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Opinion Statement

Skin cancer is the most common of human cancers and outnumbers all other types of
cancer combined in the USA by over threefold. The majority of non-melanoma skin cancers
are easily treated with surgery or locally destructive techniques performed under local
anesthesia in the cost-effective outpatient setting. However, there is a subset of Bhigh-
risk^ cases that prove challenging in terms of morbidity, mortality, adjuvant treatment
required, as well as overall cost to the health care system. In our opinion, the term Bhigh
risk^ when applied to skin cancer can mean one of three things: a high-risk tumor with
aggressive histologic and/or clinical features with an elevated risk for local recurrence or
regional/distant metastasis, a high-risk patient with the ongoing development of multiple
skin cancers, and a high-risk patient based on immunosuppression. We have recently
proposed classifying NMSC as a chronic disease in a certain subset of patients. Although no
consensus definition exists for a chronic disease in medicine, there are three components
that are present in most definitions: duration of at least 1 year, need for ongoing medical
care, and functional impairment and/or alteration of activities of daily living (ADLs) and
quality of life (QOL). Immunosuppression can refer to exogenous (organ or stem cell
transplant patients,) or endogenous (HIV, leukemia, lymphoma, genodermatoses with
DNA mismatch repair problems or other immunosuppression) causes. These patients are at
risk for high-risk tumors and/or the development of multiple tumors.

Introduction

Non-melanoma skin cancer (NMSC) has become an
epidemic in the USA. Basal cell carcinoma (BCC) is
the most common human cancer comprising the

majority of the estimated 5 million new cases of
NMSC each year [1••, 2••, 3]. Squamous cell carci-
noma (SCC) is the second most common cutaneous
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cancer and possesses an annual incidence of approx-
imately 200,000 to 800,000 cases [1••, 3]. Local
treatments such as Mohs micrographic surgery
(MMS), wide local excision (WLE), electrodessication
and curettage, topical chemotherapy, and photody-
namic therapy are sufficient to clear the tumor in
the majority of NMSC cases, and systemic therapy is
typically not required [3]. However, there is a subset
of cutaneous tumors that may go on to be more
aggressive or Bhigh risk.^ The overall risk of metastasis
of SCC to regional nodes or distant areas is approxi-
mately 2 to 5 %. BCC may become locally aggressive
(laBCC) and destructive, or in certain cases, may be-
come metastatic (mBCC), which is extremely rare
with an estimated incidence of 0.0028 to 0.55 %
reported in the literature [4, 5].

There are both tumor- and patient-related factors
that are associated with high-risk skin cancer (Fig. 1).
Tumor-related factors that contribute to high-risk skin
cancer include recurrent disease, size greater than 2
cm, association with scars, burns, or chronic wounds,
histologic features such as poorly differentiated, peri-
neural or angiolymphatic invasion. Tumors in these
cases display very aggressive histological and clinical
features, resulting in extensive local invasion and
rates of nodal or distant metastasis that range from
5 to 45 %. Individual high-risk tumors are recom-
mended to be managed in a multidisciplinary

treatment team with treatment algorithms recom-
mended by the National Comprehensive Cancer Net-
work (NCCN) including complete skin and regional
nodal examination, imaging as appropriate, excision
with wider surgical margins vs. MMS with complete mar-
gin assessment, and adjuvant therapies as appropriate.

In addition to tumor-related factors, patients may be
high risk in terms of those who develop a large number
of cutaneous tumors. These patients are sometimes
termed Bfrequent fliers,^ Bend stage skin disease,^ or
BNMSC as a chronic disease^ patients [6]. Wehner and
colleagues found that after developing a non-first NMSC,
an individual’s 10-year risk of developing a subsequent
NMSC was 91.2 % [7•]; however, a Bhigh risk^ subset of
patients will develop a significant number of new skin
tumors. By stratifying patients at the highest risk for
developing multiple NMSCs, we can increase surveil-
lance and apply specific prophylactic and treatment strat-
egies discussed in this review.

Finally, patient-related factors that indicate Bhigh
risk^ skin cancer commonly include both endogenous
and exogenous forms of immunosuppression. For
example, organ transplant recipients are at 65-fold
increased risk for SCC [8]. Patients with chronic lympho-
cytic leukemia develop SCC at increased rates and also
have elevated recurrence and mortality rates of 25
and 41 %, respectively [9]. These high-risk skin
cancer patients with underlying immunosuppression

Fig. 1. Types of high-risk skin cancer.
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are at risk for both individual Bhigh risk^ lesions as
well as the development of increasing numbers of
tumors.

This article will provide an update of the last
3 years of the literature regarding treatment of
high-risk tumors and skin cancer patients.

Treatment options
Diet and lifestyle

& Photoprotection

Ultraviolet protection factor (UPF) is used for photoprotective clothing, is
analogous to SPF, and is measured using a spectrophotometer to
assess levels of UVA and UVB transmission. Fabrics that perform best
are tightly woven fabrics, dark colors, wool, and polyester [10]. In
addition to photoprotective clothing, wide-brimmed hats and sun-
glasses that block both UVA and UVB are useful for preventing
photodamage.

Amount and frequency are the main determinants of protection for sun-
screen use. Patients should understand that sun protection factors
(SPF) are derived from international standards of using approximately
2 mg/cm2 applied every 2 to 3 h of exposure. This is loosely translated
to the Bteaspoon rule^ which advises a teaspoon to face, ears, and
neck, a teaspoon for each upper limb and two teaspoons each to the
back, abdomen/chest, and lower extremity, or roughly 12 teaspoons
per application [11, 12]. Patients taking phototoxic or photosensitive
medications or phototoxic procedures like laser and chemical peels
should choose creams with an SPF of 50+. Caution is advised when
using physical filters on traumatized skin as no safety data exists yet
for this application [13]. Mineral or physical blocking sunscreens have
improved spectrum coverage over products with chemical blocking
mechanisms.

& Diet

Supplementation with specific antioxidants is not recommended. Randomized
control trials of beta-carotene, selenium, vitamin A, E, and C have not
showed any benefit, and in some case, increased risk of NMSC [14, Level of
evidence IA].

Nicotinamide (vitamin B3) has demonstrated significant benefit in a phase 3,
double-blinded, randomized controlled trial. At 500 mg orally twice daily
for 1 year, there was a 23% reduction in newNMSCs and 13% reduction in
actinic keratoses [15•, Level of evidense [IB]. There were no differences in
clinically significant events between groups. This is not to be confused with
nicotinic acid.

Pharmaceuticals
Cost is reported as average wholesale price (AWP) per unit and does not
reflect actual transaction prices, discounts, or rebates. AWP is the suggested
price determined by the marketing firm and is supplied for all packages
(Table 1).

Curr. Treat. Options in Oncol. (2016) 17: 60 Page 3 of 17 60



Platins (cisplatin, carboplatin)
Cisplatin has been in use for over 35 years and is the standard of care for various
forms of cancer, including advanced and metastatic SCC. The agent is cytotoxic
and acts by introducing crosslinks into DNA, thereby interfering with mitosis
and cell division. The platins are inexpensive and often serve as a vital compo-
nent of combination chemotherapy regimens used in the treatment of many
solid tumors. Interactions with cidofovir and amphotericin cause an increase in
serious nephrotoxicity and ototoxicity as well as many others. Platins also
reduce efficacy of vaccines including influenza. Nausea, vomiting, nephrotoxi-
city, ototoxicity, and myelosupression are the most common adverse effects.
Dose reduction is needed with a CrCl 10–50 mL/min and is contraindicated in
patients with CrCl G10 mL/min. Cost is $0.36 to 0.48 for cisplatin and $0.10 to
0.39 for carboplatin per milligram [16].

Table 1. Projected systemic chemotherapy cost to treat based on average wholesale price (AWP)

Drug Study Dose used
in study

Projected
average
cost per
dose

Projected
cost per
cycle/course
in study

Average number
of cycles
completed
before endpoint

Cisplatin Nakamura 2013 60–90 mg/m2/day $38.66 to $58.00 $38.66 to
$58.00

3 cycles

10–15 mg/m2/day $6.44 to $9.67 $32.20 to
$48.35

6 cycles

Carboplatin Nakamura 2013 200 mg/m2/day $10.74 $10.74 2 cycles

Capecitabine Endrizzi 2013 500–1500 mg/m2 $71.00 to
$214.80

$1002.40 to
$3007.20

15.5 cycles

Itraconazole Kim 2014 100 mg twice daily $18.54 $556.21 2.3 cycles

200 mg twice daily $37.08 $1112.41 1 cycle

Sonidegib Migden 2014 200 mg daily $402.00 $12,060.00 13.9 cycles

800 mg daily $1608.00 $48,240.00 13.9 cycles

Danial 2015 800 mg daily $1608.00 $45,024.00 2.9 cycles

Vismodegib Chang 2014 150 mg daily $422.57 $12,677.10 5.5 cycles

Basset-Seguin
2015

150 mg daily $422.57 $12,677.10 9 cycles

Ally 2014;
Sofen 2015

150 mg daily $422.57 $12,677.10 3 cycles

Cetuximab Reigneau 2015 400 mg m2 every 3
weeks and
250 mg
m2 weekly

$4689.80 and
$2931.13

$10,552.05 1 cycle

Erlotinib Heath 2013 150 mg daily $289.82 $8694.60 2 cycles

Acetretin Kadakia 2012 25 mg daily $38.41 $768.20 24 cycles

Average body surface area was calculated as 1.79 m2. Cost was derived from the RED BOOK online
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Primary and adjuvant

In a retrospective review of eight cases of metastatic SCC, five received
cisplatin (60–90mg/m2/day, day 1) and adriamycin (20–40mg/m2/day, day
1 or 2), two received cisplatin (10–15 mg/m2/day, days 1–5) and epirubicin
(10–15 mg/m2/day, days 1–5), and one received carboplatin (200–400 mg/
m2/day, day 1) and adriamycin (20–40 mg/m2/day, day 1 or 2). Overall, the
response rate was 37.5%. This includes two complete and durable responses,
one with lung metastasis on cisplatin and adriamycin and one with lymph
node metastasis on cisplatin and epirubicin. There was grade 3 and 4 neu-
tropenia, thrombocytopenia, and anorexia [17, Level of evidence III].

Capecitabine
Capecitabine is the prodrug of the inactive form of 5-FU and is converted via
thymidine phosphorylase to irreversible inhibit thymidylate synthase as an
antimetabolite. It is currently approved for breast and colon cancer. It interacts
with many medications but most seriously with warfarin and tofacitinib. The
most common adverse effects include nausea and gastrointestinal symptoms
(nausea, vomiting, and diarrhea). This medication is contraindicated in renal
impairment G30 mL/min. Cost is $0.08 to 0.09 per milligram or $40.00 to
45.00 500 mg tablet [16].

Prevention

In a case series of 10 SOTRs, capecitiabine 500–1500 mg/m2 divided into
two daily doses (on days 1 through 14 in a 21 day cycle) achieved a mean
reduction in monthly SCCs of 68.1 ± 29.8 % after 12 months of treatment
and 53.4 ± 43.1 % after 24 months of treatment. Grades 3 and 4 events
occurred in 70 % of patients with most common being gastrointestinal
symptoms, fatigue, and gout [18, Level of evidence III].

Hedgehog inhibitors (vismodegib, sonidegib, itraconazole)
Basal cell carcinomas commonly are activated by the Hh signaling pathway.
Smoothened (SMO) is a transmembrane protein involved in Hedgehog (Hh)
signaling. SMO inhibitors are a new class of drugs for the treatment of advanced
BCC that include laBCC and mBCC. Vismodegib was first in class, followed by
sonidegib with several additional Hh inhibitors currently in development. There
are no required dose adjustments for patients with renal or hepatic impairment.
Only one medication, ivacaftor is listed as a serious drug interaction with this
class. The most common adverse effects are muscle spasms, alopecia, and
dysguesia. Vismodegib’s cost is $2.81 per milligram or $422.57 per 150 mg pill.
Sonidegib’s cost is $2.01 per milligram or $402.40 per 200 mg pill [16].

Itraconazole also acts as a SMO inhibitor but has a mechanism distinct from
others in this class [19]. This medication is a potent CYP4503A4 inhibitor and
thus has many contraindicated medications. Congestive heart failure is also a
condition that would preclude treatment. The most common adverse effects are
rash, nausea, and edema. Itraconazole’s cost is $0.09 to 0.15 per milligram or
$9.27 to 15.72 per 100 mg pill [16].
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Itraconazole

Primary treatment

In an open-label phase 2 trial of itraconazole for basal cell carcinomas,
dosing of itraconazole was either 100 mg twice daily for an average of
2.3months or 200mg twice per day for 30 days. The overall tumor size was
decreased by 24 %, cell proliferation by 45 %, and activated hedgehog
pathway activity by 65 %. This was trialed in 19 patients with 90 BCC
tumors treated, with two adverse events of fatigue and congestive heart
failure [20•, Level of evidence IIA].

Sonidegib

Primary treatment

In an ongoing multicenter randomized, double-blinded phase 2 trial,
patients received either 200 or 800 mg of sonidegib. At the lower dose,
similar efficacy was observed with a decrease from 60 to 32 % in adverse
events leading to dose reduction or interruption. The 200 and 800 mg
group achieved an objective response of 36 and 39 %, respectively [21•,
Level of evidence IB]. These adverse events consisted of muscle spams,
dyesgeusia, alopecia, nausea, fatigue, and increased creatine kinase.
In an open-label study, nine patients with advanced BCC that was previ-
ously resistant to treatment with vismodegib received 800 mg of sonidegib
daily for a median of 6 weeks. No patients improved and five with identi-
fiable mutations in the Hedgehog pathway had progressive disease. This
demonstrates that resistance to one SMO inhibitor may experience tumor
progression on othermembers of the class. There were two grade 3 events of
altered mental status and rhabdomyolysis [22, Level of evidence III].

Vismodegib

Primary treatment

In an open-label, 2-cohort, multicenter study designed to assess safety and
efficacy of vismodegib in patients with limited options, patients received
150 mg daily until tumor progression or intolerable toxicity. One hundred
nineteen patients received a median of 5.5 months of treatment, with objec-
tive response in 46%of laBCC and 30% inmBCC and complete response in
10 and 5 %, respectively. In this study, 97 % of patients experienced a
treatment emergent adverse event. In general, these occurredwithin 2months
of treatment and were mostly grades 1 and 2 [23•, Level of evidence IIB].
A preplanned interim analysis of an international open-label trial assessing
vismodegib in the setting of routine clinical practice revealed an objective
response in 66 % of laBCC and 38 % of mBCC. Five hundred patients with
1 year of follow-up received 150mg of vismodegib for amedian of 36 weeks.
However, adverse events were experience in 98 % of patients with 80 %
needing to discontinue treatment. Serious adverse reactions occurred in 22%
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of patients and of the 31 patients that died, 21 were the result of adverse
events [24, Level of evidence IIB].

Neoaduvant

An open-label trial to assess change in target tumor surgical defect area, pre-
and post-vismodegib demonstrated a 27% reduction in area frombaseline.
Eleven of the 15 patients were able to complete at least 3 months of daily
treatment with 150 mg daily. If patients could not complete 3 months, no
benefit was seen. Of the 13 target tumors selected for surgery, only one
recurred 17 months post-MMS [25•, Level of evidence III].
In an open-label, 3-cohort, multicenter study designed to assess safety and
efficacy of vismodegib in patients with operable BCC, patients received
150 mg daily followed by excision and MMS. Cohort 1 received 3 months
of vismodegib; cohort 2 received 3 months of vismodegib followed by
6 months of observation; and cohort 3 received vismodegib 2 months on/
1 month off/2 months on. Complete histologic clearance occurred in 42,
16, and 44 %, respectively. Treatment was discontinued in only 7 % of
patients [26, Level of evidence III].

Epidermal growth factor receptor inhibitors
Epidermal growth factor receptor (EGFR) plays a crucial role in signal transduc-
tion pathways that regulate key cellular functions and used for SCC. Cetuximab
is a recombinant monoclonal antibody that competitively inhibits EGFR by
binding to the extracellular domain. This induces internalization and downreg-
ulation of intracellular signals. Monitoring of electrolytes for hypomagnesemia,
hypocalcemia, and hypokalemia is recommended. There is also a black box
warning for the possibility of severe infusion reactions that can be fatal. The
most common adverse effects are acneiform rash, fatigue, hypomagnesemia,
and malaise. Cost is $6.55 per milligram or $1310.40 per 200 mg vial [16].

Erlotinib is a tyrosine kinase inhibitor (TKI) that targets the EGFR tyrosine
kinase, preventing the formation of phosphotyrosine after homodimerization
of the receptor. It has decreased bioavailability with any medications that effect
pH of GI tract. It also is seriously affected by any other medications that alter
CYP3A4 metabolism. Concurrent cigarette smoking requires dose escalation.
Most common adverse effects are rash, anorexia, diarrhea, and fatigue. Cost is
$1.93 per milligram or $289.82 per 150 mg pill [16].

Gefitinib is also an EGFR TKI, but has no recent studies published for use in
non-melanoma skin cancer.

Cetuximab

Neoaduvant and primary treatment

In a open-label, single site, 2-cohort study, patients with locally advanced
SCC considered to be inoperable (AJCC stage II and III) were pretreated
with 1 cycle of cetuximab 400 mg m2 every 3 weeks with smaller subse-
quent weekly doses of 250 mg m2, combined with cisplatin 100 mg m2 or
carboplatin, plus 5-FU 1000 mg m2 daily for 4 days (25 patients). If platin
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and/or 5 FU was contraindicated, patients received cetuximab alone (9
patients). Of patients, 92 % on combination therapy became amenable to
surgery and 78 % achieved complete remission. In a mean duration of 30-
month follow-up, 4 of 23 patients relapsed. While 70 % of patients devel-
oped grade 1–2 typical cetuximab induced folliculitis, only one developed
grade 3 [27•, Level of evidence IIB].

Adjuvant

Among 22 patients at a single institution with Bvery high risk SCC^ (tumors
displaying lymphovascular, perineural, parotid, periorbital, cartilaginous,
or bony invasion; in-transit metastasis; or regional or distant metastasis),
those receiving adjuvant cetuximab had increased CR and decreased disease
progression. Specifically, six patients who received surgery + cetuximab had
50 % CR compared to 36 and 25 %, respectively, for those with surgery +
radiation (n = 11) and surgery alone (n = 4). A single patient who received
surgery + radiation + cetuximab had a CR [2••, Level of evidence III].

Erlotinib

Neoadjuvant and adjuvant

In a single-arm, open-label, phase 1 study, 15 patients (80 % with recurrence,
13 with T4, 7 with N0, and 10 with selective neck dissections) with head and
neck cutaneous SCC received erlotinib 150 mg daily for 14 days before wide
local excision and lymphatic dissection. Within 8 weeks of resection, patients
were started concurrently on erlotinib 150mgdaily and 60–66Gy for 6weeks.
Disease free survival at 1 year was 73 and 60%at 2 years.Most common grade
3 events were dermatitis and mucositis [28, Level of evidence III].

Vitamin A analogs
Vitamin A analogs or retinoids are thought to reduce NMSC via promotion of cell
differentiation, growth regulation in hyperproliferative epithelia, and downregu-
lation of proto-oncogenes by binding nuclear receptors [29]. While there is no
role of vitamin A analogs in the treatment of high-risk NMSC, they have been
used prophylactically in immunosuppressed individuals and in patients develop-
ingmultiple tumors. Benefit of acetretin use has been seen as early as 6months in
the SOTR population [30]. The tetracycline class of antibiotics, methotrexate, and
ethanol are contraindicated with this medication. Acitretin decreases the effective-
ness of oral conceptive medication as well. The most common side effects are
mucositis, alopecia, hypertriglyceridemia, and skin peeling. Cost is $1.54 to 3.12
per milligram or $31.20 for a 10 mg pill and $38.41 for a 25 mg pill [16].

Acetretin

Prevention

In a prospective, randomized, double-blind, placebo controlled trial, pa-
tients without a transplant but considered high risk due history of previous
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skin cancers were given 25 mg of acetretin 5 days a week for 2 years. There
was a significant trend that favored use; however, likely due to sample size,
an overt statistical benefit was not seen. Of patients, 46 % in the acetretin
armnever developed another NMSC vs 26% in the placebo arm.Mucositis,
skin peeling, and alopecia were the most common adverse effects reported;
however, these were mostly grades 1 and 2 [31, Level of evidence IA].

Topicals

Actinic keratoses (AK) are a common lesion in the high-risk patient. Field treat-
mentmay halt progression of AKs and development of squamous cell carcinoma.
Available agents for topical treatment include fluorouracil, imiquimod, ingenol
mebutate, and diclofenac. Contraindications are few and mainly include prior
reported hypersensitivity. Common adverse effects would be limited to skin
irritation, edema, and hypersensitivity. The cost of fluorouracil is $10.43 per gram
of 5% cream. The cost of imiquimod is $367.64 per gram of 5% cream (250mg
of cream per packet). The cost of ingenolmebutate is $992.76 per gram of 0.05%
gel (1 packet is 0.47 g) or $661.84 per gram of 0.015 % gel [16].

Fluorouracil

Prevention

A prospective, randomized, double-blind, 2-cohort trial examining the
long-term efficacy of one 4-week treatment of twice daily 5-fluoruracil 5 %
cream to face and ears yielded a significant difference in AK clearance rates
at 6 months of 38 vs 17 %, drug vs control, respectively. There was also
decreased AK development at 2-year follow-up [32, Level of evidence IB].
In a case series, four SOTR patients were treated in a sequential fashion of
light curettage of hypertrophic AKs, with 5 days of twice daily 5-fluoruracil
5 % cream to face, and photodynamic therapy (PDT) on day 6 with a 1-h
pretreatment. Patients were able to tolerate regimen with clearance of 1 to
6 months [33, Level of evidence III].
Successful treatment outcomes require a high level of patient compliance.
We typically repeat 5-fluoruracil cream treatment as needed every 1 to
3 years, and as frequently as every 4–6 months, but only after clinical
evaluation of the field to be treated. There is some concern that use can alter
the contiguous nature of certain tumorswhich could decrease the efficacy of
MMS. Hyperkeratotic skin or areas resistant to any improvement may
benefit from pretreatment with 3 to 4 weeks of tretinoin 0.1 % cream, urea
cream, or Am-Lactin 12% cream. In addition, areas of severe photodamage
and hyperkeratoses can be treated with occlusion Bchemowraps.^ Our
protocol for 5FU chemo wraps entails weekly visits and topical application
followed by occlusion with zinc oxide and crepe bandages for 4–8 weeks as
tolerated. Treatment hiatus is allowed as needed for 1 week. There is also
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some exciting evidence not yet published from Demehri et al. demon-
strating a synergistic benefit of combining twice daily 5-fluoruracil 5 %
cream with twice daily calcipotriene 0.005 % cream.

Imiquimod

Prevention

In a case series, two non-SOTR patients with field AKs over the face and
scalp received sequential treatment of PDT followed 2 weeks later by
imiquimod 5 % cream three times a week for 8 weeks. At 7 and 11-month
follow-up, neither patient had any AK recurrence [34, Level of evidence III].

Ingenol mebutate

Prevention

In a randomized, single-site, 3-cohort study, 24 patients with 4–8 AKs in a
contiguous 25 cm2 on the face received either sequential PDT two times
separated by 4 weeks, sequential PDT followed 2 weeks later by 3 days of
ingenol mebutate 0.015 % gel, or igenol mebutate alone. All modalities
reduced AKs by greater than 86 % and a non-significant local skin reaction
score trend favored PDT and sequential PDT and igenol mebutate over
ingenol mebutate alone [35, Level of evidence IIB].

Interventional procedures
Chemical peels

& Can be used in a fashion similar to topical 5-fluoruracil or imiquimod as
field therapy andprevention for patients at high risk formultiple skin cancers

Standard procedure: medium depth peels, typically trichloroacetic acid
(TCA) 20–30 % with or without Jessner’s solution are used to treat larger
areas of precancer and actinic damage.

Contraindictions: not recommended for skin types V and VI.
Complications: the most common complications with chemical peeling

is hyper or hypopigmentation. Erythema is expected after chemical peeling
and the duration is dependent on the depth of the chemical peel.

Special Points: typically used for arms and scalp areas. Easy to perform
with single-day application and can be repeated.

Photodynamic therapy
Standard procedure: photodynamic therapy (PDT) is a treatment using a
photosensitizing agent (5-aminolevulinic acid, methylaminolevulinate) ap-
plied to the skin followed by activation with a light source (blue light, red light,
laser light, or ambient daylight). Improved delivery and penetration of the
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medication can be aided by curettage or laser-assisted delivery. There are several
different protocols reported in the literature.

Contraindictions: patients with sensitivity at 400–450 nm, porphyria, aller-
gies to porphyrins, known sensitivity to photosensitizing agent.

Complications: excessive phototoxic reactions, pigmentary abnormalities,
hypersensitivity reactions.

Special points: PDT should be used as a preventive measure in high-risk
patients for treatment of actinic keratoses and is not a standard primary treat-
ment for high-risk individual skin cancers.

Prevention

A randomized clinical trial of 16 patients with 542 AKs combination
ablative fractional laser (AFL) and daylight-mediated PDT for AKs in SOTRs
revealed improved complete response (CR) rates of 74 % compared to
46 % after daylight PDT alone, 50 % after conventional PDT, and 5 % after
AFL alone [36, Level of evidence IB].
Additionally, benefit from PDT is highly dependent on the immediate
preprocedure skin preparation. Pretreatment of hyperkeratotic areas with
tretinoin 0.1% cream for amonth prior to the procedure is also helpful.We
incubate with ALA for at least 1 h and will repeat as often as every 6 to
12 months in patients with extensive photo damage. Other protocols such
as daylight PDT and no incubation PDT with extended light exposure have
been reported to have no to minimal discomfort with similar results. We
have not used these at our practice as results are still early in terms of
permanence of effect. Extremities can be more difficult to treat evenly due
to patient positioning, limb caliber, and body hair. Therefore, we tend to
recommend topical field therapies in these areas. Occlusion with saran
wrap does increase cellular uptake of ALA and can offset the effect of light
source spacing.We also do not use PDT on the scalp unless the patient has a
significant amount of alopecia, 990 % of treatment area.

Laser treatment
Standard procedure: laser-assisted delivery of topical preventive therapies or
photodynamic therapy may be used for improved penetration and efficacy of
the medication, particularly in hyperkeratotic actinic keratoses. Ablative lasers
(C02, Erb:YAG) have been reported for use in low-risk superficial NMSCs;
however, this is not considered standard of care and is not recommended in
high-risk patients or tumors.

Contraindictions: ablative lasers are typically not recommended for skin
types IV, V, and VI.

Complications: prolonged erythema, hyper/hypopigmentation, infection,
herpes reactivation, scarring, koebnerization, contact dermatitis.

Primary treatment

Two cases of superficial and nodular BCC were treated using 3D mapping
with reflectance confocal microscopy (RCM) for guided laser ablation with
an Erbium:YAG [37, Level of evidence IV].
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Primary treatment

A single-blinded 18-month clinical trial of nodular BCCs ablated using a
diode laser under ultrasound control. Half were treated 3 weeks later with
fractional carbon dioxide laser followed by ALA-PDT, the other half were
treated using curettage (control). Of tumors, 93 % (52/56) pretreated with
the carbon dioxide laser responded to ALA-PDT compared to 80% (45/56)
in the control group [38, Level of evidence IB].

Surgery
Surgical excision

Standard procedure: excision with postoperative margin assessment is not the
preferred treatment but can be used as primary therapy for high-risk skin cancers
as determined by tumor and patient-related factors. Standard vertical section pro-
cessing allows the pathologist to only examine representative areas of the peripheral
and deep margins. Standard Bbread-loaf^ techniques take vertical sections at 2–
4 mm intervals allowing examination of less than 0.01 % of the surface area of the
specimen [39]. It has been estimated that this technique is at best 44 % sensitive in
detecting residual tumor at the surgical margin on re-excision [40, Level of evidence
IV].

Standard margins for low-risk BCCs are 4 mm. 2016 National Comprehensive
Cancer Network (NCCN) guidelines recommendwider surgicalmargins with linear
or delayed repair or Mohs surgery (see below) for high-risk BCCs. Consensus
recommendations forwider surgicalmargins havenot been clearly defined although
certain subtypes, such as morpheaform, have been shown to require 13–15 mm
margins to achieve 95 % clearance [41, Level of evidence IV].

For low-risk SCCs excision with 4-mm margins is recommended to achieve a
95% chance of clearance [42]. Wider surgical margins or Mohs surgery or resection
with complete margin assessment (see below) are recommended for high-risk SCCs.
Although there is no consensus recommendation for larger margins, the Interdisci-
plinary European guidelines for management of invasive squamous cell carcinoma
were recently published and recommended 10-mmmargins for high-risk SCCs [43].

Contraindictions: inability to tolerate surgery under local anesthesia.
Complications: serious complications are rare; more common complications

include infection, hematoma/seroma formation, wound dehiscence, necrosis, scar-
ring, nerve damage, and cosmetic asymmetry.

Special Points: NCCN states that excision with Mohs and comprehensive
completemargin assessment is the preferred technique for high-risk BCC and SCC.

Mohs micrographic surgery
Standard procedure: Mohs micrographic surgery (MMS) is the gold standard for
removing high-risk and recurrent cutaneous tumors and involves surgical extir-
pation under local anesthesia with complete histologic margin assessment
allowing for high cure rates and tissue conservation. Appropriate use criteria were
recently developed for most types of cutaneous tumors and include high-risk
BCC and SCC tumors as well as other rare tumors at high risk for metastasis [44].
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Contraindictions: inability to tolerate surgery under local anesthesia.
Complications: serious complications are rare; more common complications

are similar between Mohs surgery and standard surgical excision including infec-
tion, hematoma/seroma formation, wound dehiscence, necrosis, scarring, nerve
damage, and cosmetic asymmetry.

Primary

A randomized trial of MMS versus surgical excision (SE) for high-risk facial
BCC (diameter at least 1 cm, H-zone location, or aggressive histologic
subtype) was completed with 10 years of follow-up. The 10-year recurrence
rates were 4.4 % for MMS and 12.2 % for SE for treatment of primary
tumors. For recurrent tumors, the 10-year recurrence rates were 3.9 % for
MMS and 13.5 % for SE [45••, Level of evidence IB].

Primary

A Cochrane database systematic review was performed to evaluate the
effectiveness, cost, and complication rates of MMS versus surgical excision
for periocular BCC; however, no randomized trials were found to be
eligible for inclusion in the review. There remains a paucity of data for
treatment of high-risk periocular lesions [46].

Radiation
Standard procedure: radiation can be used as a primary or adjuvant therapy for
high-risk skin cancer. Primary radiation therapy is typically reserved for patients
who are not appropriate surgical candidates, particularly the elderly or those
with multiple medical comorbidities as the cure rate is less than both surgical
excision and Mohs micrographic surgery. In addition, cure rates with primary
radiation reduce with increasing size and thickness of the tumor [47]. Adjuvant
radiation may be considered in patients with extensive or large caliber perineu-
ral invasion, with regional metastasis or high-risk for regional metastasis [48].
The typical radiation regimen requires daily treatment for 3–6 weeks with
delivery of external beam photons (75–150 kV orthovoltage) or electrons (6
to 12 MeV). Electronic brachytherapy (EBT) using surface applicators has also
been reported for low-risk lesions and will not be covered here.

Contraindictions: collagen vascular diseases, inherited hypersensitivity syn-
dromes, recurrent tumors, younger age (relative), certain anatomic sites (below
the knee, hands) where healing will likely be poor.

Complications: radiation dermatitis and telangiectasias, alopecia, long-term
risk of secondmalignancy in treatment field, off-target side effects and damage.

Special points: recurrent lesions have significantly lower cure rates. Immu-
nosuppressed patients may have decreased response rates compared to those
with intact immune systems.

Primary

A review was performed of BCCs treated with radiotherapy from 1984
to 2013. Thirteen papers were included in the final analysis, 11 are
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cohort studies and two were randomized trials utilizing radiotherapy
for BCC. The overall cure rates ranged from 79.2 to 100 % (2 year cure
rates ranged from 86.6 to 100 %; 5-year cure rates were 79.2 to
95.8 %) This study did not specifically include high-risk lesions [49,
Level of evidence IIA].

Other treatments

& Electronic skin surface brachytherapy is being evaluated for the treatment
of patients with non-melanoma skin cancer (typically not recommended
in high-risk patients or tumors).

Emerging therapies

& There are several Hedgehog inhibitors in development for locally advanced
and metastatic BCC

& There is an ongoing multicenter clinical trial evaluating vismodegib in the
neoadjuvant setting followed by surgery for operative BCCs.

& An oncolytic virus, Tilimogene laherparepvec (often called BT-VEC^), is
being evaluated for non-operable or metastatic cutaneous SCC

& There is an ongoing Phase II study of radiation therapy with vismodegib
for advanced head and neck basal cell carcinoma

& There are ongoing studies of topical itraconazole application for basal cell
carcinoma

& Buparlisib, a pan-PI3K inhibitor is being investigated in combination with
sonidegib for locally advanced and metastatic BCC.

& Erlotinib, an EGFR tyrosine kinase inhibitor, for the treatment of recurrent
or metastatic SCC
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