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The goal of field cancerization treatment is to reduce the risk of developing keratinocyte carcinoma.
Selecting the appropriate therapy depends on the degree of field cancerization and the number of invasive
cutaneous squamous cell carcinomas. Other considerations include treatment efficacy, cost, side effects,
and patient preference. Field therapies are preferred because they address clinically visible disease and
subclinical atypia. However, lesion-directed therapies are useful for lesions that are more difficult to treat or
those where a histologic diagnosis is required. Patients with extensive field cancerization benefit from a
combination of field-directed and lesion-directed treatments. The second article in this continuing medical
education series provides a framework to guide evidence-based decision making for field cancerization
treatment. (J Am Acad Dermatol 2020;83:719-30.)
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he goal of field cancerization (FC) treatment number of invasive cutaneous squamous cell carci-
is to reduce the risk of developing keratino- nomas (CSCCs)."” Other considerations include
cyte carcinoma (KC). Selecting the appro- treatment efficacy, cost, side effects, and patient
priate therapy depends on the degree of FC and the preference.
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Abbreviations used:

5-FU: 5-fluorouracil

AK: actinic keratosis

BCC: basal cell carcinoma

¢-PDT: conventional photodynamic therapy
CRR: complete response rate

CSCC:  cutaneous squamous cell carcinoma
FC: field cancerization

FDA: US Food and Drug Administration
IL: intralesional

KC: keratinocyte carcinoma

RCT: randomized controlled trial

SCCis:  squamous cell carcinoma in situ
SOTR: solid organ transplant recipient

FIELD TREATMENTS

Key points

¢ Field-directed treatments reduce cutaneous
squamous cell carcinoma formation

¢ 5-fluorouracil is the most effective field therapy

e Combination 5-fluorouracil and calcipotriol
reduces treatment duration and has syner-
gistic effects on field disease

¢ Daylight photodynamic therapy has compa-
rable efficacy to conventional photodynamic
therapy, but less treatment-associated
discomfort

Field-directed therapy reduces actinic keratosis
(AK) burden as well as the number of new cutaneous
squamous cell carcinomas (CSCCs).”” Although
there is substantial literature to support various field
therapies, comparing different modalities is difficult
because of heterogenous study endpoints and the
lack of standardized, objective methods for assessing
field disease. While many studies report short-term
response rates, long-term responses are critical
given the chronic nature of FC. Nevertheless,
patients with FC often require multiple courses of
field-directed treatment. The choice of treatment
is largely dictated by patient and physician
preferences; however, increasing evidence from
randomized trials with long-term follow-up and
direct comparison between treatments will allow
physicians to make evidence-based recommenda-
tions (Table 1).”

5-Fluorouracil

5-Fluorouracil (5-FU) is a pyrimidine analogue
approved by the US Food and Drug Administration
(FDA) for the treatment of AKs and superficial basal
cell carcinomas (BCCs). Local inflammatory reac-
tions are expected (Fig 1), although patients may
experience fewer adverse effects with repeat courses
due to improvement in keratinocyte dysplasia in the
previously treated field.’
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The Veterans Affairs Keratinocyte Carcinoma
Chemoprevention trial demonstrated that 2 to
4 weeks of 5-FU therapy reduced AK counts and
lesion-directed treatments for >2 years." Additional
data published from the trial showed a 75% reduc-
tion in the risk of SCC at 1 year.” No differences were
seen between the placebo group and the 5-FU group
at 4 years, underscoring the chronic and relapsing
nature of FC and the importance of repeated
treatment for continued chemopreventive effect.’
Although the literature on 5-FU for the treatment of
squamous cell carcinoma in situ (SCCis) is less
robust, response rates of 48% to 85% have been
reported.®***

A recent multicenter, single-blind, randomized
controlled trial (RCT) of 624 patients found that 5-
FU 5% is superior to imiquimod cream 5%, methyl
aminolevulinate photodynamic therapy, and ingenol
mebutate gel 0.015% for the treatment of AKs at
12 months.”” Similar findings were reported in 2
metaanalyses.””*’

Imiquimod

Imiquimod is a topical immune response modifier
that is approved by the FDA for the treatment of
nonhypertrophic AKs on the face and scalp and
low-risk, superficial BCCs in immunocompetent
adults. The most common adverse events are local
erythema, scabbing or crusting, flaking, erosion,
edema, and weeping.” Imiquimod in solid organ
transplant recipients (SOTRs) has been shown to be
safe with no observed effects on systemic
immunity.””

A metaanalysis of 5 RCTs (n = 1293) reported
complete AK clearance in 50% of patients treated
with imiquimod cream 5%.” Lower concentrations
may have reduced clinical efficacy.”' Imiquimod is
beneficial for the off-label treatment of SCCis, with
complete response rates (CRRs) of 75% to 93%. '*-*%3

5-Fluorouracil/calcipotriol

Combination therapy with calcipotriol (also
known as calcipotriene) plus 5-FU has been shown
to have a synergistic effect in the treatment of AKs by
inducing a CD4" T cell-mediated immune
response.”'’ A RCT with 130 subjects receiving
either a twice-daily 4-day regimen of 5-FU 5% plus
calcipotriol ointment 0.005% or 5-FU 5% plus petro-
leum jelly showed a mean AK reduction of 88% vs
26% and CRR of 27% vs 0%, respectively.'' The
combination regimen was also associated with a
reduced long-term risk of CSCC, which may be
related to the induction of a long-lasting T cell
immunity in the skin.
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Table I. Field-directed therapies

Level of
Therapy Indications and recommended application Mechanism of action evidence*
5-FU”® AKs Inhibition of TS and DNA and RNA AK: 1A;
5% cream: twice daily x2-4 weeks misincorporation, .Ieading to ‘ SCCis: 1B
0.5% cream: daily for up to 4 weeks cell death of atypical and rapidly
SCCis (off-label) proliferating keratinocytes
5% cream: twice daily X3-6 weeks; treatment can
be continued for =12 weeks
Imiquimod™™®  pks Stimulation of innate and AK: IA;
5% cream: twice weekly X 16 weeks (limit adaptive immune response SCCis: 1B
treatment area to <25 cm?) pathways resulting in o
2.75% cream and 3.5% cream: daily X2 weeks for 2 antitumor and antiviral activity
treatment cycles separated by a 2-week rest
period
SCCis (off-label)
5% cream: daily X16 weeks
5-FU plus AKs (off label): twice daily X4 days Induction of thymic stromal 1B

" lymphopoietin and robust CD4*

T cell immunity against AKs

Cher'nowrap152_15 AKs and SCCis of the extremities (off-label): apply I
with 5-FU weekly X4 weeks or until desired clinical response
Ingenol AKs Mitochondrial disruption leading to IB

calcipotrio

16 . . .
mebutate Face or scalp: apply 0.015% gel once daily to necrosis an Ioc§llz§d mflammajcory
affected area for 3 consecutive days (limit response via activation of prote|r117
treatment area to =25 cm?) kinase C pathway and apoptosis
Trunk or extremities: apply 0.05% gel once daily
to affected area for 2 consecutive days
(limit treatment area to <25 cm?)
PDT'®'? c-PDT Photochemical reaction following IB
ALA 20% solution/blue light (BLU-U 400 nm) exposure of topically administered
ALA 10% nanoemulsion/red light (BF-RhodoLED precursors of photoactive porphyrins
635 nm) (ALA or MAL) to light of appropriate
MAL 16.8% cream ' /red light wavelength and energy; preferential

dI-PDT: MAL or ALA 10% nanoemulsion/ambient light? ~ accumulation of photoactive
porphyrins in both malignant

Protocols used by the authors: and pre-malignant cells leads
1. Instruct patients sit in a shady area on a to selective destruction of
nonrainy day =60°F within 60 min of ALA atypical keratinocytes”

application for a total duration of 2.5 hours”'

2. 10-min ALA incubation activated by exposure
to blue light (16 min, 40 sec) followed by
daylight (45 min) (manuscript under review)

3. Sequential treatment with removal of
hyperkeratotic material, application of 5%
5-FU twice daily (5 days on the face and
scalp or 7 days on the arms), and ¢-PDT with
1-hour incubation time*?2

5-FU, 5-Fluorouracil; AK, actinic keratosis; ALA, aminolevulinic acid; ¢-PDT, conventional photodynamic therapy; dI-PDT, daylight
photodynamic therapy; MAL, methyl aminolevulinate; PDT, photodynamic therapy; SCCis, squamous cell carcinoma in situ; TS,
thymidylate synthase.

*Level IA evidence includes evidence from metaanalysis of randomized controlled trials; level IB evidence includes evidence from =1
randomized controlled trial; level IIA evidence includes evidence from =1 controlled study without randomization; level IIB evidence
includes evidence from =1 other type of experimental study; level Ill evidence includes evidence from nonexperimental descriptive studies,
such as comparative studies, correlation studies, and case-control studies; and level IV evidence includes evidence from expert committee
reports or opinions or clinical experience of respected authorities, or both.

fNot available in the United States.

*Sequential 5-FU and PDT have been shown to improve AK clearance through enhanced photosensitizer accumulation and expression of p53.2*



722 Cornejo et al

] AM AcAaD DERMATOL
SEPTEMBER 2020

At end of 4 weeks of treatment

3 months after treatment

Fig 1. Field cancerization treatment. Local inflammatory reaction and response to 5-fluorouracil

at different time points.

Treatment with calcipotriol plus 5-FU is associated
with more inflammation than 5-FU alone and peaks
approximately 10 days after the initiation of therapy
and usually resolves by 2 weeks.'" The addition of
calcipotriol may result in better patient compliance
because of the shorter treatment duration. However,
the regimen may be more expensive because it
requires 2 separate prescriptions or ordering through
a compounding pharmacy. In our experience, some
patients require a treatment course that is longer than
4 days to induce an adequate response and other
patients develop an exuberant reaction with only
4 days of treatment.

Chemowraps

Weekly wraps with 5-FU occluded with zinc-
impregnated gauze (Unna wrap) covered by a
compression wrap and gauze bandages is effective
for FC involving the extremities.'”'” Treatment is
typically continued for 4 weeks, with the wraps
changed weekly.”' Given the mode of application,
patient compliance is high; however, some patients
are reluctant to undergo a treatment that prohibits
bathing for a week. Patients can cut the wrap off and
shower before the weekly visit. An alternative to
traditional wraps is 5-FU twice daily for 4 weeks with
occlusion overnight via a plastic or compression
wrap.”' This approach allows daily bathing and
obviates the need for weekly visits.

A retrospective study of 25 patients with multiple
AKs treated with chemowraps noted an AK response
rate of 60%, with 20% CRR after an average of 9.6
sessions (range 1-64 sessions).'" As an adjuvant to
surgery, chemowraps may help define tumor bor-
ders and minimize the extent of surgery required in

patients with significant FC.'”"> Chemowraps are
also an option for palliative management of lower
leg CSCCs on patients who are poor surgical candi-
dates or refuse surgery.'>"”

Ingenol mebutate

Ingenol mebutate is approved by the FDA for the
treatment of nonhyperkeratotic AKs. Several RCTs
have demonstrated 8-week CCRs of 34% to 41% for
the trunk and extremities and 42% to 62% for the face
and scalp. 103435 1 patients who achieved complete
clearance at 8 weeks, around half had sustained
clearance at 12 months.'® Local skin reactions are
generally mild to moderate and peak at days 4 to 8. 10
Although treatment is indicated for areas =25 cm?® of
contiguous, AK-affected skin, acceptable tolerability
without quantifiable systemic exposure was seen in

patients treated with 0.05% gel to areas =100 cm?®.*

Photodynamic therapy

Conventional photodynamic therapy (c-PDT) is
approved by the FDA in 3 drug/light combinations
for the treatment of nonhyperkeratotic AKs (Table T).
PDT can be performed in 1 treatment, with 1 to 2
optional repeat treatments 4 to 8 weeks apart. FC
patients who have failed or cannot perform other
field-directed therapies benefit from cyclic PDT.”’
There are many PDT regimens, including variations
on pretreatment (curettage, microneedling, laser-
assisted, etc), photosensitizer incubation time, and
light source. Thermally modulated PDT has been
used to improve AK clearance rates on the extrem-
ities.”* Daylight PDT uses ambient visible light to
activate the photosensitizer. This approach mini-
mizes pain and allows for exposure of large fields,
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2 limiting factors of c-PDT. Daylight PDT has similar
AK reduction rates compared with ¢-PDT.*""*" After
treatment the photosensitizer is removed with soap
and water and patients are instructed to wear sun-
protective clothing and to apply zinc- or titanium-
based sunscreen to all exposed areas for 48 hours.

Other therapies

There is a paucity of data to support laser or
chemical peel resurfacing techniques as monotherapy
for field disease. Evidence appears to favor ablative
lasers as an adjunct to current therapies, particularly
for more difficult-to-treat AKs (such as hyperkeratotic
or acral lesions) because they may facilitate the
delivery of topical agents.”® Other novel therapies
are being investigated in clinical trials (Table I1).”*

LESION-DIRECTED THERAPIES

Key points

¢ Lesion-directed therapies are recommended
for KCs that are dermally invasive on clinical
examination, focal hyperkeratotic AK, or AK
failing field treatments

¢ Cryotherapy of isolated AKs can be highly
effective if performed correctly

¢ Surgery or shave removal is indicated for
lesions requiring histologic confirmation of
margin clearance

Cryotherapy

Cryotherapy is the mainstay of treatment for
isolated AKs because of its ease of use and good
tolerability. In a RCT of cryotherapy, 5-FU, and
imiquimod 5%, cryotherapy was associated with a
68% initial AK clearance rate, but only a 28%
sustained clearance rate at 12 months.” Freeze
time is an important determinant of treatment
efficacy with CRRs of 83%, 69%, and 39% at 3 months
with freeze times >20 seconds, 5-20 seconds, and
<5 seconds, respectively.” Despite higher efficacy,
longer freeze durations may result in greater discom-
fort and localized cutaneous reactions, including
hypopigmentation and scarring. Combining cryo-
therapy of hypertrophic AKs with field-directed
therapy can improve response rates.’ "
Cryotherapy may also be used after field therapy to
treat persistent AKs.

Surgical management

Shave removal of persistent hyperkeratotic le-
sions is diagnostic and therapeutic. Surgical excision
of invasive KCs arising within areas of field damage
remains the standard of care. Surgical removal with
an appropriate margin of clinically normal skin can
be a challenge in FC patients and it is often not
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feasible to surgically remove extensive areas of in
situ disease. Patients benefit from pre- or postoper-
ative field treatment. Complete circumferential
peripheral and deep margin control with Mohs
micrographic surgery is recommended for high-risk
CSCCs unless the wound can be closed primarily or
reconstruction delayed until clear margins are
confirmed.””"

Intralesional 5-FU

Intralesional 5-FU (IL 5-FU) is an effective treat-
ment for eruptive squamous atypia (also termed
eruptive keratoacanthoma) and is a noninvasive
option for low-risk CSCC, particularly in patients
who are poor candidates for surgery. Data support-
ing IL 5-FU for CSCC treatment are largely derived
from case reports and 1 prospective trial, which
reported a 96% cure rate of well-differentiated CSCC
in 25 patients treated with a proprietary injectable 5-
FU gel.””*?

IL 5-FU is quick and easy to administer.”” °° Side
effects are generally mild and include erythema,
dyspigmentation, crusting, and shallow erosions or
ulcerations, which typically heal within 2 to
4 weeks.””“ There are no reported cases of systemic
adverse events. Drawbacks include the lack of his-
tologic confirmation of clear margins, a risk of
significant recurrence if undiagnosed aggressive
CSCC fails treatment, and the need for multiple
injection visits. Thus, we prefer shave excision for
small low-risk CSCCs arising in FC and reserve IL 5-
FU for eruptive squamous atypia or lower extremity
low-risk CSCC who decline excision because of the
risk of poor wound healing.

There is no standard guideline for the administra-
tion of IL 5-FU and the dose varies by tumor size
(Table IID. Smaller (<1.5 cm) and thinner lesions are
more likely to respond. Any lesions that grow or that
do not respond should be removed surgically.
Adjuvant therapies such as topical 5-FU under oc-
clusion, cryotherapy, and oral acitretin can help
achieve clearance.”

ORAL TREATMENTS

Key points

¢ Nicotinamide is a low-cost chemopreventive
agent that reduces AKs and CSCCs and re-
quires no monitoring

¢ Oral retinoids may be added for patients
who continue to form multiple CSCCs
despite comprehensive treatment of FC

¢ Long-term acitretin is required for chemo-
prevention given the risk of renewed CSCC
formation after treatment cessation
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Table II. Investigational agents with recent or ongoing clinical trials in the United States for treatment of

actinic keratoses

Investigational agents

Proposed mechanism of action

Study identifier

SR-T100: antiproliferative agent (contains
solamargine, solasodine, and solasonine)
KX2-391: Src tyrosine kinase inhibitor

SOR007: uncoated nanoparticulate
paclitaxel ointment

VDA-1102: antineoplastic agent

Induces apoptosis via death receptors and the NCT01516515
mitochondrial pathway*’

Inhibits Src tyrosine kinase and tubulin polymerization, NCT02838628
reducing downstream signaling and proliferation of NCT03285477
tumor cells overexpressing Src*® NCT03285490

Binds to tubulin and inhibits the disassembly of NCT03083470
microtubules, leading to inhibition of cell division and
halting the proliferation of rapidly dividing tumor cells*

Prevents glycolysis and triggers apoptosis in voltage- NCT03538951
dependent anion channel/hexokinase 2—expressing
tumor cells*°

Increases oxidative stress via reactive oxygen species, NCT02759900

Cold atmospheric plasma device

leading to DNA damage and cell cycle arrest of malignant
proliferative cells®’

Table III. Examples of protocols used by the authors for injections of intralesional 5-fluorouracil 50 mg/mL for
treatment of eruptive squamous atypia and cutaneous squamous cell carcinoma

Dose Frequency Notes

1 mL total to a lesion >1 cm OR
distributed amongst a few smaller
lesions (up to approximately
1-2 cm?)

0.1-2 mL per lesion for a maximum
total dose per session of 250 mg

Twice weekly X2 weeks, then weekly
X3 weeks OR weekly X7 weeks (up
to 7 injections total)

Reinject persistent lesions at 2- to 4-
week intervals

Treat until ulceration, which is
typically achieved within 4-5
injections for larger lesions

Surgical removal is recommended for
lesions that do not respond to 2
injections

¢ Oral capecitabine may be considered for
patients with significant FC and high rates
of CSCC formation, or who failed other
treatments of extensive FC

Nicotinamide

Nicotinamide (also known as niacinamide), a
water-soluble vitamin Bj derivative, has modest
effects on AK and KC reduction.””” Nicotinamide
reduces ultraviolet-associated immunosuppression
and ultraviolet-induced depletion of nicotinamide
adenine dinucleotide and adenosine triphosphate,
which provide the cellular energy required for
repair of ultraviolet-induced DNA damage.” "
Nicotinamide is well-tolerated at pharmacologic
doses, but can cause liver failure at high doses
(>3 g/day).”””" Increased insulin resistance and
flushing, which can occur with nicotinic acid, are
not seen in nicotinamide.”” No safety concerns have
been identified in SORTs receiving up to 1 g
daily. %70

A phase 3, double-blind RCT showed that nico-
tinamide 500 mg twice daily reduced the rate of new
SCCs by 30% (P = .05) and number of AKs compared
with baseline by 13% (P = .001) at 12 months.”” No
significant difference in KC rates were seen upon
discontinuation, suggesting that nicotinamide must
be continued to maintain its chemoprotective effect.

The evidence of nicotinamide’s chemoprotective
effect in immunocompromised patients is limited. A
phase 2 RCT of nicotinamide 500 mg twice daily for
6 months in 22 renal transplant recipients found no
significant reduction in AKs or new CSCCs, but this
may be related to the small sample size.”” In a case-
control trial involving 38 SOTRs, reduced AK size
and complete AK regression was seen in 88% and
42% of patients receiving nicotinamide 500 mg daily,
respectively.”® No new AKs or skin cancers were
seen in the nicotinamide group at 6 months. In
contrast, 91% of the control group showed an
increase in AKs and 7 preexisting AKs progressed
to CSCCs.
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While the benefits of nicotinamide are promising,
there is a lack of long-term prospective studies
documenting its effects on skin cancer prevention.
Given nicotinamide’s low cost and favorable safety
profile at doses <3 g daily, it is reasonable to offer
nicotinamide to patients with FC or who have had
>1csce.”!

Acitretin

Acitretin is an oral retinoid that is used for
chemoprevention.” ™" Continuous treatment ap-
pears to be required to maintain a chemotherapeutic
effect.””*"** Though it is not expected to alter the
course of existing KC, acitretin decreases the likeli-
hood of new primary tumors. A systematic review
showed a 60% reduction in CSCC formation.”
Acitretin has also been shown to reduce AKs by
SSO% .8()

Acitretin may be considered in patients with
=5 KCs over the course of 2 to 3 years, significant
field disease with diffuse AKs/SCCis despite treat-
ment, high-risk KC, or metastatic KC.?"*" It can also
be considered in high-risk SOTRs with FC before first
KC. Though acitretin typically does not cross-react
with transplant immunosuppression, initiation
should be done in conjunction with the transplant
team. The minimal effective dose varies.”” The
typical practice is to start at a low dose, such as
10 mg daily or every other day, and gradually
escalate to goal dose of 20 to 30 mg daily.” This
slow increase minimizes adverse effects and iden-
tifies the best dose tolerated. One of the more
common adverse effects is hypetriglyceridemia.
Other adverse effects are dose-related and include
headache, musculoskeletal complaints, mucocuta-
neous dryness, and alopecia, as well as abnormalities
in liver function tests.”***” Effective management of
side effects and dosage modification often allows for
continuation of treatment. A limitation to acitretin
utilization in the United States is its high cost.™

Capecitabine

Oral capecitabine, a prodrug of 5-FU, can be
useful for patients with FC with high rates of CSCC
despite optimization of risk factors and other chemo-
preventive and field-directed agents. We initiate
treatment at 500 mg twice daily every other week
for 1 to 3 months and then increase to 1000 mg twice
daily for 2 weeks with 1 week off drug between the
2 weeks of treatment. Case reports and small case
series have shown capecitabine to reduce both
CSCCs and AKs in SOTRs.” " Although these results
are promising, larger studies in other patient pop-
ulations with long-term follow-up are needed.
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The side effects of capecitabine are largely dose-
related and include fatigue, diarrhea, hand—foot
syndrome, neutropenic fever, and stomatitis. In the
literature, treatment-limiting side effects may be
observed in =30% of patients.”* However, in our
experience, there are minimal side effects even at
higher doses. Before initiating treatment, patients
should be screened for dihydropyrimidine dehydro-
genase deficiency and renal function impairment.
During treatment, renal function and hemoglobin
should be monitored monthly.

Treatment algorithms

Our approach to FC treatment is based on the
degree of field disease and the risk of subsequent KC
formation (Fig 2). Other factors, including tolerability,
cost, and the patient’s motivation for treatment, may
also influence treatment choice. Patients with a higher
degree of FC benefit from a combination of lesion-
and field-directed therapies, as well as oral chemo-
prophylaxis.”” These patients require repeated cycles
of field-directed therapy, ranging from every few
months to every few years.”” All patients should be
counseled on rigorous ultraviolet light protection. For
patients receiving oral chemoprophylaxis, nicotin-
amide and acitretin are safe in combination. The
concurrent use of acitretin and capecitabine has not
been studied; however, in our experience the 2
medications can also be administered concurrently.

Clinical visits

The frequency of clinical visits is dictated by
individual patient risk factors, such as history of
skin cancers, degree of FC, and history of SOTR
(Table TV). More frequent screenings may lessen
morbidity associated with skin cancer and improve
overall quality of life.”*”> Patients undergoing field
treatment should have close follow-up to confirm
that the desired clinical endpoint has been reached.

FIELD CANCERIZATION IN HIGHER-RISK

POPULATIONS

Key points

¢ SOTR and patients with chronic lymphocytic
leukemia have an increased risk of AK and
KC

e Higher-risk populations benefit from earlier
and more aggressive field-directed therapy

Solid organ transplant recipients

Compared with immunocompetent patients,
SOTRs are more likely to present with field disease
and have higher rates of AK recurrence and progres-
sion and a lower rate of spontaneous AK regres-
sion.””” Lesion-directed therapies may not be
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<Field cancerization)

A 4

|

>1 KC or
field disease /;'
=5 KC within 2-3 years,
accelerating frequency of AKs, L
high risk KC, metastatic KC, or Acitretin
high risk SOTR with FC

Total body FC with multiple invasive

tumors or high CSCC rates despite
optimization of risk factors and trials Capecitabine
of other chemopreventive agents

YES [ Shave excision or biopsy
and treat as indicated

UV protection

N

Consider oral
chemoprophylaxis

"

Concern for
invasive
disease?

Hyperkeratotic
lesions
present?

Remove keratotic component pre-treatment (via scalpel, light
curetting, cryotherapy, chemical peels, or ablative resurfacing)

Chemowraps, 5-FU under occlusion,
or PDT (consider daylight PDT)

Involvement of
arms and legs?

Topical field treatment
5-FU
5-FU + calcipotriol
Imiquimod
Ingenol mebutate

PDT!

NO

Refractory
lesion(s)?

Consistent
with AK?

Monitor and repeat as needeD

YES

Cryotherapy or repeat field treatment

Fig 2. Field cancerization treatment algorithm.*There is a paucity of data supporting the use of
ablative resurfacing or chemical peels for field-directed treatment. T Contraindications to topical
therapies in general include patient noncompliance and inadequate response to top-
icals.$Contraindications to PDT include known hypersensitivity to any components of the
topical photosensitizer, known hypersensitivity to porphyrins, porphyria, or photodermato-
ses.5-FU, 5-Fluorouracil, AK, actinic keratosis; CSCC, cutaneous squamous cell carcinoma; FC,
field cancerization; KC, keratinocyte carcinoma; PDT, photodynamic therapy; SOTR, solid
organ transplant recipient; UV, ultraviolet.
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Table IV. Recommended frequency of clinic visits
based on severity of field cancerization and
keratinocyte carcinoma history*

Interval (months)

SOTR/

Risk factors Immunocompetent CLL

Degree of field cancerization

Mild (photodamage with — 12
no AKs)
Moderate (discrete AKs) 12 6
Severe (confluent AKs or 4-6 3-6
SCCis)
Keratinocyte carcinoma
history "
Low-risk CSCC 6°' 3-67
Multiple KC 3-6 3%
High-risk CSCC 4% 3%
Metastatic CSCC 1-3 1-2%

AK, Actinic keratosis; CLL, chronic lymphocytic leukemia; CSCC,
cutaneous squamous cell carcinoma; KC, keratinocyte carcinoma;
SCCis, squamous cell carcinoma in situ; SOTR, solid organ
transplant recipient.

*The suggested frequencies are largely based on the authors’
expert opinions and not official guidelines (except those stated as
National Comprehensive Cancer Network guidelines) and the
clinician should always consider the individual patient when the
frequency of clinic visits.

TFor patients with local CSCC, National Comprehensive Cancer
Network guidelines suggest follow-up every 3 to 6 months for
2 years, then every 6 to 12 months for 3 years, then annually for
life. For regional disease, suggested follow-up is every 1 to
3 months for 1 year, every 2 to 4 months for the second year,
every 4 to 6 months for the third year, and then every 6 to
12 months for life.””

sufficient to achieve disease control, which often
requires cyclical use of field-directed therapies. The
evidence on efficacy of specific treatments to prevent
skin cancers among SOTRSs is limited.””""”

A recent systematic review of nonsystemic in-
terventions for AKs in 242 SOTRs found PDT to have
the highest lesional clearance rates (46-100%), fol-
lowed by 5-FU (79%), imiquimod (61-73.7%), and
diclofenac (53%).” Overall, the efficacy of treat-
ments in SOTRs appears to be lower than in
immunocompetent patients. While PDT is a highly
effective approach in SOTRs, cross-trial comparisons
should be interpreted cautiously given their small
sample sizes and the heterogeneity of the partici-
pants and outcomes. For instance, 6 of the 8 included
studies investigated some type of PDT, while 5-FU
was investigated in only 1 study involving 8 SOTRs.

Depending on FC severity, initiation of oral
chemopreventive agents and revision of the
immunosuppression regimen should be considered.
Adjustment of immunosuppression is considered in
SOTRs with high-risk CSCC, metastatic CSCC, or
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those that develop >5 to 10 CSCCs per year.”'
Typical approaches include reduction of dosage or
number of immunosuppressive medications and
early conversion to mammalian target of rapamycin
inhibitors.”*'?""!% Recent data also suggest that
conversion of calcineurin inhibitor—based immuno-
suppression to belatacept, a cytotoxic T-lympho-
cyte-associated antigen 4 fusion antibody, may
reduce the risk of CSCC.'""'"” However, because
belatacept works to suppress T cell responses in a
way opposite to ipilimumab, further work remains to
determine belatacept’s overall impact on skin cancer
risk and outcomes. Alteration of immunosuppres-
sion should be done in collaboration with the
patient’s transplant team.

Chronic lymphocytic leukemia

Patients with chronic lymphocytic leukemia
have a 5- to 8.6-fold increased incidence of
CSCC compared with the general population.'’*'?”
Patients with chronic lymphocytic leukemia with
skin cancer have worse outcomes, as evidenced by
higher rates of local recurrence, regional metastasis,
and death."'"""" Aggressive management of FC is
critical in this population.

REFERENCES

1. Nehal KS, Bichakjian CK. Update on keratinocyte carcinomas.
N Engl J Med. 2018;379:363-374.

2. Rogers EM, Connolly KL, Nehal KS, Dusza SW, Rossi AM, Lee E.
Comorbidity scores associated with limited life expectancy in
the very elderly with nonmelanoma skin cancer. J Am Acad
Dermatol. 2018;78:1119-1124.

3. Neugebauer R, Levandoski KA, Zhu Z, et al. A real-world,
community-based cohort study comparing the effectiveness
of topical fluorouracil versus topical imiquimod for the
treatment of actinic keratosis. J Am Acad Dermatol. 2018;78:
710-716.

4. Pomerantz H, Hogan D, Eilers D, et al. Long-term efficacy of
topical fluorouracil cream, 5%, for treating actinic keratosis: a
randomized clinical trial. JAMA Dermatol. 2015;151:952-960.

5. Weinstock MA, Thwin SS, Siegel JA, et al. Chemoprevention
of basal and squamous cell carcinoma with a single course of
fluorouracil, 5%, cream: a randomized clinical trial. JAMA
Dermatol. 2018;154:167-174.

6. Rosenberg AR, Tabacchi M, Ngo KH, et al. Skin cancer
precursor immunotherapy for squamous cell carcinoma
prevention. JCI Insight. 2019;4:e125476.

7. Askew DA, Mickan SM, Soyer HP, Wilkinson D. Effectiveness
of 5-fluorouracil treatment for actinic keratosis—a systematic
review of randomized controlled trials. Int J Dermatol. 2009;
48:453-463.

8. Salim A, Leman JA, McColl JH, Chapman R, Morton CA.
Randomized comparison of photodynamic therapy with
topical 5-fluorouracil in Bowen’s disease. Br J Dermatol.
2003;148:539-543.

9. Hadley G, Derry S, Moore RA. Imiquimod for actinic keratosis:
systematic review and meta-analysis. J Invest Dermatol. 2006;
126:1251-1255.


http://refhub.elsevier.com/S0190-9622(20)30792-1/sref1
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref1
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref2
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref2
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref2
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref2
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref3
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref3
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref3
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref3
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref3
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref4
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref4
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref4
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref5
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref5
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref5
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref5
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref6
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref6
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref6
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref7
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref7
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref7
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref7
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref8
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref8
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref8
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref8
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref9
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref9
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref9

728 Cornejo et al

20.

21.

22.

23.

24,

25.

26.

. Goon PK, Clegg R, Yong AS, et al. 5-Fluorouraci

. Patel GK, Goodwin R, Chawla M, et al. Imiquimod 5% cream

monotherapy for cutaneous squamous cell carcinoma in situ
(Bowen'’s disease): a randomized, double-blind, placebo-
controlled trial. J Am Acad Dermatol. 2006;54:1025-1032.

. Cunningham TJ, Tabacchi M, Eliane JP, et al. Randomized trial

of calcipotriol combined with 5-fluorouracil for skin cancer
precursor immunotherapy. J Clin Invest. 2017;127:106-116.

| “chemo-
wraps” in the treatment of multiple actinic keratoses:
a Norwich experience. Dermatol Ther (Heidelb). 2015;5:
201-205.

. Mann M, Berk DR, Petersen J. Chemowraps as an adjuvant to

surgery for patients with diffuse squamous cell carcinoma of
the extremities. J Drugs Dermatol. 2008;7:685-688.

. Peuvrel L, Saint-Jean M, Quereux G, et al. 5-fluorouracil

chemowraps for the treatment of multiple actinic keratoses.
Eur J Dermatol. 2017;27:635-640.

. Tallon B, Turnbull N. 5% fluorouracil chemowraps in the

management of widespread lower leg solar keratoses and
squamous cell carcinoma. Australas J Dermatol. 2013;54:313-
316.

. Lebwohl M, Swanson N, Anderson LL, Melgaard A, Xu Z,

Berman B. Ingenol mebutate gel for actinic keratosis. N Engl J
Med. 2012;366:1010-1019.

. Stockfleth E, Bastian M. Pharmacokinetic and pharmacody-

namic evaluation of ingenol mebutate for the treatment of
actinic keratosis. Expert Opin Drug Metab Toxicol. 2018;14:
911-918.

. Piacquadio DJ, Chen DM, Farber HF, et al. Photodynamic

therapy with aminolevulinic acid topical solution and visible
blue light in the treatment of multiple actinic keratoses of
the face and scalp: investigator-blinded, phase 3, multicenter
trials. Arch Dermatol. 2004;140:41-46.

. Reinhold U, Dirschka T, Ostendorf R, et al. A randomized,

double-blind, phase Ill, multicentre study to evaluate the
safety and efficacy of BF-200 ALA (Ameluz®) vs. placebo in
the field-directed treatment of mild-to-moderate actinic
keratosis with photodynamic therapy (PDT) when using the
BF-RhodoLED® lamp. Br J Dermatol. 2016;175:696-705.
Rasanen JE, Neittaanmaki N, Ylitalo L, et al. 5-aminolaevulinic
acid nanoemulsion is more effective than methyl-5-
aminolaevulinate in daylight photodynamic therapy for
actinic keratosis: a nonsponsored randomized double-blind
multicentre trial. Br J Dermatol. 2019;181:265-274.

Que SKT, Zwald FO, Schmults CD. Cutaneous squamous cell
carcinoma: management of advanced and high-stage tu-
mors. J Am Acad Dermatol. 2018;78:249-261.
Jambusaria-Pahlajani A, Ortman S, Schmults CD, Liang C.
Sequential curettage, 5-fluorouracil, and photodynamic ther-
apy for field cancerization of the scalp and face in solid organ
transplant recipients. Dermatol Surg. 2016;42(suppl 1):566-S72.
Jetter N, Chandan N, Wang S, Tsoukas M. Field cancerization
therapies for management of actinic keratosis: a narrative
review. Am J Clin Dermatol. 2018;19:543-557.

Maytin EV, Anand S, Riha M, et al. 5-Fluorouracil enhances
protoporphyrin IX accumulation and lesion clearance dur-
ing photodynamic therapy of actinic keratoses: a
mechanism-based clinical trial. Clin Cancer Res. 2018;24:
3026-3035.

Jansen MHE, Kessels J, Nelemans PJ, et al. Randomized trial of
four treatment approaches for actinic keratosis. N Engl J Med.
2019;380:935-946.

Morton C, Horn M, Leman J, et al. Comparison of topical
methyl aminolevulinate photodynamic therapy with cryo-
therapy or fluorouracil for treatment of squamous cell

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

] AM AcAaD DERMATOL
SEPTEMBER 2020

carcinoma in situ: results of a multicenter randomized trial.
Arch Dermatol. 2006;142:729-735.

Love WE, Bernhard JD, Bordeaux JS. Topical imiquimod or
fluorouracil therapy for basal and squamous cell carcinoma: a
systematic review. Arch Dermatol. 2009;145:1431-1438.
Gupta AK, Paquet M. Network meta-analysis of the outcome
‘participant complete clearance’ in nonimmunosuppressed par-
ticipants of eight interventions for actinic keratosis: a follow-up on
a Cochrane review. Br J Dermatol. 2013;169:250-259.

Wu Y, Tang N, Cai L, Li Q. Relative efficacy of 5-fluorouracil
compared with other treatments among patients with actinic
keratosis: a network meta-analysis. Dermatol Ther. 2019;32:
e12822.

Kovach BT, Stasko T. Use of topical immunomodulators in
organ transplant recipients. Dermatol Ther. 2005;18:19-27.
Swanson N, Abramovits W, Berman B, Kulp J, Rigel DS, Levy S.
Imiquimod 2.5% and 3.75% for the treatment of actinic
keratoses: results of two placebo-controlled studies of daily
application to the face and balding scalp for two 2-week
cycles. J Am Acad Dermatol. 2010;62:582-590.

Rosen T, Harting M, Gibson M. Treatment of Bowen'’s disease
with topical 5% imiquimod cream: retrospective study.
Dermatol Surg. 2007;33:427-431.

Mackenzie-Wood A, Kossard S, de Launey J, Wilkinson B,
Owens ML. Imiquimod 5% cream in the treatment of Bowen'’s
disease. J Am Acad Dermatol. 2001;44:462-470.

Garbe C, Basset-Seguin N, Poulin Y, et al. Efficacy and safety
of follow-up field treatment of actinic keratosis with ingenol
mebutate 0.015% gel: a randomized, controlled 12-month
study. Br J Dermatol. 2016;174:505-513.

Ulrich M, Reinhold U, Skov T, Elvang Sondergaard R,
Guitera P. Histological examination confirms clinical clear-
ance of actinic keratoses following treatment with ingenol
mebutate 0.05% gel. Br J Dermatol. 2017;176:71-80.
Anderson L, Jarratt M, Schmieder G, Shumack S, Katsamas J,
Welburn P. Tolerability and pharmacokinetics of ingenol
mebutate 0.05% gel applied to treatment areas up to
100cm on the forearm(s) of patients with actinic keratosis.
J Clin Aesthet Dermatol. 2014;7:19-29.

Willey A, Mehta S, Lee PK. Reduction in the incidence of
squamous cell carcinoma in solid organ transplant recipients
treated with cyclic photodynamic therapy. Dermatol Surg.
2010;36:652-658.

Willey A, Anderson RR, Sakamoto FH. Temperature-modu-
lated photodynamic therapy for the treatment of actinic
keratosis on the extremities: a one-year follow-up study.
Dermatol Surg. 2015;41:1290-1295.

Mamalis A, Koo E, Sckisel GD, Siegel DM, Jagdeo J. Temper-
ature-dependent impact of thermal aminolaevulinic acid
photodynamic therapy on apoptosis and reactive oxygen
species generation in human dermal fibroblasts. Br J Derma-
tol. 2016;175:512-519.

Lacour JP, Ulrich C, Gilaberte Y, et al. Daylight photodynamic
therapy with methyl aminolevulinate cream is effective and
nearly painless in treating actinic keratoses: a randomised,
investigator-blinded, controlled, phase Ill study throughout
Europe. J Eur Acad Dermatol Venereol. 2015;29:2342-2348.
Rubel DM, Spelman L, Murrell DF, et al. Daylight photody-
namic therapy with methyl aminolevulinate cream as a
convenient, similarly effective, nearly painless alternative to
conventional photodynamic therapy in actinic keratosis
treatment: a randomized controlled trial. Br J Dermatol.
2014;171:1164-1171.

Wiegell SR, Haedersdal M, Philipsen PA, Eriksen P, Enk CD,
Wulf HC. Continuous activation of PplX by daylight is as


http://refhub.elsevier.com/S0190-9622(20)30792-1/sref10
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref10
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref10
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref10
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref11
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref11
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref11
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref12
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref12
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref12
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref12
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref13
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref13
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref13
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref14
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref14
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref14
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref15
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref15
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref15
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref15
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref16
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref16
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref16
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref17
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref17
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref17
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref17
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref18
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref18
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref18
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref18
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref18
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref19
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref19
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref19
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref19
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref19
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref19
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref19
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref19
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref20
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref20
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref20
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref20
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref20
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref21
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref21
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref21
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref22
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref22
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref22
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref22
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref23
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref23
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref23
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref24
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref24
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref24
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref24
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref24
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref25
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref25
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref25
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref26
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref26
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref26
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref26
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref26
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref27
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref27
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref27
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref28
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref28
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref28
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref28
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref29
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref29
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref29
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref29
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref30
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref30
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref31
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref31
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref31
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref31
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref31
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref32
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref32
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref32
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref33
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref33
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref33
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref34
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref34
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref34
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref34
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref35
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref35
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref35
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref35
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref36
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref36
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref36
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref36
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref36
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref37
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref37
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref37
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref37
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref38
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref38
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref38
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref38
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref39
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref39
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref39
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref39
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref39
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref40
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref40
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref40
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref40
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref40
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref41
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref41
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref41
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref41
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref41
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref41
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref42
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref42

] AM ACAD DERMATOL
Vorume 83, NUMBER 3

43.

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

effective as and less painful than conventional photodynamic
therapy for actinic keratoses; a randomized, controlled,
single-blinded study. Br J Dermatol. 2008;158:740-746.
Sotiriou E, Apalla Z, Vrani F, et al. Daylight photodynamic
therapy vs. Conventional photodynamic therapy as skin
cancer preventive treatment in patients with face and scalp
cancerization: an intra-individual comparison study. J Eur
Acad Dermatol Venereol. 2017;31:1303-1307.

. Sotiriou E, Evangelou G, Papadavid E, et al. Conventional vs.

daylight photodynamic therapy for patients with actinic
keratosis on face and scalp: 12-month follow-up results of
a randomized, intra-individual comparative analysis. J Eur
Acad Dermatol Venereol. 2018;32:595-600.

Fargnoli MC, Piccioni A, Neri L, Tambone S, Pellegrini C,
Peris K. Conventional vs. daylight methyl aminolevulinate
photodynamic therapy for actinic keratosis of the face and
scalp: an intra-patient, prospective, comparison study in Italy.
J Eur Acad Dermatol Venereol. 2015;29:1926-1932.

Steeb T, Schlager JG, Kohl C, Ruzicka T, Heppt MV, Berking C.
Laser-assisted photodynamic therapy for actinic keratosis: a
systematic review and meta-analysis. J Am Acad Dermatol.
2019;80:947-956.

National Cancer Institute website. SR-T100 gel. Available at:
https://www.cancer.gov/publications/dictionaries/cancer-dr
ug/def/sr-t100-gel. Accessed March 11, 2020.

National Cancer Institute website. Src kinase inhibitor KX2-
391. Available at: https://www.cancer.gov/publications/
dictionaries/cancer-drug/def/src-kinase-inhibitor-kx2-391.
Accessed March 11, 2020.

National Cancer Institute website. Nanoparticle paclitaxel
ointment SORO007. Available at: https://www.cancer.gov/
publications/dictionaries/cancer-drug/def/792258. Accessed
March 11, 2020.

National Cancer Institute. VDAC/HK2 modulator ointment
VDA-1102. Available at: https://www.cancer.gov/publication
s/dictionaries/cancer-drug/def/vdac-hk2-modulator-ointmen
t-vda-1102. Accessed March 11, 2020.

Gan L, Zhang S, Poorun D, et al. Medical applications of
nonthermal atmospheric pressure plasma in dermatology. J
Dtsch Dermatol Ges. 2018;16:7-13.

Huang A, Nguyen JK, Austin E, Mamalis A, Jagdeo J. Updates
on treatment approaches for cutaneous field cancerization.
Curr Dermatol Rep. 2019;8:122-132.

Krawtchenko N, Roewert-Huber J, Ulrich M, Mann |, Sterry W,
Stockfleth E. A randomised study of topical 5% imiquimod vs.
topical 5-fluorouracil vs. cryosurgery in immunocompetent
patients with actinic keratoses: a comparison of clinical and
histological outcomes including 1-year follow-up. Br J
Dermatol. 2007;157(suppl 2):34-40.

Thai KE, Fergin P, Freeman M, et al. A prospective study of
the use of cryosurgery for the treatment of actinic keratoses.
Int J Dermatol. 2004;43:687-692.

Goldenberg G, Linkner RV, Singer G, Frankel A. An
investigator-initiated study to assess the safety and effi-
cacy of imiquimod 3.75% cream when used after cryo-
therapy in the treatment of hypertrophic actinic keratoses
on dorsal hands and forearms. J Clin Aesthet Dermatol.
2013;6:36-43.

Heppt MV, Steeb T, Ruzicka T, Berking C. Cryosurgery
combined with topical interventions for actinic keratosis: a
systematic review and meta-analysis. Br J Dermatol. 2019;180:
740-748.

National Comprehensive Cancer Network, Inc website. NCCN
Clinical Practice Guidelines in Oncology: squamous cell skin
cancer. Available at: https://www.nccn.org/professionals/physi

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Cornejo et al 729

cian_gls/pdf/squamous.pdf; 2018. Accessed September 17,
2019.

Work Group, Invited Reviewers, Kim JYS, et al. Guidelines of
care for the management of cutaneous squamous cell
carcinoma. J Am Acad Dermatol. 2018;78:560-578.

Kraus S, Miller BH, Swinehart JM, et al. Intratumoral chemo-
therapy with fluorouracil/epinephrine injectable gel: a
nonsurgical treatment of cutaneous squamous cell carci-
noma. J Am Acad Dermatol. 1998;38:438-442.

Mackey M, Shahsavari A, Mackey VT. Intralesional 5-
fluorouracil in the treatment of lower leg squamous cell
carcinoma. J Drugs Dermatol. 2018;17:1241-1243.

Morse LG, Kendrick C, Hooper D, Ward H, Parry E. Treatment
of squamous cell carcinoma with intralesional 5-fluorouracil.
Dermatol Surg. 2003;29:1150-1153.

Reisinger DM, Cognetta AB Jr, Pynes LT, Paredes AA Jr,
Sweeney TJ, Dolson DJ. Treatment of a giant squamous cell
carcinoma on the dominant thumb with intralesional 5-
fluorouracil. J Am Acad Dermatol. 2011;65:219-221.
Chitwood K, Etzkorn J, Cohen G. Topical and intralesional
treatment of nonmelanoma skin cancer: efficacy and cost
comparisons. Dermatol Surg. 2013;39:1306-1316.

Kirby JS, Miller CJ. Intralesional chemotherapy for non-
melanoma skin cancer: a practical review. J Am Acad
Dermatol. 2010;63:689-702.

Metterle L, Nelson C, Patel N. Intralesional 5-fluorouracil (FU)
as a treatment for nonmelanoma skin cancer (NMSC): a
review. J Am Acad Dermatol. 2016;74:552-557.

Que SKT, Compton LA, Schmults CD. Eruptive squamous
atypia (also known as eruptive keratoacanthoma): definition
of the disease entity and successful management via intra-
lesional 5-fluorouracil. J Am Acad Dermatol. 2019;81:111-122.
Chen AC, Martin AJ, Choy B, et al. A phase 3 randomized trial
of nicotinamide for skin-cancer chemoprevention. N Engl J
Med. 2015;373:1618-1626.

Drago F, Ciccarese G, Cogorno L, Calvi C, Marsano LA,
Parodi A. Prevention of non-melanoma skin cancers with
nicotinamide in transplant recipients: a case-control study.
Eur J Dermatol. 2017;27:382-385.

Surjana D, Halliday GM, Martin AJ, Moloney FJ, Damian DL.
Oral nicotinamide reduces actinic keratoses in phase |l
double-blinded randomized controlled trials. J Invest Derma-
tol. 2012;132:1497-1500.

Chen AC, Damian DL. Nicotinamide and the skin. Australas J
Dermatol. 2014;55:169-175.

Park J, Halliday GM, Surjana D, Damian DL. Nicotinamide
prevents ultraviolet radiation-induced cellular energy loss.
Photochem Photobiol. 2010;86:942-948.

Thompson BC, Surjana D, Halliday GM, Damian DL. Nico-
tinamide enhances repair of ultraviolet radiation-induced
DNA damage in primary melanocytes. Exp Dermatol. 2014;
23:509-511.

Knip M, Douek IF, Moore WP, et al. Safety of high-dose
nicotinamide: a review. Diabetologia. 2000;43:1337-1345.
Gale EA, Bingley PJ, Emmett CL, Collier T, European Nicotin-
amide Diabetes Intervention Trial Group. European Nicotin-
amide Diabetes Intervention Trial (ENDIT): a randomised
controlled trial of intervention before the onset of type 1
diabetes. Lancet. 2004;363:925-931.

Guyton JR, Bays HE. Safety considerations with niacin
therapy. Am J Cardiol. 2007;99(6A):22C-31C.

Chen AC, Martin AJ, Dalziell RA, et al. A phase Il randomized
controlled trial of nicotinamide for skin cancer chemopre-
vention in renal transplant recipients. Br J Dermatol. 2016;
175:1073-1075.


http://refhub.elsevier.com/S0190-9622(20)30792-1/sref42
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref42
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref42
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref43
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref43
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref43
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref43
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref43
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref44
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref44
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref44
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref44
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref44
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref45
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref45
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref45
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref45
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref45
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref46
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref46
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref46
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref46
https://www.cancer.gov/publications/dictionaries/cancer-drug/def/sr-t100-gel
https://www.cancer.gov/publications/dictionaries/cancer-drug/def/sr-t100-gel
https://www.cancer.gov/publications/dictionaries/cancer-drug/def/src-kinase-inhibitor-kx2-391
https://www.cancer.gov/publications/dictionaries/cancer-drug/def/src-kinase-inhibitor-kx2-391
https://www.cancer.gov/publications/dictionaries/cancer-drug/def/792258
https://www.cancer.gov/publications/dictionaries/cancer-drug/def/792258
https://www.cancer.gov/publications/dictionaries/cancer-drug/def/vdac-hk2-modulator-ointment-vda-1102
https://www.cancer.gov/publications/dictionaries/cancer-drug/def/vdac-hk2-modulator-ointment-vda-1102
https://www.cancer.gov/publications/dictionaries/cancer-drug/def/vdac-hk2-modulator-ointment-vda-1102
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref51
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref51
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref51
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref52
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref52
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref52
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref53
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref53
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref53
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref53
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref53
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref53
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref54
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref54
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref54
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref55
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref55
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref55
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref55
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref55
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref55
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref56
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref56
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref56
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref56
https://www.nccn.org/professionals/physician_gls/pdf/squamous.pdf
https://www.nccn.org/professionals/physician_gls/pdf/squamous.pdf
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref58
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref58
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref58
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref59
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref59
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref59
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref59
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref60
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref60
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref60
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref61
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref61
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref61
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref62
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref62
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref62
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref62
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref63
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref63
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref63
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref64
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref64
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref64
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref65
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref65
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref65
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref66
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref66
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref66
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref66
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref67
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref67
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref67
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref68
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref68
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref68
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref68
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref69
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref69
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref69
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref69
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref70
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref70
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref71
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref71
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref71
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref72
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref72
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref72
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref72
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref73
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref73
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref74
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref74
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref74
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref74
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref74
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref75
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref75
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref76
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref76
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref76
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref76

730 Cornejo et al

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Bavinck JN, Tieben LM, Van der Woude FJ, et al. Prevention
of skin cancer and reduction of keratotic skin lesions
during acitretin therapy in renal transplant recipients: a
double-blind, placebo-controlled study. J Clin Oncol. 1995;
13:1933-1938.

McKenna DB, Murphy GM. Skin cancer chemoprophylaxis in
renal transplant recipients: 5 years of experience using low-
dose acitretin. Br J Dermatol. 1999;140:656-660.

George R, Weightman W, Russ GR, Bannister KM, Mathew TH.
Acitretin for chemoprevention of non-melanoma skin can-
cers in renal transplant recipients. Australas J Dermatol. 2002;
43:269-273.

de Sevaux RG, Smit JV, de Jong EM, van de Kerkhof PC,
Hoitsma AJ. Acitretin treatment of premalignant and malig-
nant skin disorders in renal transplant recipients: clinical
effects of a randomized trial comparing two doses of
acitretin. J Am Acad Dermatol. 2003;49:407-412.

Harwood CA, Leedham-Green M, Leigh IM, Proby CM. Low-
dose retinoids in the prevention of cutaneous squamous cell
carcinomas in organ transplant recipients: a 16-year retro-
spective study. Arch Dermatol. 2005;141:456-464.

Kovach BT, Sams HH, Stasko T. Systemic strategies for
chemoprevention of skin cancers in transplant recipients.
Clin Transplant. 2005;19:726-734.

Badri O, Schnults CD, Karia PS, Ruiz ES. Efficacy and cost
analysis for acitretin for basal and squamous cell carcinoma
prophylaxis in renal transplant recipients [e-pub ahead of
printl. Dermatol Surg. doi:10.1097/DSS.0000000000002423,
Accessed June 1, 2020.

O'Reilly Zwald F, Brown M. Skin cancer in solid organ
transplant recipients: advances in therapy and management:
part Il. Management of skin cancer in solid organ transplant
recipients. J Am Acad Dermatol. 2011;65:263-279.

De Graaf YG, Euvrard S, Bouwes Bavinck JN. Systemic and
topical retinoids in the management of skin cancer in organ
transplant recipients. Dermatol Surg. 2004;30(4 pt 2):656-661.
Otley CC, Stasko T, Tope WD, Lebwohl M. Chemoprevention
of nonmelanoma skin cancer with systemic retinoids: prac-
tical dosing and management of adverse effects. Dermatol
Surg. 2006;32:562-568.

Chen K, Craig JC, Shumack S. Oral retinoids for the preven-
tion of skin cancers in solid organ transplant recipients: a
systematic review of randomized controlled trials. Br J
Dermatol. 2005;152:518-523.

Breithaupt AD, Beynet D, Soriano T. Capecitabine for
squamous cell carcinoma reduction in solid organ transplant
recipients. JAAD Case Rep. 2015;1:516-518.

Jirakulaporn T, Endrizzi B, Lindgren B, Mathew J, Lee PK,
Dudek AZ. Capecitabine for skin cancer prevention in solid
organ transplant recipients. Clin Transplant. 2011;25:541-548.
Endrizzi B, Ahmed RL, Ray T, Dudek A, Lee P. Capecitabine to
reduce nonmelanoma skin carcinoma burden in solid organ
transplant recipients. Dermatol Surg. 2013;39:634-645.
Wollina U, Hansel G, Koch A, Kostler E. Oral capecitabine plus
subcutaneous interferon alpha in advanced squamous cell
carcinoma of the skin. J Cancer Res Clin Oncol. 2005;131:300-304.
Christensen SR. Recent advances in field cancerization and
management of multiple cutaneous squamous cell carci-
nomas. F1000Res. 2018;7:F1000.

Stevenson ML, Carucci J, Colegio OR. Skin cancer in trans-
plant recipients: scientific retreat of the international immu-
nosuppression and transplant skin cancer collaborative and
skin care in organ transplant patients-Europe. Clin Transplant.
2019;33:e13736.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111

] AM AcAaD DERMATOL
SEPTEMBER 2020

Moloney FJ, Keane S, O’Kelly P, Conlon PJ, Murphy GM. The
impact of skin disease following renal transplantation on
quality of life. Br J Dermatol. 2005;153:574-578.

O'Reilly F, Traywick C, Pennie ML, Foster JK, Chen SC. Baseline
quality of life and anxiety in solid organ transplant recipients:
a pilot study. Dermatol Surg. 2006;32:1480-1485.

Tessari G, Girolomoni G. Nonmelanoma skin cancer in solid
organ transplant recipients: update on epidemiology, risk
factors, and management. Dermatol Surg. 2012;38:1622-1630.
Wallingford SC, Russell SA, Vail A, Proby CM, Lear JT,
Green AC. Actinic keratoses, actinic field change and
associations with squamous cell carcinoma in renal trans-
plant recipients in Manchester, UK. Acta Derm Venereol. 2015;
95:830-834.

Heppt MV, Steeb T, Niesert AC, et al. Local interventions for
actinic keratosis in organ transplant recipients: a systematic
review. Br J Dermatol. 2019;180:43-50.

Chung EYM, Palmer SC, Strippoli GFM. Interventions to
prevent nonmelanoma skin cancers in recipients of a solid
organ transplant: systematic review of randomized
controlled trials. Transplantation. 2019;103:1206-1215.
Werner RN, Nast A. ‘Surprisingly little evidence’ on how best
to treat actinic keratosis in organ transplant recipients. Br J
Dermatol. 2019;180:11-12.

Otley CC, Berg D, Ulrich C, et al. Reduction of immunosup-
pression for transplant-associated skin cancer: expert
consensus survey. Br J Dermatol. 2006;154:395-400.

Yanik EL, Siddiqui K, Engels EA. Sirolimus effects on cancer
incidence after kidney transplantation: a meta-analysis. Can-
cer Med. 2015;4:1448-1459.

Funk-Debleds P, Ducroux E, Guillaud O, et al. Subsequent
nonmelanoma skin cancers and impact of immunosuppres-
sion in liver transplant recipients. J Am Acad Dermatol. 2018;
79:84-91.

Euvrard S, Morelon E, Rostaing L, et al. Sirolimus and
secondary skin-cancer prevention in kidney transplantation.
N Engl J Med. 2012;367:329-339.

Hoogendijk-van den Akker JM, Harden PN, Hoitsma AJ, et al.
Two-year randomized controlled prospective trial converting
treatment of stable renal transplant recipients with cuta-
neous invasive squamous cell carcinomas to sirolimus. J Clin
Oncol. 2013;31:1317-1323.

Grinyo JM, Del Carmen Rial M, Alberu J, et al. Safety and
efficacy outcomes 3 years after switching to belatacept from
a calcineurin inhibitor in kidney transplant recipients: results
from a phase 2 randomized trial. Am J Kidney Dis. 2017,69:
587-594.

Wang M, Mittal A, Colegio OR. Belatacept reduces skin cancer
risk in kidney transplant recipients. J Am Acad Dermatol.
2020;82:996-998.

Adami J, Frisch M, Yuen J, Glimelius B, Melbye M. Evidence of
an association between non-Hodgkin’s lymphoma and skin
cancer. BMJ. 1995;310:1491-1495.

Levi F, Randimbison L, Te VC, La Vecchia C. Non-Hodgkin’s
lymphomas, chronic lymphocytic leukaemias and skin can-
cers. Br J Cancer. 1996;74:1847-1850.

Brewer JD, Shanafelt TD, Khezri F, et al. Increased incidence
and recurrence rates of nonmelanoma skin cancer in patients
with non-Hodgkin lymphoma: a Rochester Epidemiology
Project population-based study in Minnesota. J Am Acad
Dermatol. 2015;72:302-309.

Onajin O, Brewer JD. Skin cancer in patients with chronic
lymphocytic leukemia and non-Hodgkin lymphoma. Clin Adv
Hematol Oncol. 2012;10:571-576.


http://refhub.elsevier.com/S0190-9622(20)30792-1/sref77
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref77
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref77
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref77
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref77
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref78
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref78
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref78
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref79
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref79
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref79
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref79
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref80
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref80
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref80
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref80
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref80
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref81
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref81
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref81
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref81
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref82
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref82
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref82
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref84
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref84
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref84
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref84
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref85
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref85
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref85
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref86
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref86
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref86
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref86
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref87
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref87
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref87
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref87
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref88
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref88
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref88
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref89
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref89
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref89
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref90
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref90
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref90
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref91
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref91
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref91
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref92
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref92
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref92
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref93
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref93
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref93
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref93
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref93
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref94
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref94
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref94
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref95
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref95
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref95
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref96
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref96
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref96
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref97
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref97
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref97
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref97
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref97
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref98
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref98
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref98
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref99
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref99
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref99
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref99
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref100
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref100
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref100
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref101
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref101
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref101
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref102
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref102
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref102
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref103
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref103
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref103
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref103
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref104
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref104
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref104
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref105
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref105
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref105
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref105
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref105
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref106
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref106
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref106
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref106
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref106
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref107
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref107
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref107
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref108
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref108
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref108
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref109
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref109
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref109
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref110
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref110
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref110
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref110
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref110
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref111
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref111
http://refhub.elsevier.com/S0190-9622(20)30792-1/sref111

	Field cancerization: Treatment
	Field treatments
	5-Fluorouracil
	Imiquimod
	5-Fluorouracil/calcipotriol
	Chemowraps
	Ingenol mebutate
	Photodynamic therapy
	Other therapies

	Lesion-directed therapies
	Cryotherapy
	Surgical management
	Intralesional 5-FU

	Oral treatments
	Nicotinamide
	Acitretin
	Capecitabine
	Treatment algorithms
	Clinical visits

	Field cancerization in higher-risk populations
	Solid organ transplant recipients
	Chronic lymphocytic leukemia

	References


