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The incidence of primary cutaneous melanoma continues to increase each year. Melanoma accounts for the
majority of skin cancererelated deaths, but treatment is usually curative following early detection of
disease. In this American Academy of Dermatology clinical practice guideline, updated treatment
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recommendations are provided for patients with primary cutaneous melanoma (American Joint Committee
on Cancer stages 0-IIC and pathologic stage III by virtue of a positive sentinel lymph node biopsy). Biopsy
techniques for a lesion that is clinically suggestive of melanoma are reviewed, as are recommendations for
the histopathologic interpretation of cutaneous melanoma. The use of laboratory, molecular, and imaging
tests is examined in the initial work-up of patients with newly diagnosed melanoma and for follow-up of
asymptomatic patients. With regard to treatment of primary cutaneous melanoma, recommendations for
surgical margins and the concepts of staged excision (including Mohs micrographic surgery) and
nonsurgical treatments for melanoma in situ, lentigo maligna type (including topical imiquimod and
radiation therapy), are updated. The role of sentinel lymph node biopsy as a staging technique for
cutaneous melanoma is described, with recommendations for its use in clinical practice. Finally, current
data regarding pregnancy and melanoma, genetic testing for familial melanoma, and management of
dermatologic toxicities related to novel targeted agents and immunotherapies for patients with advanced
disease are summarized. ( J Am Acad Dermatol 2019;80:208-50.)

Key words: biopsy; follow-up; genetic counseling; imiquimod; melanoma; Mohs micrographic surgery;
molecular techniques; pathology report; pregnancy; nonsurgical techniques; radiation therapy; sentinel
lymph node biopsy; skin toxicities; surgical margins; staged excision; treatment.
The American Academy of Dermatology (AAD)
strives to produce clinical guidelines that reflect the
best available evidence supplemented with the
judgment of expert clinicians. Significant efforts are
taken to minimize the potential for conflicts of
interest to influence guideline content. The manage-
ment of conflict of interest for this guideline complies
with the Council of Medical Specialty Societies’
Code of Interactions with Companies. Funding of
guideline production by medical or pharmaceutical
entities is prohibited, full disclosure is obtained and
evaluated for all guideline contributors throughout
the guideline development process, and recusal is
used to manage identified relationships. The AAD
conflict of interest policy summary may be viewed at
www.aad.org.

DISCLAIMER
Adherence to these guidelines will not ensure

successful treatment in every situation. Furthermore,
these guidelines should not be interpreted as setting a
standard of care, or be deemed inclusive of all proper
methods of care, nor exclusive of other methods of
care reasonably directed to obtaining the same results.
The ultimate judgment regarding the propriety of any
specific therapy must be made by the physician and
the patient in light of all the circumstances presented
by the individual patient, and the known variability
and biologic behavior of the disease. This guideline
reflects the best available data at the time the guideline
was prepared. The results of future studies may
require revisions to the recommendations in this
guideline to reflect new data.

SCOPE
This guideline addresses the treatment of pedi-

atric, adolescent, and adult patients with American
Joint Committee on Cancer (AJCC) clinical stages
0 to IIC primary cutaneous melanoma (CM),
including melanomas arising from the nail unit,
who may also have histologic evidence of regional
nodal disease at presentation via sentinel lymph
node biopsy (SLNB), from the perspective of the
US dermatologist and other practitioners who treat
melanoma. The guideline does not address pri-
mary melanoma of the mucous membranes or
uveal melanoma. Topics related to melanoma
prevention, screening/early detection, and diag-
nosis and management of atypical/dysplastic nevi
and atypical Spitz tumors are beyond the scope of
the guideline, as is discussion of the management
of nodal, in-transit, and distant metastasis, histo-
pathologic and immunohistochemical analysis and
pathologic reporting of sentinel lymph node (SLN)
specimens, and the use of available systemic
adjuvant therapies or those being investigated for
patients with CM who are at higher risk of
metastasis (generally, AJCC stage IIB and IIC).
Consultation with a physician or multidisciplinary
group with specific expertise in melanoma, such as
a medical oncologist, surgical oncologist, radiation
oncologist, and/or dermatologist specializing in
melanoma, should be considered for patients
with high-risk CM.
METHOD
A multidisciplinary work group (WG) consisting

of academic melanoma specialists in cutaneous,
medical, and surgical oncology, dermatopathol-
ogy, Mohs micrographic surgery (MMS), and cuta-
neous surgery, as well as representatives from
private practice and a patient advocacy organiza-
tion, was convened to update and expand on the
previously published 2011 AAD melanoma clinical

http://www.aad.org


Abbreviations used:

AAD: American Academy of
Dermatology

AJCC: American Joint Committee on
Cancer

ART: assisted reproductive technology
BRAFI: B-Raf proto-oncogene,

serine/threonine kinase inhibitor
CPG: clinical practice guideline
CLND: completion lymph node dissection
CM: cutaneous melanoma
cSCC: cutaneous squamous cell

carcinoma
CT: computed tomography
FDA: US Food and Drug Administration
GEP: gene expression profiling
HRT: hormone replacement therapy
LDH: lactate dehydrogenase
LN: lymph node
MAPK: mitogen-activated protein kinase
MBAIT: melanocytic BAP1-mutated

atypical intradermal tumor
MEKI: mitogen-activated protein kinase

kinase inhibitor
MIS, LM type: melanoma in situ, lentigo maligna

type
MMS: Mohs micrographic surgery
MPM: multiple primary melanoma
MRI: magnetic resonance imaging
MSLT: Multicenter Selective

Lymphadenectomy Trial
NCCN: National Comprehensive Cancer

Network
OCT: oral contraceptive therapy
PAM: pregnancy associated melanoma
PD-1: programmed cell death protein 1
PD-L1: programmed death ligand 1
PET: positron emission tomography
RCT: randomized controlled trial
RCM: reflectance confocal microscopy
RT: radiation therapy
SLN: sentinel lymph node
SLNB: sentinel lymph node biopsy
WE: wide excision
WG: work group
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practice guideline (CPG).1 The WG determined the
scope of the guideline, and identified important
clinical questions in the management of primary
CM (Table I). WG members completed disclosures
of interest that were periodically updated and
reviewed for potential relevant conflicts of inter-
ests throughout guideline development. If a rele-
vant conflict was noted, the WG member recused
himself or herself from the drafting of recommen-
dations pertinent to the topic area of the disclosed
interest.

An evidence-based approach was used; available
evidence published since the completion of the 2011
melanoma CPG was obtained by using a systematic
search and review of published studies from the
PubMed and Google Scholar databases from January
1, 2010, to April 30, 2017, for all identified clinical
questions. A targeted secondary search was
conducted to identify and review key published
studies from May 1 to October 31, 2017, to provide
the most current information. Searches were
prospectively limited to clinical studies in the
English language. MeSH (Medical Subject Heading)
terms used in the literature search included biopsy
(incisional, excisional ); comparative genomic
hybridization; contraceptive agents; diagnosis,
differential; diagnosis; documentation; epidemi-
ology; fluorescence in situ hybridization; follow-up;
gene expression; genetic counseling; germ cells;
hormones; humans; imiquimod; lentigo; lentigo
maligna; lymph nodes; margins of excision;
melanoma (cutaneous); melanoma in situ; Mohs
(micrographic) surgery; neoplasm metastasis;
pathology; patients; pregnancy; risk; prognosis;
radiotherapy; recurrence; research design; sentinel
lymph node biopsy; survival; surveillance;
therapeutics; toxicity; and ultrasonography.

Articles were included in evidence tables on the
basis of relevancy and the highest level of available
evidence for the outlined clinical questions. These
evidence tables were utilized by the WG in
developing recommendations, in addition to the
tables previously generated for the 2011 melanoma
guideline, to provide continuity for repeated clinical
questions. Other current guidelines on melanoma
were also evaluated.2-6

The available evidence was evaluated by using a
unified system called the Strength of
Recommendation Taxonomy (SORT), which was
developed by editors of the US family medicine
and primary care journals (ie, American Family
Physician, Family Medicine, Journal of Family
Practice, and BMJ USA).7 Evidence was graded by
using a 3-point scale based on the quality of
methodology (eg, randomized controlled trial
[RCT], case control, prospective or retrospective
cohorts, case series, etc) and the overall focus of
the study (ie, diagnosis, treatment, prevention,
screening, or prognosis) as follows:
I. Good-quality patient-oriented evidence (ie,

evidence measuring outcomes that matter to
patients: morbidity, mortality, symptom improve-
ment, cost reduction, and quality of life).

II. Limited-quality patient-oriented evidence.
III. Other evidence, including consensus guide-

lines, opinion, case studies, or disease-oriented
evidence (ie, evidence measuring intermediate,
physiologic, or surrogate end points that may or
may not reflect improvements in patient
outcomes).
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Clinical recommendations were developed on the
basis of the best available evidence. The strength of
recommendation was ranked as follows:
A. Recommendation based on consistent and good-

quality patient-oriented evidence.
B. Recommendation based on inconsistent or

limited-quality patient-oriented evidence.
C. Recommendation based on consensus, opinion,

case studies, or disease-oriented evidence.

In situations in which documented evidence-
based data were not available, or showed inconsis-
tent or limited conclusions, expert opinion and
medical consensus were utilized to generate clinical
recommendations.

This guideline has been developed in accordance
with the AAD/AAD Association Administrative
Regulations for Evidence-Based Clinical Practice
Guidelines (version approved in August 2012),
which includes the opportunity for review and
comment by the entire AAD membership and final
review and approval by the AADBoard of Directors.8

This guideline is considered current for a period of
5 years from the date of publication, unless reaf-
firmed, updated, or retired at or before that time.
INTRODUCTION
The AAD CPG for CM was last published in 2011.1

This update provides current, evidence-based
information on topics relevant to the diagnosis and
management of CM, including (1) appropriate
biopsy and pathology reporting (by the clinician
and pathologist); (2) primary surgery and staging of
the regional lymph nodes (LNs) with SLNB;
(3) baseline and surveillance studies, and; (4) surgi-
cal and nonsurgical therapy considerations for
melanoma in situ (MIS), lentigo maligna (LM) type.
In recognition of advances in CM treatment, this CPG
also provides expanded discussion of the use of new
technologies and molecular techniques that may aid
both diagnosis and prognosis; the impact of the 2017
eighth edition of the AJCC melanoma staging system
on pathology reporting and SLNB consideration9;
additional techniques for staged surgery (including
MMS) for MIS, LM type; and the use of topical
imiquimod cream for primary or adjuvant therapy
of MIS, LM type. Lastly, this CPG provides new
information and recommendations regarding
radiation therapy (RT) for CM (focusing on primary
treatment for MIS, LM type, and adjuvant therapy for
desmoplastic melanoma), pregnancy and melanoma
risk/outcome, genetic testing for germline and multi-
gene mutations, and discussion of dermatologic
toxicities of novel targeted therapies and immuno-
therapies for patients with advanced disease. The
eighth of the edition AJCC Cancer Staging Manual
was implemented nationwide on January 1, 2018.9

Staging changes that affect CM pathology reporting
and management are discussed in the relevant
sections later in this CPG. The eighth edition of the
AJCC tumor (T), node (N), metastasis (M) categories
and stage groupings are listed in Tables II and III.

BIOPSY
Skin biopsy remains the first step to establish a

definitive diagnosis of CM, although various
molecular and imaging techniques have been
studied as adjuncts to histopathologic assessment
of melanocytic neoplasms. Once a lesion has been
identified as clinically concerning, dermoscopy
can improve diagnostic accuracy and/or help
direct optimal and adequate tissue sampling in
the case of very large lesions or those in cosmet-
ically or functionally sensitive areas. Newer nonin-
vasive techniques (eg, reflectance confocal
microscopy [RCM], as well as electrical impedance
spectroscopy, gene expression analysis, optical
coherence tomography, and others [see the section
Emerging Diagnostic Technologies]) can also be
considered as these become more readily avail-
able.10-12 Prebiopsy photographs are an important
aid to clinical/pathologic correlation and help to
prevent wrong-site surgery if further treatment is
required. Photographs may be taken by the patient
and/or health care provider and should include a
regional photograph that encompasses anatomic
landmarks. Recommendations for diagnostic bi-
opsy of primary CM are summarized in Table IV;
the level of evidence and the strength of these
recommendations are shown in Table V.2,13-73

Skin biopsy may be performed by removing part
of the lesion, in what is termed an incisional, partial,
or incomplete diagnostic biopsy, or it may be
performedwith the intent to remove the entire lesion
(eg, excisional or complete).13-30 Partial biopsy may
inaccurately stage CM at the outset and could
negatively affect treatment planning.20,26,74 For
a lesion clinically suggestive of CM, an
excisional/complete biopsy is ideally performed to
encompass the entire breadth of the lesion with
clinically negative margins, and to extend to a depth
sufficient to ensure that the lesion is not
histologically transected at the deep margin.1,74,75

In general, this can be achieved with a narrow
peripheral margin of 1 to 3 mm around the concern-
ing skin lesion.1,2

Diagnostic excisional biopsy can be accom-
plished in 3 ways: (1) elliptical (fusiform) excision;
(2) punch excision around the clinical lesion; or
(3) deep shave/saucerization to a depth below the



Table I. Clinical questions used to structure the evidence review

Biopsy d What biopsy techniques are effective in establishing accurate histopathologic
diagnosis of CM?

Pathology d What clinical information should be provided to the pathologist to improve or facilitate
diagnosis?

d What histopathologic information should be included in the pathology report to
improve or facilitate clinical treatment?

d Is there a benefit to using new molecular techniques, including GEP, to provide more
accurate prognosis beyond currently known clinicopathologic factors?

Surgery d What are the recommended surgical margins and appropriate depth for invasive CM
based on Breslow thickness?

d What are the most appropriate clinical margins for MIS (including LM type)?
d What is the role of staged excision or MMS for MIS, LM type?

SLNB d What is the role of SLNB for staging, regional nodal control, and survival in patients
with CM?

d In what settings should SLNB be considered and/or recommended in patients with
CM?

Alternative/adjunctive therapies
for MIS (LM type)

d For patients with MIS, LM type, does the evidence support the use of topical
imiquimod cream as primary therapy over surgical excision or other therapies?

d Among patients with MIS, LM type, that has been ‘‘optimally’’ surgically resected, does
the use of adjuvant imiquimod help to prevent local recurrence?

RT d What is the role for RT for the primary treatment of CM (focusing on MIS, LM type)?
d What is the role of RT as an adjuvant treatment in CM (focusing on desmoplastic CM
with high-risk features)?

Work-up and follow-up d What laboratory, molecular, and imaging tests should be performed at baseline
(following CM diagnosis) and for surveillance in asymptomatic patients to detect occult
metastasis?

d What is the role of ultrasound imaging in initial evaluation and surveillance of the
regional LN(s), either before or after SLNB?

d What is the optimal frequency and duration of clinical dermatologic surveillance for
detection of CM recurrence and/or additional primary CM?

Pregnancy and exogenous
hormones

d Is there evidence to suggest that pregnancy increases the risk of developing CM?
d Is there evidence to support a waiting period before a woman with a history of CM
becomes pregnant?

d Does pregnancy affect the outcome in patients for whom cutaneous vs metastatic
melanoma has been diagnosed?

d Should pregnant women be more vigilant about changes in their skin or take
additional precautions, particularly in the setting of risk factors such as increased mole
count, history of excessive sun exposure, and/or family history of CM?

d Are exogenous hormones, oral contraceptives, and other contraceptive devices safe in
women in whom CM has been diagnosed?

Germline mutations and
multigene testing

d Is genetic testing for germline risk prediction useful and recommended for patients or
families at high risk of CM development?

d Are there selection criteria according to which individuals who have or are at risk of
developing CM should be referred for multigene testing for familial CM?

Dermato-oncology
considerations

d How often should patients with metastatic CM on newer systemic therapies be
followed for management of cutaneous side effects?

d What is the role of the dermatologist in the surveillance of patients with advanced/
metastatic CM

CM, Cutaneous melanoma; GEP, gene expression profiling; LN, lymph node;MIS, LM type, melanoma in situ, lentigo maligna type;MMS, Mohs

micrographic surgery; RT, radiation therapy; SLNB, sentinel lymph node biopsy.
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anticipated plane of the lesion, usually extending to
the deep reticular dermis.1,2,28,29 Saucerization (or
‘‘scoop’’) biopsy is the most common diagnostic
technique used by dermatologists and other
practitioners because of ease of use and time
efficiency18,25,27,29,76 and should not be confused
with a superficial shave biopsy, which should be
used only when invasive melanoma is not sus-
pected. Fig 1 depicts the excisional saucerization
technique.



Table II. AJCC TNM definitions for invasive CM

T classification

T1 #1.0 mm a.\0.8 mm without ulceration
b.\0.8 mm with ulceration or 0.8-1.0 mm with or without

ulceration
T2[1.0 to 2.0 mm a. Without ulceration

b. With ulceration
T3[2.0 to 4.0 mm a. Without ulceration

b. With ulceration
T4[4.0 mm a. Without ulceration

b. With ulceration
N and M classification
N1: 1 node or in-transit, satellite, and/or microsatellite
metastases with no tumor-involved nodes

a. Clinically occult*
b. Clinically detectedy

c. Intralymphatic metastasesz without regional lymph node
disease

N2: 2-3 nodes or in-transit, satellite, and/or microsatellite
metastases with 1 tumor-involved node

a. Clinically occult*
b. Clinically detected ($1)y

c. Intralymphatic metastasesz with 1 occult or clinically
detected regional LN

N3: $4 tumor-involved nodes or in-transit, satellite, and/
or microsatellite metastases with $2 tumor-involved
nodes, or any number of matted nodes without or with
in-transit, satellite, and/or microsatellite metastases

a. $4 metastatic clinically occult nodes with no
intralymphatic metastases

b. $4 metastatic nodes ($1 clinically detected), or matted
nodes (any number) with no intralymphatic metastases

c. $2 clinically occult or clinically detected nodes and/or
presence of matted nodes (any number) with
intralymphatic metastases

M1a: Distant skin, soft tissue (including muscle), and/or
nonregional lymph nodes

With or without elevated LDH level

M1b: Lung metastasis with or without M1a With or without elevated LDH level
M1c: Distant non-CNS visceral with or without M1a or
M1b

With or without elevated LDH level

M1d: Distant metastasis to CNS with or without M1a, M1b,
or M1c

With or without elevated LDH level

AJCC, American Joint Committee on Cancer; CM, cutaneous melanoma; CNS, central nervous system; LDH, lactate dehydrogenase; LN, lymph

node; TNM, tumor, node, metastasis.

Adapted with permission of Springer International Publishing from Gershenwald et al.9 Permission conveyed through Copyright Clearance

Center, Inc.

*Clinically occult tumor-involved regional lymph nodes are microscopically diagnosed after sentinel lymph node biopsy.
yClinically detected tumor-involved regional lymph nodes are defined as clinically evident nodal metastases confirmed by fine-needle

aspiration, biopsy and/or therapeutic lymphadenectomy.
zIntralymphatic metastases are defined by the presence of clinically apparent in-transit/satellite metastasis and/or histologically evident

microsatellite metastases in the primary tumor specimen.
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Superficial shave biopsies may underestimate
Breslow thickness23,27,30 and clinical stage and are
thus generally discouraged for CM diagnosis. An
exception occurs in the setting of a macular lesion
suggestive of MIS, LM type, in which case a broad
shave biopsy (extending into the deep papillary or
superficial reticular dermis) may provide more
thorough histologic assessment of potential focal
microinvasion than multiple incisional/partial punch
biopsies within the lesion would.77,78 Fig 2 depicts
the broad shave technique.
In instances in which a broad shave or
saucerization biopsy is performed, hemostasis with
electrocauterization or electrofulguration (hyfreca-
tion) of the base may eradicate underlying
melanoma that would otherwise be present in the
wide excision (WE) specimen for microstaging.
Although spot electrocautery may be necessary to
control postprocedural bleeding, the use of topical
hemostatic agents such as aluminum chloride or
ferric subsulfate solution is preferred, with the
addition of topical coagulants (absorbable gelatin



Table III. Pathologic stage groups according to the
eight edition of the AJCC

Pathologic TNM stage groupings

When T is And N is And M is

Pathologic

stage

Tis* N0 M0 0
T1a* N0 M0 IA
T1b* M0 M0 IA
T2a N0 M0 IB
T2b N0 M0 IIA
T3a N0 M0 IIA
T4a N0 M0 IIB
T4b N0 M0 IIC
T0y N1b, N1c M0 IIIB
T0y N2b, N2c, N3b, or N3c M0 IIIC
T1a/b-T2a N1a or N2a M0 IIIA
T1a/b-T2a N1b/c or N2b M0 IIIB
T2b/T3a N1a-N2b M0 IIIB
T1a-T3a N2c or N3a/b/c M0 IIIC
T3b/T4a Any N $N1 M0 IIIC
T4b N1a-N2c M0 IIIC
T4b N3a/b/c M0 IIID
Any T, Tis Any N M1 IV

AJCC, American Joint Committee on Cancer; TNM, tumor, node,

metastasis.

Adapted with permission of Springer International Publishing

from Gershenwald et al.9 Permission conveyed through Copyright

Clearance Center, Inc.

*Melanoma in situ (Tis) and most T1 melanomas do not require

sentinel lymph node biopsy to complete AJCC pathologic staging;

clinical nodal status may be used to assign stage.
yT0 indicates that primary tumor cannot be assessed.

Table IV. Recommendations for diagnostic biopsy
of suspected melanoma

Preferred biopsy technique is a narrow excisional/
complete biopsy with 1- to 3-mm margins that
encompass the entire breadth of lesion and is of
sufficient depth to prevent transection at the base. This
may be accomplished by fusiform/elliptical or punch
excision or deep shave/saucerization removal to depth
below the anticipated plane of the lesion.

Partial/incomplete sampling (incisional biopsy) is
acceptable in select clinical circumstances such as facial
or acral location, very large lesion, or low clinical
suspicion or uncertainty of diagnosis.

Narrow-margin excisional biopsy may be performed if an
initial partial biopsy is inadequate for diagnosis or
microstaging, but it should not generally be performed
if the initial specimen meets the criteria for
consideration of sentinel lymph node biopsy.
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sponge) when hemostasis cannot be achieved with
topical agents alone. Hemostasis with ferric
subsulfate solution results in deposition of brown
ferric pigment in the dermis, which may be
misinterpreted histologically in CM specimens,
although an iron stain can confirm the nature of
the pigment. The use of this hemostatic agent should
be noted on the pathology requisition.

Large clinical lesions and/or challenging
anatomic locations such as the face or acral
surfaces may preclude excisional diagnostic bi-
opsy of a suspicious lesion. In this instance,
partial sampling with a punch, shave, or ellip-
tical/fusiform incisional biopsy (or combination
thereof) may be performed of the most clinically
and/or dermoscopically atypical portion(s) of the
lesion, although the selected area(s) may not
represent the greatest Breslow thickness or most
atypical pathologic regions.24 There is no evi-
dence that partial/incisional biopsies adversely
affect patient outcome by transferring melanoma
cells into cutaneous lymphatics or blood vessels.19

Biopsy type (incisional vs excisional) does not
affect rates of SLN positivity or disease recurrence,
nor does it have any impact on the risk of
metastasis.17,19,26

When a partial biopsy demonstrates melanoma
that meets criteria for SLNB, there is generally no
need to remove the residual lesion before defin-
itive surgery. The additional procedure may delay
definitive surgery and pathologic staging of the
regional LNs, add to procedural costs and patient
morbidity, and potentially affect the accuracy of
SLNB in instances in which a larger elliptical/
fusiform excision with redundant skin repair is
performed. However, if a partial biopsy specimen
is inadequate to make a histologic diagnosis or to
accurately microstage the lesion for treatment
planning (including WE surgical margins or
SLNB), a narrow-margin excisional biopsy should
be performed if possible.20 When performed on
the extremities, diagnostic elliptical/fusiform exci-
sional biopsies should generally be oriented
longitudinally (ie, axially) (Fig 3). This permits
optimal subsequent WE and, if indicated, SLNB
staging.

When a biopsy of a suspicious nail lesion
(eg, melanonychia striata, diffuse pigmentation, or
amelanotic changes) is performed, the nail matrix
should be sampled. Because of the complexity of
nail anatomy and fact that melanoma arises in the
nail matrix, suspicious nail lesions are best evaluated
and sampled by a practitioner skilled in biopsy of the
nail apparatus.79 For suspicious subungual lesions,
the nail plate should be sufficiently removed to
expose the underlying lesion and an excisional or
incisional biopsy performed depending on size of
the lesion.



Table V. Level of evidence and strength of recommendations for biopsy of suspected cutaneous melanoma,
clinical information, and pathology report

Recommendation

Strength of

recommendation

Level of

evidence References

Biopsy
d Excisional biopsy with 1- to 3-mm clinically negative margins
d Partial biopsy in select circumstances
d Follow-up excisional biopsy to partial biopsy

B II 13-30

Clinical information provided to the pathologist C III Expert opinion
Pathology report
Clinical information C III 31

Tumor (Breslow) thickness A I/II 9,32-42

Ulceration A I/II 9,32-43

Mitotic rate A I/II 9,32-42,44,45

Level of invasion (Clark level) B II 36,38,39,46

Microsatellitosis B II 45,49-51

Angiolymphatic invasion B II 45,48,52-54

Histologic subtype B II 36,48,54,56

Neurotropism/perineural invasion C III 57,58

Regression B I/II 42,59-63

Tumor-infiltrating lymphocytes B II 42,64,65

Use of ancillary molecular diagnostic techniques for equivocal
melanocytic neoplasms

C III 66-73

Against testing for oncogenic mutations in the absence of
metastatic melanoma or outside of a clinical study

C III 2

Expert opinion

Fig 1. Diagnostic excisional biopsy with deep shave/saucerization technique.
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PATHOLOGY REPORT
When a biopsy of a lesion clinically suggestive of

primary CM is performed, the WG recommends that
pertinent information be provided to the pathologist
and likewise to the clinician performing the biopsy
once the diagnosis of melanoma is histologically
confirmed, with notation of essential, strongly
recommended, and optional items as indicated in
Tables VI and VII. The level of evidence and strength
of recommendations are shown in Table V.



Fig 3. Longitudinal/axial orientation of diagnostic
elliptical/fusiform excisional biopsy on the extremity.

Fig 2. Diagnostic broad shave biopsy for suspected melanoma in situ, lentigo maligna type.
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Clinical information provided to the
pathologist

On the pathology requisition, it is essential that
the clinician provide the following data to the
pathologist: patient identification, age, and sex and
precise anatomic location (eg, forearm, hand) of the
biopsy site, including laterality, to reduce chances of
subsequent wrong-site surgery.31 It is strongly
recommended that the clinician include his or
her clinical impression and differential diagnosis,
size of the lesion, and intent of the biopsy (ie,
excisional vs partial, noting the type of diagnostic
biopsy performed [elliptical/fusiform, deep shave/
saucerization, broad shave, or punch]). Macroscopic
satellites around the clinical lesion should be noted
by the clinician, as they upstage CM to stage III at the
outset and can be associated with microscopic
satellites in the primary tumor.9 It may be very useful
for the pathologist to review clinical photographs, if
possible. Optional but helpful items to be reported
include the level of suspicion for CM, clinical
description and history of the lesion beyond size
(including whether there has been a change in the
lesion or previous biopsy), and dermoscopic fea-
tures (with or without an accompanying
photograph), as these features may add specificity
to the diagnosis of CM.
Pathology information provided to the
clinician

The pathology of melanocytic tumors should
be read by a physician experienced in the
interpretation of pigmented lesions.80 The list of
histologic features to be included in the CM
pathology report is based on their prognostic
value, and standardized synoptic reporting has
been recommended by the AJCC,9 College of
American Pathologists,81 and various international
pathology associations.74 Recommendations for
histologic factors to be included in the pathology
report are shown in Table VII; the level of
evidence and the strength of recommendations
are listed in Table V.

There is strong evidence that at least 3 histologic
features of the primary tumor are dominant
predictors of outcome: Breslow thickness, ulcera-
tion, and dermal mitotic rate.9,32-40 Mitotic rate is no
longer included in the eighth edition of the AJCC CM



Table VI. Recommended clinical information to be provided to the pathologist

Essential Strongly recommended Optional

Age of patient Biopsy intent (excisional/complete vs
partial/incomplete) and technique
(elliptical, punch shave/saucerization)

Clinical description/level of suspicion for
melanoma/prior change or biopsy (if applicable)

Sex Size of lesion Dermoscopic features (with or
without photograph)

Anatomic location
(including laterality)

Clinical impression/differential
diagnosis

Macroscopic satellites
Clinical photograph
(if possible)

Table VII. Recommended histologic features of primary cutaneous melanoma for inclusion in the pathology
report

Essential Optional

Size of specimen Gross description of lesion
Tumor thickness (Breslow), nearest 0.1 mm Angiolymphatic invasion/lymphovascular invasion
Ulceration Histologic subtype
Dermal mitotic rate; ‘‘hotspot’’ method; No. of mitoses/mm2 Neurotropism/perineural invasion
Peripheral and deep margin status (negative/positive [broad vs
focal transection at deep margin])

Regression

Microsatellitosis Tumor category for staging
Tumor-infiltrating lymphocytes
Anatomic level of invasion (Clark level)
Vertical growth phase
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staging system as a dichotomous variable (\1/mm2

vs $1/mm2) for T1 primary CM because stratifying
T1 tumors using a cut point of 0.8 mm was more
prognostic than using mitotic rate, as in the seventh
edition.9 Therefore, T1a CM is now defined as not
ulcerated and less than 0.8 mm, whereas T1b CM is
defined as 0.8 to 1.0 mm regardless of ulceration
status, or ulcerated CM less than 0.8 mm.9 The WG
considers it essential for maintenance of an adequate
tumor registry that these 3 primary tumor character-
istics be included in the pathology report.

Maximum tumor (Breslow) thickness is measured
from the top of the granular layer of the overlying
epidermis or base of a superficial ulceration to the
deepest malignant cells invading dermis to the
nearest 0.1 mm, not including deeper follicular/
adventitial extension. The eighth edition of the
AJCC Cancer Staging Manual has modified the
reporting of thickness to the nearest 0.1 mm rather
than to the nearest 0.01mm (eg, a thickness of 0.75 to
0.84 mm would be rounded to 0.8 mm).9

Microsatellitosis should not be included in this
primary tumor measurement but commented on
separately, as noted later in this guideline.
Primary tumor histologic ulceration is associated
with worse prognosis for both CM and nodal disease
(stage III) and should be reported as present or
absent. Microscopic ulceration is defined as
tumor-induced full-thickness loss of epidermis with
subjacent dermal tumor and reactive dermal
changes.9,35,43 Histologic changes resulting from
prior diagnostic biopsy or trauma should not be
confused with ulceration in the WE specimen.

Mitotic rate, measured as the number of dermal
mitoses per mm2 via the ‘‘hot spot’’ technique (with
1 mm2 approximately equal to 3-4 high-power [340]
microscopic fields, calibrated for the individual
microscope type and starting in the field with most
mitoses), was included as a staging attribute in the
seventh edition of the AJCC CM staging system to
upstage patients with CM 1 mm or less in thickness
from T1a to T1b, replacing Clark level.32,39 In the
eighth edition the AJCC CM staging system, primary
tumor mitotic rate as a dichotomous variable was
removed as a staging criterion for T1 CM. However,
mitotic rate remains an important prognostic factor
that should be reported (as a whole number per
mm2) for all patients with T1 to T4 primary CM
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because it is associated with survival across all
thickness categories.9,44

An additional essential element of the pathology
report is the status of the peripheral and deep
margins (positive or negative) of the specimen.
Presence or absence of tumor at the surgical margin
indicates whether the entire lesion was available for
histologic evaluation and provides guidance for
further management. The pathology report should
ideally note whether in situ or invasive melanoma is
present at the deep and/or peripheral margins and
whether broad versus focal transection of the
invasive component is present at the deep margin.
For example, a focally transected CM at the deep
margin is unlikely to result in a thicker melanoma on
WE, or ultimately affect AJCC stage defined by
T category. Although broad transection of both
peripheral and deep margins by invasive CM is likely
in partial biopsies of large clinical lesions, notation of
the extent and location of the histologic transection
may assist in treatment planning.

Although the College of American Pathologists
and various international pathology groups74,81 have
recommended reporting measurement (in mm) of
distance between the tumor and peripheral and deep
margins on both biopsy and WE specimens, this
practice is generally discouraged by the WG. It
should be emphasized that for primary CM,
treatment recommendations are based on the clinical
measurement of surgical margins around the tumor
and not on histologically measured peripheral or
deep margins.1,2 Routine reporting of histologic
margin status (in mm) may result in unnecessary
additional WE if the clinician is unaware of this.
However, when a clear margin is narrow, it may be
appropriate to alert the clinician and provide a
measured margin width, recognizing that this is a
practice that should be individualized between the
dermatologist and pathologist.

In the eighth edition of the AJCC staging system,
the presence of in-transit, satellite, and/or
microsatellite metastases is categorized as N1c
(pathologic stage IIIB with a T1a/b to T3a primary
tumor and pathologic stage IIIC with a T3b or T4a/b
primary tumor) in the absence of involved regional
LN(s), and N2c or N3c on the basis of the presence of
1 (N2c) or 2 or more (N3c) concomitantly involved
regional LN(s). Depending on the specific T- and
N-category criteria, such patients would be staged as
either stage IIIC or IIID (Table II).9 Therefore, the
presence or absence of microscopic satellites must
be reported for accurate staging. The seventh edition
of the AJCC melanoma staging system previously
defined microsatellites as the presence of tumor
nests larger than 0.05 mm in diameter located in
the dermis or subcutis below or surrounding the
main invasive tumor and separated by at least 0.3mm
of normal tissue.32 The eighth edition of the AJCC
melanoma staging system has broadened this defi-
nition to include any discontinuous microscopic
deposit adjacent or deep to a primary melanoma,
regardless of size or distance from the main tumor.9

Microsatellite disease is frequently associated with
other adverse pathologic features.47

The anatomic (Clark) level of invasion was a
reportable feature in the 2009 AJCC staging
system, but only for tumors less than or equal to
1 mm in thickness when mitotic rate could not
be assessed, and it is now considered optional for
all stages. Nevertheless, several studies have
demonstrated relevance of Clark level in
management decisions, especially when mitotic
rate information is not available.38,41,46 Therefore,
assessment of Clark level may be included in the
pathology report as an optional and potentially
helpful feature.

There is evidence that additional histologic
features of a primary CM provide prognostic value,
including the extent of tumor-infiltrating
lymphocytes42,64,65 and the presence or absence of
a vertical growth phase,82 dermal regression,42,59 and
angiolymphatic invasion (also termed lymphovascu-
lar invasion).52,53 Focal or partial histologic
regression is commonly observed in T1 CM,
previously raising concern that true Breslow
thickness may be underestimated.83 However, most
contemporary data support the idea that primary
tumor histologic regression is not an adverse
prognostic factor for nodal metastasis or survival60,61

and rather, is associated with a lower likelihood of
SLNB positivity62 and improved survival,63 with the
possible exception of extensive or complete regres-
sion.84 Although not essential, it is recommended
that these histologic characteristics be included as
optional elements of the pathology report, as their
inclusion may help to guide clinical management.
Although the prognostic value of neurotropism (also
termed perineural invasion) is uncertain, its pres-
ence or absence provides information that may alter
management of the primary tumor, particularly for
the desmoplastic subtype,85 and is also therefore
recommended as an optional histologic character-
istic to be reported.

The prognostic value of the histologic subtype of
CM has not been established, with some notable
exceptions. For instance, there is some evidence to
support that primary melanomas with a purely
desmoplastic histologic subtype have a lower risk
of nodal and distant metastases, but potentially
higher risk of local recurrence.55 Similarly, the LM



Table VIII. Recommendations for diagnostic, prognostic, and therapeutic molecular testing

Ancillary diagnostic molecular techniques (eg, CGH, FISH, GEP) may be used for equivocal melanocytic neoplasms.

Routine molecular testing, including GEP, for prognostication is discouraged until better use criteria are defined. The
application of molecular information for clinical management (eg, sentinel lymph node eligibility, follow-up, and/or
therapeutic choice) is not recommended outside of a clinical study or trial.

Testing of the primary CM for oncogenic mutations (eg, BRAF, NRAS ) is not recommended in the absence of metastatic
disease.

BRAF, B-Raf proto-oncogene, serine/threonine kinase gene; CGH, comparative genomic hybridization; CM, cutaneous melanoma;

FISH, fluorescence in situ hybridization; GEP, gene expression profiling; NRAS, NRAS proto-oncogene, GTPase gene.

Table IX. Surgical margin recommendations for
primary cutaneous melanoma

Tumor thickness Surgical margin*

In situ 0.5-1 cmy

#1.0 mm 1 cm
[1.0 to 2.0 mm 1-2 cm
[2.0 mm 2 cm

*Recommended surgical excision margins are clinically measured

from the edge of the lesion or prior biopsy at the time of surgery;

they are not histologic margins as measured by the pathologist.

Margins may be modified for functional considerations or

anatomic location.
yMargins larger than 0.5 cm may be necessary for melanoma in

situ, lentigo maligna type.
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pattern, which is commonly observed on the head
and neck, may be associated with subclinical
peripheral and periadnexal extension beyond the
visible margins,86,87 which may require wider
surgical margins to clear histologically.88 Moreover,
histopathologic subtypes are also associated with
different profiles of driver mutations. Thus,
histologic subtype is recommended as an optional
element of the pathology report.

Immunohistochemistry is of greatest importance
in confirming the melanocytic origin of tumors that
lack compelling morphologic indicators, such as
pigmentation, nesting, and pagetoid scatter.
Antibodies of use for this purpose include Sox10
and S100, which are sensitive but less specific, and
Melan-A/MART1, HMB45 and tyrosinase, which are
more specific for melanocytic differentiation.89

Testing of primary CM for oncogenic (‘‘driver’’)
mutations such as B-Raf proto-oncogene, serine/
threonine kinase gene (BRAF ), whether by
immunohistochemistry or genomic techniques, is
generally not recommended by the WG in the
absence of metastatic disease and/or clinical trial
consideration.2 Other ancillary tests that can be of
value in selected cases include HMB45 immunohis-
tochemical staining (in which case diminution of
staining can be a reassuring feature),90 expression of
Ki-67 proliferation marker, and staining for p16.91 If
present, the latter marker excludes homozygous
chromosome 9p21 loss, which has been associated
with aggressive behavior in some tumors, including
spitzoid lesions.92 However, absence of p16 staining
is not diagnostic of CM, or reliably predictive of
outcome. Telomerase reverse transcriptase gene
(TERT) promoter mutations93 and protein
expression94 are under investigation for diagnostic
and prognostic value, especially in spitzoid lesions.

Diagnostic molecular techniques are still largely
investigative and may be appropriate as ancillary
tests in equivocal melanocytic neoplasms, but they
are not recommended for routine diagnostic use in
CM.66,67 These include comparative genomic
hybridization,68 fluorescence in situ hybridiza-
tion,66,69-71 gene expression profiling (GEP),72,73
and (potentially) next-generation sequencing.95

These tests may help to differentiate benign nevi
from CM, including atypical Spitz tumors. In the
opinion of theWG, there is also insufficient evidence
of benefit to recommend routine use of currently
available prognostic molecular tests, including GEP,
to provide more accurate prognosis beyond
currently known clinicopathologic factors (see
Table VIII for recommendations and Table V for
level of evidence).67,96,97

Finally, CM is a cancer reportable to central
registries, by both the diagnosing clinician and the
pathologist. Significant rates of under-reporting
occur despite the nationwide reporting mandate,
which is required by law in all 50 states.98-100

Regional and state cancer registries have
mechanisms in place to aid practitioners in accurate
reporting of CM.98,101
SURGICAL MANAGEMENT
Surgical margins and depth of excision

Surgery remains the primary treatment modality
for CM, with the goals of both durable local control
and cure in patients without occult regional nodal or
distant metastasis.102 Following initial biopsy, wider
and deeper excision is performed to ensure com-
plete removal of the lesion, confirm histologically
clear margins, and reduce the risk of local



Table X. Recommendations for surgical management of primary cutaneous melanoma

Surgical excision with histologically negative margins is the recommended and first-line treatment for primary CM of any
thickness, as well as for melanoma in situ. Surgical margins should be based on tumor thickness.

Surgical margins for invasive CM should be $1 cm and #2 cm measured clinically around the primary tumor, although
margins may be narrower to accommodate function and/or anatomic location. Depth of excision is recommended to (but
not including) the fascia.

For melanoma in situ, wide excision with 0.5- to 1.0-cm margins is recommended; MIS, LM type, may require[0.5-cm
margins to achieve histologically negative margins because of subclinical extension.

Sentinel lymph node biopsy, when indicated, should be performed before wide excision of the primary tumor, and in the
same operative setting, whenever possible.

Mohs micrographic surgery* or staged excision with paraffin-embedded permanent sections may be utilized for MIS, LM
type, on the face, ears, or scalp for tissue-sparing excision and exhaustive histologic assessment of peripheral margins.

For MIS, LM type, permanent section analysis of the central MMS debulking specimen is recommended to identify and
appropriately stage potential invasive CM. If invasive CM is identified on a MMS section intraoperatively, the tissue should
be submitted for formal pathology review.

Sube1-cm margins (by either WE or MMS) for primary invasive melanomas at anatomically constrained sites (eg, head and
neck, acral sites) are generally not recommended until further studies are available.

CM, Cutaneous melanoma; MIS, LM, melanoma in situ, lentigo maligna; MMS, Mohs micrographic surgery; WE, wide excision.

*The American Academy of Dermatology is in the process of updating the Mohs Appropriate Use Criteria.
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recurrence. The latter includes both true local
recurrence, defined by the presence of in situ and/
or radial growth phase (ie, persistent disease), and
local, satellite recurrence or metastasis (ie,
intralymphatic deep dermal or subcutaneous fat
recurrence without an in situ or radial growth phase)
within or adjacent to the scar. Recommended
surgical margins for invasive CM are based on
high-level, prospective RCTs (which have generally
excluded head and neck and acral sites)103-110;
however, prospective RCTs, including direct
comparison of various surgical techniques, have
not been conducted for MIS.111 Surgical margins for
MIS, LM type (and to a certain extent, acral
lentiginous MIS), are complicated by potential for
subclinical extension of CM cells, which may require
different surgical approaches. Recommendations for
surgical treatment of CM, including recommended
surgical margins, are listed in Tables IX and X. The
level of evidence and strength of recommendations
are shown in Table XI.*

As noted previously, WE margin recommenda-
tions are based on studies in which the margins were
clinically measured around the primary tumor at the
time of surgery and not histologically measured by
the pathologist. Such surgical margins do not
typically correlate with histologically tumor-free
margins as a result of ex vivo tumor shrinkage and
formalin fixation of the WE specimen. Clinicians
should not attempt to achieve a histologic margin
equal to the clinical surgical margin. However, for
management purposes, clinicians should record the
peripheral surgical margins taken for both the
*33,40,87,103-110,112-164
fusiform excisional biopsy and the subsequent WE.
If histologically clear, the excisional biopsy margin
may be added to the WE surgical margin for
definitive surgical treatment.

Specific surgical margin recommendations for
invasive CM are based on the following concepts:
(1) WE is associated with a reduced risk of local
recurrence; (2) for CM less than or equal to 2.0 mm in
thickness, there is not strong evidence that surgical
margins larger than 1 cm favorably affect survival or
local recurrence; and (3) current data do not support
that idea that surgical margins wider than 2 cm affect
overall survival. The WG recommends that surgical
margins for invasive primary CM be at least 1 cm and
no greater than 2 cm, depending on tumor
thickness.1,2 It is important to note that most
prospective RCTs have mainly included truncal and
extremity CM and excluded CM on the head and
neck or acral sites, where narrower margins may be
necessary to preserve function and/or cosmesis.

Despite limited evidence regarding excision of
CM less than or equal to 1.0 mm in thickness, WE
with a surgical margin of 1 cm is recommended for
T1 (#1 mm) CM103,111 and may be acceptable for T2
CM ([1.0 mm to 2.0 mm),104 although 2-cm margins
are also deemed appropriate for T2 lesions on the
basis of prospective, randomized trials.105-107 On the
basis of the available evidence and consensus
opinion, the WG continues to recommend a 1- to
2-cm surgical margin for T2 CM, taking into account
tumor location and functional or cosmetic
considerations.1

A surgical margin of 2 cm is recommended for CM
with a tumor thickness greater than 2.0 mm (ie, T3,
[2.0 to 4.0 mm and T4,[4.0 mm). One RCT found



Table XI. Level of evidence and strength of recommendations for the surgical management and SLNB of
primary CM

Recommendation

Strength of

recommendation Level of evidence References

Surgical excision for CM A I 103-110

Surgical margins for CM
MIS B II/III 112-117

#1.0 mm A I/II 103,104,118-120

[1.0 to 2.0 mm A I 33,103-107,121,123

[2.0 mm A I 33,105,108-110,122,124

MMS for MIS, LM type B II/III 87,125-142

Caution against sube1-cm margins for invasive CM C III 130,143-145

Expert opinion
SLNB before/concomitant with WE C II 146

SLNB
d No SLNB for MIS or T1a melanoma
d Discussion of SLNB for T1a melanoma (\0.8 mm) if other
adverse features are present

d Discussion of SLNB for T1b CM (\0.8 mm with ulceration and
0.8-1.0 mm with or without ulceration)

d Discussion and offering of SLNB for CM[1 mm thickness ($T2a)

B I/II 40,147-164

Discussion of SLNB risks vs benefits with patients
Interdisciplinary discussion regarding possible CLND or ultrasound
surveillance if positive SLNB

C III Expert opinion

CLND, Completion lymph node dissection; CM, cutaneous melanoma; MIS, LM, melanoma in situ, lentigo maligna; MIS, melanoma in situ;

MMS, Mohs micrographic surgery, WE, wide excision.
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that narrower excision of CM greater than or equal to
2mm in thickness with a 1-cmmargin was associated
with a somewhat higher combined local, in-transit,
and nodal recurrence rate than wider excision with a
3-cm margin, although SLNB was not used for
pathologic staging to exclude occult regional
nodal disease at the time of initial WE.108 No
overall survival difference was evident at a median
follow-up of 5 years or in long-term follow-up at a
median of 8.8 years, though a nonsignificantly
higher number of deaths were reported in the
narrow-margin group.109 Surgical complications
were higher in the wider-margin group, as was
long-term adverse patient perception of the scar
site.124 Another multicenter RCT conducted in 9
European countries from 1994 to 2002 involved 936
patients with clinically staged IIA to IIC CM greater
than 2.0 mm, randomized to WE with either 2-cm or
4-cm resection margins.110 At a median follow-up of
6.7 years, the 5-year overall survival rate in both
groups was 65%, supporting the conclusion that
the 2-cm resection margin was sufficient and that
larger margins did not confer improved patient
outcomes.

The evidence regarding depth of WE is less robust
than that for peripheral surgical margins, as prior
RCTs have not typically standardized depth of
excision. Although there is reported variability ac-
cording to physician specialty,165 the consensus
opinion and that of the WG is that invasive CM
should generally be excised to the depth of (but not
including) the underlying muscular fascia, except in
rare instances of deep primary CM that involves the
fascia or underlying structures.166 No RCTs have
specifically explored whether shallower excision to
the deep adipose layer affects local recurrence or
survival. The WG acknowledges that most
melanomas in situ and many thin T1 melanomas
are excised to a depth within the adipose layer rather
than extending to the muscle fascia. However, no
data are available to confirm whether this practice is
safe or appropriate, particularly for invasive CM.

As with diagnostic biopsy of the nail apparatus,
WE of CM on the digits requires specialized surgical
expertise. Because little soft tissue underlies the nail
apparatus, partial amputation at the distal interpha-
langeal joint has typically been recommended for
subungual CM on the fingers or toes to avoid
complications of degloving the skin on the distal
digit. However, partial amputation has not been
associated with improved prognosis or survival
compared with more conservative techniques,167,168

although there is no high-level evidence. Narrower
surgical margins and digit-sparing surgery have been
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proposed to preserve function, particularly for
thinner T1 CM (#0.8 mm) and in situ lesions, and
they warrant further investigation.169,170

Timing of excision in relation to SLNB
When SLNB is planned, data support its perfor-

mance during the same operation and before WE of
the primary tumor to minimize disruption of the
lymphatic channels and optimize the accuracy of
lymphatic mapping and identification of the correct
SLN(s).146 In carefully selected patients with a prior
WE, the SLN(s) may still be successfully identified and
accurately reflect the pathologic status of the regional
LNbasin(s),146,171 but thismay requiremore extensive
surgery and result in higher morbidity and cost.

Surgical margins for MIS, including the LM
type

Although no RCTs of surgical interventions for MIS
have been conducted,112 on the basis of lower-level
evidence, theWG recommends a 0.5- to 1-cmmargin,
recognizing that a 0.5-cm margin is generally
adequate and associated with low recurrence rates
for MIS, non-LM types, and for most MIS on the trunk
and extremities.113,114 Surgical margins of 0.5 cmwere
initially recommended for MIS in 1992 through the
National Institutes of Health Consensus Development
Conference on Diagnosis and Treatment of Early
Melanoma,111 though this statement was not based
on any prospective trials and it applied mainly to the
more common superficial spreading melanoma sub-
type, in which the clinical borders of the lesion are
usually distinct. The most appropriate depth of
excision for MIS has not been studied in a RCT, but
surgery is commonly performed to the depth of the
deep subcutaneous fat because occult invasive mel-
anoma (generally less than 0.5 mm) has been
reported in up to a third of MIS.172

Certain MIS subtypes (LM and acral lentiginous)
tend to have a higher propensity for subclinical
peripheral tumor extension and/or adjacent multi-
focal microscopic disease. Thus, complete excision
may necessitate the use of wider surgical margins
and/or margin control techniques that allow
comprehensive histologic assessment of the periph-
eral margins. Because surgical margins wider than
0.5 cm are often necessary to provide histologically
clear peripheral margins for MIS, LM type, on the
head and neck,88,113,115,116 a 0.5- to 1-cm surgical
margin may be considered. However, microscopic
assessment of MIS, LM type, is frequently compli-
cated by the presence of sun-damaged melanocytes
(actinic melanocytic hyperplasia), which do not
represent MIS but may simulate it.173-176 Sampling
of representative sun-damaged skin may help
distinguish true atypical junctional melanocytic pro-
liferations from actinic melanocytic hyperplasia.1

Although there are limited data to support the use
of noninvasive modalities to identify the clinical
peripheral margins of MIS, LM type, Wood’s
lamp,177 dermoscopy, and/or in vivo RCM178,179

may aid in preoperative assessment.

MMS and staged excision techniques for MIS,
LM type

There is a general lack of high-quality evidence for
the surgical treatment of MIS and invasive CM on the
head and neck and on acral sites, with only 1 RCT for
invasive CM including those on the head and neck107

and none including acral sites. For MIS with indistinct
clinical margins on the head and neck (generally of
the LM type), multiple studies have examined the
utility of MMS and staged excision with paraffin-
embedded permanent sections.117,125-129 The WG
recommends that these surgical techniques be consid-
ered for MIS, LM type, to provide tissue-sparing
excision on anatomically constrained sites (eg, face,
ears, scalp) and exhaustive peripheral margin histo-
logic assessment. For invasive LM melanoma in these
locations, comprehensive peripheral margin control
(with staged excision or MMS) may be considered for
residual MIS, LM type, in addition to complete
excision and paraffin-embedded permanent section
evaluation of all invasive disease.130,143,144

The WG acknowledges the available retrospec-
tive data and ongoing efforts to evaluate the benefit
of MMS for invasive melanoma on head and neck,
acral, and other sites.130,143,144 Currently, the non-
inferiority of narrower surgical margins to those
recommended in nonehead and neck sites (whether
obtained through MMS, staged excision with perma-
nent sections, or conventional WE) has not been
prospectively established. The risks of sube1-cm
margins in this setting require further study in light of
reported worse prognosis of thicker (T2-T4) CM on
the head and neck and on the scalp in particular.180

The WG reaffirms the general 1-cm minimum surgi-
cal margin for invasive CM as espoused in all inter-
national guidelines145 and cautions strongly against
the routine use of narrower surgical margins for
invasive melanomas at any site, except in rare
circumstances for head and neck or acral lesions.
However, the WG encourages further study of MMS
and alternative surgical techniques for CM on these
anatomically constrained areas.

MMS and other staged surgical techniques for MIS,
LM type, remain in evolution. As such, WG recom-
mendations are based on several retrospective
studies and a single prospective analysis,128 as well
as on expert opinion. A recent retrospective analysis



Table XII. Recommendations for sentinel lymph node biopsy

For all SLNB-eligible patients, careful discussion of the risks and benefits of the procedure involving surgical oncology input
is recommended.

SLNB is not recommended for patients with MIS or for most T1a CM (\0.8 mm without ulceration per the eighth edition of
the AJCC staging system).

SLNB should be discussed and offered in appropriate patients with CM[1 mm thickness ($T2a), including T4 CM.
In patients with T1b CM (\0.8 mm with ulceration or 0.8-1.0 mm with or without ulceration per the eighth edition of the
AJCC staging system), SLNB should be discussed and considered, though rates of SLN positivity are still relatively low.

SLNB may be considered for T1a CM if other adverse features are present, including young age, presence of lymphovascular
invasion, positive deep biopsy margin (if close to 0.8 mm), high mitotic rate, or a combination of these factors.

Interdisciplinary collaboration involving surgical and medical oncologists is recommended for discussion of possible
completion lymph node dissection vs regional nodal ultrasound surveillance in the event of a positive SLNB.

AJCC, American Joint Committee on Cancer; CM, cutaneous melanoma; MIS, melanoma in situ; SLN, sentinel lymph node; SLNB, sentinel

lymph node biopsy.
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of 277 patients treated with MMS and 385 patients
treated with conventional WE (mean surgical mar-
gins, 0.6 cm) demonstrated no significant differences
in local recurrence rates, overall survival, or
melanoma-specific survival at a median follow-up
of 8.6 years, although significantly more patients
with MIS on the face underwent MMS than conven-
tional WE (80.2% vs 36.7%, respectively,
[P \ .001]).129 Other retrospective analyses and
prospectively followed cohorts have demonstrated
improved histologic assessment of peripheral mar-
gins and lower rates of local recurrence for MIS on
the face and ears with MMS versus with conventional
WE.127,130-132 At present, the evidence is insufficient
to support use of MMS for MIS elsewhere on the
body.181

Two main MMS techniques for MIS are commonly
described in the dermatologic literature: traditional
MMS and modified MMS. The principal difference
lies in configuration of the excision and use of frozen
versus permanent section assessment. Permanent
section analysis of the central debulking specimen is
recommended, regardless of the MMS technique, to
identify and appropriately stage potential residual
invasive CM. Likewise, if invasive CM is identified on
a MMS section intraoperatively, the tissue block
should be submitted for permanent section analysis
and formal pathology review. As with the 2011 AAD
CPG, for in situ and invasive CM, permanent
paraffin-embedded sections are considered the cri-
terion standard for histologic evaluation of melano-
cytic lesions.182

Several variations of staged excision techniques
have been described. Like MMS, they are aimed at
providing comprehensive margin control before
reconstruction. Specific techniques include the
‘‘square’’ procedure (and associated variations),
‘‘spaghetti technique’’ (and variations), ‘‘slow
Mohs,’’ staged excision with radial vertical sections,
and mapped serial excision techniques.87,126,133-142

No study directly comparing these staged excision
techniques has been conducted. Like MMS, all staged
excision techniques involve removal of the majority
of the clinically apparent lesion for histologic micro-
staging. In contrast to MMS, all tissue analysis is
performed via paraffin-embedded permanent sec-
tions that are read by a pathologist in the various
staged excision techniques, which require delayed
reconstruction following histopathologic confirma-
tion of negative margins.

Currently, there are limited data to support the use
of in vivo imaging technologies for intraoperative,
surgical margin assessment of MIS, LM type. Some
preliminary data suggest that in vivo RCM can be
helpful in identifying the tumor’s peripheral
margin and therefore guide surgical removal,
and this approach remains an active area of
investigation.178,179,183,184

SLNB
Role of SLNB for staging, regional nodal
control, and survival

Current practice guidelines involving every disci-
pline and every major guideline/staging organiza-
tion worldwide provide relatively uniform
recommendations regarding SLNB for CM, and they
are consistent in interpretation of its value and
limitations.2,9,145,185 Recommendations for the use
of SLNB and the level of evidence and strength
of these recommendations are summarized in
Tables XII and XI, respectively.

Staging
Accurate staging of CM drives surgical treatment,

surveillance intensity, and other therapeutic options
including the use of newer systemic adjuvant
therapies. The staging accuracy of SLNB is not
controversial,9 though its impact on survival remains
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less well defined. It is important to recognize that
staging tests are typically validated not on the basis of
their ability to improve survival but rather on
the basis of their sensitivity and specificity, with
SLNB representing the criterion standard for
nodal staging in appropriate patients with CM. SLN
status is also a key determinant for consideration
of systemic adjuvant therapy and clinical trial
enrollment.

Pathologic staging of the regional LNs identifies
patients with CMwith occult metastasis and upstages
a patient to AJCC stage III at the outset. SLN status
(positive or negative) is widely regarded as the most
important prognostic factor for recurrence and the
most powerful predictor of survival in patients with
CM. A meta-analysis of 71 studies and 25,240
participants estimated an overall 5% or lower risk
of regional nodal recurrence following a negative
SLNB.186 Markedly improved survival has been
demonstrated in patients with advanced CM with
the use of immune checkpoint blockade and thera-
pies targeting the mitogen-activated protein kinase
(MAPK) pathway.187 These agents have recently
shown a survival advantage in the adjuvant setting
for SLN-node postive patients,188,189 making accurate
staging even more relevant.

Regional LN control
Regional LNs are the most common site of initial

metastasis in patients with CM. Surgically uncontrol-
lable regional nodal disease has a major negative
impact on quality of life, and it is worth preventing
when possible. Lower rates of same-basin LN
recurrence and improved disease-free survival occur
following lymphadenectomy of clinically occult/
microscopic metastasis compared with delayed lym-
phadenectomy of clinically detected, palpable
nodesedepending on the number of nodes
involved, nodal tumor burden, and presence of
extracapsular nodal extension.147,148 The difference
in the complexity and morbidity of lymphadenec-
tomy, including lymphedema, for clinically detected
versus occult disease is also relevant.190

Although the details of SLNB may be beyond the
scope of dermatology practice, a brief review of the
procedure is included for information and for patient
education. Preoperative lymphatic mapping
(lymphoscintigraphy), intraoperative vital blue dye
injection around the primary CM or biopsy scar, and
gamma probe localization with technetium-99 sulfur
colloid are used to identify and remove the SLN(s),
optimally during the same procedure as the WE. The
SLNs are then examined histologically for the pres-
ence of tumor involvement by using both routine
histology and immunohistochemistry, as well as step
sectioning.149 The AJCC Melanoma Expert Panel and
the International Melanoma Pathology Study Group
are working to standardize histologic measurement
of SLN tumor burden and other factors that affect
survival.9,40

Completion LN dissection (CLND) has tradition-
ally been recommended and performed following a
positive SLNB, because approximately 8% to 20% of
patients will harbor nonsentinel nodal metastases.
However, a randomized trial of 483 patients with
nonehead and neck CM demonstrated no difference
in overall survival between SLN-positive patients
who underwent CLND and those who did not at a
median follow-up of 35 months, regardless of tumor
thickness, ulceration, or SLN tumor burden.191 The
larger (N = 1934) randomized Multicenter Selective
Lymphadenectomy Trial (MSLT)-II trial192 assessing
CLND versus active nodal observation with ultra-
sound in patients with a positive SLNB showed that
immediate CLND increased the rate of regional
disease control and improved staging among pa-
tients with a positive SLN but did not increase
melanoma-specific survival among all patients with
SLN metastasis at a median follow-up of 43 months.

These data and other retrospective studies193 raise
the question of whether CLND is indicated following
a positive SLNB, given the associated morbidity.
Current National Comprehensive Cancer Network
(NCCN) guidelines recommend that CLND versus
active nodal basin surveillance with ultrasound be
discussed and offered in the setting of a positive
SLNB,2 although CLND may be reasonable in the
setting of higher SLN tumor burden, greater number
of positive SLNs, and/or adverse histologic features
in the primary CM. Surveillance regional nodal
ultrasound may also be used to monitor the regional
nodal basin in patients who are eligible for SLNB but
do not undergo the procedure or in whom SLNB is
technically not successful, although ultrasound is not
a replacement for the pathologic information pro-
vided by either SLNB or CLND.2,194 The WG recom-
mends interdisciplinary collaboration involving
surgical and medical oncologists for discussion of
CLND, and radiologists experienced in the use of
nodal ultrasound surveillance in patients with CM.

Melanoma-specific survival
SLNB provides the most reliable and accurate

means of staging for appropriate patients
with primary CM. The Multicenter Selective
Lymphadenectomy Trial (MSLT-I) and Sunbelt
Melanoma Trial did not demonstrate a therapeutic
benefit of SLNB, although the low rates of SLN
positivity in these RCTs may have limited their power
to detect an overall survival difference between
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patients who underwent the procedure and those
who did not.148,150 In the randomized MSLT-I, only
20.8% of patients with CM thickness of 1.2 mm or
greater had occult nodal disease, although the subset
of SLN-positive patients with tumors 1.2 to 3.5 mm in
thickness exhibited a melanoma-specific survival
benefit compared with those in the observation
arm who subsequently developed regional nodal
metastasis (hazard ratio for death from melanoma,
0.56; P = .006).148 It was thus concluded that for
adults with intermediate-thickness CM, delayed
detection and treatment of nodal disease appeared
to increase the extent of nodal disease when
clinically detected (ie, palpable), increase the
morbidity of treating that disease, and increase the
likelihood of death from CM. As already noted,
improved melanoma-specific survival was not
demonstrated in the subset of patients who under-
went immediate CLND in the second Multicenter
Selective Lymphadenectomy Trial.192

Although the MSLT-I showed no survival benefit
for SLNB in the subset of patients with T3 CM greater
than or equal to 3.6 mm in thickness and T4 lesions,
staging and regional control benefit is critical in this
subgroup at higher risk of regional nodal recurrence
and distant metastasis. As noted, accurate staging
may promote oncologic consultation and consider-
ation for adjuvant systemic therapy or clinical trials,
most of which require SLNB.

Settings in which to discuss, consider, and/or
offer SLNB

TheWG recommends that pathologic stagingwith
SLNB be discussed and offered for CM at least 1 mm
in thickness and states that it may be considered for
thinner T1 CM with a Breslow thickness of 0.8 to
1.0 mm (with or without ulceration) or less than
0.8 mm with adverse features (ulceration, lympho-
vascular invasion, and/or high mitotic rate,
particularly in the setting of younger age).
Discussion of SLNB and decision making regarding
pursuing vs foregoing this staging procedure should
be conducted on an individual basis and with
appropriate input from surgical oncology.

Consideration of SLNB in T1 CM is more
controversial than for thicker CM, and identification
of tumors at higher risk of SLN positivity remains an
active area of investigation. NCCN guidelines stratify
consideration of SLNB in T1 CM according to Breslow
thickness,2 which is the strongest predictor of SLN
positivity, particularly at or above the 0.75 mm (now
0.8 mm) threshold.40 The WG recommends discus-
sion of SLNB in patients with T1b CM, defined per the
eighth edition of the AJCC staging system as less than
0.8 mm with ulceration or 0.8 to 1.0 mm with or
without ulceration, although overall rates of SLN
positivity in this subset of patients are still relatively
low (#10%). Rates of SLN positivity in T1a CM
(\0.8 mm without ulceration) are generally less
than 5%.151,152 Therefore, the WG does not recom-
mend SLNB for patients in the T1a subgroup unless
other histologic adverse features are evident.2,153,154

Although histologic ulceration, lymphovascular
invasion, and high mitotic rate (the threshold for
which remains to be established) are relatively un-
common in T1 CM, they have been associated with
increased likelihood of SLN positivity in many, but
not all studies.83,153,155-158,195 Further analyses that
assess mitotic rate across its continuum for survival-
based end points and establish a relevant threshold
for consideration of SLNB in T1 melanoma will likely
inform clinical decision making.

Younger patients (\40 years) generally have
higher rates of SLN positivity than do older pa-
tients.159,196,197 Therefore, age should be taken into
consideration for SLNB, particularly when other
adverse histologic features are present in T1a or
T1b CM. Incomplete/partial biopsy of the primary
tumor, with a positive deep margin close to the
0.8 mm T1a/T1b threshold, is another reason to
consider SLNB staging in thinner CM.

Contrary to previously held opinions that overall
survival in patients with CM greater than 4.0 mm
(T4) is determined by high rates of distant metas-
tasis (apart from nodal status), SLN status remains a
strong independent predictor of outcome and is
essential for adjuvant therapy consideration and
clinical trial stratification.160,161 For all SLNB-eligible
patients, the WG recommends careful discussion of
the risks and benefits of the procedure, involving
surgical oncology input when possible.

Reasons not to perform SLNB include advanced
age, poor functional status, and/or comorbid condi-
tions that portend a short life expectancy or preclude
general anesthesia or subsequent treatment. As age
increases, SLNs becomemore difficult to identify and
rates of SLN positivity decline.198 Although SLNB
may have less prognostic value and may be techni-
cally more difficult in older individuals, there is
currently no consensus for an upper age cutoff to
recommend against this procedure. Each case
should be discussed individually, and in conjunction
with surgical oncology colleagues, with the decision
to pursue pathologic staging of the regional LNs
based on patient comorbidities and how that infor-
mation may affect further management.

STAGING WORK-UP AND FOLLOW-UP
Recommendations for baseline staging and

surveillance follow-up of CM are provided in



Table XIII. Recommendations for baseline and surveillance studies and follow-up

Baseline radiologic imaging and laboratory studies are not recommended for asymptomatic patients with newly diagnosed
stage 0-II primary CM.

Radiologic imaging and laboratory studies for CM at baseline should be performed only to evaluate specific signs or
symptoms of synchronous metastasis (regional nodal or distant).

The use of LN ultrasound is encouraged at baseline or in surveillance in the setting of an equivocal LN on physical
examination, and for surveillance when

d The patient meets criteria for SLNB but does not undergo the procedure;
d SLNB is not possible or not technically successful (eg, because of failure of lymphoscintigraphic dye migration and
inability to identify a draining SLN); or

d CLND is not performed in the setting of a positive SLNB; and
d When radiology expertise in the use of nodal ultrasound surveillance for CM is available.

Regular clinical follow-up is recommended as the most important means of detecting CM recurrence. Findings from the
history (review of systems) and physical examination should direct the need for further radiologic or laboratory studies to
detect local, regional, and distant metastatic disease.

Collaboration with medical oncology is recommended for patients with high-risk CM (stage IIB and IIC) and those with a
positive SLNB result for discussion of surveillance imaging and clinical comanagement.

Surveillance follow-up schedule and consideration of radiographic imaging varies according to the risk of disease recurrence
(as determined by stage of disease and other factors) and risk of new primary CM (determined by mole pattern, presence
of atypical nevi, and family history). Laboratory studies are not recommended for surveillance of asymptomatic patients
with CM.

Patient education on self-examination of the skin and LN for the detection of recurrent disease or new primary CM is
recommended.

There is insufficient evidence to recommend routine molecular profiling assessment for baseline prognostication. Evidence
is lacking that molecular classification should be used to alter patient management outside of current guidelines (eg,
NCCN and AAD). The criteria for and the utility of prognostic molecular testing, including GEP, in aiding clinical decision
making (eg, SLNB eligibility, surveillance intensity, and/or therapeutic choice) needs to be evaluated in the context of
clinical study or trial.

AAD, American Academy of Dermatology; CLND, completion lymph node dissection; CM, cutaneous melanoma; GEP, gene expression

profiling; LN, lymph node; NCCN, National Comprehensive Cancer Network; SLN, sentinel lymph node; SLNB, sentinel lymph node biopsy.
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Table XIII. The evidence supporting these
recommendations is provided in this section and
summarized in Table XIV96,97,199-230 with the strength
of the recommendations.
History and physical examination
Following diagnosis of invasive primary CM, a

thorough history and comprehensive physical ex-
amination represent the main components of the
diagnostic work-up. Patient history should include a
detailed review of systems, focusing on unantici-
pated major weight loss, new-onset headaches, or
other concerning constitutional symptoms. Physical
examination should include a total body skin exam-
ination, including evaluation of the primary CM
biopsy site and surrounding skin for visible and/or
palpable satellite/in-transit metastasis and evaluation
of regional and distant LN basins. Identification of
specific abnormalities on physical examination di-
rects the need for additional laboratory and imaging
studies.1,2 On some occasions, imaging studies might
be obtained at baseline in asymptomatic, high-risk
patients with CM with equivocal examination find-
ings (eg, regional nodal ultrasound for patients in
whom nodal status cannot be properly evaluated).
However, this scenario represents an exception to
baseline evaluation.

As with baseline assessment, the key to CM
follow-up involves careful physical examination
with attention to the WE scar and surrounding
skin (between the WE and regional LN basin) to
exclude local or satellite/in-transit recurrence,
regional and distant LN examination, total-body
skin examination to assess for new primary CM,
and review of systems for potentially concerning
signs or symptoms of disease recurrence (eg,
headache, unanticipated weight loss). Following a
diagnosis of CM, patients should be educated in the
performance of regular skin self-examination for
early detection of local recurrence at the scar site,
satellite/in-transit metastasis, and new primary CM,
as well as in regional LN self-examinations to assess
for enlarged LNs.
Baseline and surveillance laboratory and
imaging studies to detect occult metastasis

Baseline and surveillance laboratory studies
(lactate dehydrogenase [LDH] level, liver function



Table XIV. Level of evidence and strength of recommendations for baseline and surveillance studies, and
follow-up schedule

Recommendation Strength of recommendation Level of evidence References

No baseline studies for patients with asymptomatic
stage 0-II CM

Laboratory or imaging studies only to evaluate signs of
symptoms of metastasis

A I/II 199-211

Use of LN ultrasound in the setting of equivocal LN status A I/II 202,212

Regular clinical follow-up to detect CM recurrence and
metastasis

Tailored CM surveillance schedule and testing

A II 201,203,207,213-227

Collaboration with medical oncology for patients with
higher-risk CM

C III Expert opinion

Patient education on skin self-examination A I/II 216,228,229

Use of prognostic molecular techniques, including gene
expression profiling

C II/III 96,97,230

CM, Cutaneous melanoma; LN, lymph node.
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tests, chemistry panel, complete blood count), chest
radiography, and other imaging studies (computed
tomography [CT ], positron emission tomography
[PET ], bone scintigraphy, magnetic resonance
imaging [MRI]) are not indicated for patients with
MIS (AJCC stage 0) or invasive CM (AJCC stages I/II)
who present without signs or symptoms of
metastasis.199,200,213

Most local, satellite/in-transit, and regional nodal
recurrences are identified by clinical examination of
the skin and LNs by the patient and/or health
provider.214-217 Surveillance imaging is performed
to detect clinically occult, surgically or systemically
treatable metastasis and is of greatest value in
patients at higher risk of disease recurrence
(generally stage IIB or higher).218 Screening CT or
PET-CT may be considered if the patient has nodal
metastasis in the SLNB (stage III), although the yield
is low in this setting (0.5%-3.7%).231 Detection of
occult metastasis tends to correlate with increased
primary tumor thickness, ulceration of the primary
tumor, and/or large tumor burden in the
SLN(s).201,231 A meta-analysis of 74 studies involving
more than 10,000 patients with CM demonstrated
that ultrasonography was superior for detection of
LN metastasis and PET-CT was superior for detection
of distant metastasis for both staging and surveillance
in clinically appropriate patients.202

Although abnormal laboratory test results are
rarely the sole indicator of metastatic disease, serum
LDH level was incorporated into the AJCCmelanoma
staging system in 2002 (sixth edition) for the
classification of stage IV (distant) disease, and it
remains a key prognostic factor for this subgroup of
patients. Elevated LDH levels are associated with
worse survival, may predict response to therapy in
stage IV patients, and are therefore incorporated
across all M categories in the eighth edition of the
AJCC staging system.9 Testing of serum LDH level is
not recommended at baseline or for surveillance in
patients with lower stages of disease (stage I-III),
given the lack of sensitivity or specificity for the
detection of metastasis.199

The value of serum S100-beta (S100B) levels has
been evaluated in multiple European studies, which
suggest its role as a potential prognostic biomarker in
patients with CM and as a useful tool to identify
disease progression.203,219 A 2008meta-analysis of 22
studies involving 3393 patients with stages I to IV CM
demonstrated worse survival in patients with serum
S100B positivity; however, there was significant
heterogeneity among study quantification of S100B,
and only 2 studies separately evaluated stage I and II
patients. One study with 876 clinical stage I patients
revealed no significant correlation between S100B
levels and survival,232 and most data suggest poten-
tial prognostic value or use as a therapeutic
biomarker in patients with stage III and IV dis-
ease.233-235 Serum S100B testing is not routinely
used in the United States and is not recommended
at baseline or for surveillance of asymptomatic
patients with CM on the basis of current evidence.

Routine imaging studies are limited by a low yield
of true positive findings in asymptomatic patients
withCMand the frequent occurrenceof false-positive
findings, particularly in earlier-stage disease. As yet, it
has not been demonstrated that presymptomatic
detection of distant metastasis improves patient out-
comes. However, as new therapies for advanced CM
continue to evolve, it is possible that systemic
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treatments may be more effective in patients with
earlier, low-volume metastasis, and surveillance im-
aging recommendations may change as a result.

Studies consistently indicate that both baseline and
surveillance chest radiography evaluation are cost-
inefficient and associated with very few true positive
findings and high false-positive rates, as well with
increased patient anxiety and morbidity related to
investigation of spurious findings.200,204-206,220 As
such, chest radiography is not considered a radiologic
imaging study of choice; however, it may be consid-
ered for surveillance of lung metastasis in patients
with stage IIB and higher disease at a 3- to 12-month
interval according to the risk of recurrence.2

For baseline evaluation in patients with newly
diagnosed asymptomatic primary CM of any
Breslow thickness, cross-sectional (CT, MRI) and
functional/metabolic (PET) or hybrid (PET-CT) im-
aging is not indicated, except in uncommon situa-
tions such as the inability to assess nodal status by
regular physical examination, in which case ultra-
sound evaluation could be obtained.1,2 Similar to
chest radiography, routine cross-sectional imaging
in the asymptomatic patient is characterized by
false-positive findings, higher cost from additional
studies or invasive procedures, and increased pa-
tient anxiety, with no proven benefit in terms of
overall survival.218

The utility of PET-CT, CT, and MRI in CM surveil-
lance is directly correlated to the stage of disease,
meaning that patients with stage III and IV CM are
more likely to demonstrate clinically occult metas-
tasis than are patients with stage I or II disease. The
highest yield of imaging occurs when a patient is
symptomatic or has clinical findings suggestive of
disease recurrence. Consultation with medical, sur-
gical, and/or cutaneous oncology specialists is rec-
ommended to evaluate for suspected metastasis,
with imaging to determine the extent of disease
before surgical and/or systemic therapy.

A 10-year prospective analysis of 290 patients with
stage IIB, IIC, and III CM assessed the detection rates
of imaging with CT of the chest/abdomen/pelvis and
brain MRI every 6 months for 5 years after diagnosis,
followed by annual chest radiography until year
10.221 Nearly 40% of patients developed metastasis at
a median of 1.4 years. Imaging detected 56.7% of
recurrences (mainly visceral), as compared with
41.5% of recurrences initially detected by patient or
provider examination. Most clinically detected re-
currences were cutaneous. Overall survival was not
assessed, however, preventing conclusions as to the
merit of this intensive imaging approach in terms of
patient outcomes. Another study of surveillance CT
in patients with stage IIB and IIC CM concluded that
imaging should be performed only if symptoms of
clinical metastatic disease are present.207

The WG recommends against surveillance imag-
ing for asymptomatic patients with stages IA, IB, and
IIA CM (#4 mm), unless clinically indicated for
work-up of concerning signs and/or symptoms of
disease recurrence. Engagement with cutaneous,
surgical, and/or medical oncologists is advised for
patients with high-risk CM (stages IIB and IIC) for
discussion of surveillance imaging and clinical
co-management. On the basis of lower-level evi-
dence, surveillance imaging may be considered on
an optional basis to screen for recurrent/metastatic
disease in asymptomatic patients with stage IIB CM
and higher, with frequency determined according to
the risk of disease recurrence. However, routine
radiologic imaging in patients with asymptomatic
CM of any stage is generally not recommended after
3 to 5 years of disease-free follow-up, given timing
and patterns of relapse.2,194,236

LN ultrasound for regional nodal evaluation
and surveillance

Numerous studies have been conducted
evaluating LN ultrasound in patients with CM and
demonstrate improved assessment of regional LNs
compared with palpation alone at both initial diag-
nosis and during follow-up.202,212 The use of nodal
ultrasound is encouraged at baseline or follow-up in
the setting of an equivocal LN on physical examina-
tion and for surveillance (1) when the patient meets
the criteria for SLNB but does not undergo the
procedure; (2) when SLNB is not possible or not
technically successful (eg, because of failure of
preoperative lymphoscintigraphic dye migration
and inability to identify a draining SLN); and
(3) when CLND is not performed in the setting of a
positive SLNB.2 Regional nodal ultrasound for
melanoma detection requires specific radiologic
expertise and understanding of established LN
criteria,237-239 and it has been less commonly used
in the United States for this purpose. However, nodal
ultrasound is less expensive, noninvasive, and safer
than other imaging alternatives, and its use should be
encouraged in the appropriate clinical setting and
where radiologic expertise is available.

Optimal frequency and duration of clinical
dermatologic surveillance for detection of
melanoma recurrence and/or additional
primary melanomas

Although the optimal interval and duration of
follow-up for CM are not well defined, the WG
recommends that patients with CM be monitored
regularly following diagnosis, particularly for tumors



Table XV. Suggested surveillance intervals and follow-up tests

CM stage Follow-up interval and duration Examination Radiologic* tests

Stage 0 MIS At least every 6-12 mo for 1-2 y;
annually thereafter

Physical examination with
emphasis on assessment for
local recurrence, particularly
for the LM subtype, and full
skin check to ascertain for
new primary CM

None

Stage IA-IIA Every 6 to 12 mo for 2-5 y; at
least annually thereafter

Comprehensive history (review
of systems) and physical
examination, with specific
emphasis on the skin and
regional LNs

None

Stage IIB and higher Every 3-6 mo for the first 2 y; at
least every 6 mo for 3-5 y and
at least annually thereafter

Comprehensive history (review
of systems) and physical
examination, with specific
emphasis on the skin and
regional LNs

May be performed for up to
3-5 yy

CM, Cutaneous melanoma; LM, lentigo maligna; LN, lymph node; MIS, melanoma in situ.

*Including chest radiography (to screen for lung metastasis); computed tomography of the chest, abdomen, and pelvis; brain magnetic

resonance imaging; and/or positron emission tomographyecomputed tomography. The frequency of imaging depends on the risk of

recurrence.
yHighest risk period for relapse.
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at increased risk of recurrence (ie, [2.0 mm in
thickness and/or with ulceration, lymphovascular
invasion, high mitotic rate). Although most metasta-
ses occur in the first 1 to 3 years after treatment of the
primary tumor, skin examinations for life are
generally recommended. An estimated 4% to 8% of
patients with a history of CM develop new primary
CM, typically within the first 3 to 5 years following
diagnosis.222 The risk of new primary CM is higher in
the setting of increased nevus count, multiple clinical
atypical/dysplastic nevi, family history of CM, fair
skin/sun sensitivity, prior CM, and male sex.240 The
frequency of dermatologic, surgical, and oncologic
surveillance depends on individual patient risk of
new primary CM and for recurrent disease.

Surveillance follow-up schedules vary signifi-
cantly depending on country of location, physician
specialty, and stage of disease.241 In the absence of
evidence-based guidelines, many clinicians arrange
follow-up according to the schedule with which they
and their patients are most comfortable. A suggested
surveillance plan is shown in Table XV. On the basis
of expert opinion, for patients with stage 0 (MIS), the
WG recommends physical examination with
emphasis on assessment of local recurrence,
particularly for the LM subtype, and a full skin check
to evaluate for new primary CM at least every 6 to
12 months for 1 to 2 years and annually thereafter.
For stages IA to IIA CM, the WG recommends a
comprehensive history, review of systems, and
physical examination with specific emphasis on the
skin and regional LNs at least every 6 to 12 months
for 2 years and at least yearly thereafter. For patients
with stage IIB to IIC, clinical follow-up is
recommended every 3 to 6 months for 2 years,
then at least every 6 to 12 months for 3 years, and
at least annually thereafter.2 Patients should be
promptly evaluated for new concerning skin lesions,
change in the CM scar, and/or worrisome
signs/symptoms that may indicate recurrent disease.

Additional factors that may influence the follow-up
interval include a history of multiple primary CM, the
presence of clinically atypical nevi, a family history of
or documented genetic predisposition to CM, patient
anxiety, and the patient’s awareness and ability to
detect early signs and symptoms of disease. The WG
recommends coordination of surveillance visits across
specialty teams to avoid duplication or overlooked
testing. This is particularly relevant in the setting of
patients with stage IIB or higher CM, a cohort that
usually benefits frommultidisciplinary surveillance. As
noted, available evidence regarding recurrence, sur-
veillance, and survival predates recent breakthroughs
in advanced CM treatment. Prospective analyses will
likely inform future surveillance recommendations in
asymptomatic high-risk patients.

Role of molecular profiling techniques in
prognostication and follow-up

There is a need to identify novel biomarkers in CM
with improved and/or complementary prognostic
ability to conventional clinical and histologic param-
eters. This approach may be especially relevant to
determine thinner CM at increased risk of metastasis.
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Gene expressionebased prognostic signatures offer
promise, but the studies to date have been charac-
terized by heterogeneous sample sizes of high-risk,
event-rich cohorts that do not necessarily represent
the spectrum of patients who may benefit from the
test, as well as by questionable applicability to
clinical practice.96,97,242 Research to develop GEP
and other molecular tests (eg, microRNA expression
profiles)243,244 for the accurate and reproducible
identification of patients with CM who will experi-
ence recurrence is an area of ongoing study230 that is
made more relevant by available systemic adjuvant
therapies that improve relapse-free and/or overall
survival.188,189,245

The majority of the published prognostic GEP
studies have compared the predictive accuracy of
recurrence or death from CM to SLNB outcome or
stage according to the seventh edition of the AJCC
staging system.32,96,97,246-249 These nonoverlapping
gene panels have been reported to be as or more
predictive of prognosis compared with SLNB status,
AJCC stage, and/or traditional histologic factors
(Breslow thickness, ulceration, mitotic rate, with the
latter usually dichotomized at 1/mm2 and not studied
as a continuous variable).97,249 Going forward, GEP
assays should be tested against all known histopath-
ologic prognostic factors and contemporary eighth
edition of AJCC CM staging to assess their additive
value in prognostication. The improved survival for
CM on the basis of more accurate pathologic staging
in the AJCC worldwide collaborative database of
more than 46,000 patients for eighth edition staging
supports the prognostic value of SLNB status.40

The evidence to date indicates that GEP can
stratify patients with CM into distinct categories
with some precision.96,97,230,249 It is not known,
however, whether GEP provides more accurate
predictions vis-�a-vis optimized phenotypic models
or whether the addition of GEP can enhance
ongoing and planned prognostic assessment with
use of known clinicopathologic parameters.9,40

Importantly, changes to clinical practice (eg, SLNB,
intensity of surveillance/imaging, and/or therapeutic
choice) based onGEP results should be avoided until
more data from the requisite clinical trials and an
assessment of clinical utility are available. In addi-
tion, the impact of a high-risk prognostic GEP
classification on patient quality of life and anxiety
over disease recurrence has not been adequately
addressed.

Current evidence does not support increased
surveillance imaging as a result of available prog-
nostic GEP tests, particularly in node-negative pa-
tients who are not yet eligible for newer, more
effective adjuvant therapies. Similarly, the frequency
of clinical follow-up and indications for imaging in
patients with CM are unlikely to be modified by a
prognostic GEP result until prospective studies have
confirmed a benefit and adjuvant therapy has
demonstrated a meaningful impact in earlier-stage
disease. In the past, metastatic progression had been
largely equated with mortality given the lack of
effective therapy. Future prognostic and outcome
modeling will need to incorporate the enhanced
survival of patients with AJCC stages III to IV CM
given the available and emerging systemic
treatments.

Lingering questions remain regarding the degree
to which the selected gene sets represent genes
associated with tumor progression, how they
compare with current well-characterized prognostic
factors and AJCC eighth edition survival data, and
whether they improve prognostic models enough to
affect patient management and outcomes. As such,
the WG discourages routine baseline GEP for prog-
nostication. Because no surgical or therapeutic RCTs
have examined outcome in the context of GEP
classification, the WG recommends against using
GEP information for management decisions (eg,
provision of SLNB, surveillance intensity or imaging,
and/or therapeutic choice) outside of a clinical study
or trial.2 A comparative clinical study of molecular
profiling platforms is critical to understand the added
value of each individual test before its clinical
implementation, as is further prospective validation.

Types of local melanoma recurrence and effect
on subsequent management

Local CM recurrence within or surrounding the
WE consists of 2 types: (1) so-called persistent
disease, which corresponds to a recurrence histo-
logically defined by the presence of in situ and/or
radial growth phase, and (2) satellite metastasis,
which is clinically detectable and represents
intralymphatic spread (stage III).2 Recurrence of
persistent disease is generally macular and presents
at the margin of the prior WE scar, whereas satellite/
in-transit metastases are palpable cutaneous or sub-
cutaneous masses within or surrounding theWE scar
(between the scar and regional LN basin). Since
satellite and in-transit metastasis both represent
intralymphatic (stage III) melanoma, their previous
classification based on distance from the WE scar (ie,
2 cm) has been omitted from the eighth edition of the
AJCC melanoma staging system.9,40

The distinction between local recurrence from
persistent disease and local recurrence from satellite
metastasis within the WE scar is clinically relevant.
The former is presumed to result from incomplete
excision of the initial primary CM and is generally
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treated with WE, with surgical margins and
consideration of SLNB according to histologically
remeasured Breslow thickness. The latter is treated
as a stage III recurrence in the multidisciplinary
setting, which may include excision, imaging, SLNB,
systemic or intralesional therapy, and/or enrollment
in clinical trials.

NONSURGICAL MANAGEMENT OF MIS, LM
TYPE
Topical imiquimod as primary or adjuvant
therapy

Surgery is the mainstay of therapy for MIS,
including the LM type. However, as this subtype is
characterized by larger tumors on chronically
sun-exposed skin of the face, scalp, and ears of
older individuals who may be poor surgical
candidates, alternative therapies, including topical
imiquimod cream 5%, have been studied. In
addition, complete excision of MIS, LM type, may
be confounded histologically by the presence of
actinic melanocytic hyperplasia, which cannot be
reliably differentiated from true MIS, LM type, even
with additional cytoplasmic and nuclear immunos-
tains (eg, Melan-A, S100, HMB45, Sox10, and micro-
phthalmia transcription factor).173,250 However, the
limitations of topical treatment versus surgical exci-
sion of MIS, LM type, need to be carefully discussed.
In the primary treatment setting, there is a risk of
undertreating follicular adnexal extension and po-
tential invasive CM,172 particularly in the absence of a
diagnostic excisional or broad shave biopsy to
exclude histologic microinvasion.

Since the 2011 AAD CPG was issued, additional
case series, cohort studies, 3 systematic reviews, a
randomized trial assessing imiquimod pretreatment
with or without tazarotene 0.1% gel before staged
excision,251 and a single-arm phase II trial
investigating the use of topical imiquimod for MIS of
the LM type have been published.251-260 Most studies
have shown rates of histologic and clinical clearance
of at least 75%when topical imiquimod cream is used
as primary treatment for LM (in lieu of surgical
excision). However, a recent single-arm phase II trial
of up to 60 imiquimod applications over 12 weeks
followed by surgical resection showed pathologic
clearance rates of 37.0% (10 of 27 patients), though
the limitations of pathologic assessment in the setting
of sun-damaged skin were noted.261 Higher patho-
logic clearance was reported in the subset of patients
with both clinical and pathologic response (63.3%),
suggesting the importance of duration of treatment
until clinical clearance has been achieved. A random-
ized trial of 47 patients was conducted to evaluate the
addition of tazarotene 0.1% gel to imiquimod 5%
cream versus imiquimod monotherapy for MIS, LM
type, followed by conservative staged excision.
Complete response after 12 weeks was observed
histologically in 78%of lesions treatedwith combined
therapy versus 64% treated with monotherapy
(P = .17), with 22% of the lesions (8 of 37) versus
36% (15 of 42) demonstrating residual MIS, LM type,
on subsequent staged excision and no recurrences at
a mean follow-up of 42 months.251

Other case series and prospective cohort studies
have demonstrated higher rates of clearance ([94%)
in the adjuvant setting following attempted complete
surgical resection, either when histologic peripheral
margins are narrow or when there is histologic
transection at the periphery without clinical
correlation of a residual lesion.252,253 However, the
level of evidence remains low, with no prospective,
randomized trials to assess long-term efficacy of
imiquimod for either primary or adjuvant use.

Off-label use of topical imiquimod has been
proposed as an adjunctive modality after ‘‘optimal’’
surgical excision,2 though the term optimal is subject
to interpretation. One hypothesis is that topical
‘‘field’’ treatment with imiquimod could eradicate
sun-damaged melanocytes that serve as a nidus for
new or recurrent MIS and also treat potential
subclinical residual LM in a surgically treated site
with histologic but not clinical evidence of tumor
transection.252 This hypothesis has not been formally
tested, and the use of imiquimod field therapy as an
adjunct to conventional WE or staged excision
(including MMS) warrants further exploration.

Most studies of primary or adjuvant imiquimod for
MIS, LM type, have shown improved outcomes, with
lower rates of local recurrence when an approximate
2-cm margin of clinically normal-appearing skin is
treated 5 or more times perweek for at least 12weeks
([60 treatments) and after an inflammatory response
is elicited.252,254,256,260,262 However, lack of
inflammation has been observed with favorable
outcomes in the adjuvant setting following surgery,
in which case histologic transection may simply
represent actinic melanocytic hyperplasia.252 It is
important to recognize that for some patients, several
months of imiquimod-induced inflammation may be
less tolerable than surgical excision,261 and the pros
and cons of topical imiquimod warrant thorough
discussion with patients and their families.

A 2014 systematic review concluded that in
selected cases in which contraindications to surgery
exist, nonsurgical interventions for MIS, LM type
(including topical imiquimod), may be effective and/
or preferable but should be used by experienced
providers with close, ongoing patient follow-up to
observe for potential local recurrence.112 Therefore,



Table XVI. Recommendations for the use of imiquimod or RT

Topical imiquimod 5% cream may be used as second-line treatment for MIS, LM type, when surgery is not possible at the
outset (primary setting) or when optimal surgery has been performed (adjuvant setting).

Careful discussion of the associated risks, benefits, and uncertainties of nonsurgical treatment should take place with the
patient and family.

For nonsurgical candidates, RT may be utilized as a second-line therapy for MIS, LM type, though its use is uncommon in the
United States.

The use of superficial brachytherapy for MIS, LM type, is not recommended.
Adjuvant RT after WE may be used for desmoplastic CM with high-risk features (eg, Breslow thickness[4 mm, Clark level V,
extensive neurotropism/perineural invasion, head and neck location, and/or narrow deep margin resection).

Consultation with a radiation oncologist is recommended to discuss the associated risks and potential benefits of RT.

CM, Cutaneous melanoma; MIS, LM, melanoma in situ, lentigo maligna; RT, radiation therapy; WE, wide excision.
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the WG recommends surgery for eradication of MIS,
LM type, as first-line therapy. Alternatives, such as
imiquimod or RT (see later) can be considered as
second-line treatment on a case-by-case basis after a
full discussion of the associated risks, benefits, and
uncertainties. Recommendations for the use of
imiquimod are shown in Table XVI. The level of
evidence and strength of these recommendations are
summarized in Table XVII.57,85,112,251-275

Finally, there may be situations in which clinical
observation of large MIS, LM type, is suitable,
particularly in elderly patients with medical comor-
bidities in whom aggressive treatment would be
inappropriate. As discussed in the 2011 AAD CPG,1

treatment of MIS, LM type, with surgical or nonsur-
gical modalities has not been demonstrated to be
superior to observation, although it is reasonable to
assume that therapy aimed at reducing tumor burden
may improve patient outcomes by reducing the
potential for invasive CM development and its
associated morbidity.

RT IN PRIMARY MELANOMA
RT for primary treatment of MIS, LM type

Primary RT for MIS, LM type, may be considered
when complete surgical excision is not possible,
though recent advances in RT have been utilized
largely outside the United States.255 The interpreta-
tion of published data is complicated by small
sample sizes, varying types of RT, different dosing
schedules, and lack of long-term outcome data.
Several smaller series from Canada dating back to
the 1970s utilized conventional orthovoltage RT for
the treatment of in situ and invasive LM with
recurrence rates ranging from 0% to 14%.263-265

Since that time, 3 larger retrospective European
studies (N = 64, 150, and 593, respectively) reported
the use of superficial/ultrasoft/soft X-ray or Grenz
ray (Miescher technique) treatment for in situ and
invasive LMwith recurrence rates ranging from 0% to
17%.266-268 Although survival rates for MIS, LM type,
in general were excellent as expected, patient
follow-up in these analyses was variable and evalu-
ation of recurrence was based on clinical examina-
tion without histopathologic confirmation. Local
control and cosmetic results appeared consistently
good in the selected populations.

The adequacy of dermal penetration is a concern
with low-voltage RT. Superficial RT typically pene-
trates about 1 mm into the dermis, whereas hair
follicles are estimated to extend to a median of
1.5 mm. Other investigators have suggested that a
penetration depth of 5 mm is necessary to treat
below hair follicles, although this may result in
permanent pigmentary changes, dermal fibrosis,
and overlying hair loss.269 Low-voltage superficial
X-ray therapy is rarely, if ever, used in the United
States for the treatment of MIS, LM type.

A literature review of primary RT for MIS, LM
type, was published in 2014; it included 9 clinical
studies published through 2009 and involving 537
patients, with a median follow-up of 3 years.269 In
all, 8 studies had outcomes data and showed 18
local recurrences in 349 patients (5%), with pro-
gression to invasive LM melanoma in 5 patients
(1.4%) who had subsequent poor outcomes. A
total of 5 marginal recurrences (4%) and 8 in-field
recurrences (5%) were documented, but differing
treatments, parameters, and dosages limited spe-
cific recommendations regarding primary RT for
MIS, LM type. As noted previously, RT may be
considered as second-line therapy for MIS, LM
type, when surgery is not an option and where
expertise with the technique is available. There
are no data to support the use of electronic
surface brachytherapy for CM, which is not
recommended by the WG.276

RT as an adjuvant treatment for desmoplastic
melanoma with high-risk features

Desmoplastic CM presents unique treatment chal-
lenges. Deep tumors with certain high-risk features



Table XVII. Level of evidence and strength of recommendations for (second-line) imiquimod treatment of MIS,
LM type, and RT

Recommendation Strength of recommendation Level of evidence References

Imiquimod for MIS, LM type (primary and adjuvant settings) B II/III 112,251-262

RT for MIS, LM type C II/III 112,255,263-269

Against use of superficial brachytherapy for MIS, LM type C III Expert opinion
Adjuvant RT for high-risk desmoplastic CM B II/III 57,85,270-275

Consultation with a radiation oncologist C III Expert opinion

CM, Cutaneous melanoma, MIS, melanoma in situ, LM, lentigo maligna, RT, radiation therapy.
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(eg, T4 lesions, extensive neurotropism/perineural
invasion, head and neck location) are more difficult
to surgically eradicate and have an increased chance
of local recurrence and satellite metastasis at the
primary site.

There are limited data addressing the benefit
of adjuvant RT following WE of desmoplastic
CM.85,270-274 An ongoing Trans-Tasman Radiation
Oncology Group phase III clinical trial is comparing
adjuvant RT with observation following resection of
neurotropic CM of the head and neck. The largest
(N = 277) and most informative study published to
date demonstrated that adjuvant RT was associated
with improved local control for desmoplastic CM
with negative resection margins, head and neck
location, thickness greater than 4 mm, and/or Clark
level V.85 Among 35 patients with positive resection
margins, lower rates of local recurrence were also
noted in those who received RT than in those who
did not. Another study involving 130 patients with
desmoplastic CM showed that adjuvant RT was
associated with improved local control, but not
with CM-specific survival, distant metastasis-free
survival, or overall survival.275 A retrospective study
of adjuvant RT in desmoplastic neurotropic CM in
128 patients demonstrated the importance of clear
surgical margins for local control.57 The adjuvant
RTetreated group demonstrated recurrence rates
similar to those in the surgery-only group, but it
generally consisted of patients with high-risk fea-
tures (head and neck location, greater thickness,
higher Clark level, and narrow-margin excision).
Limitations of all studies include their retrospective
nature that spans decades, different treatment pro-
tocols and definitions of histologic desmoplasia, and
selection bias.

There is general consensus that adjuvant local RT
after WE may provide improved local control for
desmoplastic CM with high-risk features, but it has
no effect on development of distant metastasis or on
overall survival.2 On the basis of the available
evidence, the WG recommends consideration of
adjuvant RT for desmoplastic melanoma with
high-risk features (eg, Breslow thickness [4 mm,
Clark level V, extensive neurotropism/perineural
invasion, head and neck location, and/or narrow
deep margin resection). Consultation with a
radiation oncologist is encouraged to discuss the
associated risks and potential benefits of local
adjuvant RT.

Recommendations for the use of RT for primary
CM are shown in Table XVII. The level of evidence
and strength of these recommendations are summa-
rized in Table XVI.

PREGNANCY AND MELANOMA
Pregnancy and risk of developing melanoma

Although CM is on the rise in young women, and
in some studies277 is the most common malignancy
reported during pregnancy, evidence is lacking that
pregnancy per se increases the risk of developing CM
or alters the prognosis. Although the incidence of CM
is generally higher in men, it is higher in younger
women than in men, most notably during women’s
reproductive years. A 2009 Norwegian study
revealed that the most common malignancy during
pregnancy was CM, representing 31% of all
malignancies arising during pregnancy.278

Whether the increased incidence of CM in young
women is related to hormonal factors (including oral
contraceptive use before pregnancy) or pregnancy
itself has long been debated; the adverse effect of
tanning behaviors and tanning bed use, which is
particularly common among young women, is
clear.279 Of note is the decreased risk of CM for
women with a history of 5 or more live births versus
for women with none. Women with a younger age at
first birth and higher parity have a lower risk of CM
than do women with an older age at first birth and
fewer than 5 live births.280,281 Similar findings were
noted in a later study in which it was also
demonstrated that women who had their first child
earlier in life and who had multiple children were
found to be at lower risk of CM.282 These findings
suggest that pregnancymay be protective against CM
rather than causative.
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Recommended waiting period before a woman
with a history of melanoma becomes pregnant

Evidence that future pregnancies will increase the
risk of CM recurrence or metastasis is lacking. Several
studies have demonstrated no significant impact on
prognosis of CM diagnosed before pregnancy.281

Therefore, if a woman has an early-stage CM (MIS or
stage I) with little to no risk of metastasis, there is
no rationale to delay subsequent pregnancies.
However, in the setting of a higher-risk stage II CM,
a 2- to 3-year delay period may be advisable because
most recurrences will develop by this time. The
suggestion to delay subsequent pregnancy is not
based on pregnancy’s impact on the mother’s CM;
controlled studies have consistently revealed no
statistically significant difference in survival for CM
in pregnant patients versus nonpregnant patients.
Rather, this recommendation is based on the desire
to avoid the complications of systemic therapy in a
pregnant woman with metastastic melanoma and to
prevent the loss of the mother, although available
effective therapies may reduce this possibility.
Additionally, there is the very small risk of placental
and fetal CM metastasis if the pregnant mother
develops widespread disease.283

A population-based study to assess whether
cancers (including CM) diagnosed during pregnancy
or lactation were associated with an increased risk of
death due to the cancer concluded that most cancers
during pregnancy and/or lactation do not increase
the risk of cancer-specific death, with the exception
of breast cancer and ovarian cancer diagnosed
during lactation.278 A systematic review and
meta-analysis of 5 studies that met the authors’
inclusion criteria concluded that that pregnancy after
a successfully treated CM did not worsen
prognosis.284 However, only 1 of the 5 studies
included patients beyond stage I disease.

In contrast to these findings, some of the same
authors conducted another systematic review of 14
studies and concluded that pregnancy-associated
melanoma (PAM) appeared to have a poorer
outcome, with a 56% higher mortality risk compared
to non-PAM.285 However, the pooled estimate of
mortality risk was performed on only 4 studies that
reported hazard ratios and confidence intervals.
Several criticisms arose regarding the small number
of studies, their varied design and definition of PAM,
questionable statistical analysis, and incomplete
outcome data. For instance, a postpregnancy study
of women 5 years after childbirth was included,286 as
was a population-based study that was missing
Breslow thickness in 45% of cases and included
proportionally more CM at high-risk sites (head,
neck, trunk) in pregnant versus nonpregnant
women.278 In this latter study, there was no differ-
ence in tumor thickness in the 55% of the pregnant
women with available Breslow thickness compared
with the nonpregnant women. In addition, a prior
comprehensive population-based study of the
California Cancer Registry demonstrating equivalent
maternal and neonatal outcomes for pregnant versus
nonpregnant women was excluded from the sys-
tematic review because of lack of confidence
intervals.287

A recent study using tumor proliferative markers
(mitotic index and phosphohistone H3 and Ki-67
immunostains) in PAMdemonstrated no proliferative
activity difference between 50 PAM and 122 non-
PAM cases.288 The authors concluded that the
occurrence of the CM during pregnancy should not
outweigh other traditional factors (eg, Breslow
thickness, AJCC stage, age of the patient) in terms
of advice for planning future pregnancies. The WG
recommends that timing of future pregnancies in
women with PAM consider patient age, CM stage,
general reproductive health, and likelihood to
conceive before recommending any delay.

Effect of pregnancy on outcome for patients in
whom cutaneous versus metastatic melanoma
has been diagnosed

Evidence is lacking that pregnancy negatively
affects the prognosis of primary CM or more
advanced (metastatic) CM. Controlled studies have
reported no significant influence of pregnancy on
survival, or worse prognosis in pregnant versus
nonpregnant women diagnosed with CM.278,281,287

As noted, the study using proliferative markers in
PAM demonstrated no difference in proliferative
activity in PAM versus in CM unassociated with
pregnancy,288 supporting the conclusion that prog-
nosis of PAM depends on conventional factors (eg,
stage, tumor thickness).

However, 2 contradictory studies have recently
been published, including the 2015 systematic re-
view and meta-analysis that reported an increased
risk of CM-related death in pregnant patients.285

Additionally, a retrospective study from a single
tertiary care institution demonstrated an increased
mortality rate and greater odds of death in woman
younger than 50 years with PAM than in nonpregnant
women.289 These findings are incongruent with
those of all other studies and are challenging to
interpret because of the small number of patients,
inconsistent reporting of CM stage, and survival
analysis techniques used.

Finally, some studies have addressed the thera-
peutic approach and outcome for pregnant women
in whom CM has been diagnosed. Those with stage I



Table XVIII. Recommendations for management of CM and pregnancy

In a pregnant woman with CM, a tailored, multidisciplinary approach to care that involves the obstetrician and CM specialists
relevant to the patient’s stage of disease is recommended. A diagnosis of CM during pregnancy does not alter prognosis
or outcome for the woman; however, work-up and treatment must take the safety of the fetus into consideration.

In women with a history of CM, a prolonged waiting period before subsequent pregnancy is not recommended. Factors that
affect disease recurrence, including CM thickness and stage, as well as age and fertility of the mother, should determine
whether a woman with a history of CM should delay becoming pregnant and for how long.

The approach to melanocytic nevi in the pregnant woman should be identical to that in the nonpregnant patient. Any
changing nevus during pregnancy should be evaluated and subjected to biopsy if clinically and/or dermoscopically
concerning.

Exogenous hormones (eg, oral contraceptives and hormone-containing contraceptive devices/implants, postmenopausal
hormone replacement therapy, or hormones associated with assisted reproductive technology) may be used in women in
whom CM has been diagnosed.

CM, Cutaneous melanoma.
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and II disease have the same outcome and treatment
as nonpregnant patients with CM. Those with stage
III and IV have also been shown to have the same
outcome. However, treatment needs to be individu-
alized and patient specific, depending on several
factors (including the timing of CM diagnosis during
the pregnancy).290 Therefore, theWG recommends a
tailored, multidisciplinary approach involving the
obstetrician and CM specialists relevant to the stage
of disease.

There is consensus that WE with local anesthesia
can be safely performed throughout pregnancy and
that it should usually not be delayed following a CM
diagnosis. Regarding SLNB, there is general agree-
ment that this staging procedure should not be
performed during the first trimester to avoid
exposure to general anesthesia. However, SLNB is
considered safe during the second and third
trimesters without use of the blue dye to avoid
potential anaphylaxis.283 It is the opinion of the
WG that pregnant women with higher-stage CM
usually benefit from interdisciplinary care involving
an obstetrician, dermatologist, surgeon, and/or
medical oncologist.

Skin examination and changing nevi in the
pregnant woman

Pregnancy itself does not require more vigilance
for development of CM, which instead depends on
typical risk factors such as skin phenotype, sun
exposure, tanning bed use, number of melanocytic
nevi, and/or presence of atypical/dysplastic nevi.
Evidence is lacking that melanocytic nevi darken or
enlarge during pregnancy, except for those nevi on
the breast and abdomen that may appear larger
because of stretching of the skin. Melanocytic nevi
on the back and legs of pregnant women have not
been reported to enlarge. Transient dermoscopic
changes have been reported in nevi during
pregnancy, but the nevi returned to normal post-
partum, and none was suggestive of CM.291 The WG
recommends that any changing or otherwise con-
cerning melanocytic nevus in a pregnant woman
(not as a result of stretching on the breasts or
abdomen) be evaluated clinically (optimally with
dermoscopy), and if worrisome, be subjected to
biopsy as in standard practice. In addition, appro-
priate sun-protective measures for pregnant women
should be similar to those for nonpregnant patients.

Safety of exogenous hormones, oral
contraceptives, and other contraceptive
devices in women in whom melanoma has
been diagnosed

Evidence is lacking that exogenous hormones
(oral contraceptive therapy [OCT ] or hormone
replacement therapy [HRT ]) or other contraceptive
devices negatively affect prognosis in women with a
history of CM, or increase the risk of new primary
CM.281 Therefore, the WG recommends against
withholding hormonal therapy when medically
appropriate in a patient with a history of CM.

A systematic review of 36 studies involving 5626
patients with CM found no increased risk of CM with
OCT or HRT, suggesting that exogenous hormones
are not associated with an increased risk of CM.282 A
pooled analysis of 10 controlled studies found no
relationship between OCT use and CM (including
current and/or past use and long duration of use),
supporting the conclusion that OCT is not a risk
factor for CM.280 A randomized trial of postmeno-
pausal women given HRT likewise demonstrated no
increased risk of CM in this group versus in the
placebo group.292

Women who required assisted reproductive tech-
nology (ART) (n = 113,226) were compared with
women who did not (53,859) regarding incidence of
all cancers. For those women who underwent ART, a



Table XIX. Level of evidence and strength of recommendations for CM and pregnancy, genetic counseling/
testing, and dermatologic toxicities

Recommendation

Strength of

recommendation

Level of

evidence References

Multidisciplinary work-up and treatment approach for the pregnant
patient with CM

C III Expert opinion

Pregnancy waiting period B II 278,281,284,285,287,289

Evaluation and treatment of melanocytic nevi in the pregnant patient C III 291

Use of exogenous hormones and oral contraceptives in women with a
history of CM

B I/II 280-282,292,293

Referral for genetic counseling and possible germline genetic testing for
select patients with CM

C III 294

Frequency of dermatologic assessment for patients with advanced/
metastastic CM

C III Expert opinion

Dermatologic assessment for patients with CM on who are undergoing
BRAFI and other targeted therapy

A I/II 295-304

Dermatologic assessment for patients with CM who are undergoing
therapy with immune checkpoint inhibitors

A I/II 305-311

BRAFI, B-Raf proto-oncogene, serine/threonine kinase inhibitor; CM, cutaneous melanoma.
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statistically significantly lower risk of all cancers was
noted compared with that for women without prior
ART therapy. Parenthetically, the authors noted a
nonestatistically significant higher risk of CM in the
women treated with ART, but there appeared to be
no contraindications to ART-related hormone use in
terms of CM risk.293

Recommendations for CM and pregnancy are
shown in Table XVIII. The level of evidence and
strength of these recommendations are summarized
in Table XIX.y
GENETIC COUNSELING FOR PATIENTS
WITH FAMILIAL MELANOMA AND
MULTIGENE TESTING
Genetic testing for prediction of germline risk
for patients or families at high risk of CM
development

The spectrum of CM tumor syndromes is rapidly
expanding. In addition to cyclin dependent kinase
inhibitor 2A gene (CDKN2A) and cyclin-dependent
kinase 4 gene (CDK4), germline variants in multiple
genes (eg, TERT promoter, microphthalmia-associated
transcription factor gene [MITF] E318K, and BRCA1
associated protein 1 gene [BAP1]) potentially predis-
pose individuals to melanoma, among other can-
cers.312 Features of cancer predisposition traditionally
involve early onset of disease (at age \40 years),
having multiple cancers or cancer types, multigenera-
tional familial involvement down 1 lineage, and/or an
aggregation of other rare malignancies beyond statis-
tical chance. These features are critical to discern for
y278,280-282,284,285,287,289,291-311
possible hereditary CM,with history of familial CM and
early onset of cancer in the individual or family as
key features of cancer predisposition. For instance, a
70-year-old sun-damaged individual who develops
2 CMs within 5 years is less likely to harbor a germline
mutation than is a 30-year-old who develops 2 CM
within 5 years.

Because ‘‘familial’’ CM may result from heritable
mutations or shared environmental risk, the actual
prevalence of true ‘‘hereditary’’ CM is not known. A
population-based estimate examining only CDKN2A
found that 1.2% and 2.9% of patients with a single
primary melanoma or multiple primary melanomas
(MPMs), respectively, harbor germline CDKN2A mu-
tations.313 Compared with noncarriers, carriers of the
CDKN2Amutation developedCMat an earlier age and
more often reported a family history of CM. Although
the number of high-quality studies examining the
benefits of genetic counseling and testing in hereditary
CM is extremely limited, several studies314 of CDKN2A
germline testing found improved adherence to total
body skin examinations among unaffected carriers
without inducing distress in either carriers or non-
carriers; all participants reported at least 1 perceived
benefit of genetic testing,whereas only 15.9% reported
anegativeaspect.315 It is important tonote thatmanyof
the published studies have predominantly focused on
CDKN2A and have been from specialized centers with
strong expertise in the management of hereditary CM.
Thus, the role of genomic profiling using multigene
panels and for a wider spectrum of cancers remains an
active area of exploration.

A summary of the data and support for CDKN2A/
p16 testing, in which the rule of 3s was first pro-
posed, has been published by the International



Table XX. Recommendations for genetic counseling of patients with CM

Cancer risk counseling by a qualified genetic counselor is recommended for patients with CM who have
d A family history of invasive CM or pancreatic cancer ($3 affected members on 1 side of the family)
d Multiple primary invasive CM ($3), including 1 early-onset tumor (at age\45 y)
d $1 MBAIT and a family history of mesothelioma, meningioma, and/or uveal melanoma
d $2 MBAITs

CM, Cutaneous melanoma, MBAIT, melanocytic BAP1-mutated atypical intradermal tumor.
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Melanoma Genetics Consortium.294 This concept
involves 3 or more invasive CMs or a mix of 3 or
more invasive CMs and pancreatic cancer diagnoses
in an individual or family. Individuals who meet this
criterion have a relatively high associated risk of
CDKN2A mutation carriage (;30%). However, the
penetrance of the p16 mutation depends on whether
CM incidence is low or high in the geographic area
and population, as well as on other factors (eg, skin
phenotype, age of diagnosis, and degree of ultravi-
olet exposure). Those with pancreatic cancer in the
family may benefit from earlier screening of this
occult malignancy by gastroenterology specialists.316

More recently, the BAP1 tumor syndrome has been
recognized as a rare but important cause of hereditary
melanoma, including both cutaneous and ocular
melanoma. BAP1 is a tumor suppressor gene located
on chromosome 3p21. Although the complete spec-
trum of tumors associated with BAP1 mutations is
unknown, germline mutations of BAP1 are associated
with increased risk of uveal melanoma, atypical Spitz
tumors (also termedmelanocytic BAP1-mutated atyp-
ical intradermal tumors [MBAITS]), CM renal cell
carcinoma, and mesothelioma.).317,318 Data support
the conclusion thatBAP1 is a high-penetrance gene for
ocular melanoma but a medium-penetrance gene for
CM because only 13% of carriers of BAP1 mutation
develop CM.317,319 Somatic BAP1 mutations are also
observed in cutaneous melanocytic neoplasms (atyp-
ical Spitz tumors and CM), uveal melanoma, mesothe-
lioma, clear cell renal cell carcinoma, andother tumors.

Selection criteria for referral for multigene
testing for familial melanoma

Patients with newly diagnosed CM should be
queried regarding their personal and family history of
CM and other cancers, as CM may present as the first
cancer within mixed cancer syndromes. For patients
with CMwho have a family history of CM, thosewith 2
or more relatives affected by CM and/or pancreatic
cancer (ie,.$3 in the kindred) should undergo genetic
risk assessment, especially if a first-degree relative is
involved. For patients with MPMs ($3 invasive CMs),
early age of onset of the initial CM (\45 years) is more
consistent with a hereditary melanoma phenotype
than for those who develop MPMs later in life as a
result of excessive sun exposure.

For dermatologists, 1 of the cardinal features of
the BAP1 tumor syndrome is the presence of small
red-orange papules that are histologically diagnostic
of a BAP1-associated tumor.320 Patients with at least
1 histologically proven MBAIT and a personal or
family history of mesothelioma, meningioma, or
uveal melanoma or individuals with 2 or more
MBAITs should receive genetic counseling by a
qualified counselor (see National Society of
Genetic Counselors [https://www.nsgc.org/page/
find-a-genetic-counselor]). Patients with a BAP1
mutation should be offered regular skin and ocular
examinations and may require referral to other
specialists for internal malignancy screening.312

The ultimate decision to pursue genetic testing for
germline mutations is a complex decision based on
pedigree structure, cancer patterns, patient wishes,
and perceived risks versus benefits. The WG
suggests that genetic counseling be considered if
the aforementioned criteria are met, with testing
optional because not all individuals need to undergo
formal genetic evaluation, and there is no strong
evidence that genetic evaluation is either harmful or
helpful. Recommendations for genetic counseling
with possible multigene testing for hereditary mela-
noma are shown in Table XX. The level of evidence
and strength of these recommendations are summa-
rized in Table XIX.

DERMATOLOGIC TOXICITIES OF NEWER
MELANOMA DRUGS
Follow-up for patients with metastatic
melanoma for cutaneous side effect
management

A multitude of novel drugs and combination
drug regimens have been US Food and Drug
Administration (FDA) approved for advanced or un-
resectable CMsince the2011AADCMCPGwas issued.
There is strong evidence derived from seminal RCTs
regarding the incidence of dermatologic toxicities
associated with newer CM drugs, including those
targeting the MAPK pathway (BRAF inhibitors
[BRAFIs] and mitogen-activated protein kinase kinase

https://www.nsgc.org/page/find-a-genetic-counselor
https://www.nsgc.org/page/find-a-genetic-counselor


Table XXI. Dermatologic toxicities of newer drugs for advanced CM (AJCC stages III and IV)

Dermatologists should collaborate with oncologists for management of cutaneous toxicity during BRAF/MEK kinase or
immune checkpoint inhibitor therapy because appropriate recognition and control of skin side effects may improve the
quality of life of patients with CM and avoid unnecessary interruption of medication.

The frequency of dermatologic assessment for cutaneous toxicity diagnosis and management depends on the agent(s)
being used, age of the patient, underlying skin cancer risk factors (eg, history of actinic damage and/or skin cancer), and/
or potential role of skin findings as a biomarker for response.
d Dermatologic assessment every 2-4 wk for the first 3 mo of BRAF inhibitor monotherapy is recommended for patients
with numerous squamoproliferative neoplasms, although combination BRAF/MEK inhibition is standard and associated
with less skin toxicity.

d Dermatologic assessment of patients undergoing therapy with immune checkpoint inhibitors should occur within the
first mo of therapy and continue as needed for management of skin side effects.

d Patients with atopic dermatitis, psoriasis, or other autoimmune dermatoses should be seen before initiation of therapy
by a dermatologist for pre-emptive counseling and treatment.

AJCC, American Joint Committee on Cancer; BRAF, B-Raf proto-oncogene, serine/threonine kinase; CM, cutaneous melanoma; MEK, mitogen-

activated protein kinase kinase.
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inhibitors [MEKIs]), and those resulting in immune
checkpoint blockade to activate T lymphocytes (eg,
monoclonal antibodiesagainst cytotoxicT lymphocyte
antigen-4 [CTLA4], programmeddeath-1 [PD-1], and its
ligand programmed death ligand 1 [PD-L1]). As these
agents are being used in other cancers, recognition of
both commonand rare cutaneous side effects is critical
for appropriate management by dermatologists and
other practitioners. It is important to recognize that the
management of skin toxicity from the newer cancer
agents is an actively evolving area of investigation and
practice.

More than 90% of patients undergoing BRAFI
monotherapy will develop cutaneous toxicity and
about 40% of patients taking checkpoint inhibitors
will develop autoimmune-related skin condi-
tions.295-297 However, many of the key trials that
resulted in FDA approval for these agents298-303 did
not further classify cutaneous side effects beyond
nonspecific terms such as rash or pruritus, with the
exception of cutaneous squamous cell carcinoma
(cSCC) development, which is most commonly
associated with the use of BRAFI monotherapy.
Subsequent characterization of dermatologic
toxicities has resulted from numerous case series
and review articles. Recommendations for assess-
ment of dermatologic toxicities during treatment for
advanced CM are shown in Table XXI. The level of
evidence and strength of these recommendations are
summarized in Table XIX.

BRAFI and MEKI therapy
FDA-approved BRAFIs include vemurafenib

and dabrafenib; FDA-approved MEKIs include
trametinib and cobimetinib. The most common
cutaneous side effects for MAPK inhibitors include
severe ultraviolet Aeinduced photosensitivity,
hyperproliferative epidermal neoplasms (including
cSCC [usually keratoacanthoma-type]), hypertrophic
actinic keratosis, verrucal keratosis, keratosis
pilarisetype eruption, hand-foot skin reaction
(painful palmoplantar keratosis), and xerosis, which
are frequently observed during BRAFI monother-
apy.296,297,304 Less common BRAFI-associated skin
findings include telogen effluvium and textural hair
changes (course, brittle hair), eruptive nevi,
panniculitis (namely, erythema nodosum), and
BRAF wild-type new primary CM (generally super-
ficial in nature).321 Cutaneous SCC/keratoacanthoma
development generally occurs in older patients with
pre-existing actinic damage and/or a history of skin
cancer, within 8 weeks of starting therapy. With
continuation of BRAFI therapy beyond 4 to 6months,
the incidence of new cSCC/keratoacanthoma lesions
often decreases.

Baseline dermatologic assessment and pre-BRAFI
treatment of actinic keratosis is warranted. Complete
surgical excision for most cSCCs/keratoacanthomas
is generally not indicated, and they can generally be
managed with liquid nitrogen cryotherapy or deep
shave/saucerization followed by electrodessication
and curettage during the first few months of ther-
apy.322 Many of these side effects are attenuated or
even reversed with the addition of MEKIs, although
MEK inhibition can promote the development of
acneiform papulopustular skin eruptions and paro-
nychia analogously to treatment with epidermal
growth factor receptor inhibitors.296,323,324 The
NCCN melanoma guidelines currently recommend
combined BRAFI and MEKI therapy as first-line
treatment for those patients with metastatic CM and
a BRAF V600 activating mutation in whom
molecularly targeted therapy is indicated,2 because
compared with monotherapy, combination therapy
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results in improved response rates and survival and
reduced toxicity.

Hyperkeratosis and thickening of skin on the palms
and soles (hand-foot skin reaction) is often painful and
can be managed with topical keratolytic agents
(ammonium lactate 12%, urea 20%-40%, or salicylic
acid 6%) and emollients. Pretreatment podiatric eval-
uation for paring of existing corns, calluses, and
hyperkeratotic areas may reduce symptoms.322

Acneiform eruptions during MEKI therapy can be
managed with topical steroid ointments or oils for
pruritus, topical or oral antibiotics (typically
tetracyclines, or cephalexins to avoid potential
phototoxicity), and/or dilute bleach soaks. Severe
papulopustular eruptions may require treatment
with isotretinoin or drug cessation.325 As MEKI
therapy is being studied in conjunction with check-
point blockade inBRAFwild-type CM, recognition of
the associated skin toxicities is important.

A recent RCT of dabrafenib in combination with
trametinib versus matched placebos in patients with
resected stage III CM showed statistically significant
improvements in relapse-free and overall survival for
patients who received dabrafenib/trametinib
therapy, which is now FDA approved in the adjuvant
setting.189 The combined BRAFI and MEKI therapy
was associated with rash and acneiform dermatitis in
24% and 12% of patients, respectively, but these
toxicities were usually less than grade 3 in severity.
Immune checkpoint inhibitor therapy
FDA-approved immune checkpoint inhibitors

include anti-CTLA4 (ipilimumab), antiePD-1
(pembrolizumab and nivolumab), and antiePDL-1
(atezolizumab) drugs. The most common dermato-
logic findings from immune checkpoint blockade
include nonspecific morbilliform dermatitis with or
without pruritus; pruritus with or without dermatitis;
vitiligo (vitiligo-like CM-associated hypopigmenta-
tion); and lichenoid skin eruptions mimicking lichen
planus, mucocutaneous lichen planus, lichenoid
drug eruption, lichen sclerosis, or lichenoid
keratosis.305-308 Unmasking or worsening of atopic
dermatitis, psoriasis, sarcoidosis, or autoimmune
bullous disease (bullous pemphigoid-like) has
been reported during treatment with both PD-1
and PD-LI inhibitors, with more frequent flare of
pre-existing autoimmune disease if active at
treatment initiation.309,326 Onset of vitiligo-like
CM-associated hypopigmentation may correlate
with improved immune response, particularly for
patients undergoing antiePD-1 therapy,310,311 in
whom dermatologic recognition of this finding may
therefore aid in oncologic management.
Anti-CTLA4 antibody therapyeinduced skin
toxicity is dose related and generally reversible, with
onset generally occurring within the first month of
therapy, as opposed to later onset with PD-1 or PD-L1
inhibitors.307 Although an overall survival benefit was
observed in patients treated with high-dose ipilimu-
mab in the adjuvant setting for surgically resected
stage III melanoma,245 the severity of associated
immune-related adverse events has limited its use in
practice. A recent RCT showed that in the adjuvant
therapy of resected stage IIIB, IIIC, and IVmelanoma,
the antiePD-1 agent nivolumab resulted in improved
recurrence-free survival and lower toxicity than did
high-dose ipilimumab,188 resulting in FDA approval
of nivolumab in the adjuvant setting. The incidences
of pruritus and rash with nivolumab were 23% and
20%, respectively, and were somewhat lower than
reported with ipilimumab.

Immune checkpoint inhibitorerelated morbilli-
form or maculopapular eruptions are generally
treated with topical steroids, topical antipruritic
lotions, and/or oral antihistamines. Systemic steroids
may be necessary for more severe skin involvement,
and prompt cessation of the drug is mandatory for
onset of suspected Stevens-Johnson syndrome or
toxic epidermal necrolysis.307 Importantly, no
difference in CM survival has been demonstrated
between patients requiring immunosuppressive
therapy for immune-related adverse events and
those not requiring it.327

Viral oncolytic immunotherapy
Oncolytic virus immunotherapy is a new

approach to treating metastatic CM, including
satellite/in-transit metastasis. Talimogene laherpar-
epvec is an oncolytic immunotherapy based on
herpes simplex virus type 1. Administered via
intratumoral injection, talimogene laherparepvec in-
duces viral lysis of CM cells, followed by stimulation
of a tumor-specific immune response.328 There is a
risk of spread to people in close contact with the
patient following administration, to vulnerable
populations, or through accidental exposure.
Specific biosafety procedures and processes are
required to mitigate this risk.

Role of the dermatologist in surveillance of
patients with advanced melanoma

Dermatologists play a major role in the diagnosis
and management of cutaneous side effects related to
treatment of CM and other cancers. As yet, the most
appropriate duration of PD-1/PD-L1 or MAPK
inhibition is unclear, so chronic skin and systemic
toxicities may be observed.329 Early recognition and
control of dermatologic toxicities may prevent
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unnecessary interruption of medication and improve
patient quality of life during treatment.6 It is impor-
tant to note that any systemic treatments for cuta-
neous reactions (eg, oral corticosteroids) should be
undertaken with the partnership of medical
oncology to avoid conflicts in therapeutic intent.
An interdisciplinary approach to care is recommen-
ded by the WG. As CM survivorship increases in the
era of novel therapeutics, dermatologists should
work closely with oncologists and other practitioners
on this front.

EMERGING DIAGNOSTIC TECHNOLOGIES
In review of the currently available highest-level

evidence, the expert WG acknowledges that
although much is known about the management of
primary CM, much has yet to be learned.
Bedside diagnosis will continue to improve with
further investigation of existing, noninvasive
imaging/electrical data acquisition and evaluation
tools (eg, RCM, electrical impedance spectroscopy
combined with digital dermoscopy, optical
coherence tomography, cross-polarized light and
fluorescence photography, and high-frequency
ultrasound, some of which are already FDA
approved)330,331 and novel software technologies
(eg, artificial intelligenceebased deep learning
algorithms332) that can inform and target those
lesions most concerning for malignancy.
Noninvasive genomic methods (eg, adhesive patch
‘‘biopsy’’) are being investigated to further classify
melanocytic lesions as either benign or malignant to
guide the need for further biopsy.333,334

The uptake of 1 or more of these technologies will
eventually depend on cumulative evidence
regarding their effectiveness, clinical utility, cost
versus benefit, and competing strategies.

GAPS IN RESEARCH
Gaps in research have been identified; they

include, but are not limited to, standardization of
the interpretation of mitotic rate in primary CM; lack
of RCTs for the surgical and nonsurgical treatment of
MIS, LM type; the need for further study regarding
MMS and other exhaustive margin control
techniques for both invasive and in situ CM; the
clinical utility and prognostic significance of various
biomarkers and molecular tests; optimal clinical
situations in which to pursue multigene somatic
and germline mutational analysis; and the value of
ancillary molecular tests in comparison with
well-established clinicopathologic predictors of
outcome. Efforts to standardize the histopathologic
diagnosis and categorization of melanocytic
neoplasms are under way to reduce the significant
interobserver variability among pathologists.335

Ongoing advances in genomic medicine may make
many of the aforementioned issues obsolete before
the next AAD melanoma CPG is issued.

Because of these and other gaps in knowledge,
the recommendations provided by the expert WG
are occasionally based on consensus expert opinion
rather than on high-level evidence. Management of
primary CM should therefore always be tailored to
meet the needs of the individual patient.

We thank Jose Moyano, PhD, and Wendy Smith
Begolka, MBS, for administrative support during their
tenure at the AAD.
REFERENCES

1. Bichakjian CK, Halpern AC, Johnson TM, et al. Guidelines of

care for the management of primary cutaneous melanoma.

American Academy of Dermatology. J Am Acad Dermatol.

2011;65:1032-1047.

2. National Comprehensive Cancer Network. NCCN clinical

practice guidelines in oncology: melanoma (version 1.2018).

October 11, 2017.

3. Marsden JR, Newton-Bishop JA, Burrows L, et al. Revised U.K.

guidelines for the management of cutaneous melanoma

2010. Br J Dermatol. 2010;163:238-256.

4. Dummer R, Hauschild A, Guggenheim M, Keilholz U,

Pentheroudakis G, Group EGW. Cutaneous melanoma:

ESMO clinical practice guidelines for diagnosis, treatment

and follow-up. Ann Oncol. 2012;23(Suppl 7):vii86-vii91.

5. Dummer R, Guggenheim M, Arnold AW, Braun R, von Moos R,

Project Group Melanoma of the Swiss Group for Clinical

Cancer R. Updated Swiss guidelines for the treatment and

follow-up of cutaneous melanoma. Swiss Med Wkly. 2011;141:

w13320.

6. Garbe C, Peris K, Hauschild A, et al. Diagnosis and treatment

of melanoma. European consensus-based interdisciplinary

guideline--update 2012. Eur J Cancer. 2012;48:2375-2390.

7. Ebell MH, Siwek J, Weiss BD, et al. Strength of

recommendation taxonomy (SORT): a patient-centered

approach to grading evidence in the medical literature. J

Am Board Fam Pract. 2004;17:59-67.

8. Dermatology AAo. Administrative Regulation - Evidence-Based

Clinical Practice Guidelines 2012. Available from: https://www.

aad.org/forms/policies/uploads/ar/ar%20evidence-based%

20clinical%20practice%20guidelines.pdf. Accessed February

2, 2016.

9. Gershenwald JE, Scolyer RA, Hess KR, et al. Melanoma of the

skin. In: Amin MB, Edge SB, Greene FL, et al. eds. AJCC Cancer

Staging Manual. 8th ed. New York, NY: Springer International

Publishing; 2017.

10. Pellacani G, Pepe P, Casari A, Longo C. Reflectance confocal

microscopy as a second-level examination in skin oncology

improves diagnostic accuracy and saves unnecessary

excisions: a longitudinal prospective study. Br J Dermatol.

2014;171:1044-1051.

11. Rajpara SM, Botello AP, Townend J, Ormerod AD. Systematic

review of dermoscopy and digital dermoscopy/artificial

intelligence for the diagnosis of melanoma. Br J Dermatol.

2009;161:591-604.

12. Stevenson AD, Mickan S, Mallett S, Ayya M. Systematic review

of diagnostic accuracy of reflectance confocal microscopy for

http://refhub.elsevier.com/S0190-9622(18)32588-X/sref5
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref5
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref5
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref5
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref7
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref7
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref7
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref8
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref8
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref8
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref8
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref9
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref9
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref9
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref9
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref9
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref10
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref10
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref10
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref11
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref11
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref11
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref11
https://www.aad.org/forms/policies/uploads/ar/ar%20evidence-based%20clinical%20practice%20guidelines.pdf
https://www.aad.org/forms/policies/uploads/ar/ar%20evidence-based%20clinical%20practice%20guidelines.pdf
https://www.aad.org/forms/policies/uploads/ar/ar%20evidence-based%20clinical%20practice%20guidelines.pdf
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref13
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref13
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref13
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref13
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref14
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref14
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref14
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref14
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref14
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref15
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref15
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref15
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref15
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref16
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref16


J AM ACAD DERMATOL

VOLUME 80, NUMBER 1
Swetter et al 241
melanoma diagnosis in patients with clinically equivocal skin

lesions. Dermatol Pract Concept. 2013;3:19-27.

13. Lederman JS, Sober AJ. Does biopsy type influence survival in

clinical stage I cutaneous melanoma? J Am Acad Dermatol.

1985;13:983-987.

14. Lees VC, Briggs JC. Effect of initial biopsy procedure on

prognosis in stage 1 invasive cutaneous malignant mela-

noma: review of 1086 patients. Br J Surg. 1991;78:1108-1110.

15. Austin JR, Byers RM, Brown WD, Wolf P. Influence of biopsy

on the prognosis of cutaneous melanoma of the head and

neck. Head Neck. 1996;18:107-117.

16. Pariser RJ, Divers A, Nassar A. The relationship between

biopsy technique and uncertainty in the histopathologic

diagnosis of melanoma. Dermatol Online J. 1999;5:4.

17. Bong JL, Herd RM, Hunter JA. Incisional biopsy and

melanoma prognosis. J Am Acad Dermatol. 2002;46:690-694.

18. Ng PC, Barzilai DA, Ismail SA, Averitte RL Jr, Gilliam AC.

Evaluating invasive cutaneous melanoma: is the initial biopsy

representative of the final depth? J Am Acad Dermatol. 2003;

48:420-424.

19. Martin RC 2nd, Scoggins CR, Ross MI, et al. Is incisional biopsy

of melanoma harmful? Am J Surg. 2005;190:913-917.

20. Karimipour DJ, Schwartz JL, Wang TS, et al. Microstaging

accuracy after subtotal incisional biopsy of cutaneous

melanoma. J Am Acad Dermatol. 2005;52:798-802.

21. Armour K, Mann S, Lee S. Dysplastic naevi: to shave, or not to

shave? A retrospective study of the use of the shave biopsy

technique in the initial management of dysplastic naevi.

Australas J Dermatol. 2005;46:70-75.

22. Stell VH, Norton HJ, Smith KS, Salo JC, White RL Jr. Method of

biopsy and incidence of positive margins in primary

melanoma. Ann Surg Oncol. 2007;14:893-898.

23. Moore P, Hundley J, Hundley J, et al. Does shave

biopsy accurately predict the final Breslow depth of

primary cutaneous melanoma? Am Surg. 2009;75:369-373;

discussion 74.

24. Ng JC, Swain S, Dowling JP, Wolfe R, Simpson P, Kelly JW. The

impact of partial biopsy on histopathologic diagnosis of

cutaneous melanoma: experience of an Australian tertiary

referral service. Arch Dermatol. 2010;146:234-239.

25. Zager JS, Hochwald SN, Marzban SS, et al. Shave biopsy is a

safe and accurate method for the initial evaluation of

melanoma. J Am Coll Surg. 2011;212:454-460; discussion 60-2.

26. Mills JK, White I, Diggs B, Fortino J, Vetto JT. Effect of biopsy

type on outcomes in the treatment of primary cutaneous

melanoma. Am J Surg. 2013;205:585-590; discussion 90.

27. Kaiser S, Vassell R, Pinckney RG, Holmes TE, James TA. Clinical

impact of biopsy method on the quality of surgical

management in melanoma. J Surg Oncol. 2014;109:775-779.

28. Mendese G, Maloney M, Bordeaux J. To scoop or not to

scoop: the diagnostic and therapeutic utility of the

scoop-shave biopsy for pigmented lesions. Dermatol Surg.

2014;40:1077-1083.

29. Saco M, Thigpen J. A retrospective comparison

between preoperative and postoperative Breslow depth in

primary cutaneous melanoma: how preoperative shave

biopsies affect surgical management. J Drugs Dermatol.

2014;13:531-536.

30. Egnatios GL, Dueck AC, Macdonald JB, et al. The impact of

biopsy technique on upstaging, residual disease,

and outcome in cutaneous melanoma. Am J Surg. 2011;

202:771-777; discussion 7-8.

31. Calonje E. ACP best practice no 162. The histological

reporting of melanoma. Association of Clinical Pathologists.

J Clin Pathol. 2000;53:587-590.
32. Balch CM, Gershenwald JE, Soong SJ, et al. Final version of

2009 AJCC melanoma staging and classification. J Clin Oncol.

2009;27:6199-6206.

33. Balch CM, Soong S, Ross MI, et al. Long-term results of a

multi-institutional randomized trial comparing prognostic

factors and surgical results for intermediate thickness

melanomas (1.0 to 4.0 mm). Intergroup Melanoma Surgical

Trial. Ann Surg Oncol. 2000;7:87-97.

34. Balch CM, Soong SJ, Gershenwald JE, et al. Prognostic factors

analysis of 17,600 melanoma patients: validation of the

American Joint Committee on Cancer melanoma staging

system. J Clin Oncol. 2001;19:3622-3634.

35. Buzaid AC, Ross MI, Balch CM, et al. Critical analysis of the

current American Joint Committee on Cancer staging system

for cutaneous melanoma and proposal of a new staging

system. J Clin Oncol. 1997;15:1039-1051.

36. Massi D, Franchi A, Borgognoni L, Reali UM, Santucci M. Thin

cutaneous malignant melanomas (\ or =1.5 mm): identifi-

cation of risk factors indicative of progression. Cancer. 1999;

85:1067-1076.

37. Francken AB, Shaw HM, Thompson JF, et al. The prognostic

importance of tumor mitotic rate confirmed in 1317 patients

with primary cutaneous melanoma and long follow-up. Ann

Surg Oncol. 2004;11:426-433.

38. Lyth J, Hansson J, Ingvar C, et al. Prognostic subclassifications

of T1 cutaneous melanomas based on ulceration, tumour

thickness and Clark’s level of invasion: results of a

population-based study from the Swedish Melanoma

Register. Br J Dermatol. 2013;168:779-786.

39. Thompson JF, Soong SJ, Balch CM, et al. Prognostic

significance of mitotic rate in localized primary cutaneous

melanoma: an analysis of patients in the multi-institutional

American Joint Committee on Cancer melanoma staging

database. J Clin Oncol. 2011;29:2199-2205.

40. Gershenwald JE, Scolyer RA, Hess KR, et al. Melanoma

staging: evidence-based changes in the American Joint

Committee on Cancer eighth edition cancer staging manual.

CA Cancer J Clin. 2017;67:472-492.

41. Gimotty PA, Elder DE, Fraker DL, et al. Identification

of high-risk patients among those diagnosed with

thin cutaneous melanomas. J Clin Oncol. 2007;25:

1129-1134.

42. Clark WH Jr, Elder DE, Guerry Dt, et al. Model predicting

survival in stage I melanoma based on tumor progression. J

Natl Cancer Inst. 1989;81:1893-1904.

43. Balch CM, Wilkerson JA, Murad TM, Soong SJ, Ingalls AL,

Maddox WA. The prognostic significance of ulceration of

cutaneous melanoma. Cancer. 1980;45:3012-3017.

44. Shen S, Wolfe R, McLean CA, Haskett M, Kelly JW.

Characteristics and associations of high-mitotic-rate

melanoma. JAMA Dermatol. 2014;150:1048-1055.

45. Nagore E, Oliver V, Botella-Estrada R, Moreno-Picot S,

Insa A, Fortea JM. Prognostic factors in localized invasive

cutaneous melanoma: high value of mitotic rate, vascular

invasion and microscopic satellitosis. Melanoma Res. 2005;

15:169-177.

46. Bartlett EK, Gimotty PA, Sinnamon AJ, et al. Clark level risk

stratifies patients with mitogenic thin melanomas for sentinel

lymph node biopsy. Ann Surg Oncol. 2014;21:643-649.

47. Bartlett EK, Gupta M, Datta J, et al. Prognosis of patients with

melanoma and microsatellitosis undergoing sentinel lymph

node biopsy. Ann Surg Oncol. 2014;21:1016-1023.

48. Barnhill RL, Fine JA, Roush GC, Berwick M. Predicting five-year

outcome for patients with cutaneous melanoma in a

population-based study. Cancer. 1996;78:427-432.

http://refhub.elsevier.com/S0190-9622(18)32588-X/sref16
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref16
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref17
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref17
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref17
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref18
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref18
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref18
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref19
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref19
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref19
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref20
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref20
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref20
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref21
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref21
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref22
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref22
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref22
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref22
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref23
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref23
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref24
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref24
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref24
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref25
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref25
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref25
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref25
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref26
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref26
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref26
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref27
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref27
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref27
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref27
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref28
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref28
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref28
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref28
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref29
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref29
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref29
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref30
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref30
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref30
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref31
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref31
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref31
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref32
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref32
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref32
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref32
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref33
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref33
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref33
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref33
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref33
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref34
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref34
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref34
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref34
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref35
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref35
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref35
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref36
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref36
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref36
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref37
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref37
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref37
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref37
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref37
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref38
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref38
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref38
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref38
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref39
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref39
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref39
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref39
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref40
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref40
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref40
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref40
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref40
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref41
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref41
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref41
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref41
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref42
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref42
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref42
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref42
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref42
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref43
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref43
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref43
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref43
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref43
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref44
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref44
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref44
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref44
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref45
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref45
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref45
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref45
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref46
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref46
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref46
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref47
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref47
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref47
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref48
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref48
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref48
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref49
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref49
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref49
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref49
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref49
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref50
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref50
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref50
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref51
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref51
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref51
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref52
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref52
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref52


J AM ACAD DERMATOL

JANUARY 2019
242 Swetter et al
49. Kimsey TF, Cohen T, Patel A, Busam KJ, Brady MS.

Microscopic satellitosis in patients with primary cutaneous

melanoma: implications for nodal basin staging. Ann Surg

Oncol. 2009;16:1176-1183.

50. Shaikh L, Sagebiel RW, Ferreira CM, Nosrati M, Miller JR 3rd,

Kashani-Sabet M. The role of microsatellites as a prognostic

factor in primary malignant melanoma. Arch Dermatol. 2005;

141:739-742.

51. Rao UN, Ibrahim J, Flaherty LE, Richards J, Kirkwood JM.

Implications of microscopic satellites of the primary

and extracapsular lymph node spread in patients with

high-risk melanoma: pathologic corollary of Eastern

Cooperative Oncology Group Trial E1690. J Clin Oncol.

2002;20:2053-2057.

52. Feldmeyer L, Tetzlaff M, Fox P, et al. Prognostic implication of

lymphovascular invasion detected by double immunostain-

ing for D2-40 and MITF1 in primary cutaneous melanoma.

Am J Dermatopathol. 2016;38:484-491.

53. Xu X, Chen L, Guerry D, et al. Lymphatic invasion is

independently prognostic of metastasis in primary cuta-

neous melanoma. Clin Cancer Res. 2012;18:229-237.

54. Massi D, Borgognoni L, Franchi A, Martini L, Reali UM,

Santucci M. Thick cutaneous malignant melanoma: a reap-

praisal of prognostic factors. Melanoma Res. 2000;10:153-164.

55. Hawkins WG, Busam KJ, Ben-Porat L, et al. Desmoplastic

melanoma: a pathologically and clinically distinct form of

cutaneous melanoma. Ann Surg Oncol. 2005;12:207-213.

56. Leiter U, Buettner PG, Eigentler TK, Garbe C. Prognostic

factors of thin cutaneous melanoma: an analysis of the

central malignant melanoma registry of the german derma-

tological society. J Clin Oncol. 2004;22:3660-3667.

57. Chen JY, Hruby G, Scolyer RA, et al. Desmoplastic neurotropic

melanoma: a clinicopathologic analysis of 128 cases. Cancer.

2008;113:2770-2778.

58. Quinn MJ, Crotty KA, Thompson JF, Coates AS, O’Brien CJ,

McCarthy WH. Desmoplastic and desmoplastic neurotropic

melanoma: experience with 280 patients. Cancer. 1998;83:

1128-1135.

59. Rubinstein JC, Han G, Jackson L, et al. Regression in thin

melanoma is associated with nodal recurrence after a

negative sentinel node biopsy. Cancer Med. 2016;5:2832-

2840.

60. Burton AL, Gilbert J, Farmer RW, et al. Regression does not

predict nodal metastasis or survival in patients with cuta-

neous melanoma. Am Surg. 2011;77:1009-1013.

61. Tas F, Erturk K. Presence of histological regression as a

prognostic factor in cutaneous melanoma patients. Mela-

noma Res. 2016;26:492-496.

62. Ribero S, Gualano MR, Osella-Abate S, et al. Association of

histologic regression in primary melanoma with sentinel

lymph node status: a systematic review and meta-analysis.

JAMA Dermatol. 2015;151:1301-1307.

63. Gualano MR, Osella-Abate S, Scaioli G, et al. Prognostic role of

histological regression in primary cutaneous melanoma: a

systematic review and meta-analysis. Br J Dermatol. 2018;178:

357-362.

64. Weiss SA, Han SW, Lui K, et al. Immunologic heterogeneity of

tumor-infiltrating lymphocyte composition in primary mela-

noma. Hum Pathol. 2016;57:116-125.

65. Clemente CG, Mihm MC Jr, Bufalino R, Zurrida S, Collini P,

Cascinelli N. Prognostic value of tumor infiltrating lympho-

cytes in the vertical growth phase of primary cutaneous

melanoma. Cancer. 1996;77:1303-1310.

66. Fang Y, Dusza S, Jhanwar S, Busam KJ. Fluorescence in situ

hybridization (FISH) analysis of melanocytic nevi and
melanomas: sensitivity, specificity, and lack of association

with sentinel node status. Int J Surg Pathol. 2012;20:434-440.

67. Al-Rohil RN, Curry JL, Torres-Cabala CA, et al. Proliferation

indices correlate with diagnosis and metastasis in diagnos-

tically challenging melanocytic tumors. Hum Pathol. 2016;53:

73-81.

68. Raskin L, Ludgate M, Iyer RK, et al. Copy number variations

and clinical outcome in atypical Spitz tumors. Am J Surg

Pathol. 2011;35:243-252.

69. Gerami P, Jewell SS, Morrison LE, et al. Fluorescence in situ

hybridization (FISH) as an ancillary diagnostic tool in the

diagnosis of melanoma. Am J Surg Pathol. 2009;33:1146-1156.

70. Gerami P, Li G, Pouryazdanparast P, et al. A highly specific

and discriminatory FISH assay for distinguishing between

benign and malignant melanocytic neoplasms. Am J Surg

Pathol. 2012;36:808-817.

71. Vergier B, Prochazkova-Carlotti M, de la Fouchardiere A, et al.

Fluorescence in situ hybridization, a diagnostic aid in

ambiguous melanocytic tumors: European study of 113

cases. Mod Pathol. 2011;24:613-623.

72. Clarke LE, Flake DD 2nd, Busam K, et al. An independent

validation of a gene expression signature to differentiate

malignant melanoma from benign melanocytic nevi. Cancer.

2017;123:617-628.

73. Clarke LE, Warf MB, Flake DD 2nd, et al. Clinical validation of a

gene expression signature that differentiates benign nevi

from malignant melanoma. J Cutan Pathol. 2015;42:244-252.

74. Hieken TJ, Hernandez-Irizarry R, Boll JM, Jones Coleman JE.

Accuracy of diagnostic biopsy for cutaneous melanoma:

implications for surgical oncologists. Int J Surg Oncol. 2013;

2013:196493.

75. Scolyer RA, Judge MJ, Evans A, et al. Data set for pathology

reporting of cutaneous invasive melanoma: recommenda-

tions from the International Collaboration on Cancer Report-

ing (ICCR). Am J Surg Pathol. 2013;37:1797-1814.

76. Farberg AS, Rigel DS. A comparison of current practice

patterns of US dermatologists versus published guidelines

for the biopsy, initial management, and follow up of patients

with primary cutaneous melanoma. J Am Acad Dermatol.

2016;75:1193-1197.e1.

77. Dalton SR, Gardner TL, Libow LF, Elston DM. Contiguous

lesions in lentigo maligna. J Am Acad Dermatol. 2005;52:859-

862.

78. Megahed M, Schon M, Selimovic D, Schon MP. Reli-

ability of diagnosis of melanoma in situ. Lancet. 2002;

359:1921-1922.

79. Tran KT, Wright NA, Cockerell CJ. Biopsy of the pigmented

lesion--when and how. J Am Acad Dermatol. 2008;59:852-871.

80. Niebling MG, Haydu LE, Karim RZ, Thompson JF, Scolyer RA.

Pathology review significantly affects diagnosis and treat-

ment of melanoma patients: an analysis of 5011 patients

treated at a melanoma treatment center. Ann Surg Oncol.

2014;21:2245-2251.

81. Smoller BR, Gershenwald JE, Scolyer RA, et al. Protocol for the

examination of specimens from patients with melanoma of

the skin. Melanoma 4.0.0.0 (Posted June 2017). Based on

AJCC/UICC TNM, 8th edition. � 2017 College of American

Pathologists (CAP). June 2017.

82. Guerry Dt, Synnestvedt M, Elder DE, Schultz D. Lessons from

tumor progression: the invasive radial growth phase of

melanoma is common, incapable of metastasis, and indolent.

J Invest Dermatol. 1993;100:342s-345s.

83. Mihic-Probst D, Shea C, Duncan L, et al. Update on thin

melanoma: outcome of an international workshop. Adv Anat

Pathol. 2016;23:24-29.

http://refhub.elsevier.com/S0190-9622(18)32588-X/sref53
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref53
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref53
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref53
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref54
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref54
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref54
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref54
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref55
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref55
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref55
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref55
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref55
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref55
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref56
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref56
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref56
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref56
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref57
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref57
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref57
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref58
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref58
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref58
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref59
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref59
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref59
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref60
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref60
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref60
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref60
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref61
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref61
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref61
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref62
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref62
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref62
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref62
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref63
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref63
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref63
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref63
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref64
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref64
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref64
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref65
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref65
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref65
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref66
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref66
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref66
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref66
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref67
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref67
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref67
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref67
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref68
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref68
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref68
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref69
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref69
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref69
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref69
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref70
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref70
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref70
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref70
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref71
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref71
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref71
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref71
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref72
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref72
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref72
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref73
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref73
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref73
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref74
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref74
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref74
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref74
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref75
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref75
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref75
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref75
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref76
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref76
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref76
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref76
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref77
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref77
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref77
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref78
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref78
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref78
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref78
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref79
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref79
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref79
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref79
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref80
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref80
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref80
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref80
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref80
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref81
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref81
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref81
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref82
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref82
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref82
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref83
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref83
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref84
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref84
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref84
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref84
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref84
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref86
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref86
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref86
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref86
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref87
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref87
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref87


J AM ACAD DERMATOL

VOLUME 80, NUMBER 1
Swetter et al 243
84. Aung PP, Nagarajan P, Prieto VG. Regression in primary

cutaneous melanoma: etiopathogenesis and clinical

significance. Lab Invest. 2017;97:657-668.

85. Strom T, Caudell JJ, Han D, et al. Radiotherapy influences

local control in patients with desmoplastic melanoma. Can-

cer. 2014;120:1369-1378.

86. McGuire LK, Disa JJ, Lee EH, Busam KJ, Nehal KS. Melanoma

of the lentigo maligna subtype: diagnostic challenges and

current treatment paradigms. Plast Reconstr Surg. 2012;129:

288e-299e.

87. Johnson TM, Headington JT, Baker SR, Lowe L. Usefulness of

the staged excision for lentigo maligna and lentigo maligna

melanoma: the ‘‘square’’ procedure. J Am Acad Dermatol.

1997;37:758-764.

88. Moyer JS, Rudy S, Boonstra PS, et al. Efficacy of staged

excision with permanent section margin control for cuta-

neous head and neck melanoma. JAMA Dermatol. 2017;153:

282-288.

89. Kim RH, Meehan SA. Immunostain use in the diagnosis of

melanomas referred to a tertiary medical center: a 15-year

retrospective review (2001-2015). J Cutan Pathol. 2017;44:

221-227.

90. Lazzaro B, Strassburg A. Tumor antigen expression in com-

pound dysplastic nevi and superficial spreading melanoma

defined by a panel of nevomelanoma monoclonal anti-

bodies. Hybridoma. 1996;15:141-146.

91. Uguen A, Talagas M, Costa S, et al. A p16-Ki-67-HMB45

immunohistochemistry scoring system as an ancillary diag-

nostic tool in the diagnosis of melanoma. Diagn Pathol. 2015;

10:195.

92. Gerami P, Scolyer RA, Xu X, et al. Risk assessment for atypical

spitzoid melanocytic neoplasms using FISH to identify

chromosomal copy number aberrations. Am J Surg Pathol.

2013;37:676-684.

93. Lee S, Barnhill RL, Dummer R, et al. TERT promoter mutations

are predictive of aggressive clinical behavior in patients with

spitzoid melanocytic neoplasms. Sci Rep. 2015;5:11200.

94. Hugdahl E, Kalvenes MB, Mannelqvist M, Ladstein RG,

Akslen LA. Prognostic impact and concordance of TERT

promoter mutation and protein expression in matched

primary and metastatic cutaneous melanoma. Br J Cancer.

2018;118:98-105.

95. Serrati S, De Summa S, Pilato B, et al. Next-generation

sequencing: advances and applications in cancer diagnosis.

Onco Targets Ther. 2016;9:7355-7365.

96. Gerami P, Cook RW, Wilkinson J, et al. Development of a

prognostic genetic signature to predict the metastatic risk

associated with cutaneous melanoma. Clin Cancer Res. 2015;

21:175-183.

97. Gerami P, Cook RW, Russell MC, et al. Gene expression

profiling for molecular staging of cutaneous melanoma in

patients undergoing sentinel lymph node biopsy. J Am Acad

Dermatol. 2015;72:780-785.e3.

98. Cockburn M, Swetter SM, Peng D, Keegan TH, Deapen D,

Clarke CA. Melanoma underreporting: why does it happen,

how big is the problem, and how do we fix it? J Am Acad

Dermatol. 2008;59:1081-1085.

99. Harris RB, Koch SM, Newton C, et al. Underreporting of

melanoma in Arizona and strategies for increasing reporting:

a public health partnership approach. Public Health Rep.

2015;130:737-744.

100. Cartee TV, Kini SP, Chen SC. Melanoma reporting to central

cancer registries by US dermatologists: an analysis of the

persistent knowledge and practice gap. J Am Acad Dermatol.

2011;65:S124-S132.
101. Raji KO, Payne L, Chen SC. Reporting melanoma: a nation-

wide surveillance of state cancer registries. J Skin Cancer.

2015;2015:904393.

102. Ross MI, Gershenwald JE. Evidence-based treatment of early-

stage melanoma. J Surg Oncol. 2011;104:341-353.

103. Veronesi U, Cascinelli N. Narrow excision (1-cm margin). A

safe procedure for thin cutaneous melanoma. Arch Surg.

1991;126:438-441.

104. Veronesi U, Cascinelli N, Adamus J, et al. Thin stage I

primary cutaneous malignant melanoma. Comparison of

excision with margins of 1 or 3 cm. N Engl J Med. 1988;

318:1159-1162.

105. Balch CM, Urist MM, Karakousis CP, et al. Efficacy of 2-cm

surgical margins for intermediate-thickness melanomas (1 to

4 mm). Results of a multi-institutional randomized surgical

trial. Ann Surg. 1993;218:262-267; discussion 7-9.

106. Cohn-Cedermark G, Rutqvist LE, Andersson R, et al. Long

term results of a randomized study by the Swedish Mela-

noma Study Group on 2-cm versus 5-cm resection margins

for patients with cutaneous melanoma with a tumor

thickness of 0.8-2.0 mm. Cancer. 2000;89:1495-1501.

107. Khayat D, Rixe O, Martin G, et al. Surgical margins in

cutaneous melanoma (2 cm versus 5 cm for lesions

measuring less than 2.1-mm thick). Cancer. 2003;97:1941-

1946.

108. Thomas JM, Newton-Bishop J, A’Hern R, et al. Excision

margins in high-risk malignant melanoma. N Engl J Med.

2004;350:757-766.

109. Hayes AJ, Maynard L, Coombes G, et al. Wide versus narrow

excision margins for high-risk, primary cutaneous mela-

nomas: long-term follow-up of survival in a randomised trial.

Lancet Oncol. 2016;17:184-192.

110. Gillgren P, Drzewiecki KT, Niin M, et al. 2-cm versus 4-cm

surgical excision margins for primary cutaneous melanoma

thicker than 2 mm: a randomised, multicentre trial. Lancet.

2011;378:1635-1642.

111. National Institutes of Health consensus development confer-

ence statement on diagnosis and treatment of early mela-

noma, January 27-29, 1992. Am J Dermatopathol. 1993;15:34-

43; discussion 6-51.

112. Tzellos T, Kyrgidis A, Mocellin S, Chan AW, Pilati P,

Apalla Z. Interventions for melanoma in situ, including

lentigo maligna. Cochrane Database Syst Rev. 2014;12:

CD010308.

113. Akhtar S, Bhat W, Magdum A, Stanley PR. Surgical excision

margins for melanoma in situ. J Plast Reconstr Aesthet Surg.

2014;67:320-323.

114. Duffy KL, Truong A, Bowen GM, et al. Adequacy of 5-mm

surgical excision margins for non-lentiginous melanoma in

situ. J Am Acad Dermatol. 2014;71:835-838.

115. Kunishige JH, Brodland DG, Zitelli JA. Surgical margins for

melanoma in situ. J Am Acad Dermatol. 2012;66:438-444.

116. Hilari H, Llorca D, Traves V, et al. Conventional surgery

compared with slow Mohs micrographic surgery in the

treatment of lentigo maligna: a retrospective study of 62

cases. Actas dermosifiliogr. 2012;103:614-623.

117. Hou JL, Reed KB, Knudson RM, et al. Five-year outcomes of

wide excision and Mohs micrographic surgery for primary

lentigo maligna in an academic practice cohort. Dermatol

Surg. 2015;41:211-218.

118. McKenna DB, Lee RJ, Prescott RJ, Doherty VR. A retrospective

observational study of primary cutaneous malignant mela-

noma patients treated with excision only compared with

excision biopsy followed by wider local excision. Br J

Dermatol. 2004;150:523-530.

http://refhub.elsevier.com/S0190-9622(18)32588-X/sref88
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref88
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref88
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref89
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref89
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref89
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref90
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref90
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref90
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref90
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref91
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref91
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref91
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref91
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref92
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref92
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref92
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref92
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref93
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref93
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref93
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref93
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref94
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref94
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref94
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref94
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref95
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref95
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref95
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref95
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref96
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref96
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref96
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref96
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref97
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref97
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref97
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref98
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref98
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref98
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref98
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref98
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref99
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref99
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref99
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref100
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref100
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref100
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref100
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref101
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref101
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref101
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref101
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref102
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref102
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref102
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref102
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref103
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref103
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref103
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref103
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref104
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref104
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref104
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref104
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref105
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref105
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref105
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref106
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref106
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref107
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref107
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref107
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref108
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref108
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref108
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref108
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref109
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref109
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref109
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref109
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref110
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref110
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref110
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref110
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref110
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref111
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref111
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref111
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref111
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref112
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref112
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref112
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref113
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref113
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref113
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref113
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref114
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref114
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref114
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref114
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref115
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref115
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref115
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref115
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref116
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref116
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref116
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref116
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref117
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref117
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref117
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref118
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref118
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref118
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref119
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref119
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref120
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref120
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref120
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref120
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref121
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref121
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref121
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref121
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref122
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref122
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref122
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref122
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref122


J AM ACAD DERMATOL

JANUARY 2019
244 Swetter et al
119. Cascinelli N. Margin of resection in the management of

primary melanoma. Semin Surg Oncol. 1998;14:272-275.

120. MacKenzie Ross AD, Haydu LE, Quinn MJ, et al. The associ-

ation between excision margins and local recurrence in

11,290 thin (T1) primary cutaneous melanomas: a case-

control study. Ann Surg Oncol. 2016;23:1082-1089.

121. Lens MB, Nathan P, Bataille V. Excision margins for primary

cutaneous melanoma: updated pooled analysis of random-

ized controlled trials. Arch Surg. 2007;142:885-891; discussion

91-3.

122. Karakousis CP, Balch CM, Urist MM, Ross MM, Smith TJ,

Bartolucci AA. Local recurrence in malignant melanoma:

long-term results of the multiinstitutional randomized surgi-

cal trial. Ann Surg Oncol. 1996;3:446-452.

123. Haydu LE, Stollman JT, Scolyer RA, et al. Minimum safe

pathologic excision margins for primary cutaneous mela-

nomas (1-2 mm in thickness): analysis of 2131 patients

treated at a single center. Ann Surg Oncol. 2016;23:1071-

1081.

124. Newton-Bishop JA, Nolan C, Turner F, et al. A quality-of-life

study in high-risk (thickness, [ = or 2 mm) cutaneous

melanoma patients in a randomized trial of 1-cm versus 3-

cm surgical excision margins. J Investig Dermatol Symp Proc.

2004;9:152-159.

125. Albertini JG, Elston DM, Libow LF, Smith SB, Farley MF. Mohs

micrographic surgery for melanoma: a case series, a compar-

ative study of immunostains, an informative case report, and a

unique mapping technique. Dermatol Surg. 2002;28:656-665.

126. de Vries K, Greveling K, Prens LM, et al. Recurrence rate of

lentigo maligna after micrographically controlled staged

surgical excision. Br J Dermatol. 2016;174:588-593.

127. Shumaker PR, Kelley B, Swann MH, Greenway HT Jr. Modified

Mohs micrographic surgery for periocular melanoma and

melanoma in situ: long-term experience at Scripps Clinic.

Dermatol Surg. 2009;35:1263-1270.

128. Wain RA, Tehrani H. Reconstructive outcomes of Mohs

surgery compared with conventional excision: a 13-month

prospective study. J Plast Reconstr Aesthet Surg. 2015;68:

946-952.

129. Nosrati A, Berliner JG, Goel S, et al. Outcomes of

melanoma in situ treated with Mohs micrographic surgery

compared with wide local excision. JAMA Dermatol. 2017;

153:436-441.

130. Etzkorn JR, Sobanko JF, Elenitsas R, et al. Low recurrence

rates for in situ and invasive melanomas using Mohs

micrographic surgery with melanoma antigen recognized

by T cells 1 (MART-1) immunostaining: tissue processing

methodology to optimize pathologic staging and margin

assessment. J Am Acad Dermatol. 2015;72:840-850.

131. Bricca GM, Brodland DG, Ren D, Zitelli JA. Cutaneous head

and neck melanoma treated with Mohs micrographic sur-

gery. J Am Acad Dermatol. 2005;52:92-100.

132. Bene NI, Healy C, Coldiron BM. Mohs micrographic surgery is

accurate 95.1% of the time for melanoma in situ: a prospec-

tive study of 167 cases. Dermatol Surg. 2008;34:660-664.

133. Wilson JB, Walling HW, Scupham RK, Bean AK, Ceilley RI,

Goetz KE. Staged excision for lentigo maligna and lentigo

maligna melanoma: analysis of surgical margins and long-

term recurrence in 68 cases from a single practice. J Clin

Aesthet Dermatol. 2016;9:25-30.

134. Hazan C, Dusza SW, Delgado R, Busam KJ, Halpern AC,

Nehal KS. Staged excision for lentigo maligna and lentigo

maligna melanoma: a retrospective analysis of 117 cases. J

Am Acad Dermatol. 2008;58:142-148.
135. Huilgol SC, Selva D, Chen C, et al. Surgical margins for lentigo

maligna and lentigo maligna melanoma: the technique of

mapped serial excision. Arch Dermatol. 2004;140:1087-1092.

136. Bub JL, Berg D, Slee A, Odland PB. Management of lentigo

maligna and lentigo maligna melanoma with staged exci-

sion: a 5-year follow-up. Arch Dermatol. 2004;140:552-558.

137. Bosbous MW, Dzwierzynski WW, Neuburg M. Staged excision

of lentigo maligna and lentigo maligna melanoma: a 10-year

experience. Plast Reconstr Surg. 2009;124:1947-1955.

138. Mahoney MH, Joseph M, Temple CL. The perimeter tech-

nique for lentigo maligna: an alternative to Mohs micro-

graphic surgery. J Surg Oncol. 2005;91:120-125.

139. Abdelmalek M, Loosemore MP, Hurt MA, Hruza G. Geometric

staged excision for the treatment of lentigo maligna and

lentigo maligna melanoma: a long-term experience with

literature review. Arch Dermatol. 2012;148:599-604.

140. Gaudy-Marqueste C, Perchenet AS, Tasei AM, et al. The

‘‘spaghetti technique’’: an alternative to Mohs surgery or

staged surgery for problematic lentiginous melanoma (len-

tigo maligna and acral lentiginous melanoma). J Am Acad

Dermatol. 2011;64:113-118.

141. Moller MG, Pappas-Politis E, Zager JS, et al. Surgical man-

agement of melanoma-in-situ using a staged marginal and

central excision technique. Ann Surg Oncol. 2009;16:1526-

1536.

142. Lee MR, Ryman WJ. Treatment of lentigo maligna with total

circumferential margin control using vertical and horizontal

permanent sections: a retrospective study. Australas J

Dermatol. 2008;49:196-201.

143. Valentin-Nogueras SM, Brodland DG, Zitelli JA, Gonzalez-

Sepulveda L, Nazario CM. Mohs micrographic surgery

using MART-1 immunostain in the treatment of invasive

melanoma and melanoma in situ. Dermatol Surg. 2016;42:

733-744.

144. Chin-Lenn L, Murynka T, McKinnon JG, Arlette JP. Compar-

ison of outcomes for malignant melanoma of the face

treated using Mohs micrographic surgery and wide local

excision. Dermatol Surg. 2013;39:1637-1645.

145. Fong ZV, Tanabe KK. Comparison of melanoma guidelines in

the U.S.A., Canada, Europe, Australia and New Zealand: a

critical appraisal and comprehensive review. Br J Dermatol.

2014;170:20-30.

146. Gannon CJ, Rousseau DL Jr, Ross MI, et al. Accuracy of

lymphatic mapping and sentinel lymph node biopsy after

previous wide local excision in patients with primary

melanoma. Cancer. 2006;107:2647-2652.

147. van der Ploeg AP, Haydu LE, Spillane AJ, et al. Outcome

following sentinel node biopsy plus wide local excision

versus wide local excision only for primary cutaneous

melanoma: analysis of 5840 patients treated at a single

institution. Ann Surg. 2014;260:149-157.

148. Morton DL, Thompson JF, Cochran AJ, et al. Final trial report

of sentinel-node biopsy versus nodal observation in mela-

noma. N Engl J Med. 2014;370:599-609.

149. Morton DL, Cochran AJ, Thompson JF, et al. Sentinel node

biopsy for early-stage melanoma: accuracy and morbidity in

MSLT-I, an international multicenter trial. Ann Surg. 2005;242:

302-311; discussion 11-3.

150. McMasters KM, Egger ME, Edwards MJ, et al. Final results of

the sunbelt melanoma trial: a multi-institutional prospective

randomized phase III study evaluating the role of adjuvant

high-dose interferon alfa-2b and completion lymph node

dissection for patients staged by sentinel lymph node

biopsy. J Clin Oncol. 2016;34:1079-1086.

http://refhub.elsevier.com/S0190-9622(18)32588-X/sref123
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref123
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref124
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref124
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref124
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref124
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref125
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref125
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref125
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref125
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref126
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref126
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref126
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref126
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref127
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref127
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref127
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref127
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref127
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref128
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref128
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref128
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref128
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref128
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref128
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref129
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref129
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref129
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref129
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref130
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref130
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref130
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref131
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref131
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref131
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref131
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref132
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref132
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref132
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref132
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref133
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref133
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref133
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref133
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref134
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref134
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref134
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref134
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref134
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref134
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref135
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref135
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref135
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref136
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref136
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref136
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref137
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref137
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref137
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref137
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref137
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref138
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref138
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref138
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref138
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref139
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref139
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref139
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref140
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref140
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref140
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref141
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref141
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref141
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref142
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref142
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref142
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref143
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref143
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref143
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref143
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref144
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref144
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref144
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref144
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref144
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref145
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref145
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref145
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref145
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref146
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref146
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref146
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref146
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref147
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref147
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref147
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref147
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref147
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref148
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref148
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref148
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref148
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref149
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref149
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref149
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref149
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref150
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref150
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref150
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref150
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref151
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref151
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref151
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref151
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref151
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref152
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref152
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref152
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref153
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref153
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref153
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref153
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref154
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref154
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref154
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref154
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref154
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref154


J AM ACAD DERMATOL

VOLUME 80, NUMBER 1
Swetter et al 245
151. Kesmodel SB, Karakousis GC, Botbyl JD, et al. Mitotic rate as a

predictor of sentinel lymph node positivity in patients with

thin melanomas. Ann Surg Oncol. 2005;12:449-458.

152. Venna SS, Thummala S, Nosrati M, et al. Analysis of sentinel

lymph node positivity in patients with thin primary mela-

noma. J Am Acad Dermatol. 2013;68:560-567.

153. Yonick DV, Ballo RM, Kahn E, et al. Predictors of positive

sentinel lymph node in thin melanoma. Am J Surg. 2011;201:

324-327; discussion 7-8.

154. Murali R, Haydu LE, Quinn MJ, et al. Sentinel lymph node

biopsy in patients with thin primary cutaneous melanoma.

Ann Surg. 2012;255:128-133.

155. Sondak VK, Taylor JM, Sabel MS, et al. Mitotic rate and

younger age are predictors of sentinel lymph node positivity:

lessons learned from the generation of a probabilistic model.

Ann Surg Oncol. 2004;11:247-258.

156. Kruper LL, Spitz FR, Czerniecki BJ, et al. Predicting sentinel

node status in AJCC stage I/II primary cutaneous melanoma.

Cancer. 2006;107:2436-2445.

157. Maurichi A, Miceli R, Camerini T, et al. Prediction of survival in

patients with thin melanoma: results from a multi-institution

study. J Clin Oncol. 2014;32:2479-2485.

158. Speijers MJ, Bastiaannet E, Sloot S, Suurmeijer AJ,

Hoekstra HJ. Tumor mitotic rate added to the equation:

melanoma prognostic factors changed?: a single-institution

database study on the prognostic value of tumor mitotic rate

for sentinel lymph node status and survival of cutaneous

melanoma patients. Ann Surg Oncol. 2015;22:2978-2987.

159. Paek SC, Griffith KA, Johnson TM, et al. The impact of factors

beyond Breslow depth on predicting sentinel lymph node

positivity in melanoma. Cancer. 2007;109:100-108.

160. Gajdos C, Griffith KA, Wong SL, et al. Is there a benefit to

sentinel lymph node biopsy in patients with T4 melanoma?

Cancer. 2009;115:5752-5760.

161. Gyorki DE, Sanelli A, Herschtal A, et al. Sentinel lymph node

biopsy in T4 melanoma: an important risk-stratification tool.

Ann Surg Oncol. 2016;23:579-584.

162. Balch CM, Thompson JF, Gershenwald JE, et al. Age as a

predictor of sentinel node metastasis among patients with

localized melanoma: an inverse correlation of melanoma

mortality and incidence of sentinel node metastasis

among young and old patients. Ann Surg Oncol. 2014;21:

1075-1081.

163. Rughani MG, Swan MC, Adams TS, et al. Sentinel node status

predicts survival in thick melanomas: the Oxford perspective.

Eur J Surg Oncol. 2012;38:936-942.

164. Cordeiro E, Gervais MK, Shah PS, Look Hong NJ, Wright FC.

Sentinel lymph node biopsy in thin cutaneous melanoma: a

systematic review and meta-analysis. Ann Surg Oncol. 2016;

23:4178-4188.

165. DeFazio JL, Marghoob AA, Pan Y, Dusza SW, Khokhar A,

Halpern A. Variation in the depth of excision of melanoma: a

survey of US physicians. Arch Dermatol. 2010;146:995-999.

166. Grotz TE, Markovic SN, Erickson LA, et al. Mayo Clinic

consensus recommendations for the depth of excision in

primary cutaneous melanoma. Mayo Clin Proc. 2011;86:522-

528.

167. Cochran AM, Buchanan PJ, Bueno RA Jr, Neumeister MW.

Subungual melanoma: a review of current treatment. Plast

Reconstr Surg. 2014;134:259-273.

168. Duarte AF, Correia O, Barros AM, Ventura F, Haneke E. Nail

melanoma in situ: clinical, dermoscopic, pathologic clues,

and steps for minimally invasive treatment. Dermatol Surg.

2015;41:59-68.
169. Sinno S, Wilson S, Billig J, Shapiro R, Choi M. Primary

melanoma of the hand: an algorithmic approach to surgical

management. J Plast Surg Hand Surg. 2015;49:339-345.

170. Terushkin V, Brodland DG, Sharon DJ, Zitelli JA. Digit-sparing

Mohs surgery for melanoma. Dermatol Surg. 2016;42:83-93.

171. McCready DR, Ghazarian DM, Hershkop MS, Walker JA,

Ambus U, Quirt IC. Sentinel lymph-node biopsy after previ-

ous wide local excision for melanoma. Can J Surg. 2001;44:

432-434.

172. Bax MJ, Johnson TM, Harms PW, et al. Detection of occult

invasion in melanoma in situ. JAMA Dermatol. 2016;152:1201-

1208.

173. Buonaccorsi JN, Prieto VG, Torres-Cabala C, Suster S, Plaza JA.

Diagnostic utility and comparative immunohistochemical

analysis of MITF-1 and SOX10 to distinguish melanoma in

situ and actinic keratosis: a clinicopathological and immuno-

histochemical study of 70 cases. Am J Dermatopathol. 2014;

36:124-130.

174. Madden K, Forman SB, Elston D. Quantification of melano-

cytes in sun-damaged skin. J Am Acad Dermatol. 2011;64:548-

552.

175. Weyers W, Bonczkowitz M, Weyers I, Bittinger A, Schill WB.

Melanoma in situ versus melanocytic hyperplasia in sun-

damaged skin. Assessment of the significance of histopath-

ologic criteria for differential diagnosis. Am J Dermatopathol.

1996;18:560-566.

176. Barlow JO, Maize J Sr, Lang PG. The density and distribution

of melanocytes adjacent to melanoma and nonmelanoma

skin cancers. Dermatol Surg. 2007;33:199-207.

177. Walsh SB, Varma R, Raimer D, et al. Utility of Wood’s light in

margin determination of melanoma in situ after excisional

biopsy. Dermatol Surg. 2015;41:572-578.

178. Champin J, Perrot JL, Cinotti E, et al. In vivo reflectance

confocal microscopy to optimize the spaghetti technique for

defining surgical margins of lentigo maligna. Dermatol Surg.

2014;40:247-256.

179. Yelamos O, Cordova M, Blank N, et al. Correlation of

handheld reflectance confocal microscopy with radial video

mosaicing for margin mapping of lentigo maligna and

lentigo maligna melanoma. JAMA Dermatol. 2017;153:1278-

1284.

180. Ozao-Choy J, Nelson DW, Hiles J, et al. The prognostic

importance of scalp location in primary head and neck

melanoma. J Surg Oncol. 2017;116:337-343.

181. Stigall LE, Brodland DG, Zitelli JA. The use of Mohs

micrographic surgery (MMS) for melanoma in situ (MIS) of

the trunk and proximal extremities. J Am Acad Dermatol.

2016;75:1015-1021.

182. Prieto VG, Argenyi ZB, Barnhill RL, et al. Are en face frozen

sections accurate for diagnosing margin status in melano-

cytic lesions? Am J Clin Pathol. 2003;120:203-208.

183. Cinotti E, Perrot JL, Campolmi N, et al. The role of in vivo

confocal microscopy in the diagnosis of eyelid margin

tumors: 47 cases. J Am Acad Dermatol. 2014;71:912-918 e2.

184. Guitera P, Moloney FJ, Menzies SW, et al. Improving man-

agement and patient care in lentigo maligna by mapping

with in vivo confocal microscopy. JAMA Dermatol. 2013;149:

692-698.

185. Wong SL, Balch CM, Hurley P, et al. Sentinel lymph node

biopsy for melanoma: American Society of Clinical Oncology

and Society of Surgical Oncology joint clinical practice

guideline. J Clin Oncol. 2012;30:2912-2918.

186. Valsecchi ME, Silbermins D, de Rosa N, Wong SL, Lyman GH.

Lymphatic mapping and sentinel lymph node biopsy in

http://refhub.elsevier.com/S0190-9622(18)32588-X/sref155
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref155
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref155
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref156
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref156
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref156
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref157
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref157
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref157
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref158
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref158
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref158
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref159
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref159
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref159
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref159
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref160
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref160
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref160
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref161
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref161
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref161
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref162
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref162
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref162
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref162
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref162
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref162
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref163
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref163
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref163
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref164
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref164
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref164
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref165
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref165
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref165
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref166
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref166
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref166
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref166
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref166
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref166
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref167
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref167
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref167
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref168
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref168
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref168
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref168
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref169
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref169
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref169
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref170
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref170
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref170
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref170
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref171
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref171
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref171
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref172
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref172
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref172
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref172
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref173
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref173
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref173
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref174
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref174
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref175
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref175
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref175
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref175
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref176
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref176
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref176
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref177
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref177
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref177
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref177
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref177
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref177
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref178
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref178
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref178
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref179
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref179
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref179
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref179
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref179
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref180
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref180
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref180
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref181
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref181
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref181
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref182
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref182
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref182
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref182
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref183
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref183
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref183
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref183
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref183
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref184
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref184
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref184
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref185
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref185
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref185
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref185
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref186
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref186
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref186
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref187
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref187
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref187
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref188
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref188
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref188
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref188
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref189
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref189
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref189
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref189
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref190
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref190


J AM ACAD DERMATOL

JANUARY 2019
246 Swetter et al
patients with melanoma: a meta-analysis. J Clin Oncol. 2011;

29:1479-1487.

187. Ugurel S, Rohmel J, Ascierto PA, et al. Survival of patients

with advanced metastatic melanoma: the impact of novel

therapies-update 2017. Eur J Cancer. 2017;83:247-257.

188. Weber J, Mandala M, Del Vecchio M, et al. Adjuvant

nivolumab versus ipilimumab in resected stage III or IV

melanoma. N Engl J Med. 2017;377:1824-1835.

189. Long GV, Hauschild A, Santinami M, et al. Adjuvant dabra-

fenib plus trametinib in stage III BRAF-mutated melanoma. N

Engl J Med. 2017;377:1813-1823.

190. Sabel MS, Griffith KA, Arora A, et al. Inguinal node dissection

for melanoma in the era of sentinel lymph node biopsy.

Surgery. 2007;141:728-735.

191. Leiter U, Stadler R, Mauch C, et al. Complete lymph node

dissection versus no dissection in patients with sentinel

lymph node biopsy positive melanoma (DeCOG-SLT): a

multicentre, randomised, phase 3 trial. Lancet Oncol. 2016;

17:757-767.

192. Faries MB, Thompson JF, Cochran AJ, et al. Completion

dissection or observation for sentinel-node metastasis in

melanoma. N Engl J Med. 2017;376:2211-2222.

193. van der Ploeg AP, van Akkooi AC, Rutkowski P, et al.

Prognosis in patients with sentinel node-positive melanoma

without immediate completion lymph node dissection. Br J

Surg. 2012;99:1396-1405.

194. Coit DG, Thompson JA, Algazi A, et al. NCCN guidelines

insights: melanoma, version 3.2016. J Natl Compr Canc Netw.

2016;14:945-958.

195. Roach BA, Burton AL, Mays MP, et al. Does mitotic rate

predict sentinel lymph node metastasis or survival in patients

with intermediate and thick melanoma? Am J Surg. 2010;200:

759-763; discussion 63-4.

196. Mitteldorf C, Bertsch HP, Jung K, et al. Sentinel node biopsy

improves prognostic stratification in patients with thin (pT1)

melanomas and an additional risk factor. Ann Surg Oncol.

2014;21:2252-2258.

197. Sinnamon AJ, Neuwirth MG, Yalamanchi P, et al. Association

between patient age and lymph node positivity in thin

melanoma. JAMA Dermatol. 2017;153:866-873.

198. Conway WC, Faries MB, Nicholl MB, et al. Age-related

lymphatic dysfunction in melanoma patients. Ann Surg

Oncol. 2009;16:1548-1552.

199. Wang TS, Johnson TM, Cascade PN, Redman BG, Sondak VK,

Schwartz JL. Evaluation of staging chest radiographs and

serum lactate dehydrogenase for localized melanoma. J Am

Acad Dermatol. 2004;51:399-405.

200. Hafner J, Schmid MH, Kempf W, et al. Baseline staging in

cutaneous malignant melanoma. Br J Dermatol. 2004;150:

677-686.

201. Miranda EP, Gertner M, Wall J, et al. Routine imaging of

asymptomatic melanoma patients with metastasis to

sentinel lymph nodes rarely identifies systemic disease.

Arch Surg. 2004;139:831-836; discussion 6-7.

202. Xing Y, Bronstein Y, Ross MI, et al. Contemporary diagnostic

imaging modalities for the staging and surveillance of

melanoma patients: a meta-analysis. J Natl Cancer Inst.

2011;103:129-142.

203. Mocellin S, Zavagno G, Nitti D. The prognostic value of serum

S100B in patients with cutaneous melanoma: a meta-

analysis. Int J Cancer. 2008;123:2370-2376.

204. Vermeeren L, van der Ent FW, Hulsewe KW. Is there an

indication for routine chest X-ray in initial staging of

melanoma? J Surg Res. 2011;166:114-119.
205. Yancovitz M, Finelt N, Warycha MA, et al. Role of radiologic

imaging at the time of initial diagnosis of stage T1b-T3b

melanoma. Cancer. 2007;110:1107-1114.

206. Pandalai PK, Dominguez FJ, Michaelson J, Tanabe KK.

Clinical value of radiographic staging in patients diagnosed

with AJCC stage III melanoma. Ann Surg Oncol. 2011;18:

506-513.

207. Orfaniotis G, Mennie JC, Fairbairn N, Butterworth M. Findings

of computed tomography in stage IIB and IIC melanoma: a

six-year retrospective study in the South-East of Scotland. J

Plast Reconstr Aesthet Surg. 2012;65:1216-1219.

208. Krug B, Crott R, Lonneux M, Baurain JF, Pirson AS, Vander

Borght T. Role of PET in the initial staging of cutaneous

malignant melanoma: systematic review. Radiology. 2008;

249:836-844.

209. Hofmann U, Szedlak M, Rittgen W, Jung EG, Schadendorf D.

Primary staging and follow-up in melanoma patients--mono-

center evaluation of methods, costs and patient survival. Br J

Cancer. 2002;87:151-157.

210. Ho Shon IA, Chung DK, Saw RP, Thompson JF. Imaging

in cutaneous melanoma. Nucl Med Commun. 2008;29:847-

876.

211. Tsao H, Feldman M, Fullerton JE, Sober AJ, Rosenthal D,

Goggins W. Early detection of asymptomatic pulmonary

melanoma metastases by routine chest radiographs is not

associated with improved survival. Arch Dermatol. 2004;140:

67-70.

212. Bafounta ML, Beauchet A, Chagnon S, Saiag P. Ultrasonog-

raphy or palpation for detection of melanoma nodal inva-

sion: a meta-analysis. Lancet Oncol. 2004;5:673-680.

213. Brown RE, Stromberg AJ, Hagendoorn LJ, et al. Surveillance

after surgical treatment of melanoma: futility of routine chest

radiography. Surgery. 2010;148:711-716; discussion 6-7.

214. Garbe C, Paul A, Kohler-Spath H, et al. Prospective evaluation

of a follow-up schedule in cutaneous melanoma patients:

recommendations for an effective follow-up strategy. J Clin

Oncol. 2003;21:520-529.

215. Romero JB, Stefanato CM, Kopf AW, Bart RS. Follow-up

recommendations for patients with stage I malignant mela-

noma. J Dermatol Surg Oncol. 1994;20:175-178.

216. Moore Dalal K, Zhou Q, Panageas KS, Brady MS, Jaques DP,

Coit DG. Methods of detection of first recurrence in patients

with stage I/II primary cutaneous melanoma after sentinel

lymph node biopsy. Ann Surg Oncol. 2008;15:2206-2214.

217. Meyers MO, Yeh JJ, Frank J, et al. Method of detection of

initial recurrence of stage II/III cutaneous melanoma: analysis

of the utility of follow-up staging. Ann Surg Oncol. 2009;16:

941-947.

218. Rueth NM, Xing Y, Chiang YJ, et al. Is surveillance imaging

effective for detecting surgically treatable recurrences in

patients with melanoma? A comparative analysis of stage-

specific surveillance strategies. Ann Surg. 2014;259:1215-

1222.

219. Peric B, Zagar I, Novakovic S, Zgajnar J, Hocevar M. Role of

serum S100B and PET-CT in follow-up of patients with

cutaneous melanoma. BMC Cancer. 2011;11:328.

220. Morton RL, Craig JC, Thompson JF. The role of surveillance

chest X-rays in the follow-up of high-risk melanoma patients.

Ann Surg Oncol. 2009;16:571-577.

221. Podlipnik S, Carrera C, Sanchez M, et al. Performance of

diagnostic tests in an intensive follow-up protocol for

patients with American Joint Committee on Cancer (AJCC)

stage IIB, IIC, and III localized primary melanoma: a prospec-

tive cohort study. J Am Acad Dermatol. 2016;75:516-524.

http://refhub.elsevier.com/S0190-9622(18)32588-X/sref190
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref190
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref191
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref191
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref191
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref192
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref192
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref192
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref193
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref193
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref193
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref194
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref194
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref194
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref195
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref195
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref195
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref195
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref195
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref340
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref340
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref340
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref196
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref196
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref196
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref196
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref197
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref197
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref197
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref199
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref199
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref199
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref199
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref200
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref200
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref200
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref200
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref201
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref201
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref201
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref202
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref202
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref202
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref203
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref203
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref203
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref203
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref204
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref204
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref204
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref205
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref205
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref205
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref205
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref206
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref206
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref206
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref206
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref207
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref207
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref207
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref208
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref208
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref208
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref209
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref209
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref209
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref210
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref210
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref210
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref210
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref211
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref211
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref211
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref211
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref212
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref212
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref212
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref212
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref213
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref213
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref213
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref213
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref214
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref214
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref214
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref215
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref215
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref215
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref215
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref215
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref216
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref216
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref216
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref217
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref217
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref217
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref218
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref218
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref218
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref218
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref219
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref219
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref219
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref220
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref220
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref220
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref220
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref221
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref221
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref221
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref221
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref222
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref222
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref222
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref222
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref222
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref223
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref223
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref223
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref224
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref224
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref224
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref225
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref225
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref225
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref225
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref225


J AM ACAD DERMATOL

VOLUME 80, NUMBER 1
Swetter et al 247
222. Moore MM, Geller AC, Warton EM, Schwalbe J, Asgari MM.

Multiple primary melanomas among 16,570 patients with

melanoma diagnosed at Kaiser Permanente Northern Cali-

fornia, 1996 to 2011. J Am Acad Dermatol. 2015;73:630-636.

223. DiFronzo LA, Wanek LA, Elashoff R, Morton DL. Increased

incidence of second primary melanoma in patients with a

previous cutaneous melanoma. Ann Surg Oncol. 1999;6:705-

711.

224. Ferrone CR, Ben Porat L, Panageas KS, et al. Clinicopatho-

logical features of and risk factors for multiple primary

melanomas. JAMA. 2005;294:1647-1654.

225. Francken AB, Accortt NA, Shaw HM, et al. Follow-up

schedules after treatment for malignant melanoma. Br J

Surg. 2008;95:1401-1407.

226. Goggins WB, Tsao H. A population-based analysis of risk

factors for a second primary cutaneous melanoma among

melanoma survivors. Cancer. 2003;97:639-643.

227. McCaul KA, Fritschi L, Baade P, Coory M. The incidence of

second primary invasive melanoma in Queensland, 1982-

2003. Cancer Causes Control. 2008;19:451-458.

228. Pollitt RA, Geller AC, Brooks DR, Johnson TM, Park ER,

Swetter SM. Efficacy of skin self-examination practices for

early melanoma detection. Cancer Epidemiol Biomarkers Prev.

2009;18:3018-3023.

229. Hultgren BA, Turrisi R, Mallett KA, Ackerman S, Robinson JK.

Influence of quality of relationship between patient with

melanoma and partner on partner-assisted skin examination

education: a randomized clinical trial. JAMA Dermatol. 2016;

152:184-190.

230. Hsueh EC, DeBloom JR, Lee J, et al. Interim analysis of survival

in a prospective, multi-center registry cohort of cutaneous

melanoma tested with a prognostic 31-gene expression

profile test. J Hematol Oncol. 2017;10:152.

231. Aloia TA, Gershenwald JE, Andtbacka RH, et al. Utility of

computed tomography and magnetic resonance imaging

staging before completion lymphadenectomy in patients

with sentinel lymph node-positive melanoma. J Clin Oncol.

2006;24:2858-2865.

232. Martenson ED, Hansson LO, Nilsson B, et al. Serum S-100b

protein as a prognostic marker in malignant cutaneous

melanoma. J Clin Oncol. 2001;19:824-831.

233. Damude S, Hoekstra HJ, Bastiaannet E, Muller Kobold AC,

Kruijff S, Wevers KP. The predictive power of serum S-100B

for non-sentinel node positivity in melanoma patients. Eur J

Surg Oncol. 2016;42:545-551.

234. Frauchiger AL, Mangana J, Rechsteiner M, et al. Prognostic

relevance of lactate dehydrogenase and serum S100 levels in

stage IV melanoma with known BRAF mutation status. Br J

Dermatol. 2016;174:823-830.

235. Gebhardt C, Lichtenberger R, Utikal J. Biomarker value and

pitfalls of serum S100B in the follow-up of high-risk

melanoma patients. J Dtsch Dermatol Ges. 2016;14:158-164.

236. Romano E, Scordo M, Dusza SW, Coit DG, Chapman PB. Site

and timing of first relapse in stage III melanoma patients:

implications for follow-up guidelines. J Clin Oncol. 2010;28:

3042-3047.

237. Voit C, Van Akkooi AC, Schafer-Hesterberg G, et al. Ultra-

sound morphology criteria predict metastatic disease of the

sentinel nodes in patients with melanoma. J Clin Oncol. 2010;

28:847-852.

238. Voit CA, Oude Ophuis CM, Ulrich J, van Akkooi AC,

Eggermont AM. Ultrasound of the sentinel node in mela-

noma patients: echo-free island is a discriminatory morpho-

logic feature for node positivity. Melanoma Res. 2016;26:267-

271.
239. Voit CA, van Akkooi AC, Schafer-Hesterberg G, et al.

Rotterdam criteria for sentinel node (SN) tumor burden and

the accuracy of ultrasound (US)-guided fine-needle

aspiration cytology (FNAC): can US-guided FNAC replace

SN staging in patients with melanoma? J Clin Oncol. 2009;27:

4994-5000.

240. Siskind V, Hughes MC, Palmer JM, et al. Nevi, family history,

and fair skin increase the risk of second primary melanoma. J

Invest Dermatol. 2011;131:461-467.

241. Cromwell KD, Ross MI, Xing Y, et al. Variability in melanoma

post-treatment surveillance practices by country and physi-

cian specialty: a systematic review. Melanoma Res. 2012;22:

376-385.

242. Schramm SJ, Campain AE, Scolyer RA, Yang YH, Mann GJ.

Review and cross-validation of gene expression signatures

and melanoma prognosis. J Invest Dermatol. 2012;132:274-

283.

243. Segura MF, Belitskaya-Levy I, Rose AE, et al. Melanoma

microRNA signature predicts post-recurrence survival. Clin

Cancer Res. 2010;16:1577-1586.

244. Tembe V, Schramm SJ, Stark MS, et al. MicroRNA and mRNA

expression profiling in metastatic melanoma reveal associa-

tions with BRAFmutation and patient prognosis. Pigment Cell

Melanoma Res. 2015;28:254-266.

245. Eggermont AM, Chiarion-Sileni V, Grob JJ, et al. Prolonged

survival in stage III melanoma with ipilimumab adjuvant

therapy. N Engl J Med. 2016;375:1845-1855.

246. Brunner G, Reitz M, Heinecke A, et al. A nine-gene signature

predicting clinical outcome in cutaneous melanoma. J Cancer

Res Clin Oncol. 2013;139:249-258.

247. Winnepenninckx V, Lazar V, Michiels S, et al. Gene expression

profiling of primary cutaneous melanoma and clinical

outcome. J Natl Cancer Inst. 2006;98:472-482.

248. Nsengimana J, Laye J, Filia A, et al. Independent replication of

a melanoma subtype gene signature and evaluation of its

prognostic value and biological correlates in a population

cohort. Oncotarget. 2015;6:11683-11693.

249. Ferris LK, Farberg AS, Middlebrook B, et al. Identification of

high-risk cutaneous melanoma tumors is improved when

combining the online American Joint Committee on Cancer

Individualized Melanoma Patient Outcome Prediction Tool

with a 31-gene expression profile-based classification. J Am

Acad Dermatol. 2017;76:818-825.e3.

250. Montagna W, Kirchner S, Carlisle K. Histology of sun-

damaged human skin. J Am Acad Dermatol. 1989;21:907-

918.

251. Hyde MA, Hadley ML, Tristani-Firouzi P, Goldgar D,

Bowen GM. A randomized trial of the off-label use of

imiquimod, 5%, cream with vs without tazarotene, 0.1%,

gel for the treatment of lentigo maligna, followed by

conservative staged excisions. Arch Dermatol. 2012;148:592-

596.

252. Swetter SM, Chen FW, Kim DD, Egbert BM. Imiquimod 5%

cream as primary or adjuvant therapy for melanoma in situ,

lentigo maligna type. J Am Acad Dermatol. 2015;72:1047-

1053.

253. Pandit AS, Geiger EJ, Ariyan S, Narayan D, Choi JN. Using

topical imiquimod for the management of positive in situ

margins after melanoma resection. Cancer Med. 2015;4:507-

512.

254. Mora AN, Karia PS, Nguyen BM. A quantitative system-

atic review of the efficacy of imiquimod monotherapy

for lentigo maligna and an analysis of factors that

affect tumor clearance. J Am Acad Dermatol. 2015;73:

205-212.

http://refhub.elsevier.com/S0190-9622(18)32588-X/sref226
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref226
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref226
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref226
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref227
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref227
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref227
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref227
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref228
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref228
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref228
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref229
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref229
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref229
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref230
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref230
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref230
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref231
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref231
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref231
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref232
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref232
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref232
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref232
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref233
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref233
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref233
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref233
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref233
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref234
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref234
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref234
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref234
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref235
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref235
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref235
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref235
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref235
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref236
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref236
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref236
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref237
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref237
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref237
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref237
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref238
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref238
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref238
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref238
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref239
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref239
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref239
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref240
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref240
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref240
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref240
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref241
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref241
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref241
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref241
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref242
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref242
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref242
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref242
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref242
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref243
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref243
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref243
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref243
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref243
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref243
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref244
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref244
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref244
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref245
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref245
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref245
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref245
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref246
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref246
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref246
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref246
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref247
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref247
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref247
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref248
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref248
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref248
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref248
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref249
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref249
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref249
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref250
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref250
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref250
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref251
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref251
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref251
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref252
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref252
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref252
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref252
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref253
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref253
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref253
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref253
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref253
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref253
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref254
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref254
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref254
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref255
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref255
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref255
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref255
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref255
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref255
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref256
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref256
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref256
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref256
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref257
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref257
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref257
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref257
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref258
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref258
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref258
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref258
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref258


J AM ACAD DERMATOL

JANUARY 2019
248 Swetter et al
255. Read T, Noonan C, David M, et al. A systematic review of non-

surgical treatments for lentigo maligna. J Eur Acad Dermatol

Venereol. 2016;30:748-753.

256. Tio D, van der Woude J, Prinsen CA, Jansma EP, Hoekzema R,

van Montfrans C. A systematic review on the role of

imiquimod in lentigo maligna and lentigo maligna mela-

noma: need for standardization of treatment schedule and

outcome measures. J Eur Acad Dermatol Venereol. 2017;31:

616-624.

257. Ly L, Kelly JW, O’Keefe R, et al. Efficacy of imiquimod cream,

5%, for lentigo maligna after complete excision: a study of 43

patients. Arch Dermatol. 2011;147:1191-1195.

258. Ellis LZ, Cohen JL, High W, Stewart L. Melanoma in situ

treated successfully using imiquimod after nonclearance

with surgery: review of the literature. Dermatol Surg. 2012;

38:937-946.

259. Wong JG, Toole JW, Demers AA, Musto G, Wiseman MC.

Topical 5% imiquimod in the treatment of lentigo maligna. J

Cutan Med Surg. 2012;16:245-249.

260. Kirtschig G, van Meurs T, van Doorn R. Twelve-week

treatment of lentigo maligna with imiquimod results in a

high and sustained clearance rate. Acta Derm Venereol. 2015;

95:83-85.

261. Marsden JR, Fox R, Boota NM, et al. Effect of topical

imiquimod as primary treatment for lentigo maligna: the

LIMIT-1 study. Br J Dermatol. 2017;176:1148-1154.

262. Powell AM, Robson AM, Russell-Jones R, Barlow RJ. Imiqui-

mod and lentigo maligna: a search for prognostic features in

a clinicopathological study with long-term follow-up. Br J

Dermatol. 2009;160:994-998.

263. Dancuart F, Harwood AR, Fitzpatrick PJ. The radiotherapy of

lentigo maligna and lentigo maligna melanoma of the head

and neck. Cancer. 1980;45:2279-2283.

264. Harwood AR, Lawson VG. Radiation therapy for melanomas

of the head and neck. Head Neck Surg. 1982;4:468-474.

265. Tsang RW, Liu FF, Wells W, Payne DG. Lentigo maligna of the

head and neck. Results of treatment by radiotherapy. Arch

Dermatol. 1994;130:1008-1012.

266. Farshad A, Burg G, Panizzon R, Dummer R. A retrospective

study of 150 patients with lentigo maligna and lentigo

maligna melanoma and the efficacy of radiotherapy using

Grenz or soft X-rays. Br J Dermatol. 2002;146:1042-1046.

267. Hedblad MA, Mallbris L. Grenz ray treatment of lentigo

maligna and early lentigo maligna melanoma. J Am Acad

Dermatol. 2012;67:60-68.

268. Schmid-Wendtner MH, Brunner B, Konz B, et al. Fraction-

ated radiotherapy of lentigo maligna and lentigo maligna

melanoma in 64 patients. J Am Acad Dermatol. 2000;43:

477-482.

269. Fogarty GB, Hong A, Scolyer RA, et al. Radiotherapy for

lentigo maligna: a literature review and recommendations

for treatment. Br J Dermatol. 2014;170:52-58.

270. Wasif N, Gray RJ, Pockaj BA. Desmoplastic melanoma - the

step-child in the melanoma family? J Surg Oncol. 2011;103:

158-162.

271. Foote MC, Burmeister B, Burmeister E, Bayley G, Smithers BM.

Desmoplastic melanoma: the role of radiotherapy in

improving local control. ANZ J Surg. 2008;78:273-276.

272. Rule WG, Allred JB, Pockaj BA, et al. Results of NCCTG N0275

(Alliance) - a phase II trial evaluating resection followed by

adjuvant radiation therapy for patients with desmoplastic

melanoma. Cancer Med. 2016;5:1890-1896.

273. Oliver DE, Patel KR, Switchenko J, et al. Roles of adjuvant and

salvage radiotherapy for desmoplastic melanoma. Melanoma

Res. 2016;26:35-41.
274. Vongtama R, Safa A, Gallardo D, Calcaterra T, Juillard G.

Efficacy of radiation therapy in the local control of

desmoplastic malignant melanoma. Head Neck. 2003;25:

423-428.

275. Guadagnolo BA, Prieto V, Weber R, Ross MI, Zagars GK. The

role of adjuvant radiotherapy in the local management of

desmoplastic melanoma. Cancer. 2014;120:1361-1368.

276. Linos E, VanBeek M, Resneck JS Jr. A Sudden and concerning

increase in the use of electronic brachytherapy for skin

cancer. JAMA Dermatol. 2015;151:699-700.

277. Andersson TM, Johansson AL, Fredriksson I, Lambe M. Cancer

during pregnancy and the postpartum period: a population-

based study. Cancer. 2015;121:2072-2077.

278. Stensheim H, Moller B, van Dijk T, Fossa SD. Cause-specific

survival for women diagnosed with cancer during pregnancy

or lactation: a registry-based cohort study. J Clin Oncol. 2009;

27:45-51.

279. Ghiasvand R, Rueegg CS, Weiderpass E, Green AC, Lund E,

Veierod MB. Indoor tanning and melanoma risk: long-term

evidence from a prospective population-based cohort study.

Am J Epidemiol. 2017;185:147-156.

280. Karagas MR, Zens MS, Stukel TA, et al. Pregnancy history and

incidence of melanoma in women: a pooled analysis. Cancer

Causes Control. 2006;17:11-19.

281. Lens MB, Rosdahl I, Ahlbom A, et al. Effect of pregnancy on

survival in women with cutaneous malignant melanoma. J

Clin Oncol. 2004;22:4369-4375.

282. Gandini S, Iodice S, Koomen E, Di Pietro A, Sera F, Caini S.

Hormonal and reproductive factors in relation to melanoma

in women: current review and meta-analysis. Eur J Cancer.

2011;47:2607-2617.

283. Schwartz JL, Mozurkewich EL, Johnson TM. Current manage-

ment of patients with melanoma who are pregnant, want to

get pregnant, or do not want to get pregnant. Cancer. 2003;

97:2130-2133.

284. Byrom L, Olsen CM, Knight L, Khosrotehrani K, Green AC.

Does pregnancy after a diagnosis of melanoma affect

prognosis? Systematic review and meta-analysis. Dermatol

Surg. 2015;41:875-882.

285. Byrom L, Olsen C, Knight L, Khosrotehrani K, Green AC.

Increased mortality for pregnancy-associated melanoma:

systematic review and meta-analysis. J Eur Acad Dermatol

Venereol. 2015;29:1457-1466.

286. Moller H, Purushotham A, Linklater KM, et al. Recent

childbirth is an adverse prognostic factor in breast cancer

and melanoma, but not in Hodgkin lymphoma. Eur J Cancer.

2013;49:3686-3693.

287. O’Meara AT, Cress R, Xing G, Danielsen B, Smith LH. Malig-

nant melanoma in pregnancy. A population-based evalua-

tion. Cancer. 2005;103:1217-1226.

288. Merkel EA, Martini MC, Amin SM, et al. A comparative study

of proliferative activity and tumor stage of pregnancy-

associated melanoma (PAM) and non-PAM in gestational

age women. J Am Acad Dermatol. 2016;74:88-93.

289. Tellez A, Rueda S, Conic RZ, et al. Risk factors and outcomes

of cutaneous melanoma in women less than 50 years of age.

J Am Acad Dermatol. 2016;74:731-738.

290. Pages C, Robert C, Thomas L, et al. Management and

outcome of metastatic melanoma during pregnancy. Br J

Dermatol. 2010;162:274-281.

291. Bieber AK, Martires KJ, Driscoll MS, Grant-Kels JM,

Pomeranz MK, Stein JA. Nevi and pregnancy. J Am Acad

Dermatol. 2016;75:661-666.

292. Tang JY, Spaunhurst KM, Chlebowski RT, et al. Menopausal

hormone therapy and risks of melanoma and nonmelanoma

http://refhub.elsevier.com/S0190-9622(18)32588-X/sref259
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref259
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref259
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref260
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref260
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref260
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref260
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref260
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref260
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref261
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref261
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref261
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref262
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref262
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref262
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref262
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref263
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref263
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref263
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref264
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref264
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref264
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref264
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref265
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref265
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref265
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref266
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref266
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref266
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref266
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref267
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref267
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref267
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref268
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref268
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref269
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref269
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref269
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref270
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref270
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref270
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref270
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref271
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref271
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref271
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref272
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref272
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref272
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref272
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref273
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref273
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref273
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref274
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref274
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref274
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref275
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref275
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref275
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref276
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref276
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref276
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref276
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref277
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref277
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref277
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref278
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref278
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref278
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref278
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref279
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref279
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref279
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref280
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref280
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref280
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref281
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref281
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref281
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref282
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref282
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref282
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref282
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref283
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref283
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref283
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref283
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref284
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref284
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref284
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref285
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref285
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref285
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref286
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref286
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref286
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref286
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref287
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref287
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref287
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref287
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref288
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref288
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref288
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref288
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref289
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref289
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref289
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref289
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref290
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref290
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref290
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref290
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref291
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref291
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref291
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref292
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref292
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref292
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref292
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref293
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref293
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref293
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref294
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref294
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref294
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref295
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref295
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref295
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref296
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref296


J AM ACAD DERMATOL

VOLUME 80, NUMBER 1
Swetter et al 249
skin cancers: women’s health initiative randomized trials. J

Natl Cancer Inst. 2011;103:1469-1475.

293. Luke B, Brown MB, Spector LG, et al. Cancer in women after

assisted reproductive technology. Fertil Steril. 2015;104:1218-

1226.

294. Leachman SA, Carucci J, Kohlmann W, et al. Selection criteria

for genetic assessment of patients with familial melanoma. J

Am Acad Dermatol. 2009;61:677.e1-677.e14.

295. Abdel-Wahab N, Shah M, Suarez-Almazor ME. Adverse events

associated with immune checkpoint blockade in patients

with cancer: a systematic review of case reports. PLoS One.

2016;11:e0160221.

296. Carlos G, Anforth R, Clements A, et al. Cutaneous toxic effects

of BRAF inhibitors alone and in combination with MEK

inhibitors for metastatic melanoma. JAMA Dermatol. 2015;

151:1103-1109.

297. Anforth R, Carlos G, Clements A, Kefford R, Fernandez-

Penas P. Cutaneous adverse events in patients treated

with BRAF inhibitor-based therapies for metastatic

melanoma for longer than 52 weeks. Br J Dermatol. 2015;

172:239-243.

298. Hodi FS, O’Day SJ, McDermott DF, et al. Improved survival

with ipilimumab in patients with metastatic melanoma. N

Engl J Med. 2010;363:711-723.

299. Flaherty KT, Infante JR, Daud A, et al. Combined BRAF and

MEK inhibition in melanoma with BRAF V600 mutations. N

Engl J Med. 2012;367:1694-1703.

300. Flaherty KT, Robert C, Hersey P, et al. Improved survival with

MEK inhibition in BRAF-mutated melanoma. N Engl J Med.

2012;367:107-114.

301. Brahmer JR, Tykodi SS, Chow LQ, et al. Safety and activity of

anti-PD-L1 antibody in patients with advanced cancer. N Engl

J Med. 2012;366:2455-2465.

302. Hamid O, Robert C, Daud A, et al. Safety and tumor responses

with lambrolizumab (anti-PD-1) in melanoma. N Engl J Med.

2013;369:134-144.

303. Chapman PB, Hauschild A, Robert C, et al. Improved survival

with vemurafenib in melanoma with BRAF V600E mutation. N

Engl J Med. 2011;364:2507-2516.

304. Dummer R, Rinderknecht J, Goldinger SM. Ultraviolet A and

photosensitivity during vemurafenib therapy. N Engl J Med.

2012;366:480-481.

305. Fischer A, Rosen AC, Ensslin CJ, Wu S, Lacouture ME. Pruritus

to anticancer agents targeting the EGFR, BRAF, and CTLA-4.

Dermatol Ther. 2013;26:135-148.

306. Ensslin CJ, Rosen AC, Wu S, Lacouture ME. Pruritus in patients

treated with targeted cancer therapies: systematic review

and meta-analysis. J Am Acad Dermatol. 2013;69:708-720.

307. Lacouture ME, Wolchok JD, Yosipovitch G, Kahler KC,

Busam KJ, Hauschild A. Ipilimumab in patients with cancer

and the management of dermatologic adverse events. J Am

Acad Dermatol. 2014;71:161-169.

308. Minkis K, Garden BC, Wu S, Pulitzer MP, Lacouture ME. The

risk of rash associated with ipilimumab in patients with

cancer: a systematic review of the literature and meta-

analysis. J Am Acad Dermatol. 2013;69:e121-e128.

309. Sibaud V, Meyer N, Lamant L, Vigarios E, Mazieres J,

Delord JP. Dermatologic complications of anti-PD-1/PD-L1

immune checkpoint antibodies. Curr Opin Oncol. 2016;28:

254-263.

310. Hua C, Boussemart L, Mateus C, et al. Association of vitiligo

with tumor response in patients with metastatic melanoma

treated with pembrolizumab. JAMA Dermatol. 2016;152:45-

51.
311. Teulings HE, Limpens J, Jansen SN, et al. Vitiligo-like

depigmentation in patients with stage III-IV melanoma

receiving immunotherapy and its association with survival:

a systematic review and meta-analysis. J Clin Oncol. 2015;33:

773-781.

312. Soura E, Eliades PJ, Shannon K, Stratigos AJ, Tsao H.

Hereditary melanoma: update on syndromes and

management: emerging melanoma cancer complexes and

genetic counseling. J Am Acad Dermatol. 2016;74:411-420.

quiz 21-2.

313. Berwick M, Orlow I, Hummer AJ, et al. The prevalence

of CDKN2A germ-line mutations and relative risk

for cutaneous malignant melanoma: an international

population-based study. Cancer Epidemiol Biomarkers Prev.

2006;15:1520-1525.

314. Aspinwall LG, Taber JM, Leaf SL, Kohlmann W, Leachman SA.

Melanoma genetic counseling and test reporting improve

screening adherence among unaffected carriers 2 years later.

Cancer Epidemiol Biomarkers Prev. 2013;22:1687-1697.

315. Aspinwall LG, Taber JM, Leaf SL, Kohlmann W, Leachman SA.

Genetic testing for hereditary melanoma and pancreatic

cancer: a longitudinal study of psychological outcome.

Psychooncology. 2013;22:276-289.

316. Grover S, Jajoo K. Screening for pancreatic cancer in high-risk

populations. Gastroenterol Clin North Am. 2016;45:117-127.

317. Carbone M, Ferris LK, Baumann F, et al. BAP1 cancer

syndrome: malignant mesothelioma, uveal and cutaneous

melanoma, and MBAITs. J Transl Med. 2012;10:179.

318. Murali R, Wiesner T, Scolyer RA. Tumours associated with

BAP1 mutations. Pathology. 2013;45:116-126.

319. Read J, Wadt KA, Hayward NK. Melanoma genetics. J Med

Genet. 2016;53:1-14.

320. Njauw CN, Kim I, Piris A, et al. Germline BAP1 inactivation is

preferentially associated with metastatic ocular melanoma

and cutaneous-ocular melanoma families. PLoS One. 2012;7:

e35295.

321. Macdonald JB, Macdonald B, Golitz LE, LoRusso P, Sekulic A.

Cutaneous adverse effects of targeted therapies: part II:

inhibitors of intracellular molecular signaling pathways. J Am

Acad Dermatol. 2015;72:221-236. quiz 37-8.

322. de Golian E, Kwong BY, Swetter SM, Pugliese SB. Cutaneous

complications of targeted melanoma therapy. Curr Treat

Options Oncol. 2016;17:57.

323. Macdonald JB, Macdonald B, Golitz LE, LoRusso P, Sekulic A.

Cutaneous adverse effects of targeted therapies: part I:

inhibitors of the cellular membrane. J Am Acad Dermatol.

2015;72:203-218. quiz 19-20.

324. Kim KB, Kefford R, Pavlick AC, et al. Phase II study of

the MEK1/MEK2 inhibitor trametinib in patients with

metastatic BRAF-mutant cutaneous melanoma previously

treated with or without a BRAF inhibitor. J Clin Oncol.

2013;31:482-489.

325. Choi JN. Dermatologic adverse events to chemotherapeutic

agents, part 2: BRAF inhibitors, MEK inhibitors, and ipilimu-

mab. Semin Cutan Med Surg. 2014;33:40-48.

326. Menzies AM, Johnson DB, Ramanujam S, et al. Anti-PD-1

therapy in patients with advanced melanoma and preexist-

ing autoimmune disorders on major toxicity with ipilimu-

mab. Ann Oncol. 2017;28:368-376.

327. Horvat TZ, Adel NG, Dang TO, et al. Immune-related adverse

events, need for systemic immunosuppression, and effects

on survival and time to treatment failure in patients with

melanoma treated with ipilimumab at Memorial Sloan

Kettering Cancer Center. J Clin Oncol. 2015;33:3193-3198.

http://refhub.elsevier.com/S0190-9622(18)32588-X/sref296
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref296
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref297
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref297
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref297
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref298
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref298
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref298
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref299
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref299
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref299
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref299
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref300
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref300
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref300
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref300
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref301
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref301
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref301
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref301
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref301
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref302
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref302
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref302
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref303
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref303
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref303
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref304
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref304
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref304
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref305
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref305
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref305
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref306
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref306
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref306
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref307
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref307
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref307
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref308
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref308
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref308
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref309
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref309
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref309
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref310
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref310
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref310
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref311
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref311
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref311
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref311
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref312
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref312
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref312
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref312
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref313
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref313
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref313
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref313
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref314
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref314
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref314
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref314
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref315
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref315
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref315
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref315
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref315
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref316
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref316
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref316
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref316
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref316
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref317
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref317
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref317
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref317
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref317
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref318
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref318
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref318
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref318
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref319
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref319
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref319
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref319
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref320
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref320
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref321
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref321
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref321
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref322
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref322
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref323
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref323
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref324
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref324
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref324
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref324
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref325
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref325
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref325
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref325
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref326
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref326
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref326
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref327
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref327
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref327
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref327
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref328
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref328
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref328
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref328
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref328
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref329
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref329
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref329
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref330
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref330
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref330
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref330
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref331
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref331
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref331
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref331
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref331


J AM ACAD DERMATOL

JANUARY 2019
250 Swetter et al
328. Andtbacka RH, Kaufman HL, Collichio F, et al. Talimogene

laherparepvec improves durable response rate in patients

with advanced melanoma. J Clin Oncol. 2015;33:2780-2788.

329. Hofmann L, Forschner A, Loquai C, et al. Cutaneous,

gastrointestinal, hepatic, endocrine, and renal side-effects

of anti-PD-1 therapy. Eur J Cancer. 2016;60:190-209.

330. Malvehy J, Pellacani G. Dermoscopy, confocal microscopy

and other non-invasive tools for the diagnosis of non-

melanoma skin cancers and other skin conditions. Acta

Derm Venereol. 2017.

331. Malvehy J, Hauschild A, Curiel-Lewandrowski C, et al. Clinical

performance of the Nevisense system in cutaneous mela-

noma detection: an international, multicentre, prospective

and blinded clinical trial on efficacy and safety. Br J Dermatol.

2014;171:1099-1107.
332. Esteva A, Kuprel B, Novoa RA, et al. Dermatologist-level

classification of skin cancer with deep neural networks.

Nature. 2017;542:115-118.

333. Gerami P, Alsobrook JP 2nd, Palmer TJ, Robin HS. Develop-

ment of a novel noninvasive adhesive patch test for the

evaluation of pigmented lesions of the skin. J Am Acad

Dermatol. 2014;71:237-244.

334. Gerami P, Yao Z, Polsky D, et al. Development and

validation of a noninvasive 2-gene molecular assay for

cutaneous melanoma. J Am Acad Dermatol. 2017;76:114-

120.e2.

335. Elmore JG, Barnhill RL, Elder DE, et al. Pathologists’ diagnosis

of invasive melanoma and melanocytic proliferations:

observer accuracy and reproducibility study. BMJ. 2017;357:

j2813.

http://refhub.elsevier.com/S0190-9622(18)32588-X/sref332
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref332
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref332
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref333
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref333
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref333
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref334
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref334
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref334
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref334
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref335
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref335
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref335
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref335
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref335
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref336
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref336
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref336
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref337
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref337
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref337
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref337
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref338
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref338
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref338
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref338
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref339
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref339
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref339
http://refhub.elsevier.com/S0190-9622(18)32588-X/sref339

	Guidelines of care for the management of primary cutaneous melanoma
	Disclaimer
	Scope
	Method
	Introduction
	Biopsy
	Pathology report
	Clinical information provided to the pathologist
	Pathology information provided to the clinician

	Surgical management
	Surgical margins and depth of excision
	Timing of excision in relation to SLNB
	Surgical margins for MIS, including the LM type
	MMS and staged excision techniques for MIS, LM type

	SLNB
	Role of SLNB for staging, regional nodal control, and survival
	Staging
	Regional LN control
	Melanoma-specific survival
	Settings in which to discuss, consider, and/or offer SLNB

	Staging work-up and follow-up
	History and physical examination
	Baseline and surveillance laboratory and imaging studies to detect occult metastasis
	LN ultrasound for regional nodal evaluation and surveillance
	Optimal frequency and duration of clinical dermatologic surveillance for detection of melanoma recurrence and/or additional ...
	Role of molecular profiling techniques in prognostication and follow-up
	Types of local melanoma recurrence and effect on subsequent management

	Nonsurgical management of MIS, LM type
	Topical imiquimod as primary or adjuvant therapy

	RT in primary melanoma
	RT for primary treatment of MIS, LM type
	RT as an adjuvant treatment for desmoplastic melanoma with high-risk features

	Pregnancy and melanoma
	Pregnancy and risk of developing melanoma
	Recommended waiting period before a woman with a history of melanoma becomes pregnant
	Effect of pregnancy on outcome for patients in whom cutaneous versus metastatic melanoma has been diagnosed
	Skin examination and changing nevi in the pregnant woman
	Safety of exogenous hormones, oral contraceptives, and other contraceptive devices in women in whom melanoma has been diagnosed

	Genetic counseling for patients with familial melanoma and multigene testing
	Genetic testing for prediction of germline risk for patients or families at high risk of CM development
	Selection criteria for referral for multigene testing for familial melanoma

	Dermatologic toxicities of newer melanoma drugs
	Follow-up for patients with metastatic melanoma for cutaneous side effect management
	BRAFI and MEKI therapy
	Immune checkpoint inhibitor therapy
	Viral oncolytic immunotherapy
	Role of the dermatologist in surveillance of patients with advanced melanoma

	Emerging diagnostic technologies
	Gaps in research
	References


