized by strands and lobules

Fig. 4.4 Pathology (a) Squamous cell carcinoma in situ (b) Keratoacanthoma (c¢) Verrucous
carcinoma (d) Well-differentiated squamous cell carcinoma (e) Poorly differentiated squamous
cell carcinoma
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of atypical, glassy, brightly eosinophilic keratinocytes infiltrating into the dermis.
Keratoacanthomas are comprised of well-differentiated, minimally atypical, bright
pink keratinocytes surrounding a core filed with cornified material (Fig. 4.4b). Often
a lymphocytic and eosinophilic inflammatory infiltrate is present. Verrucous carci-
nomas show papillomatosis, keratinocyte proliferation invading the dermis in a
“pushing” manner, and minimal cytologic atypia; the histologic appearance is sur-
prisingly benign [40] (Fig. 4.4c).

SCCs range from well-differentiated (minimal pleomorphism, prominent kerati-
nization, extracellular keratin pearls) (Fig. 4.4d) to poorly differentiated (pleomor-
phic nuclei with high degree of atypia, frequent mitoses, few or no keratin pearls)
[74] (Fig. 4.4e). Histologic variants of SCC include acantholytic or adenoid, paget-
oid, small cell, basosquamous, single cell, clear cell, lymphoepithelial, verrucous,
adenosquamous (mucin-producing), desmoplastic, sclerosing, infiltrating, pig-
mented, sarcomatoid, and spindle cell [8]. In addition to grade of differentiation and
histologic subtype, histopathologic evaluation should assess tumor depth; level of
dermal invasion; presence of perineural, lymphatic, or vascular invasion; and mar-
gin status. Because there are no defined criteria for assigning histologic subtype and
grade of differentiation for cutaneous SCC, there is expected interobserver variabil-
ity in pathologic diagnoses.

High-Risk SCC

While the majority of patients with SCC have excellent outcomes, 3.7-5.2% of
patients develop lymph node metastasis, and 1.5-2.1% die from their disease [83—
85]. Approximately 85% of metastases involve regional lymph nodes, followed by
metastases to the lungs, liver, brain, skin, and bone [74] (Fig. 4.5a, b). The following
parameters have been established as high-risk prognostic factors in several studies:
tumor location (ear, lip, and areas of long-lasting chronic ulcers or inflammation),
clinical size (>2 cm), histological depth extension (beyond the subcutaneous tissue),
histologic subtype (acantholytic, spindle, and desmoplastic subtypes), degree of dif-
ferentiation (poorly differentiated or undifferentiated), recurrence, and immunosup-
pressed status [83, 86, 87] (Fig. 4.5c, d). In 2016, Thompson and colleagues
completed the largest meta-analysis of SCC risk factors to date — including 36 stud-
ies with 17,248 patients and 23,421 SCCs — and their findings validated many of
these previously reported high-risk features. They found that tumor depth >2 mm
was associated with the highest increased risk of local recurrence and tumor size
>20 mm was associated with the highest increase in disease-specific mortality [88].
They also found that tumor location on the temple was associated with an increased
risk of metastasis; this location had not previously been acknowledged as high-risk
(Fig. 4.5¢, ).
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Fig. 4.5 High-risk SCC (a) Moderately differentiated SCC on the ear in-patient with a pal-
pable lymph node in the neck (b) Fine-needle aspirate of lymph node of patient in image 5A
with metastatic SCC visualized (c¢) Poorly differentiated SCC of the ear (d) Intravascularly
invasive SCC seen on Mohs frozen section histology from case ¢ (e¢) Moderately differentiated
SCC of the left temple with perineural invasion (f) Perineurally invasive SCC on Mohs frozen
sections from case e
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There are currently three available staging systems for cutaneous SCC: the
American Joint Committee on Cancer (AJCC) Cancer Staging Manual, the Union
for International Cancer Control (UICC) system, and the Brigham and Women’s
Hospital (BWH) staging system [§9-91]. The AJCC and UICC systems were devel-
oped based on expert consensus, and the BWH system was developed by a single
institution as an alternative staging system in an attempt to more accurately stratify
risk. In the AJCC and UICC systems, T2 defines high-risk tumors based on tumor
width > 2 cm (AJCC and UICC) or tumor width < 2 cm with 2-5 high-risk features
including tumor thickness > 2 mm, Clark level IV or higher, perineural invasion,
location on ear, location on vermilion lip, and poor differentiation (AJCC). The
BWH system is based on a retrospective review of 256 primary high-risk cutaneous
SCCs and was proposed in 2013 to further stratify the many heterogeneous tumors
that fall under the T2 umbrella. The authors identified four factors that make tumors
high-risk: poor differentiation, perineural invasion of at least 0.1 mm, tumor diam-
eter >2 cm, and invasion beyond subcutaneous fat. The proposed stratification
defines T1 tumors by O risk factors, T2a by 1 risk factor, T2b by 2-3 risk factors, and
T3 by > 4 risk factors or bone invasion. The authors of the BWH staging system
found that T2b encompassed 19% of the tumors but 72% of nodal metastases and
83% of deaths from SCC [89]. A 2017 study by Gonzalez and colleagues compared
the BWH and AJCC systems for staging SCCs in immunosuppressed patients and
found that the BWH staging criteria was better at risk stratifying SCC in this popu-
lation [92]. Another study by Stevenson and colleagues validated the staging system
and identified hematologic malignancy as a comorbidity also associated with poor
outcome [93] (Table 4.1).

Work-Up of High-Risk Lesions

Patients with high-risk SCC are at risk of developing nodal metastasis. The risk of
tumor recurrence and mortality increases with nodal size and number of involved
nodes [94] (Fig. 4.5a, b). In patients with lymph node metastasis, 5-year survival
decreases to 46-70% [95]. It is possible that early detection of subclinical nodal
metastasis could lead to fewer deaths from SCC [96]. Lymph node ultrasound is
recommended in individuals with high-risk tumors [97]. If abnormal lymph nodes
are identified on clinical exam or imaging studies, histologic confirmation should be
obtained with a fine-needle aspiration (FNA) with ultrasound (US) guidance;
US-guided FNA has been found to be more sensitive and specific than conventional
FNA [98]. If the FNA is negative, repeat imaging, repeat FNA, or sentinel lymph
node biopsy (SLNB) should be considered, especially because FNA can produce
false-negative results in certain situations (i.e., in patients with a history of radia-
tion) [8, 99]. Currently SLNB is not the standard of care for work-up of cutaneous
SCC but is gaining interest due to its high negative predictive value, low false-neg-
ative rate, and low risk of complications [100]. Schmitt and colleagues found that
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Table 4.1 Risk factors for Ultraviolet radiation
cutaneous squamous cell I .

. mmunosuppression
carcinoma

Organ transplant recipients
HIV/AIDS
Chronic lymphocyte leukemia

Non-Hodgkin lymphoma

Familial syndrome

Xeroderma pigmentosum

Oculocutaneous albinism

Epidermodysplasia verruciformis

Epidermolysis bullosa

Dyskeratosis congenital

Rothmund-Thomson syndrome

Bloom syndrome

Werner syndrome

Muir-Torre syndrome

Huriez syndrome

Fanconi anemia

Chronic wounds

Human papillomavirus

Radiation

Medications
BRAF inhibitors
Voriconazole

Azathioprine

Cyclosporine

History of non-melanoma skin cancer

Occupational chemical exposure

Arsenic

Polycyclic aromatic hydrocarbons

Pesticides
Herbicides

positive SLNB most often occurs in high-risk T2b tumors (BWH staging) [101].
A 2015 review by Navarrete-Dechent and colleagues concluded that SLNB can
detect occult nodal metastases in patients at risk and, due to its higher precision than
imaging studies and decreased invasiveness compared with lymph node dissection,
it may gain utility for staging of high-risk SCC [94].

In patients with positive lymph node biopsies or large infiltrating tumors with
signs of involvement of underlying structures, additional imaging studies may be
required to assess for tumor extent and metastasis. A 2017 study of 108 high-risk
(BWH T2a or T3) SCCs found that, of the 45 patients that underwent imaging
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(58% for staging, 33% for evaluation of clinically suspicious or known disease),
management was altered and disease-related outcomes were improved in 33%
[102]. The majority (69%) received one type of study, and the remainder under-
went two studies. The most common imaging modality used was computed
tomography (CT) scan (79%) followed by positron-emission tomography (PET)/
CT (21%) and magnetic resonance imaging (MRI) (19%). In terms of choosing
imaging modality, CT and MRI can identify soft tissue infiltration, bony erosion,
and lymph node involvement, while PET can detect metastases especially in areas
of necrosis, dense fibrosis, or scarring from radiation therapy [8]. CT with con-
trast is typically the initial imaging study in the preoperative evaluation of head
and neck SCCs, as it offers superior spatial resolution compared to MRI [103]. If
the patient experiences neurological symptoms concerning for perineural inva-
sion, MRI is preferred.

Treatment

The goals of treatment of cutaneous SCC include complete removal of the tumor,
minimizing the risk of recurrence and metastasis, restoring normal function of the
tissue, and achieving optimal cosmetic outcome. Cure rate should be the main con-
sideration in choosing therapy in almost all cases [8]. In 1992, Rowe and colleagues
published a 50-year review of outcomes based on numerous treatment modalities
for primary and recurrent cutaneous SCC [87]. As a whole, treatment of primary
tumors has a significantly higher success rate than treatment of persistent or recur-
rent tumors, highlighting the importance of selecting the most effective initial ther-
apy. After recurrence, the risk that a SCC spreads to lymph nodes and/or metastasizes
is 25-45%, depending on tumor location [104].

Low-Risk Tumors

Conventional surgical excision is the treatment of choice for any low-risk invasive
SCC, as it allows confirmation of the tumor type and assessment of the margins on
histopathology. A study by Brodland and Zitelli demonstrated a 95% cure rate for
well-defined, low-risk tumors (<2 cm in size; not occurring on the ears, lips, eyelids,
nose, or scalp; and not invading the fat) using a 4 mm surgical resection margin
[105]. The European consensus-based interdisciplinary guidelines recommend a
standardized minimal margin of 5 mm for low-risk tumors (<6 mm with no high-risk
features) [74]. While many other destructive or topical options are available, they are
not preferred because failure of these techniques often ultimately leads to surgery
anyway. In situations when a patient is unable or refuses to undergo surgery, how-
ever, destructive (radiation therapy, cryosurgery, electrodessication and curettage
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(ED&C), photodynamic therapy (PDT)) or topical (imiquimod, 5-fluorouracil,
diclofenac, ingenol mebutate, chemical peel) modalities can be used [74]. These
options may also be used in patients where the tumor is growing in a “field” of back-
ground actinic damage. Intralesional chemotherapy (methotrexate, 5-fluorouracil, or
bleomycin) may also be considered in select patients and has often been used for the
treatment of keratoacanthoma [75]. Importantly, both topical and destructive treat-
ments do not allow for histological examination of the margin. Clinical follow-up is
important to monitor for tumor recurrence.

External beam radiation has been reported to have an 80% 5-year cure rate of
SCC [8]. Due to the poor quality of irradiated tissue and the chance for tumor induc-
tion 20-30 years posttreatment, radiation should be reserved for patients >50 years
old with contraindications to surgery. Brachytherapy, a form of radiation therapy
that places the radiation source close to the treated area, may have advantages rela-
tive to conventional external beam radiation in particular patients [106]. A 2016
review of the literature found that brachytherapy for the treatment of non-melanoma
skin cancer was well tolerated with acceptable toxicity and a high local control rate
of 97% (median); SCC control rates were not specified [107]. Cryosurgery should
be considered only for small, low-risk tumors because of the low cure rates achieved
when the technique is used for high-risk lesions [108]. ED&C should be used to
treat only small, low-risk, well-circumscribed, non-recurrent SCCs on the trunk,
arms, or legs; it should not be used to treat tumors on terminal hair-bearing skin
because of the risk of tumor extension along follicular structures [109]. PDT using
[1] 20% topical aminolevulinic acid (ALA) in combination with a blue light source
or [2] the methyl ester of ALA (MAL) under occlusion in combination with a red
light source is approved by the FDA for the treatment of AKs. While some studies
show reasonable results using ALA-PDT and MAL-PDT for the treatment of
SCCIS, a study of 6 invasive SCCs treated with a series of 4 ALA-PDT treatments
every other day showed only 33% (2/6 cases) pathologic clearance at a median
follow-up time of 29 months [110-112]. Cyclic PDT treatments may be beneficial
for prevention of NMSC in organ transplant recipients [113].

The FDA has approved three topical medications for the treatment of AKs:
5-fluorouracil cream (Efudex; Valeant Pharmaceuticals International, Bridgewater,
NIJ), imiquimod cream (Aldara; Medicis Pharmaceuticals, Scottsdale, AZ), and
ingenol mebutate gel (Picato; Leo Pharma, Parsippany, NJ). While these medica-
tions are not FDA approved for the treatment of SCC in the United States, they may
be considered under limited circumstances. Two studies of the efficacy of
5-fluorouracil cream revealed a 48—69% SCCIS clearance rate 1 year after a 4-week
treatment regimen [111, 114]. The daily application of imiquimod for 16 weeks has
demonstrated a 73-87.5% cure rate for SCCIS [115, 116]. Ingenol mebutate is a
newer medication that has demonstrated clinical benefit for the treatment of multi-
ple actinic keratoses and field cancerization, but no human studies for the treatment
of SCC have been done. Successful treatment of SCC tumors with ingenol mebutate
has been demonstrated, however, in a mouse model [117].
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High-Risk Tumors

Mohs micrographic surgery (MMS) is a technique that allows for the complete
assessment of all deep and peripheral margins using intraoperative en face frozen
sections — compared to standard vertical sectioning, where < 1% of the peripheral
and deep margins is examined — with the added goal of sparing as much unaffected
tissue as possible while still controlling disease. Rowe and colleagues found that
MMS allows for the highest cure rates for both primary and recurrent SCCs of the
skin, lip, and ear [87]. Due to the longer duration of therapy, higher costs, and need
for specialized staff, MMS should be reserved for high-risk tumors or low-risk
tumors in anatomic sites where conventional excision may result in significant func-
tional impairment. To guide clinicians, the appropriate use criteria (AUC) for MMS
was developed by national dermatology organizations in 2013 [118]. Based on the
expert opinions of a 17-member panel regarding 270 clinical scenarios, the AUC is
a tool that advises when MMS is an appropriate treatment option for a particular
skin cancer. The document does recognize, however, that other acceptable approaches
may also exist. Mohs surgery is a safe outpatient procedure with a low complication
rate. A 2013 multicenter prospective cohort study by Alam and colleagues demon-
strated only 149 adverse events (0.72%) among 20,821 MMS procedures [119]. Of
the adverse events, 61.1% were infections, 20.1% were wound dehiscence or partial
or full tissue necrosis, and 15.4% were related to bleeding or hematomas. There
were four serious events (0.02%) and no deaths. If MMS is unavailable, the next best
options for treatment of high-risk SCCs include excision with frozen section analy-
sis of the complete peripheral and deep margins or “slow Mohs™ utilizing rush paraf-
fin sections for margin control and subsequent delayed closure [8] (Fig. 4.6a—c).

Adjuvant radiotherapy (ART) may benefit some patients with high-risk
SCC. While there is no consensus as to when ART should be utilized, it may be
beneficial in those with uncertain or positive surgical margins or with more advanced
nerve involvement (involvement of named nerves, nerves 0.1 mm or greater in
diameter, or with clinical or radiologic evidence of nerve invasion) [120].

Oral targeted therapies that aim to block the growth of SCC from a molecular
standpoint are under active investigation. Prior studies have demonstrated that up to
80% of cutaneous SCCs and 100% of metastatic SCCs express epidermal growth

L o Btde

Fig. 4.6 Mohs surgery (a) Well- to moderately differentiated SCC on the scalp (b) Histologic
appearance of tumor on Mohs frozen sections (c) Final Mohs defect with clear surgical margins



4 Squamous Cell Carcinoma 89

factor receptor (EGFR) [121]. Cetuximab, erlotinib, and gefitinib are small molecule
tyrosine kinase inhibitors that target the intracellular portion of EGFR [122, 123].
Cetuximab has been used to treat a wide array of cancers and has been used off-label
to treat advanced cutaneous SCC over the past 10 years. A 2017 study by Trodello
and colleagues showed that, of nine patients with metastatic SCC treated between
1989 and 2014 with cetuximab, six (67%) obtained a complete response with a
median disease-free survival of 25 (range 3—48) months and one (11%) obtained a
partial response [124]. The combination of EGFR inhibitors with other immuno-
modulators is also allowing for new therapeutic approaches [122]. Programmed cell
death 1 protein (PD-1) inhibitors are recently being investigated for their potential
role in managing advanced cutaneous SCC. When the PD-1 receptor is bound by its
ligands, T-cell activation and proliferation, which is essential for antitumor activity,
is suppressed. Blocking the receptor with an anti-PD-1 antibody (i.e., pembroli-
zumab) allows for potent and durable T-cell responses. Stevenson and colleagues
reported a case of locally advanced cutaneous squamous cell carcinoma that, after
four cycles of pembrolizumab, achieved nearly complete tumor regression; there
continued to be no evidence of disease after 11 months of maintenance therapy
[125]. PD-1 inhibition for SCC is an active area of investigation and publication
[126, 127]. Caution is advised in treating OTR patients with PD-1 inhibitors as there
is arisk of transplant rejection. Cisplatin is a cytotoxic agent that acts by introducing
cross-links into DNA, thereby interfering with mitosis and cell division. It has been
used to treat cutaneous SCC. Of 60 SCC patients treated with cisplatin between 1989
and 2014, 13 (22%) achieved a complete response with median disease-free survival
of 14.6 (range 3-112) months and 14 (23%) had a partial response [124]. There is
some anecdotal evidence for adjuvant oral retinoids and oral capecitabine (an ana-
logue of 5-FU) in the treatment of advanced SCC, but the data support more of a
chemopreventive role for these agents in high-risk groups including OTRs on chronic
immunosuppression [123].

Follow-Up

Patients who have had one SCC have a 30-50% risk of another non-melanoma skin
cancer within 5 years. They are also at increased risk of melanoma [58, 128, 129].
For this reason, patients with a history of invasive or high-risk SCC should be fol-
lowed regularly for full skin and lymph node examinations. The recommended fol-
low-up period is every 3—6 months for the first 2 years, every 6—12 months for the
next 3 years, and then annually thereafter. Patients with regional metastatic disease
should be seen more frequently: every 1-3 months for the first year, every 2—4 months
for the second year, every 4—6 months up to 5 years, and then every 6—12 months
thereafter [8]. The first 2 years after diagnosis is the most critical follow-up period,
since 75% of local recurrence and metastases occur within this time period [74].
High-risk patients with immunosuppression, genetic predisposition, and/or prior
multiple SCC should be monitored with an increased frequency long term.
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Chapter 5
Melanoma In Situ

Charles Thomas Darragh and Anna S. Clayton

Abstract Melanoma in situ (MIS) is defined as a malignant melanocytic tumor
restricted to the epidermis. According to recent database statistics, it is the fastest-
growing cancer in the United States with a 9.5% annual incidence increase.
Melanoma in situ is not a dangerous tumor and is classified as stage 0. Patients
diagnosed with MIS have the same life expectancy as the general population. It is
important to remember the ABCDEs of melanoma when evaluating for lesions sus-
picious of melanoma in situ. There are several clinical subtypes, most notably len-
tigo maligna, which is found on sun-damaged sites. Diagnosis of MIS is made with
histopathology, often with accompanying immunohistochemical stains including
SOX 10 and Melan-A. It can be very difficult to determine severely sun-damaged
skin versus MIS lesions under the microscope, and this remains a challenge for
dermatopathologists. Once a diagnosis of MIS is made, it can be treated with sev-
eral surgical options. These options include wide local excision, Mohs micrographic
surgery, and staged excision or “slow Mohs.” In certain circumstances, imiquimod
or radiation could be considered for adjuvant therapy. After diagnosis of MIS,
patients should be followed closely with every 3- to 6-month skin checks.

Keywords Melanoma in situ - ABCDEs - Lentigo maligna - Mohs micrographic
surgery - Wide local excision - Staged excision - Imiquimod - Dermoscopy - Sox
10 - Dermatopathology

Overview and Incidence

Melanoma in situ (MIS) is defined as melanoma restricted to the epidermis without
deeper invasion [1] (Fig. 5.1). Fortunately, MIS is not associated with a significant
mortality risk. The life expectancy of patients affected is similar to that of the
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Fig. 5.1 Melanoma in situ
marked prior to biopsy
(Photo courtesy of Dr.
Darrel Ellis)

normal population [2]. Recent studies have looked at the Surveillance, Epidemiology,
and End Results (SEER) database and have concluded that the incidence of MIS has
increased 9.5% yearly [2]. This equates to the fastest-growing malignancy in terms
of incidence in the SEER database [2, 3]. It far outpaces the annual increase in inci-
dence of invasive melanoma, 3.6%, over the same time frame [2]. Similar increases
in incidence have been documented worldwide [3-5]. Though beyond this text-
book’s scope, it is important to note that there is controversy as to whether MIS is
truly increasing at this impressive rate. Some believe the increase in incidence is due
to increases in biopsy rate as well as increased diagnostic scrutiny [6]. However,
there is data to suggest there are elements of a true increase in MIS incidence [5, 7].

Epidemiology

MIS shows a greater predilection for the head and neck when compared to invasive
melanoma [2, 3, 8] (Table 5.1). MIS is mostly a disease of Caucasian patients with
93.1% of cases seen in this population [2]. Males are affected more often than
females, except in lentigo maligna subtype where there is a female predominance
[2, 9-11]. More recent data recapitulates MIS most commonly presenting on the
face overall, but women have a higher percentage of MIS on the trunk versus the
face [12].

Risk Factors

» Risk factors for the development of melanoma in situ (Table 5.2) [13, 14]
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Table 5.1 Distribution of MIS versus melanoma

Site Melanoma in situ rates, % [2] Invasive melanoma rates, % [8]
Head and neck 37.6% 18.2%

Trunk 24.9% 34.0%

Upper extremities 22.8% 23.4%

Lower extremities 14.0% 20.3%

Unknown/not specified 0.7% 4.2%

Table 5.2 Risk factors for Advanced patient age (>60)

d.evelopment of melanoma in Male sex

situ

History of previous melanoma

Number of benign melanocytic nevi (>100 with
highest risk)

Number of clinically atypical nevi (>5 with
highest risk)

Fair skin, red or blond hair, blue eyes (Fitzpatrick
skin type I)

High total lifetime sun exposure

Multiple blistering sunburns

Intermittent, intense sun exposure

Tanning bed use

Evidence of actinic damage especially history of
actinic keratosis or nonmelanoma skin cancer

History of childhood cancer

Immunosuppression

First-degree relative with diagnosis of melanoma

Residence in sunnier climate/latitude near the
equator

Clinical Features

When discussing any type of melanoma, including MIS, it is prudent to remember
the ABCDEs that help aid in diagnosis of suspicious melanocytic lesions [15]
(Fig. 5.2).

* A:asymmetry
e B: border

e C: color

¢ D: diameter

e E:evolving
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A Asymmetrical Lesion
B Border irregularity

c Color Variation

D Diameter >6mm

s Evolving

Fig. 5.2 ABCDEs of melanoma, many of which are exhibited in the example shown

Fig. 5.3 Melanoma in
situ, with several ABCDE
criteria (Photo courtesy of
Dr. Wilfred Lumbang)

Data suggests the above criteria are clinically relevant in the recognition of MIS
cases. A formal study of MIS clinical characteristics showed the following: 87%
were asymmetric, 88% had an irregular border, 98% had nonuniform pigment, and
77% were larger than 6 millimeters (mm) [16] (Figs. 5.3 and 5.4). The size of the
lesion appears to be the least sensitive of the criteria. In comparing clinical charac-
teristics of MIS with invasive melanoma, a higher percentage of invasive melanoma
is greater than 6 mm [17]. Diameter may be more relevant for invasive melanoma
diagnosis, but one should remain suspicious of any pigmented lesion that displays
many of the listed features, regardless of size.
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Fig. 5.4 Melanoma in situ
(Photo courtesy of Dr.
Matthew Livingood)

Fig. 5.5 Lentigo maligna
on sun-damaged skin

Lentigo Maligna

Lentigo maligna (LM) is a subcategory of MIS found exclusively on sun-damaged
skin [3, 9, 11, 18] (Fig. 5.5). LM can be difficult to diagnose clinically because it is
often found in the background of solar elastosis and dyspigmentation [9]. It tends to
be fairly indolent and slow growing, progressing through a radial growth phase
before it begins vertical growth or invasion [3, 11, 18]. Once a lentigo maligna
becomes invasive, it is termed a lentigo maligna melanoma. Microscopically, LM
can be very challenging to distinguish from severely sun-damaged skin because of
pathologic similarities. Lentigo maligna is overwhelmingly found on the face with
over 90% being found on the head and scalp in a series of 201 lesions [9]. Over half
of these cases of lentigo maligna were found on the cheek [9]. LM was found to be
larger when present among a background of freckles and other dyspigmentation [9],
resulting in more difficult treatment choices.
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Amelanotic MIS

Rarely, lesions of melanoma can be devoid of pigment. This is termed amelanotic
and remains one of the most challenging lesions to recognize. Fortunately, amela-
notic melanomas are thought to compromise only 1.8-8.1% of melanomas [19].
Diagnosis of amelanotic MIS is rare due to the delay that is often seen before iden-
tifying the lesion. Tumors are generally deeper at the time of the original diagnosis
[18, 19].

Acral Lentiginous MIS

Like invasive melanoma, MIS can also be found on acral surfaces. In a recent cohort
of 149 patients all with acral lentiginous melanoma, 20 (13%) were noted to be
stage 0 consistent with acral MIS [20]. This subtype is noted to be more hyperplas-
tic on histology with occasional prominent dendrites [21]. Of note, acral melanoma
is the most common melanoma seen in patients of Asian and African descent.
Similar to the amelanotic subtype, acral melanomas are often diagnosed at a more
advanced stage [22].

Differential Diagnosis

¢ Melanoma in situ (Table 5.3) [9, 11, 15]

Table 5.3 Differential
diagnosis for melanoma in
situ

Solar lentigo

Pigmented actinic keratosis

Pigmented basal cell carcinoma

Seborrheic keratosis

Benign melanocytic nevus

Atypical (dysplastic) nevus
Ephelis
Benign lichen planus-like keratosis

Blue nevus

Recurrent nevus

Halo nevus

Extramammary Paget’s disease

Bowen’s disease

Ink spot lentigo (reticulated lentigo)
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Diagnosis

The most up-to-date NCCN guidelines recommend excisional biopsy with
1-3 mm of clear margins if possible to make the diagnosis of melanoma. This can
be performed by elliptical incision, punch biopsy, or deep shave (saucerization)
biopsy [14]. However, they do recognize that there are situations when this is not
always feasible (certain anatomic areas and larger-sized lesions) or necessary
(low clinical suspicion) [14]. A 2012 article by Silverstein and Mariwalla pro-
vides an excellent summary of appropriate situations for each type of biopsy as
well and pros and cons of each technique [23]. The gold standard should always
be elliptical excision when possible. Nevertheless, there are advantages to a deep
shave (saucerization) biopsy. This procedure is quick, low-cost, easy to execute,
and safe and does not require a patient return visit for suture removal [23, 24].
The dogma exists that deep shave biopsy has a tendency to transect the base of a
pigmented lesion, therefore making it impossible to determine the precise depth
of the lesion. However, recent research suggests that deep shave biopsy consis-
tently provides a negative deep margin, especially when the intent of the biopsy
is for complete removal [24]. In general punch biopsy has a much lower rate of
clear margins, and the possibility exists that an accurate representation of the
sample might not be obtained [23, 24]. Some pigmented lesions are too large for
complete removal with biopsy, especially large lentigo maligna lesions on the
face. In this situation, one option is the use of scouting punch biopsies to evaluate
more of the worrisome pigmented lesion. When using this technique, select sev-
eral areas to perform a punch biopsy [25]. All of these are evaluated for histopa-
thology (Fig. 5.6). This allows the clinician to evaluate a larger percentage of the
lesion without entire removal.

Fig. 5.6 Large pigmented
lesion being evaluated
using scouting biopsy
technique
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Prognosis

Several large studies have examined the prognosis of MIS and invasive melanoma
and have found that 10-year mortality increases as thickness of the tumor increases
[2, 26]. In over 93,000 cases of MIS diagnosed from 1973 to 2011, the overall
melanoma-specific mortality was 0.6% with a mean follow-up of over 5 years [2].
Notably, this cohort of patients had the same life expectancy as the general popula-
tion [2].

Pathology

Melanoma in situ is a diagnosis based solely on histopathologic interpretation. It is
defined as a proliferation of atypical melanocytes confined to the epidermis without
any evidence of dermal invasion [21] (Fig. 5.7a, b). This can only be determined
with evaluation under the microscope. Criteria for histolopathologic diagnosis have
been defined and can be found in Table 5.4 [21]. Differentiating lentigo maligna
from surrounding chronically sun-damaged skin with background pigmentation is a
diagnostic challenge. In this situation, it can be very challenging to differentiate
lentigo maligna versus atypical melanocytic proliferation (AMP) [21]. Ackerman
attempted to define 12 criteria to aid in the distinction of MIS/LM versus AMP
(Table 5.5) [27]. A review of the criteria revealed that the most helpful criteria to
distinguish the two entities were the presence of nesting and irregular distance
between melanocytes and upward pagetoid scatter [28]. Imunnohistochemistry
(IHC) can be helpful when making a diagnosis of MIS. Historically, Melan-A and
melanoma antigen recognized by T-cells 1 (MART-1) have been used to aid in the
diagnosis of MIS [29]. Both of these IHC stains recognize cytoplasmic proteins and
have been discovered to overestimate the number of melanocytes. This is thought to
be due to concomitant staining of pigmented keratinocytes as well as the dendrites
of melanocytes [29, 30]. One study looking at the staining of actinic keratosis with
Melan-A revealed diffuse staining throughout the actinic keratosis. Interestingly,
Melan-A was also found to stain severely sun-damaged skin adjacent to the actinic
keratosis [30]. One can imagine how this could lead to overdiagnosis of MIS espe-
cially given the issues detailed above. SOX10 and microphthalmia transcription
factor 1 (MITF-1) are both nuclear stains that are increasing in popularity for the
diagnosis of MIS [21]. Bonaccorsi and colleagues evaluated the usefulness of
SOX10 and MITF-1 in evaluation of MIS versus actinic keratosis. They demon-
strated reliable staining of MIS with both IHC stains, with MITF-1 being slightly
more specific [29] (Fig. 5.8a—c). They also tested both stains on histologically
proven actinic keratosis and found no adjacent staining of pigmented keratinocytes
[29]. This allows a distinction between melanocytes of MIS and keratinocytes found
in sun-damaged skin often found in the background of MIS and LM. Still, it is
important to note that even with established criteria, IHC stains, and specialty



5 Melanoma In Situ 105

Fig. 5.7 (a, b) Representative dermatopathology images of melanoma in situ stained with classic
hematoxylin and eosin stain (H/E stain) (Photo courtesy of Dr. Jeffrey Zwerner)

Table 5.4 Histopathologic criteria for diagnosis of melanoma in situ

Poor circumscription
Asymmetry

Predominance of individual melanocytes compared to nests with:
Confluence along the dermoepidermal junction (DEJ)
Effacement of rete ridges
Pagetoid upward scatter

Nests of atypical melanocytes with
Confluence
Variability in size and shape
Consumption of the epidermis
Haphazard distribution

Involvement of adnexa
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Table 5.5 Histopathologic features to help distinguish melanoma in situ versus atypical
melanocytic proliferation

Features of atypical melanocytic proliferation Features of melanoma in situ
1 | Melanocytes mostly at the dermoepidermal junction | Melanocytes with pagetoid spread
(DEJ)
2 | Equidistant melanocytes Asymmetric distance between
melanocyte
3 | Superficial descent down adnexa Deep descent down adnexa
4 | Non-confluence along DEJ Confluence of melanocytes along DEJ
5 | No nesting Early nests of melanocytes
6 | Uniform pigmentation Nonuniform pigmentation
7 | Preserved rete ridges Flattened rete ridges
8 | Uniform nuclei Pleomorphic nuclei
9 | Rare dendritic melanocytes Dendritic melanocytes
10 | Large, nonatypical nuclei Atypical nuclei
11 | Collapse of cytoplasm Non-collapse of cytoplasm
12 | No melanophages present Melanophages present
a b
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Fig. 5.8 (a) H/E stain of melanoma in situ. (b) Melanoma in situ stained with MART-1. (c)
Melanoma in situ stained with SOX10 (Photos courtesy of Dr. Jeffrey Zwerner)
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dermatopathology training, this remains one of the most challenging diagnostic
dilemmas faced by our dermatopathology colleagues.

Treatment

The most recent NCCN guidelines on melanoma from January 2017 recommend
wide excision of MIS with 0.5 centimeter (cm) to 1.0 cm margins if possible [14].
A sidenote explains, for large MIS or LM, margins of greater than 0.5 cm might be
required and that it is reasonable to consider techniques that allow for complete
examination of the margins [14]. There is inconsistency in the margins taken for
MIS among dermatologists, reflected in a recent survey of over 550 providers [31].
There are numerous treatment options including surgery, topical therapy, and radia-
tion (Fig. 5.9). These options include [21]:

* Wide local excision
» Staged excision (also known as “slow Mohs”)

Treatment Alogrithm

Melanoma in Situ

(Stage 0)
Adjuvant Imiquimod
-Stgged Excjsion or Mohs Persistent +/- tazarotene or
Micrographic Surgery to positive margins radiation therapy

evaluate 100% of margins
for clearance

If above procedures
not available

Wide Local Excision: 0.5cm

. . Negative

to 1.0cm margin, consider margins
at least 0.9cm for LM 9 Close Follow up,
especially on the face consider every 3

months for 2 years

Fig. 5.9 Treatment algorithm for melanoma in situ
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* Mohs micrographic surgery (MMS)
e Imiquimod
* Radiation therapy

Regardless of the surgical method used to remove MIS, it is essential to send the
excision specimen or central debulking specimen (a component of a staged exci-
sion) for permanent vertical sectioning and histopathologic evaluation. A percent-
age of tumors originally thought to be MIS are upstaged to invasive melanoma upon
examination of the entire specimen. A recent study examining 624 cases of MIS
found 24 (4%) specimens that were upstaged after removal [32]. A recent review
article cites rates ranging from 5% to 29%, with an average of 19% of lesions being
upstaged after removal [21]. It is important to note that shave biopsy for diagnosis
appears to lead to a higher rate of upstaging [33].

Wide Local Excision

Historically, wide local excision with appropriate margins has been the treatment of
choice for MIS. The NCCN guidelines currently recommend 0.5-1.0 cm margins
for removal [14]. Recent data suggests that 0.5 cm may be inadequate and more
appropriate margins approach 0.8—-0.9 cm [34]. Recurrence rates with 0.5 cm mar-
gins are reported to range from 6% to 20% [35]. A large 2012 study examined
margin needed for clearance of 1120 MIS treated over a 26-year period. Surgical
margins of 0.9 cm were required to clear 98.9% of MIS lesions. Conversely, only
86% of tumors were cleared with 0.6 cm margins [34]. A large series of head and
neck MIS required surgical margins of 15 mm to clear 97% of tumors [36]. These
larger margins may be attributed to subclinical spread often seen with LM. On the
other hand, a study that evaluated only MIS on non-sun-exposed sites revealed
100% clearance rates in 155 tumors excised with 5 mm margins [37]. Clearance
rates vary widely, and one should consider the size, site, and type of MIS when
considering simple excision as a treatment for MIS [21].

Staged Excision (‘“Slow Mohs”’)

Staged excision describes a technique where the central tumor is outlined, followed
by an outer rim of a few millimeters encircling the entire tumor (Fig. 5.10a—d). The
central tumor specimen is sent for permanent bread loaf vertical sectioning. This is
done to ensure there are no areas of invasion that would result in upstaging to inva-
sive melanoma. The outer rim of tissue is then cut into several pieces depending on
the size of the tumor. The pieces are laid en face and the entire outer margin is evalu-
ated under the microscope. This technique is similar to MMS given the fact that the
entire outer margin is examined. Most clinicians send these specimens for
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Fig. 5.10 (a) Preoperative markings for planned staged excision: section 1 will be sent for vertical
frozen sections to ensure there is no invasive component; sections 2 and 3 will be prepared and
sectioned so the entire outer margin is evaluated. (b) Sections 2 and 3 will be cut parallel to the
outer edge (blue stars) to evaluate 100% of the outer margins (also known as en face processing).
(c) Another view of the previous photo, to reiterate the tissue will be cut parallel to the outer edge
which is inked black in this photo. (d) Postoperative defect, which will be left unrepaired until
pathology is evaluated and margins are clear; if margins are still involved, another margin will be
taken but only in the positive section (Photos courtesy of Dr. William Stebbins)

permanent sections, and the patient’s wound is not repaired until a report is gener-
ated verifying clear margins, hence the term “slow Mohs.” Recurrence rates are
lower for staged excision compared to wide local excision, likely due to complete
examination of the outer margin [38]. A larger cohort with 239 tumors treated had a
recurrence rate of 1.7% with 32 months of follow-up [38]. The percentage of dis-
ease-free patients after treatment with staged excision ranges from 95.2% to 100%
with variable follow-up [38]. There are other variations of staged excision most
notably the square technique or spaghetti technique [39, 40] (Fig. 5.11). With this
technique only the outer 2-3 mm edge is excised and sent for en face histopatho-
logic evaluation. Once the margins are deemed clear, the central portion is excised
and submitted, and the defect is repaired [39, 40].
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Fig. 5.11 Staged excision,
“spaghetti technique” — the
central tumor is circled
with a 1 cm margin;
outside that margin is a

3 mm rim of tissue, which
will be excised and
separated into 12 separate
pieces; they will be
processed en face and
evaluated by a
dermatopathologist (by
cutting the outer rim into
12 sections, it allows for
more exact localization of
positive margins if
needed). Once the margins
are clear, then the central
tumor with the 1 cm
margin will be excised
(Photo courtesy of Dr.
Wilfred Lumbang)

Mohs Micrographic Surgery (MMS)

Over the last several years, the use of MMS for MIS has increased dramatically
[41]. Historically, recurrence rates for MMS have ranged from 0% to 10% [21].
When using MMS for the treatment of MIS, several factors need to be considered.
It is integral for the Mohs surgeon and the histotechnician to have experience due to
the difficulty of processing and reading melanocytes under frozen section [21, 42].
To help better delineate melanocytes on frozen sections, many Mohs labs utilize
IHC stains such as MART-1. A large study using MART-1 and MMS reported on
863 primary MIS lesions for which there were only 3 recurrences (0.35%) with an
average follow-up of over 3.5 years. This group also treated 119 recurrent MIS
lesions and only had 1 recurrence (0.41%) [43]. The margins required for clearance
from this large cohort of patients is significant. For MIS on the head and neck,
0.9 cm was required for clearance of 97% of tumors. Margins of 1.2 cm and 1.5 cm
were required to clear 97% of lesions on the hands/feet and head/neck, respectively
[43]. Another study recently published also looked at recurrence rates following
MMS utilizing MART-1. Out of 436 MIS lesions treated with MMS, there were 2
recurrences (0.45%) [44]. Both of these larger studies showed recurrence rates
significantly lower than wide local excision [43, 44].
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Imiquimod

Imiquimod is an immunomodulator activating toll-like receptor 7 to induce a local
immune reaction targeting MIS [15]. It is FDA approved for the treatment of genital
warts, actinic keratosis, and superficial basal cell carcinoma [15]. Although it is
considered off-label, imiquimod is used in the treatment of LM. Treatment regi-
mens vary widely in frequency of application as well as duration of treatment [21].
Success of treatment differs with clearance rates ranging from 0% to 100% [21, 45].
A recent systematic review evaluated all lesions of LM in the literature that were
treated with imiquimod as monotherapy. A total of 347 LM were included.
Histologic and clinical clearance rates were reported as 76.2% and 78.3%, respec-
tively, with the incidence of clinical recurrence found to be 2.3% at a mean of
34 months. The analysis found that LM lesions treated for more than 60 applications
(8 times higher likelihood) or greater than 5 times a week (6 times higher likeli-
hood) were statistically more likely to result in histologic clearance [45]. Along
with monotherapy, imiquimod cream is used in conjunction with other treatment
modalities, especially surgical excision and tazarotene [21]. In surgical excision it is
often being used as adjuvant therapy following surgery with persistent positive mar-
gins [46]. In a cohort of 21 patients with residual LM following surgery, patients
were first treated with imiquimod. However, if there was no significant clinical
inflammation, topical retinoid tazarotene was then added with a goal of 12 weeks of
an inflammatory response. Out of 21 LM tumors treated with this regimen, 20
exhibited no recurrence at a mean of 24 months [46]. Tazarotene can be added to
help penetration of imiquimod, thereby increasing inflammation and theoretically
improving clearance rates [47]. A randomized controlled trial comparing applica-
tion of imiquimod alone versus imiquimod and tazarotene found that the combina-
tion was associated with a higher percentage of grade 2 inflammation, which
coincided with a higher rate of histologically cleared LM tumors [47]. When think-
ing about imiquimod therapy, note that its use is off-label, and monotherapy results
in much lower clearance rates than the previously mentioned surgical techniques
[21, 47]. Imiquimod can be prescribed to treat MIS in cosmetically sensitive areas
or in patients with contraindications to surgery.

Radiation Therapy

Historically, radiation therapy has been used sparingly in the treatment of
MIS. Published rates of recurrence range anywhere from 0% to 20% depending on
the size of the study [21]. A recent study out of the Melanoma Institute in Australia
reviewed studies from 1941 to 2009 and identified 349 patients treated with primary
radiotherapy for lentigo maligna that met inclusion criteria. Out of the 349 cases,
there were 18 reported cases of recurrence (5%) along with 5 cases that progressed
to lentigo maligna melanoma [48]. They also published treatment recommendations
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based on literature review and their own clinical experience. These recommenda-
tions include [48]:

* Treatment field to extend 1 cm beyond visible lesion.

e Treat to a depth of 5 mm.

e Need at least 35 gray (Gy), 50 Gy given for adjuvant therapy, and 54 Gy for pri-
mary treatment; do not exceed 60 Gy due to risk of side effects.

— Given in 24 Gy intervals

Side effects are notable and include hypopigmentation, telangiectasias, alopecia,
decreased skin elasticity, radiation dermatitis, and an increased future risk for other
nonmelanoma skin cancers [21, 48]. Radiation therapy should be considered a
second-line therapy to be used in situations where primary surgery is not feasible or
as adjuvant therapy when it is not possible to obtain clear margins.

Follow-Up

Patients with invasive melanoma should be followed every 3 months for the first
2-3 years and then every 6 months thereafter [14, 49]. Such close follow-up has
been shown to lead to thinner, less invasive subsequent melanomas [50]. Thinner
melanomas correspond to a lower stage classification; therefore, close follow-up
also leads to improved prognosis [50]. However, screening guidelines for MIS are
not as well established, mostly due to the excellent prognosis of patients diagnosed
with MIS. Patients with a history of MIS are at an increased risk of development of
invasive melanoma when compared to the general population [2, 51]. A recent study
examined the risk of developing a subsequent melanoma after an original diagnosis
of melanoma versus MIS [52]. The authors reviewed the SEER database from 1973
to 2011 and found roughly 56,000 cases of MIS and 113,000 cases of invasive mela-
noma [52]. Furthermore, 6.5% or roughly 11,000 patients developed a second mela-
noma [52]. Interestingly, the study found a higher risk of all types of subsequent
melanoma in the MIS group over the invasive melanoma group. They also found the
risk of developing a second invasive melanoma to be roughly the same in the mela-
noma in situ group [52]. Although MIS is a disease with excellent prognosis, the
argument can be made that these patients should be followed just as closely as inva-
sive melanoma patients, given this equivalent risk of a second melanoma. Close
follow-up leads to earlier diagnosis of subsequent melanomas and a better progno-
sis. Patients with a diagnosis of MIS are at a higher risk of invasive melanoma than
the general population and have virtually the same risk of developing a subsequent
melanoma as a patient diagnosed with a previous invasive melanoma. Practitioners
should consider following MIS patients every 3 months for the first 2 years and then
every 6 months thereafter just as they would an invasive melanoma patient.
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Chapter 6
Melanoma

Jennifer Divine and Anna S. Clayton

Abstract Melanoma most commonly presents as a new or changing pigmented
lesion on sun exposed skin. The skin cancer can be categorized into varying sub-
types based on its clinical appearance and anatomical location. The prognosis is
similar amongst the subtypes with tumor thickness as the most important factor for
survival. Melanoma staging depends upon the patient’s symptoms, clinical exam
and clinician’s index of suspicion. Surgery is the first line treatment for localized
melanoma. Advances in tumor genetics and immunology have led to the develop-
ment of targeted therapies for metastatic disease.

Keywords Invasive - Melanoma - Nevi - Genetic mutations - BRAF - MAPK -
MEK - NRAS - Kit CDKN2A - Risk factors - UV radiation - Dysplastic nevi -
ABCD - Dermoscopy - Melanoma in situ - Nodular melanoma - Metastatic
melanoma - Histology - Immunohistochemistry - Breslow depth - Staging -

TNM - Prognosis - Survival - Sentinel lymph node - Wide local excision -

Margins - Radiation therapy - Chemotherapy - Adjuvant therapy - Immunotherapy -
Cytokines - Cancer vaccine - Oncolytic viral therapy - Targeted therapy

Introduction

Melanoma is the most lethal skin cancer. Melanoma most commonly presents on
the skin but can arise in any location where melanocytes are present, including
mucosa, uvea, and leptomeninges. Melanoma can present as a new or changing
nevus. The prognosis depends upon how deeply the tumor invades the underlying
dermis and subcutaneous structures. Invasive lesions carry the risk of metastasis and
increased morbidity and mortality.
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Epidemiology

Global incidence rates of melanoma are rising. In the United States, non-Hispanic
whites account for over 95% of disease occurrences, but minority groups are more
likely to present with advanced-stage disease [1]. Melanoma is more common in
men than women. In patients less than 40 years old, women have a greater mela-
noma incidence than men likely due to differences in UV exposure and hormonal
factors [1, 2]. Melanoma is one of the most common cancers in young adults and
has an average age of onset nearly a decade before most solid organ malignancies
[3]. With improved screening, incidence rates of thin melanomas <1 mm are increas-
ing faster than thick lesions. Despite earlier detection, death rates from melanoma
are increasing for white men, those aged >65 years, and for thin lesions. Death rates
have stabilized for younger age groups and thick lesions [4].

Pathogenesis

Melanoma pathogenesis is traced to changes in copies of DNA and several distinct
genomic aberrations based upon body location and variations in intensity and dura-
tion of UV exposure [5]. The mitogen-activated protein kinase (MAPK) pathway
plays a key role in normal melanocyte function and melanoma transformation. The
most common genetic alteration, present in 40-60% of all melanomas, is a single-
codon substitution: V600OE of the BRAF gene. This results in subsequent dysregula-
tion of MAPK signaling pathway leading to cellular proliferation, growth, and
migration [6]. NRAS lies just upstream of BRAF in the MAPK pathway and is the
second most common mutation. NRAS and BRAF are predominant mutations in
intermittently sun-exposed skin [5]. CDKN2A gene encodes downstream p16 tumor
suppressor protein which plays an inhibitory role in the MAPK pathway. Mutation
in the CDKN2A gene is the cause of rare cases of inherited familial melanoma but
may also be acquired [7]. KIT gene encodes tyrosine kinase receptors which is the
first step in MAPK and PI3K signaling and plays a critical role in melanoma of
chronically sun-exposed skin, mucosa, and uvea [8]. Other key mutations identified
lie in the GNAQ and ERBB4 gene [9]. These discoveries led to the development of
molecular targeted therapies such as the BRAF kinase inhibitors dabrafenib and
vemurafenib.

Risk Factors

Risk factors for melanoma are environmental and genetic. UV radiation is a known
carcinogen responsible for over 85% of melanomas. Having more than five sun-
burns at any period in life doubles the risk of melanoma, while daily use of SPF 15
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or above decreases the risk of invasive melanoma by 73% [10-12]. Intermittent
intense UV exposure, often associated with shirtless recreational activities, increases
the risk of melanoma on the trunk. Chronic lower level and continuous occupational
UV exposure increases risk on the head and neck [1]. The risk of melanoma
increases with the number of indoor tanning sessions and younger age when indoor
tanning behavior starts [13].

The tendency to burn, light skin, light eyes, and light hair (especially red hair) are
all phenotypic traits that increase susceptibility to UV radiation and therefore
increase the risk of melanoma. Freckling and a large number of nevi indicate past
UV exposure. Personal history of melanoma is a strong predictor for subsequent
melanoma. Family history of melanoma has a twofold effect correlating with simi-
lar skin phenotype as well as an inborn genetic tendency for melanoma. Patients
with dysplastic nevus syndrome (aka familial atypical multiple mole-melanoma
syndrome) exemplify the strong impact of genetics. Inheritance may be autosomal
dominant or sporadic. Two melanoma susceptibility genes are identified in
melanoma-prone families: CDKN2A and more rarely CDK4. There are numerous
remaining melanoma families without either of these mutations, so more research is
needed [14, 15]. Melanoma in children, people with darker skin tones, and the exis-
tence of non-cutaneous melanomas (in the eye, mouth, nasal cavity, vagina, and
anogenital locations) point to further unidentified genetic and possible environmen-
tal causes that require more research.

The immune system plays an important role in melanoma development and treat-
ment. Immunosuppressed patients have an increased risk of developing melanoma,
especially iatrogenically immunosuppressed solid organ transplant recipients and
leukemia patients. Appropriately activated CD8* cytotoxic T cells recognize mela-
noma antigens and kill tumor cells resulting in complete or incomplete tumor
regression. CD4* helper cells and antibodies also play key roles in host immunity to
melanoma. Exploiting these host immune responses is the basis for immunotherapy
[16, 17].

Clinical Presentation

Melanoma has a broad clinical presentation. Most commonly, melanoma presents
on sun-exposed skin as a changing nevus or a new, changing pigmented lesion. First
introduced in 1985, the ABCD acronym represented clinical features for melanoma
diagnosis. Asymmetry (A), border irregularity (B), color variability (C), and diam-
eter greater than 6 mm (D) are associated with worrisome clinical features for mela-
noma [18]. Diameter is a controversial parameter as melanomas can be smaller than
6 mm. Later, E was added to the acronym for evolution as a changing lesion is
concerning [19]. The ABCDE of melanoma helped remind the public of melano-
ma’s features but is not inclusive of all pigmented tumors. The acronym was
expanded further to include elevated, firm (F), and growing(G) to encompass clini-
cal features for nodular and amelanotic melanomas. Grob et al. observed that an
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Fig. 6.1 Superficial spreading melanoma (Photo courtesy of Anna Dewan, MD)

Fig. 6.2 Lentigo maligna melanoma (Photo courtesy of Darrel Ellis, MD)

individual’s nevi resemble one another, and the clinically different or “ugly duckling”
nevus is worrisome for melanoma [20]. For instance, a small, dark nevus is an
outlier among a field of large, light brown nevi, the patient’s signature nevi. The
“ugly duckling” sign is especially helpful in evaluating patients with multiple nevi
including familial melanoma syndrome.

The four most common types of invasive melanoma include superficial spreading
(Fig. 6.1), nodular (Fig. 6.2), lentigo maligna (Fig. 6.3), and acral lentiginous mela-
noma (Fig. 6.4). Most invasive melanomas arise from melanoma in situ, a tumor
with malignant melanocytes localized to the epidermis and/or hair follicle epithe-
lium (Chapter 5). After a prolonged horizontal growth phase, melanoma in situ can
transform into a vertical growth phase leading to invasive lentigo maligna, superfi-
cial spreading, or acral lentiginous subtypes. Clinical indications of invasion include
areas of induration or a firm papule within the lesion.

Nodular melanoma grows quickly in a vertical manner and often appears as a
dome-shaped, blue, black, or red firm papule most commonly on the trunk, head, or
neck. Nodular melanoma accounts for 10—-15% of melanomas but is responsible for
over 40% of melanoma deaths. Median Breslow depth at the time of diagnosis is
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Fig. 6.3 Nodular
melanoma (Photo courtesy
of Zachary Jones, MD)

Fig. 6.4 Acral lentiginous
melanoma (Source:
Bristow IR, Acland

K. Acral lentiginous
melanoma of the foot and
ankle: A case series and
review of the literature.
Journal of Foot and Ankle
Research. 2008;1:11,

Fig. 1, Open Access under
the Creative Commons
Attribution License 2.0)
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significantly greater (2.6 mm) than superficial spreading melanoma (0.6 mm) [21].
Breslow depth and ulceration at the time of diagnosis are the most critical factors
affecting prognosis of localized melanoma [22]. Nodular melanoma forming within
giant congenital nevi usually begins as a deep dermal process resulting in poor

survival [23].

Less common melanoma types include amelanotic melanoma (Fig. 6.5), muco-
sal melanoma, desmoplastic and neurotropic melanoma, and nail matrix melanoma
(Fig. 6.6). Amelanotic melanoma lacks pigment and presents as a pink to erythema-
tous macule or patch. Mucosal melanoma can present in the mouth, nasopharynx,
and vagina. Desmoplastic and neurotropic melanoma can present as a flesh colored
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Fig. 6.5 Amelanotic e :-:‘* ocl
melanoma (Clinical photo g '

of amelanotic melanoma
with adjacent seborrheic
keratosis)

Fig. 6.6 Nail matrix
melanoma

or pink to pigmented firm nodule. Desmoplastic and neurotropic melanoma can
have an overlying lentigo maligna. Nail matrix melanoma presents as new or evolv-
ing melanonychia. Involvement of the nail cuticle is a worrisome feature for
melanoma.

Diagnostic Techniques

Dermoscopy is an emerging field and has aided dermatologist in separating benign
from malignant lesions. Regular use of dermoscopy helps reveal malignant features
that are not visible to the naked eye leading to earlier melanoma diagnosis while
simultaneously decreasing excision of benign lesions if reassuring features are seen
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[24]. Features suggesting invasion are asymmetry along two axes, two or more col-
ors, and pseudopods [25]. Nodular melanomas are more likely to have symmetric
shape and pigment network as seen clinically but may have large vessels, predomi-
nant peripheral vessels, homogenous blue pigmentation, blue-white veil, black
color, pink color, and milky red-pink areas [26].

When malignancy is suspected, various biopsy techniques are employed. The
American Academy of Dermatology guidelines state that the preferred biopsy tech-
nique is narrow excisional biopsy that encompasses the entire breadth of the lesion
with clinically negative margins to the depth sufficient to ensure the lesion is not
transected. This may be accomplished by elliptical or punch excision with sutures
or shave removal to depth below the anticipated plane of lesion. While no one option
is more correct, the outcome should always be to provide the pathologist with the
entirety of the lesion (usually extending 1-3 mm past clinically evident pigment) to
obtain the most correct and complete diagnosis to best guide patient care. Guidelines
further state that partial sampling (incision biopsy) is acceptable in select clinical
circumstances: facial or acral location, low clinical suspicion or uncertainty of diag-
nosis, or very large lesions [27].

Histology

Histologic examination of suspected melanoma is required to differentiate from
clinical mimickers (solar lentigo, seborrheic keratosis, thrombosed hemangioma,
dermatofibroma, pigmented actinic keratosis, pigmented squamous cell carcinoma,
and pigmented basal cell carcinoma). Melanoma is defined by an increased number
of atypical, pleomorphic, single or nested melanocytes. The changes range from
extremely subtle to profound. Differentiation from dysplastic nevus, which also has
atypical melanocytes, and from benign junctional melanocytic hyperplasia of sun-
damaged skin, which has an increased number of single-cell but relatively normal-
appearing melanocytes, remains a challenge and results in significant variability in
pathologist interpretation [28—30]. When invasive lesions are arising from mela-
noma in situ, an asymmetric, poorly circumscribed proliferation of melanocytes of
varying size and shape, often larger than their benign counterpart with abundant
eosinophilic and finely granular cytoplasm, is seen in the overlying epidermis often
extending far beyond the dermal component. Less often the cells are small or
spindle-shaped. The melanocytes grow in linear arrays of single cells with occa-
sional irregular and confluent nesting and uneven distribution along the dermal-
epidermal junction (Fig. 6.7). Upward extension in the epidermis, referred to as
pagetoid spread, and downward migration into adnexal structures are other indica-
tors of malignancy (Fig. 6.8).

Compared to the wide lateral extension of epidermal tumor present in invasive
melanoma arising from melanoma in situ, nodular melanomas have a well-defined
overlying epidermal involvement that does not extend past the dermal component.
This correlates with the clinical exam. Ulceration may be encountered. A complete
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Fig. 6.7 Invasive
superficial spreading
melanoma (Photo courtesy
of Jeffrey Zwerner, MD,
PhD)

Fig. 6.8 Invasive
superficial spreading
melanoma (Photo courtesy
of Jeffrey Zwerner, MD,
PhD)

lack of epidermal involvement raises concerns for a metastatic lesion. Otherwise,
the invasive components are indistinguishable. Nests of melanocytes that do not
mature with increasing depth characterize dermal invasion. In benign compound
and intradermal nevi, the size of the nests and size of the nuclei taper with depth
down to lymphocyte-sized single cells at the base. In contrast, melanocytes at the
base of an invasive melanoma remain in large nests and sheets with the same large
nuclei and abundant cytoplasm seen in the more superficial portion. The Breslow
depth is measured in millimeters from the granular layer of the epidermis (or the
surface of ulceration) to the deepest area of tumor invasion [31]. Mitotic activity
varies widely and necrotic melanocytes can be present. An asymmetrical lympho-
cytic inflammatory infiltrate supports the diagnosis of melanoma. It can be brisk,
mild, or even absent. Areas of regression might be identified. Pleomorphic spindle-
shaped cells, epithelioid cells, and balloon cells can all be seen in a single lesion
[32]. Structured pathology reporting protocols aim to improve clinical management,
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Table 6.1 College of Procedure
American Pathologists
melanoma reporting protocol

Specimen laterality

Tumor site

Tumor size

Macroscopic satellite nodules

aMacroscopic pigmentation

Histologic type

Maximum tumor thickness

4Anatomic level

Ulceration

Margins

Mitotic rate

Microsatellitosis

Lymph-vascular invasion

4Perineural invasion

“Tumor-infiltrating lymphocytes

“Tumor regression

3Growth phase

Lymph nodes (only if present in
specimen)
TNM staging

“PData elements are not required.
However, these elements may be
clinically important but are not yet
validated or regularly used in
patient management

data collection, and research worldwide. In the United States, the College of
American Pathologists encourages all pathologists to include details shown in
Table 6.1 in every melanoma report.

A wide spectrum of histologic morphology of melanoma promotes the use and
development of immunohistochemistry to distinguish it from the many mimickers
and aid in differentiating benign from malignant melanocytic proliferations.
Histologic differential diagnosis of melanoma includes numerous malignant entities
including carcinomas like neuroendocrine tumors, sarcomas, lymphomas, and germ
cell tumors, as well as a variety of benign tumors. S100 is a widely used marker with
excellent sensitivity for melanoma but poor specificity, staining nerve sheath, myo-
epithelial, adipocyte, and Langerhans cell tumors. It is the most sensitive marker for
desmoplastic melanoma [33]. HMB-45, a monoclonal antibody to melanoma, is
less sensitive but more specific than S100 and can be used to distinguish benign
from malignant melanocytic lesions [34]. MelanA/MART1 is highly sensitive and
specific for melanocytes but stains benign and malignant cells alike. Ki-67, a stain
for active cellular proliferation, remains the most useful stain in distinguishing
benign from malignant melanocytes [35]. Some studies suggest that the density of
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Ki-67 immunoreactivity may serve as a prognostic indicator for metastasis [36].
Other less commonly used markers include tyrosinase, MITF, NKI/C3, and
vimentin.

Staging and Prognosis

The American Joint Committee on Cancer (AJCC) published the eighth edition of
the melanoma staging system in 2017 [37]. The updated staging system incorpo-
rates the seventh edition with new evidence-based recommendations. The staging
system includes primary tumor (T) characteristics, regional lymph node (N), and
distant metastatic sites (M) to determine the patient’s prognosis. Primary tumor
thickness and histopathologic evidence of ulceration determine the tumor (T) clas-
sification (Table 6.2). Tx and TO were added to the primary tumor staging in the
eighth addition. Tx designates when the primary tumor thickness cannot be assessed
and TO when there is no evidence of a primary tumor. The tumor mitotic rate is an
important prognostic factor in all tumor categories but is no longer included in the
staging system. T1 tumors were subdivided in the eighth edition to incorporate dif-
ferences in melanoma-specific survival in patients with thin melanomas [38].
Regional lymph node involvement is classified as not clinically present but found
microscopically or clinically detected and confirmed histologically (Table 6.3). The
specific size of metastasis is no longer associated with lymph node staging.

Table 6.2 American Joint Committee on Cancer eighth edition melanoma staging guidelines

Primary tumor (T)

T classification Thickness (mm) Ulceration status

X Not applicable Not applicable

TO Not applicable Not applicable

Tis Not applicable Not applicable

T1 <1.0 mm Unknown

Tla <0.8 mm Without ulceration

T1b <0.8 mm With ulceration
0.8 to I mm With or without ulceration

T2 >1 to 2 mm Unknown

T2a >1 to 2 mm Without ulceration

T2b >1 to 2 mm With ulceration

T3 >2 to 4 mm Unknown

T3a >2 to 4 mm Without ulceration

T3b >2 to 4 mm With ulceration

T4 >4 mm Unknown

T4a >4 mm Without ulceration

T4b >4 mm With ulceration

Used with permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The
original and primary source for this information is the AJCC Cancer Staging Manual, Eighth
Edition (2017) published by Springer International Publishing
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Table 6.3 American Joint Committee on Cancer eighth edition melanoma staging guidelines

Regional lymph node (N)
Presence of in-transit,
satellite and/or
N microsatellite
category | Number of tumor-involved regional lymph nodes metastases
NX Regional nodes not assessed No
NO No regional metastases detected No
N1 One tumor-involved node or in-transit, satellite, or
microsatellite metastases with no tumor-involved nodes
Nla One clinically occult node detected by SLN No
N1b One clinically detected No
Nlc No regional node disease Yes
N2 Two to three tumor-involved nodes or in-transit, satellite, or
microsatellite metastases with one tumor-involved node
N2a Two to three clinically occult nodes detected by SLN No
biopsy
N2b Two or three, at least one of which was clinically detected | No
N2c One clinically occult or clinically detected node Yes
N3 Four or more tumor-involved nodes or in-transit, satellite,
or microsatellite metastases with two or tumor-involved
nodes, or any number of matted nodes without or with
in-transit, satellite, and/or microsatellite metastases
N3a Four or more clinically occult nodes detected by SLN No
N3b Four or more, at least one of which was clinically detected, ' No
or presence of any number matted nodes
N3c Two or more clinically occult or clinically detected and /or | Yes
presence of any number of matted nodes

Used with permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The
original and primary source for this information is the AJCC Cancer Staging Manual, Eighth
Edition (2017) published by Springer International Publishing

Microsatellite, satellite, and in-transit and/or subcutaneous metastases are types
of melanoma metastases between the primary tumor and the draining lymph node
basin. These localized metastases are stratified according to the number of tumor-
involved lymph nodes. Distant metastases are categorized by anatomical location.
In the eighth edition, the metastases staging includes serum lactate dehydrogenase
(LDH), an important independent factor for patients with metastatic melanoma.
Melanoma metastasis is divided into M1a, metastases to distant skin, subcutaneous
or lymph node; M1b, lung metastases; Mlc, metastases to other visceral sites,
excluding the central nervous system; and M1d, metastases to the central nervous
system, with or without involvement of other sites (Table 6.4). The M1d is a new
category and is associated with a poor prognosis. LDH serum levels subcategorize
the metastasis groups into either O for a non-elevated LDH or 1 for an elevated
LDH.

The TNM classification is then translated into clinical staging when clinical and
radiologic data is the only evaluation of lymph nodes and pathological staging when
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Table 6.4 American Joint Committee on Cancer Eighth Edition Melanoma Staging Guidelines

Distant metastasis (M)

M Lactate dehydrogenase

category | Anatomic site level

MO None Not applicable

Ml Evidence of distant metastasis See below

Mla Distant metastasis to the skin, soft tissue including muscle, | Not recorded or
and/or nonregional lymph node unspecified

Mila(0) Distant metastasis to the skin, soft tissue including muscle, | Not elevated
and/or nonregional lymph node

Mila(l) Distant metastasis to the skin, soft tissue including muscle, | Elevated
and/or nonregional lymph node

MIlb Distant metastasis to the lung with or without M1a sites of | Not recorded or
disease unspecified

M1b(0) Distant metastasis to the skin, soft tissue including muscle, | Not elevated
and/or nonregional lymph node

Mib(1) Distant metastasis to the skin, soft tissue including muscle, | Elevated
and/or nonregional lymph node

Mlc Distant metastasis to non-CNS visceral sites with or Not recorded or
without M1a or M1b sites of disease unspecified

Mlc(0) Distant metastasis to non-CNS visceral sites with or Not elevated
without M1a or M1b sites of disease

Milc(l) Distant metastasis to non-CNS visceral sites with or Elevated
without M1a or M1b sites of disease

MIld Distant metastasis to CNS with or without M1a, M1b, or Not recorded or
MIc sites of disease unspecified

M1d(0) Distant metastasis to non-CNS visceral sites with or Not elevated

without M1a or M1b sites of disease

MI1d(1) Distant metastasis to non-CNS visceral sites with or Elevated
without M1a or M1b sites of disease

Used with permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The
original and primary source for this information is the AJCC Cancer Staging Manual, Eighth
Edition (2017) published by Springer International Publishing

pathologic information about regional lymph nodes is available (Table 6.5). The
clinical and pathologic stage can then be used to provide the clinician and patient
with a survival prognosis (Table 6.5). Melanoma in situ is stage 0. Stage I patients
have <1 mm of invasion with or without ulceration or 1-2 mm of invasion without
ulceration and are considered low risk. Stage II patients have increased risk of mor-
tality with increasing Breslow depth and presence of ulceration. Stage III patients
have regional metastasis and the most variable survival range. Stage IV patients
have distant metastatic disease.

Independent and confounding risk factors that impact survival include tumor
thickness, ulceration, anatomical location of the primary tumor, age at diagnosis,
and gender. For localized disease (stages I and II), Breslow depth is the most power-
ful prognostic indicator for survival in patients with lesions <1 mm, while ulcer-
ation, age, and site are the most significant predictive factor for lesions 2—4 mm
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Table 6.5 Clinical and pathological staging of melanoma with 5- and 10-year survival [27, 42]

10-year
Survival
Stage | 5-year survival (%) | (%) Clinical staging Pathologic staging
0 Tis NO MO Tis NO MO
1A 97 95 Tla NO MO Tla NO MO
1B 92 86 T1b NO MO T1b NO MO
T2a T2a
oA 81 67 T2b NO MO T2b NO MO
T3a T3a
1B 70 57 T3b NO MO T3b NO MO
T4a T4a
1c 53 40 T4b NO MO T4b NO MO
I AnyT |N1-3 |MO
A |78 68 T1-4a |Nla MO
T1-4a |N2a
mB |59 43 T1-4b |Nla MO
T1-4b |N2a
T1-4a |NIlb
T1-4a |N2b
Tl-4a |N2c
IC |40 24 T1-4b |Nlb MO
T1-4b |N2b
T1-4b | N2c
Any T |N3
v 15-20 10-15 |AnyT AnyN |Any M1 [AnyT |Any N | Any M1

Used with permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The
original and primary source for this information is the AJCC Cancer Staging Manual, Eighth
Edition (2017) published by Springer International Publishing

[27]. Older patients are more likely to present with thicker and ulcerated melanomas
and are more likely to carry comorbidities that affect survival. Older patients are
also more likely to be male and have a poor prognosis. Women tend to develop
melanoma at a younger age, seek care at earlier stages, and have better outcomes.
Tumors on the head, neck, and trunk are higher risk and occur more frequently in
people older than 65 and in men. Those on the extremities occur more frequently in
younger patients and females. Stage I disease has excellent 5-year survival at
92-97%. Stage 11 5-year survival drops significantly with increasing thickness and
ulceration from 81% for stage IIA down to 53% for stage IIC [39].

For patients with regional metastasis (stage III) which includes regional lymph
node, satellite, and/or in-transit metastasis, three factors are most important for sur-
vival and listed in descending significance: (1) the number of metastatic nodes, (2)
the tumor burden of the affected nodes, and (3) the ulceration of the primary tumor.
Survival is best predicted with delineation of 1, 2, 3, and 4+ nodes. Ulceration is the
only primary tumor characteristic that is an independent risk factor for survival of
stage III patients. This heterozygous group of patients has a wide range of 5-year
survival rates from 78% for stage IIIA down to 59% and 40% for stages IIIB and
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IIIC, respectively. Stage IIIA patient survival is more closely linked to primary
tumor characteristics such as thickness and ulceration, like stage II patients, and
more closely matches stage II survival rates than those of stages IIIB and IIIC [31].

Stage IV disease is defined as distant metastasis. It has very poor 5-year survival
rates at 15-20%. Metastasis to non-visceral sites (distant skin, subcutaneous tissue,
and lymph nodes) has improved survival over metastasis to visceral sites. Metastasis
to the lung has a slight 1-year survival advantage with rates more similar to non-
visceral sites but drops to match that of other visceral sites by 2 years. Recently,
elevated serum LDH is an independent and highly predictive indicator for poor
survival [31].

Routine blood tests and imaging screening of asymptomatic patient with mela-
noma of any thickness are generally not recommended. Serum LDH is insensitive
and nonspecific at detecting metastatic disease and only provides additional prog-
nostic value when distant metastasis is already known. Routine chest radiograph is
nonspecific, does not correlate with sentinel lymph node results, is cost ineffective,
exposes patients to unnecessary radiation, and may result in unnecessary follow-up
imaging or procedures. Workup should be driven based upon physical exam finding,
review of system complaints, and index of suspicion [40].

Sentinel Lymph Node

Sentinel lymph node (SLN) biopsy for melanoma is controversial. It was developed
as a conservative alternative to lymph node dissection, a practice that started in 1892
and carries 37% complication rate including lymphedema and infection. Sentinel
lymph node biopsy is currently offered as an elective procedure for patients with
primary tumor thickness >1 mm, or <I mm with ulceration, and clinically negative
lymph node exam. It provides prognostic information and predicts the status of the
other regional lymph nodes. SLN biopsy is not offered when regional lymph node
involvement is blatant or when distant spread is already known. SLN biopsy is not
therapeutic and does not improve survival outcomes. If SLN biopsy is positive, a
complete lymph node dissection is recommended, and the patient can be stratified
into the correct stage III substage, allowing for survival information and clinical
trial enrollment for emerging adjuvant therapy. SLN is not risk-free, however. It
carries a 10% complication rate including delayed wound healing, infection, false
negative results if the cancer has already metastasized to other lymph nodes in the
basin or distant organs, false positives due to the normal and relatively common
presence of benign nevi in the lymph nodes, and anaphylaxis to the blue dye
[41-43].

Advocates for SLN biopsy claim benefits including more accurate staging. This
provides patients, their family, and providers with information which may impact
treatment of the melanoma as well as other comorbidities. SLN status is often used
to identify patient who may benefit from additional therapies and allows for clinical
trial enrollment. Positive SLN allows the opportunity for early complete lymph
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node dissection. Some studies show early complete lymph node dissection improves
morbidity and mortality over waiting until clinically evident lymphadenopathy is
present in some patient subsets. Although no improved short-term or long-term sur-
vival exists with SLN biopsy, some have also found an increased disease-free sur-
vival time and an arguably improved quality of life during that period, making SLN
biopsy preferred over observation alone [41, 44]. Other studies have not found
improved survival with early complete lymph node dissection or improved disease-
free survival with SLN biopsy [45, 46]. A recent prospective trial examining obser-
vation versus complete lymph node dissection after a positive SLN showed that
immediate complete lymph node dissection increased the rate of regional disease
control but did not increase melanoma-specific survival in sentinel lymph node
positive patients [47].

Those opposed to SLN biopsy argue that Breslow thickness and ulceration pro-
vide adequate stratification information. Only 17% of patients who undergo SLN
biopsy have positive results, and the vast majority of patients have Nla or N2a dis-
ease that matches their clinically stage I and II counterparts well enough. SLN
biopsy has several potential complications. It is expensive, especially if general
anesthesia is used. A positive SLN may lead to an unnecessary complete lymph
node dissection which can cause greater adverse events. The premise behind the
SLN biopsy was to have a procedure that would improve survival. But with evi-
dence showing no survival benefit, less invasive and less expensive testing on pri-
mary and circulating tumor cells that could provide similar prognostic information
would be preferred but is still under development [48, 49].

Treatment
Surgical

Surgical excision is the treatment of choice for primary localized melanoma. Wide
local excision (WLE) is recommended as tumor cells often spread several millime-
ters, and at times even centimeters, past the clinically apparent melanoma. The goal
is to achieve complete removal and reduce local recurrence of disease. Current
guidelines recommend a 1 cm margin for lesions of <1 mm thickness, 1-2 cm mar-
gin for lesions 1.01-2.0 mm thickness, and 2 cm margins for tumors of >2 mm
thickness. Greater than 2 cm margins is of no advantage. Surgical excision should
extend to the depth of the muscular fascia whenever reasonable or at least to the
level of the deep adipose tissue if abundant adipose tissue is present. Histologic
examination should be thorough, and Mohs micrographic surgery or request for tis-
sue specimen be cut “en face” by surgical pathology can be considered. Both tech-
niques allow for 100% of the deep and lateral margin to be examined, rather than the
<1% that is routinely examined with standard bread-loafing technique [27].
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Radiation Therapy

Radiation therapy is used with notable success for unresectable local disease and as
palliative care for distant metastasis. Whole brain radiotherapy, surgical resection,
and more recently stereotactic radiosurgery are mainstay treatments for cerebral
metastasis [50, 51]. Other indications include bone metastasis and spinal cord com-
pression. Radiation therapy is not recommended as adjuvant therapy after lymph
node dissection [52].

Chemotherapy

For patients with metastatic melanoma (stages III and IV), traditional cytotoxic che-
motherapy agents have limited efficacy and use. Dacarbazine is the only FDA-
approved chemotherapy agent for melanoma to be tried in advanced disease for
palliative measures to slow tumor growth or temporarily decrease tumor burden, but
a survival advantage has not been proven. Dacarbazine along with temozolomide,
nab-paclitaxel, paclitaxel, cisplatin, carboplatin, and vinblastine may also be used
alone or in combination with each other or added to newer therapies known as bio-
chemotherapy or chemoimmunotherapy. Melphalan and actinomycin-D are used
for isolated-limb-perfusion chemotherapy which can increase efficacy and reduce
systemic toxicities for extremity-localized advanced disease [53, 54].

Immunotherapy

Due to poor response to cytotoxic chemotherapy and the recognized importance of
host immunity in melanoma, particular attention has been paid to immunotherapy
(modalities that boost patients own tumor-fighting capabilities). In addition to the
medications already on the market described below, numerous other therapies are
currently in clinical trial.

Cytokines

Cytokines interleukin-2 (IL-2) and interferon-alpha (IFN-alpha) were the first FDA-
approved immune-stimulating drugs. Interleukin-2 enhances CD8+ T cells and NK
cells and produces a 15-20% objective response rate and ~5% long-term, durable
complete response. IL-2 must be given intravenously at high doses with substantial
side effects limiting its use including fever, chills, malaise, flushing, hypotension,
and capillary leak syndrome [55, 56]. Interferon-alpha has been more extensively
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studied but with conflicting results leading to a sudden rise and then fall in popular-
ity. Dosing schedules for high-dose, intermediate-dose, low-dose, and pegylated
formulations have been suggested. Some evidence of a dose-response relationship
exists with a significant recurrence-free survival with increased doses. It remains
unclear if a worthwhile overall survival benefit is present [57]. Mechanism of action
includes direct antiproliferative effect on tumor cells, enhanced NK activity,
increased T helper lymphocytes and tumor-specific CD8+ T cells, and increased
tumor-infiltrating T lymphocytes [58]. Side effects of interferon-alpha include fever,
chills, malaise, nausea and vomiting, hepatitis, neutropenia, depression, and sui-
cide. Further research is needed to determine optimal dose, duration, and appropri-
ate patient profile for optimized response to this toxic medication [59].

Checkpoint Inhibitors

Immune checkpoint inhibitors are among the fastest-growing categories of immu-
notherapy. T-cell activation requires stimulation by antigen-presenting cells. In
addition to co-stimulatory molecules, inhibitory molecules are also present on T
cells and antigen-presenting cells to control the level of immune response and avoid
autoimmunity. Similar inhibitory molecules are present on tumor cells and can pre-
vent killing of tumor cells by T cells. Blocking these inhibitory signals acts to
remove the brakes of this antitumor arm of the immune systems. Checkpoint inhibi-
tors come with a slow response time and may take several months to begin shrinking
tumors. It is not uncommon for tumors to swell within those first months and thus
appear larger on scans, a concept known as pseudo-progression.

Ipilimumab, an anti-CTLA-4 monoclonal antibody, is the first checkpoint inhibi-
tor FDA approved for the treatment of metastatic or unresectable melanoma.
Ipilimumab binds to CTLA-4 on the surface of activated T cells to prevent antigen-
presenting cell inhibition of T-cell activation through the CTLA-4/CD80/CD86
interaction. Early trials showed improved overall survival from 6.4 months in the
control group to 10.1 months in the treatment arm. Long-term data is increasing
with patients surviving 2, 5, and even 10 years showing a durable response [60, 61].
Objective response rates range from 7% to 15% as a single agent and increase to
20.8% when combined with dacarbazine and up to 57.6% when combined with
nivolumab [60, 62, 63].

Nivolumab and pembrolizumab followed as the next generation of checkpoint
inhibitors to be FDA approved in 2014. Programmed cell death protein 1 (PD-1) is
a T-cell surface molecule that functions to recognize self and suppress autoimmu-
nity. Programmed death-ligand 1 (PDL-1) present on melanoma cells binds to PD-1
on activated antigen-specific T cells and prevents tumor cell-mediated immune
responses. Nivolumab and pembrolizumab are humanized monoclonal antibodies
which bind to PD-1 and prevent its binding with PDL-1. In the absence of PDL-1
and PD-1 ligation, T cells remain in an active state and cytotoxic to the tumor.
Pembrolizumab has demonstrated an overall objective response rate of 33%
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including those who failed ipilimumab and upward of 45% for treatment-naive
patients [64]. In addition to a greater response rate over ipilimumab, pembrolizumab
also has significantly longer progression-free survival [65]. Nivolumab has equal
response rates of pembrolizumab at 33% irrespective of prior therapy and BRAF
status [66]. As mentioned previously, combination therapy of ipilimumab with
nivolumab produces an additive effect with nearly 60% response rate and is quickly
becoming the gold standard of therapy when available [63].

Blocking T-cell checkpoints comes with the risk of immune-mediated side
effects. Autoimmune-mediated dermatitis, mucositis, colitis, hepatitis, pneumoni-
tis, and endocrinopathies have been observed as the overactive immune system
attacks other body organs besides the intended cancer cells. Less commonly nephri-
tis, pancreatitis, meningitis, myelitis, cardiomyositis, as well as a variety of bone
marrow suppression and ophthalmic inflammation can occur. Immune-mediated
adverse events are typically transient but can be severe or fatal. For moderate (grade
2) reactions, checkpoint inhibitors should be withheld until symptoms decrease or
resolve. Corticosteroids should be started if the reaction has not improved in 1 week.
For patients with severe or life-threatening (grade 3 or 4) reaction, checkpoint inhib-
itors should be permanently discontinued, and high-dose corticosteroids should be
started immediately. If corticosteroids fail to promptly improve symptoms within a
few days, infliximab should be considered [64]. In the largest set of reported data,
ipilimumab immune-mediated adverse events were reported in 85% of patients,
with 35% requiring corticosteroids and 10% requiring infliximab. Pembrolizumab
has shown significantly fewer grade 3—5 adverse reactions than ipilimumab (10—
13.3% compared to 19.9%) [65]. Nivolumab grade 3 and 4 adverse events occurred
in 2.8-11.7% of patients [66, 67].

Oncolytic Virus Therapy and Therapeutic Vaccines

Oncolytic virus therapy is another promising new approach for cancer treatment.
The concept emerged in the 1970s when the bacille Calmette-Guérin (BCG) vac-
cine was injected intralesionally with anecdotal but nonstatistically significant
reproducible results. The research persisted, and talimogene laherparepvec, a genet-
ically engineered herpesvirus (HSV-1), became the first and currently only FDA-
approved oncolytic virus therapy for metastatic melanoma, approved in 2015 [68].
The virus is modified to remove two genes, one responsible for immune system
evasion and another for the ability to replicate within healthy cells. The gene for
human granulocyte-macrophage colony-stimulating factor (GM-CSF) is added as
well with hopes of boosting immune recognition. The virus is injected directly into
the tumor where it preferentially replicates within cancer cells until the cancer cells
rupture. The effect is twofold with both direct cancer cell death and increased tumor
antigen presentation after tumor cell particles are released. Phase III trial shows an
overall response rate of 26.4% and a durable response rate at 16.3%. There was no
statistically significant difference in the overall survival between the treatment arm
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and control arm. Adverse events include fever, chills, and fatigue but are mostly
mild to moderate. Grade 3 and 4 adverse events only occurred in 2% with no deaths
[67, 68].

Therapeutic cancer vaccines aim to boost the immune system’s capability to rec-
ognize and destroy tumor through cytotoxic T cells or antibody-mediated cell death.
Therapeutic vaccination is far less effective than preventative cancer vaccines, such
as those for HPV and hepatitis B, at stimulating an immune response. For those
patients with proven immune response by enzyme-linked immunospot assays, over-
all survival was increased from 10.8 to 21.3 months [69].

Other Avenues of Immunotherapy: Adoptive Cell Therapy,
Monoclonal Antibodies, and Adjuvant Inmunotherapy

Advancements in immunotherapy are ongoing. In adoptive cell therapy, T cells are
removed from the patients, genetically modified with melanoma receptors or other-
wise enhanced in activity or number, and then reintroduced back into the patient.
Monoclonal antibodies directed to tumor antigens to promote immune response are
under development as well. Other adjuvant immunotherapies in clinical trial include
the use of innate immunity Toll-like receptors 3, 8, and 9.

Targeted Molecular Therapy

Understanding of the molecular pathways involved in the pathogenesis of mela-
noma has led to the development of MAPK pathway inhibitors with targets includ-
ing BRAF, MEK, NRAS, and KIT. BRAF mutations are present in up to 66% of all
melanomas. Vemurafenib and dabrafenib are FDA-approved monoclonal antibodies
that target mutated BRAF molecules. When compared to treatment with dacarba-
zine, BRAF inhibitors have a remarkable higher response rate and significantly
greater median overall survival [70, 71]. Despite their impressive initial responses,
when given as monotherapy, inhibition is eventually overcome, and resistance
develops. Common adverse events include cutaneous squamous cell carcinoma,
keratoacanthoma type, rash, photosensitivity, arthralgia, diarrhea, and fatigue.
Severe adverse events are rare.

Trametinib and cobimetinib are inhibitors of MEK, an enzyme downstream of
BRAF in the MAPK pathway. Trametinib shows modest activity when used as
monotherapy for patients with BRAF mutations but is subpar to BRAF inhibitors.
Cobimetinib has not been studied as monotherapy. MEK inhibitors are generally
well tolerated, and adverse events include rash, diarrhea, fatigue, edema, cardiac
dysfunction, and interstitial lung disease. Similar to BRAF inhibitors, resistance
develops.
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To overcome high rates of resistance, improve response rates, and decrease tox-
icity, clinical trials with dual therapy with BRAF + MEK inhibitors were conducted.
Combination therapies with dabrafenib plus trametinib and vemurafenib plus cobi-
metinib have objective response rates of 79% and 68%, respectively. Both combina-
tions have improved progression-free survival and overall survival compared to
BRAF monotherapy. Resistance remains nearly inevitable and an unresolved hurdle.
Side effects are reduced when dabrafenib is combined with trametinib but unchanged
when vemurafenib is combined with cobimetinib [72, 73]. Head-to-head compari-
son of the two combinations has not been performed, but indirect comparison sug-
gests vemurafenib plus cobimetinib is of equal efficacy but associated with increased
adverse events [74].

Existing KIT inhibitors such as imatinib and nilotinib appear to have a narrow but
significant role in melanomas harboring such mutations [75]. NRAS inhibitors are
currently in trial. In addition, inhibition of mTOR and AKT also shows promise [76,
77]. Combination therapy with targeted molecular inhibitors and immunotherapy
are being studied.
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Chapter 7
Merkel Cell Carcinoma

Sheena Tsai and Jeremy S. Bordeaux

Abstract Merkel cell carcinoma (MCC) is a rare, aggressive skin cancer. The incidence
has increased over the past 20 years, and this may be attributed to increased ultraviolet
(UV) light exposure. MCC is more common among Caucasians, males, and individuals
older than 69 years of age. Immunosuppressed patients are at a higher risk for MCC. MCC
may present clinically as a dome-shaped red or blue nodule. The mnemonic “AEIOU”
describes common clinical features: asymptomatic, expanding rapidly, immunosuppres-
sion, older than 50 years, and ultraviolet-exposed/fair skin. MCC most commonly pres-
ents on the head and neck, followed by the extremities and trunk. Diagnosis is made via
biopsy, and the first-line treatment is surgical removal of the primary tumor. Sentinel
lymph node biopsy (SLNB) is recommended for all patients: patients with negative
sentinel lymph nodes (SLNs) may undergo wide local excision (WLE), Mohs micro-
graphic surgery (MMS), or radiation to the primary tumor site. Patients with positive
SLNs may undergo WLE or MMS, followed by complete lymph node dissection
(CLND) and/or radiation to the nodal basin. Patients with metastatic disease may
undergo chemotherapy or immunotherapy. Prognosis for MCC patients depends on the
stage of disease: survival rates decrease as the stage advances. Due to the high recurrence
rate of MCC, patients are encouraged to see their dermatologists frequently.

Keywords Merkel cell carcinoma - Skin cancer - Epidemiology - Clinical features
- Diagnosis - Histopathology - Staging - Treatment - Prognosis

Introduction

Merkel cell carcinoma (MCC) is a rare, aggressive skin cancer most commonly
presenting on sun-exposed skin. MCC has multiple synonyms: primary cutaneous
neuroendocrine carcinoma, small cell primary cutaneous carcinoma, and cutaneous
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trabecular carcinoma. MCC occurs when Merkel cells have unregulated growth.
Merkel cells are localized to the basal layer of the epidermis, at the skin’s
dermo-epidermal junction [1-4]. They are receptors for light touch sensation and
are innervated by heavily myelinated AP} sensory nerves [5].

Epidemiology

Merkel cell carcinoma incidence has tripled over the past two decades in the United
States to 1500 cases per year [6]. The increased incidence is attributed to greater UV
exposure, increasing numbers of immunocompromised persons, and more specific
diagnostic techniques. Excessive UV radiation is attributed to sun exposure, tanning
beds, and light-based therapies such as psoralens with UV light (PUVA). Infection
with Merkel cell polyomavirus (MCPyV) is an important risk factor, as up to 80%
of patients are found to be MCPyV positive [7]. MCC occurs most commonly in
elderly individuals, with a mean age at diagnosis of 69 years [8]. For men younger
than 65 years old, it is found mostly on the trunk and limbs, whereas it is found most
commonly on the head and neck in males 65 years of age and older [9]. MCC affects
males more often than females (2:1 ratio in Caucasians and African Americans;
1.5:1 in all other ethnic groups) [10]. Fair skin is a risk factor, with more than nine
out of ten cases being found in Caucasians [11].

Immunosuppression is a risk factor for MCC: patients with HIV have a 13-fold
increase in relative risk of MCC, and solid organ transplant recipients have a 10-fold
increase. Patients with chronic lymphocytic leukemia (CLL) also have an increased
risk of developing MCC [12].

Clinical Features

MCC usually presents as a rapidly growing, asymptomatic, dome-shaped red or
blue nodule on chronically sun-damaged skin (Fig. 7.1) [13]. The differential diag-
nosis includes basal cell carcinoma (BCC), melanoma, epidermoid cyst, small cell
lung carcinoma, cutaneous lymphoma, neuroblastoma, and sarcoma [14].

MCC presents most frequently in the head and neck (41%-50%) (Fig. 7.1), fol-
lowed by the extremities (32%—-38%) (Fig. 7.2) and trunk (12%—-14%) [13]. The
primary tumor’s size varies greatly: in one study, 21.3% of patients had a primary
tumor with a diameter of less than 1 cm; 43.3% of patients had tumors with a diam-
eter between 1 and 2 cm; 35.3% of patients had tumors measuring greater than 2 cm
[15]. If MCC is suspected, a thorough lymph node exam is performed to evaluate
for clinical lymph node metastasis.
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Fig. 7.1 Merkel cell
carcinoma by the eyelid

Fig. 7.2 Merkel cell
carcinoma on lower
extremity

Histopathology

Merkel cells are clear oval cells localized to the dermo-epidermal junction where
they associate with dermal nerves to function as mechanoreceptors of light touch
(Figs. 7.3 and 7.4). Merkel cells are found throughout the skin but have increased
density in glabrous skin and hair follicles [15a]. Merkel cells within the hair folli-
cles and oral mucosa are not associated with nerves. On light microscopy, Merkel
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Fig. 7.4 H&E of Merkel cell carcinoma, 20x magnification

cells are virtually undetectable by the naked eye. However, on electron microscopy,
Merkel cells are characterized by lobulated nuclei, a cytoskeleton consisting of
intermediate filaments, microvilli that extend into nearby keratinocytes to allow
increased sensitivity for mechanical stimuli, and membrane-bound cytoplasmic
granules [16]. On immunohistochemistry, Merkel cells’ intermediate filaments



7 Merkel Cell Carcinoma 147

stain for cytokeratins (CK) 8, 18, 19, and 20 [17]. In normal Merkel cells, CK 20
staining is observed in a diffuse pattern, whereas it is observed in a perinuclear
pattern in MCC. Additionally, the cytoplasmic granules stain positively for synap-
tophysin, chromogranin A, and neuron-specific enolase; they stain negatively for
desmin and S100.

Diagnosis and Staging

Shave, incisional, or excisional biopsy is recommended for evaluation of skin
lesions clinically suspicious for MCC. MCC is diagnosed histologically with der-
mal clusters of round or ovoid cells with hyperchromatic nuclei—a typical finding
in neuroendocrine neoplasms. However, due to variable histopathologic features,
cytokeratin immunohistochemistry staining is used to differentiate MCC from other
neuroendocrine tumors.

Sentinel lymph node biopsy (SLNB) is recommended in the evaluation and treat-
ment of MCC whether clinical lymphadenopathy is noted. MCC often metastasizes
to the draining lymph node basin. Lymph node involvement is an important factor
for survival and is a necessary component for MCC staging [18]. Positive SLNs are
found in up to 33% of patients on initial presentation [19]. Chest X-rays and com-
puterized tomography (CT)/positron emission tomography (PET) scans may be per-
formed for patients with primary tumors greater than 2 cm to survey for MCC
metastases or to evaluate for small cell lung carcinoma, a neuroendocrine tumor that
can metastasize to the skin.

The TNM (tumor thickness, nodal involvement, metastasis) staging system for
MCC is outlined in Table 7.1. Staging is based on clinical size of the primary tumor,
presence or absence of SLNB, presence or absence of tumor metastasis in the SLN,
presence or absence of lymph node involvement, and presence or absence of distant
metastases.

Primary Tumor (T)

The T category defines the dimensions of the primary tumor and/or how far the
tumor has invaded into other tissues, specifically bone, muscle, fascia, or cartilage.
Tumors with dimensions of <2 cm (T1) have a better prognosis than those with
dimensions of >2 cm (T2-T3). T2 tumors measure greater than 2 cm but less than
5 cm. T3 tumors are over 5 cm in dimension. Lastly, T4 tumors invade underlying
bone, muscle, fascia, or cartilage [20].
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Table 7.1 Staging of Merkel cell carcinoma, AJCC 8th edition

Primary tumor

Stage thickness Nodal involvement Metastasis
0 In situ No regional lymph node No distant metastasis
metastasis

I Clinical® | <2 cm maximum Nodes negative by clinical exam | No distant metastasis
tumor dimension only

I <2 cm maximum Nodes negative by pathologic No distant metastasis

Pathologic® | tumor dimension exam

IIA Clinical |>2 cm tumor Nodes negative by clinical exam | No distant metastasis
dimension only

ITA > 2 cm tumor Nodes negative by pathologic No distant metastasis

Pathologic | dimension exam

IIB Clinical

Primary tumor invades
bone, muscle, fascia, or
cartilage

Nodes negative by clinical exam
only

No distant metastasis

1IB Primary tumor invades | Nodes negative by pathologic No distant metastasis
Pathologic | bone, muscle, fascia, or | exam
cartilage
III Clinical | Any size/depth Nodes positive by clinical exam | No distant metastasis
only
1A Any size/depth Nodes positive by pathologic No distant metastasis
Pathologic exam only (nodes not apparently
positive on clinical exam)
Not detected Nodes positive by clinical exam | No distant metastasis
(“unknown primary”) | and confirmed via pathologic
exam
111B Any size/depth Nodes positive by clinical exam | No distant metastasis
Pathologic and confirmed via pathologic
exam or in-transit metastasis®
IV Clinical | Any +/— regional nodal involvement | Distant metastasis
detected via clinical
exam
v Any +/— regional nodal involvement | Distant metastasis
Pathologic confirmed via

pathologic exam

Used with permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The
original and primary source for this information is the AJCC Cancer Staging Manual, Eighth
Edition (2017), published by Springer International Publishing
aDetected via inspection, palpation, and/or imaging

"Detected via sentinel lymph node biopsy, lymphadenectomy, or fine needle biopsy; pathologic
confirmation of metastatic disease may be via biopsy of the suspected metastasis

‘In-transit metastasis: a tumor distinct from the primary lesion and located either between the pri-
mary lesion and the draining regional lymph nodes or distal to the primary lesion
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Nodal Involvement (N)

The N category is characterized by regional lymph node involvement detected either by
clinical or pathologic exam; the 8th Edition AJCC Staging System has this defined in
the stage itself (Table 7.2) [20]. NO designates no lymph node involvement, while cNO
designates negative clinical lymph node exam, and pNO designates negative pathologic
lymph node exam. This distinction is critical, as patients with clinically positive nodes
have worse outcomes than those with positive pathologic or microscopic nodes.

Lymph node metastasis, whether detected clinically or histologically, is denoted
as N1. Pathologic lymph node staging is further divided into Nla if there are
micrometastases (isolated tumor cells in a lymph node) without clinical lymphade-
nopathy or N1b if there are macrometastases with clinical lymphadenopathy and
histologic confirmation. Patients with N1b staging have a worse prognosis than
those with N1a. In-transit metastases are denoted as N2.

Metastasis (M)

The M category is characterized by distant metastases most often to the brain, liver,
lung, and bone. This category distinguishes stage IV from all the other stages.
Metastases beyond the regional lymph nodes denote M1; to the skin, subcutaneous tis-
sues, or distant lymph nodes, M1a; to the lungs, M1b; and to visceral sites, M1c [20].

Table 7.2 Staging for nodal involvement (N) category

Clinical staging Pathologic staging Nodal involvement (N)
NX NX Regional lymph nodes not able to be assessed
NO NO No regional lymph node metastasis
cNO Lymph nodes negative by clinical exam*
pNO Lymph nodes negative by pathologic exam
N1 N1 Metastasis in regional lymph nodes
Nla Micrometastasis®
Nl1b Macrometastasis®
N2 N2 In-transit metastasis?
N3 N3 In-transit metastasis with lymph node
metastasis

Used with permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The
original and primary source for this information is the AJCC Cancer Staging Manual, Eighth
Edition (2017) published by Springer International Publishing

*Clinical exam performed via palpation, inspection, or imaging

"Micrometastasis defined as isolated tumor cells in a lymph node

‘Macrometastasis defined as clinical detectable nodes, confirmed by lymphadenectomy or needle
biopsy

In-transit metastasis defined as tumor distinct from primary lesion and located either between the
primary lesion and regional lymph nodes or distal to the primary lesion
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Staging

Tables 7.3 and 7.4 show the final staging based on the TNM system. Staging is spe-
cific for either clinical or pathologic exam. Stage I is for tumors less than or equal
to 2 cm. Stage II is for tumors greater than 2 cm. Stage IIC denotes tumors that have
invaded the bone, muscle, fascia, or cartilage but have no lymph node involvement
or distant metastases. Stage III is any tumor size with regional lymph node involve-
ment. Stage III is subdivided into either micrometastases or macrometastases. Stage
IV is characterized by metastasis beyond the draining lymph node basin, irrespec-
tive of primary tumor size and draining lymph node involvement [20].

Treatment

Surgery is the first-line treatment for MCC [15]. Intraoperative SLNB is recom-
mended for all MCC carcinoma patients due to the procedure’s low morbidity and
mortality and the high rate of lymph node metastasis associated with MCC.

Table 7.3 Final staging based on TNM system, for clinical exam

Final stage Tumor thickness (T) Nodal involvement (N) Metastasis (M)
0 Tis NO MO
1 Tl NO MO
A T2/T3 NO MO
1B T4 NO MO
II1 Any T NI1-N3 MO
v Any T Any N Ml

Used with permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The
original and primary source for this information is the AJCC Cancer Staging Manual, Eighth
Edition (2017), published by Springer International Publishing

Table 7.4 Final staging based on TNM system, for pathologic exam

Final stage Tumor thickness (T) Nodal involvement (N) Metastasis (M)
0 Tis NO MO
1 T1 NO MO
1A T2/T3 NO MO
1B T4 NO MO
1IA Any T Nla MO
A TO Nl1b MO
I1IB Any T N1b, N2, N3 MO
v Any T Any N Ml

Used with permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The
original and primary source for this information is the AJCC Cancer Staging Manual, Eighth
Edition (2017) published by Springer International Publishing



7 Merkel Cell Carcinoma 151

Patients with negative SLNs can undergo either wide local excision (WLE) or
Mohs micrographic surgery (MMS) for surgical treatment of T1 tumors. WLE with
1-2 cm margins is recommended. If the tumor is in a cosmetically sensitive area,
MMS is a surgical option. In MMS, the clinical tumor is removed with a 2—4 mm
margin of normal skin. The tissue is processed to study the entire margin. The
MMS technique ensures complete removal of the tumor while sparing normal adja-
cent tissue [21].

For patients with a positive SLN, there are three treatment options: complete
lymph node dissection (CLND), CLND and radiation of the nodal basin, or radia-
tion of the nodal basin.

Radiation is typically prescribed in conjunction with surgery or as the sole treat-
ment if the patient is a nonsurgical candidate. Factors to consider in deciding upon
radiation treatment include the patient’s level of immunosuppression, the primary
tumor’s size, SLN status, tumor depth, and technicalities of therapy (location of
tumor, lack of SLNB) [15]. Radiation is not recommended in patients with a low
risk of recurrence (e.g., negative SLNB, clear surgical margins, or primary tumor
<1 cm). However, radiation is highly recommended for primary tumor sites or SLNs
in patients with a high risk of recurrence (macroscopic nodal disease, multiple node
involvement, positive margins at resection, primary tumor>2 cm). Surgery with
radiation to the regional lymph nodes can decrease the rate of recurrence 3.7-fold
[22, 23]. For primary lesions on the head and neck, radiation is recommended even
with negative SLNs, as SLNBs performed in this area may not be reliable. For pri-
mary lesions on the trunk or extremities, radiation may not be necessary if the SLNs
are negative, as tracking the draining lymph node is more reliable.

Chemotherapy is not often used as the primary or adjuvant treatment of MCC as
there is no randomized controlled studies to guide care [24]. If chemotherapy is
used, it is for palliative care rather than a primary or adjuvant therapy. Patients
treated with cytotoxic chemotherapy have a median progression-free survival of
only 3 months [25]. There are no Food and Drug Administration (FDA)-approved
chemotherapies for advanced MCC, but current standard therapy is platinum with
etoposide [25].

Immunotherapy is a promising, new treatment for MCC. Programmed death
ligand 1 (PDL-1) is overexpressed in many MCC tumors [26]. PDL-1 binds to pro-
grammed death-1 (PD-1) to inhibit lymphocyte tumor responses. Checkpoint inhib-
itor immunotherapy with PD-1 receptors nivolumab and pembrolizumab showed a
recurrence-free period of 8 months and 9.7 months in MCC patients, respectively
[27, 28]. Avelumab, a monoclonal antibody that binds PDL-1, is the only FDA-
approved drug for the treatment of MCC. In 88 MCC patients previously treated
with chemotherapy, 20 patients had a partial tumor response; 8 had a complete
tumor response with avelumab. Importantly, the responses were durable with 40%
having a progression-free survival and 60% an overall survival at 6 months [29].
Immunotherapy is reserved for metastatic disease and not as an adjuvant therapy
following surgery.
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Outcomes/Prognosis

The 5-year survival rates for MCC are stage-dependent. For stage IA and IB, the
5-year survival rates are 80% and 60%, respectively. As disease progresses, the
survival rate decreases to 50% in stage II and to 25% in stage IV [30]. MCC often
recurs. Local recurrence or lymph node metastasis usually presents within the first
year. Patients are recommended to have regular dermatology exams with clinical
lymph node evaluation every 2-3 months for the first year and every 6 months
following.
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Chapter 8
Cutaneous Lymphomas

Trisha Bhat, Jeffrey P. Zwerner, and Amy Musiek

Abstract Cutaneous B-cell and T-cell lymphomas are distinct subtypes of non-
Hodgkin lymphoma (NHL). They are cancers of lymphocytes that primarily involve
the skin, the most common single-organ location of extranodal NHL (Groves et al.,
J Natl Cancer Inst. 2000;92(15):1240-1251). Cutaneous lymphomas may remain
limited to the skin for long periods of time but can spread to blood, lymph nodes,
and viscera in cases of advanced disease. Cutaneous T-cell lymphomas (CTCL),
involving malignant clonal T cells that present primarily in the skin, comprise more
than 75% of all primary cutaneous lymphomas (Willemze et al., Blood.
2005;105(10):3768-3785). CTCL includes variants with indolent, aggressive, and
variable clinical behavior, with mycosis fungoides (MF) and Sézary syndrome (SS)
together comprising more than 50% of all CTCLs (Willemze et al., Blood.
2005;105(10):3768-3785). The second most common type of CTCL, CD30+ lym-
phoproliferative disorders, comprises 20% of all cutaneous lymphomas. Cutaneous
B-cell lymphoma (CBCL) is less common and often presents as indolent disease.
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Epidemiology

MF/SS make up 4% of NHL, with approximately 0.96 CTCL cases per 100,000
patients and 3000 new cases every year. The annual incidence of CTCL has contin-
ued to rise since the early 1970s, likely due to absolute increases in number of cases
but also due to improved and increased physician detection and diagnosis; higher
incidence has been shown to correspond to physician and medical specialist density
[3, 4]. Annual overall incidence of CTCL increased from 6.4 in 1973-2002 to 7.7
persons per million in 2001-2005, with MF incidence alone accounting for 4.1
persons per million [1, 5]. Accounting for early-stage MF that is often not reported
to tumor registries, Zic et al. estimate 3000 new cases of MF annually between 2000
and 2013 [6]. However, annual percent change in overall incidence of CTCL has
stabilized since 1998, with similar incidence stabilization seen across race, sex, age,
diagnosis, and registry lines. Five-year CTCL survival rates have also increased
over time [7]. The median age at diagnosis is 55—65 years, and two-thirds of patients
present with early-stage disease (IB-IIA). CTCL disproportionately affects African
Americans, the elderly, and males, with a 2:1 male:female ratio [3, 5, 8]. The most
significant clinical prognostic factors are TNMB classification and clinical stage,
presence or lack of extracutaneous disease, and patient age [9].

Pathogenesis

In normal skin, T cells are recruited after an insult, such as an arthropod bite or
exposure to a contact allergen, and their receptors recognize specific antigens and
initiate an immune reaction. Downstream inflammatory responses lead to activation
of naive T cells in the lymph nodes to antigen-specific effector/memory cells which
can then home to the skin. These skin effector/memory T cells are CD3+, CD4+,
CD7-, CD26—, CLA+, CXCR3+, and CCR4+. Cutaneous lymphocyte antigen
(CLA), an E-selectin ligand, interacts with E-selectin receptor (ELAM-1) on post-
capillary venules in the dermis, allowing T lymphocytes to slow down and roll
along endothelial venule walls [10, 11]. CXC chemokine receptor 3 (CXCR3) and
CC-chemokine receptor 4 (CCR4) both bind to skin-manufactured chemokines,
helping lymphocytes to chemotax and home to the skin [11-14].

Tropism of any malignant lymphoma to the skin is based on both the dysregulated
skin-homing behavior of the lymphocytes involved and their ability to attain clonal
dominance and proliferate within the skin. In MF, the defect is found in mature effector
memory T cells that are present in and do not leave the skin; in SS, affected cells are
central memory T cells that migrate between the skin, lymph nodes, and blood [15].

Malignant CLA* T lymphocytes express particularly high levels of CC-chemokine
receptor 4 (CCR4) as well as CXCR3 [6, 11, 16-18] (Fig. 8.1) . Additionally, MF
skin lesions often express high levels of the CCR4 ligands CCL17 (TARC) and
CCL22 (MDC) [16, 19, 20]. Increased expression of CCR4 and CXCR3 on T
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Fig. 8.1 Malignant T
lymphocyte [6, 11]

Ki-67
(proliferation
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lymphocytes and increased expression of their chemotactic ligands in the skin may
help to explain the dysregulated skin-homing behavior and enhanced epidermotro-
pism of MF T cells [21]. Notably, this epidermotropism is lost in late-stage CTCL;
tumor-stage tissue exhibits decreased expression of CCR4 and CXCR3 but increased
expression of CCR7, a receptor involved in lymphatic entry [18].

The mechanism behind constitutive activation and proliferation of malignant T
lymphocytes in CTCL remains unclear, though the prevalence of Langerhans cells
in the hallmark Pautrier’s microabscesses seen on histopathology (detailed below)
may suggest their involvement [11]. Langerhans cells, immature dendritic cells that
reside in the skin, may provide persistent stimulation to T cells in the skin, allowing
for constitutive activation and clonal expansion [22].

Malignant T cells in mycosis fungoides also exhibit Th2-type activity, express-
ing high levels of the Th2 cytokines IL-4, IL-5, and IL-10 that are important in
mechanisms of allergy and responses against extracellular parasites. The Th2
response also decreases cytotoxicity, intracellular microbicidal activity, and cell-
mediated immunity by downregulating Th1 differentiation and cytokine production
[11, 23]. Additionally, Stat3 and Stat5, components of the JAK-STAT signaling
pathway used to transmit cytokine signaling information, are dysregulated and
show constitutive activation even in early CTCL. Meanwhile, Fas expression and
signaling, important in cell-mediated cytotoxicity, are decreased, corresponding to
decreased sensitivity to apoptotic stimuli; this may allow tumor cells to accumulate
[24-27]. Malignant T lymphocytes are also resistant to the growth suppression
effects of transforming growth factor (TGF)-f [11]. Malignant lymphocytes can
also escape elimination by cell-mediated cytotoxicity by exploiting the immunosup-
pressive cell surface protein PD-1, which is involved in the functional impairment
of immune cells that would normally be activated against MF/SS cells. PD-1 is
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found on the surface of malignant T lymphocytes in many forms of CTCL but is
most notably seen in the majority of cases of early-stage MF.

Noreliable genetic abnormality has been uniformly detected in early-stage CTCL. In
later-stage MF/SS, various sites of common chromosomal structural aberration have
been identified through comparative genomic hybridization analysis. Somatic copy
number variants (SCNVs) appear to drive CTCL, comprising 92% of all driver muta-
tions [28]. The most frequent losses are found in chromosomes 1p, 17p, 10g/10, and 19
as well as rare deletions in 1p31p36 and 10q26; 17p deletions involve deletion of tumor
suppressor TP53 and allow for uncontrolled growth. The most frequent gains are found
in chromosomes 4/4q, 18, and 17g/17 [29]. Many of these gains and losses involve
specific, identifiable genes that can thus be implicated in CTCL pathogenesis. In a
study of 40 leukemic CTCL patients, Choi et al. analyzed recurrent changes in single
amino acids and recurrent protein-altering changes in specific genes to identify CD28,
RHOA, PLCG1, BRAF, STAT5B, TP53, DNMT3A, FAS, NFKB, ARIDIA, ZEBI, and
CDKN?2A as possible CTCL drivers [28].

Disease progression has been associated with widespread hypermethylation of
tumor suppressor genes and their promoters. Hypermethylation of BCL7a, PTPRG,
and thrombospondin 4 genes, as well as promoter hypermethylation of tumor sup-
pressor genes p73, p16, CHFR p15, and TMS1, leads to loss of function and inacti-
vation of these genes, with consequences for DNA repair, the cell cycle, and
apoptotic signaling pathways [30]. Amplification of oncogenes has also been
observed, particularly amplification of 8q containing the MYC oncogene [28, 31].

Staging

Staging evaluation for CTCL entails a comprehensive physical exam, complete
blood count, metabolic panel, and imaging [11]. Physical examination includes
evaluating the size and type of skin lesions, palpating peripheral lymph nodes, and
palpating for masses and organomegaly [32, 33]. The standard staging classification
system for CTCL, including both mycosis fungoides and Sézary syndrome, is the
tumor-node-metastasis-blood (TNMB) system, encompassing cutaneous, lymph
node, visceral, and peripheral blood involvement [34].

T (Tumor)

The T classification comprises both the body surface area involved and lesional
thickness (Table 8.1). Patients with only patches and plaques are classified as T1
(lesions covering less than 10% of skin surface) or T2 (lesions covering more than
10% skin surface), with the area of a single hand with the thumb removed equiva-
lent to 1% of total body surface area. Patches are skin lesions of any size that lack
induration or elevation above surrounding skin (Table 8.2, Patch Stage A), while
plaques are indurated or elevated (Table 8.2, Patch Stage B). T1 can be divided into
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Table 8.1 Tumor classification

Tla Patches only
<10% total BSA

T1b Plaques =+ patches only
<10% total BSA

T2a Patches only
>10% total BSA

T2b Plaques + patches only
>10% total BSA

T3 Tumor >1 cm in diameter

T4 Erythroderma >80% BSA

Tla (patch only) and T1b (plaque + patch), and T2 can be divided into T2a (patch
only) and T2b (plaque =+ patch). Patients with at least one cutaneous tumor — a solid
or nodular lesion greater than or equal to 1 cm in diameter with deep infiltration in
the skin and/or vertical growth — are classified as T3 (Table 8.2, Tumor Stage) [35,
36]. The presence of erythroderma, defined as skin involvement of more than 80%
of the total body surface area, defines T4.

N (Node)

Lymph node biopsies are rare in the routine diagnosis of CTCL and are typically
only performed in patients for whom a diagnosis is in question [32]. The TNMB
system classifies most patients as NO, with no clinically abnormal nodes, or NX,
with clinically abnormal lymph nodes that have not been histologically confirmed
by biopsy. NX patients may have enlarged nodes secondary to dermatopathic
changes, lymphoma, or other reactive diseases. In patients with lymphadenopathy,
defined as nodes 1.5 cm or larger in diameter or nodes that are firm or irregular,
excisional node biopsies are used preferentially over fine needle aspirations because
the presence and extent of lymph node involvement affects both staging and prog-
nosis. N1 denotes enlarged lymph nodes that are histologically uninvolved (Dutch
grade 1 or NCI LN;,). N2 denotes enlarged lymph nodes that are histologically
involved but without changes in nodal architecture (Dutch grade 2 or NCI LN3). N3
denotes enlarged lymph nodes that are histologically involved with effacement of
nodal architecture (Dutch grade 3—4 or NCI LNy) [33].

M (Metastasis)

The M classification denotes extracutaneous metastasis. MO indicates that lym-
phoma cells have not spread outside the skin or lymph nodes, while M1 indicates
visceral involvement. M1 classification requires documentation of the involvement
of only one organ, typically liver or spleen, outside of the skin and nodes [36].
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Fig. 8.2 Patch stage classic MF

Fig. 8.3 Plaque stage classic MF
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Fig. 8.4 Tumor stage classic
MF

Fig. 8.5 Folliculotropic MF

Fig. 8.6 Sézary syndrome



164 T. Bhat et al.
B (Blood)

Blood involvement is evaluated by complete blood count with analysis of Sézary
cells by light microscopy and peripheral blood flow cytometry. Sézary cells appear
as atypical cerebriform mononuclear T lymphocytes on light microscopy. They also
exhibit altered expression of normal T-cell markers, including deletion of CD3,
CD7, and/or CD26 on the surface of CD4+ cells [37-39]. However, neoplastic phe-
notypes are not uniform, and a single SS patient may present with more than one
clone. Benign inflammatory conditions may also present with CD7— T lympho-
cytes in the blood, further confounding Sézary cell identification [40, 41]. Loss of
CD26 may be a more specific marker to identify and quantify neoplastic lympho-
cytes [34, 37]. Though classification of lymphocytes as atypical is subjective, once
significant blood involvement with more than 20% Sézary cells is determined, it is
prognostically relevant independent of T and N classifications [9].

Modified ISCL/EORTC classifications define B, as 5% or fewer Sézary cells. B, is
defined as more than 5% Sézary cells in combination with (1) the absence of clonal
rearrangement of the T-cell receptor (TCR), (2) less than 1.0 K/pL absolute Sézary
cells, or (3) both. B, is defined as clonal rearrangement of the TCR in the blood as well
as either 1.0 K/pL absolute Sézary cells, increased CD4+ or CD3+ cells with a CD4/
CDS ratio of 10 or more, or increase in abnormal CD4+ cells [33, 42].

Histology and Immunohistochemistry

In MF, neoplastic lymphocytes typically present in a lichenoid or band-like pattern
within the superficial dermis. Most are small- to intermediate-sized with hyperchro-
matic, cerebriform nuclei, though cytologic atypia may not be seen in the early
stages of disease. Papillary dermal fibroplasia is a common finding. Neoplastic lym-
phocytes often align along the dermal-epidermal junction and extend into the epi-
dermis [43]. The intraepidermal lymphocytes have surrounding haloes and may
form small nests termed Pautrier’s microabscesses (Fig. 8.7). A hallmark feature of
mycosis fungoides is the relative lack of spongiosis relative to the number of
intraepidermal lymphocytes. Notably, epidermotropism may not be present in
tumor-stage disease [11]. Large cell transformation (LCT), a poor prognostic fea-
ture in MF, is characterized by lymphocytes at least four times the size of a typical
lymphocyte exceeding 25% of the total lymphoid infiltrate or present in discrete
clusters [44]. Classic MF T lymphocytes are CD3+, CD4+, CD45RO+, and CD8—
and exhibit variable loss of CD7, a mature T-cell marker (Fig. 8.8). There is an
increase in the CD4/CD8 T-cell ratio, though CD8 expression may be observed in
rare variant forms of MF [32, 45, 46].

Folliculotropic mycosis fungoides (FMF) is morphologically similar to
conventional MF, exhibiting CD4+ T lymphocytes with cerebriform nuclei, Th2
cytokines, epitheliotropism, and frequent Pautrier’s abscesses. However, in FMF,
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Fig. 8.7 Patch/plaque
mycosis fungoides.
Lymphocytes are tagging
along the dermal-
epidermal junction and
Pautrier’s microabscesses
are seen

cD3 . cp4

cD8 A5 ; BEI

Fig. 8.8 Immunohistochemistry of a Sézary syndrome patient. Staining highlights an elevated
CD4/CDS ratio and a loss of CD7

folliculotropism with or without follicular mucinosis is present. Additionally,
eosinophils and plasma cells are more conspicuous within the reactive infiltrate.
FMF may also contain abundant CD1a + Langerhans cells in the follicular epithe-
lium [47, 48]. Pagetoid reticulosis, a variant of MF that typically involves the acral
sites, is characterized histologically by a level of epidermotropism that is rarely
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observed in traditional MF [49]. Granulomatous slack skin exhibits a superficial
and deep granulomatous infiltrate of clonal CD4+ T lymphocytes, macrophages,
and multinucleate giant cells that often contain host lymphocytes or elastic fibers
within their cytoplasm [50]. Hypopigmented MF exhibits similar histopathological
features to classic patch and plaque MF; however, the atypical lymphocytic popula-
tion is often CD8 positive [51].

SS is extremely difficult to diagnose by histology alone, as it lacks the charac-
teristic features of MF, including epidermotropism and lack of spongiosis. It is
not atypical for SS patients to require multiple biopsies before a definitive diag-
nosis is achieved. Immunohistochemical markers are often required to make or
confirm a diagnosis, particularly a CD4/CDS8 ratio of greater than 10 and a loss of
CD7 and CD26 expression [34, 37]. KIR3DL2/CD158k has also been identified
as a cell-specific marker for the evaluation of circulating tumoral burden in SS [52].
Suggestive pathology in combination with erythroderma, generalized lymphade-
nopathy, peripheral blood flow cytometry, and TCR gamma gene rearrangement
is often necessary to make a final diagnosis [42, 53, 54].

Clinical

Significant clinical questions in CTCL diagnosis and treatment remain, even as
therapeutics and outcomes improve. Differential diagnoses for the typical clinical
and histological presentation of CTCL include various benign conditions, including
atopic dermatitis, drug eruptions, and psoriasis, and thus defining tools to differenti-
ate CTCL from its mimics are of vital importance. Clinical management must also
be customized to the patient’s prognostic factors as well as current available thera-
pies [55].

The most useful factor in differentiating CTCL from its inflammatory mimics is
correlation between clinical observations and pathology. Additionally, ancillary
studies such as polymerase chain reaction (PCR) allow evaluation of the T-cell
receptor (TCR) gene. However, PCR analysis of TCRy chain rearrangement can be
misleading, as several inflammatory dermatoses also contain clonal T-cell prolif-
erations, and PCR may not detect clones in all patients. Diagnostic utility can be
improved by using two sets of primers to detect and evaluate both TCRy and TCRf
rearrangements and by detecting and demonstrating the existence of identical
clones from two separate skin sites [56, 57]. Some investigators also suggest that
high-throughput sequencing exhibits greater sensitivity and specificity in detecting
T-cell clonality and may be preferable over PCR, particularly in skin biopsy sam-
ples in which the percentage of suspected neoplastic T cells is low [58]. Other
exploratory diagnostic tests include fluorescence in situ hybridization (FISH) to
distinguish between malignant and inflammatory cells, IHC for immunophenotypic
markers, and miRNA expression profiles [55, 59].
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Prognostic Considerations to Guide Clinical Management

Clinical Factors

Key clinical factors predicting disease progression in CTCL include demographic
factors, clinical stage (using TNMB classification), disease variant, and transforma-
tion to aggressive clinical behavior. Demographic factors predisposing to develop-
ment and progression of MF/SS include old age, male sex (2:1 male:female ratio),
and black race [35, 8, 60, 61]. Patients at later stages of disease fare worse than patients
with early-stage disease. Different clinical variants of disease also differ in terms of
prognosis, with pagetoid reticulosis, granulomatous slack skin, and hypopigmented
MEF exhibiting indolent clinical behavior with a more favorable prognosis and fol-
liculotropic mycosis fungoides (Table 8.2, Folliculotropic MF) and Sézary syndrome
(Table 8.2, Sézary syndrome) exhibiting aggressive clinical behavior, with a corre-
spondingly worse prognosis. Transformation to aggressive clinical behavior also
predisposes to disease progression and poorer outcomes [9, 60, 62-64].

Histology and Laboratory

Histologically, large cell transformation is associated with decreased survival [65-67].
Folliculotropism also predisposes to more aggressive disease behavior and poorer out-
comes [48]. Elevated lactate dehydrogenase (LDH), elevated B,-microglobulin, and
increased IgE (eosinophilia) also all correlate with poor outcomes in MF [65, 68]. For
example, SS patients show elevated serum IgE and peripheral eosinophilia [69].
Increased soluble cytokine and cytokine receptor levels in the serum, particularly those
of IL-6, also act as indicators of poor prognosis [70].

Increased levels of Ki-67, CD25, and/or CD30 are also predictive of poor prog-
nosis. Ki-67 is a cellular marker for proliferation, with surface expression increased
among rapidly proliferating malignant T lymphocytes; increased dermal Ki-67 is a
negative prognostic indicator [71, 72]. CD25 is the alpha subunit of the receptor for
the T cell growth factor IL-2, and surface expression is increased in advanced-stage
MF; increased serum concentration of CD25 predicts increased tumor burden and
poor prognosis [73-75]. CD30 is a tumor marker and member of the tumor necrosis
factor (TNF) superfamily, with high levels of surface expression in transformed
MF; elevated serum CD30 is a negative prognostic indicator [70, 76, 77]. CD30
expression is not limited to transformed MF; increased levels of dermal CD30
expression in nontransformed MF also predict adverse outcome [72].

Conversely, the presence of host tumor-infiltrating CD8+ cytotoxic T lympho-
cytes (TILs) and regulatory T cells (Tregs) correlate with improved prognosis and
increased rate of survival in CTCL patients. When divided by T stage, patients with
early-stage disease show higher proportions of host TILs on biopsy than those with
advanced-stage disease. Higher proportions of TILs also correlate to better prognoses
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and survival rates within each T stage [78]. Higher levels of host Tregs in the tumor
microenvironment are also correlated with increased survival rates for MF patients, a
result that is not seen in other cancers with solid tumors [79].

Gene Expression Patterns

Gene expression patterns can also be used to distinguish indolent MF from aggres-
sive MF tumors. Indolent MF exhibits increased expression of genes involved in
epidermal differentiation as well as genes with tumor suppressor function, including
negative cell cycle regulators and genes involved in apoptosis and DNA repair.
Aggressive MF tumors show increased expression of genes regulating T-cell prolif-
eration and survival. This includes genes involved in drug resistance; tumor necrosis
factor (TNF) pathways, including CD40L and TNF-dependent apoptotic regulators;
cytokine signaling molecules, including STAT4; and other oncogenes and inhibitors
of apoptosis [§0-82].

Management

Clinical symptoms and signs of disease as well as histological, laboratory, and
molecular analysis lead to a diagnosis, which then allows for prognostication. Other
helpful diagnostic tests include IHC panels and molecular analyses of skin biopsies
for TCR rearrangements. Assessment of peripheral blood for Sézary cells using
Sézary cell preparation, flow cytometry for abnormal immunophenotypes, and PCR
for TCR gene rearrangement (an assessment of clonality) and biopsies of suspicious
lymph nodes may be helpful in cases where skin alone is not diagnostic [11, 32].
CTCL clinical stage determines prognosis and entails different treatment approaches;
management and treatment can therefore be selected once staging evaluation is
completed (Table 8.2).

Overall goals in CTCL treatment are varied but may include the elimination of all
patches, plaques, and tumors; the reduction of cancerous lymphocytes; the preven-
tion of malignant T lymphocyte migration; the blockage of tumor cell growth; the
restoration of immune balance and competence; and/or palliation of symptoms.
Palliation of symptoms, particularly pain, pruritus, burning, and cosmetic disfigure-
ment, becomes increasingly important in late-stage disease. Patients with asymptom-
atic, historically indolent, and limited patch disease may choose “watchful waiting,”
while patients with more extensive or advanced CTCL, including more extensive
plaques, tumors, or erythroderma, may require faster and more multidisciplinary
approaches. The cumulative and overlapping toxicities of different treatment modali-
ties limit the duration and extent of treatment and therapy that can be provided.

Mycosis fungoides is managed using specific skin-directed and systemic treat-
ments as well as symptomatic treatments, emollients, and antipruritics. Generally,
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skin-directed therapies are indicated for stage I patients, while systemic therapies or
combination therapies (skin-directed with systemic or systemic with systemic) are
indicated for patients with late-stage or refractory disease.

Reliable skin responses are observed in skin-directed therapies for CTCL up to
stage ITA [85]. Patients with less than 3% body surface area affected can be treated
with topical steroids. Appropriate skin-directed therapies for patients with more
than 3% BSA affected include narrowband UVB (nb-UVB), psoralen and ultravio-
let A (PUVA), and topical mechlorethamine (nitrogen mustard). nb-UVB is particu-
larly effective and well-tolerated for patch and very limited plaque disease [86].
PUVA is effective in inducing long-term remission, with disease-free survivals of
74% and 50% at 5 and 10 years, respectively [87]. Topical mechlorethamine (nitro-
gen mustard) can also be used safely for patients with T1 or T2 disease [88].
Refractory disease can be managed with bexarotene gel, imiquimod, or local radia-
tion therapy [32, 89].

Stage IB and IIA patients can also be treated with nb-UVB, PUVA, or nitrogen
mustard. Refractory disease may require total skin electron beam therapy (TSEBT),
HDAC inhibitor (romidepsin), brentuximab vedotin, bexarotene gel, or interferon
(IFN). Topical bexarotene can be used alone or in combination with nb-UVB,
PUVA, or nitrogen mustard [32].

For more extensive disease between stages IIB and IIIB, TSEBT or systemic
therapy is appropriate; skin-directed therapy is often added. For patients with
tumors, erythroderma, or high BSA affected, low-dose (<30 Gy) TSEBT reduces
disease burden with acceptable toxicity [90]. Other options include bexarotene,
which can be used alone or in combination with nb-UVB, PUVA, or nitrogen
mustard. Patients with blood involvement (B1 or B2) should be treated with
extracorporeal photopheresis (ECP) in combination with other therapies, includ-
ing interferons, retinoids, or both [32]. ECP is a leukapheresis procedure that iso-
lates the patient’s white blood cells and exposes them to a photosensitizer and
UV radiation, resulting in apoptosis, particularly of activated and abnormal T
lymphocytes. The apoptotic cells are then re-infused into the patient’s blood and
taken up and presented by antigen-presenting dendritic cells and macrophages,
resulting in regulatory lymphocyte activation. ECP therefore both depletes the
blood of abnormal T lymphocytes and activates antigen-specific regulatory lym-
phocytes, helping to restore immune balance. More extensive disease may also
be treated with low-dose pralatrexate or brentuximab vedotin. Chemotherapy can
be used for treatment of late-stage disease but should be restricted until other
options are exhausted, as it must be administered more often and shows only
modest increases in effectiveness compared to interferon and HDAC inhibitor
therapies [91]. Enrollment in a clinical trial or allogeneic stem cell transplant
may be considered in cases of refractory or progressive disease [32, 92, 93].

Stage IV patients should be started on ECP, alone or in combination with IFN-«,
retinoids, or both. Refractory disease requires enrollment in a clinical trial or con-
sideration of allogeneic transplant [32, 92, 93]. SS patients can also be progressed
to low-dose alemtuzumab, which is effective in patients with blood involvement but
ineffective in early-stage MF [94].
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Supportive Therapy

CTCL causes associated symptoms that can compromise patients’ quality of life,
including pruritus, fatigue, skin sloughing, erythema, and increased risk of infec-
tion. Therapies used to pursue remission also carry associated toxicities and can
induce dermatitis (bexarotene) or nausea (romidepsin); interrupt daily activities
(phototherapy); require long-term, tedious full-body application (nitrogen mus-
tard); cause alopecia (radiotherapy) or neuropathy (brentuximab vedotin); or pose
high risks of mortality (transplant) [95]. Using combination therapies brings the
additional complication of managing side effects from each therapy involved.
Supportive therapy aims to mitigate symptoms that result from the disease itself as
well as from the therapies being used to treat it.

CTCL also carries an increased risk of infection, which is a common cause of
death in CTCL patients [96, 97]. To avoid methicillin-resistant Staphylococcus
aureus (MRSA) and other forms of antibiotic resistance, prophylactic systemic anti-
biotics are not advised; rather, management involves repeated skin cultures in cases
of suspicious skin erosions, with antibiotic use targeted to specific identified bacte-
ria. Proper skincare, including appropriate use of emollients, use of sunscreen and
minimization of sun exposure, and use of topical antibiotics, can help to fortify the
skin barrier against colonization. Dilute bleach baths combined with topical antibi-
otics also minimize bacterial colonization and can be used to prevent infection [32].

Severe pruritus and xerosis are also common side effects of CTCL disease and
therapy. Supportive measures include topical corticosteroids, emollients, oral antipru-
ritics and antihistamines, and more simple remedies, including refrigeration of OTC
topical ointments. Refractory pruritus also responds to narrowband UVB therapy and,
anecdotally, to medications traditionally used as antidepressants (mirtazapine, dopexin),
antiseizure medication (gabapentin), and anti-emetics (aprepitant) [98—100].

Other serious risks of CTCL treatment include nausea from HDAC inhibitors
like romidepsin, neuropathy from brentuximab vedotin, and tumor lysis syndrome
from monoclonal antibodies in patients with high tumor burden. Nausea and vomit-
ing can be managed with 5-HT3 receptor antagonists alone or in combination with
a benzodiazepine. In neuropathic patients, neuropathy should be monitored regu-
larly to adjust brentuximab dosage, and pregabalin can be used along with selective
serotonin-norepinephrine reuptake inhibitors to mitigate symptoms. Tumor lysis
syndrome should be managed with rehydration therapy and management of electro-
Iytes and uric acid.

Emerging Therapies

Malignant T lymphocytes express high levels of CC-chemokine receptor 4 (CCR4),
which binds to skin-manufactured cytokines and may contribute to the enhanced
epidermotropism of MF/SS T cells [16, 21, 101]. Anti-CCR4 monoclonal
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Table 8.3 Adapted from Thornton 2016 and Rozati 2016 [110, 111]

1. Molecular targets

(a) Topical JAK and STAT signaling pathway inhibitors target cytokine signaling.
(b) IPH4102 is an antibody against KIR3DL2, a Sézary cell marker [112].

(c) MRG-106 is an inhibitor of miR-155, a microRNA that may be important in malignant T
lymphocyte proliferation and development [113].

(d) Resimmune is an anti-CD3 immunotoxin [114].

2. Topical treatments
(a) Remetinostat is a topical HDAC inhibitor [115].

(b) SGX301 contains a synthetic hypericin, a photosensitizer activated by safe ranges of
visible light. It is in phase II trials for clinical use [116].

(c) Topical resiquimod is a toll-like receptor agonist that enhances T-cell effector function
[117].
3. Biologics

(a) E7777 (improved purity denileukin diftitox) is in phase III trials for clinical use [118].

4. Allogeneic hematopoietic stem cell transplantation [119]

5. Personalized medicine: After sequencing patient genome and isolating individual mutations
and molecular targets

antibodies induce destruction of CCR4-expressing CTCL cells via antibody-depen-
dent cellular toxicity and inhibition of CCL22-induced T lymphocyte epidermotro-
pism. Mogamulizumab (KW-0761) is a humanized monoclonal antibody (mAb)
against CCR4, supporting the use of mogamulizumab to combat CCR4-expressing
malignant lymphocytes in CTCL [102, 103]. The effectiveness of mogamulizumab
has been demonstrated in phase I and II randomized controlled trials [104, 105].

PD-1 (program death-1) is also found on the surface of malignant T lymphocytes
in many forms of CTCL and may play a role in malignant T cells’ ability to suppress
host immune function. Increased levels of PD-1 are found in more advanced stages
of disease, and PD-1 blockade has been found to enhance IFN-gamma production
and cell-mediated immunity [106, 107]. Pembrolizumab, a humanized monoclonal
antibody against PD-1, can therefore be used to enhance host immune function
against MF/SS cancer cells. Phase II clinical trials for pembrolizumab use in patients
with refractory or relapsed MF/SS are currently in progress; one ongoing phase II
study with pembrolizumab in relapsed/refractory MF/SS shows response rates of
38% and high durability [108, 109].

Targeted molecular therapies are active areas of research for primary cutaneous
T-cell lymphoma treatment (Table 8.3).

Prognosis

The prognosis of CTCL is heterogeneous and varies based on demographic factors,
clinical stage (using TNMB classification), histology and laboratory values, and
disease variant. Old age, male gender, and black race are negative prognostic



172 T. Bhat et al.

factors [5, 8, 60, 61]. Decreased survival and increased risk of disease progression
are also seen with advanced clinical stage, large cell transformation, and increased
LDH [60]. Pagetoid reticulosis, granulomatous slack skin, and hypopigmented MF
exhibit indolent clinical behavior with favorable prognoses, while FMF and SS
exhibit aggressive clinical behavior and a correspondingly worse prognosis.
Patients with SS show a 5-year overall survival rate of 10% [60].

Skin stage (T classification) is particularly predictive, with patients with patches
only (T1a/T2a) showing statistically significant increases in survival and decreases
in risk of disease progression compared to patients with patches and plaques (T1b/
T2b) [60]. Patients with limited patch/plaque disease (stage IA), an indolent form of
the disease, have life expectancies similar to control populations that are age-, sex-,
and race-matched. Patients with more generalized patch/plaque disease without
extracutaneous disease (stage IB or IIA) collectively have a median survival of
approximately 12 years [120]. Though MF/SS is generally considered to be incur-
able, the estimated 65-85% of patients exhibiting early-stage (IA, IB, and ITA) dis-
ease do not progress to more advanced-stage disease [9, 66].

Median survival for patients with tumors or erythroderma (stage IIB, III, or
IVA with grade LN3 lymph node histopathology) is only 2-3 years after diagno-
sis; median survival drops to less than 2 years for patients with extracutaneous
disease involving the lymph nodes or viscera at time of diagnosis (stage IVA with
grade LN4 lymph node histopathology or IVB) [120]. Thus, 5-year overall sur-
vival for MF varies widely from 18% to 94%. Differences in 5-year survival are
most significant between stages IIIA and IIIB. Conversely, overall survival and
disease-specific survival rates are similar for stages IIB/IIIA and IIIB/IVA,
respectively [60].

Cutaneous B-Cell Lymphoma

Cutaneous B-cell lymphomas (CBCLs) are largely indolent and may appear as ery-
thematous to violaceous rashes or nodules. Recurrence is common even after initial
complete remission, but prognosis is generally favorable. Indolent forms of primary
cutaneous B-cell lymphoma (PCBCL) include primary cutaneous follicular center
lymphoma (PCFCL) and primary cutaneous marginal zone lymphoma (PCMZL)
(Table 8.4). Leg-type primary cutaneous large B-cell lymphoma (PCLBCL), which
is more aggressive and develops more quickly than PCFCL and PCMZL, also
appears as red or violaceous nodules or tumors but can be classified based on immu-
nohistochemistry and histology, regardless of anatomic location of the lesions
involved. Other types of PCLBCL are extremely rare; non-leg PCLBCL includes
intravascular large B-cell lymphoma, T-cell-rich large B-cell lymphoma, plasma-
blastic lymphoma, and anaplastic B-cell lymphoma (Table 8.4).
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Fig. 8.9 Primary cutaneous follicular center lymphoma (PCFCL)

Fig. 8.10 Primary cutaneous
marginal zone B-cell lymphoma
(PCMZL)

Treatment for Cutaneous B-Cell Lymphoma

Therapy considerations for B-cell lymphoma are based on the intent of therapy.
Patients with solitary lesions often seek a curative option, which may include radia-
tion therapy and/or excisional surgery. Patients with multiple lesions often seek a
more palliative approach, including intralesional steroid injections, intralesional
rituximab injections, and systemic single-agent rituximab. Chemotherapy with or
without rituximab is the treatment of choice for aggressive cutaneous B-cell lym-
phomas [141].
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PCFCL

Low-dose radiation is safe and effective for patients with solitary lesions. Complete
excision alone with deferral of radiation until disease recurrence is also appropriate
[123]. Intralesional corticosteroid injection and topical therapies may also be used.
Patients with more extensive, symptomatic skin involvement can be treated effec-
tively with single-agent rituximab [141].

PCMZL

PCMZL can be managed similarly, with radiation therapy for single lesions and
single-agent rituximab for patients with more extensive, symptomatic skin involve-
ment [141].

PCLBCL, LT

PCLBCL, leg-type, can be treated with first-line R-CHOP (rituximab, cyclophos-
phamide, doxorubicin, vincristine, and prednisone) with or without radiation ther-
apy [123, 137, 141, 142]. Relapsed and refractory disease will require a second-line
multi-agent chemotherapy regimen or a clinical study [143].

CD30+ Lymphoproliferative Disorders

CD30+ cutaneous lymphoproliferative disorders, accounting for approximately
30% of all CTCLs, include lymphomatoid papulosis (LyP) and primary cutaneous
anaplastic large cell lymphoma (pcALCL) [2]. Both LyP and pcALCL are gener-
ally defined by T-cell expression of CD30 and a benign course with a favorable
prognosis. Patients with CD30+ lymphoproliferative disorders show 5-year overall
survival rates of 76-96% [144, 145]. Diagnosis can be challenging, as there is often
no distinct histopathological distinction between LyP and pcALCL, and the malig-
nant lymphocytes seen in LyP and pcALCL may be immunophenotypically similar
to those seen in the cutaneous infiltrates of other CD30+ inflammatory and neoplas-
tic diseases [146]. Therefore, clinical characteristics, clinicopathologic correlation,
and clinical course over time must be used for definitive diagnosis and therapeutic
selection [147].
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Lymphomatoid Papulosis

Lymphomatoid papulosis (LyP) is a clinically benign condition with spontaneous
regression. However, it is often recurrent and is associated with various other lym-
phomas, including MF, other systemic NHL, and Hodgkin’s lymphoma (HL) [145].
The disease manifests as self-healing crops of erythematous papules (primary) and
rare nodules (minor) that may or may not be grouped (Fig. 8.11). The lesions may
become necrotic, ulcerative, and/or hemorrhagic. LyP patients do not present with
associated fever, sweats, or weight loss, and such symptoms should raise concern
for a systemic lymphoma [148, 149].

Many histologic subtypes, including LyP types A-F and LyP with 6p23.5 rear-
rangement, have been observed. Of note, several histologic patterns can be seen in
the same patient. Type B is most similar to MF, exhibiting epidermotropism of small
hyperchromatic cells and chronic dermal inflammation. Types A and C include large,
atypical lymphocytes similar in appearance to Reed-Sternberg cells. Type A, the
most common form of LyP, includes a mixed inflammatory infiltrate and is often
confused histologically with an arthropod bite reaction. Type C includes sheets of
large, atypical cells in a pattern indistinguishable from ALCL [150]. Type D exhibits
and is characterized by an epidermotropic population of CD8+ cells [151]. Type E
exhibits an angiocentric and angiodestructive infiltrate comprised of small- to
medium-sized atypical lymphocytes. Of note, type E LyP presents with eschar-like
lesions that appear similar to aggressive cytotoxic T-cell lymphoma. Correct identifi-
cation is necessary in order to avoid overtreatment. Type F LyP has been proposed as
a sixth category and exhibits folliculotropism [152]. LyP with 6p23.5 rearrangement

Fig. 8.11 Lymphomatoid papulosis
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exhibits small- to medium-sized cerebriform lymphocytes and large pleomorphic
dermal lymphocytes [153]. Most forms of LyP are CD30+ (some type B patients
may be CD30-). Types A and C are CD3+, CD4+, CDS-, CD20-, and CD56-; type
B is CD3+, CD4+, and CDS-; type D is CD8+; type E is often CD8+; and LyP with
6p23.5 rearrangement is CD4- and CD8- [152, 153].

The treatments for LyP include topical steroids, PUVA, low-dose methotrexate,
bexarotene, and brentuximab vedotin [32].

pcALCL

In contrast to LyP, primary cutaneous anaplastic large cell lymphoma (pcALCL)
exhibits less than 44% spontaneous regression [145]. pcALCL manifests in most
patients as nodules and tumors that can manifest singly or in groups that grow rap-
idly and may ulcerate; rarely, patients may present with multifocal lesions
(Fig. 8.12). Histologically, pcALCL is characterized by an epidermis-sparing reac-
tive dermal infiltrate containing cohesive sheets of large CD30+ tumor cells; these
cells contain large amounts of pale, eosinophilic cytoplasm and round, oval, or
horseshoe-shaped nuclei with prominent nucleoli. A moderately dense reactive
infiltrate composed of histiocytes, eosinophils, and small reactive lymphocytes
appear in close vicinity to the large atypical cell infiltrate [145, 154]. Though
pcALCL is of T-cell origin, many of the anaplastic cells exhibit an aberrant pheno-
type, with loss of both CD3 and CD45RO [155]. Most pcALCL cells are CD2+ and
CD4+; though most are also CD8—, ALCL cells often express antigens typically
associated with cytotoxic T cells, including TIA-1, granzyme B, and perforin [156,
157]. Therapies for pcALCL include radiation therapy, low-dose methotrexate, pra-
latrexate, bexarotene, and brentuximab vedotin for severe or refractory cases [32].

Fig. 8.12 Primary cutaneous anaplastic large cell lymphoma
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Abstract As a group, atypical fibroxanthoma, undifferentiated pleomorphic
sarcoma, and dermatofibrosarcoma protuberans (DFSP) are rare cutaneous neo-
plasms with the potential for significant local destruction. In DFSP, delayed diagno-
sis is common as the clinical presentation can appear benign. Tissue stains are key
for diagnosis of dermatofibrosarcoma protuberans from the benign histologic mim-
icker dermatofibroma. Debate exists regarding the relationship between atypical
fibroxanthoma and undifferentiated pleomorphic sarcoma. The preferred treatment
for fibrohistiocytic tumors is Mohs micrographic surgery. Since close monitoring
for recurrence is critical, repair options for these commonly large postsurgical
defects must be carefully planned. In all cases, preoperative planning and manage-
ment of patient expectation is paramount to successful therapy.
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Introduction

Fibrohistiocytic skin tumors are rare neoplasms originating from dermal spindle
cells. Malignancies typically included in the fibrohistiocytic skin tumor category are
dermatofibrosarcoma protuberans, atypical fibroxanthoma, and undifferentiated
pleomorphic sarcoma.

Dermatofibrosarcoma protuberans (DFSP) is a rare, low-grade malignancy that
presents most commonly on the trunk. Because of its indolent course and rather
benign appearance, there is often a delay in diagnosing DFSP. Complicating matters
is that DFSP can have significant subclinical spread making definitive treatment
challenging. While metastasis is rare, recurrence is common. DFSP fibrosarcoma,
an aggressive variant of DFSP, can metastasize to the lung. Differentiating between
DFSP and DFSP fibrosarcoma requires histologic evaluation and discerning
between the two based on cellular features.

Atypical fibroxanthoma (AFX) is a rare skin cancer that presents on actinically
damaged, sun-exposed skin. AFX is a low-grade skin cancer often successfully
treated with Mohs micrographic surgery. AFX rarely metastasizes. Histologically, it
isawell-defined, spindle cell neoplasm localized to the upper dermis. Undifferentiated
pleomorphic sarcoma (UPS), previously known as malignant fibrous histiocytoma
(MFH), is identical to AFX histologically. The two tumors differ in their depth of
invasion with AFX remaining localized to the dermis, while UPS infiltrates deeply
into subcutaneous tissue. UPS is an aggressive skin cancer with metastatic potential.
Differentiating between AFX and UPS remains a diagnostic challenge.

Dermatofibrosarcoma Protuberans

Dermatofibrosarcoma protuberans is a rare, locally infiltrative cutaneous soft tissue
sarcoma. DFSP most commonly presents on the trunk as an ill-defined plaque or
nodule. The incidence of DFSP in the United States is 0.8—4.5 cases per million
persons per year [1]. Women are more likely to develop DFSP than men. Black
patients have an increased incidence almost two times greater than Caucasian
patients [2]. Bednar tumor, a pigmented DFSP variant, is more common in black
patients. DFSP can present at any age but most often presents in 30-year-old adults.
DFSP fibrosarcoma (DFSP-FS) variant is an aggressive tumor with metastatic
potential. DFSP-FS presents in older patients and has a worse prognosis [3].

DFSP presents as an asymptomatic, firm plaque that can vary in color from flesh
colored to hyperpigmented or can be pink, yellow, or red (Fig. 9.1). Bednar tumors
have dark brown pigmentation. The clinical appearance can be subtle during the
early plaque stage, and in general, DFSP is slow growing. With time, the tumor will
infiltrate subcutaneous structures making it more fixed, nodular, and possibly pain-
ful. Mature tumors may ulcerate and bleed. Due to the subtle, early clinical presen-
tation, DFSP is often late to diagnosis. The clinical differential diagnosis includes
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Fig. 9.1 Dermatofibrosarcoma protuberans

Fig. 9.2 Pigmented dermatofibroma

benign dermatofibroma (Fig. 9.2), pigmented basal cell carcinoma, hypertrophic
scar, keloid, sarcoid, and soft tissue sarcomas. There is no clinical difference
between DFSP and DFSP-FS.

Lesions suspicious for DFSP are biopsied via punch, incisional, or excisional
techniques. Shave biopsy can be utilized, but does not examine deeper subcutane-
ous structures helpful in diagnosing DFSP. A shave biopsy may show a grenz zone,
or narrow tumor-free margin, between the epidermis and dermal tumor present in
DFSP. Histologically, DFSP is composed of monomorphic spindle cells in a whorled
or storiform pattern [4] (Fig. 9.3). The spindle cells appear benign with minimal
mitotic activity. DFSP invades subcutaneous tissues and often has subclinical
expansion with peripheral tentacle-like extensions. This tentacle-like growth pattern
makes obtaining clear histologic margins challenging. The pigmented Bednar
tumors have melanin-containing dendritic cells along with the spindle cells. Rarely,
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Fig. 9.4 Dermatofibroma (Photo courtesy of Jeffrey Zwerner, MD, PhD)

DFSP has sarcoma-like changes with cellular and nuclear pleomorphism. These
tumors have metastatic potential and are known as the DFSP-FS variant [5].
Differentiating among DF (Fig. 9.4), DFSP, and DFSP-FS can be a histologic chal-
lenge. Immunohistochemistry aids in diagnosis with DFSP staining positive for
CD34 and negative for factor XIIIa, while dermatofibroma (DF) is CD34 negative
and factor XIIla positive [6]. Poorly differentiated DFSP-FS can have loss of CD34
expression making it an unreliable marker. Hyaluronate and CD44 may help in dif-
ferentiating a dermatofibroma from DFSP. CD44 is a cell membrane glycoprotein
that binds to hyaluronate in the extracellular matrix. CD44 expression is signifi-
cantly reduced or absent in DFSP but present in DF. In contrast, the DFSP tumor
stroma stains strongly for hyaluronate, while the DF stroma shows a weak staining
pattern [7].

Advances in molecular techniques have aided in the understanding and diagnosis
of DFSP. DSFP has a characteristic unbalanced translocation t(17;22) (q22;q13)
that leads to a unique fusion gene for platelet-derived growth factor beta polypeptide
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(PDGFB gene) with collagen type 1A1 (COL1A1) gene [8]. Once fused, the
normally regulated PDGFB gene is constitutively activated by the COL1A1 gene.
Unregulated, the PDGFB/COLI1AL fusion protein leads to continuous activation of
the tyrosine kinase PDGF receptor b and tumorigenesis [9]. Fluorescence in situ
hybridization (FISH) assays can detect the PDGFB/COL1A1 fusion transcript [10].
Most often, FISH studies are not needed for tumor diagnosis.

DFESP has an infiltrative growth pattern with subclinical extension and tentacle-
like projections into the surrounding collagen, fat, fascia, and muscle. Physical
examination of patients includes assaying whether the DFSP is fixed to underlying
structures. When a fixed, recurrent, or DFSP-FS tumor is present, magnetic reso-
nance imaging (MRI) studies are recommended. The patient’s lymph nodes are
assessed clinically, but staging imaging studies are not recommended due to rare
metastasis. In patients with the DFSP-FS variant or an advanced, recurrent tumor, a
preoperative chest CT is recommended for lung metastasis evaluation.

The skin surrounding the tumor is palpated for subcutaneous firmness consistent
with tumor extension. Scouting biopsies around the primary tumor can be per-
formed to help delineate the tumor margins prior to surgical treatment.

Surgery is the first-line treatment of DFSP. The tumor’s asymmetric, invasive
fingerlike projections make surgical treatment challenging. Wide local excision
(WLE) allows for a small percentage of the tumor’s margins to be examined histo-
logically. The rate of recurrence after wide local excision varies and depends upon
the resection margins [11-13]. With wider surgical margins, the risk of recurrence
declines. A retrospective review showed that tumors treated with surgical margins
less than 3 cm recurred 47% of the time, while tumors treated with 3—5 cm margins
recurred 7%. Margins greater than 5 cm were associated with the lowest recurrence
rate (<5%) [14]. The National Comprehensive Cancer Network (NCCN) recom-
mends margins of 2—4 cm with dissection to the underlying muscle or periosteum.
Often, these recommendations cannot be followed due to tumor location.

Mohs micrographic surgery (MMS) is the preferred surgical treatment for
DFSP. During MMS, the resected tissue’s entire peripheral margin is examined.
Through frozen section analysis, the surgeon/pathologist identifies where the mar-
gins are positive including the asymmetric tumor projections lost in specimen bread
loafing with wide local excision. Preoperatively, surveillance biopsies are recom-
mended, and most Mohs surgeons start their first layer at least 1 cm from the pal-
pable margins of the tumor on gross exam. Intraoperative CD34 immunostains may
aid the physician in identifying the tumor, which is a challenge with frozen sections.
Examination of the complete margin allows for resection only in the sites with posi-
tive margins. Thus, tumor-free margins are obtained while conserving normal tis-
sue. The DFSP recurrence rate after MMS is lower than WLE. In a systematic
review of 23 nonrandomized trials, the local recurrence rate was 1.11% after MMS
versus 6.32% after WLE [15]. MMS has limitations. Deeply penetrating tumors to
fascia, muscle, and bone as well as recurrent tumors are not optimally treated with
MMS. Local anesthesia may be difficult to obtain in deeper structures such as peri-
osteum and bone. Due to its inherent growth pattern, DFSP that recurs cannot be
mapped histologically since the Mohs technique relies on tumors growing in a
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contiguous fashion. The interpretation of frozen histology for DFSP can be
challenging, with or without immunostaining. A final permanent histologic layer or
margin can confirm an intraoperative negative frozen margin.

It should be noted that DFSP is a radiosensitive tumor, and surgical excision is
not the only option for it. Radiation can be used as a primary treatment for inoper-
able tumors or in patients unable to tolerate surgical resection. The data is limited
for radiation as the primary DFSP treatment. In patients with incomplete surgical
margins, radiotherapy may be beneficial. Local recurrence after adjuvant radiation
was 14.2% in patients with close or positive margins and none in patients with nega-
tive margins [16]. Sarcomatous DFSP tumors do not necessitate adjuvant radiation
as it is unclear whether radiation is beneficial.

Molecular targeted therapies can treat metastatic and locally advanced tumors.
Imatinib, a small molecular tyrosine kinase inhibitor that blocks the PDGF receptor,
is FDA approved in the United States for the treatment of unresectable, recurrent,
and/or metastatic DFSP. Imatinib can be used as a neoadjuvant to shrink tumors
prior to surgical excision. Mohs micrographic surgery following imatinib therapy
showed discontiguous tumor due to partial treatment.

Locally advanced, recurrent, or rare metastatic tumors may require nonsurgical
therapy. A multidisciplinary approach is recommended for patients with advanced
or aggressive tumors. Recurrent tumors are more likely to metastasize and deeply
invade muscle and/or bone with increased surgical morbidity. Lymphadenectomy is
recommended in patients with localized lymph node metastasis. Multiple metasta-
ses are not conducive to surgery.

The prognosis of DFSP is good with a 10-year survival of 99.1%. [17]. Higher
mortality is associated with increased cellularity, high mitotic rate, male sex, black
race, and head or limb location. While patients rarely die from DFSP, morbidity is
high due to the risk of local recurrence. Most recurrences occur within the first
3 years posttreatment [18]. Recurrence is highest in patients initially treated with
incomplete surgical margins. Age greater than 50 is associated with higher recur-
rence and decreased survival. Importantly, older patients are more likely to develop
the DFSP-FS variant. Fatalities have been described in patients with incompletely
resected DFSP-ES variant [19].

Close clinical monitoring is recommended with skin exams every 6 months for
the first 3 years and annually for life. The skin exam includes inspection and palpa-
tion of the surgical scar. Any clinically suspicious lesions are biopsied via incisional
or punch biopsy techniques. Lymph node palpation is performed with the skin
exam. If lymphadenopathy is identified, radiographic imaging is recommended.
Radiographic surveillance is not recommended if there are no concerning clinical
findings. If a recurrence is detected, imaging is recommended. Because surveillance
postoperatively is important and recurrence rate is high, most surgeons opt out of
flap repairs over DFSP sites instead opting for linear closures or split thickness skin
grafts to allow for better visualization of any recurrent masses.
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Fig. 9.5 Atypical fibroxanthoma

Atypical Fibroxanthoma

Atypical fibroxanthoma (AFX) is a rare skin cancer most commonly presenting as
an asymptomatic pink papule or nodule on sun-damaged skin (Fig. 9.5). AFX fre-
quently presents on the head and neck of fair-skinned, elderly men. The clinical
differential diagnosis includes squamous cell carcinoma, sarcoma, amelanotic mel-
anoma, and undifferentiated pleomorphic sarcoma (UPS).

First described by Helwig, AFX is a pleomorphic tumor with spindled and epithe-
loid cells localized to the dermis [20]. Severe cellular pleomorphism, atypical mito-
sis, and multinucleated giant cells are noted. Distinguishing AFX from other poorly
differentiated tumors is necessary for both diagnostic and therapeutic purposes.
Unfortunately, the distinction is often not straightforward. Immunohistochemistry
stains aid in differentiating AFX from other spindled cell neoplasms including squa-
mous cell carcinoma, desmoplastic melanoma, and leiomyosarcoma. AFX and
undifferentiated pleomorphic sarcoma, formerly known as malignant fibrous histio-
cytoma (Fig. 9.6), share an immunophenotype. Previous immunohistochemistry
studies have not shown a significant distinction between AFX and UPS [21-24].
Comparative genomic hybridization studies pointed at differences in the RAS path-
way and p53 mutations, but these markers have not been recapitulated in full genomic
sequencing [25]. Presently, distinguishing AFX from UPS rests on tumor location
with AFX localized to the dermis, while UPS invades deeply through the subcutane-
ous fat and underlying structures (Fig. 9.7) [26]. Often, a superficial shave biopsy is
performed for diagnosis. Differentiating between AFX and UPS is impossible with-
out visualization of the subcutaneous fat. A shave biopsy with tumor at the deep
margin may lead to a histologic description of a pleomorphic tumor consistent with



196 K. Mariwalla and A. Hanlon

Fig. 9.6 Undifferentiated
pleomorphic sarcoma

Fig. 9.7 Histology of AFX and UPS. 7A) AFX is a pleomorphic tumor with spindled and epithe-
loid cells localized to the dermis. 7B) UPS has similar pleomorphic and epitheloid histology but
deeply penetrates the dermis and subcutaneous fat (Source: Hanlon, Allison; MD, PhD; Stasko,
Thomas; Christiansen, Dan; Cyrus, Nika; Galan, Anjela, Dermatologic Surgery, LN2, CD10, and
Ezrin Do Not Distinguish Between Atypical Fibroxanthoma and Undifferentiated Pleomorphic
Sarcoma or Predict Clinical Outcome, Mar 1, 2017, Vol 43, Issue 3, with kind permission from
Wolters Kluwer Health, Inc.)

both AFX and UPS. The clinician can perform a second, deeper biopsy for further
histology review or proceed with surgical treatment, the first-line therapy for both
tumors.

AFX is treated surgically either with wide local excision or Mohs micrographic
surgery [27]. Wide local excision is associated with recurrence rates ranging from
0% to 20% [28, 29]. Positive margins are associated with an increased risk of recur-
rence. The risk of AFX recurrence following Mohs micrographic surgery (MMS) is
low.
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In the largest retrospective review of 169 tumors treated with MMS and followed
for a median of 21.7 months, 1% of patients had a local recurrence [21]. In a smaller
study of 58 tumors treated with MMS and followed for a median of 4.5 years, no
recurrences were reported [27]. The Mohs technique allows for visualization of the
complete tumor margin likely resulting in decreased recurrence rates. In the Mohs
technique, the central portion of the tumor is not examined for depth of subcutane-
ous invasion. If the margins are clear in the first or second Mohs stage, the tumor’s
depth of invasion — localized to the dermis versus the subcutaneous fat — may not be
clear. Submitting the first stage or tumor debulking for permanent sections may be
considered if there is concern that the tumor is more consistent with a UPS.

Radiation therapy is rarely used for AFX treatment. There are no randomized,
controlled trials to guide care. Radiation is reserved for patients with recurrent,
metastatic, or inoperable tumors.

Metastatic AFX is extraordinarily rare. Radiographic staging and sentinel lymph
node biopsy are not indicated in the AFX patient evaluation. The metastatic rate
ranges from 0.5% to 4% depending upon the retrospective review [21, 27, 30].
Immunosuppression was implicated as a possible risk factor for metastatic AFX, but
large retrospective studies have not supported this relationship [31]. If an AFX
tumor metastasizes, the primary tumor should be reexamined for features sugges-
tive of UPS. Case reports, series, and retrospective reviews have described meta-
static AFX that with further histologic review was better classified as UPS.

Debate surrounds whether UPS is a separate entity or a more aggressive variant
of AFX. In 2002, the World Health Organization addressed the evolving classifica-
tion of sarcomas. Malignant fibrous histiocytoma was a diagnosis of exclusion and
contained multiple different sarcoma tumors, including fibrosarcoma and leiomyo-
sarcoma. With advances in immunohistochemistry and electron microscopy, the
sarcomas were further classified and MFH was renamed UPS [32]. Prior to reclas-
sification, UPS contained a range of tumors with varying biologic behavior and
potential for metastasis and recurrence. Examination of multiple retrospective stud-
ies reflects how, as the tumors became better classified, the risk of tumor recurrence
and metastasis changed. The combined recurrence rate of MFH treated with MMS
published before 1990 is 7.4%, with an average follow up of 41.7 months [33]. Prior
to 2000, a mean recurrence rate of 37.5% was reported in seven cases with an aver-
age follow up of 41.7 months. The mean contemporary recurrence rate of UPS
treated with MMS is 58.8%, significantly higher than the initial studies [29].

With the modern classification of UPS, the recommendations for treatment have
advanced as well. Surgical treatment with sentinel lymph node and/or radiographic
imaging of the lymph node basin is recommended. There are no studies comparing
the efficacy of MMS versus wide local excision for the treatment of UPS. Close
clinical monitoring after surgical treatment is necessary. Local recurrence and/or
metastasis usually occurs within the first 2 years posttreatment [34]. Adjuvant radia-
tion can be considered postsurgery for tumors with aggressive clinical behavior, but
there are no recommendations to guide care.

Further study is needed to elucidate the relationship between AFX and UPS. The
prognosis of AFX is excellent with low rate of recurrence and metastasis. In contrast,
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UPS is an aggressive tumor with metastatic and life-threatening potential. Accurate,
initial diagnosis is essential for determining patient’s risk and the best therapeutic options.
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Adnexal Carcinoma: Microcystic Adnexal
Carcinoma and Sebaceous Carcinoma
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Abstract Microcystic adnexal carcinoma (MAC) and sebaceous carcinoma (SC)
are rare adnexal neoplasms. MAC most commonly presents as a poorly defined,
firm, skin-colored papule, nodule, or plaque on the head and neck. Although locally
destructive, MAC does not typically metastasize. Rates of misdiagnosis are high,
due to incomplete, superficial sampling. Resection techniques with meticulous mar-
gin control, including Mohs micrographic surgery (MMS), are recommended in the
management of MAC.

Sebaceous carcinoma, originating from holocrine sebocytes, is often found on
the head and neck and is among the most common eyelid neoplasms. SC commonly
presents as a firm, subcutaneous nodule with a yellow hue. SC may masquerade as
other neoplastic and inflammatory entities, delaying diagnosis. Patients with SC
must be screened for Muir-Torre syndrome, a hereditary cancer syndrome. Treatment
for SC is surgical. SC has metastatic potential, most commonly to draining lymph
node basins. Radiation and chemotherapy play a role in the management of meta-
static disease.
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Microcystic Adnexal Carcinoma

Introduction

Microcystic adnexal carcinoma (MAC) is a rare skin tumor first described in a series
of six patients presenting with indurated skin-colored plaques on the upper lip [1].
Goldstein et al. described MAC as a neoplasm exhibiting both follicular and sweat
gland differentiation, a thesis that has been largely accepted over time [2—4].
Histologically, MAC demonstrates an infiltrative growth pattern. The tumor histology
reflects its clinical behavior with local destruction to underlying structures, but rare
metastasis [5, 6]. MAC most commonly presents on the head and neck of older female
patients [7]. Despite the significant morbidity that tumors can cause, the 10-year survival
for patients with MAC is approximately 97% [7]. Treatment of MAC is challenging, as it
is prone to recur, likely due to its propensity for perineural invasion [8]. Resection tech-
niques involving meticulous margin control such as Mohs micrographic surgery (MMS)
are the gold standard for treatment, with recurrence rates ranging from 0% to 22% [8].

Epidemiology

MAC studies are limited by its low incidence. The largest series of patients with
MAC reported to date illustrates the rarity of the condition, with a frequency of 0.16
to 0.65 per 1,000,000 persons [7]. While patients of all ages are susceptible, includ-
ing two cases of congenital MAC reported in the literature [9, 10], the median age
at diagnosis is 68 years [7].

Ninety percent of patients reported are Caucasian, with the remaining 10%
African Americans, Asian/Pacific Islanders, and patients of other or unknown race.
Case reports have confirmed the diagnosis of MAC in African Americans [10, 11],
Japanese [12], and Chinese [13] patients, among several other ethnicities.

MAC has a tendency to affect female more than male patients [6, 7]. In a recent
epidemiologic study of rare cutaneous tumors in Olmsted County, Minnesota, MAC
and another sweat duct tumor, eccrine carcinoma, stood alone among a group of
several rare neoplasms in demonstrating a female predominance [14].

Pathogenesis

Debate surrounds the cell of origin for MAC. In his initial report describing MAC,
Goldstein et al. hypothesized the cell of origin to be a pluripotent keratinocyte
“capable of both follicular and sweat gland differentiation” [ 1]. Immunohistochemical
studies support the dual differentiation theory, as MAC stains with antibodies for
sweat ducts, such as carcinoembryonic antigen (CEA) while simultaneously react-
ing with keratin stains [15]. Other studies support the classification of MAC as a
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principally eccrine differentiated tumor [16]. Leboit et al. report evidence of both
sebaceous and apocrine differentiation in a series of MAC tumors, providing sup-
port for differentiation toward the pilosebaceous unit [17].

The risk factors for MAC include fair skin, radiation, UV exposure, immunosuppres-
sion, and genetic syndromes [18, 19]. Chiller et al. reported that American patients are
more likely to develop MAC on the left side of their body, lending support to the role of
ultraviolet radiation in tumor development [6]. The etiologic role of ultraviolet light in
MAC development remains controversial, as UV-associated signature mutations in p53 are
not found in the majority of MACs [20]. Similar to other cutaneous neoplasms, immuno-
suppressed MAC patients have developed regional or metastatic disease [18, 19]. The role
of the immune system in surveilling and constraining the spread of MAC, however, remains
uncertain [18]. Finally, there is a report of deletion of chromosome 6q in a case of MAC
[21], significant in that chromosome 6q is frequently aberrant in salivary gland tumors [22].

There may be an association between MAC and Nicolau-Balus syndrome, a rare
condition consisting of multiple syringomas, cysts, and atrophoderma vermicula-
tum [23]. In one case, a patient developed MAC while carrying a diagnosis of
Nicolau-Balus syndrome [24]. Schaller described two cases of histologically
“MAC-like” plaques in patients with atrophoderma vermiculatum arising in child-
hood, including a patient with a diagnosis of Nicolau-Balus syndrome [25]. In addi-
tion, a case of multiple MACs occurring in the same patient has been reported [26].

Clinical Features

MAC most commonly presents as a poorly defined, firm, skin-colored or yellow
papule, nodule, or plaque [5, 27] (Fig. 10.1). Lesions do not ulcerate [5] and are
commonly mistaken for a scar [28]. MAC most commonly presents on the upper
cutaneous lip. Yu et al. reported that 74% of MACs in the SEER database were
located in the head and neck, including the cutaneous lip [7]. Other well-represented
body locations in the SEER database include the trunk (9%), upper extremities
(9%), and lower extremities (5%) [7]. Lesions most commonly arise in sun-exposed
skin [20].

On presentation, patients are most often asymptomatic; however, complaints of
paresthesia or numbness, possibly owing to the tumor’s tendency for perineural
invasion, may be reported [29]. Due to its often indolent course and relatively inno-
cent appearance, diagnosis is often delayed [5]. Perhaps owing to its insidious pre-
sentation, MAC can be large at the time of diagnosis. Multiple studies have
demonstrated an average approximate size at diagnosis of 2 cm [27, 29].

Clinically, MAC has a propensity for aggressive local behavior and invasion, but
a limited capacity for systemic dissemination. This disease phenotype is reflected in
the SEER database: at presentation, 74% of patients diagnosed with MAC had dis-
ease limited to the skin, while a small but important minority (16%) demonstrated
local invasion, either into the subcutaneous tissue or into soft tissue, muscle, or bone
[7]. Only 1.8% of patients with known lymph node status (either clinical or patho-
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Fig. 10.1 Microcystic adnexal carcinoma. This tumor presents as a poorly defined, firm, pink
plaque (From Rustemeyer J, Zwerger S, Porksen M, et al. Oral Maxillofac Surg, 2013;17:141,
Fig. 1, Springer Nature, under Creative Commons Attribution License)

logic) had evidence of regional metastatic disease, and 0.4% of patients presented
with distant metastatic disease [7]. Death from MAC is extremely rare [30]. In fact,
while overall survival of MAC patients is somewhat diminished, survival compared
to the undiagnosed population is essentially unchanged [7].

Pathology

Histologically, MAC is a poorly circumscribed infiltrating tumor with ductal and
follicular differentiation surrounded by a sclerotic stroma [31]. Goldstein et al.
described a tumor with two seeming cell populations: in the high dermis, scattered
aggregates of bland keratinocytes, several surrounding formed keratin-containing
pseudo-horn cysts (Fig. 10.2), and a separate, deeper infiltrative cell population
comprising strands and cords with occasional lumens (Fig. 10.3) [1]. Ducts are
often thinly lined and may take on a “tadpole”-like shape as seen in syringomas
(Fig. 10.4) [31]. Cell density diminishes as the tumor descends toward the subcuta-
neous tissue. The deeply infiltrative growth pattern of MAC belies its bland cyto-
logic appearance, however, as mitotic figures or atypical cells are not frequently
seen [5]. Perineural infiltration is characteristic (Fig. 10.5) [31], and frank invasion
of nerve fibers can be seen [25].

Histologic misdiagnosis of MAC is quite common, ranging from 27% to 69% in
some series, contributing to a delay in definitive diagnosis and treatment [6, 18].

The histologic differential diagnosis of MAC includes syringoma, desmoplastic
trichoepithelioma (DTE), and morpheaform BCC. SCC [32], adenosquamous carci-
noma, trichoadenoma, and metastatic adenocarcinoma may also be histologic
confounders [33]. It is worth noting that the terminology describing what is now
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Fig. 10.2 Numerous keratocysts in the superficial portions of a MAC, 10x (Courtesy of Timothy
F. Kolda, MD)

Fig. 10.3 Low-power view of MAC illustrates keratocysts in the superficial dermis beneath which
are infiltrative cords embedded in a sclerotic stroma, 4x (Courtesy of Timothy F. Kolda, MD)

understood to be a MAC is quite confusing [34]. A number of terms are applied to
infiltrative tumors of eccrine origin similar to MAC, including malignant syrin-
goma, syringoid carcinoma [35], syringoid eccrine carcinoma, malignant sweat
gland carcinoma, and syringomatous carcinoma [34]. Some authors have suggested
the presence of small keratinaceous cysts in the high dermis (microcysts) confers
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Fig. 10.4 Strands and cords with thinly lined lumens infiltrating the dermis, several in “tadpole”
configuration simulating a syringoma, 20x (Courtesy of Timothy F. Kolda, MD)

Fig. 10.5 Extensive perineural invasion, 20x (Courtesy of Timothy F. Kolda, MD)

specificity to MAC against other entities [36]. Often, however, a particular terminol-
ogy is used in the literature without histologic explanation [34]. Some have sug-
gested this group of lesions may be best viewed as a spectrum [37], and the term
“locally aggressive adnexal carcinoma” has been suggested [20].

The distinction between MAC, DTE, and morpheaform BCC is critical as DTE
is a benign lesion and misdiagnosis can lead to overtreatment and undue patient
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morbidity. These three entities share a number of histologic features, including
presence on sun-damaged skin, sclerotic stroma, basaloid cells, and microcysts [38,
39]. Both MAC and DTE may demonstrate keratin cysts [40]. One useful clue on
hematoxylin and eosin staining in discriminating MAC from DTE is the lack of
ductal differentiation in DTE, which also typically has better-circumscribed archi-
tecture and the presence of a central dell [5, 38]. Likewise, morpheaform BCC will
not typically demonstrate ductal differentiation and will often display clefting
between tumor cells and the surrounding stroma.

There is a role for immunohistochemistry to elucidate a diagnosis of MAC when
overlapping histologic features with DTE or morpheaform BCC are present [41].
MAC, DTE, and morpheaform BCC will react with pan-keratin stains (AE1/AE3).
Carcinoembryonic antigen (CEA) and epithelial membrane antigen (EMA) are
expressed in cells with ductal differentiation, as in MAC, and thus can be of use in
differentiating MAC from DTE and morpheaform BCC [41, 42]. BerEP4, a reliable
stain readily expressed in BCC, has been shown to effectively differentiate BCC and
MAC [32, 43]. Cytokeratin 7, which is expressed in glandular tissue, is positive in
MAC and negative in BCC and DTE [20]. While some authors have shown cyto-
keratin 20 to be helpful in differentiating MAC and DTE, as benign follicular neo-
plasms retain Merkel cells [44], others have not been able to replicate this association
[20, 41]. The reliability of cytokeratin 15 staining in MAC has also demonstrated
mixed results [32, 41].

Differential Diagnosis

The clinical differential diagnosis of MAC includes DTE, BCC, SCC, trichoade-
noma, metastatic adenocarcinoma, and syringoma [27]. Syringomas are benign
papules, usually multiple in number, with predilection for the orbits, especially in
middle-aged women. Eruptive and familial variants have been described [45]. BCC
may be pleomorphic in appearance, but is typically described as a pink or pearly
papule or plaque, with a characteristic rolled border; in its morpheaform variant, an
indurated sclerotic plaque is instead observed [46]. SCC affects sun-damaged skin
and may be varied in clinical appearance; ulceration and hyperkeratosis may be
present, and patients may present with a complaint of a wound that will not heal
[47]. DTE presents as an indolent, firm, skin-colored plaque on the face, with a
characteristic central dell and raised borders [48].

Differentiation between MAC, DTE, and morpheaform BCC is challenging clin-
ically. Dermoscopy may be a useful adjunct. Shinohara et al. attempted to
differentiate MAC from DTE on dermoscopy, noting that while both entities may
demonstrate arborizing vessels or peripheral white dots, DTE is characterized by a
central “structureless area” of presumptive scar, while MAC is not [40]. Similar to
DTE, morpheaform BCC will also demonstrate arborizing vessels and telangiecta-
sias with structureless hypopigmentation [49].
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Evaluation and Treatment

The importance of appropriate biopsy technique and sampling cannot be overstated
when there is clinical suspicion for MAC. Small and/or superficial biopsies contrib-
ute to misdiagnosis of this entity, such that when clinical suspicion exists, large
specimens obtained via either incisional or excisional biopsy are optimal [17].
Because superficial shave biopsy may miss the deeply infiltrating, often perineural,
ductal and basaloid cells which allow differentiation from other similar entities
[41], this may be a suboptimal technique for evaluating a possibly malignant scle-
rotic plaque on sun-exposed skin.

Staging, Imaging

Routine imaging is not typically performed in MAC unless clinically indicated.
When invasion of underlying deep tissue or bone is suspected, magnetic resonance
imaging (MRI) [50, 51] and computerized tomography (CT) [52] have been used
with success.

Surgical Treatment

The cornerstone for management of MAC is surgical extirpation. Due to high recur-
rence rates, wide local excision receives little support in the literature. While
reported recurrence rates with wide local excision range from 30% to 50% [6, 53,
54], there is a clear lack of standardization about what surgical margins were
selected [29]. In one retrospective study, tumor was present at the margins of 47%
of standard excision specimens, and one patient required as many as four excisions
for clearance [6]. Recurrences typically occur within 3 years of initial treatment and
may be more aggressive than the original tumor presentation [6, 35]. Intrinsic tumor
characteristics, such as perineural invasion [27] and subtle extension into the subcu-
tis, likely contribute to high rates of recurrence.

MMS and excision with complete permanent section margin evaluation are well-
suited treatment modalities. Published literature demonstrates a clear advantage to
the use of MMS over standard excision in the treatment of MAC. Widely reported
recurrence rates with MMS in primarily retrospective data range from 0% to 22%
[8], with the latter figure based on a small cohort with a significant number of recur-
rent and likely more aggressive tumors [55]. In a meta-analysis of mostly retrospec-
tive case series, Diamantis et al. reported a total of 8 recurrences out of 146 cases of
MAC treated by MMS (rate of approximately 5%) [8]. A recurrence rate of 5% was
demonstrated in a prospective Australian study of 44 patients who underwent MMS
for MAC [27]. Friedman et al. and Snow et al. reported zero recurrences in retro-
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spective studies of 11 and 12 patients, respectively, after 5 years of follow-up [29].
Chiller et al. reported a mean of 2.6 stages to clear MAC via MMS [6]. Occasionally,
resection with appropriate margin control is not possible due to size or location of
the primary tumor [56, 57].

Nodal Management

Fine needle aspiration or lymphadenectomy may be performed for clinically suspi-
cious enlarged lymph nodes [58]. There is insufficient evidence to suggest sentinel
lymph node biopsy (SLNB) should be routinely performed in MAC [59], although
there are rare reports of SLNB positivity in the literature [60].

Radiation and Chemotherapy

In rare cases, radiotherapy has been employed as both primary [61, 62] and adjuvant
therapy [63]. Dosage and modality in these cases have been heterogeneous and
results have been mixed. In some cases, there has been concern that radiation may
have led to the onset of more aggressive disease [62, 64]. Much of the data on the
use of radiotherapy is further limited by short follow-up times [63]. Baxi et al.
reported on the use of wide local excision followed by radiation for MAC in a range
of doses and modalities in a retrospective cohort of 16 patients, 11 of whom had
positive margins after standard excision [63]. In this cohort, a 93% success rate was
reported after a median of 5 years of follow-up, although post hoc confirmatory test-
ing was not used. Radiation may be considered in non-resectable cases of MAC and
in patients for whom surgery is not an option due to the morbidity of the procedure
itself or underlying medical condition. Chemotherapy is not an accepted treatment
modality for MAC.

Sebaceous Carcinoma

Introduction

Sebaceous carcinoma (SC) is a rare cutaneous neoplasm differentiated from holo-
crine sebocytes that favors sebaceous gland-rich sites on the head and neck. It is
among the most common tumors of the eyelid [65]. SC has a propensity for locally
aggressive behavior and can metastasize and contribute to mortality [66]. Delay in
diagnosis is common both clinically and histologically [67]. Previously, the litera-
ture describing these tumors employed a heterogeneous terminology including
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sebaceous gland carcinoma, sebaceous cell carcinoma, and meibomian gland carci-
noma, but SC is now generally accepted [65, 68]. SC is among the cutaneous neo-
plasms that are associated with Muir-Torre syndrome (MTS) [69, 70], an autosomal
dominant genodermatosis characterized by elevated risk for visceral malignancies.

Traditional teaching held that extraocular SC is associated with a more favorable
prognosis [71, 72]. However, Tripathi et al. recently demonstrated male sex, black
race, and extraocular location are associated with higher mortality rates. There are
likely differences in the etiology and the significance of SC as it pertains to periocu-
lar and extraocular location [70]. Surgery is the treatment of choice for SC, although,
like MAC, standard excision has been associated with significant rates of recurrence
[68]. MMS and surgical techniques that aim for complete histologic margin control
are emerging as highly effective treatment options [73]. Radiation and chemother-
apy are employed in select circumstances [68].

Epidemiology

SC is rare — the overall incidence is 2.3 cases per 1,000,000 person-years — but the
incidence has increased significantly from 2000 to 2012 [66]. SC represents 1-5.5%
of eyelid tumors in the United States [71, 74]. There is disagreement as to the pro-
portion of SC among eyelid tumors in the United States, with reports of it being the
second to fourth most common [71, 75-78]. BCC makes up the vast majority [71,
79-82], accounting for over 90% of eyelid tumors in one study [83].

Gender predilection data is conflicting in SC. Several recent analyses suggest
males are more likely to develop SC than females [66, 84, 85], a departure from a
previous reports that SC displays a female predominance [71, 79, 86-88]. It has
been postulated that periocular SC is gender neutral, while extraocular SC is pre-
dominated by male patients [70].

SC is primarily a disease of advanced age, with nearly eight of ten of patients
above the age of 60 and a mean age of onset at 73 years [66, 84]. Early onset (prior
to the age of 40) has been reported, largely in patients with hereditary retinoblas-
toma who have received radiation [65, 89]. A patient as young as 8 years old with
SC and hereditary retinoblastoma has been described [90].

White patients are disproportionately affected, comprising 84—86% of patients,
with incidence rates of 2.0-2.3 cases per 1,000,000 person-years [66, 84], relative
to 1.07 and 0.48 cases per 1,000,000 person-years for Asian and Black patients,
respectively [66]. The former is of particular interest as historical data suggests that
patients of Asian heritage may be more likely to develop SC than Caucasians [68,
80, 91]. While absolute rates appear lower than in Caucasians, SC appears to repre-
sent a disproportionate number of eyelid cancers among Asians. Of 512 eyelid
tumors reported in a Chinese population, nearly 33% were SC [80].
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Pathogenesis

Sebaceous glands are found throughout the body, typically in association with hair
follicles. Around the eye, sebaceous glands are found in five locations: tarsal
Meibomian glands, glands of Zeis, eyebrow and eyelid pilosebaceous units, and the
caruncle [71]. SC commonly arises from tarsal Meibomian glands [74], but can
arise from any location where sebaceous glands are found; SC may also be multifo-
cal in origin [79, 82]. Once malignant transformation is underway, SC demonstrates
a propensity for pagetoid, or superficial, extension [65, 82].

The role of UV radiation in SC is not established. Multiple studies failed to docu-
ment UV signature mutations in p53 that are common in other nonmelanoma skin
cancers (NMSC) [92, 93].

The role of p53 dysfunction in the development of SC, however, is accepted [94].
The prevalence of mutated p53 in SC is among the highest seen in human carcino-
mas [92]. The strong association between p53 and SC — especially periocular SC —
as compared to other benign sebaceous neoplasms has been demonstrated [95].
Mutations in p53 may be associated with more aggressive behavior [96]. HPV does
not seem to play a significant role in the development of SC [94, 97, 98]. HER2
overexpression [99] and CDKN2A hypermethylation have been associated with SC
[100].

Other associations with SC include immune suppression [70, 101, 102], HIV
[103], history of radiation [104—106], occurrence in nevus sebaceous [107], and
history of hereditary retinoblastoma [90, 108—110], including among patients with
hereditary retinoblastoma who have not received radiation [90].

Muir-Torre Syndrome

SC may occur sporadically but is often observed in patients with Muir-Torre syn-
drome (MTS). Recognized as a variant of hereditary nonpolyposis colon cancer
(HNPCC) or Lynch syndrome, MTS is associated with mutations in mismatch
repair (MMR) genes involved in DNA replication and repair [111]. MTS is associ-
ated with sebaceous neoplasms, cutaneous squamous cell carcinomas, keratoacan-
thomas, and visceral malignancies [70, 111-113]. As in other hereditary cancer
syndromes, the MMR mutations are typically inherited as heterozygous germline
mutations [114]. A second somatic event occurs in the normal allele, leading to
protein loss and MMR errors. Without accurate DNA repair, normal errors in repli-
cation and some forms of DNA damage accumulate. Microsatellites, short tandem
repeats found throughout the genome, are particularly prone to mutation. In the
setting of MMR deficiency, these mutations accumulate and can be detected as mic-
rosatellite instability (MSI) [115]. Mutations in oncogenic proteins arise, and the
malignant process is initiated. Mutations in MTS may be documented in MSH2,
MSH6, MLH]1, and PMS2, with MSH2/MSH6 mutations most common [114].
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Patients with MTS develop, in order of decreasing frequency, sebaceous adeno-
mas (68%), carcinomas (30%), and epitheliomas (27%) [116]. Keratoacanthomas
and other NMSC may display sebaceous differentiation in patients with MTS [111].
Sebaceous hyperplasia does not appear related to MTS [117]. Cutaneous manifesta-
tions of MTS have been reported to be the earliest manifestation of the syndrome in
22% of patients [118, 119]. Current diagnostic criteria for MTS include at least one
documented sebaceous neoplasm and at least one internal malignancy or multiple
keratoacanthomas, multiple internal malignancies, and a family history of MTS
[111, 120].

Clinical Features

The clinical appearance of SC is polymorphic, which may contribute to misdiagno-
sis and delay in diagnosis [65, 71]. It may have both nodular and pseudo-
inflammatory presentations [65]. The classical finding is a firm subcutaneous
nodule, typically less than 2 centimeters in size [121], on the eyelid with a yellow,
lipidized appearance (Fig. 10.6) [65, 71, 74, 87]. Lesions may take on a pink or red
hue and demonstrate telangiectatic vessels (Fig. 10.7) [122]. Overlying ulceration
or skin breakdown may occur. The upper eyelid is affected two to three times more
commonly than the lower [72, 79, 121], presumably due to the higher density of
Meibomian glands on the upper lid. Both lids, however, may be affected [121]. A
significant percentage of patients may have concomitant conjunctival or even cor-
neal surface change [121]. The less common pseudo-inflammatory, or spreading,
presentation may be even more insidious: the eyelid thickens diffusely and may take
on a multinodular or yellow appearance, and the eyelids may be lost [65].
Involvement of the conjunctiva, cornea, and opposing lid may be seen [65, 82].

SC may be subdivided into periocular and extraocular variants, with the former
traditionally believed to comprise 75% of cases [71, 87, 123]. Recent analyses have
cast this breakdown of site presentation into question, with periocular sites ranging
from 26 to 39% of cases [66, 84]. Of the extraocular tumors in one analysis, 93%
presented on the head and neck [66]. Outside of the head and neck, the trunk is the
next most common location for presentation [124].

The clinical behavior of SC is aggressive, with a capacity for local invasion, as
well as metastasis to lymph nodes and internal organs [65]. Periocular SC can be
locally invasive, infiltrating adjacent cutaneous epithelium, adjacent ocular epithe-
lium, the lacrimal system, orbital soft tissue, and paranasal sinuses, and, rarely, may
spread intracranially [65, 125]. Orbital invasion occurs in 6—17% of patients [88].
SC also displays true metastatic potential. In 1989 a nodal metastatic rate in peri-
ocular SC of 17-28% was reported [125]; a more recent report demonstrated a
nodal metastatic rate of 8%, with preauricular nodes most commonly involved
[126]. In a small Taiwanese series, a 16% rate of metastasis at 5 years was recorded
[127]. When metastatic beyond lymphatics, SC tends to spread to the lung, liver,
bone, and brain [88, 127, 128].
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Fig. 10.6 Clinical photo
of SC of the lower eyelid,
#1. Sub-centimeter
pink-yellow papule on the
lower eyelid with focal
eyelid hyperemia and
edema (Courtesy of
Vikram Durairaj, MD)

Fig. 10.7 Clinical photo
of SC of the lower eyelid,
#2. Pearly, telangiectatic
multinodular plaque on the
lower eyelid with diffuse
surrounding eyelid
hyperemia and edema
(Courtesy of Vikram
Durairaj, MD)

Reported historical mortality rates for SC range from 3% to 30% [79, 80, 121,
129, 130], with many older studies associated with higher mortality rates. More
recently, a 10-year overall relative survival rate of 87% was reported, a rate that falls
to 65% when regional metastatic disease is present [66]. Traditionally, periocular
SC was felt to be more aggressive [79, 131-133]; however, a recent large analysis
demonstrated a significantly lower rate of survival in extraocular cases of SC than
in periocular [66].
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Pathology

The histologic diagnosis of SC is particularly challenging, and rates of initial histo-
logic misdiagnosis of SC are high, ranging from 40% to 75% [65]. Tumor charac-
teristics depend strongly on the level of differentiation. The tumor is predominantly
dermally based but may appear invasive, forming cords and trabeculae [87]. Well-
differentiated tumors will attempt to recapitulate the sebaceous lobule (Fig. 10.8)
[87]. To varying degrees, vacuolated, lipid-containing sebocytes with foamy cyto-
plasm are located centrally; these cells tend to have angulated or “scalloped” nuclei
and will react positively with staining for lipid (Fig. 10.9) [87, 134]. Recognition of
these cells is central to the diagnosis of SC [75]. Undifferentiated basaloid “germi-
native” cells are found peripherally [87] and may predominate, becoming hyper-
chromatic, pleomorphic, and mitotically active [134], obfuscating to varying
degrees centrally located sebocytes (Fig. 10.10). SC may demonstrate squamous
and basal cell differentiation [87].

A variety of histologic classification systems exist for SC [71, 79, 80, 86, 135].
Wolfe and Font have put forth systems based on degree of differentiation, specifi-
cally with respect to the ratio of undifferentiated germinative cells to sebaceous
cells [86, 135], while Rao and Ni classify these tumors according to their growth
pattern [79, 80]. Poorly differentiated tumors appear to be associated with a higher
risk of metastasis and worse prognosis [79, 121, 136].

Fig. 10.8 Recapitulation of the sebaceous lobule with peripheral basaloid germinative cells and
centrally located vacuolated sebocytes in a moderately differentiated SC, 10x (Courtesy of
Anthony C. Soldano, MD)



10 Adnexal Carcinoma: Microcystic Adnexal Carcinoma and Sebaceous Carcinoma 215

Fig. 10.9 Identification of these vacuolated, lipid-containing sebocytes with angulated or “scal-
loped” nuclei and foamy cytoplasm are critical for diagnosis of SC, 40x (Courtesy of Anthony
C. Soldano, MD)

Fig. 10.10 Proliferation of basaloid germinative cells without apparent sebocytes in poorly dif-
ferentiated SC demonstrating marked nuclear pleomorphism and increased mitotic activity, 20x
(Courtesy of Anthony C. Soldano, MD)

In high-grade or poorly differentiated SC, vacuolated sebocytes may be rare,
necrosis may be present, and stroma may be desmoplastic [36]. High-grade tumors
also will demonstrate intraepithelial, or “pagetoid,” spread and may be reminiscent
histologically of either extramammary Paget’s or Bowen’s disease [75, 87]. This
high-grade feature is present in approximately half of cases of SC [126] and may
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delay correct diagnosis due to its similarity with other cutaneous tumors. The dis-
ease’s capacity for local superficial extension, including onto the conjunctival epi-
thelium, may be attributed to this tendency for intraepithelial spread [71].

The histologic differential diagnosis of SC is myriad and includes other seba-
ceous neoplasms including sebaceous adenoma and sebaceous epithelioma, as well
as BCC with sebaceous differentiation [68]. When pagetoid spread is present, SCC,
extramammary Paget’s, melanoma, and conjunctival carcinoma in situ must be con-
sidered [71, 137]. The vacuolated cells that are seen in SC also may evoke a differ-
ential diagnosis that includes entities with clear cells or clear cell change, such as
clear cell SCC or BCC, eccrine carcinoma, and metastatic clear cell sarcoma, and
clear cell carcinoma of the kidney and thyroid [36]. The differentiation from BCC,
especially BCC with sebaceous differentiation, may be especially problematic. SC
is typically more pleomorphic and mitotically active [75], and BCC does not dem-
onstrate pagetoid spread [36].

Especially as poorly differentiated SC may lack apparent vacuolated sebocytes
altogether, immunohistochemistry may be helpful in differentiating SC from other
neoplastic conditions. While lipid detecting Oil Red O and Sudan stain may aid in
elucidating sebaceous differentiation, the use of this technique is limited by the
need for fresh tissue [71]. EMA and Ber-EP4 may help differentiate SC from BCC
and SCC (Figs. 10.11 and 10.12), with the following immunohistochemical pro-
files: SC (EMA+, Ber-EP4 +), SCC (EMA+, Ber-EP4 -), and BCC (EMA-, Ber-EP4
+) [36, 138-140]. SC also stains more readily with low molecular weight keratin
(CAMS.2) and cytokeratin 7 than SCC [138, 140]. Ki67 and p53 are often overex-
pressed [68]. Finally, immunohistochemistry should be considered in the setting of

Fig. 10.11 Poorly differentiated SC showing positive staining for EMA, 20x (Courtesy of
Anthony C. Soldano, MD)
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Fig. 10.12 EMA highlights the overlying intraepithelial (in situ) component seen above the tumor
in Fig. 10, 20x (Courtesy of Anthony C. Soldano, MD)

SC to screen for patients at risk for MTS; the loss of MLH1 or MSH?2 is particularly
indicative [36, 111].

Differential Diagnosis

The clinical presentation of SC is varied and may mimic a number of other entities,
both inflammatory and neoplastic [65]. In a series of 43 patients referred to spe-
cialty care with SC, the initial favored clinical diagnosis was correct in only 19% of
patients [121]. Of inflammatory disorders, SC must be differentiated from chala-
zion, blepharitis, conjunctivitis, keratoconjunctivitis, and cicatricial pemphigoid
[65, 126]. Especially challenging is the fact that SC will often induce an inflamma-
tory state in the conjunctiva and eyelid and may even extend locally onto the con-
junctiva via pagetoid growth [65]. Most inflammatory conditions will be bilateral in
nature and will not cause loss of eyelid cilia as with SC. Chalazion, however, is
often unilateral and particularly problematic for clinicians seeking to differentiate
from SC [65, 77, 126]; in fact, 44% of misdiagnoses in one series ultimately con-
firmed as SC were originally diagnosed clinically as chalazion [121].

SC — especially the nodular variant — must also be differentiated from other neo-
plasms, such as BCC, SCC, conjunctival intraepithelial carcinoma, amelanotic mel-
anoma, Merkel cell carcinoma, lymphoma, and other adnexal tumors [65]. Location
may serve as a clue. While neoplasms strongly associated with sun exposure will
typically occur on the lower eyelid, SC has a predilection for the upper eyelid. BCC
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will often be pink or pearly in color with a characteristic rolled border and will most
often occur on the lower eyelid [65]. SCC will likely occur on the lower eyelid as
well and will be marked by hyperkeratosis in the context of heavily sun-damaged
skin [76]. Amelanotic melanoma, Merkel cell carcinoma, and lymphoma tend to
lack the yellow hue of a sebaceous tumor [65]. Dermoscopy may be a useful clinical
adjunct and with SC will often show polymorphous neovascularization and a yellow
background [78].

Evaluation and Treatment

Muir-Torre Syndrome

A diagnosis of SC, as with any sebaceous neoplasm, should arouse suspicion for
MTS. A detailed personal and family malignancy history should be obtained, and
immunohistochemistry for MMR gene products should be considered [111, 134].
MSH2 mutations in particular appear to be tightly correlated to MTS, with an inci-
dence of 61-93% [119]. The combination of the loss of MLLH1 and MSH6, as well
as MLHI1, MSH2, and MSHS6, has a positive predictive value for diagnosis of MTS
of 100% [111]. These mutations are not found in sporadic SC [141]. When loss of
MMR gene products is found, polymerase chain reaction testing for microsatellite
instability (MSI) may then be considered [111]. It is important to note, however,
that the loss of MMR gene products and positive testing for MSI does not confirm a
diagnosis of MTS. A diagnosis requires a documented sebaceous neoplasm (with or
without loss of MMR) and at least one internal malignancy or multiple keratoacan-
thomas, multiple internal malignancies, and a family history of MTS [111, 118].
Interestingly, SC associated with MTS tends to be less aggressive than those with
sporadic occurrence [113, 142].

The diagnosis of SC should prompt a systemic evaluation for malignancy associ-
ated with MTS, beginning with a detailed history, physical exam, and review of
systems. Many recommendations regarding screening in MTS are based on those
developed for patients with HNPCC [69]. Investigation with upper and lower endos-
copy in addition to genitourinary tract surveillance has been recommended [111], as
has CT of the abdomen and pelvis on 2-5-year intervals [69]. Additional testing
with urine cytology, carcinoembryonic antigen levels, cervical smear, chest
radiography, mammography, and endometrial biopsy may also be undertaken [116].
Routine annual dermatologic exams are critical [69] (Fig. 10.13).
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Fig. 10.13 Clinical Treatment of Sebaceous Carcinoma
management of sebaceous
carcinoma

Evaluation for Muir Torre Syndrome
Immunhistochemistry of tumor for MMR and/
or MSI
Genetic studies
Patient’s past and family cancer history

Surgical treatment
MMS vs. Excision

+/- Adjuvant radiation

Close clinical monitoring
Staging

Staging for SC is divergent according to whether the lesion arises in the periocular
or extraocular skin. Periocular SC is staged according to the AJCC TNM classifica-
tion for eyelid carcinoma [143], while SC of extraocular skin is typically staged
within the AJCC TNM classification for cutaneous carcinoma [133, 144]. Staging
for periocular SC differs from extraocular SC in its specificity for eye-specific struc-
tures, such as the tarsal plate and eyelid margin, as well as the type of treatment
involved in clearing the tumor, whether it be enucleation, exenteration, or bone
resection [68]. Cutaneous carcinoma staging depends primarily on size, the pres-
ence of certain high-risk features, and invasion into underlying bony structures (68).
The orbital carcinoma TNM classification has been validated in retrospective stud-
ies in SC, with increasing T stage positively correlated with nodal metastasis and
poor patient outcome [143]. Higher T stage may be used to distinguish periocular
SC patients at risk for nodal metastasis and in need of SLNB [143].
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Imaging and Nodal Management

Owing to the relative rarity of the tumor, there are no clear guidelines regarding the
use of imaging in the initial management of a patient with SC [68, 133].
Recommendations are sparse, generally limited to commentary provided by clini-
cians with expertise treating SC. Radiologic staging may be employed for tumor
with aggressive features or when concerning findings are noted upon physical exam
or review of systems, such as palpable lymphadenopathy or symptoms concerning
for disseminated disease [68]. As lymph nodes are the most common initial site of
metastatic disease [126], imaging is typically directed to draining regional lymph
node basins. Ultrasound or CT of regional lymph nodes at diagnosis and in follow-
up for patients with high-risk features has been recommended [136].

There are limited reports supporting the use of MRI as well as 18F—fluorodeoxy-
glucose positron emission tomography (PET) to detect locoregional disease and to
direct further therapy [145—-147]. In a retrospective study of PET/CT in periocular
malignancies, of which 40% were SC, PET/CT was significantly more sensitive
than CT for detection of lymph node metastases [148]. This may have been due to a
significant number of false negatives with CT when imaging soft tissues of the neck
[148]. In one report, imaging with PET/CT changed the plan of care for half of
patients under study [148].

Lymph nodes are the most common site of metastatic involvement in SC, and
reported rates of nodal metastases, including to the parotid gland, in periocular
tumors range from 8 to 33% [88, 126, 130, 149, 150]. Rates of nodal metastasis
among patients with extraocular SC range from 0% to as high as 21% [150, 151].
One large analysis reported rates of regional metastasis to be higher in periocular
SC than extraocular SC [152].

Certain factors have been shown to increase the risk of lymph node involvement,
such as AJCC TNM staging T2b or higher, as well as poor differentiation on histol-
ogy [143, 152]. Nevertheless, reports of SLNB positivity in SC are rare, and the role
of SLNB in SC, particularly in extraocular SC, is unclear [153—155]. In a series of
ten patients with periocular SC who underwent SLNB, two false negatives were
reported, while a third patient developed distant metastasis without lymph node
involvement [153].

Nevertheless, the detection of metastatic tumor in regional lymph nodes may
provide prognostic and staging information. When suspicious lymph nodes are dis-
covered clinically or with imaging, fine needle aspiration may be performed [156].
Lymph node metastasis is treated with dissection and/or radiotherapy (see below)
[88, 157].
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Surgical Treatment

Surgical resection is the standard of care for management of SC, but its effective-
ness is limited by the tendency of SC to recur. Wide local excision (WLE), with
permanent or frozen sections for margin control, is often employed, with margins
typically consisting of 5-6 mm of healthy tissue [158—161]. Recurrence rates with
WLE range from 4% to 37% [68, 80, 87], with a median rate of 21% [68]; however,
these data are limited by generally small series and disproportionate representation
of periocular SC. When recurrences do occur, they typically do so within 5 years
[71].

There is intrinsic appeal to the use of a tissue-conserving technique such as MMS
in a disease with a propensity to affect the periocular skin. While much of the data
on MMS for SC is favorable compared with WLE, most studies are in general ret-
rospective and non-randomized. Recurrence rates of 11% in patients with SC treated
with MMS have been reported, with nodal metastatic rates of 6-8% [73, 158, 162].
Recently, a retrospective single-institution series of 37 patients treated with MMS
demonstrated zero recurrences with an average follow-up of 3.6 years [73]. In a rare
study providing a head-to-head single institutional comparison between WLE and
MMS, no significant difference in the rate of recurrence between the two modalities
was observed [124].

There are features unique to SC that make successful resection via MMS a chal-
lenge. Some authors caution against reliance on frozen section margins in a disease
with a high propensity for pagetoid spread [67] [162]. Furthermore, MMS relies
upon contiguous tumor growth, and SC may show multicentric origin and skip
lesions [163].

Radiation

The role of radiotherapy in SC has been limited primarily to patients who cannot
tolerate surgery, for whom comorbid procedures such as exenteration are unaccept-
able [150] or in the adjuvant setting for high-risk or metastatic disease [156].
Historically, SC was viewed as a radioresistant process, and earlier studies reported
significant treatment failures when radiotherapy was employed as a primary modal-
ity [164, 165]. However, low total radiation doses may be to blame for these treat-
ment failures [166, 167]. In a recent series of 13 patients with periocular SC treated
with radiotherapy (an average of 60 Gy total dose), 5 of whom were treated with RT
as definitive therapy, 5-year progression-free and disease-free survival rates of
100% and 89%, respectively, were reported [166].

Radiotherapy has been employed in the adjuvant setting with modest success.
Pardo et al. reported no evidence of disease in 2—7 years of follow-up in six patients
with locally metastatic periocular SC treated with postoperative adjuvant radiother-
apy to the ipsilateral parotid bed and lymph node basins [168]. While most patients
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who receive radiotherapy to the orbit develop conjunctivitis or keratitis, overall
treatment tends to be well tolerated [166].

Ultimately, surgical resection is the mainstay of treatment for SC. Radiation is
typically employed as definitive treatment only for select patients who are unable to
undergo excision. There may be a role for adjuvant radiotherapy for high-risk
tumors. More data is needed to better define the role of radiotherapy in this rare skin
cancer.

Chemotherapy

Chemotherapy has been employed in metastatic SC in neoadjuvant, adjuvant, or
palliative roles, but no consensus exists as to its use. Most of the knowledge about
the use of chemotherapy in SC is limited to a few case reports [169]. A variety of
regimens have been reported, most of them including the dipyrimidine 5-fluorouracil
[169-174], along with cisplatin, carboplatin, and doxorubicin, among others.
Complete and partial responses to these regimens have been reported, although
clinical scenarios and time to follow-up are heterogeneous.
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Chapter 11
Extramammary Paget’s Disease

Nathalie C. Zeitouni and Jose A. Cervantes

Abstract Extramammary Paget’s disease (EMPD) is a rare, slow-growing intraepi-
thelial adenocarcinoma typically localized to areas of apocrine gland distribution
outside the mammary glands. EMPD typically involves the vulva, perianal area, and
male genitalia, with rare sites including the thighs, buttocks, axilla, eyelids, and
external ear canal. The vulva remains the most frequently involved site with 65% of
EMPD located in this area. Lesions appear as erythematous, brown or white, moist
plaques that are well differentiated and often accompanied by subtle subjective
symptoms of pruritus and pain. Its pathogenesis has been debated, but most cases
are thought to arise as a primary intraepidermal neoplasm of glandular origin. A
minority of disease appears to be intraepithelial spread of an underlying dermal
adnexal malignancy or a regional neoplasm with contiguous epithelium. The diag-
nosis of EMPD is confirmed histologically by the presence of vacuolated Paget cells
in the epidermis that stain for glandular cytokeratins, epithelial membrane antigen,
and carcinoembryonic antigen. Treatment options which include surgical excision,
Mohs micrographic surgery, radiotherapy, photodynamic therapy, topical imiqui-
mod 5% cream, 5-fluorouracil, and systemic chemotherapy have also been used
successfully. Recurrence is common, necessitating a close follow-up.
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Introduction

In 1874, Sir James Paget described an eczema-like lesion on the nipple with an
associated underlying breast malignancy, now called mammary Paget’s disease
(MPD). Extramammary Paget’s disease (EMPD) was first described by Crocker in
1889 when he discussed an occurrence of Paget on the penis and scrotum [1]. This
entity would further expand when perianal EMPD and Paget’s disease of the vulva
were subsequently described in 1893 and 1901, respectively [2].

EMPD is a rare, slow-growing intraepithelial adenocarcinoma typically localized
to areas of apocrine gland distribution outside the mammary glands. EMPD typi-
cally involves the vulva, perianal area, and male genitalia, with rare sites including
the thighs, buttocks, axilla, eyelids, and external ear canal [3, 4]. The vulva remains
the most frequently involved site with 65% of EMPD located in this area [5].

Clinically, lesions appear as erythematous, brown or white, moist plaques that
are well differentiated and often accompanied by subtle subjective symptoms of
pruritus and pain. Its pathogenesis has been debated, but most cases are thought to
arise as a primary intraepidermal neoplasm of glandular origin. A minority of the
disease appears to be intraepithelial spread of an underlying dermal adnexal malig-
nancy or a regional neoplasm with contiguous epithelium [6].

The diagnosis of EMPD is confirmed histologically by the presence of vacuo-
lated Paget cells in the epidermis that stain for glandular cytokeratins, epithelial
membrane antigen, and carcinoembryonic antigen [7]. Treatment generally involves
surgical excision or Mohs micrographic surgery, although radiotherapy, photody-
namic therapy, S-fluorouracil, topical imiquimod 5% cream, and systemic chemo-
therapy have also been used successfully [8—10].

Epidemiology

EMPD is a rare condition with only a few hundred cases reported in the medical
literature. Precise incidence is unknown. It is rarer than mammary Paget’s disease
(MPD), accounting for only 6.5% of all cases of Paget’s disease [11, 12]. EMPD is
a cutaneous malignancy that is frequently found in skin areas containing abundant
apocrine glands such as the genitalia, the groin, and the axilla [13]. The most com-
mon location for EMPD is the vulva, yet the disease accounts for only 1-2% of all
vulvar malignancies [2, 14-16]. Ectopic EMPD has been described in cutaneous
areas devoid of apocrine glands but is exceedingly rare [4, 17].

EMPD most commonly affects individuals aged 50-80 years with a peak age of
65 and predilection toward women and Caucasians, although a male predominance
seems to exist in certain parts of Asia [6, 13, 18]. Since the first report of familial
EMPD was discovered in 1973 by Kuehn et al., only seven other cases have been
reported in the literature [19-21]. Of these cases, all but the one recently reported in
two Chinese brothers occurred in Japan [22]. Findings in these cases suggested a
correlation between genetic abnormalities and a predisposition in cancers, espe-
cially in East Asian populations [13, 21-23].
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Pathogenesis

The exact pathogenesis of EMPD is still not completely understood. Although
EMPD is generally accepted to be an intraepithelial adenocarcinoma [24], cell
origin remains debated because the condition is found in both apocrine and non-
apocrine gland-bearing skin. Unlike mammary Paget’s disease of the breast
which is always associated with an underlying ductal carcinoma, the cause of
EMPD is not always associated with malignancy. Recent literature suggests that
EMPD is heterogeneous and can be divided into primary EMPD and secondary
EMPD [2, 3, 14, 25].

Primary EMPD occurs more often than secondary EMPD, with figures showing
that the primary type comprises roughly 75-96% of EMPD cases [2, 3, 26]. The
primary or cutaneous form is thought to originate in the epidermis, the underlying
apocrine sweat glands, or the epidermal basal cells [3, 26, 27]. Although this form
is not associated with an underlying malignancy, in roughly 10-20% of all EMPD
cases, the tumor has been documented to progress, infiltrate the underlying dermis,
and even metastasize through the blood and lymphatic vessels [14, 25, 26].
Recently it has been suggested that Toker cells, which are present in both the vul-
var epidermis and mammary tissue, may represent the benign precursors of the
Paget cell [3, 28, 29].

The more rarely occurring secondary EMPD originates from epidermotropic
spread of neoplastic cells from an underlying adenocarcinoma in the adjacent
adnexal gland (25%) typically from apocrine origin or within a contiguous epithe-
lium (10-15%) from visceral carcinoma, usually the rectum, bladder, urethra, cer-
viX, prostate, perianal area, vulvar region, glans penis, or groin [2, 3, 6, 13, 30].
Secondary EMPD is known to commonly metastasize through the lymphatic system
[3, 14, 26].

Lastly, a multicentric theory suggests that EMPD may arise from a common
oncogenic stimulus resulting in the development of malignancies at different sites,
where EMPD is found in conjunction with another malignancy with no direct ana-
tomical relationship, e.g., EMPD of the scrotum and hepatocellular carcinoma, and
the rare association between EMPD and MPD [13, 31].

Clinical Presentation

The onset of disease is often insidious with patients complaining most often of pru-
ritus [6, 14, 32]. Additionally, patients may experience burning paresthesia, pain,
edema, and bleeding [2, 26, 32]. EMPD most commonly arises from areas of high
apocrine gland density. The anatomical location most commonly affected is the
vulva, making up about 65% of all reported cases [5, 13, 25, 33]. In cases affecting
the vulva, lesions typically arise from the labia majora, spread centrifugally toward
the pubis, and frequently involve the inguinal folds, perineum, labia minora, vagina,
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Fig. 11.1 Perianal EMPD

inner face of the thighs, buttocks, and axilla [25, 32-38]. In advanced disease, the
entire anogenital region may be affected, making it impossible to distinguish the
primary location of the tumor, which is significant given that primary tumors at
certain locations are associated with specific types of internal malignancies [26, 32].

Secondary EMPD of the vulva is defined as involvement of the vulvar skin by a
noncutaneous internal neoplasm, either by epidermotropic metastasis or by contigu-
ous involvement. Adnexal carcinomas arising from underlying apocrine glands or
from Bartholin’s glands are involved in 4—-17% and 1-20% and have distant or non-
contiguous carcinoma of the endometrium, cervix, urethra, bladder, colon, rectum,
ovary, liver, and gallbladder have all been described. Of these associated malignan-
cies, anal and rectal adenocarcinoma involving the skin of the anogenital region are
the most commonly implicated with secondary EMPD of the vulva [5, 25, 33, 39].

EMPD of the perianal region makes up about 20% of all reported cases. Clinically,
it closely resembles vulvar EMPD, often originating adjacent to the anus and subse-
quently spreading to involve the perineum, gluteal folds, and genitalia [36]. Perianal
EMPD is associated with an adnexal adenocarcinoma in 7% of cases and an internal
malignancy in 14% of cases. Secondary perianal EMPD which makes up the major-
ity of perianal cases (70-80%) is strongly associated with adenocarcinoma of the
anus and colorectum [40]. Other malignancies that have been reported to cause
secondary perianal EMPD are carcinoma of the stomach, breast, and ureter [41].
See Fig. 11.1.

EMPD of the male genitalia (penis and scrotum) makes up about 14% of all
cases and is thought to be more frequently associated with internal malignancy; in
particular, underlying neoplasms of the prostate, bladder, testicles, ureter, and kid-
ney occur in up to 11% of cases [5, 37, 38, 42—44]. The lesions typically start on the
scrotum, the penis, or the inguinal folds and subsequently may spread to involve the
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abdomen, with rare cases involving only the glans penis [45—47]. Patients may also
exhibit inguinal lymph node involvement, with associated edema of the lower
extremities [47].

Axillary EMPD may be primary or secondary, but carcinoma of the breast should
be excluded prior to the diagnosis. It appears to affect men more frequently and
most often presents unilaterally, although bilateral cases have been reported [48].
Cases have also been reported to follow genital EMPD [49, 50].

Ectopic EMPD appears in areas devoid of apocrine glands and has been reported
to affect the external ear canal, cheek, eyelids, trunk (both abdomen and back),
extremities, and umbilical region [5, 17, 18, 51-56]. There are also isolated reports
of EMPD affecting various sites of the mucosa, including the tongue, bronchial tree,
esophagus, and urethra, in association with prostatic and urinary bladder neoplasms
[57-60].

Multiple EMPD is rare and includes simultaneous presentation of both mam-
mary and extramammary disease or as EMPD at occurring at different sites such as
anogenital and axillary involvement [39, 61]. Rare reports exist of EMPD associ-
ated with distant tumors arising in organs without a direct epithelial connection to
the affected dermis. Examples include carcinoma of the ovaries, bile duct, liver, and
kidneys [62, 63]. Although it is likely that these cases simply represent synchronous
coincidental neoplasms, it has been suggested that a multicentric oncogenic stimu-
lus exists that can induce distant adenocarcinoma, a theory supported by the occa-
sional association between EMPD and MPD [13].

Depending on the site and duration of the lesion, EMPD can have a variable
morphological presentation. The primary lesion may present as a macule, patch, or
plaque, with color presentations varying from pink to light/dark red-brown. Larger
lesions have been documented to present with a mixture of colors [35, 64].
Pigmentary changes may also be appreciated, more often hypopigmented than
hyperpigmented [50, 65]. Although typically well demarcated, larger, more
advanced lesions may be irregular with poorly defined borders [6, 25].

Depending on the anatomical location of the lesion, the surface of the lesion may
have a pityriasis-like coarse, lamellar scale. The lesion may be eroded with or with-
out leukoplakia-like keratosis, ulcerated with an associated crust, or cobblestone-
like papules [11]. Rare morphological features include alopecia neoplastica,
sclerodermiform maculae, and lichenoid papules [66, 67]. Infiltrative nodules, veg-
etative lesions, and regional lymphadenopathy may also be present. “Underpants-
pattern erythema” is a particular clinical aspect of genital EMPD started within the
groin and spreading peripherally to the areas covered by underwear. This particular
presentation is a manifestation of lymphatic invasion and is associated with meta-
static disease and a poor prognosis [68].

EMPD can resemble a variety of cutaneous conditions, which can delay the diag-
nosis. On average, the disease is not diagnosed for 2 years after the onset of symp-
toms [16, 26, 32, 69]. Given the vague presentation and subjective symptoms, the
condition may be misdiagnosed as pruritus ani, fungal infection, contact dermatitis,
lichen sclerosis, or intertrigo. A reasonable differential diagnosis may include con-
tact or seborrheic eczema, psoriasis inversa, perianal streptogenic dermatitis, lichen
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sclerosis, candidal intertrigo, tinea corporis, histiocytosis, mycosis fungoides,
Crohn disease, hidradenitis suppurativa, condyloma accuminata, leukoplakia, amel-
anotic melanoma, Bowen disease, and superficial basal cell carcinoma [2, 6, 13, 70].
Any nonhealing eczematous patch in the anogenital or axillary region not respond-
ing to topical steroids or antifungals should raise suspicion for EMPD and warrant
a biopsy [6, 14, 45, 71].

Histopathology

The diagnosis of Paget’s disease is confirmed by the presence of Paget cells.
Histologically, it presents similarly to mammary Paget’s disease [6, 14, 45]. Paget
cells are usually about twice the size of surrounding keratinocytes. They are charac-
terized as large cells with an abundant basophilic or amphophilic cytoplasm. The
nucleus is usually large and centrally located with pleomorphic nuclei and a promi-
nent nucleolus. Signet ring cells may be present and mitotic figures are common
[40, 72]. See Fig. 11.2.

Paget cells may occur as solitary cells or in irregular clusters, nests, or glandular
structures within the epidermis [26]. They may infiltrate the upper epidermis but are
more commonly concentrated in the lower epidermis in the pilosebaceous appara-
tus, sweat gland, and excretory ducts [3, 13, 73]. Paget cells are distinguished from
surrounding epithelial cells by a clear halo lacking intracellular bridges.
Hyperkeratosis, acanthosis, and focal parakeratosis may be appreciated, along with
an inflammatory infiltrate composed of lymphocytes, histiocytes, neutrophils, and
plasma cells in the upper dermis [3, 6, 11].

The histological pattern of epidermal infiltration of Paget cell is often termed
pagetoid spread to indicate a condition where the cells are distributed in a singly or

Fig. 11.2 Histological presentation of EMPD
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small group pattern throughout the epithelial layer [2]. Conditions known to exhibit
this particular pattern include malignant melanoma, Bowen disease, Langerhans
cell histiocytosis, mycosis fungoides, Spitz nevus, and sebaceous carcinoma. Given
that most of these conditions affect the skin in the same general areas as EMPD, it
is reasonable that they be given consideration on your differential diagnosis [3, 74,
75].

Immunohistochemical staining may also help identify Paget cells and even dif-
ferentiate between primary and secondary EMPD. When large mucin droplets pres-
ent within the cell, the nucleus may be displaced to the periphery creating a signet
ring. The presence of intracytoplasmic sialomucin accounts for the positivity of
some histochemical stains such as periodic acid-Schiff, mucicarmine, Alcian blue,
aldehyde-fuchsin toluidine blue, and colloidal iron which is often helpful in the
diagnosis [13, 26, 76].

Minor variations in antigen expression exist between primary and secondary
EMPD, particularly with regard to gross cystic disease fluid protein-15 (GCDFO-15)
and cytokeratins (CK) 7 and 20. CK7 has a sensitivity ranging from 86% to 100%
but is not specific for EMPD, whereas CK20 may be more specific for EMPD [77,
78]. Additionally, in perianal cases where CK20 was positive and GCDFP was neg-
ative, there appeared to be a stronger association with underlying carcinoma,
whereas, when CK20 was negative and GCDFP was positive, the association was
not present [79-81].

Differential staining pattern of mucin core proteins (MUC), specifically
MUCS5AZ2, appears to be associated with EMPD, particularly of the vulvar and male
genitalia, and its absence is well correlated with more invasive disease [82—84]. An
overexpression of p53 and of fatty acid synthase is correlated with invasive disease
[85]. Carcinoembryonic antigen may also play a role in diagnosis as it has been
found to be quite sensitive for EMPD, and its absence appears to have an association
with underlying carcinomas [30, 77, 86]. Serum levels of RCAS1, a novel antigen,
have also been reported to be sensitive to EMPD cells [87].

Among the hormonal receptors studied, androgen receptors are detected in more
than 50% of EMPD cases, whereas there appears to be a consistent absence of posi-
tivity for both estrogen and progesterone receptors [84, 88, 89]. Overexpression of
human epidermal growth factor receptor 2 (Her-2) protein, which is expressed in
30-50% of cases, was found to be associated with a higher recurrence following
therapy and a potentially more aggressive disease course [90, 91].

Work-Up

Following any biopsy-proven diagnosis of EMPD, a thorough history of present
illness, review of systems, and physical examination including a full cutaneous
examination should be performed. In particular, one should carefully examine for
enlarged lymph nodes around the affected area and hepatosplenomegaly, through
breast and digital rectal examinations. Further work-up for EMPD should be
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directed at investigating for both invasive disease and an associated underlying
malignancy, as the results of these investigations affect both the prognosis and sub-
sequent therapy [6, 14].

A work-up for patients with disease affecting the vulva should include screening
for gastrointestinal (GI) and genitourinary (GU) malignancies and breast disease. A
reasonable approach would include a pelvic examination, to include a Pap smear
and colposcopy, abdominopelvic ultrasound with or without a CT, colonoscopy,
cystoscopy, intravenous pyelogram, hysteroscopy, mammogram, chest radiograph,
and serum tumor markers CEA and CA-19 [6, 14, 92, 93].

In cases of perianal EMPD, a screen for GI and GU malignancy would be war-
ranted. An investigation may include an upper endoscopy, rectal examination, colo-
noscopy, sigmoidoscopy or barium enema, cystoscopy with or without CT urogram,
and if female a mammogram [2, 6, 30]. In men with genital involvement, screening
for underlying GU malignancies should be completed and may include cystoscopy,
with or without CT urogram [5, 38, 45]. Serum prostate-specific antigen may also
be of some utility [94]. If dermal invasion is noted, a sentinel node biopsy may be
considered to determine if there is nodal involvement [26]. A positron-emission
tomography scan may also have some utility in evaluating for lymph node involve-
ment and distant metastases [2, 26].

Course and Prognosis

The prognosis of primary cutaneous EMPD is often favorable when confined to the
epidermis [3, 15, 34, 46]. Invasive disease, consisting of greater than 1 mm of inva-
sion into the dermis, which is thought to occur in up to 20% of cases, significantly
worsens the prognosis [40, 50]. Disease with lymphovascular invasion and metasta-
sis to the regional lymph nodes is often fatal with some studies reporting a 0% sur-
vival at 5 years [3]. Serum CEA levels have also been used to predict the progression
of disease with elevated levels indicating systemic metastases and an increased risk
of death [50, 93]. Overall mortality rates have been reported to be as high as 46%
with metastatic EMPD [5].

Prognosis of secondary EMPD is typically worse with the overall mortality rate
dependent on the associated underlying internal malignancy. On average, the sur-
vival rate of secondary EMPD is reported to be 36 months [5, 26, 64].

Treatment and Follow-Up

Surgery is the most common modality used to treat EMPD. The surgical procedures
commonly used include wide local excision and simple or radical vulvectomy [14,
32, 54, 95, 96].
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Surgical removal requires that the excision be adequately wide and with suffi-
cient depth so as to completely remove the lesion in its entirety. There appears to be
a considerable variation between the accepted ideal surgical margins to be utilized
in WLE, with most reports describing a 2-5 cm margin. Some evidence suggests
that well-demarcated EMPD lesions may be adequately managed with 1 cm margin
resection [97, 98]. It is however common for EMPD to be multifocal with irregular
histological margins and subclinical extension [14, 32]. Depending on the anatomi-
cal location of the lesion, WLE has a reported recurrence rate of 22-60% [2, 6, 32,
71].

Several strategies have been employed to overcome the unreliable clinical exam-
ination, including preoperative mapping with scouting biopsies, a method that was
recently found to be enhanced by handheld reflectance confocal microscopy with
early results showing a reduction in the number of biopsies needed to render a cor-
rect diagnosis [99—101]. Upon review of this technique, several groups have reported
minimal recurrence, with long-term follow-up [100, 102]. Beyond improved recur-
rence rates vs. WLE, this technique offers the added benefit of enhanced preopera-
tive planning, patient education, reconstruction, and a reduction in repeat surgeries
[102]. Another method of mapping with high sensitivity for Paget cells (99.8%) can
be achieved with fluorescein visualization [32, 103]. Another preoperative mapping
method that has demonstrated some utility is staged, square excisions used initially
for lentigo maligna [32, 104]. Intraoperative staining with antibodies to CK-7 alone
or in combination with CEA has also been reported to decrease recurrence rates [26,
45, 71, 77, 105]. Despite these techniques, recurrence rates are high, most likely
stemming from false-negative biopsies, sampling errors, and the multicentric nature
of the disease.

Intraoperative frozen sections are employed to confirm tumor-free margins. This
technique has been widely utilized for lesions affecting the penoscrotal areas [106,
107]. Several retrospective studies have identified a high rate of false-negative mar-
gins (40%), and its use appears limited in its utility with multifocal disease [108,
109]. Routine frozen sections which sample about 0.1% of the surgical margin have
yielded inconsistent results, with little effect on outcomes [32, 110, 111].

Alternatively, Mohs micrographic surgery (MMS) appears to be well suited for
irregular but contiguous lesions and has demonstrated favorable long-term out-
comes and been associated with a higher recurrence-free survival rate than fixed
surgical margins [32, 98, 102, 112]. MMS involves examining all of the histological
tumor margins, with the goal of obtaining complete tumor-free margins, while pre-
serving unaffected tissue and reducing the need for repeated surgery [71, 98, 113].
When compared to WLE, Mohs has been widely reported to have lower recurrence
rates for primary EMPD and recurrent disease [32, 98, 112, 114, 115]. In general,
recurrence rates have been reported to be 8—27% for primary disease and 28-50%
for recurrent disease [98, 112]. A reported 97% of MMS surgeries obtained tumor-
free margins when utilizing a 5 cm margin [98, 107]. Additional supplements to the
MMS have been suggested to decrease local recurrence. Photodynamic therapy and
scouting biopsies have been described to improve the definitive treatment with
MMS [71, 99].
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In cases of invasive and secondary Paget’s disease, more extensive surgeries such
as radical vulvectomy, hemivulvectomy, and bilateral inguinal lymph node dissec-
tion have been documented to produce better recurrence rates than both MMS and
WLE [14, 25, 96]. In general, radical vulvectomy and hemivulvectomy are associ-
ated with recurrence rates of 15% and 20%, respectively [6, 32, 116]. It should be
noted that invasive surgery is associated with significantly higher morbidity and that
the associated sequela from such procedures decreases function and quality of life
[115].

Radiotherapy may be indicated in nonsurgical candidates, in patients seeking
nonsurgical options, in adjuvant therapy, or for recurrent disease [96, 117, 118].
Although its efficacy was questioned during its early use, more recent literature sug-
gests effectiveness as both a primary therapy and as an adjuvant to surgery [119,
120]. Its benefits have been demonstrated in both EMPD confined to the epidermis
and invasive disease [121]. Radiotherapy has also been successfully used in cases of
local recurrence and should be considered in cases where large lesions are deemed
inoperable or if the patient’s comorbidities necessitate nonsurgical options [69, 122,
123]. Described techniques including beam type, beam energy, and total doses are
variable among different publications [124, 125]. Radiation changes to the skin can
be a limiting factor for treatment duration and tolerance.

Photodynamic therapy (PDT) which involves the preferential accumulation of
photosensitizer in target lesions is a highly selective tissue sparing therapy with the
added benefit of stimulating the host immune response [126, 127]. Recent literature
on its use indicates that PDT with systemic porfimer sodium and topical ALA may
benefit a select group of patients with noninvasive, superficial lesions on cosmeti-
cally and functionally important areas and as an option for recurrence following
surgery [127-130]. Its use on bulky and invasive disease has also been associated
with high rate of recurrence and is currently not a suitable replacement for surgery
when invasive disease is identified [26, 131]. There also appears to be a suitable role
for PDT augmentation and MMS to optimize cosmesis and function while minimiz-
ing tissue excision [6, 32].

Laser therapy appears to be efficacious for superficial lesions. Its utility on
deeper or invasive lesions is limited by the photon penetration which is only a few
millimeters [32]. As a primary therapy, its use is associated with a high recurrence
of disease and may be more efficacious in combination with WLE, when guided by
photodynamic diagnosis with ALA-induced fluorescence [132, 133]. Postoperative
pain has been noted to be high and reported to hinder subsequent therapy [134].

Topical therapies with cytotoxic agents 5-fluorouracil (5-FU) and bleomycin
have been used to treat EMPD. Imiquimod 5% cream, an immunomodulator, has
shown some promising results, with clinical and pathological clearance of EMPD
frequently reported [135-139]. It can be used as an alternative to surgery, as an
adjunct before and after surgery, and in combination with other therapies. In the
largest literature review to date on the subject, which included both primary and
recurrent disease, both men and women were found to have an overall cure rate of
87.5% with a 12-20% relapse rate at an average follow-up of 20 months. [140-143]
5-FU has been used preoperatively for cytoreduction, aiding with the surgical
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resection process by delineating surgical margins, and postoperative detection of
early disease recurrence [6, 144, 145]. When used alone, 5-FU is not sufficient to
appropriately treat EMPD that extends beyond the superficial layers of the epider-
mis (1-2 mm). Topical bleomycin has been used to treat patients with recurrent
noninvasive primary vulvar EMPD but is currently not considered sufficient to treat
EMPD as a sole agent [32, 146].

Systemic chemotherapy using carboplatin, epirubicin, adriamycin, docetaxel,
vincristine, calcium folate, mitomycin-C, etoposide, and 5-FU has been used to
treat EMPD. These agents are most often used in combination and as adjuncts to
other therapies [147-153]. Systemic chemotherapy may be used in metastatic dis-
ease, to decrease tumor burden prior to excision decreasing the extent of surgical
resection. Current recommendations support the use of systemic chemotherapy as a
tertiary measure for nonsurgical candidates and those forgoing the use of radio-
therapy [32, 149, 154, 155]. The detection of HER2/neu in a subgroup of EMPD
patients has led to the use of trastuzumab, a monoclonal antibody directed against
HER-2 [91, 156, 157].

Regardless of the treatment modality, long-term surveillance is recommended as
recurrence has been reported up to 15 years following treatment [6, 115]. Although
no current guidelines have been currently published, consensus among experts in
the field recommends a biannual evaluation for 36 months, followed by an annual
evaluation for the subsequent 10 years for noninvasive, primary cutaneous EMPD. In
secondary or invasive EMPD, follow-up is necessary to exclude the development of
associated internal malignancies. It is recommended that follow-up for perianal
EMPD includes an annual examination, a proctosigmoidoscopy, and a colonoscopy
every 2-3 years. Vulval EMPD may be similarly followed up with regular inspec-
tion of the vulva and the liberal use of regular pelvic ultrasound scans and hysteros-
copy with a low threshold for biopsy of any newly appearing lesions [6, 13, 30].
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Chapter 12
Procedures in the Diagnosis and Treatment
of Skin Cancer

Check for
updates

Sarah Yagerman and Mary L. Stevenson

Abstract Skin cancer is the most common type of cancer in the United States and
constitutes a health burden to the population. Comprised predominately of basal cell
carcinoma, cutaneous squamous cell carcinoma, and melanoma, skin cancer
accounts for nearly 20,000 deaths annually. Early diagnosis and treatment of skin
cancer are critical in limiting morbidity and mortality. Diagnosis is generally made
based on close examination and biopsy of suspicious lesions. Appropriate treatment
depends on the specific histopathologic diagnosis as well as other considerations
including area and size of the lesion and comorbidities of the patient. Treatment
modalities include superficial therapies, such as cryotherapy or topical treat-
ment, electrodessication and curettage, and surgical therapies including standard
excision and Mohs micrographic surgery. Additionally, for more advanced disease,
treatment may require a multidisciplinary approach, often with involvement of
medical and radiation oncologists, and may include the use of systemic agents or
radiation therapy.

Keywords Biopsy - Excision - Melanoma - Atypical nevi - Non-melanoma skin
cancer - Keratinocyte carcinoma - Basal cell carcinoma - Cutaneous squamous cell
carcinoma - Mohs micrographic surgery

Introduction

Skin cancer is the most common cancer in the United States with one in five
Americans developing some form in their lifetime [1]. The vast majority of these
cancers are keratinocyte carcinomas (KCs), formerly known as non-melanoma skin
cancers (NMSC), with 5.4 million cases treated in 3.3 million people in 2012 [2].
Basal cell carcinoma, a form of KC, is the most common skin cancer, followed
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second by squamous cell carcinoma [2]. While rarer, melanoma contributes signifi-
cant mortality claiming roughly 9,000 lives each year in the United States and
accounts for the majority of skin cancer-related deaths [3, 4], though, in the Central
and Southern United States, rates of death from cutaneous squamous cell carcinoma
(CSCC) rival those of other cancers including melanoma [5]. Skin conditions col-
lectively are fourth among all diseases globally in an assessment of years lost to
disability. KC is second only to diabetic ulcers in the list of contributing skin condi-
tions [6]. It is estimated that in the United States skin cancer treatment costs $8.1
billion per year [7].

Identification of suspicious lesions through routine total body skin exams is the
first step in diagnosis and treatment of cutaneous malignancies. While the US
Preventive Services Task Force has concluded there is insufficient evidence to rec-
ommend an annual skin examination by a physician [6], the American Academy of
Dermatology and American Cancer Society encourage routine total body skin
exams especially for those at high risk for skin cancer. A recent survey of US der-
matologists showed that the majority screen patients at least every 2—3 years and
those at higher risk for skin cancer were most often screened semiannually or annu-
ally [8]. Features to help identify a patient at risk include history of blistering sun-
burns as a teenager, red or blonde hair, marked freckling of the upper back, family
history of melanoma, and intermittent high-intensity sun exposure [9, 10].
Additionally, patients with any history of skin cancer should have routine follow-up
to assess for recurrence and new primary skin cancers.

After identification of a suspicious lesion on exam, the next step is to perform a
biopsy, which will be discussed in detail below. The specimen will be submitted to
a dermatopathology lab and processed for histopathologic evaluation. Depending
on the subtype of skin cancer, treatment may range from surgical treatment, local-
ized destruction, radiation, or in some cases topical therapy or systemic chemo-
therapy. In this chapter, the diagnosis and treatment of KCs will be discussed
separately from atypical melanocytic neoplasms and malignant melanomas. And
while the majority of skin cancers may be treated by a dermatologist or dermato-
logic surgeon, the treatment of specific types of skin cancer may rely on an interdis-
ciplinary approach from the primary care physician, dermatologist, surgeons
(including dermatologic surgeons, ENT surgeons, plastic surgeons, and surgical
oncologists), and sometimes a radiation oncologist and/or medical oncologist.

Keratinocyte Carcinomas, Formerly Non-melanoma Skin
Cancers

Keratinocyte carcinoma (KC) refers to any type of skin cancer whose cell of origin
is a keratinocyte. Keratinocytes are found in the epidermis, and the two primary
forms of KC are cutaneous squamous cell carcinoma (CSCC) and basal cell carcinoma
(BCC). These types of carcinomas were formerly referred to as non-melanoma skin
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cancer; however, their rising incidence and implication in public health merit them
with the more apt name of keratinocyte carcinoma [11]. These cancers are so com-
mon that they are not included in the Surveillance, Epidemiology, and End Results
(SEER) program database making it difficult to ascertain their exact incidence. It is
estimated that there are 700,000 cases of CSCC and two million cases of BCC per
year in the United States [12, 13]. BCC is the single most common cancer in the
United States, more common than all other cancers combined [14]. Aggressive
forms of BCC which are at higher risk for recurrence are determined histologically
and include morpheaform, infiltrating, metatypical, and micronodular BCC, as well
as BCC with perineural invasion. Similarly, certain CSCCs are considered to be
more aggressive, or high risk for recurrence and potential metastasis, with the most
recognized high-risk features including location on the ear or lip, tumors deeper
than 2 mm, diameter greater than or equal to 2 cm, poor cellular differentiation, and
perineural invasion [15, 16]. Additionally, skin cancers occurring in the setting of a
patient with immunosuppression may be considered high risk.

Biopsy

Lesions suspicious for KC include features of scale, redness, erosion, ulceration,
bleeding, and persistence or a lesion that is non-healing [17]. Pigmented BCCs and
CSCCs may be more difficult to identify with their clinical features sometimes
overlapping with atypical melanocytic neoplasms which will be discussed further
below. After identification of a suspicious lesion, the first diagnostic test is skin
biopsy. A skin biopsy allows for a small sample of epidermis and dermis to be sub-
mitted and reviewed by a dermatopathologist for definitive diagnosis. Risks of skin
biopsy include bleeding, infection, and scarring which should be disclosed to the
patient. Determination of which type of cutaneous biopsy is appropriate will depend
on the size of the neoplasm and the anatomic location. The most common types of
biopsy include a punch biopsy, a shave biopsy, and an excisional biopsy. The latter
will be discussed in further detail under melanocytic neoplasms. Execution of a
biopsy requires a good setup of the necessary instruments (Table 12.1, Fig. 12.1).
Similar to any procedure, the clinician should have a checklist of all steps per-
formed each time the skin is biopsied. Once the decision to biopsy is made, the
reason for obtaining the biopsy and risks of the procedure should be discussed with
the patient. Verbal and written consent should be obtained, and steps should be
taken—whether it is photograph of the lesion, triangulation, or both such that if the
lesion is identified as a skin cancer, it may be correctly identified and treated in the
future. Triangulation measures the lesion of concern’s location with respect to two
or three additional anatomy landmarks on the patient. This will help the surgeon to
identify the biopsy site, should definitive treatment be delayed to the point where the
primary lesion is no longer visible, and to prevent wrong site procedures [19, 20].
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Table 12.1 A comprehensive list of supplies to set up for a successful biopsy and their uses [18]

Supply Function
Isopropyl alcohol, iodine, or Skin cleansing prep
chlorhexidine

Sterile gauze 4 x 4

Holding pressure for hemostasis, keeping a clean
surgical field

Gloves- nitrile

Clean technique

Cloth or fenestrated drape

Creating a clean field to work on

Syringes 1 and 3 ml

Holding anesthetic

Needles: 18 G and 30 G

To draw up lidocaine and inject it, respectively

Lidocaine 1% with epinephrine
1:100,000

Numbing the patient

Size 15 surgical blade or punch 3, 4, or
6 mm

For obtaining the specimen

Tissue forceps

For shave or punch biopsy

Tissue scissors

For punch biopsy

Needle holder

For punch biopsy

20% aluminum chloride

For hemostasis in a shave biopsy

Sutures

For punch biopsy closure

Petrolatum and band aid or dressing

To dress wound

Formalin bottle

For specimen

From Skin biopsy techniques for the internist, Patrick C. Alguire, Jan 1, 1998, Volume 13, Issue 1,
Table 2, with kind permission from SpringerNature and Patrick C. Alguire

A L A T

Fig. 12.1 Useful instruments which may be used for shave, punch, or excisional biopsy. From left
to right: curved iris scissors, needle driver, hemostat, suture scissors, baby Metzenbaums, 15 blade
and handle, and Addison forceps. Above are two skin hooks which may aid in skin stabilization

and minimize trauma
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Fig. 12.2 Demonstration
of injection technique for
numbing the skin. Notice
the 30-gauge needle enters
the skin at an acute angle,
causing a bleb to form
underneath the lesion of
interest

Shave Biopsy

The shave biopsy, generally the preferred method for sampling cutaneous neo-
plasms, does not require sutures. The area to be biopsied should be marked with a
surgical marking pen prior to initiation, as injection with lidocaine may distort the
primary cutaneous process. Then the skin should be prepped with alcohol, iodine,
or chlorhexidine. Chlorhexidine has a longer duration of action but must not be used
near the eyes or ears where it may cause keratitis or otitis, respectively [21]. Local
anesthesia by subcutaneous injection is then performed. Use of 1% lidocaine with
or without epinephrine is standard of care [14]. While the onset of lidocaine is
extremely rapid, several minutes are needed for epinephrine to vasoconstrict the
surrounding blood vessels, and procedures in highly vascular areas should allow
several minutes between time of injection and time of biopsy. For patients with a
true allergy to lidocaine, use of either ester-type local anesthetics, bacteriostatic
normal saline, or 1% diphenhydramine is suggested as an alternative. In the pediat-
ric population, premedication with topical lidocaine may be beneficial prior to
injection. Lidocaine 1% generally with epinephrine 1:100,000 is injected with a
30-gauge needle at a 30-degree angle to the skin until desired anesthesia is obtained,
generally not more than 1 cc for small biopsies, though doses up to 7 mg/kg are safe
at this concentration (4.5 mg/kg if 1% plain lidocaine is used without epinephrine)
(Fig. 12.2).

The shape and properties such as depth of resultant specimen depend on the
technique of shave biopsy used. Commonly, a #15 blade, held like a pencil between
the thumb and third digit with the index finger stabilizing the blade with pressure
from above, may be used to score around the lesion, and then the belly of the blade
is used in a horizontal pass to come under the specimen and remove it (Fig. 12.3).
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Fig. 12.3 A shave biopsy
being performed with a #
15 blade on the face. The
skin is stabilized with the
non-dominant hand

Fig. 12.4 The dermablade
is flexible and can be
grasped on both ends to
create a curved sharp for
biopsy. Shave biopsy with
a dermablade. Note again
the skin is stabilized with
the opposite hand

S. Yagerman and M. L. Stevenson

This technique of scoring allows for precision of margins, though with some neo-
plasms, this may not be necessary, and this step is skipped in favor of a free-form
shave. A dermablade is a device that allows for a swooping single scoop shave of a
specimen, and it may be beneficial for larger lesions or for ease of use (Fig. 12.4). It
is important to go as deep as the reticular dermis in order not to miss an infiltrative
component of the neoplasm. Blebbing of the skin with superficial injection of anes-
thetic or pinching of perilesional skin may elevate flat tissue and aid in obtaining the
entire specimen including any dermal components. Forceps with upward traction
may also be used but should be used with care as too much pressure on the specimen
can crush it making dermatopathologic evaluation more difficult. The specimen
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Fig. 12.5 A4 mm
diameter disposable punch
instrument. Note the shape
is perfectly circular

should then be placed in formalin and submitted to dermatopathology. Hemostasis
may be achieved with the use of electrocautery or 20% aluminum chloride. The
latter is a flammable material, so caution should be used when electrocautery is also
needed, and in general their use together should be avoided, or the area should be
allowed to dry prior to electrocautery. Additionally, this chemical should be avoided
near the eyes. Heat cautery should be used in patients with a defibrillator or pace-
maker. Alternatively, hemostasis may be obtained with direct pressure for approxi-
mately 10 min. White petrolatum and a band aid or pressure dressing should then be
applied.

Punch Biopsy

A punch biopsy is generally reserved for inflammatory skin conditions. However, it
may be the right technique on small lesions, under 6 mm, and those where closure
with sutures may leave a better cosmetic result. The technique generally utilizes a
small disposable punch instrument to take a cylindrical tissue specimen (Fig. 12.5).
The same steps of marking, skin prep, and numbing as above are performed. The
punch instrument is then applied perpendicularly to the skin and swiveled to the
point of the hub or to desired depth. Skin forceps may be used to pick up the sample
and skin scissors to cut the base and free the specimen. The specimen should then
be placed in formalin and submitted to dermatopathology for processing and analy-
sis. Most commonly a 3 or 4 mm diameter punch is used with 6 mm punch biopsies
being reserved for larger lesions with two—three sutures placed for hemostasis or
more if necessary. Hemostasis may be obtained with gel foam for 3 mm punches
though this should not be employed in highly cosmetically sensitive areas such as
the face. Generally, a suture such as 6-0 nylon or similar suture may be used on the
face, with 4-0 nylon or similar suture being used on the trunk and 5-0 nylon being
used on the extremities and neck. The site should then be dressed with white petro-
latum and a band aid applied.
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Treatment of Keratinocyte Carcinoma

Local Treatment

Electrodessication and curettage (ED & C) is a destructive technique used to treat
skin cancers. The skin is prepped and numbed, as described above, and then scraped
with a sharp curette followed by electrodessication. This cycle of scraping and burn-
ing is repeated up to three times on a given lesion. It is a valid option for treatment
of KCs of low-risk locations and low-risk subtypes. For BCCs the subtypes superfi-
cial and nodular may be treated with this method. Overall 5-year cure rates range
from 91% to 97% in patients with BCC treated by ED & C [22-24]. ED & C is not
recommended for morpheaform, infiltrative, or micronodular BCC. ED & C may
also be used for squamous cell carcinoma in situ (CSCCIS) and for CSCC less than
1 cm in diameter found on the trunk or extremities without high-risk features though
for the CSCC treatment by surgical modality is optimal [25]. The disadvantages of
this technique are two-fold. First, no tissue is submitted to pathology to confirm
complete removal of the tumor. Furthermore, they heal by secondary intention
which may not leave the most desirable scar. The advantage is it offers a rapid in-
office minimally invasive technique.

Standard excision with postoperative margin assessment by dermatopathology is
when the biopsied site and a margin of the normal skin are removed with a #15
blade and generally repaired using deep dermal sutures and superficial cutaneous
sutures, depending on the area of the carcinoma and the laxity of the surround skin.
The general shape of excision for best closure is elliptical [26]. This technique is
appropriate for the treatment of both low-risk BCCs and CSCCs. For high-risk
lesions, as defined above, delayed repair of the skin until clear margins have been
confirmed should be considered in order to avoid excessive manipulation of sur-
rounding skin with unknown margin status. In BCCs overall 5-year disease-free
recurrence rate is approximately 95% [27]. In another study disease-free rates
approach 98% [28] which may be the result of choosing appropriate cases for this
technique. A 4 mm clinical margin for BCCs under 2 cm in diameter is recom-
mended [29]. For CSCCs excision with a 4 mm margin is recommended or 6 mm
for a high risk lesion [23]. However, Mohs micrographic surgery, discussed below,
is the optimal technique when available for this subset of high risk skin cancers and
for KCs in cosmetically sensitive areas such as the face. Five-year recurrence rates
with standard surgical excision may be as high as 5% in primary CSCCs using the
advisable margins above [30]. This number of recurrences approaches 10-18% for
high risk locations such as the lip and ear and is why Mohs micrographic surgery is
preferred in these lesions as discussed below [31].

Mohs micrographic surgery (MMS) is a specialized excisional technique devel-
oped by Frederic Mohs in the late 1930s, which allows for intraoperative assess-
ment of 100% of the cancer margin [32]. The technique takes stages or serial
excisions of the skin and then assesses margins with specialized processing on fro-
zen sectioning to assess that the keratinocytic carcinoma has been removed in its
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entirety. The two primary advantages are that it allows for complete margin evalua-
tion prior to closure of the skin, and MMS is a tissue-sparing technique, ideal for
cosmetically sensitive areas. This type of surgery is ideal for high risk variants of
both BCCs and CSCCs or for these tumors when they occur in cosmetically sensi-
tive areas such as the face. The Appropriate Use Criteria published by the American
Academy of Dermatology, American College of Mohs Surgery, American Society
for Dermatologic Surgery Association, and American Society for Mohs Surgery in
2012 can aid the physician in determining which cases are appropriate for referral
to this skilled excisional technique [33]. In general MMS is used for primary aggres-
sive BCCs in immunocompetent patients except small lesions (less than or equal to
5 mm) on the trunk or extremities (excluding pretibial surfaces, hands, feet, nail
units, and ankles). Nodular BCC may also be treated with MMS though lesions
1 cm or less in diameter on the trunk and extremities may be treated with standard
excision. The overall 5-year cure rate of BCCs treated with MMS is over 99% [27].
For CSCCs MMS is appropriate and should be standard of care in clinically
aggressive tumors, which include the aforementioned features of high risk size
(equal to or over 2 cm in greatest diameter), high risk anatomic location (the scalp,
ears, lip, midface, genitalia, and nail units), rapid growth, poorly defined margins,
and ulceration [16]. Additionally in immunocompetent patients, MMS is the treat-
ment of choice for all CSCCs except for those 1 cm or less in greatest diameter on
the trunk or extremities (excluding the pretibial surface, hands, feet, nail units, and
ankles). MMS should also be the treatment of choice for recurrent tumors. Finally
tumors in immunocompromised patients, which include patients with active HIV,
who had organ transplant, with hematologic malignancy, or on pharmacologic
immunosuppression, are also at high risk of recurrence, and MMS may provide
more definitive cure for these patients with standard excision being considered for
small lesions less than or equal to 5 mm in greatest diameter on the trunk or extremi-
ties [31, 34, 35].

Radiation therapy usually delivered by a radiation oncologist may be appropriate
treatment of some keratinocyte carcinomas and is most commonly delivered as
electron beam radiation. Treatment considerations for radiation therapy for both
BCC and CSCC include inoperable tumors and patients who are poor surgical can-
didates though as will be discussed later other options including systemic medica-
tions may also be used and may be preferable. Radiation as a primary treatment is
reserved for these unique situations due to higher recurrence rates than surgery [36].
One disadvantage to the patient is the need for multiple successive visits to a radia-
tion center [37]. The term inoperable is subjective, and it may be prudent to get the
opinion of a skilled dermatologic or Mohs micrographic surgeon prior to initiation
of radiation therapy. Five-year local control, cure, and complete response rates for
both BCC and CSCC range from 92% to 96% [38—41]. Fractionated radiation may
also be used as an adjuvant treatment, following surgery, generally MMS, if clear
margins cannot be obtained due to invasion into the bone, parotid, or deep nerves
[42—45]. Adjuvant radiation therapy may also be used if there is perineural disease
which is seen more often in CSCC but may be seen rarely in BCC.
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Other systemic therapies are on the horizon for inoperable or metastatic BCCs
and CSCCs, which rely on the genetic profile of the tumor in concert with the hosts
immune system. One such example is the immunomodulatory small molecule pro-
grammed death 1 (PD-1) ligand and receptor inhibitors, which have shown some
preliminary efficacy in both advanced BCC and CSCC [46, 47]. Further investiga-
tion into the appropriate application of these modalities is underway, though the
prospect of application of genomic information to treatment of skin cancer is
exciting.

Superficial Therapies

Superficial therapies including topical agents, photodynamic therapy, and cryother-
apy have been used in the treatment of keratinocyte carcinomas. On average, due to
inferior cure rates, these modalities are generally reserved for patients for whom
surgery or radiation is contraindicated [28]. Additionally, patients have the right to
make informed decisions and may object to more invasive modalities of treatment.

Cryotherapy is a destructive technique utilizing liquid nitrogen at a tempera-
ture of —196 °C to bring malignant cells to the destructive temperature of —50 °C
[17]. This technique may create a scar, hyper- or hypopigmentation and may
obscure the ability of a dermatologist to assess for recurrence. For BCCs, cryosur-
gery should be reserved for the superficial subtype. In a small prospective trial,
cryosurgery for BCCs has been shown to result in BCC recurrence rate of 15%
[48]. For CSCCs cryosurgery of clinically less aggressive CSCCs, such as in situ
lesions, has been shown to result in cure rates of 97-99% though is not a preferred
treatment modality [49].

Imiquimod is a topical chemical used for treating keratinocyte carcinomas that
works through activation of the immune system via TLR7. The inflammatory
response created results in clearance of atypically dividing cancerous cells.
Imiquimod can be used for BCCs of the superficial subtype. Studies show an
84-85% 5-year disease-free rate [50, 51]. Despite the lower cure rate, some patients
may opt for this modality over excision given improved cosmetic outcomes [50]. In
CSCCs treatment with imiquimod is reserved for in situ disease. In these in situ
CSCCs, a 73% cure rate was demonstrated in a small double-blind, placebo-
controlled randomized trial [52].

5-Fluorouracil (5-FU) is a topical cream that works as an antimetabolite through
the pyrimidine nucleotide synthesis pathway to cause direct cellular destruction
which happens preferentially to rapidly dividing cells causing their death. It has
shown efficacy rates similar to that of imiquimod for BCCs [53]. Its use for CSCCIS
is controversial, with reported clearance rates ranging from 100% to as low as 40%
and recurrence rates from 9% to 42% [54]. Topical use of such agents with wraps or
with Unna boots on the leg may also be considered.
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Field Treatment for Actinic Damage

In patients with significant risk factors for non-melanoma skin cancer, it is common
to find numerous suspicious lesions, particularly in areas of extensive sun exposure
such as the face, scalp, dorsal hands, and arms. Many of these suspicious lesions,
especially the small erythematous macules or papules with a gritty scale, may rep-
resent actinic keratosis (AK). The rate and probability of conversion from AK to a
true CSCC are controversial. However, estimates range from 6% to 20% conversion
from AK to CSCC per single lesion over a 10-year time frame [55]. In these cases
of extensive actinic damage with multiple AK-type lesions, it may be prudent to
initiate field therapy in an effort to prevent or decrease the risk of progression to true
CSCC. Modalities for field treatment include imiquimod, 5-FU, or photodynamic
therapy (PDT). The topical creams, imiquimod and 5-FU, are applied by the patient
at home, according to manufacturer instructions for a period of 2—4 weeks. A newer
agent ingenol mebutate may decrease application time at home to 3 days.
Photodynamic therapy utilizes a chemical photosensitizer, such as methyl ami-
nolevulinate and 5-aminolaevulinic acid, followed by irradiation with a light source,
generally red or blue light. The advantage of this treatment is the entire procedure is
preformed within the physician’s office, increasing adherence. The disadvantage is
the procedure may elicit immediate pain and requires specialized equipment. Lesion
count may be reduced by 80-90% [56]. Variable rates of complete clearance from
100% down to 43% may reflect variability in individual phenotype, host reaction,
and application methodology [57].

Melanoma and Melanocytic Nevi with Atypia

Malignant melanoma (MM), deriving from the melanocyte, is the type of skin can-
cer that accounts for most skin cancer mortality. Annually there are approximately
60,000 cases of and 9,000 deaths attributable to MM in the United States [3, 58] [4].
In 2011, the melanoma incidence rate was 19.7 per 100,000, and the death rate was
2.7 per 100,000 [3]. In recent years, the incidence of MM continues to rise at
approximately 1.4% annually [59]. In some instances, this increased rate may be
attributable to increased UV exposure [60].

For identification of suspicious melanocytic lesions, one may recall the ABCDE
signs of melanoma: asymmetry, border irregularity, color variegation, diameter over
6 mm, and evolving [8, 9]. When identifying a suspicious pigmented lesion for
biopsy, in addition to the malignant clinical features, dermoscopy can be used to
obtain further insight regarding a lesion’s atypia. Dermoscopy is a handheld device
which combines magnification and polarized light source to visualize features of
pigmented skin lesions and has been shown with proper training to improve diagnos-
tic accuracy. This technique may also be combined with digital imaging for indi-
vidual lesion short-term monitoring [61]. Short-term monitoring is only appropriate
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for lesions that are flat and do not have any of the published melanoma-specific
criteria on dermoscopy including atypical network, negative network, streaks, crys-
talline structures, atypical dots and globules, irregular blotch, blue-white veil, regres-
sion structures, peripheral brown structure less areas, and atypical vessels [62]. Total
body photography of patient with many melanocytic neoplasms may also aid in iden-
tification of suspicious or changing lesions which would require biopsy [63].

Patients with a personal history of melanoma should continue to follow up regu-
larly with a dermatologist, to monitor for recurrence or development of a second
primary melanoma.

Biopsy

Unlike in keratinocyte carcinomas, melanocytic lesions should be sampled in their
entirety whenever possible. If clinical suspicion for melanoma is high, the initial
biopsy should be a narrow excisional biopsy of the entire lesion in both width and
depth [64]. An inadequate shave or punch biopsy can result in misdiagnosis and
improper staging of the melanoma, which may have important prognostic implica-
tions for the patient [65]. In general, for a suspicious pigmented lesion, a 2 mm
clinical margin of normal skin is biopsied with the visible lesion and sufficient
dermal depth to remove all visible pigment [66, 67]. This may be accomplished in
the right anatomic location and with a small enough lesion using the shave biopsy
or punch biopsy technique, as described above. In some cases an excisional biopsy
may be required.

For biopsies of melanocytic neoplasms, it is important to include information for
the pathologist such as age and gender of patient, location of biopsy, technique of
biopsy, size of lesion, and features of the lesion [69]. While controversy exists
around the topic of sentinel lymph node mapping and alteration of lymphatics sec-
ondary to excision, there is currently no evidence to suggest worse outcomes when
a small primary excisional biopsy is performed [70]. However, large excisional
biopsies in lesions suspicious for melanoma should be discussed with the surgical
oncologist prior as there is concern they may interfere with lymphatic drainage
should a sentinel lymph node biopsy be indicated.

Staging of Melanocytic Neoplasms

Following biopsy and submission of tissue to a dermatopathologist, the clinician
will receive the pathology report. Herein we describe some of the terminology
which may arise to help decide what type of neoplasm the patient has and what are
the next appropriate steps in management.

Atypia and degrees of atypia Historically described as dysplastic nevi, it is
becoming increasingly common to receive a pathology report that describes a nevus
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as “atypical.” Either way, decision management is made based on the residual clini-
cal lesion and the pathologic grading of cytologic and architectural atypia as mild,
moderate, or severe. Consensus guidelines have established the following: first
mildly atypical nevi with clear margins do not need to be re-excised. Second, mildly
atypical nevi biopsied with positive histologic margins without clinical residual pig-
mentation may be safely observed rather than re-excised. While the guidelines do
not recommend re-excision of moderately atypical nevi, several concerns—includ-
ing sampling error from the biopsy itself and on histopathology processing, pro-
gression of a lesion, and residual cells that may progress in atypia—support
re-excision with a 2-3 mm margin of normal skin for moderately atypical nevi, and
whether or not a moderately excised nevus is re-excised depends on margins taken
at initial biopsy, histopathology, and clinical judgment. Severely atypical lesions
should be re-excised with a margin of normal skin which is usually 5 mm [71].

Melanoma tumor thickness, also known as Breslow thickness, is the single most
important factor in staging and prognosis for melanoma patients [72]. Thin melano-
mas, < 1 mm in Breslow thickness, without ulceration and mitotic rate <1/mm? are
considered by the 7th American Joint Committee on Cancer (AJCC) TNM Stage 1A
and carry a favorable prognosis [73, 74]. However, given the rate of 10% occult
metastasis in lymph nodes of patients with melanomas >0.76 mm with mitotic rate
>1/mm? or ulceration, these exact parameters are subject to change in the upcoming
8th AJCC, such that melanomas between 0.75 and 1 mm may be considered as a
higher TNM stage [75, 76]. Histologic subtype of MM may also be reported, includ-
ing superficial spreading melanoma, nodular melanoma, lentigo maligna melanoma,
and acral lentiginous melanoma, with superficial spreading melanoma being the
most common [77].

Treatment
Surgical

Surgical treatment of localized primary MM is dependent predominately on the
thickness of the tumor. Malignant melanoma in situ (MMIS) was traditionally
excised with a 5 mm margin though it is now often excised with 0.5-1 cm margin.
Studies using MMS for melanoma suggest that 6 mm may be insufficient, with a
recent case series of 1,120 MMISs demonstrating superiority in tumor clearance
with 9 mm over 6 mm [78]. Particularly, melanoma on sun-damaged skin or lentigo
maligna (LM)-type MMIS may require margins closer to 1 cm for clearance, as
demonstrated by Nehal et al. in a retrospective analysis of 91 biopsied “in situ”
LMs, which also showed 16% of cases had unsuspected invasion [79].

For invasive melanoma, treatment depends on the stage of the tumor. Melanomas
with depth <1.00 mm (measured from the granular layer to the deepest atypical
melanocyte) should be excised with a 1 cm margin of clinically normal surrounding



262 S. Yagerman and M. L. Stevenson

skin, due to decreased local recurrence demonstrated with this margin [80].
Melanomas with thickness >1.01 mm require a 1-2 cm margin depending on loca-
tion and size of primary melanoma with a 1 cm margin usually being used for mela-
noma less than 2 mm in thickness and 2 cm being used for melanoma greater than
or equal to 2mm in thickness. Even wider resections are used for melanoma greater
than 4 mm in thickness [81, 82].

Sentinel lymph node biopsy (SLNB) for melanoma is a controversial topic, given
that there is no survival benefit to this procedure. However, SLNB does provide
significant prognostic information for disease-specific survival [83—85]. This tech-
nique is widely accepted for staging and prognosis of melanomas >1.00 mm in
Breslow depth. Additionally, SLNB may be indicated for thin melanomas >0.75 mm
with certain additional risk features such as high-mitotic index or ulceration [86].
For patients with these thin melanomas, the authors recommend referral to a surgi-
cal oncologist with expertise in SLNB for melanoma. The unpublished 8th edition
of AJCC may alter current recommendations, and the reader is encouraged to refer
to the most current AJCC guidelines, as research into the utility of and the indication
for SLNB is ongoing (see Chap. 6 Melanoma).

Systemic Treatment Modalities

The use of systemic therapies for metastatic melanoma is a rapidly advancing field,
with many promising single agent and combination regimens on the horizon.
Targeted small molecule therapy against driver mutations in the RAF/MEK/ERK
pathway that controls cellular response to growth stimuli is already approved for use
in advanced melanoma. BRAF is mutated in approximately 66% of melanomas, and
the targeted therapy BRAF inhibitor, vemurafenib, is showing excellent results in
shrinking tumors [87]. However, these responses lack durability and the addition of
MEK inhibitors such as trametinib is being explored to increase durability of
response. An additional mechanism for targeting advanced melanoma works
through modulation of the immune system. Ipilimumab, which inhibits CTLA-4,
increases the T-cell immune response against the melanoma. Newer immunomodu-
latory agents such as nivolumab and pembrolizumab have also shown great promise
and work through inhibition of PD-1 and may restore the antitumor properties of the
immune system against melanoma. Further study of these agents is ongoing, and the
field continues to evolve and change.

Conclusion

Skin cancer represents a large public health concern within the United States. The
heterogeneity of skin cancers, from KC to MM, as well as clinical and histopatho-
logic subtypes and certain patient characteristics will serve as guidance in the most
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appropriate management of a particular skin cancer. This chapter highlights the
most common methods of cutaneous biopsy and treatment. Additionally, common
destructive, surgical, radiotherapeutic, and chemotherapeutic options are available
to the clinician and should be selected with the individual case and patient in mind.
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